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1.0 Introduction 

1.1 Background Information 
Badger Army Ammunition Plant (BAAP) is included in the first group of 13 inactive Army 
ammunition plants with transitioning missions.  Operations Support Command (OSC) currently 
manages these plants and is in varying stages of transferring the properties out of Department of 
Defense (DoD) control.  To accomplish this, many buildings used in the production, loading, 
handling, and storage of explosives must be demolished or characterized and decontaminated to 
a level protective of human health and the environment.  BAAP alone has more than 1,400 
buildings on the installation that will have to be addressed.  Compounds associated with the 
buildings include nitrocellulose (NC), nitroglycerine (NG), dinitrotoluene (DNT), and common 
compounds such as asbestos-containing material (ACM), solvents, and metals. 

There are no full-scale technologies for non-destructive in situ characterization of hard to reach 
surfaces (e.g., under floors) in explosive-contaminated buildings.  With adequate 
characterization, many buildings could be safely left in place, resulting in substantial cost 
avoidance and the ability to transfer the properties out of DoD control more quickly. 

This Environmental Security Technology Certification Program (ESTCP) Demonstration 
evaluated a variety of methods for characterizing the foundations, adjacent areas, and underlying 
soils without having to remove the buildings and foundations first.  The intent of this 
demonstration was to show that the evaluated methods could be applied to many of the buildings 
at BAAP and at similar sites throughout the United States.  Further information on the ESTCP 
can be found at http://www.estcp.org. 

As part of this demonstration, field test methods including Raman spectroscopy, Expray 
colorimetric indicator, and the Cold Regions Research and Engineering Laboratory (CRREL) 
Royal Demolition Explosive (RDX) colorimetric field screening method were evaluated to 
determine the presence and/or concentration of NC or NG in soil samples and concrete slabs.  
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Results from these field measurements were compared to laboratory analyses of NC and NG in 
the same materials to evaluate the reliability of the field screening and analytical methods for 
identifying and quantifying NC and NG in building foundations and soil.  Raman spectroscopy 
was also evaluated for identifying the presence of other organic compounds used in the 
manufacturing processes within the study area. 

1.2 Objectives of the Demonstration 
The objectives of the demonstration were to evaluate the reliability of field instrumentation and 
analytical techniques for identifying and measuring NC and NG on building foundations and in 
underlying soils and to compare the field results to reference laboratory analytical methods.  The 
demonstration was conducted on NC and NG, but could be used for other explosive compounds.  
Potential NC and NG contamination in soils, on building foundation surfaces, and in cracks and 
flaws in concrete floors were investigated. 

This demonstration took place at BAAP, located on 7,354 acres of land in Sauk County, 
Wisconsin, and approximately 30 miles northwest of Madison, Wisconsin.  BAAP is one of 
several smokeless propellant powder plants built in the United States in the early 1940’s to meet 
the propellant and explosive needs of the United States during World War II.  The area at BAAP 
that was used for the demonstration is the Rocket Paste (RP) production area.  This area was 
reportedly constructed in the late 1940’s for the manufacture of rocket propellants.  RP is a 
double-based plasticized propellant used in solid-fuel rockets.  It is compounded from NC and 
NG with the addition of several plasticizers and burn rate modifiers during various mixing stages 
of the process.  Five buildings associated with the manufacture of RP at BAAP were selected for 
characterization. 

1.3 Regulatory Issues 
There are no state or federal numerical environmental standards for NC and NG cleanup within 
soils and building materials.  Nitroglycerine is both a federal and Wisconsin listed waste (P081) 
and is considered a possible carcinogen by the U.S. Environmental Protection Agency (USEPA).  
There is a site-specific Wisconsin Department of Natural Resources (WDNR) cleanup criterion 
for NG in the RP area soils of 3.6 milligrams per kilogram (mg/kg).  This concentration was 
determined by the WDNR to be an acceptable risk-based concentration and was a result of an 
ecological risk evaluation for terrestrial receptors.  There is also no DoD standard for NC and 
NG residual contamination; however, safety concerns related to the explosive nature of these 
materials provided the driver for this investigation.  OSC Regulation 385-1 addresses explosive 
safety at all Army industrial facilities and requires buildings be classified and remediated if 
necessary prior to transfer.  The regulation provides guidance in detecting explosive 
contamination, determining the contamination status, recommending decontamination methods, 
and marking contaminated items.  Buildings may not be released to the public until they do not 
pose an explosive safety hazard and are safe for welding, drilling, sawing, and sale to the general 
public.  OSC Regulation 385-1 defines an the amount of explosives required to create an 
explosive safety hazard as dependent on the properties of the explosive, the concentration or 
distribution of the contaminant on the surface, and the amount of confinement in the potential 
incident.  In Testing to Determine Relationship Between Explosive Contaminated Sludge 
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Components and Reactivity1, Army considers soils containing concentrations of primary 
explosives, such as NG, in excess of 4 percent to be an explosive hazard.  In Analysis, 
Preliminary Determination and Draft Plan on the Explosive Decontamination and Demolition at 
BAAP2 regarding open burning of buildings at BAAP, WDNR also cited OSC Regulation 385-1 
with regard to explosive safety at BAAP.  No numerical limits pertaining to concentrations of 
NC or NG were included with this citation. 

1.4 Previous Testing of the Technology 
The following sections describe previous testing of the three technologies evaluated during this 
demonstration. 
 

1.4.1 Raman Spectroscopy.  A large amount of testing related to chemical analysis has been 
done since the discovery of Raman spectroscopy.  This testing was related to qualitative and 
quantitative analysis of chemicals in the laboratory.  As technology has progressed in the past 
decade, field measurement of chemicals has become possible.  Examples of previous field 
technical demonstrations for Raman spectroscopy include Demonstration of Portable, Restricted 
Access, Raman Based EM Detection Device3 and Fourier Transform Raman Spectroscopy of 
Some Energetic Materials and Propellant Formulations II4. 

1.4.2 Expray Colorimetric Indicator.  Expray has been used for screening at 
transportation facilities, in forensic applications to identify the presence of explosives, and for 
testing for the presence of explosives in soil.  No testing has been performed on Expray for use 
as a screening method to detect explosive compounds in buildings and soils.  Scientific 
evaluations of this technology can be found in Analysis of Energetic Material Detection 
Technologies for Use at Army Energetic Material Production Facilities5; Detection of Trace 
Amounts of Explosives: A Comparison of EPA Method 8330, Immunoassay, Colorimetric, and 
Ion Mobility Spectroscopic Techniques6; and Performance Evaluations of Commercial Trace 
Explosives Detection Systems7. 

1.4.3 CRREL RDX Method.  Currently, the USEPA is in the process of adopting the 
CRREL RDX Method as SW-846 Method 8510 for measurement of RDX.  The method was 
developed by Cold Regions Research and Engineering Laboratory, a branch of the U.S. Army 
Corps of Engineer Research and Development Center.  The method is not specific for NC or NG, 
and these compounds are identified in the USEPA draft method as interferences rather than 
analytes.  No testing has been done on the technology for field quantitation of NC and NG in 
buildings or soils. 

2.0 Technology Description 

Three distinct technologies for identifying and quantifying NC and NG in the field were 
evaluated against laboratory analysis.  These included: 

• Raman spectroscopy, 
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• Expray colorimetric indicator, and 
• CRREL RDX colorimetric field screening method. 

Each of these technologies is addressed in the following sections. 

2.1 Raman Spectroscopy 
2.1.1 Description – Theory, Functionality, and Operation.  Raman spectroscopy 

technology has been developed and proven for detecting and identifying chemicals through 
inelastic scattering of incident light.  The basis for this technology derives from the observation 
that a small fraction of the light falling on a material will be absorbed by exciting the chemical 
bonds in the molecule, resulting in molecular vibration.  When the molecule returns to its ground 
state, this excitation energy is released as a photon.  This photon will have energy different from 
the incident light and the characteristic of the chemical bond that was previously excited.  Each 
chemical will therefore have a characteristic Raman spectrum. 

Recent advances in laser technology and signal processing have resulted in miniaturization of 
Raman spectroscopy devices.  The device that was evaluated in the course of this project was 
approximately 1 inch in diameter.  The probe contained a laser for illuminating the sample.  The 
probe was connected to the signal-processing unit by way of a fiber optic cable, so that the probe 
could be deployed into remote locations. 

Raman spectroscopy is not significantly limited by sample size, particularly in the case of solids.  
The intensity of the Raman scattered light is essentially constant for any size particle larger than 
the wavelength of the incident illumination.  The Raman spectroscopy unit that was evaluated in 
this study used an illumination wavelength of 632 nanometers (nm).  This resulted in the ability 
to detect and identify sub-microgram particles of NC or NG. 

The Raman spectroscopy probe can be used under adverse circumstances, including wet 
conditions and limited access.  The device is capable of resolving and identifying particles in a 
complex matrix such as soil or concrete.  The selected Raman spectroscopy probe is also capable 
of detecting NC or NG on building or equipment surfaces.  The probe can be pushed into soil 
and used to detect NC and NG particles below the soil surface.  The Raman device is capable of 
measuring particles on surfaces.  The Raman device is not capable of measuring particles within 
materials, unless those materials are physically exposed to the probe. 

Raman spectroscopy has been used to identify organic chemicals since its discovery in the late 
1920’s.  Recent developments over the last decade in laser technology, signal processing, and 
miniaturization has greatly enhanced the capability of the technique.  Rugged field deployable 
Raman spectroscopy units have been available for use since approximately 1998.  Potential 
applications for the technology include a wide range of measurement techniques for both 
qualitative and quantitative measurements of organic and inorganic chemicals.  Liquids, solids, 
gases, and vapors can be analyzed.  Measurements can be made at room temperature as well as at 
very low or high temperatures. 



 

  ESTCP Report 
C10135r2.doc 9 RP Buildings Investigation, BAAP 

2.1.2 Strengths, Advantages, and Weaknesses.  The significant advantages of this 
technology are that positive identification of the target compounds NC and NG can be made in 
the field.  This provides an advantage over current laboratory techniques, which require 
sampling, packaging, shipping, and analysis of the sample.  Determinations can be made in situ 
without disturbing the material.  The system can be deployed to remote or inaccessible locations 
including pipes, cracks, and other irregularities that may serve as collection points.  This 
provides an advantage over conventional investigation, which would require removal of portions 
of the structure being analyzed to access the sampling locations.  The technology is extremely 
sensitive, capable of detecting sub-microgram particles of NC or NG. 

The principal drawback of the technology is that while it provides positive identification of NC 
or NG, it does not provide quantitative information.  The system may not be capable of 
distinguishing trivial quantities of NC and NG from quantities requiring remediation.  The probe, 
while small, will not be able to access locations smaller than a 1-inch width or certain locations 
where the geometry of the location would prohibit a probe. 

2.1.3 Factors Influencing Cost and Performance.  The principal factor affecting cost and 
performance is the reliability of the instrument and the system as a whole.  The Raman 
spectroscopy system generally performs reliably as long as the system components (i.e., 
computer, probe, etc.) are all functioning in unison.  This is generally a matter of having the 
equipment supplier properly integrate the equipment prior to shipment to the field.  Performance 
is not affected by distance between the probe and the signal-processing unit.  Typically, five to 
ten Raman analyses can readily be performed in an hour under normal field circumstances. 

2.2  Expray Colorimetric Indicator 
2.2.1 Description – Theory, Functionality, and Operation.  The Expray system consists 

of a set of three aerosol sprays.  The sprays are used in a fixed sequence to identify a variety of 
explosive compounds, including NC and NG.  Explosive compound identification is performed 
colorimetrically. 

Expray is applied to a filter paper that has been previously wiped over a suspect surface.  The 
wipe is then sprayed with the first spray.  A color change indicates the presence of trinitrotoluene 
(dark brown/violet), dinitrotoluene (blue-green), or trinitrobenzene, picric acid, or other Group-A 
explosives (orange).  If the first spray does not react, the second spray is applied.  A pink color 
indicates the presence of Group-B explosives, including NC and NG.  Following this, the third 
spray is applied, which will indicate the presence of inorganic nitrates. 

Expray is a detect/nondetect method.  Performance evaluations conducted by Sandia National 
Laboratories show a detection level for trinitrotoluene at +200 nanograms (ng) total sample, 
although the manufacturer claims a detection level less than this. 

Expray has been used for several years for screening persons, baggage, and other items at 
transportation facilities.  It has also been used in forensic applications to identify the presence of 
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explosives.  A modification of this method has been developed for testing for the presence of 
explosives in soil. 

2.2.2 Strengths, Advantages, and Weaknesses.  Expray is a demonstrated technology for 
identifying a wide variety of explosive compounds in the field.  This technology gives a 
qualitative indication of whether explosive compounds exist at the testing site, and also provides 
information on what type of explosive compounds have been detected.  This provides an 
advantage over conventional analysis, which requires sampling, packaging, shipping, and 
analysis of the sample.  Expray is rapid and has a low rate of false negatives. 

Disadvantages of the technology include the method is not quantitative and the identification will 
not be specific for either NC or NG.  Some interferences have been observed in the field, causing 
development of other colors that may mask positives or be misinterpreted as explosives. 

2.2.3 Factors Influencing Cost and Performance.  No factors have been identified that 
affect cost and performance.  Typically, 30 Expray analyses can readily be performed in an 
hour under normal field circumstances. 

2.3 CRREL RDX Method 
2.3.1 Description – Theory, Functionality, and Operation.  The CRREL RDX Method is a 

colorimetric quantitative field portable analytical method for identifying and quantifying RDX 
and certain other explosives, including pentaerythritol tetranitrate (PETN), high melting 
explosive (HMX), NC, NG, and tetryl.  The method involves extracting the soil (or other solid 
material) with acetone to remove the explosive compounds.  The extract is filtered, acidified, and 
treated with zinc dust.  Treatment with acid and zinc liberates the nitro groups from the 
compound as nitrite ions.  Nitrite is then quantified using Hach Chemical Company's proprietary 
NitroVer 3 reagent.  This reagent reacts with nitrite to form a pink color whose intensity is 
proportional to the concentration of nitrite.  The absorbance of the treated extract is measured at 
a wavelength of 507 nm. 

This method was developed by Cold Regions Research and Engineering Laboratory, a branch of 
the U.S. Army Corps of Engineers Research and Development Center.  The method was 
originally published in Development of a Field Screening Method for RDX in Soil8 in 1991.  The 
authors and others have used the method extensively for evaluating soils contaminated with 
RDX.  The method is also in the process of adoption by the USEPA as SW-846 Method 8510. 

Potential applications for the technology include quantitative field analysis of NC and NG at 
locations where RDX is not present as is the case at BAAP and similar sites. 

2.3.2 Strengths, Advantages, and Weaknesses.  The advantage of the method lies in its 
speed, simplicity, and low cost.  The method can be used with minimal training.  The method 
produces a numerical quantitative value for the explosive compounds in the soil based on the 
quantity of nitrite present. 



 

  ESTCP Report 
C10135r2.doc 11 RP Buildings Investigation, BAAP 

The method is not specific for NC or NG and was developed and used for RDX quantitation.  
However, since NC and NG are the only explosives present at the demonstration site, this does 
not constitute a technical problem. 

The method cannot distinguish between NC and NG, since the extract treatment destroys both of 
the parent compounds, liberating the nitro groups from both.  NC is not a discrete molecule of 
constant composition.  Consequently the method is not strictly quantitative for NC.  Nitrite 
measured in the extract must be converted to an arbitrary average value NC equivalent that may 
differ in detail from the NC present in the sample. 

2.3.3 Factors Influencing Cost and Performance.  No factors have been identified that 
affect cost and performance.  Typically, five soil samples can be analyzed in an hour under 
normal field circumstances using the CRREL RDX Method. 

3.0 Site/Facility Description 

3.1 Background 
The test sites for performing the technology evaluation were selected using the following 
criteria: 

• Structures were used directly in the manufacture of explosives, specifically NC and/or NG. 
• Test sites were representative of a variety of potentially contaminated sites. 
• Physical condition of structures exhibited some deterioration and irregularities, particularly 

in the foundations. 
• For purposes of evaluating the overall reliability of the test methods, selected test sites had 

a strong potential for containing a wide range of NC and NG concentrations, including a 
sufficient number of uncontaminated locations. 

• Test sites provided ample locations that would likely serve as specific accumulators of NC 
or NG residue. 

The buildings previously used for the production of RP were selected as fulfilling all these 
criteria.  The activities that occurred in the buildings generated large quantities of dust.  The dust 
has been found in the wooden frame parts of these buildings, and it was anticipated that the dust 
would be found in or beneath the cracks in the concrete floors.  The floors of all five buildings 
were regularly washed down with water and/or neutralizing solutions, which may also have 
carried RP compounds into the cracks or may have spilled into the soils under the gutters leading 
from the buildings. 

3.2 Site/Facility Characteristics 
The former manufacturing activities are identified as Standard Industrial Classification (SIC) 
2892. 
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The RP area was constructed in the 1944 to 1945 timeframe for the manufacture of rocket 
propellants.  RP is used to manufacture a double-based plasticized NC propellant used in rockets.  
The final propellant contains NC, NG, plasticizers, and burn rate modifiers that are added during 
various mixing stages of the process.  The rocket propellant manufacturing process at BAAP was 
performed in three major processing areas: the Paste Area, Rolls and Press Area, and Finishing 
Area.  These areas contain numerous buildings for blending, drying, pressing, and milling 
propellant.  Visible RP was removed from the buildings and burned at the Propellant Burning 
Ground after BAAP went on standby status.  However, potential accumulation of propellant 
within, around, and under the buildings’ structural foundations has not been addressed.  The 
types of rocket propellants manufactured at BAAP during the Vietnam Conflict (the most recent 
and most extensive period of production) are given in Table 3-1, which also shows the locations 
in the manufacturing process where the plasticizers and burn rate modifiers were added. 

Table 3-1:  Rocket Paste Production Process Locations and Formulations 

Rocket Paste Formulation(1) 

Constituent N-5 N-8 AA-6 T-16 XM-33 
Nitrocellulose Pre-Mix Pre-Mix Pre-Mix Pre-Mix Pre-Mix 
Nitroglycerin Pre-Mix Pre-Mix Pre-Mix Pre-Mix Pre-Mix 

Diethyl phthalate Pre-Mix Pre-Mix    
Triacetin   Pre-Mix Pre-Mix Pre-Mix 

Carbon black    Pre-Mix  
2-Nitrodiphenylamine Final Mix Final Mix Final Mix Final Mix Final Mix 

Candelilla wax   Final Mix Final Mix Final Mix 
di-n-Propyl adipate   Final Mix   

Lead hexoate     Final Mix 
Lead stearate    Final Mix  

Ethyl centralite    Final Mix  
Lead salicylate PBB(2) PBB PBB  PBB 

Lead beta resorcylate  PBB PBB   
Monobasic copper 

salicylate   PBB   
Powdered aluminum   PBB   

 
Notes: 
(1) United States Army propellant formula designation 
(2) PBB = Paste Breaker and Blender House 
 
Of these additional compounds, i.e., plasticizers and burn rate modifiers, the ones that are of 
potential environmental concern are diethyl phthalate (DEP) and compounds containing lead, 
copper, and aluminum. 
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The flow diagram of the RP manufacturing process varies with the type of propellant being 
manufactured.  Figure 3-1 is a flow diagram for the manufacture of various rocket propellant 
formulations.  Only certain of the listed constituents were used in each formulation as shown in 
Table 3-1. 

Subsequent sections discuss background activities for the buildings to be investigated.  The 
arrangement of these buildings is shown in Figure 3-2.  All buildings have been put on inactive 
status.  No operations are currently underway at any of the buildings. 

3.2.1 Homogenizer House (No. 6712).  Some of the chemical ingredients of RP, other than 
NG and NC, were initially processed in the Homogenizer House.  Processing consisted of 
weighing formula batch weights, heating, and mixing or homogenizing chemicals for preparation 
of pumping or hauling to the Pre-Mix, Final Mix, or Paste Breaker and Blender Houses.  From 
the Homogenizer House, the chemicals were introduced into the process stream in proper 
sequence.  This facility included an elevated 535-gallon DEP weigh tank served by feed pumps 
to transfer DEP to field storage tanks, two elevated and immersed steam coil heated mix tanks, 
transfer pumps, two high-speed homogenizers, a mixing tank and pump, dust collector system, 
and a scale. 

The DEP was received in rail cars and pumped to storage tanks located behind the Homogenizer 
House.  It was pumped, as required, from the storage tanks to the DEP weigh tank, weighed, and 
transferred by gravity feed to the Pump and Heater House.  When required, it was pumped to the 
Pre-Mix and/or the Final Mix Houses for inclusion into the NC-NG slurry. 

The stabilizer, 2-nitrodiphenylamine (2-NDPA), was ground in a hammer mill located in 
Building No. 6724 to reduce the particle size.  It was then transferred to the Homogenizer House 
and emulsified or dispersed in water with exact proportions of powdered candelilla wax.  The 
mixture was run through a homogenizer and pumped to the Final Mix House for inclusion into 
the NC-NG slurry. 

Lead salicylate, lead beta resorcylate, and monobasic copper salicylate are burning rate 
modifiers.  These chemicals were weighed at the Homogenizer House and transported to the 
Paste Breaker and Blender House were they where blended with the pre-dried paste.  Finely 
powdered aluminum was used also as a burn rate modifier and blended with the pre-dried paste 
at the Paste Breaker and Blender House.  The powdered aluminum was stored and weighed in 
Building Nos. 6700 and 6739, which are located east and west, respectively, of the Homogenizer 
House. 

Carbon black is a fine powdered additive used to increase the burn rate of the propellant and also 
opacifies and prevents subsurface burning.  Carbon black was stored in Building No. 6724 
directly adjacent to the Homogenizer House.  It was transferred to the Homogenizer House for 
weighing and the charges were then transferred to the Final Mix House for inclusion into the 
NC-NG slurry in a dry state. 







 

  ESTCP Report 
C10135r2.doc 16 RP Buildings Investigation, BAAP 

Lead hexoate was stored in 5-gallon containers within the Homogenizer House.  The containers 
were transported to the Final Mix House for inclusion into the NC-NG slurry on an as-needed 
basis. 

Di-n-propyl adipate (DNPA) is a plasticizer that was stored and pre-weighed at the Homogenizer 
House.  It was contained within stainless steel covered containers and transferred to the Final 
Mix House for inclusion into the NC-NG slurry on an as-needed basis. 

Ethyl centralite is a propellant stabilizer used in at least one of the rocket paste formulations 
produced at BAAP.  Ethyl centralite was weighed in the Homogenizer House and transferred to 
the Final Mix House as needed. 

Lead carbonate is a white powder burn rate modifier that was stored and weighed within the 
Homogenizer House.  It was weighed into approximately 4-pound charges for the Smokeless 
Powder Area.  The charges were placed into paper bags and stored at the Homogenizer House 
pending transport to the Smokeless Powder Area. 

3.2.2 Pre-Mix House (No. 6702-4) and Final Mix House (No. 6704-4).  The Pre-Mix 
House (6702-4) and Final Mix House (6704-4) were originally included in this demonstration.  
However, a layer of ACM was discovered between the 1/8-inch-thick lead floor coating and the 
concrete slab.  According to BAAP personnel, the ACM extended over the entire floor surface.  
To obtain access to potential sampling locations, the ACM would have to be removed.  
Managing ACM was beyond the scope of the field investigation.  Therefore, Army elected to 
evaluate the Bag Loading House (No. 6739) and the Bag Turning House (No. 6736) instead of 
the Pre-Mix and Final Mix Houses. 

3.2.3 Bag Loading House (No. 6739).  RP that was produced in the Final Mix House was 
transported to the Bag Loading House via tram train.  In the Bag Loading House, the RP was 
placed into canvas bags and then transferred to the Paste Breaker and Blender House for further 
processing.  The Bag Loading House is located adjacent to a rail spur in the RP area (see Figure 
3-2).  This building also served as a temporary storage area for raw materials used in RP 
production. 

3.2.4 Bag Turning House (No. 6736).  Canvas bags were used for paste containment prior to 
the breaking and blending operation performed in the Paste Breaker and Blender House (Section 
3.2.5).  Once empty, these bags were transferred to the Bag Turning House for cleaning and 
reuse.  The bags were cleaned by vacuuming or wet sweeping and returned to the Bag Loading 
House. 

3.2.5 Paste Breaker and Blender House (No. 6731-2).  Within the Paste Breaker and 
Blender House, air dried RP, representing approximately equal parts of 12 separate production 
batches, was blended to achieve chemical, physical, and moisture uniformity.  The paste was 
dumped from the bags into and through the loading hopper and directed into a copper blending 
barrel by a canvas skirt attached to the loading hopper outlet.  Burn rate modifiers and specified 
chemicals were added to the blend at this point. 
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The paste was blended in a rotating “Everdur” barrel of approximately 2,500-pound capacity.  
The interior of the barrel was lightly baffled to promote paste breaking and tumbling.  
Reportedly, this operation generated excessive dust and was managed by exhaust systems and 
water.  An exhaust system directed paste away from the charging operation into a dust collection 
unit located on the lower floor.  The air was ducted from the collection unit through an exhaust 
fan and into a scrubber.  The scrubber was equipped with a filter to collect dust fines that passed 
through the collection unit.  Water from the scrubber was drained back through the wall and 
flushed to an exterior catch tank.  Air from the scrubber was ducted back into the blender bay.  
All floors throughout the building and the entire dock area were thoroughly wetted throughout all 
operations by a constant floor wet system, which was actuated when the building lights were 
turned on.  An exterior settling box, trough, and catch tank were provided to collect any RP that 
was flushed from the hoppers and the floors with the wastewater. 

After the breaking and blending of the paste was complete, the paste was dumped into a hopper 
and hoed into fiber tubs for transfer to the Roll Houses via tram train. 

3.2.6 Pre and Final Roll House (No. 6807-13).  The Pre and Final Roll House contains 
differential speed (DS) and even speed (ES) roll mills.  The RP was weighed into a DS roll mill.  
The rolling cycle was automatically sequenced and timed.  The RP changed in the rolling process 
from the damp, fluffy material into a strong, rubbery sheet.  The sheets from the DS rolls are 
moved to cleaning and warming tables for assembly in ES roll mill charges.  Normally, four 
sheets from the DS rolls, or a combination of DS sheets and reworked propellant sheets are 
brushed off, inspected, and folded together to make an ES roll mill charge of approximately 20 to 
30 pounds.  The ES rolling "married" the sheets together and produced a smooth uniform sheet.  
The finished ES sheets were rolled into a loose "blanket roll" and hauled to the next step, which 
was the slitting operation. 

At designated times each shift, the rolling mills were stopped and the bays and equipment 
cleaned.  DS rolls were cleaned with compressed air or water.  A hand brush was used to remove 
propellant lodged in or around the machinery.  The walls, pipes, floors, and the gutters were 
hosed down.  Gutter screen traps were emptied and cleaned.  The floors were swept and waste 
propellant was stored in proper containers and secured in outside storage cabinets to be picked 
up for disposal.  The exterior sump pits were inspected and propellant removed for disposal on a 
regular basis. 

If the RP did not adhere well to the DS rolls, the rolls were cleaned.  The DS rolls were cleaned 
with an abrasive paste.  ES rolls were wiped with rags soaked in DEP or acetone to clean them. 

4.0 Demonstration Approach 

4.1 Performance Objectives 
Structures, facilities, and property that have been or may have been contaminated by propellants 
and explosives must be cleaned up with regard to the explosive material before they can be sold, 
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transferred, or otherwise disposed of in a manner that may result in public exposure.  The Army 
considers soils containing concentrations of primary explosives, such as NG, in excess of 
4 percent1 to be an explosive safety hazard.  Propellants, such as NC, with a moisture content 
below 30 percent can burn when exposed to an ignition source such as a spark. 

The performance objective for this study was to quantify the levels of propellants and/or 
explosives that may be reliably detected using specific field test methods.  If this quantitation 
level was sufficiently low and reliable, these field tests might then be used to support decisions 
relating to required remediation or to release buildings for unrestricted public use or access. 

Performance objectives are summarized in Table 4-1. 

Table 4-1:  Performance Objectives 

Performance 
Objective Primary Performance Criteria Expected Performance 

1. Identify areas that require 
decontamination 

Detection confirmed by laboratory 
analysis 

2. Identify areas that do not require 
decontamination 

Absence confirmed by laboratory 
analysis 

3. Determine frequency of false 
negatives/positives for Expray and 
Raman spectroscopy 

Not more than 5 percent based on 
laboratory analysis 

Qualitative 

4. Ease of use Operator acceptance 
1. Areal concentration 1 µg/100 cm2 
2. Mass concentration 1 µg/g 
3. Agreement with reference laboratory 

methods for CRREL RDX Method, 
using statistical correlation methods 

+/- 50% and/or correlation 
coefficient >0.95 

Quantitative 

4. Method detection limit To be determined 
 
4.2 Physical Setup and Operation 
The dissimilarity of the buildings required that each building be characterized differently.  
However, the general process of the characterization was the same in each case.  It consisted of 
five basic activities, including a records research, field visual inspection, the characterization of 
features in the concrete using Spectral Analysis of Surface Waves (SASW), classification of test 
locations, and sampling and analysis. 

The process flow decision tree for project activities is summarized diagrammatically in Figure 
4-1.  It is described in detail in the Demonstration Plan9 and summarized in the following 
sections.  The timeline for the demonstration is provided in Table 4-2.  Refer to Appendix B.5 
for photographic documentation of all aspects of the field effort. 
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Table 4-2:  ESTCP Demonstration Field Timeline 

Activity Start Date End Date 
Mobilization 4/28/02 4/29/02 
Building Inspection / Grid Layout 4/29/02 5/2/02 
SASW Testing 4/30/02 5/3/02 
Expray Wipe Sampling 5/3/02 5/3/02 
Surface Raman Testing 5/6/02 5/7/02 
Concrete Coring 5/8/02 5/11/02 
Subsurface Raman Testing 5/9/02 5/11/02 
Soil Sampling 5/9/02 5/11/02 
CRREL Field Testing 5/9/02 5/13/02 
Demobilization 5/13/02 5/13/02 

 
4.2.1 Records Research.  For a complete characterization of the process buildings, a review 

of the available records of each building was beneficial.  The standard operating procedures 
(SOPs) for each building were used to identify locations in the building where manufacturing 
processes may have caused RP constituents to enter the foundation or surrounding soils.  These 
SOPs included the daily/weekly cleaning procedures, spill response procedures, and explosive 
recovery methods.  Supervisory, Production, and/or Incident Logs for each building were not 
available for this demonstration.  Review of available records was noted in the field logs. 

The Badger Historical Society was contacted prior to the start of field investigations to identify 
all potential historically significant features inside or around the buildings that must be protected 
during the work. 

4.2.2 Field Visual Inspection.  Each building’s foundation, floor, and associated structures 
(drain troughs, external catch tanks) were inspected visually.  Each building was divided into 
smaller inspection sectors.  The subdividing of each building provided for a systematic, thorough 
inspection of each building’s concrete floor.  Each sector was carefully examined for cracks and 
joints in the concrete or other features in the foundation that may contain residues of RP 
constituents.  All locations that present potential pathways for solids or liquids to get into or 
beneath the floor or foundation were noted on the field drawing. 

4.2.3 Concrete Testing Using SASW.  The SASW subcontractor, Olson Engineering, Inc. 
(Olson), mobilized to the site on April 29, 2002.  The SASW testing equipment was portable and 
easily moved between sampling locations.  The equipment was powered using a 24V marine-
type battery.  No other utilities were required for the operation of this equipment.  Refer to 
Appendix B.1 for detailed information regarding the setup, operation, and components of the 
SASW testing equipment. 

Each crack in the concrete floor that was identified on the inspection log was examined along its 
length at 2-foot intervals using the SASW equipment to determine the extent of the fissure.  The 
SASW testing was used to determine if the fault extended completely through the slab, or if it 
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terminated within the thickness of the concrete.  If the crack extended through to the underlying 
soil, it was considered a potential pathway for RP constituents to have reached the soil.  In all 
cases, the type of crack was noted on the field drawing. 

The SASW detection system was used to accurately measure the thickness of the concrete floor 
slab throughout the building for subsequent sub-floor soil sampling activities.  It was also used to 
detect the presence of void spaces under the slab near cracks where RP constituents may have 
collected.  All of these features were noted on the field drawings. 

4.2.4 Classification of Test Locations.  The result of the inspections described above was a 
comprehensive list of locations that required additional investigation.  Each identified feature 
requiring additional characterization was classified as a narrow non-penetrating crack, a wide 
non-penetrating crack, or a penetrating crack.  The type of feature determined which 
investigative method was applied to it (refer to Figure 4-1).  These classifications were noted on 
the field drawings. 

4.3 Sampling Procedures 
Sampling procedures used during the field demonstration are described in the following 
paragraphs.  For more detail about field sampling procedures, please refer to the Demonstration 
Plan9. 

4.3.1 Expray Sample Collection.  Expray is designed to detect NC and NG on surfaces 
rather than in bulk material.  Both penetrating and non-penetrating cracks and other penetrating 
features were tested using Expray on May 3, 2002.  Additionally, drains and drainage traps 
external to the buildings were tested for potential explosives using Expray.  Expray samples 
were obtained by wiping the surface to be tested with a special filter.  Any residual explosive 
was picked up on the filter, which was then exposed to a series of three aerosol sprays that 
develop specific colors on the filter if explosives are present.  Expray samples were taken at 
each crack location in the buildings and at areas that appeared to be clean to test the method’s 
propensity to generate false negatives. 

4.3.2 Raman Spectrometer Access and Sampling.  The Raman spectroscopy contractor, 
Applied Research Associates, mobilized to the site on May 3, 2002.  The Raman testing 
equipment was portable and easily moved between sampling locations.  The equipment was 
powered using a 12V car battery and an appropriate converter.  No other utilities were required 
for the operation of this equipment.  Refer to Appendix B.2 for detailed information regarding 
the setup, operation, and components of the Raman testing equipment. 

The Raman spectrometer was used to investigate features in the concrete that were large enough 
to admit the probe.  Initially, it was used to determine if RP materials were present in cracks on 
the floor and foundation surfaces.  After sampling locations for the underlying soils were chosen, 
materials that block the crack, joint, or penetrating feature were removed using non-sparking 
tools and/or high-pressure abrasive water jets. 
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Raman spectroscopy was used to evaluate the soil underlying the foundation once access had 
been provided.  The Raman spectrometer was used to detect any particles of NC or NG that may 
have accumulated in or on the soil underlying the penetrating feature.  The probe was worked 
along the entire length of the bottom of each joint or crack to look for the presence of NC, NG, 
or other residue.  Suspected particles were analyzed by the spectrometer. 

4.3.3 Concrete Coring - Soil Sampling Access.  The concrete coring contractor, 
Morningstar Management Inc. (Morningstar), mobilized to the site on May 8, 2002.  The 
equipment consisted of a dolly-mounted high-pressure water jet cutting tool (weighed ~100 
pounds and required two people to lift it), a trailer-mounted diesel engine, a water tank, and 
power and control cables to a remotely operated control unit.  Water for cutting operations was 
obtained from a nearby fire hydrant. 

Access to the soils at the bottom of a penetrating feature was accomplished using this cutting 
system.  The system was used to cut holes through the concrete at the sample location.  The 
location of the hole was determined on a case-by-case basis, depending on the location of the 
penetration through the floor and the results of surface Raman spectroscopy.  The size of the hole 
was made large enough to accommodate the Raman probe/sampling equipment. 

There were several operational issues encountered with the water jet cutting tool.  These issues 
included: 

• Because of the variability in the strength and thickness of the concrete encountered in the 
buildings, it was not possible to standardize the time required to core through the concrete.  
Consequently, with no margin for error after concrete breakthrough, the high-pressure jet 
would bring 6 to 24 inches of fill material from under the slab to the surface (see Figure 
4-2).  To counter this problem, the field crew used a short quick cutting duration followed 
by frequent inspections of the concrete.  Even with this approach, fill material was brought 
to the surface by the equipment in a matter of seconds after concrete breakthrough.  In 
some instances, the coring was stopped short of breakthrough and the hole was finished 
manually using non-sparking tools.  This approach was labor intensive and not 
recommended for full-scale investigations.  The water used during the jet cutting disturbed 
the media being sampled.  The most obvious effect was dispersion of the top layer of the 
sub-slab soil by the action of the water jet cutting.  It is thought that this top layer of soil 
would be the most likely place to find NC and/or NG that would have collected from the 
crack.  The action of the water jet blew away this top layer of soil and could have dispersed 
any potentially concentrated NC and/or NG over a wide area, resulting in the possibility of 
lower concentrations being sampled.  Measurement of concentrations in samples could also 
have been affected to a lesser extent by dilution.  NC fibers are insoluble in water, 
eliminating the potential for dilution.  However, NG is slightly soluble in water, so a slight 
reduction of contaminant levels is possible. 
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Figure 4-2:  Fill Material Brought to Surface 
by High-Pressure Water Jet Cutting System 

 

 
 
• Use of the cutting tool was limited by access (i.e., required ~7-foot overhead clearance).  

Therefore, because of overhead features in several areas of the building, access to ideal 
sample locations was not possible.  In several instances, the sampling location had to be 
moved several inches up to several feet to accommodate the clearance requirements of the 
coring equipment. 

• In order to maintain the required seal between the corer and the concrete slab, a level, non-
sloping surface was required.  Several of the recommended coring locations had sloping 
features on the floor making it necessary to move the actual sampling location several 
inches to several feet away from the ideal location. 

• Maintenance of the equipment resulted in an inordinate amount of downtime for repairs.  In 
one instance, a hydraulic failure of the equipment resulted in a leak of hydraulic fluid.  
Morningstar immediately contained the spill and placed impacted materials into 55-gallon 
drums for disposal. 

• In several holes, the coring equipment was not able to penetrate the concrete slab because 
of the presence of rebar and heavy aggregate embedded in the concrete. 

4.3.4 Soil Sample Collection and Management.  Soil samples were obtained from the top 
1 foot of soil and placed in clean, wide-mouth glass bottles or jars.  The sample size was 
approximately 300 grams.  Because of the large amount of water introduced by the water jet 
cutting system, it was not necessary to add more water to minimize the explosive safety hazards 
associated with sampling.  The samples were logged with the appropriate building and feature 
identifiers.  The samples were handled as described in the Comprehensive Field Sampling 
Plan10.  Field duplicate samples were obtained at the rate specified in the Demonstration Plan9.  
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Equipment rinsate blanks were not obtained because all of the sampling equipment used in the 
demonstration was disposable. 

Five soil samples for CRREL field analysis were spiked with NG to evaluate analyte recovery by 
the onsite laboratory.  Spiked samples were prepared by adding a known quantity of NG 
standards to a weighed, uncontaminated, and representative soil sample.  The spiked 
concentrations included 15, 10, 6, 3, and 1 mg/kg of NG.  A blank sample was also prepared and 
analyzed.  Each of the spiked samples was also submitted to the offsite laboratory for analysis of 
NG using SW-846 Method 8332. 

Five soil samples for CRREL field analysis were spiked with NC to evaluate analyte recovery by 
the onsite laboratory.  Spiked samples were prepared by adding a known quantity of NC 
standards to a weighed, uncontaminated, and representative soil sample.  The spiked 
concentrations included 400, 375, 200, 100, and 50 mg/kg of NC.  A blank sample was also 
prepared and analyzed.  Each of the spiked samples was also submitted to the offsite laboratory 
for analysis of NC using the U.S. Army Automated Nitrocellulose Analysis. 

4.4 Analytical Procedures 
Both field and laboratory analytical procedures were followed during the demonstration.  Table 
4-3 provides a summary of the analyses performed during the demonstration.  During the field 
effort, no field duplicate samples were taken.  Upon review of the data, this discrepancy was 
realized, and collection of five duplicate samples was included in a second sampling effort at 
select locations.  A total of four field duplicates were collected for NG/NC analysis using the 
CRREL Method during the second sampling effort.  The fifth field duplicate was not taken due 
to lack of sample material at the locations specified.  Following review of the number of 
sampling locations (35) and the total number of samples (50), it was determined that, while not 
optimal, four duplicate samples was a sufficient amount to fulfill the needs of the demonstration.  
The following sections summarize the procedures used.  Refer to Appendix D of the 
Demonstration Plan9 for detailed information. 
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Table 4-3:  Summary of Sampling and Analyses Performed 
 

 
Parameter 

 
Matrix 

Analytical 
Method 

No. Field 
Locations 

No. Field 
Samples 

No. Field 
Duplicates 

Total No. 
Samples 

SASW 160 160 0 160 
Expray 96 96 0 96 

Crack 
Evaluation Concrete 

Raman 88 88 0 88 
Raman 35 35 0 35 

Expray 31 31 0 31 

CRREL 
(SW-846 Method 

8510) 35 50 4 54 
SW-846 

Method 8332 
(NG) 35 41 7 48 

Army Automated 
NC Analysis 35 50 9 59 

NG/NC Soil 

EPA Method 
353.2 (Nitrogen, 
nitrate + nitrite) 15 15 4 19 

SVOCs Soil SW-846 
Method 8270C 35 35 4 39 

Lead and 
Copper Soil SW-846 

Method 6020 35 35 4 39 

Aluminum Soil SW-846 
Method 6010B 35 35 4 39 

 
Notes: 
SVOC = semivolatile organic compound 
 

4.4.1 Field Procedures.  The following field procedures were used during the 
demonstration: 

• Expray Colorimetric Indicator for Explosives in Soil:  Wipe samples obtained in and 
around potentially contaminated floor and foundation cracks were evaluated for the 
presence of three different groups of explosives.  Refer to Table 4-4 for a list of the 
explosive compounds that can be identified using this method. 

• Raman Spectroscopy:  In situ surface analyses of cracks and other penetrating features 
were performed using portable Raman equipment prior to coring the concrete.  In situ 
Raman analysis was performed in the underlying soils after the concrete was cored. 

• CRREL RDX Method:  Soil samples obtained from under the concrete floors were 
analyzed for NG/NC using this method. 
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Table 4-4:  Target Compound List, Expray Colorimetric Indicator Method 
 

EXPRAY - 1 EXPRAY - 2 EXPRAY - 3 

Polynitro-Aromatics Nitrate-Esters Nitramines 
Inorganic Nitrate 

Compounds 
Group A Group B Improvised 

Substance Color Substance Color Substance Color 
Ammonium 

Picrate 
Yellow BTN Pink Ammonium Nitrate Pink 

DDNP Orange-
Brown 

DEGN Pink Barium Nitrate Pink 

DNT Blue-Green EDDN Pink Black Powder Pink 
Lead Styphnate Yellow EGDN Pink Potassium Nitrate Pink 

Nitroxylene Brown Haleite Pink Silver Nitrate Pink 
Picric Acid Yellow HMX Pink Sodium Nitrate Pink 

Tetryl Orange NC Pink Strontium Nitrate Pink 
TNB Dark Brown NG Pink   
TNT Dark Brown Nitroguanidine Pink   

Trinitro 
Naphthalene 

Violet PETN Pink   

  RDX Pink   
  Semtex Pink   
  Smokeless Powder Pink   
  Tetryl Pink   

 
4.4.2 Offsite Laboratory Procedures.  The offsite analytical laboratory was TriMatrix 

Laboratories, Inc.  The following analytical laboratory procedures were used to evaluate soil 
samples collected during the demonstration: 

• NG – SW-846 Method 8332. 
• SVOCs – SW-846 Method 8270C. 
• NC – U.S. Army Automated Nitrocellulose Analysis. 
• Metals – Lead and copper using SW-846 Method 6020; aluminum using SW-846 Method 

6010B. 
• Nitrates and Nitrites – EPA Method 353.2. 
 

4.4.3 Additional Offsite Laboratory Procedures and Analysis.  Also included as part of 
the analyses was nitrogen (nitrate + nitrite) by EPA Method 353.2.  Although not included in the 
original Demonstration Plan9, analysis for nitrates and nitrites was added following analysis of 
the original sample set by CRREL RDX Method and Army Automated Nitrocellulose Analysis, 
taken in April 2002.  While the CRREL RDX Method indicated low-level, qualified, positive 
results for NG/NC in half of the samples taken in the original sample set, the Army Automated 
Nitrocellulose Analysis indicated that NC was present in all samples. 

Additional samples were taken, and analysis of nitrates and nitrites was undertaken to determine 
if a correlation was present between NC, nitrates, and nitrites in the samples.  Ultimately, the 
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additional sampling was undertaken to try to determine if NC was in fact in every sample, or if 
false positives were being generated as a result of nitrate interference in the Army Automated 
Nitrocellulose Analysis.  Unfortunately, results were inconclusive. 

The CRRREL RDX Method and Army Automated Nitrocellulose Analysis were also evaluated 
to determine the possible reasons for the results.  In particular, the Army Automated 
Nitrocellulose Analysis was evaluated to see if some portion of the procedures could possibly 
produce false positive results, as a result of field conditions or other variables. 
 
Both methods convert nitro groups to nitrite ions and then quantify them colorimetrically.  
Section 2.0 of the CRREL RDX Method states “An undried soil/sediment sample is extracted 
with acetone by manually shaking it for 3 minutes.  The extract is filtered and passed through an 
ion exchange resin to remove nitrate and nitrite, and then it is acidified and mixed with zinc dust 
to form nitrite.” Nitrates and nitrites that were native to the sample are presumed to be removed 
by the filtration step of this procedure.  NC and NG are identified as interferences in this method 
rather than analytes; however, in the absence of RDX, these components presumably can be 
measured and compared to the Army Automated Nitrocellulose Analysis for NC and to EPA 
Method 8332 for NG. 
 
The Army Automated Nitrocellulose Analysis is a water method that was modified for solid 
matrices.  The pretreatment step in the Army Automated Nitrocellulose Analysis differs from the 
CRREL Method in that it does not use acetone to remove nitrate and nitrite, since this would 
damage the plastic tubing contained within the laboratory equipment.  The sample is washed 
with water to remove nitrate/nitrite.  Following this washing, the sample enters a heated 
digestion unit, where sodium hydroxide converts the NC to nitrates.  Following digestion, the 
sample mixture is mixed with ammonium chloride, which lowers the pH to about 8.  The flow 
stream then enters a cadmium reactor, where nitrate is reduced to nitrite.  Sulfanilic acid and 
N-(1-naphthyl)ethylenediamine (NED) are added at this step.  The resulting red color is allowed 
to develop and measured in a flow-through cell at 520 nm. 
 
In both cases, an attempt is made to remove free nitrate and nitrite prior to extraction of the NC 
sample and measurement of the nitrite.  In the case of Army Automated Nitrocellulose Analysis, 
it is thought that this washout step does not completely remove free nitrate, and so nitrates 
remain in the sample that are ultimately measured as nitrites, which resulted in the low-level 
detections of NC that were seen during the demonstration. 

5.0 Performance Assessment 

5.1 Performance Data 
The principal goal of the project was to compare the Raman spectroscopy, Expray colorimetric, 
and CRREL RDX Method field testing results with the offsite fixed-base laboratory analytical 
results.  Paired results between the field work and offsite laboratory were compared for the 
presence or absence of a particular compound and analytical value.  As will be seen in the 
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following sections, results of the demonstration did not provide data that could be compared with 
a rigorous statistical program because of questionable results and different method detection 
limits.  As a result, calculations of relative percent difference (RPD) and absolute difference 
were not performed. 

The following sections provide the demonstration results for each of the five buildings that were 
evaluated.  Evaluation of demonstration results can be found in Section 5.2. 

5.1.1 Homogenizer House Sampling Results.  The Homogenizer House sampling locations 
are shown in Figure 5-1.  The testing results for the Homogenizer House are included in Table 
5-1.  Each of the identified cracks in the building was evaluated using SASW testing at 2-foot 
intervals (10 locations total).  The results provided in Table 5-1 show that in all cases, each of the 
cracks penetrated the concrete along at least a portion of the crack.  Refer to Appendix B.1 for a 
detailed report of the SASW testing. 

Expray testing locations are shown in the crosshatch areas of Figure 5-1.  As indicated in Table 
5-1, explosive material was identified in several of the Expray wipe samples including 
HH1C-1, HH2A-1, HH2D-1, HH2D-2, HH4B-2, and HH4D-1.  Group A polynitro-aromatics 
were indicated in wipe samples obtained in grids HH1C, HH2A, HH4B, and HH4D.  The yellow 
color present in all four Group A wipe samples indicates the possible presence of ammonium 
picrate, lead styphnate, or picric acid.  The violet color present in sample HH1C indicates the 
possible presence of trinitronaphthalene.  The brown color present in sample HH4D indicates the 
possible presence of trinitrobenzene or trinitrotoluene.  The Expray results showed two 
instances of Group B compounds (likely to be NC and/or NG) and a single detection of a Group 
C compound in grid HH2D.  Based on discussions with the Army, none of the Group A or Group 
C compounds were used in the RP Production Area or anywhere else on BAAP and, therefore, 
the actual presence of these compounds is highly improbable.  Expray has a variety of 
interferences, particularly with Group C compounds, which include inorganic nitrates.  Any 
fertilizer containing nitrates will react to Expray.  In addition, field experience has shown that 
adding too much of the sprays could cause a color change.  In terms of Group A compounds, it is 
believed that an interference or interferences exist in the soil matrix, which may have caused a 
false positive detection.  Product literature indicates that particles as small as 20 ng can be 
indicated by the Expray test kit.  Since the sample or sample location was wiped by the Expray 

kit, detections of these very small particles can potentially be recorded across a large area of the 
sample matrix, depending on how large an area was wiped.  This makes Expray sampling 
capable of detecting explosive particles over areas up to a few square inches in size, since these 
areas can be tested by wiping and/or spraying. 

Surface Raman testing was performed at multiple locations in the Homogenizer House.  The 
results shown on Table 5-1 indicate that only two locations, HH1B and HH2A, had a possible 
detection of 2,4-dinitrotoluene (2,4-DNT).  No other energetic materials were detected on the 
building surfaces tested using the Raman spectroscopy equipment.  One area (HH6D) showed 
evidence of inorganic nitrate compounds.  Refer to Appendix B.2 for a complete report of the 
Raman testing performed in the Homogenizer House.  Like Expray, Raman testing is also 





Surface Subsurface
Sample Raman Depth Subsurface Raman Abs Conc. NC NG 2,4-DNT 2-Nitroaniline Aluminum Copper Lead Nitrogen (nitrate

Location Crack Type Color A B C Results (in.) Void (in.) Results (au) (mg/kg) Color A B C (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) + nitrite)(mg/kg)
1 None   DNT?
1 Yellow/Violet X ND 6 6 ND 0.021 0.023 J Yellow X 2.4 JS73 (6.1) 6.7 U 0.002 J (0.005) 0.003 U 5,300 11 6.3

Duplicate 3.4 JS73 (6.1) 6.7 U 0.004 J (0.005) 0.003 U 5,380 10 5.8
HH1C 1 (3) 0.012 ND None 1.8 JT8 (2.3) 8.3 JT8

1 Surface Yellow X  4.5 5 ND 0.004 ND Yellow X 3.4 JS73 (6.2) 6.7 U 0.002 J (0.005) 0.002 J (0.003) 2,380 14 19
2 Penetrating ND
3 Penetrating DNT?
4 Penetrating
1 None ND
1 Surface Slight Pink X ND 4.5 28 ND 1.294 ND (1) Purple X 6.8 JS73 6.7 U 0.005 U 1.1 3,540 41 2140
2 Surface Pink X X
3 Penetrating
1 None ND 6 5 ND 0.000 ND Yellow X 4.6 JS73 (6.6) 6.7 U 0.005 0.003 U 2,210 6.5 3.5
1 Penetrating ND ND
2 Penetrating Yellow X ND 7 15 ND 0.038 0.8 J Yellow X 3.9 JS73 (6.1) 6.7 U 0.002 J (0.005) 0.003 U 1,780 6.8 5.1
3 Surface

HH4B 1 (3) Penetrating 0.011 ND None 1.7 JT8 (2.3) 23 JT8
1 None Yellow/Brown X 8 15 ND 1.769 58.5 Yellow X 2.5 JS73 (6.7) 6.7 U 0.005 U 0.004 2,210 6.6 3.4

Duplicate None 0.396 (2) 63.7 2.9 JS73 (6.4) 6.7 U NA NA NA NA NA
HH4D 1 (3) None 0.010 ND None 1.6 J (2.3) 97 JT8
HH4D Duplicate(3) None 0.010 ND None 1.6 JT8 (2.3) 112 JT8

1 None ND
1 None ND ND
2 None ND
3 None ND
4 None ND
5 None Nitrate
1 None ND 8 4 ND 0.013 ND Yellow X 2.7 JS73 (6.7) 6.7 U 0.005 U 0.003 U 1,350 5.3 3.2
1 ND

J = Estimated value.  Compound was positively identified above method detection limit, 
        but below reporting limit.  Reporting limit is shown in parentheses.
JS73 = Estimated value.  Matrix spike recovery was outside control limits of 75 to 125
        percent recovery at 73 percent recovery.  Where reporting limits are shown in parentheses,

     ND = not detected        compound was positively identified above method detection limit, but below reporting limit.  
     NG = nitroglycerine JT8 = Sample received at 8.5 oC.  False undetected values or low bias could be associated 

        with the data as a result of degradation.  
U = Not detected at reporting limit indicated in cell.

Table 5-1:  Homogenizer House 6712 Sampling Summary

Analytical Laboratory Results

Data Qualifiers:

     Blank cells were not sampled.

         (2)  Sample diluted 1:5.

         (1)  Yellow color in extract with background absorbance of 1.315 au.

CRREL Expray Wipes
Reference Acetone Extract

Expray Surface Wipes Concrete Coring CRREL

Grid
HH1B
HH1C
HH1C

HH2A
HH2A
HH2A
HH2A
HH2B

HH4B
HH4B

HH2D
HH2D
HH2D
HH4A
HH4B

HH4D

   Notes:

HH7B
HH7C

HH6D
HH6D

HH6D

     NC = nitrocellulose
     NA = not analyzed
     DNT = dinitrotoluene

HH4D

         (3)  Additional sample taken on 8/28/02.

HH5A
HH6D

HH6D
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capable of detecting sub-microgram particles.  However, since the particles must be present in 
the very small area (typically 2-millimeter [mm] diameter) that is illuminated by the unit, Raman 
testing is severely limited in the area that can be analyzed, and so is much less sensitive for 
detection of particles spread over large areas.  The concrete was cored in the seven locations 
identified on Figure 5-1 as HH1C, HH2A, HH2D, HH4A (background location), HH4B, HH4D, 
and HH7B.  Subsurface Raman testing was performed in each of the holes; energetic material 
was not detected in any of the holes. 

A soil sample was obtained from each coring location and analyzed using the CRREL RDX 
Method.  The results shown on Table 5-1 indicate low-level detections of NC and/or NG below 
the reporting limit in the samples obtained from HH1C and HH4B.  Results also indicated that 
the soil sample from the HH4D grid contained NC and/or NG at a concentration of 58.5 mg/kg 
(63.7 mg/kg in a duplicate sample).  Section 5.1.6 discusses the spiked sample results of the 
demonstration, which indicate that the field method could only quantify NG, and could not 
quantify NC.  NC and/or NG were not detected in any of the other samples analyzed using the 
field method. 

Soil samples from each of the coring locations were sent to TriMatrix Laboratories for 
confirmatory analysis.  The results of the offsite laboratory analyses are provided in Table 5-1.  
The results indicated that possible low levels of NC are present in all of the samples analyzed.  
The only sample with NC above the reporting limit is HH2D with a concentration of 6.8 mg/kg. 

Following the initial sample collection and analysis, additional soil samples were collected from 
HH1C, HH4B, and HH4D to determine whether the low-level NC detections that were present in 
all samples were in fact detections of NC, or whether they were false positives as a result of 
interference with nitrates in the soil.  The soil samples were analyzed using the CRREL RDX 
Method.  NC and/or NG were not detected in any of these samples analyzed using the field 
method.  Of particular note is the sample and duplicate sample result collected from location 
HH4D, which yielded a field result and field duplicate result of non-detect.  As discussed above, 
samples from this location previously yielded results of 58.5 and 63.7 mg/kg.  The inconsistency 
of results of the separate sampling events may be attributed to the heterogeneity of the soil 
samples caused by the disturbance of the soil during concrete cutting operations. 

The additional soil samples were also sent to TriMatrix Laboratories for confirmatory analysis.  
The results of the offsite laboratory analyses are provided in Table 5-1.  The results show that 
low levels of NC continued to be reported in all of the samples analyzed.  Soil samples were also 
analyzed using EPA Method 353.2 for nitrogen (nitrate + nitrite).  Results ranged from 8.3 to 
112 mg/kg.  No correlation was noted between NC results and nitrogen (nitrate + nitrite) results. 

NG was not detected above the reporting limit of 6.7 mg/kg in any of the samples.  Low 
concentrations of 2,4-DNT were detected in five of the eight samples analyzed including HH1C 
(and a duplicate), HH2A, HH4A, and HH4B. 

The results of the metals analyses performed by TriMatrix indicate that background 
concentrations of metals (aluminum, copper, and lead) are present in all of the soil samples with 
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the exception of sample HH2D, which had a lead concentration of 2,140 mg/kg.  The proximity 
of this sample to the floor drain that exits to the exterior of the building warrants additional 
investigation of this area by the Army. 

5.1.2 Bag Loading House Sampling Results.  The Bag Loading House sampling locations 
are shown in Figure 5-2.  The testing results for the Bag Loading House are included in Table 
5-2.  The concrete flooring in the Bag Loading House was severely degraded with multiple 
cracking and scabbling.  Each of the identified cracks in the building was evaluated using SASW 
testing at 2-foot intervals (86 locations total).  The results provided in Table 5-2 show that in 
most cases the cracks penetrated the concrete along at least a portion of the crack.  Refer to 
Appendix B.1 for a detailed report of the SASW testing. 

Expray testing locations are shown in the crosshatch areas of Figure 5-2.  As indicated in Table 
5-2, explosive material was identified in several of the Expray wipe samples including BL1B, 
BL2A, BL2D, BL3A, BL3C, BL4A, BL4B, BL5A, BL5B, BL5D, BL6A, BL6B, BL7D, BL8A, 
and BL9C.  Group A polynitro-aromatics were indicated in wipe samples obtained in grids 
BL2D and BL3A.  The yellow color present in the two Group A wipe samples indicates the 
possible presence of ammonium picrate, lead styphnate, or picric acid.  All positive wipe 
samples contained Group B compounds (likely to be NC and/or NG).  Based on discussions with 
the Army, none of the Group A compounds were used in the RP Production Area or anywhere 
else on BAAP and, therefore, the actual presence of these compounds is highly improbable. 
Product literature indicates that particles as small as 20 ng can be indicated by the Expray test 
kit.  Since the sample or sample location was wiped by the Expray kit, detections of these very 
small particles can potentially be recorded across a large area of the sample matrix, depending on 
how large an area was wiped.  This makes Expray sampling capable of detecting explosive 
particles over areas up to a few square inches in size, since these areas can be tested by wiping 
and/or spraying. 

Surface Raman testing was performed at multiple locations in the Bag Loading House.  The 
results shown on Table 5-2 indicate that only three locations, BL5B, BL5C, and BL9B, 
contained NC.  The difference in the spectra of NC and NG are difficult to discern at low 
concentrations.  However, fibrous materials, characteristic of NC were found at each location 
where a detection was made.  Therefore, the detection can likely be attributed to NC.  No other 
energetic materials were detected on the building surfaces tested using the Raman spectroscopy 
equipment.  Three areas (BL6A, BL9B, and BL9C) showed evidence of inorganic nitrate 
compounds.  Refer to Appendix B.2 for a complete report of the Raman testing performed in the 
Bag Loading House.  Like Expray, Raman testing is also capable of detecting sub-microgram 
particles.  However, since the particles must be present in the very small area (typically 2-mm 
diameter) that is illuminated by the unit, Raman testing is severely limited in the area that can be 
analyzed, and so is much less sensitive for detection of particles spread over large areas. 

The concrete was cored in the eight locations identified on Figure 5-2 as BL2A, BL4A, BL4B, 
BL5C, BL6A, BL6B, BL8A, and BL9B.  Subsurface Raman testing was performed in each of 
the holes; energetic material was not detected in any of the holes. 





Surface Subsurface
Sample Raman Depth Subsurface Raman Abs Conc. NC NG 2,4-DNT 2-Nitroaniline Aluminum Copper Lead Nitrogen (nitrate

Location Crack Type Color A B C Results (in.) Void (in.) Results (au) (mg/kg) Color A B C (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) + nitrite)(mg/kg)
1 Surface ND
2 Surface
3 Penetrating Slight Pink X
1 Surface ND ND
1 Penetrating   ND 7.5 7 ND 0.066 1.7 ND (1) 2.5 JS73 (6.2) 6.7 U 0.005 U 0.003 U 2,570 8.6 3.7

1 (2) Penetrating 0.012 ND None 1.7 JT8 (2.3) 49 JT8
2 Penetrating
3 Penetrating Slight Pink X
4 Surface
1 Penetrating  ND
2 Penetrating
3 Penetrating
4 Penetrating ND
5 Surface
6 Penetrating
7 Surface
1 Penetrating
1 None Yellow/Pink X X
1 Penetrating    ND  
2 Surface
3 Penetrating Yellow/Pink X X
4 Surface
1 Penetrating  ND
2 Penetrating ND
1 Surface Slight Pink X ND
2 Penetrating
1 Surface Slight Pink X ND 3 18 ND 0.009 ND ND (1) 4.9 JS73 (6.4) 6.7 U 0.010 0.003 U 2,780 8.0 4.5
2 Surface   
3 Penetrating Pink X
4 Surface Slight Pink X
5 2.4" deep
6 Surface
1 Penetrating Slight Pink X ND 5 14 ND 0.009 ND ND (1) 4.7 JS73 (6.1) 6.7 U 0.010 0.003 U 2,960 8.4 6.7
2 Penetrating ND
3 Penetrating
4 Penetrating
5 Penetrating
6 Penetrating
7 Penetrating
1 Surface Pink X
2 2.3" deep
3 Surface
4 Penetrating
1 Penetrating Pink X Nitrocellulose
2 Penetrating
1 Surface  Nitrocellulose 4.5 2 ND 0.013 ND ND (1) 3.1 JS73 (6.1) 6.7 U 0.027 0.003 U 1,140 6.3 2.1

Duplicate 5.1 JS73(6.1) 6.7 U 0.005 0.003 U 2,160 8.4 3.7
2 Penetrating ND
3 Penetrating
4 Surface
1 2.5" deep Pink X
1 Penetrating   Nitrate 5.5 16 ND 0.012 ND ND (1) 2.1 JS73 (6.1) 6.7 U 0.005 U 0.003 U 1,940 6.1 3.6
2 Penetrating Roofing
3 Penetrating Slight Pink X
4 Surface
1 Penetrating Slight Pink X ND 5.5 15 ND 0.011 ND ND (1) 9.8 JS73 6.7 U 0.005 U 0.003 U 5,120 8.9 6.1

1 (2) Penetrating 0.013 ND None 1.8 JT8 (2.3) 4.2 JT8
2 Surface ND ND
3 Penetrating
4 Penetrating
1 Surface ND ND
2 Surface
3 Penetrating
4 2.6" deep
5 Surface
6 Penetrating
7 Surface

BL7A
BL7A
BL7A

BL7A
BL7A
BL7A
BL7A

BL6B

BL6B
BL6B
BL6B

BL6A
BL6A
BL6A
BL6A

BL5C
BL5C
BL5C
BL5D

BL5B
BL5B
BL5C
BL5C

BL5A
BL5A
BL5A
BL5A

BL4B
BL4B
BL4B
BL4B

BL4A
BL4B
BL4B
BL4B

BL4A
BL4A
BL4A
BL4A

BL3B
BL3C
BL3C
BL4A

BL3A
BL3A
BL3A
BL3B

BL2B
BL2C
BL2D
BL3A

BL2B
BL2B
BL2B
BL2B

BL2A
BL2A
BL2B
BL2B

Acetone Extract
Expray Surface Wipes Concrete Coring CRREL CRREL Expray Wipes

BL1B

Reference

Table 5-2:  Bag Loading House 6739 Sampling Summary

Analytical Laboratory Results

BL6B

BL2A

Grid
BL1B
BL1B

BL1C
BL2A

BL2A
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Surface Subsurface
Sample Raman Depth Subsurface Raman Abs Conc. NC NG 2,4-DNT 2-Nitroaniline Aluminum Copper Lead Nitrogen (nitrate

Location Crack Type Color A B C Results (in.) Void (in.) Results (au) (mg/kg) Color A B C (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) + nitrite)(mg/kg)
Acetone Extract

Expray Surface Wipes Concrete Coring CRREL CRREL Expray Wipes
Reference

Table 5-2:  Bag Loading House 6739 Sampling Summary

Analytical Laboratory Results

Grid
1 None Slight Pink X
1 Penetrating Slight Pink X ND 3.5 14 ND 0.011 ND ND (1) 2.8 JS73 (7.0) 6.7 U 0.005 U 0.003 U 4,200 10 6.4
2 Penetrating
3 Surface
4 Surface
1 Surface ND ND
2 Surface
3 2.8" deep
4 Penetrating
1 Surface
1 Surface ND ND
2 Surface
3 Surface

1 Surface  
Nitrocellulose 

Nitrate 4.5 15 ND 0.011 ND ND (1) 3.7 JS73 (6.1) 6.7 U 0.012 0.003 U 2,200 8.9 3.9
2 Surface ND
3 Penetrating
4 Surface
1 Surface Slight Pink X Nitrate
2 Surface   
3 Penetrating ND ND
4 Surface
5 Surface
6 Penetrating Slight Pink X
7 Surface

J = Estimated value.  Compound was positively identified above method detection limit, 
        but below reporting limit.  Reporting limit is shown in parentheses.
JS73 = Estimated value.  Matrix spike recovery was outside control limits of 75 to 125

     ND = not detected         percent recovery at 73 percent recovery.  Where reporting limits are shown in parentheses,
     NG = nitroglycerine        compound was positively identified above method detection limit, but below reporting limit.  

JT8 = Sample received at 8.5 oC.  False undetected values or low bias could be associated 
        with the data because of degradation.
U = Not detected at reporting limit indicated in cell.

     Blank cells were not sampled.

     NC = nitrocellulose

     (1) CRREL Expray extracts all had an initial yellow-brown color.

     DNT = dinitrotoluene

   (2) Additional sample taken on 8/28/02.

BL9C

   Notes:

BL9C
BL9C

BL9C
BL9C
BL9C
BL9C

BL9B
BL9B
BL9B
BL9B

BL8D
BL9A
BL9A
BL9A

BL8C
BL8C
BL8C
BL8C

BL8A
BL8A
BL8A
BL8A

BL7D

Data Qualifiers:
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A soil sample was obtained from each coring location and analyzed using the CRREL RDX 
Method.  The results shown on Table 5-2 indicate a low-level detection (1.7 mg/kg) of NC 
and/or NG in the sample obtained from BL2A. Section 5.1.6 discusses the spiked sample results 
of the demonstration, which indicate that the field method could only quantify NG, and could not 
quantify NC.  In any case, NC and/or NG were not detected in any of the other samples analyzed 
using the field method. 

Soil samples from each of the coring locations were sent to TriMatrix Laboratories for 
confirmatory analysis.  The results of the offsite laboratory analyses are provided in Table 5-2.  
The results indicate possible low levels of NC present in all of the samples analyzed.  The only 
sample with NC above the reporting limit is BL6B with a concentration of 9.8 mg/kg.  NG was 
not detected above the reporting limit of 6.7 mg/kg in any of the samples.  Low concentrations of 
2,4-DNT were detected in five of the eight samples analyzed including BL4A, BL4B, BL5C 
(and a duplicate), and BL9B. 

Following the initial sample collection and analysis, additional soil samples were collected from 
BL2A and BL6B to determine if the low-level NC detections that were present in all samples 
were false positives.  The soil samples were analyzed using the CRREL RDX Method.  NC 
and/or NG were not detected in any of these samples analyzed using the field method. 

The additional soil samples were also sent to TriMatrix Laboratories for confirmatory analysis.  
The results of the offsite laboratory analyses are provided in Table 5-2.  The results indicate 
possible low levels of NC continued to be reported in all of the samples analyzed.  Soil samples 
were also analyzed using EPA Method 353.2 for nitrogen (nitrate + nitrite).  Results ranged from 
4.2 to 49 mg/kg.  Again, no correlation was noted between NC results and nitrogen (nitrate + 
nitrite) results. 

The results of the metals analyses performed by TriMatrix indicate that background 
concentrations of metals are present in all of the soil samples analyzed. 

5.1.3 Bag Turning House Sampling Results.  The Bag Turning House sampling locations 
are shown in Figure 5-3.  The testing results for the Bag Turning House are included in Table 
5-3.  Each of the identified cracks in the building was evaluated using SASW testing at 2-foot 
intervals (19 locations total).  The results provided in Table 5-3 show that in most cases the 
cracks penetrated the concrete along at least a portion of the crack.  Refer to Appendix B.1 for a 
detailed report of the SASW testing. 

Expray testing locations are shown in the crosshatch areas of Figure 5-3.  As indicated in Table 
5-3, explosive material was identified in several of the Expray wipe samples including BT1A, 
BT1B, BT1C, BT1D, BT1E, BT2A, BT2B, and BT2C.  Group A polynitro-aromatics were 
indicated in wipe samples obtained in grids BT1D, BT1E, and BT2C.  The yellow color present 
in the two Group A wipe samples indicates the possible presence of ammonium picrate, lead 
styphnate, or picric acid.  All positive wipe samples contained Group B compounds (likely to be 
NC and/or NG) with the exception of sample BT1D.  Based on discussions with the Army, none 
of the Group A compounds were used in the RP Production Area or anywhere else on BAAP 





Surface Subsurface
Sample Raman Depth Subsurface Raman Abs Conc. NC NG 2,4-DNT 2-Nitroaniline Aluminum Copper Lead Nitrogen (nitrate

Location Crack Type Color A B C Results (in.) Void (in.) Results (au) (mg/kg) Color A B C (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) + nitrite)(mg/kg)
1 Penetrating      
2 Penetrating ND
3 Penetrating
4 Penetrating
5 Penetrating Slight Pink X 6 7 ND 0.010 ND ND (1) 2.3 JS73 (6.1) 6.7 U 0.005 U 0.003 U 2,620 10 7.7
1 Penetrating   ND 5.5 5 ND Sample Unrecoverable
2 Penetrating Pink X
1 None Pink X ND   
1 Penetrating Slight Yellow X   
1 Penetrating Yellow/Pink X X ND 6 0 ND 0.013 ND ND (1) 4.9 JS73 (6.2) 6.7 U 0.005 U 0.003 U 5,200 16 7.1
2 Penetrating       
3 Surface
4 Penetrating
1 Penetrating Slight Pink X ND     
1 Penetrating Pink X ND
1 Penetrating Yellow/Pink X X ND 6 4 ND 0.000 ND ND (1) 2.4 JS73 (6.4) 6.7 U 0.005 U 0.003 U 4,590 15 8.6

Duplicate 4.9 JS73 (6.9) 6.7 U 0.003 J (0.005) 0.003 U 3,480 14 6.1
1 Penetrating ND  ND 4.5 12 ND 0.013 ND ND (1) 11 JS73 6.7 U 0.011 0.001 J (0.003) 7,940 13 10

1 (2) Penetrating 0.010 ND None 1.8 JT8 (2.3) 14 JT8
Duplicate (2) Penetrating 0.011 ND None 1.9 JT8 (2.3) 19 JT8

1 Surface
2 Penetrating
3 Penetrating

J = Estimated value.  Compound was positively identified above method detection limit, 
        but below reporting limit.  Reporting limit is shown in parentheses.
JS73 = Estimated value.  Matrix spike recovery was outside control limits of 75 to 125

     ND = not detected         percent recovery at 73 percent recovery.  Where reporting limits are shown in parentheses,
     NG = nitroglycerine        compound was positively identified above method detection limit, but below reporting limit.  

JT8 = Sample received at 8.5 oC.  False undetected values or low bias could be associated 
        with the data because of degradation.
U = Not detected at reporting limit indicated in cell.

Table 5-3:  Bag Turning House 6736 Sampling Summary

Reference

Data Qualifiers:

     NC = nitrocellulose

   Notes:

     DNT = dinitrotoluene

   (2) Additional sample taken on 8/28/02
     (1) CRREL Expray extract all had an initial yellow-brown color.

     Blank cells were not sampled.

BT2E

Grid

BT2C
BT2D

BT2E

BT1D
BT1E
BT1E
BT1E

BT1A
BT1B
BT1B
BT1C

BT2E

BT1E
BT2A
BT2B
BT2C

BT2D
BT2D

BT1A
BT1A
BT1A
BT1A

Acetone Extract
Concrete Coring CRREL CRREL Expray WipesExpray Surface Wipes Analytical Laboratory Results
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and, therefore, the actual presence of these compounds is highly improbable.  Product literature 
indicates that particles as small as 20 ng can be indicated by the Expray test kit.  Since the 
sample or sample location was wiped by the Expray kit, detections of these very small particles 
can potentially be recorded across a large area of the sample matrix, depending on how large an 
area was wiped.  This makes Expray sampling capable of detecting explosive particles over 
areas up to a few square inches in size, since these areas can be tested by wiping and/or spraying. 

Surface Raman testing was performed at multiple locations in the Bag Turning House.  The 
results shown on Table 5-3 indicate that no energetic materials were detected on the building 
surfaces tested using the Raman spectroscopy equipment.  Refer to Appendix B.2 for a complete 
report of the Raman testing performed in the Bag Turning House.  Like Expray, Raman testing 
is also capable of detecting sub-microgram particles.  However, since the particles must be 
present in the very small area (typically 2-mm diameter) that is illuminated by the unit, Raman 
testing is severely limited in the area that can be analyzed, and so is much less sensitive for 
detection of particles spread over large areas. 

The concrete was cored in the five locations identified on Figure 5-3 as BT1A, BT1B, BT2C, 
BT2D, and BT1E.  Subsurface Raman testing was performed in each of the holes.  The Raman 
spectroscopy equipment did not detect energetic material in any of the holes. 

A soil sample was obtained from each coring location except BT1B.  A large rock present under 
the foundation precluded obtaining soil from this location.  The samples were analyzed using the 
CRREL RDX Method.  The results shown on Table 5-3 indicate that NC and/or NG were not 
detected in any of the samples analyzed using the field method. 

Soil samples from each of the coring locations (except BT1B) were sent to TriMatrix 
Laboratories for confirmatory analysis.  The results of the offsite laboratory analyses are 
provided in Table 5-3.  The results indicate possible low levels of NC present in all of the 
samples analyzed.  The only sample with NC above the reporting limit is BT2D with a 
concentration of 11 mg/kg.  NG was not detected above the reporting limit in any of the samples.  
Low concentrations of 2,4-DNT were detected in two of the four samples analyzed including 
BT2C (duplicate) and BT2D. 

Following the initial sample collection and analysis, additional soil samples were collected from 
BT2D to determine whether the NC detection that was present in the original sample was a false 
positive.  The soil samples (sample and duplicate sample) were analyzed using the CRREL RDX 
Method.  Section 5.1.6 discusses the spiked sample results of the demonstration, which indicate 
that the field method could only quantify NG and could not quantify NC.  In any case, NC and/or 
NG were not detected in any of the initial or additional samples analyzed using the field method. 

The additional soil samples were also sent to TriMatrix Laboratories for confirmatory analysis.  
The results of the offsite laboratory analyses are provided in Table 5-3.  The results indicate 
possible low levels of NC were reported in both samples.  Soil samples were also analyzed using 
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EPA Method 353.2 for nitrogen (nitrate + nitrite).  Results were 14 to 19 mg/kg.  Again, no 
correlation was noted between NC results and nitrogen (nitrate + nitrite) results. 

The results of the metals analyses performed by TriMatrix indicate that background 
concentrations of metals are present in all of the soil samples analyzed. 

5.1.4 Paste Breaker and Blender House Sampling Results.  The Paste Breaker and 
Blender House sampling locations are shown in Figure 5-4.  The testing results for the Paste 
Breaker and Blender House are included in Table 5-4.  The floor of this building was covered 
with a 1/2-inch-thick conductive flooring material that precluded obtaining a good reading from 
the SASW equipment.  Sections of the flooring material were manually removed in several 
locations in order to perform the SASW testing.  Severe cracking was encountered in each area 
exposed.  Each of the exposed cracks in the building was evaluated using SASW testing (five 
locations total).  The results provided in Table 5-4 show that in all cases the cracks penetrated the 
concrete.  Refer to Appendix B.1 for a detailed report of the SASW testing. 

Expray testing locations are shown in the crosshatch areas of Figure 5-4.  As indicated in Table 
5-4, explosive material was identified in all but two of the Expraywipe samples including 
BB1C, BB1D, BB2B, BB3A, BB3C, BB3D, BB4B, and BB5A.  All positive wipe samples 
contained Group B compounds (likely to be NC and/or NG).  The wipe sample obtained from 
grid BB3D tested positive for Group C compounds using the Expraytest.  Based on discussions 
with the Army, none of the Group C compounds were used in the RP Production Area or 
anywhere else on BAAP and, therefore, the actual presence of these compounds is highly 
improbable.  Product literature indicates that particles as small as 20 ng can be indicated by the 
Expray test kit.  Since the sample or sample location was wiped by the Expray kit, detections 
of these very small particles can potentially be recorded across a large area of the sample matrix, 
depending on how large an area was wiped.  This makes Expray sampling capable of detecting 
explosive particles over areas up to a few square inches in size, since these areas can be tested by 
wiping and/or spraying. 

Surface Raman testing was performed at nine locations in the Paste Breaker and Blender House.  
The results shown on Table 5-4 indicate that energetic material, specifically NC, was detected in 
four of the nine samples (BB3C, BB3B, BB3D, and BB4B) on the building surfaces tested.  
Refer to Appendix B.2 for a complete report of the Raman testing performed in the Paste 
Breaker and Blender House.  Like Expray, Raman testing is also capable of detecting sub-
microgram particles.  However, since the particles must be present in the very small area 
(typically 2-mm diameter) that is illuminated by the unit, Raman testing is severely limited in the 
area that can be analyzed, and so is much less sensitive for detection of particles spread over 
large areas. 

The concrete was cored in the seven locations identified on Figure 5-4 as BB1D, BB2B, 
BB3B, BB3D, BB4B, BB5A, and BB5C.  Subsurface Raman testing was performed in each of 
the holes.  The Raman equipment detected NC in the subsurface soils in coring BB2B.  The 
Raman spectroscopy equipment did not detect energetic material in any of the other holes.  A 





Surface Subsurface
Sample Raman Depth Subsurface Raman Abs Conc. NC NG 2,4-DNT 2-Nitroaniline Aluminum Copper Lead Nitrogen (nitrate

Location Crack Type Color A B C Results (in.) Void (in.) Results (au) (mg/kg) Color A B C (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) + nitrite)(mg/kg)
1 Pink X ND   
1 Pink X ND 4 8 ND 0.021 0.23 J ND (1) 21 JS73 6.7 U 0.005 U 0.003 U 13,300 16 30

1 (2) 0.018 0.13 J None 2.0 JT8 (2.3) 6.7 UJT8 1.7 JT8
1 Penetrating Pink X ND 4.5 0 Nitrocellulose 0.007 ND ND (1) 8.5 JS73 6.7 U 0.005 U 0.003 U 12,400 14 12

1 (2) Penetrating 0.012 ND None 1.9 JT8 (2.3) 9.6 JT8
1 Slight Pink X   
1 Penetrating Pink X Nitrocellulose
2  Nitrocellulose 4.5 8 ND 0.007 ND ND (1) 12 JS73 6.7 U 0.005 U 0.003 U 7,440 6.8 6

Duplicate 9.5 JS73 6.7 U 0.005 U 0.003 U 10,600 7.5 9.2
2 (2) 0.018 0.13 J None 2.9 JT8 6.7 UJT8 8.0 JT8

Duplicate (2) 0.013 ND None 2.7 JT8 10 JT8

1 Penetrating Pink X X
Nitrocellulose 

Nitrate 5 7 ND 0.01 ND ND (1) 12 JS73 6.7 U 0.005 U 0.003 U 10,700 15 12
1 (2) Penetrating 0.015 0.03 J None 1.5 JT8 6.7 UJT8 5.1 JT8

1 Penetrating Slight Pink X Nitrate 5 4 ND 0.012 ND ND (1) 16 JS73 6.7 U 0.002 J (0.005) 0.003 U 13,500 9.4 12
2  Nitrocellulose  
1 Penetrating Pink X ND 4 4 ND 0.016 0.07 J ND (1) 3.1 JS73 (6.3) 6.7 U 0.007 0.003 U 9,770 14 9.8

1 (2) Penetrating 0.013 ND None 2.2 JT8 (2.3) 3.4 JT8
1 ND 4 12 ND 0.28 8.9 ND (1) 8.3 JS73 6.7 U 0.005 U 0.003 U 17,300 22 24

1 (2) 0.014 ND None 4.1 JT8 6.7 UJT8 12 JT8

J = Estimated value.  Compound was positively identified above method detection limit, 
        but below reporting limit.  Reporting limit is shown in parentheses.
JS73 = Estimated value.  Matrix spike recovery was outside control limits of 75 to 125

     ND = not detected         percent recovery at 73 percent recovery.  Where reporting limits are shown in parentheses,
     NG = nitroglycerine        compound was positively identified above method detection limit, but below reporting limit.  

JT8 = Sample received at 8.5 oC.  False undetected values or low bias could be associated 
        with the data because of degradation.
U = Not detected at reporting limit indicated in cell.

Analytical Laboratory Results

Table 5-4:  Paste Breaker and Blender House 6731-2 Sampling Summary

CRREL Expray WipesExpray Surface Wipes Concrete Coring CRREL
Reference Acetone Extract

Grid
BB1C
BB1D

BB2B

BB3A
BB3C

BB1D

BB4B

BB5C
BB5A

BB3D

     NC = nitrocellulose

   Notes:

   (2) Additional sample taken on 8/27/02.

Data Qualifiers:
     (1) CRREL Expray extract all had an initial yellow-brown color.

     Blank cells were not sampled.
     DNT = dinitrotoluene

BB3B/C
BB3B/C

BB2B

BB4B
BB5A

BB5C

BB3B/3C
BB3B/3C

BB3D
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soil sample was obtained from each coring location.  The samples were analyzed using the 
CRREL RDX Method.  The results shown on Table 5-4 indicate that NC and/or NG were 
detected at low levels (below the reporting level) in two of the seven samples analyzed using the 
field method.  The sample from BB5C contained NC and/or NG at a concentration of 8.9 mg/kg.  
Section 5.1.6 discusses the spiked sample results of the demonstration, which indicate that the 
field method could only quantify NG and could not quantify NC.  Soil samples from each of the 
coring locations were sent to TriMatrix Laboratories for confirmatory analysis.  The results of 
the offsite laboratory analyses are provided in Table 5-4.  The results indicate the possibility that 
NC is present in all of the samples analyzed.  Most samples contained concentrations of NC 
above the reporting limit.  NG was not detected above the reporting limit in any of the samples.  
Low concentrations of 2,4-DNT were detected in two of the samples analyzed including BB4B 
and BB5A. 

Following the initial sample collection and analysis, additional soil samples were collected from 
BB1D, BB2B, BB3B/C (with duplicate), BB3D, BB5A, and BB5C to determine whether the 
low-level NC detections that were present in all samples were false positives.  The soil samples 
were analyzed using the CRREL RDX Method.  NC and/or NG were detected in samples from 
BB1D, BB3B/C, and BB3D using the field method. 

The additional soil samples were also sent to TriMatrix Laboratories for confirmatory analysis.  
The results of the offsite laboratory analyses are provided in Table 5-4.  The results indicate 
possible low levels of NC continued to be reported in all of the samples analyzed.  Soil samples 
were also analyzed using EPA Method 353.2 for nitrogen (nitrate + nitrite).  Results ranged from 
1.7 to 12 mg/kg.  Again, no correlation was noted between NC results and nitrogen (nitrate + 
nitrite) results. 

The results of the metals analyses performed by TriMatrix indicate that background 
concentrations of metals are present in all of the soil samples analyzed. 

5.1.5 Pre and Final Roll House Sampling Results.  The Pre and Final Roll House sampling 
locations are shown in Figure 5-5.  The testing results for the Pre and Final Roll House are 
included in Table 5-5.  Each of the identified cracks in the building was evaluated using SASW 
testing at 2-foot intervals (40 locations total).  The results provided in Table 5-5 show that many 
of the cracks penetrated the concrete along at least a portion of the crack.  Refer to Appendix B.1 
for a detailed report of the SASW testing. 

Expray testing locations are shown in the crosshatch areas of Figure 5-5.  As indicated in Table 
5-5, explosive material was identified in several of the Expray wipe samples including RH1D, 
RH2B, RH3D, RH5D, RH5E, RH6A, RH6B, RH6C, RH6F, RH7A, RH7B, RH7C, and RH11E.  
All positive wipe samples contained Group B compounds (likely to be NC and/or NG).  Product 
literature indicates that particles as small as 20 ng can be indicated by the Expray test kit.  Since 
the sample or sample location was wiped by the Expray kit, detections of these very small 
particles can potentially be recorded across a large area of the sample matrix, depending on how 
large an area was wiped.  This makes Expray sampling capable of detecting explosive particles 





Surface Subsurface
Sample Raman Depth Subsurface Raman Abs Conc. NC NG 2,4-DNT 2-Nitroaniline Aluminum Copper Lead Nitrogen (nitrate

Location Crack Type Color A B C Results (in.) Void (in.) Results (au) (mg/kg) Color A B C (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) + nitrite)(mg/kg)
1 Penetrating ND  
2 Penetrating ND  
1 Surface Slight Pink X ND 7 4 ND 0.009 ND ND 5.8 JS73  (6.1) 6.7 U 0.005 U 0.003 U 1,280 3.5 JD133 2.2
1 None Pink X ND
2 None Slight Pink X 6 7 ND 0.011 ND ND 5.2 JS73  (6.1) 6.7 U 0.005 U 0.003 U 1,860 5.1 JD133 3.4
1 None ND
1 Surface
1 Penetrating Nitrate
1 None ND  
1 Surface ND  ND 6 6 ND 0.019 0.2J ND 5.4 JS73  (6.1) 6.7 U 0.005 U 0.003 U 1,190 3.9 JD133 31

1 (1) Surface 0.012 ND None 1.8 JT8 (2.3) 0.97 JT8
1 Surface Slight Pink X ND
1 Surface
1 Surface
1 Surface ND
1 Surface
1 Surface Pink X ND
1 Slight Pink X ND     
1 Surface ND  ND
2 Slight Pink X ND     
1 Surface Slight Pink X Nitrocellulose 5 5 Nitrate 0.007 ND ND 2.6 JS73 (6.1) 6.7 U 0.005 U 0.003 U 1,920 5.7 JD133 3.5
2 ND
1 Surface Slight Pink X Nitrocellulose 5 8 ND 0.007 ND ND 6.0 JS73  (7.0) 6.7 U 0.005 U 0.003 U 1,480 4.0 JD133 2.8
2 Pink X ND
1 Penetrating
1 Penetrating Slight Pink X ND
2 Penetrating ND 6 5 ND 0.017 0.1J 6.9 JS73  (7.1) 6.7 U 0.005 U 0.003 U 1,200 4.0 JD133 2.3

RH6F 2 (1) Penetrating 0.022 0.27J 2.4 JT8 6.7 UJT8 1.5 JT8
RH6F Duplicate (1) Penetrating 0.018 0.13J None 2.3 JT8 6.7 UJT8 1.6 JT8

1 Penetrating Pink X
2  
1 None Pink X
1 Surface Slight Pink X ND
2
1 Surface ND
2 Surface ND
1 None ND
1 Surface ND ND 5 6 ND 0.017 0.1J ND 3.3 JS73  (6.2) 6.7 U 0.005 U 0.003 U 893 2.5 JD133 1.8

Duplicate 3.3 JS73  (6.8) 6.7 U 0.005 U 0.003 U 967 2.4 JD133 1.6
RH8E 1 (1) Surface 0.016 0.07 J None 1.4 JT8 (2.3) 6.7 UJT8 0.54 JT8

1 Surface
1
2 ND
1 Surface ND ND
2 Surface  Nitrocellulose    
1 None ND ND
1 ND
1 Surface ND ND
1 Penetrating ND ND
1 Penetrating Slight Pink X Nitrocellulose
1 ND
1 Surface ND
1 Penetrating ND ND
2 Penetrating ND 6 16 Nitrate 0.012 ND ND 3.2 JS73 (6.3) 6.7 U 0.005 U 0.003 U 1,820 4.8 JD133 7.9
3 ND
1 Surface ND ND
2 ND ND    
1 Surface ND ND
1 Surface Nitrate
1 Penetrating Nitrate
2 Penetrating ND
1 Penetrating ND ND
2 Penetrating Nitrocellulose 6 4 ND 0.009 ND ND 5.9 JS73 (6.5) 6.7 U 0.005 U 0.003 U 927 3.4JD133 1.9
3 Surface

J = Estimated value.  Compound was positively identified above method detection limit, 
       but below reporting limit.  Reporting limit is shown in parentheses

     ND = not detected JD133 = Estimated value.  Duplicate precision was greater than maximum control limi
     NG = nitroglycerine        of 20 relative percent difference.

JS73 = Estimated value.  Matrix spike recovery was outside control limits of 75 to 125
       percent recovery at 73 percent recovery.  Where reporting limits are shown in parentheses
      compound was positively identified above method detection limit, but below reporting limit.
JT8 = Sample received at 8.5oC.  False undetected values or low bias could be associated 
        with the data bnecause of degradation.
U = Not detected at reporting limit indicated in cell.

RH3C

     Blank cells were not sampled.

RH6F

RH7A
RH7A
RH7B

RH7C

RH9D
RH9D
RH9B

     NC = nitrocellulose
     DNT = dinitrotoluene

   Notes: Data Qualifiers:
   (1) Additional sample taken on 8/28/02.

RH8E

RH6A
RH6B
RH6B
RH6C
RH6C
RH6D
RH6F

RH7C

RH5A
RH5D
RH5E
RH6A

RH1A
RH1A
RH1D
RH2B
RH2B
RH2C
RH2E
RH2F
RH3A

RH8E
RH7E
RH7D
RH7D

RH3C

RH3D
RH3E
RH4A
RH4E

Analytical Laboratory Results

Table 5-5:  Pre and Final Roll House 6807-13 Sampling Summary

Grid

Expray Surface Wipes Concrete Coring
Reference Acetone Extract

CRREL CRREL Expray Wipes

RH14H
RH14H
RH14H
RH14G
RH14G
RH13H
RH13G
RH12G
RH12G
RH12F
RH12F
RH12F
RH12E
RH11F
RH11E

RH9E
RH9E

RH11D
RH10D
RH9H
RH9G
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over areas up to a few square inches in size, since these areas can be tested by wiping and/or 
spraying. 

Surface Raman testing was performed at multiple locations in the Pre and Final Roll House.  The 
results shown on Table 5-5 indicate that energetic material (specifically NC) was detected on the 
building surfaces tested in grids RH6B, RH6C, RH9E, RH11E, and RH14H using the Raman 
spectroscopy equipment.  Inorganic nitrates were encountered on the floor surface in grids 
RH2F, RH13H, and RH14G.  Refer to Appendix B.2 for a complete report of the Raman testing 
performed during this demonstration.  Like Expray, Raman testing is also capable of detecting 
sub-microgram particles.  However, since the particles must be present in the very small area 
(typically 2-mm diameter) that is illuminated by the unit, Raman testing is severely limited in the 
area that can be analyzed, and so is much less sensitive for detection of particles spread over 
large areas. 

The concrete was cored in the nine locations identified on Figure 5-5 as RH1D, RH2B, RH3C, 
RH6B, RH6C, RH6F, RH8E, RH12F, and RH14H.  Subsurface Raman testing was performed in 
each of the holes.  The Raman spectroscopy equipment did not detect energetic material in any 
of the holes.  Nitrate was detected in two of the holes (RH6B and RH12F) using the Raman 
equipment. 

A soil sample was obtained from each coring location.  The samples were analyzed using the 
CRREL RDX Method.  The results shown on Table 5-5 indicate that NC and/or NG were present 
at low levels in three of the nine samples analyzed using the field method.  Section 5.1.6 
discusses the spiked sample results of the demonstration, which indicate that the field method 
could only quantify NG and could not quantify NC. 

Soil samples from each of the coring locations were sent to TriMatrix Laboratories for 
confirmatory analysis.  The results of the offsite laboratory analyses are provided in Table 5-5.  
The results indicate possible low levels of NC present in all of the samples analyzed.  NG and 
2,4-DNT were not detected above their respective reporting limit in any of the samples. 

Following the initial sample collection and analysis, additional soil samples were collected from 
RH3C, RH6F (with duplicate), and RH8E to determine whether the low-level NC detections that 
were present in all samples were false positives.  The soil samples were analyzed using the 
CRREL RDX Method.  NC and/or NG were detected in samples from RH6F and RH8E using 
the field method. 

The additional soil samples were also sent to TriMatrix Laboratories for confirmatory analysis.  
The results of the offsite laboratory analyses are provided in Table 5-5.  The results show that 
low levels of NC continued to be reported in all of the samples analyzed.  Soil samples were also 
analyzed using EPA Method 353.2 for nitrogen (nitrate + nitrite).  Results ranged from 0.54 to 
1.6 mg/kg.  Again, no correlation was noted between NC results and nitrogen (nitrate + nitrite) 
results. 
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The results of the metals analyses performed by TriMatrix indicate that background 
concentrations of metals are present in all of the soil samples analyzed. 

5.1.6 Spiked Samples Results.  The field and laboratory analytical results for the five spiked 
NG and NC samples are provided in Table 5-6 and Table 5-7.  Preparation of the calibration 
curve for NC yielded absorbances that were comparable in all of the standards, but did not 
correlate with the standard concentrations.  Because of this, a calibration curve could not be 
produced, and soil concentrations of NC could not be quantified by the CRREL RDX Method.  
Additionally, measurements of absorbances of the spiked samples yielded results that did not 
correlate with spiked concentrations.  Evaluation of these results is provided in Section 5.2. 

Table 5-6:  NG Concentrations in Spiked Samples, 
Comparison of Field and Laboratory Methods 

 
Sample ID 

NG Spiked Concentration 
(mg/kg) 

CRREL RDX Method 
(mg/kg) 

SW-846 Method 8332 
(mg/kg) 

A 15 16.0 30 JT22 
B 10 10.1 12 JT22 
C 6 5.6 7.7 JT22 
D 3 3.1 3.3 JT22 (6.8) 
E 1 1.4 6.8 UJT22 

Blank 0 0.0 6.8 UJT22 
Notes: 
U = Compound not detected at reporting limit indicated in cell. 
JT22 = Estimated value.  Reporting limit is shown in parentheses.  Samples were received at 22.1°C.  Sample results 
have been qualified as T22 for a possible low bias as a result of degradation. 

Table 5-7:  NC Concentrations in Spiked Samples, 
Comparison of Field and Laboratory Methods 

 
 

Sample ID 

NC Spiked 
Concentration 

(mg/kg) 

CRREL 
NC Standard
Absorbance 

CRREL 
NC Spiked Sample 

Absorbance 

CRREL 
RDX Method 
Absorbance 

Army Automated 
Nitrocellulose Analysis

(mg/kg) 
A 400 0.154 NT NM 2.3 UJT21 
B 375 NT 0.125 NM 2.3 UJT21 
C 200 0.153 0.154 NM 2.3 UJT21 
D 100 0.120 0.036 NM 0.81 JT21 (2.3) 
E 50 0.142 0.033 NM 3.0 JT21 

Blank 0 0.022 0.032 NM 1.3 JT21 (2.0) 
Notes: 
NM = Not measured because of calibration curve failure. 
NT = Not Taken 
U = Compound not detected at reporting limit indicated in cell. 
JT21 = Estimated value.  Reporting limit is shown in parentheses.  Samples were received at 21°C.  Sample results 
have been qualified as T21 for a possible low bias as a result of degradation. 

For the NG spiked sample results, a plot of CRREL RDX Method and analytical laboratory 
results as well as the spiked concentrations is shown on Figure 5-6. 
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Figure 5-6: NG Concentrations in Spiked Soil Samples 

 
For the NC spiked sample results, a plot of the analytical laboratory results and the spiked 
concentrations is shown on Figure 5-7. 

Figure 5-7: NC Concentrations in Spiked Soil Samples 

 
5.1.7 Data Validation.  All offsite laboratory analytical data were submitted to a third party 

service contractor for validation.  The data validation criteria used are those found in the 
USEPA’s National Functional Guidelines for Organic and Inorganic Data Review11.  Data for 
NC, SVOCs, NG, lead, aluminum, copper, nitrates, and nitrites were subjected to these review 
criteria.  The data validation reports are provided in Appendix B.4. 

Laboratory analysis for NC is not specific for soils.  The laboratory method involves hydrolysis 
of NC to decompose the molecule to separate the nitrate ion.  The nitrate ion is then chemically 
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reduced to the nitrite ion.  Chemical analysis is then performed to quantify the nitrite, which is 
then used to calculate an equivalent NC content using an average composition NC.  For purposes 
of this Demonstration Plan9, NC at the site was considered to contain 12.6 percent nitrogen 
based on the specification for NC used in the predominant production process.  Certain 
modifications of the analytical procedure were implemented to determine NC in soils and other 
solid matrices to eliminate interference from other possible sources of nitrite or nitrate ions.  
Soluble nitrites and nitrates were removed by aqueous extraction.  Data validation was applied to 
the nitrite analysis rather than the calculated NC concentration. 

Nitrocellulose.  The NC matrix spike for parent sample 305342 is reported at 73 percent 
recovery.  The limit is 75 percent.  The sample has been qualified JS73 for a possible low bias 
toward the sample results.  The results for this analyte in most of the samples analyzed could be 
biased slightly low proportional to the amount of spike recovered. 

Samples for data packages 35988-3 and 35988-4 were received at 8.5 degrees Celsius (°C) and 
21°C, respectively.  While NC is fairly stable, the samples have been qualified as JT8 and JT21 
for a possible low bias as a result of degradation. 

Semivolatile Organic Compounds.  The parent sample 67395CWP01004 analysis has been 
qualified RS3 for low recovery of 2,4-dinitrophenol.  The recovery of this compound is within 
limits in the laboratory control sample but is recovered unacceptably in the matrix spike/spike 
duplicate indicating matrix interference.  The results of this compound in the parent sample have 
been rejected. 

Method Blank contamination for di-n-butyl phthalate has been qualified for in all associated 
samples where the concentration is less than five times the reported value.  The qualification 
UB0.008 has been applied where applicable.  The original reported value was for chrysene, but 
the reviewer found this to be an error in identification.  The laboratory has re-submitted the 
corrected form. 

Nitroglycerine.  Samples for data packages 35988-2, 35988-3, and 35988-4 were received at 
22.1°C, 8.5°C, and 21°C, respectively.  While NG is fairly stable, the samples have been 
qualified as JT22, JT8, and JT21 for a possible low bias as a result of degradation. 

Metals.  The data as qualified are considered fully useable for project purposes.  The sample 
matrix duplicate for sample 305052 was 133 percent for copper.  Therefore, copper was qualified 
JD133 for all of the samples obtained from the Pre and Final Roll House. 

Nitrates/Nitrites.  Samples for data packages 35988-3 and 35988-4 were received at 8.5°C and 
21°C, respectively.  Nitrate and nitrite samples have been qualified as JT8 and JT21 for a 
possible low bias as a result of degradation. 

5.2 Data Assessment 
While the lack of energetic materials encountered on the floors and under the RP buildings is 
good news for the Army, validation of the proposed methods could not be performed.  Based on 
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the results of the demonstration, the technologies evaluated cannot be recommended for full-
scale implementation at DoD sites.  In addition, it appears that one of the laboratory reference 
methods, Army Automated Nitrocellulose Analysis, is unable to accurately quantify NC in soils. 

In terms of the effectiveness of the technologies, some potential agreement between methods 
may have been observed in the demonstration; however, further validation of technologies is 
required to prove this.  Since the reference method for NC does not appear to measure NC 
accurately, any comparison must be qualified by the lack of bona fide data for NC.  Tempered by 
this fact, comparison between Raman spectroscopy, CRREL RDX Method, and EPA Method 
8332 generally indicate similar, low-level, qualified or non-detect results with the exception of 
two detections by the CRREL RDX Method.  Also, observations made in the field did not note 
the presence of NC fibers in nearly all cases.  Assuming that NC was not present in significant 
quantities, the methods do appear to agree that explosives were not present in significant 
quantities in the buildings investigated.  Significant quantities in this case are defined as 
quantities that would typically require evaluation from a safety perspective, which is the driver 
of this investigation.  In any case, further validation should be done for all methods to insure that 
the methods completely perform within performance metrics with valid reference method 
confirmation. 

The goals of the demonstration were not achieved to the degree envisioned.  Because of the 
small number of actual positive results and the problems associated with the NC analyses, 
rigorous statistical comparison between the analytical methods is not possible.  However, the 
following sections discuss the data that were obtained and the conclusions that can be drawn 
from the data. 

For convenience, Table 5-8 provides a side by side comparison of all of the Raman, Expray, 
CRREL Method, and offsite laboratory analysis for NC and NG.  The samples with positive 
results are shaded. 

Table 5-8:  Data Comparison for NC and NG Analyses 
 

Sample 
Location 

 
Subsurface 

Raman 

 
 

Expray (2) 

CRREL Method 
for NC/NG 

(mg/kg) 

Army Automated 
NC Analysis 

(mg/kg) 

Method 8332 
for NG 
(mg/kg) 

HH1C-1 ND A 0.023 J 2.4 JS73 6.7 U 
HH1C-1 (1) NT NT ND 1.8 JT8 NT 
HH2A-1 ND A ND 3.4 JS73 6.7 U 
HH2D-1 ND A, B ND 6.8 JS73 6.7 U 
HH4A-1 ND ND ND 4.6 JS73 6.7 U 
HH4B-2 ND A 0.8 J 3.9 JS73 6.7 U 

HH4B-2 (1) NT NT ND 1.7 JT8 NT 
HH4D-1 ND A 58.5 2.5 JS73 6.7 U 

HH4D-1 (1) NT NT ND 1.6 JT8 NT 
HH7B-1 ND ND ND 2.7 JS73 6.7 U 
BB1D-1 ND B 0.23 J 21 JS73 6.7 U 

BB1D-1 (1) NT NT 0.13 J 2.0 JT8 6.7 U 
BB2B-1 Nitrocellulose B ND 8.5 JS73 6.7 U 

BB2B-1 (1) NT NT ND 1.9 JT8 NT 
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Table 5-8 (Cont.) 
 

Sample 
Location 

 
Subsurface 

Raman 

 
 

Expray (2) 

CRREL Method 
for NC/NG 

(mg/kg) 

Army Automated 
NC Analysis 

(mg/kg) 

Method 8332 
for NG 
(mg/kg) 

BB3B/3C-2 ND B ND 12 JS73 6.7 U 
BB3B/3C-2 (1) NT NT 0.13 J 2.9 JT8 6.7 UJT8 

BB3D-1 ND B, C ND 12 JS73 6.7 U 
BB3D-1 (1) NT NT 0.03 J 1.5 JT8 6.7 UJT8 

BB4B-1 ND B ND 16 JS73 6.7 U 
BB5A-1 ND B 0.07 J 3.1 JS73 6.7 U 

BB5A-1 (1) NT NT ND 2.2 JT8 NT 
BB5C-1 ND ND 8.9 8.3 JS73 6.7 U 

BB5C-1 (1) NT NT ND 4.1 JT8 6.7 UJT8 
BT1A-5 ND B ND 2.3 JS73 6.7 U 
BT1E-1 ND A, B ND 4.9 JS73 6.7 U 
BT2C-1 ND A, B ND 2.4 JS73 6.7 U 
BT2D-1 ND ND ND 11 JS73 6.7 U 

BT2D-1 (1) NT NT ND 1.9 JT8 NT 
BL2A-1 ND B 1.7 2.5 JS73 6.7 U 

BL2A-1 (1) NT NT ND 1.7 JT8 NT 
BL4A-1 ND B ND 4.9 JS73 6.7 U 
BL4B-1 ND B ND 4.7 JS73 6.7 U 
BL5C-1 ND NT ND 3.1 JS73 6.7 U 
BL6A-1 ND B ND 2.1 JS73 6.7 U 
BL6B-1 ND B ND 9.8 JS73 6.7 U 

BL6B-1 (1) NT NT ND 1.8 JT8 NT 
BL8A-1 ND B ND 2.8 JS73 6.7 U 
BL9B-1 ND NT ND 3.7 JS73 6.7 U 
RH1D-1 ND B ND 5.8 JS73 6.7 U 
RH2B-2 ND B ND 5.2 JS73 6.7 U 
RH3C-1 ND ND 0.2 J 5.4 JS73 6.7 U 

RH3C-1 (1) NT NT ND 1.8 JT8 NT 
RH6B-1 Nitrate B ND 2.6 JS73 6.7 U 
RH6C-1 ND B ND 6.0 JS73 6.7 U 
RH6F-2 ND B 0.1 J 6.9 JS73 6.7 U 

RH6F-2 (1) NT NT 0.27 J 2.4 JT8 6.7 UJT8 
RH8E-1 ND ND 0.1 J 3.3 JS73 6.7 U 

RH8E-1 (1) NT NT 0.07 J 1.4 JT8 6.7 UJT8 
RH12F-2 Nitrate NT ND 3.2 JS73 6.7 U 
RH14H-2 ND NT ND 5.9 JS73 6.7 U 

Notes: 
(1) Additional sample taken on 8/27/02 – 8/28/02. 
(2) Refer to Table 4-4 for compounds in each Expray group. 
NT = Not Taken    ND = Non-Detect 
J = Estimated value.  Compound was positively identified above method detection limit, but below reporting limit. 
JS73 = Estimated value.  Matrix spike recovery was outside control limits of 75 to 125 percent recovery at 73 
percent recovery. 
JT8 = Sample received at 8.5°C.  False undetected values or low bias could be associated with the data as a result 
of degradation. 
U = Compound not detected above the method detection limit of 6.7 mg/kg. 
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Figure 5-8 shows the relationship between the data obtained using each method, including 
verification of detect/non-detect results, average absolute difference, and average RPD between 
results. 

5.2.1 In Situ Raman Spectroscopy Assessment.  As shown in Table 5-8, out of 35 
subsurface Raman sampling locations, only one location indicated the presence of NC (BB2B in 
the Paste Breaker and Blender House).  Since the laboratory reference method for NC is suspect, 
an assessment of Raman for measurement of NC is difficult to provide.  In addition, soils must 
contain 1 percent energetic material to be seen by the Raman equipment.  For this demonstration, 
it did not appear that quantities of NC in soils were present in quantities near this percentage. 

The offsite analytical laboratory did not detect NG above the method detection limit of 
6.7 mg/kg in any of the samples analyzed. 

5.2.2 Expray Assessment.  Table 5-8 shows the Expray results for the 31 soil samples 
that were compared to the offsite lab.  These results indicate that 21 subsurface soil samples had 
NC and/or NG present. 

Expray analysis did detect the presence of Group A, B, and C compounds in various areas at 
BAAP.  When compared to all of the other methods, it appears that there are potentially many 
more false positive results with Expray than with other methods.  Expray has a variety of 
interferences, particularly with Group C compounds, which include inorganic nitrates.  Any 
fertilizer containing nitrates will react to Expray.  In addition, field experience has shown that 
adding too much of the sprays could cause a color change.  In terms of Group A compounds, it is 
believed that an interference or interferences exist in the soil matrix, which may have caused a 
false positive detection. 
 
The false negative rate for the Expray analysis was 0 percent when compared with the 
laboratory reference methods (assuming that low-level, qualified results show lack of significant 
quantities of explosives).  Overall, when looking at false positive rates, it appears that Expray 
does not pass the performance metrics.  However, when looking at false negative rates, Expray 
does pass the performance metrics.  In certain situations, Expray might still be used to indicate 
lack of explosive compounds, given its low rate of false negatives.  Further validation should be 
done in all cases to insure that methods completely perform within performance metrics with 
valid reference method confirmation. 

5.2.3 CRREL RDX Method Assessment.  Both spiked sample results and soil sample 
results are discussed for the CRREL RDX Method. 

Spiked Sample Results.  For the spiked NG samples, the NG results for the CRREL RDX 
Method are plotted against the results obtained by the offsite laboratory in Figure 5-9.  A perfect 
correlation between the two sets of data would yield the straight line drawn on Figure 5-9.  It can 
be readily seen that in most instances, the field method yielded lower NG concentrations than the 
offsite laboratory method.  However, the field method results were actually closer to the known





 

  ESTCP Report 
C10135r2.doc 54 RP Buildings Investigation, BAAP 

spiked concentrations than the laboratory results.  It appears that the CRREL RDX Method may 
more accurately predict the NG concentrations in soils than the offsite laboratory SW-846 
Method 8332.  Another advantage of the CRREL Method is that it can detect NG at 
concentrations of 1 mg/kg in soils, whereas Method 8332 offers a reporting limit of greater than 
6 mg/kg. 

Figure 5-9:  NG Concentrations in Spiked Samples, 
CRREL RDX Method versus SW-846 Method 8332 

 
The calibration curve for NC-spiked samples yielded absorbances that did not correlate with 
standard concentrations.  This compromises the validity of NC measurement by the CRREL 
RDX Method for the demonstration.  Analysis of the spiked sample results for NC indicates that 
while the CRREL RDX Method can indicate the presence of NC, it is unable to reliably quantify 
NC.  The CRREL RDX Method is designed for quantification of RDX and contains a mix of 
reagents that are designed to react with the components of RDX.  NC is not a primary analyte for 
this test, but it has been shown to provide a response when tested.  It would appear that the 
presence of enough NC to give a positive response also exhausts one of the critical reagents for 
the color development, resulting in essentially identical analytical responses for any detectable 
NC.  It appears that the method could be modified to include a different mixture of reagents that 
could possibly quantify NC.  This is outside of the scope of this demonstration. 

The Army Automated Nitrocellulose Analysis was also tested during the spike sample study.  As 
shown in Figure 5-7, the Army Automated Nitrocellulose Analysis failed to accurately measure 
spiked concentrations of NC in soil samples.  The Army Automated Nitrocellulose Analysis was 
not designated for validation in this demonstration.  It was assumed that this method would 
produce valid results for the entire range of concentrations that would be encountered.  
Originally, this method was used to measure NC in water and was intended for use in 
measurement of water pollution by NC fines.  This method was modified for use with soils by 
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adding additional steps that were supposed to remove the NC from the soil matrix.  
Unfortunately, the method does not appear to be able to measure NC in soil.  No other method is 
known at this time that measures NC in soils.  A number of different possibilities were evaluated 
for the inconsistency of spiked soil NC results by the reference method, including incorrect 
reference standard, incorrect preparation of spiked samples, and inability of the laboratory 
reference method to accurately measure NC.  During the spike sample study, an NC standard, 
Collodion U.S.P., was used to spike the soil samples with NC.  Collodion is a liquid solution of 
NC that was added to each spike soil sample to achieve the concentrations shown in Table 5-7.  
The possibility exists that during the initial washing step of the Army Automated Nitrocellulose 
Analysis, the liquid NC was washed away along with the nitrates and nitrites.  This is one 
possible explanation for the results shown in the study.  Since the laboratory reference method 
could not measure NC, it is not possible at this time to validate the technologies in the 
demonstration. 
 
For the spiked samples, a plot of the laboratory data versus the field method data is not very 
useful, as the laboratory data did not correlate with the spiked NC concentrations in the samples. 

Soil Sample Results.  The CRREL RDX Method results for the 50 soil samples indicate that 
two subsurface soil samples had NC and/or NG present above the reporting limit.  The values 
were 8.9 and 58.5 mg/kg (63.7 mg/kg in a duplicate sample).  There were also 12 occurrences of 
NG and/or NC below the reporting limit of 1 mg/kg for the field method, although at these 
levels, noting that these are colorimetric tests, it is certainly plausible that NC was not present, 
and that these occurrences be considered as non-detects.  Additional samples taken on 8/28/02 at 
the locations that reported the concentration of 8.9 and 58.5 mg/kg subsequently reported non-
detect values using CRREL RDX Method and very low qualified results using Army Automated 
Nitrocellulose Analysis.  The previous non-detect values for NG were not measured again.  
Inconsistencies between field and laboratory methods could also be attributed to a number of 
factors, including sample heterogeneity, operator error, and laboratory error.  For the highest two 
detections, the disparity between the high values reported in the initial samples using the CRREL 
RDX Method and the other methods most likely could be attributed to sample heterogeneity.  
This is reinforced by the fact that the samples taken from the same locations on 8/28/02 reported 
non-detect values using the CRREL Method.  In particular, the possibility exists that NC fibers 
could be distributed unevenly through a soil sample, which could cause the phenomenon 
potentially reflected in those particular sample results. 

In general, samples analyzed using the CRREL RDX Method, Army Automated Nitrocellulose 
Analysis, and EPA Method 8332 report low, qualified, or non-detect results.  These results 
appear to agree with each other.  As noted previously, the Army Automated Nitrocellulose 
Analysis failed to accurately measure NC in the spiked soil sample portion of the demonstration.  
Since the ability of the reference method is questioned for NC analysis, validation of the methods 
as they relate to the presence of NC cannot be performed from the data produced by this 
demonstration.  Based on the results of the demonstration, the CRREL RDX Method, as it 
currently stands, cannot be used as a field-screening tool for surveying explosive residues 
(particularly NC) in DoD buildings. 
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5.2.4 Overall Performance Evaluation.  The effectiveness of the demonstration was 
evaluated by confirming the performance of each of the technologies against the primary and 
secondary criteria set forth in the Demonstration Plan9.  The results of the performance 
evaluation are summarized in Table 5-9. 

The lack of energetic compounds detected during the demonstration made it difficult to assess 
whether these technologies could be implemented at other DoD sites.  Any conclusions drawn 
from this study should be tempered by the fact that many locations were unable to be sampled 
because of access issues with the concrete cutting equipment.  In addition, concrete cutting 
equipment potentially blew away the explosives present below the slab. 

The Raman equipment requires concentrations of energetic material of at least 1 percent 
(10,000 mg/kg) in soils for detection.  Since none of the soils encountered during the study 
contained concentrations close to that range, the study was unable to quantify levels of 
explosives that might be reliably detected using Raman spectroscopy. 

In the study, Expray was used as a screening tool to find sampling locations that might contain 
explosives.  As a screening tool, Expray did not prove to be an effective way of finding large 
amounts of explosives, since it was fairly sensitive and appeared to have numerous interferences.  
However, in certain situations, Expray might still be useful to indicate lack of explosive 
compounds, given its low rate of false negatives.  Combined with SASW technology, Expray 
may still be useful in identifying areas with explosive contamination in buildings. 

Based on the limited data generated in the spiked sample study, it appears that the CRREL field 
method can reliably detect and quantify NG in soils.  It also appears that the method can detect 
NC in soils, however, the method cannot adequately measure NC concentrations. 

Overall, based on the results of the demonstration, the technologies evaluated require additional 
validation and cannot be recommended for full-scale implementation at DoD sites. 

5.3 Technology Comparison 
Inadequate information was obtained to make a technical comparison between in situ Raman 
spectroscopy testing, Expray, and other technologies. 

Based on limited data, the CRREL RDX Method appears to be able to detect NG more 
accurately and at lower levels than SW-846 Method 8332. 
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Table 5-9:  Performance Evaluation Against Primary and Secondary Criteria 
 

Performance 
Criteria 

Expected Performance 
Metric (pre-Demo) 

Performance 
Confirmation Method 

Actual Performance 
(post-Demo) 

Primary Criteria 
Compound 
Identification 

• NMT 5% False Negative 
• NMT 10% False Positive 
 

Confirm by laboratory 
analysis.  Data are evaluated 
on agreement of detection. 

• Raman Field Method False Negatives = 100% 
• Expray Field Method False Negatives = 100% 
• CRREL Field Method False Negatives = 100% 
• Raman Field Method False Positives = 0% 
• Expray Field Method False Positives = 0% 
• CRREL Field Method False Positives = 0% 
*Rate of false positives and false negatives may be 
incorrect because of possible interference/ 
miscalculation in reference laboratory method 
(Army Automated Nitrocellulose Analysis). 

Compound 
Concentration 

• RPD NMT 20% 
• Correlation Coefficient >0.95 

Confirm by laboratory 
analysis.  Data are evaluated 
on agreement of detection and 
concentration. 

• CRREL Method RPD = Not calculated 
• Correlation coefficient = Not calculated 

Reliability • Achieve identification and 
quantitation requirements in 
multiple locations/conditions. 

Confirm by laboratory 
analysis. 

• Not confirmed because of absence of energetic 
material encountered. 

Ease of Use • Reduced crew size. 
• Level of technical training. 
• Need for special assistance or 

training during project. 
• Operating crew can perform 

calibration and maintenance. 

Experience from 
demonstration. 

• CRREL field method is easy to use with little 
specialized training and equipment. 

• Expray field method is easy to use with little 
specialized training and equipment. 

• SASW operators require specialized training.  
Two operators needed for efficient operation. 

• Raman operators require specialized training. 
• Trained SASW and Raman operators can 

perform calibration and maintenance on site. 



 

  ESTCP Report 
C10135r2.doc 58 RP Buildings Investigation, BAAP 

Table 5-9 (Cont.) 
 

Performance 
Criteria 

Expected Performance 
Metric (pre-Demo) 

Performance 
Confirmation Method 

Actual Performance 
(post-Demo) 

Maintenance • Percent downtime when 
operations are scheduled. 

• Routine maintenance 
required. 

• Specialized personnel or 
equipment for maintenance 
activities. 

Experience from 
demonstration. 

• CRREL field method did not use equipment that 
is subject to maintenance and repair. 

• Expray field method did not use equipment that 
is subject to maintenance and repair. 

• SASW equipment % downtime = 5 to 10% 
• Raman equipment % downtime = 5 to 10% 
• High-pressure water jet cutting system required 

constant maintenance and repair:  % downtime = 
20 to 25%. 

Secondary Criteria 
Versatility • Use conditions and ease of 

use under a variety of site 
conditions. 

Experience from 
demonstration. 

• Because of portability and size of equipment, 
SASW testing made it easy to transport.  
Interference at locations with multiple cracks and 
near sidewalls impacted the usability of the 
SASW data at these locations. 

• CRREL field method can be used under a wide 
variety of site conditions. 

• Expray field method can be used under a wide 
variety of site conditions. 

• Raman equipment light and easy to transport. 
• Raman probe must be held very still for 

measurement – requires tripod that impacts the 
locations that can be sampled. 

• Raman probe size (1-inch) limits locations where 
Raman readings can be obtained. 

• High-pressure water jet cutting system needed a 
stable, flat base to operate – unable to cut 
concrete in ideal locations for sampling because 
of limitations of the cutting equipment. 
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Table 5-9 (Cont.) 
 

Performance 
Criteria 

Expected Performance 
Metric (pre-Demo) 

Performance 
Confirmation Method 

Actual Performance 
(post-Demo) 

Hazardous Materials • Volume of hazardous 
materials generated by project 
operations. 

• Number of waste streams 
requiring characterization and 
disposal. 

Experience from 
demonstration. 

• Minimal hazardous materials generated during 
project. 

• Four ounces of spent acetone used in CRREL 
field method was containerized and disposed as 
hazardous waste. 

Process Waste • Amount of investigation-
derived waste generated by 
the project. 

Experience from 
demonstration. 

• Minimal investigation-derived waste was 
generated during the project. 

 
Notes: 
NMT = not more than 
RPD = Relative Percent Difference 
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6.0 Cost Assessment 

6.1 Cost Performance 
Project costs were tracked and are summarized in Table 6-1.  The actual costs of Raman 
spectroscopy testing, CRREL RDX Method testing, SASW testing, and high-pressure water jet 
concrete cutting are provided on Tables 6-2 through 6-5.  Expray costs are included in Table 
6-6.  Stone & Webster’s planning and oversight costs are apportioned evenly between the four 
tasks on Tables 6-2 through 6-5.  The unit cost per sample is provided for each activity. 

6.1.1 Expected Operational Costs.  The operational costs for each of the technologies are 
expected to be similar to those presented in Tables 6-2 through 6-5.  For larger projects, the 
planning costs could be apportioned across a larger number of samples resulting in a slightly 
lower unit cost, but all other costs are expected to be similar. 

6.2 Cost Comparisons to Conventional and Other Technologies 
Table 6-6 provides the offsite analytical laboratory costs for the demonstration and includes the 
cost of obtaining the samples in the field.  By comparing these costs with the costs of collecting 
and analyzing soil samples using the CRREL field method in Table 6-3, it is evident that 
considerable costs (38 percent reduction) can be avoided using the field method as a substitute 
for and/or in addition to the offsite laboratory method. 

7.0 Regulatory Issues 

7.1 Approach to Regulatory Compliance and Acceptance 
All work at BAAP involves close interaction with WDNR regulatory personnel.  Meetings are 
held on a monthly basis with regulatory personnel to discuss the status of all ongoing 
environmental projects at BAAP.  Public meetings are also held on a monthly basis to keep the 
general public informed of the progress of environmental projects at the site. 

The WDNR approved the Demonstration Plan9 and has expressed considerable interest in 
characterizing the buildings at BAAP so that they may be safely transferred out of DoD control.  
The lack of energetic material found during the demonstration made acceptance of the 
technologies by the WDNR unlikely because of lack of information.  Further testing would be 
necessary to gain regulatory acceptance of the approaches used. 
 



Table 6-1:  Overall Demonstration Costs

 Concrete 
Cutting  SASW Testing  Analytical 

Laboratory 
 CRREL 
Testing Raman Testing 

Site Characterization N/A  $                    -    $                     -    $                    -    $                    -    $                    -    $                              -   
Project planning costs  $                    -    $         2,692.88  $                    -    $            384.79  $         1,878.67  $                 19,956.34 
Coordination with client, regulatory agencies, and subcontractors  $                    -    $         2,657.91  $                    -    $                    -    $                    -    $                 10,657.91 
Personnel travel to site  $        1,272.96  $             678.11  $                    -    $            238.00  $         1,162.00  $                   4,551.07 
Equipment travel to site  $        3,000.00  $             500.00  $                    -    $                    -    $                    -    $                   3,500.00 
Shipping costs  $                    -    $                    -    $              31.88  $            155.63  $                      529.25 

Capital Equipment Purchase N/A  $                    -    $                     -    $                    -    $                    -    $                    -    $                              -   
Ancillary Equipment Purchase N/A  $                    -    $                     -    $                    -    $                    -    $                    -    $                              -   
Modifications N/A  $                    -    $                     -    $                    -    $                    -    $                    -    $                              -   
Structures Installation N/A  $                    -    $                     -    $                    -    $                    -    $                    -    $                              -   
Engineering N/A  $                    -    $                     -    $                    -    $                    -    $                    -    $                              -   

Operating Costs        SASW System  $                    -    $         3,000.00  $                    -    $                    -    $                    -    $                   3,000.00 
Raman Spectroscopy System  $                    -    $                     -    $                    -    $                    -    $         5,000.00  $                   5,000.00 
High-pressure water jet cutting system  $      20,115.68  $                     -    $                    -    $                    -    $                    -    $                 20,115.68 
Pumps  $           500.00  $                     -    $                    -    $                    -    $                    -    $                      500.00 
Vehicle(s)  $           650.00  $                     -    $                    -    $              85.00  $            415.00  $                   2,200.00 
Salary  $        8,413.40  $                     -    $                    -    $                    -    $                    -    $                 18,686.07 
Travel  $                    -    $                     -    $                    -    $                    -    $                    -    $                   2,128.00 
Per diem  $           850.00  $                     -    $                    -    $                    -    $                    -    $                   2,868.68 
Salary  $        7,500.00  $       13,149.01  $                    -    $         1,565.96  $         7,645.58  $                 29,860.55 
Travel - On Site  $                    -    $             336.86  $                    -    $                    -    $                    -    $                      336.86 
Per diem  $        1,275.00  $             545.80  $                    -    $            144.50  $            705.50  $                   2,670.80 
OSHA  $                    -    $                     -    $                    -    $                    -    $                    -    $                              -   
Procedures  $                    -    $                     -    $                    -    $                    -    $                    -    $                              -   
High-pressure hydraulic cutter  $                    -    $                     -    $                    -    $                    -    $                    -    $                              -   
Other equipment (specified)  $                    -    $                     -    $                    -    $                    -    $                    -    $                              -   
Expray� Kit(s)  $                    -    $                     -    $                    -    $                    -    $                    -    $                      487.80 
Personal protective equipment  $           500.00  $                     -    $                    -    $                    -    $                    -    $                      500.00 
Laboratory supplies - CRREL Method  $                    -    $                     -    $                    -    $                    -    $                    -    $                   2,279.67 
Fuel  $           400.00  $               32.59  $                    -    $                    -    $                    -    $                      510.65 
Tools  $                    -    $                     -    $                    -    $                    -    $                    -    $                      294.60 
Other (Specified): TNT Standard  $                    -    $                     -    $                    -    $                    -    $                    -    $                        74.75 

Residual Waste Handling N/A  $                    -    $                     -    $                    -    $                    -    $                    -    $                              -   
Offsite Disposal Hazardous waste (if any)  $                    -    $                     -    $                    -    $                    -    $                    -    $                              -   
Analytical Laboratory Costs NG  $                    -    $                     -    $         5,336.00  $                    -    $                    -    $                   5,336.00 

NC  $                    -    $                     -    $         4,366.00  $                    -    $                    -    $                   4,366.00 
Shipping costs  $                    -    $                     -    $            142.56  $                    -    $                    -    $                      142.56 
Data validation  $                    -    $                     -    $                    -    $                    -    $                    -    $                              -   

Long-Term Monitoring N/A  $                    -    $                     -    $                    -    $                    -    $                    -    $                              -   
Indirect Costs Equipment Repair Other (specified)  $                    -    $                     -    $                    -    $                    -    $                    -    $                              -   

Site cleanup/maintenance  $                    -    $                     -    $                    -    $                    -    $                    -    $                              -   
Personnel travel from site  $        1,272.96  $             678.11  $                    -    $            238.00  $         1,162.00  $                   4,551.07 
Equipment travel from site  $        3,000.00  $             500.00  $                    -    $                    -    $                    -    $                   3,500.00 
Shipping costs  $                    -    $                     -    $                    -    $              31.88  $            155.63  $                      318.77 

 $      48,750.00  $       24,771.27  $         9,844.56  $         2,720.00  $       18,280.00  $               148,923.08 

Operator Labor

 Total Actual 
Demonstration Costs Cost Category

Housekeeping

 Subcontractor Costs 

Training

Sub Category Details

Capital Costs

Supervision

Start-Up Costs

Capital Equipment Rental

Ancillary Equipment Rental

Mobilization

TOTAL

Maintenance

Consumables

Demobilization
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Table 6-2:  Demonstration Costs, Raman Spectroscopy Testing

Cost Category Sub Category Details  Apportioned Stone 
& Webster Costs 

 Raman Testing 
Subcontractor 

 Total Actual 
Demonstration Costs 

Site Characterization N/A  $                              -    $                             -    $                             -   
Project planning costs  $                   3,750.00  $                   1,878.67  $                   5,628.67 
Coordination with client, regulators, and subcontractors  $                   2,000.00  $                             -    $                   2,000.00 
Personnel travel to site  $                      300.00  $                   1,162.00  $                   1,462.00 
Equipment travel to site  $                              -    $                             -    $                             -   
Shipping costs  $                        85.44  $                      155.63  $                      241.06 

Capital Equipment Purchase N/A  $                              -    $                             -    $                             -   
Ancillary Equipment Purchase N/A  $                              -    $                             -    $                             -   
Modifications N/A  $                              -    $                             -    $                             -   
Structures Installation N/A  $                              -    $                             -    $                             -   
Engineering N/A  $                              -    $                             -    $                             -   

Operating Costs        SASW System  $                              -    $                             -    $                             -   
Raman Spectroscopy System  $                              -    $                   5,000.00  $                   5,000.00 
High-pressure water jet cutting system  $                              -    $                             -    $                             -   
Pumps  $                              -    $                             -    $                             -   
Vehicle(s)  $                      262.50  $                      415.00  $                      677.50 
Salary  $                   2,568.17  $                             -    $                   2,568.17 
Travel  $                      532.00  $                             -    $                      532.00 
Per diem  $                      504.67  $                             -    $                      504.67 
Salary  $                              -    $                   7,645.58  $                   7,645.58 
Travel - On Site  $                              -    $                             -    $                             -   
Per diem  $                              -    $                      705.50  $                      705.50 
OSHA  $                              -    $                             -    $                             -   
Procedures  $                              -    $                             -    $                             -   
High-pressure water jet cutting system  $                              -    $                             -    $                             -   
Other equipment (specified)  $                              -    $                             -    $                             -   
Expray Kit(s)  $                              -    $                             -    $                             -   
Personal protective equipment  $                              -    $                             -    $                             -   
Laboratory supplies - CRREL Method  $                              -    $                             -    $                             -   
Fuel  $                        19.52  $                             -    $                        19.52 
Tools  $                        73.65  $                             -    $                        73.65 
Other (Specified): TNT Standard  $                              -    $                             -    $                             -   

Residual Waste Handling N/A  $                              -    $                             -    $                             -   
Offsite Disposal Hazardous waste (if any)  $                              -    $                             -    $                             -   
Analytical Laboratory Costs NG  $                              -    $                             -    $                             -   

NC  $                              -    $                             -    $                             -   
Shipping costs  $                              -    $                             -    $                             -   
Data validation  $                              -    $                             -    $                             -   

Long-Term Monitoring N/A  $                              -    $                             -    $                             -   
Indirect Costs Equipment Repair Other (specified)  $                              -    $                             -    $                             -   

Site cleanup/maintenance  $                              -    $                             -    $                             -   
Personnel travel from site  $                      300.00  $                   1,162.00  $                   1,462.00 
Equipment travel from site  $                              -    $                             -    $                             -   
Shipping costs  $                        32.82  $                      155.63  $                      188.44 

 $                 10,428.76  $                 18,280.00  $                 28,708.76 
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$                 233.40 
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Table 6-3:  Demonstration Costs, CRREL Field Method

Cost Category Sub Category Details Apportioned Stone & 
Webster Costs 

 CRREL Testing 
Subcontractor 

 Actual 
Demonstration Costs 

Site Characterization N/A  $                              -    $                              -    $                             -   
Project planning costs  $                   3,750.00  $                      384.79  $                   4,134.79 
Coordination with client, regulators, and subcontractors  $                   2,000.00  $                              -    $                   2,000.00 
Personnel travel to site  $                      300.00  $                      238.00  $                      538.00 
Equipment travel to site  $                              -    $                              -    $                             -   
Shipping costs  $                        85.44  $                        31.88  $                      117.31 

Capital Equipment Purchase N/A  $                              -    $                              -    $                             -   
Ancillary Equipment Purchase N/A  $                              -    $                              -    $                             -   
Modifications N/A  $                              -    $                              -    $                             -   
Structures Installation N/A  $                              -    $                              -    $                             -   
Engineering N/A  $                              -    $                              -    $                             -   

Operating Costs        SASW System  $                              -    $                              -    $                             -   
Raman Spectroscopy System  $                              -    $                              -    $                             -   
High-pressure water jet cutting system  $                              -    $                              -    $                             -   
Pumps  $                              -    $                              -    $                             -   
Vehicle(s)  $                      262.50  $                        85.00  $                      347.50 
Salary  $                   2,568.17  $                              -    $                   2,568.17 
Travel  $                      532.00  $                              -    $                      532.00 
Per diem  $                      504.67  $                              -    $                      504.67 
Salary  $                              -    $                   1,565.96  $                   1,565.96 
Travel - On Site  $                              -    $                              -    $                             -   
Per diem  $                              -    $                      144.50  $                      144.50 
OSHA  $                              -    $                              -    $                             -   
Procedures  $                              -    $                              -    $                             -   
High-pressure water jet cutting system  $                              -    $                              -    $                             -   
Other equipment (specified)  $                              -    $                              -    $                             -   
Expray� Kit(s)  $                              -    $                              -    $                             -   
Personal protective equipment  $                              -    $                              -    $                             -   
Laboratory supplies - CRREL Method  $                   2,279.67  $                              -    $                   2,279.67 
Fuel  $                        19.52  $                              -    $                        19.52 
Tools  $                        73.65  $                              -    $                        73.65 
Other (Specified): TNT Standard  $                        74.75  $                              -    $                        74.75 

Residual Waste Handling N/A  $                              -    $                              -    $                             -   
Offsite Disposal Hazardous waste (if any)  $                              -    $                              -    $                             -   
Analytical Laboratory Costs NG  $                              -    $                              -    $                             -   

NC  $                              -    $                              -    $                             -   
Shipping costs  $                              -    $                              -    $                             -   
Data validation  $                              -    $                              -    $                             -   

Long-Term Monitoring N/A  $                              -    $                              -    $                             -   
Indirect Costs Equipment Repair Other (specified)  $                              -    $                              -    $                             -   

Site cleanup/maintenance  $                              -    $                              -    $                             -   
Personnel travel from site  $                      300.00  $                      238.00  $                      538.00 
Equipment travel from site  $                              -    $                              -    $                             -   
Shipping costs  $                        32.82  $                        31.88  $                        64.69 

 $                 12,783.18  $                   2,720.00  $                 15,503.18 
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Table 6-4:  Demonstration Costs, Spectral Analysis of Surface Waves (SASW) Testing

Cost Category Sub Category Details Apportioned Stone & 
Webster Costs 

 SASW Testing 
Subcontractor 

 Total Actual 
Demonstration Costs 

Site Characterization N/A  $                              -    $                              -    $                             -   
Project planning costs  $                   3,750.00  $                   2,692.88  $                   6,442.88 
Coordination with client, regulators, and subcontractors  $                   2,000.00  $                   2,657.91  $                   4,657.91 
Personnel travel to site  $                      300.00  $                      678.11  $                      978.11 
Equipment travel to site  $                              -    $                      500.00  $                      500.00 
Shipping costs  $                        85.44  $                        85.44 

Capital Equipment Purchase N/A  $                              -    $                              -    $                             -   
Ancillary Equipment Purchase N/A  $                              -    $                              -    $                             -   
Modifications N/A  $                              -    $                              -    $                             -   
Structures Installation N/A  $                              -    $                              -    $                             -   
Engineering N/A  $                              -    $                              -    $                             -   

Operating Costs        SASW System  $                              -    $                   3,000.00  $                   3,000.00 
Raman Spectroscopy System  $                              -    $                              -    $                             -   
High-pressure water jet cutting system  $                              -    $                              -    $                             -   
Pumps  $                              -    $                              -    $                             -   
Vehicle(s)  $                      262.50  $                              -    $                      262.50 
Salary  $                   2,568.17  $                              -    $                   2,568.17 
Travel  $                      532.00  $                              -    $                      532.00 
Per diem  $                      504.67  $                              -    $                      504.67 
Salary  $                              -    $                 13,149.01  $                 13,149.01 
Travel - On Site  $                              -    $                      336.86  $                      336.86 
Per diem  $                              -    $                      545.80  $                      545.80 
OSHA  $                              -    $                              -    $                             -   
Procedures  $                              -    $                              -    $                             -   
High-pressure water jet cutting system  $                              -    $                              -    $                             -   
Other equipment (specified)  $                              -    $                              -    $                             -   
Expray� Kit(s)  $                              -    $                              -    $                             -   
Personal protective equipment  $                              -    $                              -    $                             -   
Laboratory supplies - CRREL Method  $                              -    $                              -    $                             -   
Fuel  $                        19.52  $                        32.59  $                        52.11 
Tools  $                        73.65  $                              -    $                        73.65 
Other (Specified): TNT Standard  $                              -    $                              -    $                             -   

Residual Waste Handling N/A  $                              -    $                              -    $                             -   
Offsite Disposal Hazardous waste (if any)  $                              -    $                              -    $                             -   
Analytical Laboratory Costs NG  $                              -    $                              -    $                             -   

NC  $                              -    $                              -    $                             -   
Shipping costs  $                              -    $                              -    $                             -   
Data validation  $                              -    $                              -    $                             -   

Long-Term Monitoring N/A  $                              -    $                              -    $                             -   
Indirect Costs Equipment Repair Other (specified)  $                              -    $                              -    $                             -   

Site cleanup/maintenance  $                              -    $                              -    $                             -   
Personnel travel from site  $                      300.00  $                      678.11  $                      978.11 
Equipment travel from site  $                              -    $                      500.00  $                      500.00 
Shipping costs  $                        32.82  $                              -    $                        32.82 

 $                 10,428.76  $                 24,771.27  $                 35,200.03 
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Table 6-5:  Demonstration Costs, High-Pressure Water Jet Cutting System

Cost Category Sub Category Details Apportioned Stone & 
Webster Costs 

 Concrete Cutting 
Subcontractor 

 Actual 
Demonstration Costs 

Site Characterization N/A  $                              -    $                            -    $                              -   
Project planning costs  $                   3,750.00  $                            -    $                   3,750.00 
Coordination with client, regulators, and subcontractors  $                   2,000.00  $                            -    $                   2,000.00 
Personnel travel to site  $                      300.00  $                 1,272.96  $                   1,572.96 
Equipment travel to site  $                              -    $                 3,000.00  $                   3,000.00 
Shipping costs  $                        85.44  $                            -    $                        85.44 

Capital Equipment Purchase N/A  $                              -    $                            -    $                              -   
Ancillary Equipment Purchase N/A  $                              -    $                            -    $                              -   
Modifications N/A  $                              -    $                            -    $                              -   
Structures Installation N/A  $                              -    $                            -    $                              -   
Engineering N/A  $                              -    $                            -    $                              -   

Operating Costs        
Direct Costs

SASW System  $                              -    $                            -    $                              -   

Raman Spectroscopy System  $                              -    $                            -    $                              -   
High-pressure water jet cutting system  $                              -    $               20,115.68  $                 20,115.68 
Pumps  $                              -    $                    500.00  $                      500.00 
Vehicle(s)  $                      262.50  $                    650.00  $                      912.50 
Salary  $                   2,568.17  $                 8,413.40  $                 10,981.57 
Travel  $                      532.00  $                            -    $                      532.00 
Per diem  $                      504.67  $                    850.00  $                   1,354.67 
Salary  $                              -    $                 7,500.00  $                   7,500.00 
Travel - On Site  $                              -    $                            -    $                              -   
Per diem  $                              -    $                 1,275.00  $                   1,275.00 
OSHA  $                              -    $                            -    $                              -   
Procedures  $                              -    $                            -    $                              -   
High-pressure water jet cutting system  $                              -    $                            -    $                              -   
Other equipment (specified)  $                              -    $                            -    $                              -   
Expray� Kit(s)  $                              -    $                            -    $                              -   
Personal protective equipment  $                              -    $                    500.00  $                      500.00 
Laboratory supplies - CRREL Method  $                              -    $                            -    $                              -   
Fuel  $                        19.52  $                    400.00  $                      419.52 
Tools  $                        73.65  $                            -    $                        73.65 
Other (Specified): TNT Standard  $                              -    $                            -    $                              -   

Residual Waste Handling N/A  $                              -    $                            -    $                              -   
Offsite Disposal Hazardous waste (if any)  $                              -    $                            -    $                              -   
Analytical Laboratory Costs NG  $                              -    $                            -    $                              -   

NC  $                              -    $                            -    $                              -   
SVOCs  $                              -    $                            -    $                              -   
Shipping costs  $                              -    $                            -    $                              -   
Data validation  $                              -    $                            -    $                              -   

Long-Term Monitoring N/A  $                              -    $                            -    $                              -   
Indirect Costs Equipment Repair Other (specified)  $                              -    $                            -    $                              -   

Site cleanup/maintenance  $                              -    $                            -    $                              -   
Personnel travel from site  $                      300.00  $                 1,272.96  $                   1,572.96 
Equipment travel from site  $                              -    $                 3,000.00  $                   3,000.00 
Shipping costs  $                        32.82  $                            -    $                        32.82 

 $                 10,428.76  $               48,750.00  $                 59,178.76 
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Table 6-6:  Conventional Offsite Analytical Laboratory Costs, NC/NG Analyses

Site Characterization N/A  $                             -    $                             -    $                            -   
Project planning costs  $                  3,750.00  $                             -    $                  3,750.00 
Coordination with client, regulators, and subcontractors  $                  2,000.00  $                             -    $                  2,000.00 

Personnel travel to site  $                     300.00  $                             -    $                     300.00 
Equipment travel to site  $                             -    $                             -    $                            -   
Shipping costs  $                       85.44  $                             -    $                       85.44 

Capital Equipment Purchase N/A  $                             -    $                             -    $                            -   
Ancillary Equipment Purchase N/A  $                             -    $                             -    $                            -   
Modifications N/A  $                             -    $                             -    $                            -   
Structures Installation N/A  $                             -    $                             -    $                            -   
Engineering N/A  $                             -    $                             -    $                            -   

Operating Costs        
Direct Costs

SASW System  $                             -    $                             -    $                            -   

Raman Spectroscopy System  $                             -    $                             -    $                            -   
High-pressure water jet cutting system  $                             -    $                             -    $                            -   
Pumps  $                             -    $                             -    $                            -   
Vehicle(s)  $                     262.50  $                             -    $                     262.50 
Salary  $                  2,568.17  $                             -    $                  2,568.17 
Travel  $                     532.00  $                             -    $                     532.00 
Per diem  $                     504.67  $                             -    $                     504.67 
Salary  $                             -    $                             -    $                            -   
Travel - On Site  $                             -    $                             -    $                            -   
Per diem  $                             -    $                             -    $                            -   
OSHA  $                             -    $                             -    $                            -   
Procedures  $                             -    $                             -    $                            -   
High-pressure hydraulic cutter  $                             -    $                             -    $                            -   
Other equipment (specified)  $                             -    $                             -    $                            -   
Expray� Kit(s)  $                     487.80  $                             -    $                     487.80 
Personal protective equipment  $                             -    $                             -    $                            -   
Laboratory supplies - CRREL Method  $                     569.92  $                             -    $                     569.92 
Fuel  $                       19.52  $                             -    $                       19.52 
Tools  $                       73.65  $                             -    $                       73.65 
Other (Specified): TNT Standard  $                       18.69  $                             -    $                       18.69 

Residual Waste Handling N/A  $                             -    $                             -    $                            -   
Offsite Disposal Hazardous waste (if any)  $                             -    $                             -    $                            -   
Analytical Laboratory Costs NG  $                             -    $                  5,336.00  $                  5,336.00 

NC  $                             -    $                  4,366.00  $                  4,366.00 
Shipping costs  $                             -    $                     142.56  $                     142.56 
Data validation  $                             -    $                             -    $                            -   

Long-Term Monitoring N/A  $                             -    $                             -    $                            -   
Indirect Costs Equipment Repair Other (specified)  $                             -    $                             -    $                            -   

Site cleanup/maintenance  $                             -    $                             -    $                            -   
Personnel travel from site  $                     300.00  $                             -    $                     300.00 
Equipment travel from site  $                             -    $                             -    $                            -   
Shipping costs  $                       32.82  $                             -    $                       32.82 

 $                11,505.16  $                  9,844.56  $                21,349.72 
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8.0 Technology Implementation 

8.1 DoD Need 
BAAP alone has nearly 1,400 buildings that will require some level of explosive characterization 
in order to transfer the buildings out of DoD control.  Other DoD installations that produced 
similar propellants as BAAP include Radford Army Ammunition Plant, Indiana Army 
Ammunition Plant, Sunflower Army Ammunition Plant, and Alabama Army Ammunition Plant.  
There are another nine Army installations where propellants were handled, including load and 
pack facilities such as the Twin Cities Army Ammunition Plant.  All of these plants have been 
declared excess to the Army’s needs.  The Army is actively seeking to clean up these 
installations and transfer them out of DoD control as quickly as possible.  Cost-effective 
characterization technologies will be a key factor in obtaining funding to fully evaluate these 
sites so that the property transfers can occur. 

It is difficult to comment on whether these technologies do or do not represent reliable field 
screening, based on the results of the demonstrations, and in particular, the failure of the Army 
Automated Nitrocellulose Analysis.  Also, as discussed in Section 5.2, some potential agreement 
between methods may have been observed in the demonstration.  In any case, further validation 
should be done for all methods to show that the methods completely perform within performance 
metrics with valid reference method confirmation. 

8.2 Transition 
Because of a lack of sufficient amount of explosive materials at the sampling locations, Raman 
technology was not proven as a method for determining the presence of explosives.  However, 
Raman technology in general has been proven for detecting a variety of different compounds.  
Assuming that explosives are present in detectable (>1% explosives) quantities, Raman 
technology may be ready for implementation.  Further characterization with buildings containing 
higher levels of explosives is needed to characterize performance.  For wider application of the 
technology, such as investigating inside pipes, new specialized probes will need to be developed 
and demonstrated that will include the ability to view the sample remotely at long distances. 

The CRREL RDX Method appears to be a good method for detection of and quantification of 
NG in soils.  Because of the lack of measurable quantities at the sampling locations, further 
characterization with buildings containing higher levels of explosives should be performed to 
adequately characterize performance.  The CRREL RDX Method also appears to be able to 
detect NC in soils.  The method was not able to quantify NC in soils, possibly because of the mix 
of reagents that provide the color that was measured as part of the testing process.  Further 
investigation into the proper mix of reagents may be needed to determine if the CRREL RDX 
Method can be used to measure NC in soils. 

Expray did not appear to be an effective way of finding large amounts of explosives since it is 
fairly sensitive and appears to have a number of possible interferences that cause false positives.  
However, combined with SASW technology, in certain situations Expray might still be useful 
for identifying areas that do not contain explosive contamination in buildings. 
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9.0 Lessons Learned 

Numerous lessons were learned during the course of the demonstration as described below.  
Overall, based on the results of the demonstration, the technologies evaluated require additional 
validation, and cannot be recommended for full-scale implementation at DoD sites. 
 
9.1 Concrete Coring Methods 
The most important lesson learned was the poor performance of the concrete cutting method that 
was used in this demonstration.  Refer to Section 4.3.3 for a complete discussion of the problems 
encountered.  For future efforts that require coring through concrete foundations to obtain 
samples in potentially explosive settings, it would be worthwhile to consider remotely operated 
wet concrete sawing techniques rather than the high-pressure cutting system.  In addition, an 
effort should be made to find equipment that can fit in tight or restricted spaces, as well as 
immediately next to walls, so that equipment access is not an issue. 

9.2 Lack of Energetic Materials 
It would be prudent to design technology demonstrations for sites with known levels of 
contamination that are sufficiently high to be detected by the demonstration technologies 
employed.  A significant effort was expended searching for buildings at BAAP that possibly 
contained NC and NG.  However, it appears that additional time should have been spent on 
finding candidate buildings that contained a good range of energetic materials. 
 
9.3 NC Analyses 
Results of the spike sample study for NC indicate that the laboratory reference method, Army 
Automated Nitrocellulose Analysis, failed to accurately measure NC in all cases.  This reference 
method was used throughout the study as a measurement of NC, and its results were compared to 
the field method results.  The failure of this reference method to accurately measure NC prevents 
validation of the field methods at this time.  For future work, another method of measurement of 
NC in soils should be determined and proven effective.  In particular, the method should ensure 
that NC alone can be isolated from other interferences that might exist in soil matrices.  
Currently, no other method of measurement of NC in soils is known. 

Analysis of the spiked sample results for NC indicates that the CRREL RDX Method can 
indicate the presence of NC.  The CRREL RDX Method is designed for quantification of RDX 
and contains a mix of reagents that are designed to react with the components of RDX.  NC is 
not a primary analyte for this test, but it has been shown to provide a response when tested.  It 
would appear that the presence of enough NC to give a positive response also exhausts one of the 
critical reagents for the color development, resulting in essentially identical analytical responses 
for any detectable NC.  It appears that the method could be modified to include a different 
mixture of reagents that could possibly quantify NC.  This modification should be done for 
validation of this technology.  Based on the results of the demonstration, the CRREL RDX 
method, as it currently stands, cannot be used as a field-screening tool for surveying explosive 
residues (particularly NC) in DoD buildings. 
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9.4 Revised Sampling and Analysis Plan 
To successfully validate these technologies in the near future, a revised sampling and analysis 
plan may be developed.  The revised sampling and analysis plan should include information 
about each of the methods, as well as information to allow field personnel to isolate any 
interference that might be encountered. 

The revised sampling and analysis plan should include a different laboratory reference method 
for measurement of NC in soils.  Also, access to soil samples should be specified so that a 
minimum of disturbance to sub-slab soils occurs, to ensure that potential explosives 
contamination that might be encountered on the surface of the soil is not moved or disturbed.  
Coring methods to allow for access to soil should also be specified to allow for as much access 
as possible.  Where available, coring devices should be specified that can work in very confined 
spaces, in drainways, and immediately next to walls.  The coring device should also use as little 
water as possible to minimize disturbance to soil samples.  For soil samples that are analyzed 
using the three field methods, extraction of the soil sample using acetone can be done, and the 
extract analyzed using the field methods, rather than the soil sample.  In certain cases, this has 
proved successful in isolating NC and/or NG from interferences in the soil matrix.  
Unfortunately, this technique was learned following the field work.  For the spiked soil tests, 
materials used in standards should be matched where possible with the types of materials found 
at the site.  In particular, the NC standard used for spiking the soil samples was a liquid standard.  
NC found at the site is in a fiber form, and the possibility exists that the liquid standard was 
washed away during the analysis procedure for the reference method. 
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Appendix A 
 

Points of Contact 
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POINTS OF CONTACT 
 

POINT OF 
CONTACT 

NAME 

ORGANIZATION 
NAME 

ADDRESS PHONE/FAX/EMAIL ROLE IN PROJECT 
Greg Herring USACE 

106 South 15th St. 
Omaha, NE  68102 

402.221.7712 
402.221.7838 (f) 
Gregory.C.Herring@nwo02.
usace.army.mil 

USACE Project 
Manager/Principal 
Investigator 

Doug Rubingh Stone & Webster, Inc. 
7677 E. Berry Ave. 
Greenwood Village, CO  
80111 

303.741.7665 
303.741.7322 (f) 
douglas.rubingh@shawgrp.c
om 

Stone & Webster 
Project Manager 

Joan Kenney U.S. Army 
Badger Army Ammunition 
Plant 
2 Badger Road 
Baraboo, WI  53913 

608.643.0073 
608.643.3364 (f) 
kennej@ioc.army.mil 

Installation Director 

Dennis Thurow Olin Corporation 
Badger Army Ammunition 
Plant 
1 Badger Road 
Baraboo, WI  53913 

608.643.3361 
608.643.2674 (f) 
dthurow@midplains.com 

Plant Manager 

John W. Haas Applied Research 
Associates, Inc. 
415 Waterman Road 
South Royalton, VT  05068 

802.763.8348 
802.763.8283 (f) 
jhaas@ara.com 

Principal Scientist for 
Conducting Raman 
Spectroscopy 

Larry D. Olson Olson Engineering, Inc. 
5191 Ward, Ste #1 
Wheat Ridge, CO  80033 

303.423.1212 
303.423.6071 (f) 
ldolson@olsonengineering.com 

Principal Engineer for 
Conducting 
Nondestructive Testing 
by SASW 

Lisa Harvey TriMatrix Laboratories, Inc. 
5560 Corporate Exchange 
Court, SE 
P.O. Box 888692 
Grand Rapids, MI  49512 

616.975.4532 
616.942.7463 (f) 
harveyl@trimatrixlabs.com 

Laboratory Project 
Chemist 

Steve Ales Wisconsin Department of 
Natural Resources 
3911 Fish Hatchery Rd. 
Fitchburg, WI  53711 

608.275.3310 
608.275.3338 (f) 
aless@dnr.state.wi.us 

District Hydrogeologist
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Appendix B 
 

Data Archiving and Demonstration Plan 
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Information and raw data from the demonstration activities are included within this Appendix as 
follows: 
 

B.1 Olson Engineering, Inc. – Nondestructive Testing and Evaluation Investigation, 
Badger Army Ammunition Plant, Baraboo, Wisconsin 

B.2 Applied Research Associates, Inc. – Raman Spectroscopy and Technical Support 
at Badger Army Ammunition Plant, Final Report 

B.3 Laboratory Data (from TriMatrix Laboratories, Inc.) 
B.4 Data Validation Reports (from Diane Short & Associates, Inc.) 
B.5 Photograph Log 

 
 
The approved Demonstration Plan, Rocket Paste Production Buildings Investigation, Badger 
Army Ammunition Plant, Baraboo, Wisconsin, Revision 3 (Stone & Webster, Inc., 2002) can be 
obtained from the following address: 
 

ESTCP Support Office 
Attn:  Susan Walsh 
1155 Herndon Parkway, Suite 900 
Herndon, VA  20170 
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Appendix B.1 
 

Olson Engineering, Inc. – Nondestructive Testing and Evaluation 
Investigation, Badger Army Ammunition Plant, Baraboo, Wisconsin 
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Appendix B.2

Applied Research Associates, Inc. – Raman Spectroscopy and Technical
Support at Badger Army Ammunition Plant, Final Report
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Appendix B.3

Laboratory Data
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Appendix B.4

Data Validation Reports
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Appendix B.5

Photograph Log
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Photograph 1.  Cracks in building slabs were identified and logged on project figures.

Photograph 2.  Expray analysis of crack in Homogenizer House.
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Photograph 3.  Setting up Raman spectroscopy equipment to scan crack for explosives.

Photograph 4.  Computer showing Raman spectrum from Roll House.
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Photograph 5.  Concrete cutting apparatus with berm to contain cutting water.

Photograph 6.  Concrete cutting apparatus close-up.
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Photograph 7.  Completed concrete core with sample material brought to surface.

Photograph 8.  Raman spectroscopy equipment used following penetration of slab to test for explosives.
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Photograph 9.  Closeup of Raman probe used in analysis below concrete slabs.

Photograph 10.  Soil samples were taken from each coring location.
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