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L 1.0 INTRODUCTION 

This Work Plan Addendum has been prepared by Cabrera Services, Inc. (CABRERA) to guide 
final status survey (i,e., gamma walkover survey and soil sampling) activities at Area 3 1 of 
the Lake City Army Ammunition Plant (LCAAP) in Independence, Missouri. This work is 
being performed under Subcontract No. RNO6-0017 with ARCADIS G&M, Inc. (ARCADIS), 
who is the prime contractor to the US.  Army for remediation of the installation-wide operable 
unit (IWOU) at LCAAP. This Work Plan Addendum is presented as a supplement to the 
Final Removal Action Memorandum and Work Plan - Housekeeping Removal Action (Work 
Plan; ARCADIS, 2005), which describes the basis for the removal action being conducted at 
Area 3 1 under to the Comprehensive Environmental Response, Compensation, and Liabiliw 
Act (CERCLA), as amended by the Superfund Amendments and Reauthorization Act (SARA). 

1.1 Background 

Removal action activities were initiated at Area 3 1 in July 2005, in accordance with the Work 
Plan (ARCADIS, 2005), to remediate waste materials and impacted soils. In the course of 
conducting planned activities, ARCADIS unexpectedly encountered munitions and explosives 
of concern (MEC) in the form of 8 1 -millimeter (mm) mortar casings. Removal action 
activities were temporarily suspended, and MEC removal specialty subcontractor was brought 
onsite to physically screen the waste pile material and segregate the mortars from the rest of 
the waste. 

- 
During the MEC screening process, four 20-mm projectile bodies containing depleted 
uranium (DU) were discovered in the waste. The projectiles were identified through visual 
observations of the material that passed through the 3-inch screen, and radioactivity was 
confirmed using a Geiger-Mueller detector. The four projectiles were intact, and did not 
appear to have been fired. No fragmented DU was observed. Upon identification, the DU 
projectiles were manually removed from the waste and set aside to await final disposition. 

Due to the potential presence of additional radioactive material in the screened waste, the U.S. 
Nuclear Regulatory Commission (NRC) requirements for unrestricted release are applicable, 
as described in the Code of Federal Regulations (CFR), Title 10, Part 20.1402. These 
requirements allow for the release of material for unrestricted use if: 1 ) the residual 
radioactivity that is distinguishable from background radiation results in a total effective dose 
equivalent (TEDE) to an average member of the critical (screening) group that does not 
exceed 25 millirem per year (mrem/yr); and 2) the residual radioactivity has been reduced to 
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levels that are as low as reasonably achievable (ALARA). Native soil that remains following 
the removal of waste from Area 3 1 must also meet these criteria for the site to be considered 
acceptable for unrestricted release. 

DRAFT 

- 
This Work Plan Addendum describes the survey and sampling activities that will be conducted 
at Area 3 1 to facilitate the unrestricted radiological release of both the waste pile and the 
residual soil. Health and safety considerations associated with this work are addressed in the 
Area 31 Final Status Survey Site Safety and Health Plan (SSHP; CABRERA, 2006). 

1.2 Site Description 

Area 3 1 is a former waste dumpsite located in the northeastern uplands area of LCAAP, as 
shown in Figure 1 - 1. Soil and debris have been excavated from an area approximately 200 
feet (ft) wide by 300 ft long. The material has been physically screened for 8 1 -mm mortar 
casings and re-deposited in a single waste pile, which is approximately 180 ft long, 40 ft wide, 
and 12 ft high. Although the waste pile and excavation footprint have been cleared of MEC, 
residual chemical contamination remains, as does the potential for additional DU projectiles. 

The radioactive material identified in the waste at Area 3 1 consists of projectile bodies from 
20-mm Davy Crockett spotter rounds (XM- 101 ) andor target practice rounds (XM- 106). 
These rounds were manufactured as low-velocity lob rounds that each contained a DU-alloy 
body encased in steel. Each round contained approximately 0.4 pound (lb) of DU. The XM- 
101 and XM-106 were identical in every way except that the XM-I 06 did not contain 
explosive components. Specification sheets for the 20-mm DU rounds are included in 
Appendix A (USACE, 1996). 

b 

1.3 License Considerations 

Approximately 75,000 20-mm DU rounds were manufactured at LCAAP in the early 1960s 
under an NRC license (No. SUB-1 195) held by Remington Arms, who was the LCAAP 
operating contractor at that time. As part of the production process, approximately 1,500 of 
the rounds were test-fired for quality assurance purposes at two impact areas on the LCAAP 
firing range. In the 1970s, approximately 44,000 DU rounds were demilitarized under the 
Remington Arms license by firing into the 600-Yard Bullet Catcher. Once the 
demilitarization activities were complete, no more DU rounds were manufactured or fired at 
LCAAP (USACE, 1996). 

When responsibility for facility operations was transferred from Remington A r m s  to Olin 
Corporation in 1988, the Army assumed licensure of the residual DU at LCAAP. Under NRC 
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License No. SUC-1380, the Army began to characterize and remediate radioactive 
contamination at the buildings and firing range areas where DU had been machined, 
assembled, tested, demilitarized, andor disposed. These areas included Buildings 3A and 
12A, the 600-Yard Bullet Catcher area, the 1750- and 2 188-Yard Impact Areas, and the Area 
10 Sand Piles. Historical records did not indicate any reported use or disposal of DU at Area 
3 1 ; thus, it was not included in the Army’s license. 

DRAFT 

The Army’s current NRC license (No. SUC-I 380, Amendment No. 43), which is presented in 
Appendix B, addresses the possession and use of DU at LCAAP, as well as the cleanup of 
residual radioactive contamination from certain firing range areas that have not yet been 
remediated. However, the Army’s license does not authorize the removal or disposal of DU 
from Area 3 1 .  Thus, the separation of 20-mm projectiles from the Area 3 1 waste pile, as well 
as the final status surveys of waste pile material and native soil, will be conducted under 
CABRERA’S NRC license (see Appendix B), in accordance with CABRERA’S Radiation Safety 
Program (CABRERA, 2000). Upon identifying, separating, and appropriately containerizing 
any remaining DU projectiles from the waste pile, CABRERA will relinquish the radioactive 
material to the Army for storage and eventual disposal. Final disposition of the DU will be 
addressed under the Army’s NRC license. 

Implementation of the final status survey described in this plan will provide suficient 
documentation to demonstrate whether the waste pile material and remaining native soil are 
suitable for unrestricted release with respect to radioactivity, in accordance with NRC 
requirements specified in 10 CFR 20.1402. Upon receipt of NRC concurrence, it is 
ARCADIS’ intent to dispose of the waste pile material at a Resource Conservation and 
Recovery Act (RCRA) Subtitle C or D landfill, as appropriate based on its chemical 
characteristics, and to complete the site closure documentation so that Area 3 1 may be used 
for other purposes. 

- 

1.4 Conceptual Site Model 

The radioactive material discovered in Area 3 1 consists of intact Davy Crockett spotter 
projectile bodies containing DU, as shown in Figure 1-2. The physical appearance of the four 
projectiles identified during waste screening operations shows no fiagmentation of the DU, 
indicating that they likely have not been fired. There are indications of oxidation, however, 
suggesting that the projectiles have been exposed to weathering. Due to the presence of ash 
and other charred material found in the immediate vicinity, it is also possible (but not 
confirmed) that the projectiles may have been exposed to high temperatures (Le., burning). 
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The conceptual site model developed for the site is based on the assumption that the 
projectiles depicted in Figure 1-2 are representative of any remaining radioactive material in 
the waste. Thus, it is assumed that DU may be present in the waste pile material in the form 
of 20-mm projectile bodies and, possibly, as fine material resulting from oxidation of the DU 
metal. 

DRAFT 

L 
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2.0 FINAL STATUS SURVEY DESIGN 

The objectives of the radiological survey to be conducted at Area 3 1 are as follows: 
- 

1) Identify, remove, and containerize any DU projectiles remaining in the waste pile 
material so that they can be relinquished to the Army for appropriate disposition; and 

2) Verify and document that the waste pile material intended for off-site disposal and the 
native soil remaining at Area 3 1 meet the NRC requirements for unrestricted release. 

To meet the project objectives, the entire volume of waste and the excavation footprint will be 
surveyed in a manner that ensures the detection of any DU projectiles andor radioactive 
contamination present in the waste pile. An appropriate design for this survey includes 
gamma walkover surveys conducted in one-foot layers (i.e., “lifts”) over the entire surface of 
each lift, as well as statistically based soil sampling. Together, the survey and sampling 
activities will comprise a “final status survey,” as described in the Mulfi-Agency Radiafion 
Survey and Sire Investigation Manual (MARSSIM; NRC, 2000). CABRERA will use the 
MARSSIMcriteria for final status surveys to determine on a lift-by-lift basis whether the 
material meets the NRC unrestricted release requirements specified in 10 CFR 20.1402. 

u This section presents the technical details of the final status survey design for Area 3 1.  

2.1 Radionuclides of Concern 

The principle radionuclides of concern (ROCs) at Area 3 1 are isotopes of uranium that 
comprise DU. These include uranium-234 (234U), uranium-235 (235U), and uranium-238 
(238U). Based on the U.S. Army Environmental Policy Institute’s Technical Report, Healfh 
and Environmenfal Consequences of Depleted Uranium Use in the Army (Army, 1995), it is 
assumed that uranium isotopes are present in the DU at Area 3 1 in the following percent 
activities: 15.55% 234U, 1.07% 235U, and 83.38% 238U. 

2.2 Derived Concentration Guideline Levels 

The NRC has derived radionuclide-specific soil screening values deemed to be in compliance 
with the 25-mredyr unrestricted release dose limit specified in 10 CFR 20.1402. These 
values are presented in NUREG-I 757: Consolidated NMSS Decommissioning Guidance, 
Volume 2,  Appendix H (NRC, 2003). The screening values listed for uranium isotopes that 
comprise DU are as follows: 

2 3 4 ~  - 13 picocuries per gram w i / g ) ,  
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2 3 8 ~  - 1 4  pCi/g. 

235U - 8 pCilg, and 

These values represent the derived concentration guideline levels (DCGLs) for each 
radionuclide, assuming that only one radionuclide is present. For radionuclides in a mixture, 
the sum of fractions (SOF) rule applies, which requires that the sum of the fractions of 
individual contributions from each radionuclide may not exceed unity. Based on Equation 4- 
4 of UARSSIM (NRC, 2000), the gross activity DCGL for DU is calculated as follows: 

Where: 

1 

234U(DCGL) + 235U(DCGL) + 2'8U(DCGL) 
= [ 234upq 235u(%) 238u(%) 

Atotal - - Total activity concentration (pCi/g) 

U(DCGL) = Radionuclide-specific DCGL (pcilg) 
Percent activity of the individual radionuclide (YO) - U(%) - 

Substituting the percent activities present in the DOD source term mix (Army, 1995) and the 
DCGLs specified in NUREG-I 757 (NRC, 2003), the total activity concentration is calculated 
as follows: 

1 

15.55% 1.07% 83.38% 40td = 
+ +) 

13pCiIg 8pCi lg  14pCilg 

Atoru, = 1 4pCi I g 

Thus, to meet the 25-mredyr requirement for unrestricted release specified in 10 CFR 
20.1402, the gross activity concentration of DU must not exceed 14 pCilg. 

2.3 Waste Pile Geometry 

Currently, the waste pile dimensions are approximately 180 ft long, 40 fi wide, and 12 ft high. 
This geometry is not optimal for conducting radiological survey and sampling activities, and 
could result in unsafe working conditions for both the technicians performing the survey and 
the equipment operators managing the waste. 

To create a geometry that is more suitable for the planned activities, heavy equipment will be 
used to re-grade the waste pile, spreading the material out into the excavation footprint and 
leveling it so that the resulting pile will be only 3 fi high. This will allow for the survey of 
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waste material to be conducted in three one-foot lifts, each of which will be approximately 
28,800 square feet (fi2) or 2,675 square meters (m2) in area. 

2.4 Designation of Survey Units 

As discussed in M R S S I M  (NRC, 2000), sites undergoing a final status survey should be 
subdivided into individual survey units, based on their potential for residual radioactivity. 
Areas with some potential for residual radioactivity are identified as “impacted areas,” and are 
classified as follows: 

Class 1 Areas: 
Contamination (based on site operating history) or known contamination (based on 
previous radiological surveys) above the DCGL used for non-parametric statistical testing 
(DCGL,). 

Class 2 Areas: 
residual radioactivity that are not likely to exceed the DCGL,. 

Class 3 Areas: 
radioactivity . 

Impacted areas that have, or had prior to remediation, a potential for 

Impacted areas that have, or had prior to remediation, concentrations of 

Impacted areas that have a low probability of containing residual 

Based on the small number of DU projectiles previously identified in the waste material, and 
on the low likelihood that DU has migrated into the soil in sufficient quantities to cause 
DCGL, to be exceeded, the final status survey at Area 3 I has been designed to meet the 
requirements for Class 2 areas. The suggested area for survey units in Class 2 areas is 2,000 
to 10,000 m2. Based on the modified waste pile geometry discussed in Section 2.3, each one- 
foot lift of waste (2,675 m2) will be considered an individual Class 2 survey unit. The 
excavation footprint, which is 60,000 fi2 (5,600 m2), will also be considered an individual 
Class 2 survey unit. 

2.5 Gamma Walkover Survey 

In accordance with MARSSM(NRC, 2000), gamma walkover surveys of both the waste pile 
and excavation footprint will be conducted at 100% surface coverage. To overcome the 
limitations of surface radiation detectors in identifying radiation at depth, the survey will be 
conducted incrementally over successive one-foot lifts of waste material and across the 
exposed native soil within the excavation footprint. Complete coverage with respect to both 
surface area and depth will ensure the detection of any DU projectiles that may be scattered 
randomly throughout the pile or embedded near the surface of the native soil. 

Any native soil that is within the excavation footprint but not currently covered by the waste 
pile will be surveyed at the beginning of field activities, prior to altering the geometry of the 
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waste pile. This will facilitate the use of a certain portion of the footprint for management of 
the surveyed waste stockpiles. Native soil that is currently underneath the waste pile and/or 
that will be covered by waste after the pile geometry is modified will be surveyed after the 
final l if t  of waste material has been moved. By staging the native soil survey in this manner, 
the entire excavation footprint can be surveyed prior to the permanent removal of waste fi-om 
the site. 

b 

The gamma walkover survey of both the waste pile and the excavation footprint will be 
conducted using the instrumentation and methodology discussed in Section 3.1. The survey 
will be implemented in a manner that facilitates the real-time identification of areas exhibiting 
elevated radioactivity so that DU rounds can be immediately recognized and removed. In 
addition, the continuous measurement and logging of spatially referenced gamma fluence 
rates will enable CABRERA to perform statistical evaluations of the data after the survey is 
completed. 

2.6 Removal and Containerization of DU 

During the gamma walkover survey, areas of discrete radioactivity will be distinguishable to 
the field technician both visibly and audibly. First, the indicator arrow or digital display on 
the instrument meter will visibly indicate a higher count rate than the surrounding area. 
Second, the rate of audible clicks emitted by the meter will increase relative to the 
surrounding area. The increase in both visible and audible meter responses will be 
proportional to the decreasing distance between the detector surface and the source of 
radioactivity. In other words, the closer the detector is to the DU, the more significant the 
meter response will be. 

- 

If any DU projectiles are identified during the survey, the locations will be marked and the 
projectiles will be removed. Upon removal of each projectile, the location will be resurveyed 
to ensure that no additional radioactive material remains in the waste. DU rounds that are 
removed from the waste pile will be containerized appropriately and staged onsite at an 
approved location to await final disposition. 

2.7 Soil Sampling 

In accordance with MARSSIM(NRC, 2000) criteria for final status surveys, soil sampling and 
analysis will be conducted at a statistically significant number of systematic locations to 
verify compliance with the DCGL discussed in Section 2.2. Samples of waste material and 
native soil will be collected and analyzed as discussed in Section 3.2. 
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MRSSZM(NRC, 2000) requires that a minimum number of samples be collected in each 
survey unit to provide sufficient statistical confidence that the conclusions drawn from the 
measurement data are correct. For Area 3 1, the minimum number of measurements is based 
on the expectation that radionuclide concentrations will be near or at background levels in 
survey units suitable for unrestricted release. The derivation of the minimum number of 
measurements required and the establishment of sample locations are discussed below. 

2.7. I 

The Sign Test will be used to evaluate the analytical data generated during the final status 
survey and determine whether each survey unit is suitable for release for unrestricted use. 
The minimum number of samples required is dependent on the distribution of site residual 
radionuclide concentrations relative to the DCGL, and the acceptable Type I and Type 11 

decision error limits (Le., 01 and p). 

An important component of the Sign Test is the relative shift, which describes the relationship 
of site residual radionuclide concentrations to the DCGL. Relative shift is calculated using 
the following equation from Section 5.5.2.3 of MRSSZM(NRC, 2000): 

DRAFT 

- 

Required Number of Samples 

L 

Where: DCGL, = 

LBGR = 

- - 0 

Derived concentration guideline level (i.e., release limit) used 
in statistical testing 

Concentration at the lower bound of the gray region (i.e., 
concentration to which the survey unit must be remediated to 
have an acceptable probability of passing the statistical tests; 
in effect, the final status survey action level) 

Estimate of the standard deviation of the concentration of 
residual radioactivity in the survey unit (includes real spatial 
variability in the concentration, as well as the precision of the 
measurement system) 

Assumptions for these parameters are as follows: 

'V 

0 DCGL, - The DCGL, for this survey is equivalent to the DCGL described in 
Section 2.2, which is 14 pCi/g. 

LBGR - The LBGR is typically used as a clean-up guideline or action level, as 
mentioned above. Based on the MRSSIM recommendation of using one-half of 
the DCGL, for the LBGR, the LBGR for this survey is 7 pCi/g. 

0 
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0 Sigma (0) - Considering the random nature of contamination in Area 3 1, and the 
resulting likelihood that most measurements will be near or at background 
concentrations once the DU is removed, the predicted sigma is estimated to be 
25% of the DCGL, or 3.5 pCi/g. 

Based on the preceding assumptions, the value for relative shift is calculated as follows: 

A/G = (14-7)/3.5 = 2.0 

The minimum number of systematic measurement locations required to obtain valid results 
from the Sign Test is determined using Table 5.5 of M R S S I M  (NRC, 2000). This table 
provides the required number of data points for selected values of acceptable Type 1 and Type 

II decision errors &e., a and p) based on the calculated relative shift. For a=0.05 and 
p=0.05, a relative shift of I .7 results in a requirement of 15 systematic sample locations per 
survey unit. 

2.7.2 

Systematic sample locations will be established in each survey unit and marked using survey 
flags, or equivalent, prior to sample collection. A triangular sampling grid will be established 
to provide complete coverage based on the area of the survey unit and the required number of 
sampling locations. The grid spacing has been determined using Equation 5-7 from 
M R S S I M  (NRC, 2000): 

Establishment of Systematic Sample Locations 

w 

Where: 

A 
0.866(N) 

- - Triangular grid spacing for the survey unit 
Area of the survey unit - - 

L 
A 
N - - Number of sample locations 

Assuming that each survey unit is approximately 2,675 m2, the calculated spacing between 
sample locations in the triangular grid should be approximately 14 meters (m). A computer- 
aided drawing (CAD) program will be used to lay a triangular grid with this length spacing 
over each survey unit in Area 3 1. A random starting point for the grid will be established 
using a computer-generated random coordinate set. Sample location coordinates will be 
determined using the CAD program, and will be placed in the field using a global positioning 
system (GPS) unit and measuring tape, as necessary. 
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2.7.3 Biased Sampling 

If the gamma walkover survey identifies isolated areas of elevated radioactivity in a survey 
unit (e.g., based on elevated gamma readings or the presence of a DU projectile), a biased soil 
sample will be collected, as appropriate, at the location(s) of highest radioactivity. Results 
from these samples will be used to evaluate radionuclide concentrations with respect to 
M RSSIM criteria for elevated measurement comparison (EMC). Sample location 
coordinates will be established using the survey data spreadsheet and placed in the field using 
the GPS unit. 

+ 

2.8 Management of Survey Lifts 

Upon completion of gamma walkover survey, DU removal, and soil sampling activities on the 
top surface of the pile, a one-foot lift of waste will be removed across the entire surface in 
order to expose the next lift to be surveyed. Heavy equipment will be used to remove the lift  
from the waste pile and place it in a temporary stockpile at another location within the 
surveyed portion of the excavation footprint to await final disposition. Each successive lift of 
waste material will be surveyed and relocated in separate stockpiles until the native soil 
surface is exposed. Once the entire volume of waste material has been surveyed, sampled, 
and relocated, the exposed native soil that was underlying the waste pile will undergo final 
status survey and sampling, as described above. - 
2.9 Survey Completion 

Following the implementation of final status survey and sampling activities, the surveyed 
waste will consist of 3 separate stockpiles (approximately 1,000 cubic yards [yd3] each) and, 
possibly, a container of DU projectiles. CABRERA will prepare and submit a completion 
report, as described in Section 5.3, that documents the survey and sampling results and 
demonstrates that the waste stockpiles and native soil in Area 3 1 are suitable for release 
without restrictions due to radioactivity. 

The anticipated disposition of the waste and residual native soil will be as follows: any DU 
projectiles removed from the waste will be relinquished to the Army for storage and 
disposition under its NRC license; waste that is deemed suitable for unrestricted release will 
be disposed by ARCADIS off-site at a RCFU Subtitle C or D landfill, in accordance with the 
Work Plan (ARCADIS, 2005); and the excavation footprint will be released for unrestricted 
use with respect to radioactivity. The tools and equipment used to sample and manage the 
waste material will be surveyed for free release, and decontaminated if necessary, as 
described in Section 3.3. 
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3.0 INSTRUMENTATION AND METHODOLOGY 
\ 

The gamma walkover survey and soil sampling will be conducted in accordance with the 
protocols described in MARSSIM (NRC, 2000) and with the CABRERA Operating Procedures 
(OPs) listed in Appendix C. This section describes the instrumentation and methodology 
specific to the Area 3 1 final status survey. 

3.1 Gamma Walkover Survey 

Gamma walkover surveys will be conducted over each 1 -foot lift of waste pile material and 
over the entire excavation footprint. The instrumentation, required scan sensitivity. and 
methodology to be used in conducting the gamma walkover survey are discussed below. 

3. I .  I Survey Instrumentation 

The gamma walkover survey will be conducted using a Bicron Model B-5 Field Instrument 
for the Detection of Low-Energy Radiation (Fidler) sodium iodide (NaI) scintillation detector 
(or equivalent) attached to a Ludlum Model 2221 count rate metedscaler (or equivalent). The 
Fidler detector and count rate meter will be connected to a Trimble differentially-corrected 
GPS Model Pro-XRS (or equivalent) to allow for geospatial correlation and logging of the 
survey data. During the GWS, geographic coordinates (Le., northings and eastings) and 
surface radiation (i.e., count rate in counts per minute [cpm]) will be recorded at a rate of once 
per second ( 1  /sec) while the technician surveys the designated paths. 

u 

3. I. 2 

Instrumentation used in the gamma walkover survey will meet the scan sensitivity 
requirements discussed below. 

Required Scan Sensitiviry 

Detection of DU Proiectiles 

To demonstrate the ability of the survey instrumentation to detect DU projectiles as deep as 
one foot below the surface, the required minimum detectable exposure rate has been 
calculated using methodology presented in NUREG 1.507 (NRC, 1998). These calculations, 
which are presented in Appendix D, are based on the assumption that DU is present in the 
waste pile as intact bodies containing approximately 0.4 Ib (1  90 grams) of DU each. This 
amount of DU is equivalent to 57 microcuries (pCi) of radioactivity. 

As shown in Appendix D, the average Bremsstrahlung energy produced by a 57-pCi source of 
DU is 0.57 megaelectron volts (MeV). At a distance of one foot in air, this energy would 
cause a dose rate of 0.01 4 milliroentgen per hour (mR/hr). Based on results of Microshield 
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modeling, the same energy would cause a dose rate of 2.581 E-3 mR/hr if the source were 
shielded by one foot (30 centimeters [cm]) of soil. Thus, to detect DU buried one foot below 
the surface, instrumentation sensitive enough to detect 2.58 microroentgen per hour (pR/hr) 
must be used. The minimum detectable exposure rate for a Fidler probe with a 5-inch (1  2.7 
cm) diameter detector has been calculated to be 1.9 pR/hr, indicating that this instrument 
meets the required scan sensitivity to detect a DU round buried as deep as 1 fi below ground 
surface. 

DRAFT 

Compliance With DCGL 

To demonstrate the ability of the survey instrumentation to detect DU contamination in soil at 
the specified DCGL, the minimum detectable concentration (MDC) of DU in soil has been 
calculated using methodology presented in NUREG I507 (NRC, 1 998). These calculations, 
which are presented in Appendix D, are based on the assumption that 1 pCi/g of DU is 
distributed evenly throughout a 15-cm thick disk with a 28-cm radius. The scan MDC 
calculated for the Fidler probe is 4.9 pCi/g, indicating that this instrument meets the required 
scan sensitivity to detect radioactivity in soil at the 14 pCi/g DCGL. 

3. I .  3 Procedures and Methodology 

In accordance with MARSSlA4, technicians will perform the gamma walkover survey by 
walking straight parallel lines while moving the Fidler probe from side to side in a serpentine 
motion. The probe will be suspended 2 to 4 inches above the surface to maintain consistent 
measurements and ensure that the required instrument sensitivity is achieved. To achieve 
100% coverage of the surface to be surveyed, each survey pass will be approximately lm in 
width. 

Data from the ratemetedscaler will be automatically logged into the GPS unit connected to 
the Fidler probe. The GPS unit will be operated in accordance with CABRERA OP-05 1 : 
Trimble Pro XWXRS Operation. At the completion of daily survey activities, the data will be 
downloaded to a personal computer. The CABRERA Project Manager (PM) or designee will 
review and process the data, entering it into a geospatial software program for statistical 
analysis and graphical representation. 

3.2 Soil Sampling 

Soil samples will be collected and sent to an accredited off-site laboratory for radioactivity 
analysis by gamma spectroscopy. The methodology to be used for the collection and analysis 
of samples is discussed below. 
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3.2. I Sample Collection 

Soil samples will be collected at the frequency and locations discussed in Section 2.7. 
Samples will be collected using a stainless steel trowel or shovel, in accordance with 
CABRERA OP-005: Volumetric and Material Sampling. Sample chain of custody (COC) will 
be maintained in accordance with CABRERA OP-008: Chain ofCustody. One set of quality 
control samples (e.g., field duplicate, matrix spike [MS], and matrix spike duplicate [MSD]) 
will be collected in each survey unit. 

L 

Samples will be handled, packaged, labeled, sealed, preserved, and shipped as described in 
CABRERA OP-005. Utensils and equipment that contact the sample material will be 
decontaminated between sampling locations, if necessary, by means of wiping the trowel with 
a damp cloth or paper towel, to remove loose material and avoid cross-contamination of the 
samples. 

3.2.2 Analytical Testing 

Soil samples will be analyzed by gamma spectroscopy using EPA Test Method 901.1. 
Analytical results will be reported for the gamma emitters and daughter isotopes comprising 
the DU library. Thorium-234 (234Th) will be used as an indicator ofDU activity based on the 
assumption that 234Th and 238U are in equilibrium. Since 238U comprises approximately 
83.38% of DU activity (Army, 1995), DU activity in the soil will calculated as follows: 

DU = 234Th / 83.38% 

Where: DU = Calculated activity of depleted uranium (pCi/g) 
2 3 4 n  = Reported activity of thorium-234 (pCi/g) 

3.3 

Upon completion of the field activities described in this plan, tools and equipment that have 
been in direct contact with the waste pile material will be surveyed prior to being released 
from the site. CABRERA will adhere to the removable contamination surface release limit of 
1,000 disintegrations per minute (dpm) per 100 square centimeters (cm’) of DU alpha activity, 
as specified in Army Regulation 1 1-9: The Army Radiation Safety Program and Cabrera OP- 
004: Unconditional Release of MaterialsJLom Radiological Control Areas. 

Equipment Decontamination and Release Limits 

Radiological surveys of equipment and tools will be documented on a survey sheet, such as 
the one in Appendix E, to verify that each item meets the surface release criteria prior to its 
removal from the site. Any item that fails to meet the release criteria will be decontaminated 
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in accordance with CABRERA OP-0 1 8: Decontamination of Equipment and Tools, as 
necessary, to meet the specified release limits. 
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4.0 

Activities associated with this Work Plan Addendum will be performed in accordance with 
written procedures and/or protocols in order to ensure consistent, repeatable results. Topics 
covered in CABRERA procedures and protocols include proper use of instrumentation, quality 
assurance (QA) and quality control (QC) measures, equipment limitations, etc. Specific 
Q N Q C  requirements for the Area 3 1 final status survey and sampling activities are presented 
in this section. 

QUALITY ASSURANCE AND QUALITY CONTROL 
\ 

4.1 Personnel Training 

Only qualified and trained personnel will operate the equipment and instrumentation used in 
the field activities specified in this plan. Personnel will be trained in the technical, QC, and 
health and safety aspects of the project, as well as in the calibration, maintenance, and 
operating procedures for their assigned equipment. 

Daily tailgate safety meetings will provide supplemental training and ensure that personnel 
are given clear direction and the proper tools for performing their respective tasks. These 
meetings will also provide a forum for the field personnel to relate any potential safety or 
quality concerns that may require attention from the CABRERA PM. Meeting notes and 
attendance sheets will be maintained onsite and included in the project file. Y 

4.2 Field Instrumentation QC Requirements 

Only approved instrumentation that meets the required scan sensitivities will be used to 
collect radiological data under this Work Plan Addendum. This section presents the 
calibration, maintenance, and performance check requirements for the selected instruments. 

Instrumentation used to obtain radiological data, including GPS equipment, will be inspected 
prior to use for physical damage, current calibration, and erroneous readings in accordance 
with applicable procedures and/or protocols. The individual performing these tasks will 
document the results in accordance with the associated instrument procedure andor protocols. 
Instrumentation that does not meet the specified requirements for calibration, inspection, or 
response will be removed from operation. 

4.2. I Calibration and Maintenance Requirements 

Instrumentation used during the gamma walkover survey will have current calibration and 
maintenance records kept on site for review and inspection. The records will include, at a 
minimum, the following: 
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Type of instrument, 

Identification number of instrument (e.g., model and serial numbers), 

Instrument manufacturer. 

Date of calibration, and 

Calibration due date. 

Instruments will be maintained and calibrated to man ifacturers’ specifications to nsure that 
the required traceability, sensitivity, accuracy, and precision are maintained. Instruments will 
be under current calibration from a facility possessing appropriate NRC and/or Agreement 
State licenses for performing calibrations using National Institute of Standards and 
Technology (NIST) traceable sources. 

4.2.2 Performance Checks 

Prior to daily use, project instrumentation will undergo performance checks by comparing 
instrument response to a benchmark value. Daily QC checks of radiation detectors and meters 
will include source checks to ensure that they respond in a consistent manner when exposed to 
sources of known radioactivity. Daily QC checks of GPS units will include checks for 
satellite availability and positional accuracy. Records of daily performance checks will be 
maintained in the project file, along with control charts associated with each instrument. 
Sources brought onsite for performance check purposes will be handled in accordance with 
CABRERA OP-009: Use and Control of Radioactive Check Sources. 

L 

Site reference locations will be selected for the performance of initial QC checks, and 
subsequent checks will be performed at the same locations. QC source checks will consist of 
a one-minute integrated count, or other count time designated by the CABRERA Project Health 
Physicist (HP), performed at the reference location with the designated source positioned in a 
reproducible geometry. This procedure will be repeated ten times to establish average 
instrument response for each detector. The initial averages calculated for each instrument will 
provide the respective benchmark values for subsequent QC checks. 

A benchmark of known geographic coordinates will be used to establish a GPS calibration 
point at the beginning of fieldwork under this work plan. At the calibration point, ten initial 
GPS position readings will be collected, each of a one-minute duration or more. This set of 
readings will be used to calculate the average position of the calibration point. Prior to 
conducting surveys each day, technicians will collect position data at the calibration point, - 

~~ 
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and the results will be compared to the average readings at that point, calculated using a single 
vector line to represent the northing and easting of the position. Measurements differing from 
the average by more than the equivalent of one meter will be investigated and corrective 
measures will be implemented as appropriate. 

DRAFT 

Parameter 

Method Description 

4.3 Soil Sampling QC Requirements 

Soil samples will be sent to an off-site laboratory for gamma spectroscopy analysis. The test 
method is specified in Table 4-1, along with the sample volume, preservation, and holding 
time requirements. Standard methodology will be used for sample collection, identification, 
documentation, handling, packaging, shipping, and chain of custody, as described in 
CABRERA OP-005. Analytical testing will be conducted in accordance with the laboratory’s 
Quality Assurance Plan. 

Requirement 

Gamma Spectroscopy (DU library) 

TABLE 4-1: ANALYTICAL REQUIREMENTS 

Test Method 

Sample Volume 

Container 

EPA 901.1M 

16-ounce 

Plastic jar 
~~~~~ ~ ~ 

Preservation 

Holding Time 

None 

6 months 

To confirm the quality of sampling and analysis techniques used for this characterization 
effort, quality control samples will be collected and analyzed as follows. 

4.3.1 Field Duplicate Samples 

Field duplicate samples will be collected at a rate of lo%, identified by a unique number 
unrelated to the primary sample, and analyzed in the same manner as the target samples. In 
addition, the analytical laboratory will perform internal duplicate analyses on selected 
samples as specified in their quality assurance procedures. Duplicate results will be used to 
quantify precision by evaluating the Duplicate Error Ratio (DER), which is defined as 

I S - D l  DER=**Jm 
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The DER represents the degree to which the sample and duplicate are comparable, with 
respect to the associated uncertainties. A DER of less than or equal to 1.42 indicates that the 
results, with their associated uncertainties, are statistically equivalent. A DER of greater than 
1.42 places the results in the 20 “warning range.” A DER of greater than 2.13 places the 
results outside the 3 0  control range. 

4.3.2 Laboratory Spike Analyses 

Spike analyses may be performed by the laboratory and used to estimate the extent of bias in 
the analytical measurements. To perform a spike analysis, the analytical laboratory adds a 
known quantity of the analyte to representative media, and analyzes the spiked media. Bias in 
the results will be quantified by determining the percent difference between the spike amount 
and the analytical results measured by the laboratory. Percent difference values will be 
determined by the following equation: 

(CS -4) *,OO% 
O/O Difference = 

CS 

Where: Cs = Concentration of spike analyte added to sample, and 
CM = Measured concentration of analyte in sample. 

Percent differences will be compared to a performance criterion of 20%. Percent differences 
greater than 20% will be investigated for possible discrepancies in measurement bias. The 
error associated with the measured values should be a consideration when evaluating percent 
differences and qualifying data that does not meet the performance criteria. 

4.3.3 Laboratory Blank Analyses 

The analytical laboratory performs blank analyses to test analytical accuracy and to estimate 
the extent of bias in the measurements. Laboratory blanks are also used to demonstrate that 
laboratory contamination is not the cause of reported analytical results. A blank sample is 
prepared and analyzed by the analytical laboratory and typically consists of a sample of 
similar media, free of radiological contamination, which remains with the field sample 
throughout the entire analytical procedure and is analyzed to determine the concentration of 
the radionuclide of concern. Blank analyses will be performed in accordance with the 
laboratory’s quality assurance procedures. If blank results reported by the laboratory indicate 
the presence of contamination above the detection limit and the results are not qualified, the 
data will be considered invalid. 
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5.0 DATA MANAGEMENT AND DOCUMENTATION 
L 

Field and analytical data generated during the final status survey and sampling activities will 
provide the basis for demonstrating that the waste pile material and native soil remaining in 
Area 3 1 are suitable for unrestricted release with respect to radioactivity. Appropriate data 
management is essential for properly documenting the final status survey process and for the 
development of a completion report at the conclusion of field and laboratory activities. 
Procedures for managing the data generated during implementation of this work plan 
addendum are summarized in this section. 

5.1 Field Data 

Field data generated during this effort will be documented and managed as described below. 

5. I .  I Logbook 

Survey and QC notes will be maintained in a bound field logbook. The following types of 
information will be recorded in the logbook: 

Instrument descriptions and serial numbers; 

Results of daily instrument QC checks; 

Description of the specific area surveyed; 

Date and time of the survey; 

Weather conditions during the survey; 

Names of field survey personnel; 

Coordinates of DU identified and removed during the survey; 

Notes regarding equipment performance in the field (e.g., loss of satellite signal, 
technical malfunction, etc.); 

Filenames and descriptions of each QC or survey data file generated; and 

Dates, times, and filenames of data file transfers to the corporate server or Project 
PM. 

Logbooks will be permanently bound and the pages will be numbered. A11 entries will be 
made in blue or black ink. Errors will be denoted by striking the erroneous entry with a single 
line and initializing the deletion. No white-out or erasures will be permitted. Logbooks will 
be signed and dated by the individual(s) making the entries, and reviewed for completeness at 
the end of each day. Completed logbooks will become part of the project files. 
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5. I .  2 Electronic Data 
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Electronic survey data will be downloaded from the instrument data loggers each day to the 
project computer and backed up to a secondary location (e.g., CD or flash drive) before 
processing or editing. Raw electronic data files will be uploaded daily to the corporate server 
or transmitted to the Project PM for review and processing. Edited data files will be imported 
into a computer program compatible with geographic information system (GIS) software for 
geospatial representation of data, and into a spreadsheet program for statistical analysis. Both 
raw and processed electronic data will be incorporated in the project files. 

5. I .  3 Field Sheets and Instrument QC Forms 

To supplement information contained in the field logbook and on electronic files, field 
personnel may complete survey/sampling field sheets, such as those provided in Appendix E. 
At the beginning of each day, daily instrument QC forms will be completed, as described in 
Section 4.2. Completed field sheets and instrument QC forms will be submitted to the PM, or 
designee, at the end of each workday for review and inclusion in the project files. 

5.2 Analytical Data 

Analytical data will be documented and managed as described below. 

5.2. I Sample Numbering System 

A unique sample numbering scheme will be used to identify each sample collected for 
laboratory analysis. The purpose of this numbering scheme is to provide a tracking system 
for the retrieval of analytical and field data on each sample. Sample identification (ID) 
numbers will be recorded on sample labels or tags, field data sheets andor logbooks, COC 
records, and all other applicable documentation used during the project. For this project, the 
Sample ID will include a Survey Unit and Location Code, as follows: 

x x - N - N  

Where: XX (Survey Unit) = L1 for the top lift of waste pile material 
L2, L3, L4 for subsequent lifts of waste 
N1, N2 for native soil within the excavation footprint 

NN (Location Code) = 01,02,03, etc. 

~~ 

CABRERA SERVICES, INC. Page 5-2 RNO6-0017 



Area 31 Final Status Survey 
Work Plan Addendum 

DRAFT 

5.2.2 Sample Labels 

Labels will be affixed to all sample containers during sampling activities. Information will be 
recorded on each sample container label at the time of sample collection. The information to 
be recorded on the labels will be as follows: 

0 Sample ID number, 

0 Sample medium (ie., soil), 

0 Site name and excavation aredlocation number, 

0 Analysis to be performed, 

0 Type of preservative, 

e Date and time of sample collection, and 

0 Sampler’s name or initials. 

5.2.3 Cooler Receipt Checklist 

The condition of shipping coolers and enclosed sample containers will be documented upon 
receipt at the analytical laboratory. This documentation will be accomplished using a cooler 
receipt checklist utilized by the contract laboratory. A copy of the cooler receipt checklist 
will be transmitted to the PM to ensure that the laboratory receives all samples shipped. 

5.2.4 Chain of Custody Records 

COC procedures implemented for the project will provide documentation of the handling of 
each sample from the time of collection until completion of laboratory analysis. The COC 
form serves as a legal record of possession of the sample. A sample is considered to be under 
custody if one or more of the following criteria are met: 

0 The sample is in the sampler’s possession, 

0 The sample is in the sampler’s view after being in possession, 

e The sample was in the sampler’s possession and then was placed into a locked area 
to prevent tampering, and 

0 The sample is in a designated secure area. 
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Custody will be documented throughout the project field sampling activities by a COC form 
initiated each day during which samples are collected. The COC form will accompany the 
samples from the site to the laboratory, and will be returned to the PM with the final 
analytical report. 

- 

5.2.5 Analytical Data Reports 

Upon receipt of samples, the laboratory will perform the requested analyses within the 
specified turn-around time and submit an analytical data report to the CABRERA PM. The data 
report will contain sufficient documentation of the sample analyses to facilitate the review of 
results and evaluation of data quality. For each data package, the laboratory shall provide an 
electronic data deliverable summarizing the analytical results, as well as paper and/or 
electronic files containing the entire case narrative and supporting data. The electronic files 
will be uploaded to the corporate server and backed up on CD. 

5.3 Completion Report 

Upon completion of the Area 3 1 final status survey, original field notebooks, field sheets, QC 
data, electronic data files, computations, analytical data, and pertinent reference materials will 
be placed in the project records, and used as the basis for the development of a project 
completion report. This report will summarize the data generated during the survey, and 
document the results of survey and sampling activities. The report will provide details 
regarding the quantity and characteristics of DU rounds identified and removed from the 
waste. 

- 

e 

The Area 3 1 final status survey completion report will be submitted to ARCADIS for review, 
approval, and transmittal to the Army andor regulatory agencies, as appropriate. The final 
report will be incorporated in the Housekeeping Removal Action Completion Report to be 
prepared by ARCADIS at the conclusion of general cleanup activities described in the Work 
Plan (ARCADIS, 2005). 
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APPENDIX A: SPECIFICATION SHEETS FOR 

D A W  CROCKETT SPOTTER ROUNDS 

CAURERA SERVICES, INC. Appendix A 



c 

A R M Y  F I E L D  M A N U A L  D E P A R T M E N T  O F  T H E  

I 
/ 

t 
.-  

I- 

DAVY CROCKETT 
WEAPONS SYSTEM IN 
IN FANTRY AND ARMOR 

UNITS 

H E A D R U A R T E R S ,  D E P A R T M E N T  O F  T H E  A R M Y  I- 
ACO 2862B 

D E C E M B E R  1 9 6 1  



F i g u r e  80. Projecti le and case, cartridge, spot t ing ,  9O-mm. X M l O l .  

28. Fuze, PD, XM538 
Fuze, PD, XM538 (fig. 31) used in  cartridge spotting, 

XM101, is electromechanical in  design. I t  is supersensitive and 
detonates upon impact. The fuze is boresnfe. 

a. General. 

b. Operation and Funclioning. 
(1) To  prepare fuze for operation, the pull pin is extracted prior t o  

loading. This permits the striker to be freed. The set-back 
forces, during firing, allow striker to initiate percussion primer 
in thermal power supply. Approximately 1 second is required 
for the  power supply to become activated after initiation of 
percussion primer. This interval provides delayed arming of 
fuze for approximately 165 meters beyond muzzle of spotting 
rifle. After activation of thermal battery, the fuze is capable 
of functioning. 

A C 3  28a3 *6 

seconds. 
(:j) mrnp>-m~s positioiicd !IO" 

upart on  u circu1:u. le:d sprillg and located I)ctwcol ihc lcar a d  
the, detonntor, move lorw:u-d due  to decelcr:rtiotl of t.hc pro- 
jectile. Movement of the balls allows c o n t x t  with the power 
supply, thereby completilig the electrical circuit from poicer 
source to detonator and initiating a 1'44 detori:rt.or \vhic:h ignites 
the pyromix i n  the body 01 the projectile. 

c. Pyrokchnic Display. Upon impact, the X M  101 projcc:tile produces 
a display of smoke which varies from two t o  three meters i l l  diameter and 
two to five meters in height. The display is visible for several seconds. 

29. Piston, Launching, XM1 
The launching piston (except the obturator) for use in the light \veapon 

(figs. 32 and 3 3 )  is made.of titanium. The obturator is made of copper 
and steel. The  piston consists of five main components: adapter, main 
cylinder, cap end, strainer, and obturator. The adapter is smaller i n  
diameter than the main body of the piston to  permit itisertion into the 
rear \\sell of the projectile. It is open in the center a i d  a l l o ~ ~ s  rear 
projection of major caliber projectile to recede into the piston. The 
adapter has two bayonet slots for firm bayonet-type connection with 
bayonet pins of projectile, and an indexing tab for positioning the piston 
in the barrel. The main cylinder's outside diameter is slightly less than 
120-mm which prevents binding of the piston in the  barrel. I t  is coated 

This will render projectile inert. 

P U L L  P I N  

IMPACT SWITCH 

S T R I K E R  A S S E M B L Y  

.TH ERMA1 

DETONAT 

- B A T T E R Y  

'0 R 



CARTRIDGE: 

WEAPON: Rifle, 20mm, Spotting, XM69 

20MM Spotter, XM101 "Davy Crockett" 

BALLISTIC PERFORMANCE 
VELOCITY: 
CHAMBER PRESSURE: 
ACTION TIME: 
ACCURACY: 

L 

FUNCTION: 
P R 0 J , EXTRACT10 N : 

TECHNICAL DATA: 
SPEC IF CATION : 
CARTRIDGE: 

CASE ASSEMBLY: 
IDENTIFICATION: 

CASE BODY. 

METERING DISC: 

COVER: 
CASE PLUG: 

CASE VENT SEAL 

PROJECTILE ASS'Y 

CHG'D PROJ ASSY: 
BODY 8 ROT BAND: 
BODY: 

ROTATING BAND: 

CAPSULE ASS'Y: 
BODY: 

SEAL: 

DISC. 

CHARGE. 

CHARGE. 
FUZE, PD, ELEC: 

SAFETY PIN: 
P R I M E R . 
PROPELLANT. 

530 r 7 FPS at 25.5 feet 
NA, Approx 25 KPSl High, 12 KPSl Low 
NA 
50% Prob. inside 50 Yd dia. at 1750 Yards 
93% Prob. inside 75 Yd dia. at 1750 Yards 
Function against earth at 1750 Yards 
250 Pounds Min, 650 Pounds Max. 

LCA-PD-19 or LCA-PD-37 
D-7258876, Weight 7291 Grains approx 
Brown Tipped Proj., MI54 Case, Black markings 
M154, D7258877 
Weight 3016 grains approx, Steel, MIL-S-3289 

Steel, C1030 or C1040, ASTM A108 
Cadmium Plated, Chromate Treated, QQ-P-416 

Steel, Corrosion Resisting, Type 420, ASTM A276 
7258930, Brass, Alloy #6, ASTM 836 

Steel, C1030 or C1040, ASTM A108 
Cadmium Plated, Chromate Treated, QQ-P-416 
7259014, Weight - Negligible 
Paper, JAN-P-224, Type I or It. Color Red 

Weight 4275 r 35 Grains 
D7258887, Weight 3347 Grains Approx 
D7258886, Weight 31 87 f 26 Grains 
D7258884, Weight 3180 k 25 Grains 
D-38 Uranium Alloy, MIL-U-46045 (92% U, 8% Mo) 
87258889, Weight 7 Grains approx 
PVC, Type 1, Normal Impact 
D7259031. Weight 158 Grains Minimum 
C7259032. Weight 24 f 1 Grains 
Aluminum. ASTM 8209 
87259033, Weight - Negligible 
Paper, JAN-P-224. Type I or II. Color Red 
87259034, Weight - Negligible 
Aluminum, 5052-H32, ASTM-B209 
Mix. Incendiary, LCOP-1, 7259099 
Weight 90 Grains Minimum 
PETN, MIL-P-387, Weight 25 Grains Minimum 

Weight 735 ? 13 Grains 
C7258981, Steel Wire, ASTM A228 
#36, 7645332. Weight 5 5 Grains approx 
IMR-4198, D-7258841-1, 43 Grains approx 

D7258878. LCA-PD-18 

7258880, LCA-PD-18 

7258879, LCA-PD-18 

M101, 07259062, LCA-PD-37 

M538, D11075700, LCA-PD-36 



FUZE: 20MM Point Detonating, Electric, M538 

-.- BALLISTIC PERFORMANC& : 

FUNCTION: 
I $ P i 

Detonate alter striking earth at 1750 yards when loaded as XMlOl cartridge 

TECHNICAL DATA: 
SPECIFICATION: 
FUZE: 

. Metal Parts & Ass'y: 
Body: 

Slide Assembly: 
Slide: 
Plunger: 
Set Back Ball: 
Detent Spring: 

Safety Wire: 
Insulating Washer: 

Electric Assembly: 
Electric Case: 
Switch Ass'y: 

Impact switch Assy: 
Switch Housing: 
Detonator Contact 
Ball Ramp: 

Impact Switch Ball: 
Switch spring: 

w Spring Retainer: 

Switch Sub-Assy: 
Switch Contact 

, Thermal Arming Disc: 
Arming Disc Rtnr: 

Mg Cup Shield: 
Thermal Switch Ins.: 
Power Supply Wrap: 

Power Supply Ass'y: 
Magnesium Cup Assy: 
Magnesium Cup: 
Electrolyte, Cross: 
Insulating Disc: 
Cartridge Assembly: 
Cartridge Subass'y: 
Cartridge Case: 
Heat Paper Pad: 
Heat Pad Stock; 
Closing Plate: 

L :sting Ring: 
Heat Paper Retainer: 
Sec. Heat Paper Pad: 

LCA-PD-36 
D11075700, Weight 735 f 13 Grains 

D l  1075701 
D11075702, Brass, Free cutting, ASTM B16 

C11075703 
C11075704, Stainless Steel, Type 303, A S N  A276 
B11075705, Stainless Steel, Type 303, ASTM A276 
Bl1075706, Naval Brass, Alloy A, Half hard, ASTM B21 
B11075707, Beryllium Copper, Alloy #25 
C11075708, Music Wire, Tinned Finish, QQ-W-470 
811075709, Asbestos, Type 1, NO. P1301A, ASTM D1170 

Dl1075710 
D11075711, Steel, Cold Rolled, ASTM A365 
C11075712 

C11075713 
C11075714, Plastic, PTFE, MIL-M-14077 
C11075715, Steel, FS1060, QQ-S-777 or MILS-46049 
C11075716, Zinc alloy AG4OA, ZAMAC-3, ASiM B86 
C11075717, Dow Coming 301 or XM4046 
C7258994, K-Monel, QQ-N-286 
C7258992, Duranickel Strip 

C11075718 
Cl1075719, Nickel, ASTM 8162 
811075720, Low melt Alloy (31% Pb, 19% Sn, 50% Bi) 
7259040 
811075721, Steel ASTM A109 
7259047 
B11075722, Glass Cloth Tape, ASTM D1459 

C11075723 
1 1075724 
C11075725, Magnesium alloy AZ318, ASTM 8107 
C11075726, Glass Fiber Tape, Form 5, MIL-Y-1140 
B11075728, Asbestos, ASTM D1170 
C11075729 
C11075730 
C11075731, Steel, B1113, ASTM A108 
811075732 
1 1075733 . 

B11075734, Nickel, ASTM 8162 
C11075735. Plastic, Type GSB, MIL-P-997 
C11075736. kickel, ASTM 8162 
C11075737 



M538 Fuze (Con?) 
v Plungerstop: 

Solder Ring: 

Primer: 
Primer Mixture: 

Detonator, Elec T44: 

Charge, Spot 
Bridge wire: 

Fermle: 
Plug Assembly: 

Plug: 

Bridge and Plug Assy: 

Pin: 
cup: 
Charge, Priming: 
Charge, Base: 

insulating Washer: 

Ekc Ass'y Retainer: 

1 t 

t 



LAKE CITY ARMY AFYUNlTlON PLANT 

44 - 

urig.  A .  mavostino 

28 JUNE 1963 

SUPERSEDING 
SEE S m O N  6 -P. 

This s p e c i ~ t i o n  huu been approved ths DepcraEment of Defense and U man- 
dam for w e  by the Depwhnsnts of the Army, thu Navy, und the Air Fwoe. 

1. SCOPE 

1.1 Seope. This specification covers pro- 
pellant for use in small arms ammunition 
(see 6.1). 

1.2 Classification. Propellant shall be of the 

Type I - Single Base (Nitrocellulose). 
"ype II-Double Base (Nitrocellulose 

Class 1-Flake, Circular, Square or 
Irregular, Porous or Non- 
porous. 

following types and classes, as specified 

-r. - Nitroglycerin). 
u 

Class 2-Tubular. 
Class 3 - Spheroidal (Rolled 'and Non- 

rolIed) . 
1.2.1 C h s  and caliber. Classett are also 

identified by caliber, type and model of car- 
tridge in which the propellant shall be used. 

2. APPLICABIZ Ixxumwm 
2.1 The following documents of the issue in 

effect on date of invitation for bids or re- 
quest for proposal, form a part of the spe- 
cification to the extent specified herein. 

SPECIFICATIONS 
FEDERAL 

RR-S-366 -Sieves, Standard f o r  
Testing Purposes. 

M-TLITARY 

MIL145208 -Inspection Require- 
ments, General Spe- 
cification for. 

STANDARDS 
&fIUTARY 

MIL-STD-105 -Sampling Procedures 
and Tables for In- 
spection by Attrib- 
Utes. 

MILSTD-109 -Quality Assurance 
Terms and Defini- 
tions. 

MIL-STD-129 - Marking for Shipment 
and Storage. 

MILSTD-286 -Propellants, Solid: 
sampling, -- 
tion and Testing. 

DRAWINGS 
MUNITIONS COMMAND 

-Drawings as designatid in the con- 
tract or order for the propellant be- 
ing procured (see 6.2). 

PUBLICATIONS 

MUNITIONS COMMAND 

AMCR 700-70,- Test Methods f o r 
VOl. I11 Small Arms Ammu- 

nition. 



REMINGTON ARMS COMPANY INC. 
Lake C i v  Arm7 Animunitian 6l-t 

7 - 
TO: 

PROCESS RECORD CHANGE NOTKE - 

I PROCESS RECORD IS CHANGED AS FOLLOWS: 

PREVIOUS PROCESS 

As shown dated 8-10-60. 

NEW PROCESS 

Obso 1 e t e  

~~ 

?FASON FOR CHANGE 

Not required now o r  i n  the future .  - 
1, / 

CHANGE AUTHORIZED BY " *  D *  GundY/%%kd&/ -Bzd 
DEPT. BLDG. __ 

HDG: j r 
CHANGE RECEIVED BY 



BOOK Wb. 57 REMINGTON ARMS COO, INC. 
UlgCIWARSBUL DATE: 8-10-60 

STAUOMb 

IM-982 
TAW-- 

INCENDIARY COMPOSITION 

CHEMICAIS 

Acetone 

Pot  as sium Perchlorate  

Tr in i t ro to luene  ( TNT) 

Zirconium 

MANUFACTURING PROCESS 

Flow Sheet 

C ompo sit ion 

Prepare Chemicals 

Make TNT-Acetone Solu t ion  

Manufacture IM-982 

Equipment 



BOOK HO. 57 

DATE: 8-10-60 
REMINGTON ARMS CO., INC. 

LAKE CITY ARSENAL 

SUPPLEMEHTARY INFORMATION TO 

STANDARD PROCESS RECORD 
OIM-982 

FLOW SHEET 

Tr in i t ro to luene  
I . * I '  

Acetone 

IT- - Agitate y 
r";k"i Dissolve 

~ T N T  in I 

Potassium 

T 

Vibra t ing  

Zirconium, 

Granular 

Weigh + 
Evaporate 

Irder of Addition: 1, 2, 3, 



LLC 1477 bLr. 5/19/54) ' I  
I REMINGTON ARMS CO. INC. J 

LAKE CITY ARSENAL bploriver Record No. 

Operation ~ 0 . 3  

CONSTITUENT Revlrion No. 

OPERA TI ON 
Manufacture D4-982 

PBOCEDURE 
1. Weigh and add 1600 grams granular  Zirconium t o  t h e  bowl 

blender. 

bur e t  t e. 
2. P l ace  the 272.5 cc of TNT-Acetone Solu t ion  i n  glass stoppered 

3': S t a r t  blender  (36 - 40 rprn) t o  operate.  

4. Adjust ground glass valse so t h a t  TNT-Acetone s o l u t i o n  f lows  
s l o w l y  i n t o  bowl blender onto t h e  Zirconium. 
leaves  room and c loses  door. 

While TNT-Acetone so lu t ion  is added during a 5 t o  8 minute 
per iod t h e  opera tor  places t h e  weighed Potassium Perch lo ra t e  
(100 grams) i n t o  t h e  v i b r a t i n g  screener  and a t t a c h e s . l i d .  

Operator s tops  blender ,  inspec ts  t h e  TNT-Acetone coated 
Zirconium and determines if all of t h e  TNT-Acetone s o l u t i o n  
has been added and i f  proper degree o f  t ack iness  is present .  

Note: 

While blender is motionless  t h e  opera tor  installs t h e  
v i b r a t i n g  screener ,  l ocks  in p lace ,  and i n s p e c t s  to insure 
t h a t  it w i l l  opera te  properly.  

Remotely start t h e  bowl blender and then t h e  v ibra tor  
screener. 

Operator then 

5 .  

6.  

If not, opera tor  continues blending u n t i l  des i r ed  
condi t ions a r e  met. 

7 .  

8 .  

9. . After  5 minutes, shut down t h e  blender  and v i b r a t o r ,  r e t u r n  
to cubicle and inspect. Inspec t  v i b r a t o r  screener and 
determine i f  a l l  Potassium Perch lo ra t e  has been added. 

Blend an a d d i t i o n a l  3 t o  5 minutes and then dump the contents  
by remote con t ro l ,  onto a k r a f t  paper lined t r a y .  

10. 



RLC 1477 (F~LJ.  5/19/54) 1 

REMINGTON ARMS CO. JNC. 

STANDARD fXPLOSIVES RECORD 
LAKE CITY ARSENAL 

CALIBER 

COMPONENT Incend ia ry  Mixture IM-982 
CONST,TUENr P o t  assiaun P e r c h l o r a t e ,  
TNT-Acetone Solution, & Zirconium 

Explosives Record No-- BdQJCffl, - - 57 

Operation No 3 
Date 8- 10-60 

Sheet N o  2 of 2 

Reylrion No. 

Revirion Date 

OPERAT~ON 
Manufacture IM-9g2 

PROCEDURE: 
11. Remove IM-982 mixture t o  d r y i n g  room and whi le  behind a 

s h i e l d ,  break up any small lumpd presen t  by g e n t l e  hand 
a c t  ion 

12. Allow t h e  Acetone to e v a p o r a t e  from t h e  ZBL.982 mixture f o r  
a 16 hour p e r i o d  8 100 2 loop. 

Transfer dry IM-982 to conduct ive  rubber  cups t o  con ta in  1 /2  
lb IM-982 each. 

P l a c e  l i d s  on conduct ive  rubber  cups apd i d e n t i f y  w i t h  d a t e  
o f  manufacture. 

\ 
13. 

14. 

Note: M o i s t u r e  content shall n o t  exceed 0 . s .  

The apparent  density angle o f  r epose ,  and chemical 
analysis of t h e  IM-982 s h a l l  be obtained approximateL7 
every 25 batches  (100 l b s ) .  

A w r i t t e n  r eco rd  should be maintained showing L C A  
and vendor lot numbers of each chemical  used on a 
particular d a t e  of IM-982 manufacture and the mois ture  
con ten t  of  t h e  dry IN-982. 

15, P l a c e  f i l l e d  cups i n  & u n i t  c a r r i e r  and t r a n s f e r  c a g r i e r s  t o  
s t o r a g e  in n e a t  rows a t  a minimum t empera ture  of 80 F. 

COLOR I D E N T I F I C A T I O N  OF CUP:, 

IM-982 ( 2  c o l o r  bands) 
Green 1/2" wide with 
Orange 1/2" wide . , ,. ' ,': . - - - . -  '..> ' -. 

* , I  . 

PAGE 

I 

COMPILED BY DATE APPROVED BY APPROYEO BY 
u 

DATE 
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REMINGTON ARMS CO. INC. 

STANDARD EXPLOSIVES RECORD 
LAKE CITY ARSENAL 

CALIBER 

COMPONENT 

CONSTITUENT 

Incendiary Mixture IM-982 
A c e t  one and Tr in i t ro to luene  
(TEJT) 

1 

BOOK IJO, 57 Explosives Record No- - __ 
Operation No, 2 

Date 8-10-60 
1 6 f  1 S h d  NO 

Ravliion No 

Explosives Record No- BOOK - __ IJO, 57 

Operation No 

Date--# 8-10-60 
1 6 f  1 S h d  NO 

I Ravliion No 

Revirion Date 

OPERA TI ON 
MAKE TNT-ACETONE SOLUTION 

- 
PROCEDURE 

SAFETY NOTE: Prolonged breathing of Acetone Vapors 
should be avoided. 
TNT is a high explosive.  

1. 

2-, 

Measure 5000 cc Acetone into solution mixing conta iner .  

Add 6 l b ,  4 oz (2835 gram), one container TNT, to t h e  Acetone 
i n  t h e  solution mixing container. 

3 .  

4. 

5 .  

6.  

7. 

Agitate until TPJT i s  completely dissolved.  

Measure 272.5 cc of this TNT-Acetone so lu t ion  from t h e  
so lu t ion  mixing conta iner  and transfer t o  a batch container. 
Place vapor-tite l i d  on batch container. 

Repeat step 4 u n t i l  batch containers have been f i l l e d  and lids 
applied . 
Chalk l o t  number of TMT and the  d a t e  that so lu t ion  w a s  made 
on l i d  of each c o n t z i n e r .  

Store i n  cool  place u n t i l  needed in  productlon. 

COMPILED BY APPROVED BY DATE APPROVED BY DATE PAGE 
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i 

ziww: 57 REMINGTON ARMS CO. INC. 

STANDARD EXPLOSIVES RECORD 
LAKE CITY ARSENAL Explosives Record No- -. 

1 
8-1040 

Operation No 

D a b  CALIBER H 
COMPONENT Incendiary Mixture IM-982 I Sheet No. 1 o f  1 

Acetone, Potassium Revltion No. 

Revision &to 

Perchlora te ,  
Tr in i t ro to luene  (TFJT) , & Zirconium 

OPERATIION 
-- 

- -- 
PREPARB C H E M I C A L S  

PROCEDURE 
ACE TOME 

1. Transf6zx- one 5 gallon approved vapor - t i t e  s a f e t y  conta iner  
of Acetone t o  TNT-Acetone Solu t ion  Room. 

POTASSIUM PERCHLORATE 

1. Transfeir:: one drum of Potassium Perchlora te  t o  t h e  mixture 
1 manufacturing room. Granulate t h r u  a 30 mesh s ieve.  

2. 

3 .  

4. 

1. 

2. 

3 .  

I t .  

1. 

Weigh 100 grams ?.otassium Rerchlorate  i n t o  each conductive 
rubber con ta ine r  . 
Identify con ten t s  as t o  l o t  number, weight and date .  

Transfer conductive rubber containers t o  se rv ice  storage. 

TRINITROTOLUENE (TNT) 

Transfer one 50 pound conta iner  TNT to TNT-Acetone Solu t ion  
room. 

Weigh i n t o  each conduct ive  rubber con ta ine r ,  6 lb 
Place remaining TNT i n  $PARI3 container  i d e n t i f y i n g  a s  t o  da te  
and l o t  number. 

4 O L  TNT. 

I d e n t i e  each conta iner  holding TNT as to l o t  number, da t e  
and weight . 
Place i n  serv ice  s torage  un t i l  required f o r  production use. 

ZIRCONIUM 

Transfer _ .  one Container Zirconium t o  Operator room. 

APPROVED BY PAGE DATE _- COMPILED BY 

CHECKED BY l a 2 7  
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REMINGTON ARMS CO. INC. 

STANDARD EXPLOSIVES RECORD 
LAKE CITY ARSENAL 

CALIBER 

COMPONENT Incendiary Mixture IM-982 

Trini t rotoluene (TNT) & Zirconium 
CONSTITUENT Acetone, Potassium Perchlorate, 

-- 
I 

COMPOS1 TJONS 

I 
I 

I 

Oparation No 

8-10-60. 
1 of 1 

Data 

S?teet No. 

Revlslon No 

Revliion Data 

This Process  Record covers t h e  manufacture of IM-982, an 
i ncend ia ry  mixture. 

-. -.... -- TABLE . ... . -1- 

Trin i t ro to luene  - Acetone Solut isn 

CHEXICAL 1 AMOUNT/BATCH $ BY WEIGHT 
I 

Tqini t ro to luene  (TNT) 6 lb 4 oz (2835 gm) 41 . 848 

TNT-Acetone Solu t ion  I 6775 ce (6775 gm) 100.0 
Acetone 5000 cc (394 0 m) 58.152 

I 1  1 

The dens i ty  of  t h i s  solution i s  about 1 grap/cc. 
0.42 &m TNT p e r  cc of  solution. 

It contains . 

T A B U  11. 

IM-982 Composition 

C W I C A L  AMOUIQT/BATCH 9% BY WEIGHT 

TNT-Ac e t  one Solution 272.5 c c  (l) 6.31 
Z ir c onium 1600 gram 88.18 

- Potassium Perchlorat  e 100 gram 5 0 5 1  

(1) The TNT content is 0.42 gm/cc. During manufacture o f  t he  
IM-982, t h e  Acetone is evaporated and will not  be present  
i n  t h e  f i n a l  composition. 

L I COMPILED BY I DATE 11 APPROVED BY 1 DATE 11 APPROVED BY I DATE 11 PAGE 
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/-----j-CAPSULE DISC- 7259034 
D (1-91 EOCCOP-5358 
E 1 1 - 3 1  ~ O - L C O P - ~ I Z ~  

r l l l C O - L C O P - 5 4 6 5  

0 11-31 L o - L t O P - 5 5 0 3  

e- 

I- 
9 
X 

to (z 

i 
/ 

/CAPSULE SEAL- 7259033 

63 

NOTE 2 

NOTES:- - -  
I- SPECIFICATICNS MIL -A-2550  AND LCA-PO-37  APPLY. 

07 L- ( V I A L  W t l b H l  5.b ClMLIMb \ V U  bHUIN5I MINIMUM. CHARGE (OR EACH INCREMENTIT0 BE u CONSOLIDATE0 AT A MINIMUM PRESSURE OF I 1.000 PSIIMIN DWELL TIME 0.10 SECONDS). 
MAXIMUM MOISTURE CONTENT AT L3ACl2G ETATION 05%. ADVISORY. CHARGE MAY CONTAIN 

MAXIMUM OF 2% GUM ARABlC.CLASS C.SPEC J J J - A - 2 0  AS A BINMR-LUBRICANT. 
5 -  PETN. SPEC MIL -P-387 .  TOTAL WEIGHT I 6 2  GRAMS 125 GRAINS1 MINIMUM CHARGE ( O R  

E A C H  INCREMENT) TO BE CONSOLIDATED AT A MINIMUM PRESSURE OF 10.000 PSI ( M I N  
D W E L L  T I M E  0 0 5  SECONDS1 M A X I M U M  M O I S T U R E  C O N T E N T  AT L O A D I N G  
STATION 0 5 Yo ADVISORY PETN M4Y CONTAIN UP TO 5 %  MAXIMUM OF CALCIUM RESINATE, SPEC MIL-C-20470, 
AND/OR 
MIL- G- I55 

4 -  CRIMP MUST SEAT C A E U L E  SEAL AN0 CAPSULE DISC TIGHTLY AGAINST CHARGE. SLIGHT BULGE PERMITTED 
EXCEPT THAT CAPSULE SEAL AND DISC SHALL NOT PROTRUDE ABOVE OUTER SURFACE OF C A P W E  BODY. 

CALCIUM STEARATE, SPEC JAN-C-263, AND/OR GUM ARABIC, SPEC JJJ-A-LO, AND/OR GRAPHITE, SPEC 

h , . 

NCO REPR~~UCED EITHER W ~ L L Y  OR PART 
EWEPT W E N  WTHORlZED IN CONNECTIOU WITH 
UNITED STATES GOVERNMENT PROCUREUENT. 

' ASSEMBLY 
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&TlCtl-hr G0vvrn-W dmvings, spscificatims, or other data-or* 
m.al any purpose d h r  t b n  in comuctiorr with a dofinitoly mlotrd 
b m n +  pocvrmmat opfitim, tha Ueitod Stan. Govcmarnt there- 
by - m o  ro$pomIbitity o n y  eblieotion whatswver; and tho foct 
r)loc ch. cI*.mmn, rmy ha- formulotod, fwnirhd, or in ony m y  sup- 
p l i d  tho r i d  drswingc, spoc i f ico t ims,  of other dota, is  not $0 be r e -  + by l.plicdion or othoruise oa in ony mannnliconsing tho holder 

otion, or carrsying any rights EW parmission DI any o h  pmsor 
te 1l.cwfoctut0, use or se I any patented imention that n a y  in  any w a y  a -r 

c CHEMICAL ANALYSIS 1NGREDIENTS % DRY WEIGHT 

PHOSPHOR US, RED, STABILIZED, SPEC JAN -P-670- 70.0 f; 2.5 
PROPELLANT, SPEC MIL-P-3984, TYPE If, CLASS 3 - 30.05 2.5 

NOTE: - 
' 1. SPECiFlGATlON M I L - A - 2 5 5 0  APPLIES. 

I 

PHY 5 tCAL ESS OTHERWISE SPECIFIED 
ENSIONS ARE IN INCHES , PROPERTIES 

$ 1  

INDEPENDENCE, MSOURI , 
I' 

r 
I---- 

I 

i 
____ __ 

I 

C 72 5 9 031 

S E E  ENGINEERING 
RECORDS 

V C - 
TRACER 

I 
! 

i 
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,. . 
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Army NRC License No. SUC 1380 
Cabrera NRC License No. 06-30556-01 

CABKERA SERVICES, INC. Appendix B 



111 NRC 374 

U.S. NUCLEAR REGULATORY COMMISSION 
PAGE 1 OF 4 PAGES 

Amendment No. 43 

MATERIALS LICENSE 
Pursuant to the Atomic Energy Act of 1954, as amended, the Energy Reorganization Act of 1974 (Public Law 93438). and Title 10, Code 
of Federal Regulations, Chapter I ,  Parts 30. 31. 32. 33. 34, 35, 36, 39, 40, and 70, and in reliance on statements and representations 
heretofore made by the licensee, a license is hereby issued authorizing the licensee to receive. acquire, possess, and transfer byproduct, 
source, and special nuclear material designated below; to use such material for the purpose@) and at the place(s) designated below; to 
deiiver or transfer such material to persons authorized to receive it in accordancewith the regulations of the applicable Part(s). This license 
shall be deemed to contain the conditions specified in Section 183 of the Atomic Energy Act of 1954, as amended, and is subject to all 
applicable rules, regulations. and orders of the Nuclear Regulatory Commission now or hereafter in effect and to any conditions specified 
below. 

Licensee In accordance with applications dated 
April 24, 2003 and March 4, 2004, 
3. License number SUC-1380 is renewed in 
its entirety to read as follows: 

I .  Department of the Army 

2. HQ, US Army Field Support Command 4. Expiration date May 31, 2014 
ATTN: AMSFS-SF 
1 Rock Island Arsenal 
Rock Island, I t  61299-6500 

6. Byproduct. source, and/or special 7. Chemical and/or physical form 
nuclear miterial 

A. Depleted uranium & A. Cq2,000,000 Kilograms 

6. Depleted uranium 

9. Authorized Use: 

A. To be used for rece 
components and for 
March 4, 2004. 

I O .  A. 

CONDITIONS 

Licensed material listed in subitem 7.A. may be stored in bulk quantities at the Seneca Army Depot, 
Romulus, New York; Hawthorne Army Ammunition Plant, Hawthorne, Nevada; the Letterkenny Army 
Depot, Charnbersburg, PennsyJvania; Crane Army Activity, Crane, Indiana; Bluegrass Army Depot, 
Richmond, Kentucky; Anniston Army Depot, Anniston, Alabama; Tooele Army Depot, Tooele, Utah; 
McAlester Army Ammunition Plant, McAlester, Oklahoma; and Red River Army Depot, Texarkana, 
Texas. Licensed material for deployment may be stored at non-bulk locations at U.S. Army bases 
anywhere in the United States. 



NRC FORM 374A U.S. NUCLEAR REGUIATLRY COMMlSSlON I PAGE 2 cii 4 FfiGES 

subject License Number I SUC-1380 

MATERIALS LICENSE 
SUPPLEMENTARY SHEET 

Dockel or Reference Numher 
040-08767, SUB-1195 I 1 Amendment No. 43 

8. Licensed material listed in Subitem 7.B. may be stored at the Lake City Army Ammunition plant, 
(LCAAP) Independence, Missouri. incident to decommissioning of facilities. 

I The licensee is authorized to remediate Area 10 of LCAAP in accordance with the licensee's 
"Lake City Army Ammunition Plant Area 10 (Sandpile) Radioactive Contaminated Soil 
Decommissioning Plan." Revision 5.1, dated April 22, 1998. The licensee shall use the 
unrestricted use criteria listed in "Guidance for Decontamination of Facilities and Equipment 

product, Source, or 
d the Branch Technical 
from Past Operations," 

1 mi or smaller area 
vel over 1 m' or smaller 

for 

e background at 1 meter 
Exposure rate: 
Soils - 2.6 
Equipment and buildings - i.3m&kg/hr (5 uR/hrj aDove background at 1 meter. 

ii. Once the small sand piles are removed, the licensee shall perform a 100-percent surface scan, 
collect four samples per 10-meter by 10-meter grid, and perform an exposure rate 
measurement one meter above the ground surface. For the large sand pile the license shall 
perform a 100-percent scan of this material as it is being conveyed to the large storage sacks. 
Further, the licensee will collect one sample per 3- cubic meters (105-cubic feet). This is 
approxima!ely four samples per a 10-meter by 10- meter grid. Once the large sand pile has 
been removed. the licensee shall perform a 100-percent surface scan, collect four samples per 
each 10-meter by 10-meter grid, and perform an exposure rate measurement one meter above 
the ground surface. 



r 
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subject License vumber 
SUC-1380 
Docket or Reference Number 

040-08767, SUB-1195 
MATERIALS LICENSE 
SUPPLEMENTARY SHEET 

Amendment No. 43 

v 

13. 

12. 

13 

A. 

B. 

C .  

iii. Downwind area air sampling shall be performed when work activities would cause the potential 
of producing airborne radioactivity, such as earth moving. 

iv. The procedure for licensee-initiated and approved changes as described in Revision 5.1 to the 
LCAAP Area 10 (Sandpile) Radioactive Contaminated Soil Decommissioning Plan, dated April 
22, 1998, may be used provided that: 

s that would result In an 
on, or changes that would have 

ect on the quality emediation objectives, or 

v The licenseehall 

By product , Source 
se or Srminatron of License for 

s of b M i n g s  and equipment. 

Licensed material sh&e 
or GaryW Buckrop V 

s e n e  A Graham, Kelly Crooks, 

The Aliernative Radiaiion Safety ary W. Buckrop. 

This license does not authorize the firing of ammunition containing licensed, material. 

The license shall not store more than 10,000,000 kilograms of licensed material at each bulk location and 
not more than 50,000 kilograms at each non-bulk storage location. 



Except as specifically provided otherwise in this license, the licensee shall conduct its program in 
accordance with the statements, representations, and procedures contained in the documents, including 
any enclosures, listed below. The U.S. Nuclear Regulatory Commission's regulations shall govern unless 
the statements, representations, and procedures in the licensee's application and correspondence are 
more restrictive than the regulaticns. 

A. Application dated March 4, 2004; and 

Letters dated 
enclosures). 

Date 

P 

ifion cover- letter with 

FOR THE U.S. NUCLEAR REGULATORY COMMISSION 

Materials Licensing Branch 
Region I l l  



UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

REGION 111 
E21 WARRENVILLE ROAD 

LISLE, ILLINO!S 605324351 

Department of the Army 
HQ, US Army Field Support Command 

1 Rock Island Arsenal 
Rock Island, IL 61299-6500 

ATTN: AMSFS-SF 

Dear Commander: 

Enclosed is Amendment No. 43, renewing your NRC Material License No. SUC-1380 in 
accordance with your request. 

Please review the enclosed document carefully and be sure that you understand all conditions. 
If there are any errors or questions, please notify the U.S. Nuclear Regulatory Commission, 
Region Ill office at (630) 829-9887 so that we can provide appropriate corrections and answers 

Please be advised that your license expires at the end of the day, in the month, and year stated 
in the license. Unless your license has been terminated, you must conduct your program 
involving byproduct materials in accordance with the conditions of your NRC license, 
representations made in pour license application, and NRC regulations. In particular, note that 
you must: 

1. 

W 

Operate in accordance with NRC regulations 10 CFR Part 19, "Notices, Instructions and 
Reports to Workers; Inspections," 10 CFR Part 20, "Standards for Protection Against 
Radiation," and other applicable regulations. 

2. Notify NRC, in writing, within 30 days: 

a. When the Radiation Safety Officer permanently discontinues performance cf 
duties under the license or has a name change; or 

b. When the mailing address listed on the license changes. 

3. In accordance with 10 CFR 30.36(b) and/or license condition, notify NRC, promptly, in 
writing, and request termination of the license: 

a ,  When you decide to terminate all activities involving materials authorized under 
the license; or 

b. If you decide not to complete the facility, acquire equipment, or possess and use 
authorized material. 

4. Request and obtain a license amendment before you: 

a. Change Radiation Safety Officers; 



Commander 
L 

2 

b. Order byproduct material in excess of the zrnount. or radionuclide. or form 
different than authorized on the license; 

c. Add or change the areas of use or address or addresses of use identified in the 
license application or on the license; or 

d .  Change ownership of your organization. 

5.  Submit a complete renewal application or termination request at least 30 days before 
the expiration date of your license. You will receive a reminder notice approximately 90 
days before the expiration date. Possession of byproduct material after y o u  license 
expires is a violation of NRC regulations. A license will not normally be renewed, except 
on a case-by-case basis, in instances where licensed material has never been 
possessed or used. 

In addition, please note that NRC Form 313 requires the applicant, by hidher signature, to 
verify that the applicant understands that all statements contained in the application are true 
and correct to the besl of the applicant's knowledge. The signatory for the application should 
be the licensee or certifying official rather than a consultant. 

You will be periodically inspected by NRC. Failure to conduct your program in acccrdance with 
NRC regulations, license conditions, and representations made in your license application and 
supplemental correspondence with NRC will result in enforcement action against you. This 
could include issuance of a notice of violation, or imposition of a civil penalty, or an order 
suspending, modifying or revoking your license as specified in the General Stateinent of Policy 
and Procedure for NRC Enforcement Actions. Since serious consequences to employees and 
the public can result from failure to comply with NRC requirements, prompt and vigorous 
enforcement action will be taken when dealing with licensees who do not achieve the necessary 
meticulous attention to detail and the high standard of compliance which NRC expects of its 
licensees. 

- 

Sincerely, 

Loren J. Hueter 
Materials Licensing Branch 

License No. SUC-I 380 
Docket No. 040-08767 

Enclosure: Amendment No. 43 



Ill NRC 374 
US.  NUCLEAR REGULATORY COMMISSION 

PAGE 1 OF 5 PAGES 
Amendment No. 01 

MATERIALS LICENSE 
Pursuant to the Atomic Energy Act of 1954, as amended, the Energy Reorganization Act of 1974 (Public Law 93-438), and Title 10, Code 
of Federal Regulations, Chapter I, Parts 30, 31, 32, 33, 34,35, 36, 39, 40, and 70, and in reliance on statements and representations 
heretofore made by the licensee, a license is hereby issued authorizing the licensee to receive, acquire, possess, and transfer byproduct, 
source, and special nuclear material designated below; to use such material for the purpose(s) and a i  the place(s) designated below; to 
deliver or transfer such material to persons authorized to receive it in accordance with the regulations of the applicable Part(s). This license 
shall be deemed to contain the conditions specified in Section 183 of the Atomic Energy Act of 1954, as amended, and is subject to all 
applicable rules, regulations, and orders of the Nuclear Regulatory Commission now or hereafter in effect and to any conditions specified 
below. 

- 
Licensee In accordance with letter dated 

September 20,2004, 
3. License number 06-30556-01 is amended in I. Cabrera Services, lnc. 

2. 473 Silver Lane 

to read as follows: 

4. E x p i r a t i a d e  dune 30, 201 0 

Ill 

i 
6. 

A. 

B.  

C. 

D. 

Byproduct. source, and/or s b a l  
nuclear material 

xirnurn amount that licensee may 

Any byproduct material 

Uranium and Thorium 

Any special nuclear mate D. 200 grams uranium-233, or 
350 grams uranium-235, or 
200 grams plutonium, or any 
combination of these provided 
the sum of the ratios does not 
exceed unity 

9.Authorized use: 

A through D: Receipt, storage, use, and/or possession incident to the following activities: 
(1 ) Decontamination, decommissioning, and remediation of facilities and grounds, equipment, and 

containers; 
(2) Site characterization; 
(3) Solidification and treatment of wastes; 
(4) Packaging for transport; 

Ill 
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License Number 
06-30556-01 
Dodtet or Reference Number 
030-3531 6 

MATERIALS LICENSE 
S U PP L E M E NTARY S HEET 

Amendment No. 01 m 
Ill I 

(5) Transport in packages or containers approved for use under the provisions of 10 CFR Part 71, for 
transfer to licensees authorized to receive the materials, in accordance with the terms and conditions 
of licenses issued by the NRC or an Agreement States; and 

(6) As calibration sources and reference standards for operational testing of radiation detection 
equipment. 

b e@NWmq 
10. Licensed material may be use 6 at temporary job sites of t h e e  ee anywhere in the United States 

where the U.S. Nuclear Re 9 ry Commission maintains jurisdicti 26 regulating the use of licensed 
material. 9 4) 

11. A. Licensed material -1 be’ktsed by, or under the superv i s iomore& Cabrera, Raymond E. 
Holmes; Steven M&@Ai, Pa’uI H. 

B. The Radiation S 

I at each temporary 
Y 

12. Except for calibration m r c e s  
job site shall be limite 
authorized recipient or 

13. This license does not a 
specifically authorized 
an Agreement State, t 
customer specifying which l i  er’s license and 
supervision, and which k e n  upervision pursuant to 
this license. The agreemen er to ensure safety, 
and any commitments by the licensee to help the customer clean up the temporary job site if there is an 
accident. A copy of the this agreement shall be included in the notification required by Condition 17.A. of 
this license. 

14. Pursuant to 10 CFR Parts 30.11,40.14, 70.14, and Condition 10 of this license, the licensee is exempted 
from the requirements of 10 CFR Parts 30.35, 40.36 and 70.25 to establish decommissioning financial 
assurance. 

15. Notwithstanding the requirements in 10 CFR Parts 30.32(i), 40.31(j), and 70.22(i), the licensee is not 
required to establish an emergency plan. Before taking possession of licensed material at a temporary job 
site in quantities requiring an emergency plan, the licensee shall either: 

(1) Obtain NRC approval of an evaluation demonstrating that an emergency plan is not required pursuant 
to 10 CFR Parts 30.32(i), 40.31 Cj), and 70.22(i); or 

b sites for uses already 
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License Number 
06-30556-01 n MATERIALS LICENSE 

SUPPLEMENTARY SHEET 
Docket or Reference Number 
030-353 16 I 

IAmendrnent No. 01 

Ill 
I 

(2) Submit written confirmation to the Regional Administrator, U.S. Nuclear Regulatory Commission, 
Region I ,  ATTN: Director, Division of Nuclear Materials Safety, 475 Allendale Road, King of Prussia, 
Pennsylvania 19406, that the licensee personnel have been trained and will follow the provisions of an 
existing emergency plan approved by the NRC or an Agreement State for the temporary job site. 

16. 

17. 

i 1 a. 

If approved by the Radiation Safety Officer specifically identified in this license, the licensee may take 

procedure specified in 10 C 

(5 )  Identification 

Within 30 days of co 
Regional Ad ministrat 
Nuclear Materials Sa 

6. 
ctor, Division of 

The licensee shall maintain records of information important to decommissioning each temporary job site at 
the applicable job site pursuant to 10 CFR Parts 30.35(g), 40.36(f), and 70.25(g). The records shall be 
made available to the customer upon request. At the completion of activities at a temporary job site, the 
licensee shall transfer these records to the customer for retention. 

19. Licensed material shall not be used in or on human beings. 

20. A. Sealed sources shall be tested for leakage and/or contamination at intervals not to exceed the 
intervals specified in the certificate of registration issued by the U.S. Nuclear Regulatory Commission 
under 10 CFR 32.210 or under equivalent regulations of an Agreement State. 

Notwithstanding Paragraph A of this Condition, sealed sources designed to primarily emit alpha 
particles shall be tested for leakage and/or contamination at intervals not to exceed 3 months. 

B. 
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MATERIALS LICENSE 
SUPPLEMENTARY SHEET 

License Number 

Docket or Reference Number 
030-3531 6 

Amendment No. 01 

- 

21. 

22. 

23. 

C. 

D. 

E. 

F. 

G. 

H.  

In the absence of a certificate from a transferor indicating that a leak test has been made within the 
intervals specified in the certificate of registration issued by the U.S. Nuclear Regulatory Commission 
under 10 CFR 32.210 or under equivalent regulations of an Agreement State, prior to the transfer, a 
sealed source received from another person shall not be put into use until tested and the test results 
received. 

Sealed sources need not be tested if th 

beta- and/or gamma-emittin -emitting material. 

in only a radioactive 
n ,100 microcuries of 

; however, when they 
have not been tested within the 

d source shall be 
d/or con tam ina tion. 

(1 85 becquerels) of 

ource shall be removed 
accordance with 

the U.S. Nuclear 
0.005 microcurie 

i n and analysis, shall be 
the U.S. Nuclear Regulatory 

Records of leak test results shall ra)lcuries and shall be maintained for 5 years. 

Sealed sources or detector cells containing licensed material shall not be opened or sources removed from 
source holders by the licensee. 

The licensee shall conduct a physical inventory every six months, or at other intervals approved by the 
U.S. Nuclear Regulatory Commission, to account for all sources and/or devices received and possessed 
under the license. Records of inventories shall be maintained for 5 years from the date of each inventory 
and shall include the radionuclides, quantities, manufacturer's name and model numbers, and the date of 
the inventory. 

The licensee is authorized to transport licensed material in accordance with the provisions of 
10 CFR Part 71, "Packaging and Transportation of Radioactive Material." 

4 

1 
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24. Except as specifically provided otherwise in this license, the licensee shall conduct its program in 
accordance with the statements, representations, and procedures contained in the documents, including 
any enclosures, listed below. The U.S. Nuclear Regulatory Commission’s regulations shall govern unless 
the statements, representations, and procedures in the licensee’s application and correspondence are 
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License Number 
06-30556-0 I 
Docket or Reference Number 
030-3531 6 

Amendment No. 01 

more restrictive than the regulations. 

A. Application dated February 20,2000 
B. Letter dated May 27, 2000 

I 

Date - Seotember 28. 2004 

For the U.S. N u u a r  Regulatory Commission 

Sattar Lodhi, Ph.D. 
Nuclear Materials Safety Branch 2 
Division of Nuclear Materials Safety 
Region I 
King of Prussia, Pennsylvania 19406 

85140782 
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Area 31 Final Status Survey DRAFT 
Work Plan Addendum 

CABRERA STANDARD OPERATING PROCEDURES 
L 

OP-004: Unconditional Release of Malerialsfiom Radiological Conlrol Areas. Rev. 1. July 
4, 2005. 

OP-005: Volumelric and Material Sampling, Rev. 0. January 24, 2000 

OP-008: Chain of Custody. Rev. 0. January 24, 2000. 

OP-009: Use and Control of Radioactive Check Sources. Rev. 0. January 24, 2000 

OP-018: Decontaminalion of Equipment and Tools. Rev. 0. January 24, 2000. 

OP-05 1 : Trimble Pro M/XXS Opel-alional Procedure. Rev. 0. July 2,2003. 

CABRERA SERVICES, INC. Appendix C 
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APPENDIX D: SCAN SENSITIVITY CALCULATIONS 

DU Projectile 
DU Distributed in Soil 

CABRERA SERVICES, INC. Appendix D 



BREMSSTRAHLUNG ESTIMATOR 

Beta Emitter 
Estimated Beta Emitter Activity Being 
Converted Into Bremsstrahlung, pCi 
Betal (Max MeV) 
Betal Abundance, (%) 
Beta2 (Max MeV) 
Beta2 Abundance, ( O h )  

Shield Material 

Shield Material Atomic Number, Z 

Fraction of Beta converted into 
B re msstra h I u ng 

5.70E+O-l 

looo/o NOTE!! : ONLY ENTER 1 BETA PARTICLE AT A TIME; SUM MULTIPLE 
DOSE RATE FROM EACH RESPECTIVE BETA PARTICLE FOR TOTAL 

DOSE 

Common Z's: Water 7.22; Tissue - 7.5; AI - 13; Si - 14; Fe - 26; Cu - 29; Zn - 
30: Pb - 82: U - 92 

Fraction of incident beta converted into photons, f = 3.5E-4ZE where Z = at 
number of absorber, E = max energy of beta particle, MeV "lntro to Health T I  

Bremsstrahluna Dhoton flux. ohotonslsec M Physics", H. Cernber, Chapter 5 pg 118 

Bremstrahlung from isotopic beta sources shows average energy of 
bremsstrahlung - 114 Emax Gollnick 2nd ed. 1992, pg 388 0.570 

Assume beta activity is a point source and converted to photon dose using 
6CEn = RfHr @ 1 Ft per Ci 

U I  . I  

Average Energy of Bremsstrahlung, MeV 

Dose Rate, mWHr @! I Ft this source 
Dose Rate, pRIHr @ 1 Ft this source 
Dose Rate, mWHr @! 1 m this source 



MicroShield v5.05 (5.05-00136) 
Cabrera Services, Inc. 

Page : 1 
\OS File : Case1 

in Date: July 7, 2006 
'Run Time: 6:08:24 PM 
Duration : 0O:OO:OO 

File Ref: 

By: 
Checked: 

Date: - 

Case Title: Brem from DU Slug 
Description: Bremsstrahlung 190 g DU slug 30 cm bgs 

Geometry: 1 - Point 

Dose Points 
X Y Z 

z 

Enerqy 
- MeV 

0.57 

TOTALS: 

# I  30 crn 0 cm 0 cm 
11.8 in 0.0 in 0.0 in 

-X 

Shields 
Shield Name Dimension Material Density 

Shield 1 30.0 cm FGR 12 Soil 1.6 
Air Gap Air 0.00122 

Source Input 
Grouping Method : User Defined Energies 

Group Enerqv Activity Point Source % Energy 
(MeV) Photons/sec Photon s/s ec Actlvlty 
0.57 1.5500e+005 I .5500e+005 100.000 

f! 
I 

Buildup 
The material reference is : Shield 1 

Results 
Fluence Rate Fluence Rate Exposure Rate Exposure Rate 

No Buildup With Buildup No Buildup With Buildup 

Activity 
photon slsec M eV/crn2/s ec MeV/cm2/sec mWhr mRlhr 

1.550e+05 1.521e-01 1.31 9e+00 2.976e-04 2.581e-03 

1.550e+05 1.521 e-01 I .319e+00 2.976e-04 2.581e-03 



Microshield v5.05 (5.05-00136) 
Cabrera Services, Inc. 

Page :I 
70s File : DUSLUGI 5.MS5 

Jn Date: July 7, 2006 
'f%n Time: 6:14:00 PM 
Duration : 0O:OO:OO 

File Ref: 
Date: 

By: 
Checked: 

Case Title: Brem from DU Slug 
Description: Bremsstrahlung 190 g DU slug 15 cm bgs 

Geometry: 1 - Point 
Y 

Dose Points x Y z 
#I 15 cm o i m  o i m  

5.9 in 0.0 in 0.0 in 
X 

Shields 
Shield Name Dimension Material Densitv 

Shield 1 15.0 cm FGR 12 Soil 1.6 
Air Gap Air 0.00122 

Source Input 
Grouping Method : User Defined Energies 

Group Energy Activity Point Source % Enerqy 
- # /MeV) Photons/sec Photon s/sec Activity 
1 0.57 1.5500e+005 1.5500e+005 100.000 

Buildup 
The material reference is : Shield I 

Resu I ts 
Fluence Rate Fluence Rate Exposure Rate Exposure Rate 

No Buildup With Buildup No Buildup With Buildup 

Enerqy 
MeV photonsisec MeV/cm2/sec MeV/cm2isec mFUhr mWhr 

0.57 1.550e+05 4.360e+00 1.707e+01 8.531 e-03 3.341 e-02 

TOTALS: I .550e+05 4.360e+00 1.707e+01 8.531e-03 3.341 e-02 

I 



Microshield v5.05 (5.05-00136) 
Cabrera Services, Inc. 

Page : 1 
30s File : DUSLUGI5.MS5 

n Date : July 7, 2006 
h t r n  Time: 6:11:04 PM 
Duration : 0O:OO:OO 

- 
Enerqy 
MeV 

0.57 

TOTALS: 

Case Title: Brem from DU Slug 
Description: Bremsstrahlung 190 g DU slug 7.5 cm bgs 

Geometry: 1 - Point 

File Ref: 
Date: 
By: 

Checked: 

Dose Points 
X Y Z 

#I 7.5cm o c m  o i m  
3.0 in 0.0 in 0.0 in 

X Shields 
Shield Name Dimension Material Density 

Shield 1 7.5 cm FGR 12 Soil 1.6 
Air Gap Air 0.001 22 

Group 
- # 
1 

Source Input 
Grouping Method : User Defined Energies 

Enerqv Activitv Point Source % Enerqy 
[MeV) Photondsec 
0.57 1.5500e+005 

Photonslsec Activity 
1.5500e+005 100.000 

Buildup 
The material reference is : Shield 1 

Results 
Activity Fluence Rate Fluence Rate Exposure Rate Exposure Rate 

mWhr mWhr photon s/sec M eV/cm2/sec MeV/crn*/sec 
No Buildup With Buildup No Buildup With Buildup 

1.550e+05 4.669e+0 1 1.032e+02 9.136e-02 2.01 9e-0 1 

1.550e+05 4.669e+01 1.032e+02 9.1 36e-02 2.019e-01 



( ( -dke City Fidler Scan for DU Slug 190 g with 30 cm soil cover 
Fluence rate to exposure rate (FRER, no units) = - (1 uR/h)/(Ey)(u,,/p)air 

Probability of interaction (P) through end of detector for given energy is 

probability = l -e- (dP)Na'  ( X )  ( P w  



i 
for Fidler G-5 12.7cm dia x 0.16 cm thick Nal crystal 

x = 0.16 cm 
p = 3.67 g/cm3 

Relative'Detector Response (RDR) = relative fluence-to-exposure rate (FRER) times probability (P) of interaction 

Estimated Fidler G-5 12.7cm dia x 0.16cm thick Nal response for Cs-137 is 1287 cpm/uR/hr 

Use same methodology and interpolating for Cs-137 response have: 

Energy,, keV (uen/P)airv cm2/g 
662 0.0294 FRER - 

Probability = 

RDR = 

0.0514 

0.04 

0.0023 



i 
For this detector the response to another energy is based on the ratio of the relative detector response, RDR to the Cs-137 energy 
cpmlw- l ,  E, = (cPm,,-l37)*(RDRE,)/(RDRc~.,37) 

TABLE 4 
I Fidler Nal Detector, E.. I 

MDC for Cs-137 energy 

Assume 10 pR/hr bkg then have 12,870 cpm 

minimum detectable exposure rate = 

b. = 214.5 
MDCR = 1212.673773 

MDCRS",,,,, = 1715 

1.33 uWhr 



Microshield Exposure 

50 I 1.221 E-I 2 1 29 1052 0 1 0 7  ._  
60 8.604 E-08 31 3006 0 0 0%" I 

Percent of 
Nal detector 

Minimum Detectable Exposure Rate = 

MDCR surveyor/(cpm/pr/hr) 
1.9 urlhr 

and MDC for total uranium and 50-year equilibrium progeny based on a normalized 1 pCi/g total uranium 

Scan MDC = (Assumed MDC U,,,,,Conc) x (Exposure Rate MDCR,,,,,,,)/(Exposure Rateassumed Cone) 

Scan MDC = 2.76 pCi/g 



Lake City Fidler Scan  for D U  @ IpCilg total U; 15 c m  thick x 28 cn( 
Fluence rate to exposure rate (FRER, no units) = - (1 uWh)/(Ey)(u,,/p)air 

.s - No Soil Cover 

2,000 

TABLE 1 

0.0413 0 02 



I 

for Fidler G-5 12.7cm dia x 0.16 crn thick Nal crystal 
x = 0.16 crn 
p = 3.67 glcrn3 

Relative Detector Response (RDR) = relative fluence-to-exposure rate (FRER) times probability (P) of interaction 

TABLE 3 

Estimated Fidler G-5 12.7cm dia x 0.16crn thick Nal response for Cs-137 is 

Use same methodology and interpolating for Cs-137 response have. 

1287 cprnluRlhr 

Energy,, keV ( M P ) ~ , ~ ,  cm2/g 
662 0 0294 FRER - 0.0514 

Energy,. keV (dp)Kal,  cm'ig 
662 0.0780 Probability = 0.04 

RDR = 0.0023 

For this detector the response to another energy is based on the ratio of the relative detector response, RDR to the Cs-137 energy 
cprn/PR/h! E, = (cprn,.,37)'(RDRE,)I(RDRC~-,37) 



I 2,000 0 0005 1 

MDC for Cs-137 energy 

Assume 10 pWhr bkg then have 12,870 cpm b, = 214.5 
MDCR = 1212.673773 

MDCR,"rv,,,, = 1715 

counts 

CPm 
CPm 

minimum detectable exposure rate = 1.33 URlhr 



Tad 
Microshield Exposure 

Percent of 
Nal detector 

Minimum Detectable Exposure Rate = 

MDCR surveyor/(cpm/pr/hr) 
0.0364 pr/hr 

MDC for total uranium and 50-year equilibrium progeny based on a normalized 1 pCiig total uranium 

Scan MDC = (Assumed MDC UToTA,Conc) x (Exposure Rate MDCRs,,.,,,)/(Exposure Rateas,umed Cone) 

Scan MDC = 4.94 pCilg 
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APPENDIX E: EXAMPLE FIELD SHEETS 

Appendix E CABRERA SERVICES, INC. 



CABRERA SERVICES 
RADIOLOGICAL. ENVIRONMENTAL * REMEDIATION 

FIELD DATA RECORD 
SURFACE I SUBSURFACE SOIL SAMPLING 

ROJECT LCAAP Area 31 Final Status Survey J O B  NUMBER 07-1001.00. Task 2a DATE 

OCATION ID ACTIVITY TIME START END CONTAINER TIME 

IELD SAMPLE ID QC SAMPLES COLLECTED 

SAMPLE DATA 

DEPTH OF SAMPLE FT (BGS) TYPE OF SOIL. 

TYPE OF SAMPLE. [=IDISCRETE  ORGANIC 
=COMPOSITE USAND 

LOCATION COORDINATES  CLAY 
UGRAVEL 

DOTHER 

RADIOLOGICAL MEASUREMENTS AT SAMPLE LOCATION 

EQUIPMENT INFORMATION 

EQUIPMENT USED DECON FLUIDS USED 

OHAND CORER/AUGER 0 0 1  WATER N2 PURGE 

O S S  SPOON OPOTABLE WATER 

O S  S SHOVEL/TROWEL DLIQUINOX SOLUTION 

O S S  SPATULA DOTHER 
OGEOPROBE 
DOTHER RINSATE BLANK ID 

BEFORE SAMPLE COLLECTION AFTER SAMPLE COLLECTION DETECTOR METER 

cpm cpm Type Type 

Serial No Serial No 

SAMPLE OBSERVATIONS (e.g., location, texIure. color, odor, etc.) 

SAMPLE ANALYSES 

PARAMETER 

a DEPLETED URANIUM (GAMMA SPEC) 

3 
7 
7 
7 

BOTTLE TYPE/ 
MET k IO D PRESERVATION VOLUME SAMPLE 
NUMBER METHOD REQUIRED COLLECTED 

EPA 901.1M None 1 Q 16 oz. plastic 0 
0 
0 
0 
0 

NOTES 

SAMPLED BY: 

RECEIVED BY- 



I I I I I I IGrabSarnple 1 


	and I discussed with you the afternoon of 9 August



