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1.0 INTRODUCTION 

This document summarizes the results of geophysical investigations conducted at eight burial 
grounds located within the 200 East and 200 West Areas of the Hanford Site. The geophysical 
investigations were perf onned by CH2M HILL, Inc., for Fluor Hanford, Inc., during August and 
September 2005. The geophysical techniques used in the investigations were ground-penetrating 
radar (GPR), electromagnetic induction (EMI), and total magnetic field methods. 

1.1 SCOPE AND OBJECTIVES 

The following specific burial grounds were investigated: 

• 218-W-lA 
• 218-W-2A 
• 218-W-11 
• 218-C-9 
• 218-E-2A 
• 218-E-5 
• 218-E-SA 
• 218-E-8. 

The geophysical surveys were reconnaissance-type surveys that were aimed at defining the 
following characteristics: 

• Locations of burial ground trench edges, ends, and centerlines 
• Locations of buried waste or other significant features/anomalies 
• Presence and extent of voids within a given trench 
• Definition of most-likely waste container type (for example, wood, metal boxes, metal 

drums, cardboard, and/or waste item) 
• Differentiation between different types of waste containers within a given trench 
• Depth of soil cover above waste items 
• Depth to trench bottom (where possible). 

1.2 BACKGROUND 

Fluor Hanford provided CH2M Hll.L with a series of Hanford Site drawings from which to 
obtain a conceptual model of each site and to develop an approach to data collection and 
interpretation. The drawings showed the locations of burial grounds in relation to other site 
features and also the best currently available infonnation as to burial trench locations within each 
burial ground. Specific drawings used for these investigations were H-2-2516, Industrial Burial 
Ground 218-W-JA; H-2-33276, Dry Waste Burial Ground 218-E-12B; H-2-55534. 218-E2, E2A. 
E4, ES. E5A, & E9 lndustrial Burial Ground Plan & Details; H-2-94250, Dry Waste Burial 
Ground 218-W-ll; and H-2-32095, 218-W-2A Industrial Burial Ground & 218-W-3 Dry Waste 
Burial Ground. 

1-1 
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1.3 GEOLOGIC SETTING 

The depth of investigation for the geophysical instruments used in this work was limited to 
approximately 3 to 4 m. Therefore, only the shallowest aspects of the Hanford Site geology are 
pertinent to this investigation. Those nspects are the Hanford fonnation and the surficial 
sediments. · 

The Hanford fonnation is the shallowest fonnation recognized at the Hanford Site and consists 
of deposits of poorly sorted gravels and coarse sands indicative of a high-energy depositional 
environment. The surficial sediments overlying the Hanford fonnation are primarily eolian loess 
interspersed with lenses of sand and mixed gravels. 

A comprehensive summary of the geology of the Hanford Site is presented in 
WHC-SD-EN-EE-004, Revised Stratigraphy for the Ringold Fonnation, Hanford Site, 
South-Central Washington. 

1-2 
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2.0 METHODOLOGY 

2.1 SURVEY GRID PARAMETERS 

CH2M HILL used civil survey coordinates shown on the site drawings provided by Fluor 
Hanford to develop base grids at each site. Base grids were created on 30 m centers throughout 
the individual sites. The coordinates of the 30 m nodes were supplied to Fluor Hanford civil 
survey personnel, who used global-positioning-system (GPS) instrumentation to stake the grids 
in the field. CH2M HILL personnel then marked data collection lines at 6 m intervals between 
the 30 m nodes using florescent pin flags. 

EMI data were collected at 1.5 m increments along lines spaced 3 m apart. Magnetic data were 
collected at 0.5-second intervals (nominally 0.5 m spacing) along lines spaced 3 m apart. 
Operators used the florescent pin flags to .. dead-reckon" data collection along and in between the 
marked lines. Data positioning along the lines was accomplished by careful pacing with the EMI 
instrument and by marking 30 m fiducials in the magnetic instrument Locations of individual 
magnetic data then were interpolated between the fiducial marks by the timing information 
recorded with the data. 

GPR line spacing varied at each burial ground. Data positioning was accomplished by marking 
fiducial locations at the 30 m marks. 

The geophysical data plots are presented in local grid coordinates. The local grids generally 
were established by assigning to the southwestern-most grid node the arbitrary location of 
North 100, East 100 (NlOO/ElOO). Positions then were measured from this local origin positive 
north and positive east. In some instances, the grids were expanded after establishment, and 
therefore have coordinates less than NlOO/ElOO. The interpretation drawings for each site show 
Washington State Plane coordinates (in meters) for selected grid nodes, allowing a tie between 
them and the local grid coordinates. 

2.2 GEOPHYSICAL METHODS 

The geophysical techniques used in the investigations were the GPR, EMI, and total magnetic 
field (magnetic) methods. These methods were selected because they are cost effective, 
nonintrusive, and have been successful in similar waste characterization projects conducted at 
the Hanford Site. 

2-1 
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2.2.1 Frequency-Domain Electromagnetic Induction 

The Geonics EM3 l Terrain Conductivity Meter1 is a frequency domain EMI instrument that is 
designed to measure the apparent electrical conductivity of soil and to detect ferrous and 
nonferrous metal objects to a depth of approximately 3 to 4 m (in ideal situations). The EM31 
consists of a transmitter coil and receiver coil at either end of a 4 m-long boom. The transmitter 
generates pulses of electromagnetic energy (the primary field) at regular intervals that are 
transmitted into the ground, where they induce eddy currents in electrically conductive material 
(soil and/or metal objects). The induced eddy currents generate their own electromagnetic field 
(the secondary field) that transmits back towards the instrument. The receiver coil on the EM31 
measures and records the strength of the secondary field both in-phase and out-of-phase with the 
primary field transmitter. The in-phase component of the measurement is most strongly 
influenced by the presence of metallic objects in the subsurface, while the out-of-phase 
component (quadrature component) is directly related to the electrical conductivity of the 
surrounding soil. 

The in-phase component reading is given in parts per thousands (ppt) of the amplitude of the 
secondary signal to the primary signal. The out-of-phase component reading is given in units of 
electrical conductivity (milliSiemens per meter [mS/m]), which is the apparent conductivity of 
the soil in the vicinity of the instrument, assuming homogeneous conditions. This assumption 
becomes less valid in the presence of metal or other significant conductivity changes. However, 
generally it is the contrasts in conductivities that are used for interpretation, not the absolute 
values, so the validity of the assumption usually is irrelevant. 

The EM31 is an ideal instrument for waste site characterization because of the relative speed and 
ease with which it can cover an area. The normal mode of operation is to mark out regularly 
spaced data collection lines and then walk down the lines with the instrument held at hip height, 
collecting data at regularly spaced intervals. Both the in-phase and out-of-phase (terrain 
conductivity) measurements are collected and plotted for analysis. The instrument is most useful 
for locating large concentrations of buried metallic objects and for detecting subtle shifts in 
background soil properties. While the EM31 is capable of detecting drum-size metallic objects 
to a depth of 3 to 4 m in ideal situations, the lateral resolution of the position of detected objects 
is on the order of+/- 1 m. · 

Conditions that limit the detection capability of the EM31 include high background soil 
conductivities and proximity to cultural interference such as buildings and fences. High soil 
conductivities have the effect of limiting the depth of investigation of the instrument, because 
they significantly attenuate the propagation of the primary and secondary fields. (This is the 
same phenomenon that limits GPR depth of investigation in areas of high soil conductivity.) 
Large, metatlic surf ace cultural features can effectively swamp the signal of the EM31 out to a 
distance of approximately 5 to 7 m. Sites with a significant number of buried utilities also may 
generate data that are difficult to interpret. 

1 Geonics EM3 l is a trademark of Geonics Limited, Mississauga, Ontario, Canada. 

·2-2 
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2.2.1.1 EM31 Data Collection Procedures 

Data collection procedures are discussed in detail in EM31 Terrain Conductivity Operating 
Manual (Geonics, 1994). EM31 has the following specific key data collection and processing 
attributes: 

• Perfonn functional checks as outlined in the manufacturer-supplied operator's manual 

• Collect data along profiles that are spaced a predetennined distance apart (data points are 
located at evenly spaced distances along the individual profiles) 

• Estimate visually or pace the location of data points collected between surveyed grid 
points. 

2.2.1.2 EM31 Data Processing Procedures 

The EM31 has the following specific data processing parameters: 

• Edit data for mislabeled lines, view in raw fonn along each profile, and convert to 
XYZ.dat files 

• Contour the data with the grid nodes at the actual data points (with close-spaced data) 
using Golden Software's Surfer2 or equivalent. 

2.2.2 Total Magnetic Field/ Vertical Gradient 

A magnetometer measures the intensity of the earth's magnetic field. The presence of ferrous 
material, man-made or natural, creates local variations in the strength of the earth's overall 
magnetic field. These variations are proportional to several factors, including the mass of the 
ferrous material and the distance between the ferrous material and the detector. The distance is 
significant, because it changes the response by a factor of one over the distance cubed. The 
primary measurement that will be taken is the total magnetic field (TMF) intensity. The TMF, as 
the name implies, is a summation of all of the magnetic variables around the sensor. When the 
ferromagnetic sources are close to the detector, large variations in the TMF can occur. 
Therefore, it often is difficult to differentiate individual anomalies based on the TMF alone. 

To improve the resolution of a magnetic survey, the magnetic gradient a)so can be measured. 
This is accomplished by making two simultaneous TMF measurements at each data point, using 
two sensors separated by a fixed vertical distance. The difference between the two 
measurements is the vertical magnetic gradient (ref erred to in this document as the magnetic 
gradient). The response to ferrous material falls off at a rate of one over the distance to the 
fourth power. Because of this, the magnetic gradient measurement should help differentiate 
individual anomalies and waste boundaries better than the TMF alone. Both the TMF and 
gradient values typicaJly are displayed on contour maps for analysis. 

2 Surfer is a tradem:irk of Golden Software, Inc., Golden, Colorado. 

2-3 
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A Geometrics3 G-858G gradiometer consists of two cesium vapor magnetometers. 
The magnetometers are mounted vertically on a pole with a 0.75 m separation. 
This configuration is used to collect vertical gradient data. Each magnetometer independently 
records the total field magnetic intensity. The gradient measurement is the difference in the total 
field measurements between the two sensors. In essence. a single recording location consists of 
three values: a total field measurement from the upper sensor. a total field measurement from 
the lower sensor. and the gradient value. 

Three types of errors occasionally occur during data co11ection with the G-858G gradiometer. 
The first type of error is a consequence of the cesium sensors being insensitive to magnetic fields 
in certain orientations. creating "dead zones.0 To reduce this error. each sensor was oriented to a 
position that would minimize dead-zone readings. The second type of erroneous reading occurs 
when a recording is taken too close to a magnetically sensitive ferrous feature. This can result in 
a "nutl .. reading. The bottom sensor typically is more sensitive to null readings. because it is 
usually the closest to magnetically sensitive ferrous objects. The third type of error is caused by 
poor connections between the sensors and the control unit. 

Geometrics equipment provides some safeguards against these errors. One is an audio warning 
and one is a visual warning. The audio warning often is ineffective in noisy areas. Monitoring 
the data visually also has its limitations because of sun glare on the control unit screen. 
When erroneous readings are identified in the field. those data points typically are edited 
and re-collected. If they are not noticed in the field. they can be noted during the data-reduction 
phase and can be edited at that time. If a null reading is recorded on either sensor, the gradient 
data are erroneous and also must be edited. The editing during data reduction typically has 
minimal effect on the results because of the close spacing of the individual data points. 

2.2.2.1 Magnetic Data Collection Procedures 

Data collection procedures are discussed in detail in G-858 MagMapper 25309-OM. Rev. D, 
Operations Manual (Geometrics. 2001). The G-858 MagMapper3 has the following specific key 
data collection attributes. 

• The cesium vapor magnetic sensors need to warm up before data collection begins at 
each site. The warming up of the sensors is monitored on the control unit. 

• Functional checks should be performed as outlined in the manufacturer-supplied 
operator's manual. 

• Data typically are collected along profiles spaced a specified distance apart. The data are 
collected along the individual profiles at evenly spaced distances. either discretely or at 
constant time intervals. while walking at a constant rate. 

'Geometrics, G-858 MagMapper, and MagMap2000 are trademarks of Geometrics, Inc .• San Jose, California. 

2-4 
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2.2.2.2 Magnetic Data Processing Procedures 

Specific data processing procedures are as follows. 

• The magnetic field data are downloaded to a laptop computer via Geometrics software, 
MagMap20003

• 

• Edit data with all nulJ readings (sensor failures) removed from the data. 

• Convert data files to XYZ.dat fonnat, which is compatible to Golden Software's Surfer 
or equivalent. 

• Contour data using "standard" contour packages such as Surf er or Geosoft4 software. 
Contour maps are the foundation for interpretation. 

2.2.3 Ground-Penetrating Radar 

Ground-penetrating radar uses a transducer to transmit frequency modulation (FM) frequency 
electromagnetic energy into the ground. Interfaces in the ground, defined by contrasts in 
dielectric constants, magnetic susceptibility, and, to some extent, electrical conductivity, reflect 
the transmitted energy. The GPR system then measures the travel time between transmitted 
pulses and the arrival of reflected energy. Buried objects (such as pipes, barrels, foundations, 
wires) can cause all or a portion of the transmitted energy to be reflected back toward a receiving 
antenna. Geologic features such as cross-bedding, lateral and vertical changes in soil properties, 
and rock interfaces also can cause reflections of a portion of the electromagnetic {EM) energy. 

The velocity of the EM energy primarily is controlled by the dielectric constant and magnetic 
susceptibility of the medium. For calculating depth, values of EM velocities are determined by 
measurement, experience in an area, ties to known buried reflectors, and knowledge of the 
subsurface medium. 

The effective depth of investigation is a function of the transmitted power, receiver sensitivity, 
frequency of the antenna, and attenuation of the transmitted energy from the geologic medium. 
The maximum depth of investigation may vary significantly as a result of changing soil 
conditions. High attenuation and, therefore, smaller penetration depths of the EM energy 
typically occur where the soil conductivity is greater than 10 mS/m and/or in areas with 
numerous reflective interfaces. Depth of investigation also is affected by highly conductive 
material, such as metal drums or pipes, that essentially reflect all the energy. The method cannot 
"see .. directly below areas of highly reflective material, because all of the energy is reflected. 

The reflected energy provides the means for mapping the subsurface features of interest, whether 
synthetic or geologic. Display and interpretation of GPR data are similar to that of seismic 
reflection data (i.e., data displayed as horizontal distance versus time depicting pseudo 

4 Geosoft is a trademark or Geosofl, Inc., Wcsl Toronlo, On1:ario, Can:ida. 

2-5 
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cross-sections of the earth). When numerous adjacent profiles are collected, often in two 
orthogonal directions, a plan-view map showing the location and depth of the detected features 
can be generated. 

2.2.3.1 Ground-Penetrating Radar Data Collection Procedures 

Generic data collection procedures are discussed in detail in SIR-JOA User's Manual, 
(Geophysical Survey Systems, Inc, 1993). The subsurface interface radar, or SIR-105, has the 
following speci fie key data-collection and processing attributes. 

• Select the antenna best suited to meet the survey objectives. 

• Set the filters, gains, and other data collection parameters best suited for the local soil 
conditions. 

• Pull the antenna along a series of parallel profiles within the established survey grid, then 
collect data along profiles in the orthogonal direction, specifically when mapping 
unknown linear features in various orientations. 

• Record data on the system hard drive. 

• Conduct post-processing of data if warranted, and print records for interpretation. 

• Interpret data using all available historical records, drawings, maps of surface features, 
and other geophysical data sets. 

For these investigations, GPR data were collected by mounting the control instrumentation inside 
an all-terrain vehicle and pulling the antenna in a sled behind the vehicle. 

2.2.3.2 Ground-Penetrating Radar data Processing Procedures 

Processing of the GPR data consisted of applying various horizontal filters as necessary before 
printing the data records for interpretation. The horizontal filters, when used, had the effect of 
removing coherent noise and/or background information so that anomalies were more visible in 
the records. When filters were used on records, unfiltered data also were plotted to give multiple 
images of the data for interpretation. 

2.3 APPROACH TO DATA COLLECTION 

The general approach to data collection at the burial grounds was, first, to collect and perf onn 
preliminary analysis of the EMI and magnetic data. Then information from the initial analysis 
was used to focus the more time-intensive GPR data collection into the most appropriate areas. 
Because each burial ground presented a unique combination of site dimensions, surface 
conditions, nnd expectations of trench numbers and orientations, the pattern of data collection 

s SIR-10 is a trademark of Geophysical Survey Systems, Inc., North Salem, New Hampshire. 
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and analysis varied somewhat between them. Details of the data collection pattern are given in 
the site investigation summaries in Appendix A. 

Based primarily on the preliminary analysis of the EMI and magnetic data. GPR data collection 
schemes were created for each site. In some cases. such as where contamination areas surround 
the 218-E-8 Burial Ground on three sides, local conditions dictated how and where the GPR data 
collection lines were laid out. Multiple. relatively closely spaced GPR profiles generally were 
collected down the axis of expected or interpreted trenches at each site. These data aided in the 
general characterization of buried debris. Wider spaced profiles were used elsewhere at the sites 
for reconnaissance. Details of the GPR data collection are given for each site in the investigation 
summaries in Appendix A. 
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3.0 RESULTS 

Summary-level interpretations of the geophysical data are presented in Figures 1 through 7. 
These interpretation maps represent an integration of all of the geophysical data. Note that on 
the interpretation drawings, depths are presented in decimeters; 1 dm equals 1/10 m. Decimeters 
are used on drawings to avoid using decimal points, which often are lost when drawings are 
copied and transmitted. 

Appendix A presents plots of the EMI and magnetic data collected, along with details of the 
investigation at each site. The large volume of GPR paper records makes presentation of these 
data impractical; they will be retained in the 200-SW-2 Operable Unit Project File for reference. 

Appendix. B presents overlays of the geophysical interpretation maps with the provided 
engineering drawings. The engineering drawings generally were enlarged for these displays. 
Enlargement can distort feature size and locations (for example, line widths can become the 
equivalent of many feet on the ground). While the scale and alignment are considered generally 
good, they have not been fully checked and verified for absolute accuracy. Therefore, these 
overlays should be used for infonnation only. Additional discussion is presented in Section 4.2. 

3.1 GEOPHYSICAL DATA INTERPRETATION 

Interpreting geophysical data requires some art as weJI as science. Each site investigated 
includes a unique combination of soil conditions, types of buried debris, and surrounding cultural 
interferences. Therefore, data presentation and interpretation approaches may vary slightly from 
site to site. For example, the type of data (EMI, magnetic, or GPR) that is most useful at one site 
may not be as important at another site because of soil/geologic conditions, depths of burial, 
types of burial material, and background "noise." The amplitude scale or other plot parameters 
for singJe data types may be varied between sites to highlight infonnation. Experience of the 
interpreter is important, because they look at all of the available data and determine which scale 
and data-presentation style is most appropriate to maximize the data use. 

An attempt was made to standardize the presentations from site to site. but (in some cases) some 
exceptions were necessary. For example. GPR is the method used to detect the trench 
excavation boundaries, but at some sites they could not be determined. To interpret excavation 
boundaries with GPR, a detectable physical contrast must be present, such as a disruption of 
geologidsoil conditions or a physical contrast between the native material and the backfill 
material. Some sites had good shalJow geologic structure or stratigraphy that differed from the 
more homogeneous backfill material. At other sites, the contrast was not present or not 
recognizable in the data. Consequently, excavation boundaries were not plotted for every site. 
Some of the excavation boundaries were reliably observed in GPR profiles. but the profiles were 
widely spaced. Therefore, trench boundaries plotted between the GPR-located excavation 
boundaries are less reliable and typically are inferred from the EMI/magnetic data. 

The interpretation of EMI data typically involves analyzing the horizontal rate of change and the 
absolute amplitude of changes in the two components recorded. The locations of the anomalies 
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are used to inf er the location of buried objects or debris. Comparing the presence of in-phase 
versus terrain conductivity (quadrature-phase) anomalies gives additional information. The 
in-phase component is significantly more sensitive to large, discrete metallic objects than the 
quadrature phase. The quadrature phase, in general, is more sensitive to long, extended targets 
such as pipelines and to the overall terrain conductivity. 

Magnetic field data are interpreted by identifying spatial contrasts (anomalies) in readings that 
are indicative of buried ferrous metal objects. The locations of the anomalies are used to infer 
the location of buried objects or debris. As discussed in Section 2.2.2, the magnetic data of most 
use are the vertical gradient readings of the total magnetic field. For simplicity of data plotting, 
the absolute value of the vertical field often is used to minimize the dipole effect produced by 
some anomalies. In some instances, the remnant magnetic field also provides value in 
interpreting the location and character of buried objects. The remnant field is determined by 
subtracting an arbitrary number (typically the overall average value of the total magnetic field) 
from all of the values of the total magnetic field data. The result yields a much smaller value to 
plot; that is, changing the data values from numbers in the range of 50,000 to numbers in the 
range of 1,000. This can simplify the contour maps in many cases and enhance the visual 
appearance of some anomalies. 

The GPR data are interpreted by locating anomalies on the paper records of the data and then 
determining their depth and spatial location. The location and depth of the anomalies then are 
hand plotted onto a map of the site by the interpreter. A representative number of these 
anomalies are then digitized in computer-aided drafting and design (CADD) software to be 
plotted on the interpretation map. Because of the large number of anomalies normally interpreted 
in GPR data, the discretion of the interpreter is used to decide which anomalies get transferred to 
the CADD drawing to indicate the important information about the site. On Figures 1 through 7, 
the majority of the anomaly locations and depths are taken directly from the GPR data. 

3.2 GENERAL DISCUSSION OF RESULTS 

The geophysical surveys were reconnaissance-type surveys that were aimed at defining the 
characteristics listed in Section 1.1. Following is a discussion of the specific objectives of the 
geophysical investigations and how they were addressed. · 

• Locations or burial ground trench edges, ends, and centerlines. The geophysical 
methods employed for this investigation were successful at detecting and mapping the 
general location of buried waste within the target burial grounds. Where objects and 
debris were in concentrated packages, the edges, ends, and centerlines of·trenches could 
be determined. Additionally, at several of the sites, GPR results were able to map the 
excavation boundaries for the pits/trenches. 

• Locations or buried waste or other significant features/anomalies. At some locations, 
buried waste was not in concentrations that indicated discrete trenches or pits. However, 
in most instances. the location of this waste still could be determined. The high soil 
electrical conductivities at the 218-C-9 Burial Ground prevented confident identification 
or delineation of buried waste. 
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• Presence nnd extent of voids ·within n given trench. The data were not sufficient to 
differentiate voids from other types of anomalies. It is possible that voids are present; 
however, the reconnaissance nature of the GPR data collection did not supply enough 
data for their identification. Areas with concentrations of anomalies have the highest 
likelihood of voids. 

• Definition of most likely waste container type (for example, wood, metal boxes, 
metal drums, cardboard) and/or waste Item. Comparison of anomalies detected by 
different geophysical methods at the same location gives the best information of the type 
of material in the waste. The variable density of the GPR data (reconnaissance level) was 
not adequate to reliably make this level of interpretation in most cases. The primary 
distinctions used for interpretation are metallic, ferrous metal, and nonmetallic. The 
geophysical data do not directly allow for distinguishing the container type, only the 
metallic and ferrous metallic content. Thus, a cardboard box containing 10 lb of metal 
will produce an anomaly similar to a 10-lb metal drum filled with cardboard. Most of the 
anomalies interpreted in this investigation were associated with waste that had a high 
metallic, particularly ferrous metal, content. Some significant concentrations of soft (that 
is, nonmetallic) waste is interpreted at the 218-W-2A, 218-E-5, and 218-E-5A Burial 
Grounds. Cardboard or wood boxes buried adjacent to metallic objects typicaJly could 
not be differentiated in the data. 

• Differentiation between different types of waste containers within a given trench. 
As discussed above, metal content is the most strongly detected characteristic of waste. 
Most other characteristics of waste are not discernible if the metal content is too high, 
other than the possible indication of relatively large flat surfaces on the top of the waste 
containers, as determined by GPR. 

• Depth or soil cover above waste items. On those sites where GPR was effective at 
detecting buried waste, the depth of the soil cover could be determined. Soil properties 
were such at some sites that few-to-none of the buried waste objects inf erred in the EMI 
and magnetic data were detected with GPR. In those cases, the depth of soil cover could 
not be determined reliably. 

• Depth to trench bottom (where possible). GPR data are the only data collected here 
that are capable of giving accurate depths in the subsurface. Trench bottoms were not 
detected at any of the sites; therefore, direct knowledge of trench depths is unavailable. 
In some data sets (none in this work), trench bottoms can be observed directly when they 
are not beyond the capable depth limit of the methods and the trenches/pits only are filled 
with soils or moderate amounts of soft waste that allow signal propagation. The data 
cannot "see" past the tops of highly reflective debris. When excavation boundaries are 
detected, as they were at many of these sites, they can be used to inf er trench depth by 
assuming a side-slope ratio and a trench bottom width. Experience has shown that this 
method can be very inaccurate, because side slopes can range from near vertical to · 
greater than 2: 1, and the trench bottom widths may not follow plans. Given the 
assumptions implicit in this method, it was not performed for this investigation. 
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The geophysical interpretation figures (Figures 1 through 7) show the locations of buried waste 
and give qualitative information about the material in the waste (primarily metallic content). At 
most sites the depth of soil cover above some of the waste was determined, and representative 
values for broad areas are shown on the figures. 

Most sites have a significant number of isolated, shallow buried objects that were detected in the 
data. Not all of these anomalies are shown on the interpretation drawings. Experience at other 
sites on the Hanford Site shows that isolated, shallow anomalies usually are caused by smalJ 
amounts of metallic debris in the fill/stabilization material at the site. This debris may include 
such items as railroad spikes or other track hardware, small metal flanges, pipe fittings, or other 
pieces of inert material that do not necessarily represent hazardous material. 

The geophysical investigations of the burial grounds were reconnaissance•level surveys. As 
such, data collection and interpretation were performed to provide general information about 
waste burials. However, the EMI and magnetic data collection were performed at a level 
significantly more dense than a typical reconnaissance•level survey. Therefore, higher data 
density for these two methods, particularly the EMI, would not add information about the burial 
grounds. The GPR data were not collected at a data density that would maximize results. Where 
GPR data were collected and the depths of buried objects/debris could be determined, 
representative values are shown on the interpretation figures. 

Recommendations are made in Chapter 4.0 regarding additional data collection and 
interpretation at these burial grounds. 

3.2.1 Accuracy / Reliability of the Results 

EMI, magnetic, and GPR methods are proven geophysical methods for many engineering and 
environmental objectives. Although the instruments are capable of recording accurate and 
precise quantitative measurements, the final results of the investigation are based on the 
subjective interpretation and understanding of the data. The ultimate test of accuracy is through 
excavation or drilling. 

Reliability of these geophysical surveys represents the degree of confidence that the 
interpreter(s) has/have in the interpretation of the data. Many factors affect the reliability of the 
interpretation, but they generally can be divided into two groups. One group is independent of 
the geophysicist and includes factors such as soil conditions, topography, accuracy of existing 
drawings, accessibility to the area, and geologic understanding of the area. The second group of 
factors is more dependent on the geophysicist and project goals. These factors include the skill 
of the interpreter, experience in the area, and the density of the data. 

This work was performed in accordance with Blll•EE.0l, Environmental Investigations 
Procedures, Section 7.2, "Geophysical Survey Work." 

Given the reconnaissance nature of the surveys, interpretations were performed with the intent of 
detennining the boundaries of all of the waste within a burial ground and providing 
representative information about its content and depth. Not all detected anomalies are shown on 
the interpretation figures. Locations of objects detected in the data (i.e., position in the 
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horizontal plane) have a nominal accuracy of+/- 1.0 m. Where depth to the top of the waste is 
presented, its accuracy is nominally+/- 0.3 m. 

3.3 218-,V-lA BURIAL GROUND 

Interpretation of the geophysical data for this site indicates that it contains a significant amount 
of buried material (see Figure 1). Although no distinct trench boundaries are evident in the 
geophysical data, the pattern of anomalies in the EMI and magnetic data agree somewhat with 
the locations and orientations of trenches/pits shown on Hanford Site drawing H-2-2516. No 
geophysical evidence was detected for one trench (#5A) shown on this drawing. Additional 
trenches/pits were detected that were not on the drawing. This site contains a large number of 
small, scattered shallow anomalies that confound the interpretation of distinct burial trenches in 
the GPR data. For this reason, concentrations of buried debris are inferred primarily from EMI 
and magnetic data. 

The 218-W-IA Burial Ground is unique in character in that no well-defined trenches were 
interpreted in the data. Instead there is a variety of sizes, shapes, and characters of buried 
features and concentrations off eatures. To facilitate discussion, the burial features are grouped 
into three categories based on similar characte.r of anomalies. These categories are discussed in 
detail following the site investigation summary in Appendilt A. 

3.4 218-W-2A BURIAL GROUND 

Interpretation of the geophysical data indicates that there are burial trenches (see Figure 2) at 
most of the locations shown for trenches on Hanford Site drawing H-2-32095. There is no 
geophysical evidence for buried waste at some of the trench locations shown on the drawing. 
One burial trench was interpreted in the geophysical data at a location that was not indicated on 
the drawing. Most of the debris or objects in the trenches have a ferrous metal content; some 
have a significant ferrous content. A detailed discussion of the results from this burial ground is 
presented following the site investigation summary in Appendix A. 

3.5 218-W-11 BURIAL GROUND 

Interpretation of the geophysical data indicates that the investigation area contains two 
concentrations of buried debris or objects (see Figure 3). The objects or debris within these 
trenches/pits contain ferrous metal. Much of the remainder of the investigation area contains 
numerous small, isolated objects or debris buried less than 0.7 m deep. The locations of the 
interpreted trenches/pits coincide reasonably well with the location of one of the two trenches 
shown on Hanford Site drawing H-2-94250. There is no geophysical evidence of the other 
trench shown in the drawing. A small amount of data was collected immediately north of the 
investigation area that indicate that multiple burial trenches/pits are located in this area. 
However, the buried debris within this area was not fully mapped or characterized. 
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3.6 218-C-9 BURIAL GROUND 

Confidence in the geophysical interpretation of the 218-C-9 Burial Ground is not high because of 
high background terrain conductivity at this site. The high terrain conductivity significantly 
reduced the depth of investigation of the EMI and GPR instruments. The high terrain 
conductivity is likely related to the fly ash visible on the surface. Nonetheless, several 
observations can be made from the data. The geophysical data indicate that this site does not 
appear to contain large, continuous concentrations of buried objects or debris in well-defined 
trenches or pits (see Figure 4). Several large metallic objects or concentrations of smaller 
metallic debris are buried in several quasidiscrete locations across the site, primarily through the 
center and southwestern portion of the site. 

A few isolated magnetic anomalies arc depicted on the interpretation map. They likely are 
caused by relatively small and shallow pieces of ferrous debris. 

The geophysical data are consistent with this area being a former topographic low area that was 
backfilled over time with various types of debris in a non-uniform manner, then covered and 
backfilled with large amounts of fly ash. The thickest accumulations of fly ash appear to be 
along the southern portion of the site. No Hanford Site drawing was located for the 218-C-9 
Burial Ground. 

3.7 218-E-2A BURIAL GROUND 

Interpretation of the geophysical data indicates that there is a single burial trench at this site with 
a series of isolated objects and/or a number of groups of smaller objects with relatively clean fill 
in between (see Figure 5). GPR data were not successful at detecting all of the buried 
debris/objects whose presence is interpreted from the EMI and magnetic data. This is presumed 
to be caused by localized surface soil conditions effectively attenuating the GPR signal and 
limiting the depth of investigation at this site. Hanford Site drawing H-2-55534, 218-E2, E2A, 
E4, E5, E5A, & E9 Industrial Burial Ground Plan & Details, shows the location of this burial 
ground. 

3.8 218-E-5 BURIAL GROUND 

The 218-E-5 and 218-E-5A Burial Grounds are contiguous and were investigated as a single site. 
A single figure provides the interpretation for both of these sites (sec Figure 6). 

The data indicate that there are two trenches in the 218-E·S Burial Ground and one in the 
218-E-5A Burial Ground, which is consistent with Hanford Site drawing H-2-55534. Following 
is a discussion of each of these trenches. 

3.8.1 218-E-S Burial Ground 

Two trenches are documented in the 218-E·S Burial Ground, as shown on Hanford Site drawing 
H-2-55534. The geophysical data show a trench that is roughly the same length and width as 
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Trench 2 shown on the drawing. However, the center of the trench appears to be roughly 20 m 
to the west of its documented location. Within the trench are both metallic and nonmetallic 
debris that varies in concentration and depth of burial. Two areas stand out within the trench that 
have a significantly higher concentration of metaUic debris than the rest of the trench. 

In the eastern half of the burial ground. a second trench was detected that correlates well with the 
documented location of Trench 3 shown on Hanford Site drawing H-2-55534. A mixture of both 
metallic and nonmetallic waste appears to be scattered throughout the trench. Four areas were 
identified that have a significantly higher concentration of metallic debris than other parts of the 
trench. The largest. most distinct feature appears to be a flat-topped. metallic object(s) near 
Nl72/E200. 

3.8.2 218-E-SA Burial Ground 

Interpretation of the geophysical data for the 218-E-SA Burial Ground indicates that it is an 
oblong-shape trench or pit containing a significant amount of metallic debris or objects. The 
location correlates wen with the location shown on Hanford Site drawing H-2-55534. 

3.9 218-E-8 BURIAL GROUND 

The geophysical data for this site show no clear indications of any distinct trenches or large 
concentrations of buried debris (see Figure 7). Most of the site shows a scattering of anomalies 
of variable concentrations. There is a large variety in the character and depths of the anomalies. 
Most anomalies appear to be from buried debris. but some may represent changes in the 
character of the soil. 

Three distinct zones were identified that have the character of a smaJl pit. These zones appear to 
contain an isolated. relatively large metallic object, or several smaJler metallic objects. in 
proximity to each other. 

A zone of anomalies along the eastern edge of the site includes a variety of scattered anomalous 
features that arc more concentrated than those found throughout the rest of the site. There 
appears to be a change in the nature of the soil in this zone, but the data suggest that there also is 
scattered buried debris. However, it is not clear whether most of the anomalous signature is from 
the changing soil or the volume of buried debris. This enigmatic zone appears to extend beyond 
the east boundary of the site, as defined by the chain and burial ground monuments. No Hanford 
Site drawing was located for the 218-E-8 Burial Ground. However, it is indicated on Hanford 
Site drawing H-2-33276, Rev. 6, Sheet 3. and Rev. 17. 
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4.0 RECOMMENDATIONS 

4.1 ADDITIONAL DATA COLLECTION AND 
INTERPRETATION 

These investigations were conducted on a reconnaissance level. The EMI and magnetic data 
were collected at a data density where additional data collection would not add significantly to 
the information about the buried waste within each of the burial grounds. 

The GPR data were collected specifically to identify trench and excavation boundaries and to 
provide information on the average thickness of the fill material covering the waste. To meet 
these objectives, only selective GPR data were collected, based on the results from the EMI and 
magnetic data. The interpretation of the GPR data reflects the reconnaissance nature of the data 
collection. 

The GPR data also were assessed for their ability to detect voids and their ability to differentiate 
between metallic, nonmetallic, and other types of waste items that often are found in the 
trenches. In general, voids may be present in the GPR data; however, in most cases it is highly 
unlikely that the interpreter will be able to differentiate between the buried waste and the 
associated voids. Additional, tighter spaced profiles of GPR data significantly would enhance 
the knowledge of the character, distribution, and depth to the buried features with a specific area. 
However, in general, uniquely identifying specific features within a trench using geophysical 
methods sti!I would require a high degree of speculation. GPR does give information on the 
character of the buried features within a trench, but in most cases only generalizations on the 
nature of the debris can be made. · 

One geophysical method that was not used but that may add additional information on the 
character of the waste within a trench is a time-domain EMI instrument, namely the Geonics 
EM61 High Sensitivity Metal Detector6

• This instrument is capable of mapping the location of 
metallic debris with a greater accuracy than either the EM3 l EMI or the G-8580 magnetic 
instruments. However, the EM61 has a much shallower depth of investigation-less than 3 min 
most situations. 

Geophysical data from two burial grounds (the 218-W-l land 218-E-8 Burial Grounds) indicate 
that all of the buried waste associated with the burial ground may not have been detected and 
mapped. At the 218-W-11 Burial Ground, only one of the two trenches shown on Hanford Site 
drawing H-2-94250 was detected and mapped, while additional buried debris was located 
immediately north of the investigation area. At the 218-E-8 Burial Ground, the buried waste 
appears to extend to the edge of the marked burial ground and may extend beyond the 
monuments. In each case, additional geophysical data may help resolve these questions. 

'Geonics EM61 is a trademark of Gconics Limited, Mississauga, Ontario, Canada. 
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4.2 RECONCILING INTERPRETATIONS \VITJI 
OTHER INFORMATION 

Reconciling the geophysical results with what is known or suspected about the buried waste at 
these burial grounds was not part of the scope of this project. However, as discussed above, a 
first step toward that reconciliation was pcrf onned by overlaying the geophysical interpretations 
with the Hanford Site drawings provided. These overlays are presented in Appendix B for 
informational purposes. Note that these drawings were not fu)ly verified for correct scale or 
alignment and include extraneous information from the scanning process. 

Improved overlays may assist in creating a conceptual framework for the location and nature of 
buried waste in each burial ground. One step in improving the overlays would be to use digitized 
trench locations in each burial ground and overlay the geophysical interpretations to create a new 
drawing or to place the interpretations in a Geographical lnfonnation System (GIS). Such 
drawings, or GIS outputs, would show how the geophysics relates to what is known or suspected 
about the burial grounds in a less cluttered manner than the figures that are presented in 
AppcndixB. 
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5.0 SOITWARE PROBLEM REPORTING AND SYSTEM 
VERIFICATION AND VALIDATION INFORMATION 

Per specific contract items, the foJlowing sections discuss the procedure that was in place for 
reporting problems that could have been encountered with software, and they document the 
verification and validation of the software used to make calculations. 

The software quality assurance procedures used meet NQA-1 standards. 

No errors or problems were observed with the software used for this project. 

5.1 SOITWARE PROBLEM AND ERROR 
REPORTING 

During the operating life-cycle of commercial off-the-shelf software, errors, problems, or bugs 
(''errors") may be discovered. Error discovery can come from either the software user or the 
software vendor in the form of bug fixes. 

When the software user discovers an error, the following steps shall occur. 

1. The software user discovering the error shall notify the Project Quality Assurance (QA) 
Manager. 

2. The Project QA Manager and software user together shaJJ determine if the error is a 
reportable problem (e.g., user error, data entry). 

3. If the error is reportable, the Project QA Manager shall determine the significance of the 
problem and proceed with originating a corrective and preventive action (CAPA) report 
and/or a nonconformance report (NCR) per their respective pr~edures, as applicable. 

4. The Project QA Manager shall notify the client of the discovery in the event that the error 
is determined to be significant (has an effect on quality- or safety-related items or on 
services previously delivered). 

5. The Project QA Manager shall notify the software owner of the error. Once notified, the 
software owner shall determine the affect on the software program's use and any related 
workarounds and shall communicate such activities to all users of the software program. 

6. Each software user shalJ notify his/her respective Project QA Manager of the discovery. 
Each Project QA Manager shall determine the significance of the problem and proceed 
with originating a CAPA report and/or an NCR per their respective procedures, as 
applicable. The Project QA Manager shall notify the client of the discovery in the event 
that the error is determined to be significant (has an effect on quality- or safety-related 
items or services previously delivered). 



Page 3 1 of 137 of DA02538 1 63 

D&D.28379 REV 1 

7. The software owner also shalJ notify the software vendor of the discovery using the 
latter's bug.reporting process. 

8. The software owner subsequently shall deliver any bug fixes as provided by the software 
vendor to all software users. 

When the software owner receives notification from the software vendor of an error discovered, 
the following steps shall occur. 

1. The software owner shall notify all software users of the discovery and shall deliver any 
bug fixes as provided by the software vendor. 

2. Each software user shall notify his/her respective Project QA Manager of the discovery. 
Each Project QA Manager shall determine the significance of the problem and shall 
proceed with originating a CAPA report and/or an NCR per their respective procedures, 
as applicable. The Project QA Manager shall notify the client of the discovery in the 
event that the error is determined to be significant (has an affect on quality• or safety• 
related items or services previously deJivered). 

In the event that the error is not significant, the Project QA Manager shall notify the client of the 
discovery and provide an explanation of the nonsignificant error. 

S.2 SOFTWARE VERIFICATION AND 
VALIDATION INFORMATION 

S.2.1 Software Information 

Title: Surfer 

Manufacturer: 

Function; 

Operating System: 

Calculations Perf onned: 

Version: 7.02 

Golden Software, Inc., Golden, Colorado 

Surface Mapping System 

Microsoft Windows 2000, Version: 5.00.21957 

Calculates and outputs a contoured grid from regularly 
spaced data values 

7 Windows 2000 is a trademark of Microsoft Corporation, Redmond, Washington. 
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5.2.2 Verification nnd Validation 

To verify that the software used on this project produced correct results was preformed using 
input and conditions similar to those used on the project. A brief summary of the test and its 
outcome are presented here. Documentation of the test is retained in the project file. 

To demonstrate proper contour calculation and placement. a regular grid of arbitrary numbers 
was created and processed by the software. Figure 8 presents the location and values that are in 
the data file. Superimposed over the data values are the contour intervals that were calculated 
and placed by Surfer. Inspection of Figure 8 indicates that the software correctly places the 
contours at the proper location and with the proper values, based on the data that it was supplied. 
The entire data file is presented in Appendix C. 

This analysis indicates that the software performs correctly under conditions similar to those 
used on this project. and it is therefore acceptable for use as such. 
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Fi gure 1. Geoph ysical Invesri gation Resul ts, 2 18-W-lA Burial Ground. 
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Figure 2. Geophysical Investi gation Results, 218-W-2A Buiial Ground. 
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Figure 3. Geophysical Investigation Results, 218-W- l l Burial Ground. 
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Figure 4. Geophysical Investigation Results, 218-C-9 Burial Ground. 
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Figure 5. Geophysical Investigation Results, 218-E-2A Burial Ground. 
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Figure 6. Geophysical Investigation Results , 218-E-5 and 218-E-SA Buri al Grounds. 
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Figure 7. Geophysical Investigation Results , 218-E-8 Burial Ground. 
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Figure 8. Software Verification and Validation Demonstration. 

Verification and Validation Demonstration, Golden Software Surfer, 
Version 7.02, October 2005. 
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DATA PLOTS AND SITE INVESTIGATION DETAILS 
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APPENDIX A 

DATA PLOTS AND SITE INVESTIGATION DETAI~ 

Infonnation is provided on the ground-penetrating radar, electromagnetic induction, and 
magnetic data collected. along with details of the investigation, for each burial ground discussed 
in this document. 
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM. 
Site: 218-W-IABurial Ground Document Number: Date: 10/08/05 
Sponsor/Contact: Greg Berlin/Fl-I Phone: 509-376-2389 

Location: 200 West Arca 
Objectives: Detect, m:,.p, and ch:i.ractcrizc buried waste within known burial ground. 

Investigators 

Name: Bill Hudson Company CH2M HILL Inc. 
Phone: 375.3444 E-Mail Bhudsonl@ch2m.com 

Name: Tom Mitchell Company WCH 
Phone: 372-9690 E-Mall Thmitche@wch-rcc.com 

Name: Kevin Bergstrom Company WCH 
Phone: 372-9591 E-Mail Kaberstr@wch-rcc.com 

Site Description 

Cultural Resource Setting: NA 

Terrain: Rcl3tively flat with some uneven ground 

Vegetation: Low sage, russian thistle, bunch grasses 

SoiVsedlments/rock type: Primarily sand and silt 
Anticipated Bedrock: Depth: NA Type: NA 

Hydro properties: Dry at time of dau collection 

Obstacles: Burial ground monuments, railroad tracks, power poles with guy wires needed to be negotiated 
around during dau collection 

Site Llmltatlons: No significant limitations 
Overall assessment or site for geophysical Investigations: Conditions were adequate to meet project objectives 

Equipment 

Type/Model: Ground Penetrating Radar: GSSI SIRI0A, 200 MHz antenna (SIRl0) 
EMI (FDEM): Geonics EM3I Terrain Conductivity Meter (EM31) 
Magnetic (Total Magnetic Field): Geometrics G-858O Magnctometcr/Gradiomcter (G-858O) 

Data Format: Disk l8J Tape 0 Hardcopy Ci:s] 

Data Collection/Processing Parameters 

Survey Parameters/Grid: An irregularly shaped base grid was staked on 30 m centers using OPS by Fil personnel. The 
long dimensions on the base grid were 270 m x 270 m. A data collection grid was marked by 
CH2M HILL personnel using pin flags placed at 6 m centers between the 30 m stakes. Data 
positioning between pin flags was accomplished by pacing (EM31) or interpolation between 
fiducial marks (G-8580 and GPR). 

A-2 
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM. 
Site: 218-W-IA Burial Ground Document Number: _________ Date: 10/08/05 

Sponsor/Contact: Greg Berlin/Fl-I Phone: 509-376-2389 

Equipment Settings and GPR (SIR10) data were stacked @ 2x; 108 ns window, gains a.nd filters set in field to m:irch 
Processing Parameters: soil conditions. Hard copy plots of data were printed in the office on a thermal printer for 

intcrpreution. 

Daill Discussion 

DU (El\131) dalll were collected at hip height in the vertical dipole mode on 1.5 m station 
spacing and 3 m line spacing on north-south lines. Data were downloaded and written to an 
xyz file using Geonics DA TI 1.exe. Data were gridded and plotted using Golden Software 
SURFER. 
Magnetic (G-858G) data were collected with sensors 0.5 and I.S meters above the ground 
in continuous sampling mode with samples recorded every 0.S seconds and fiducial 
positioning marks placed every 30 meters, on lines spaced 3 meters ap:irt. Dau were 
collected in north-south direction with the sensors oriented east-west at a 45 degrees angle to 
the horizon. Data were downloaded and written to an xyz file using Geometrics 
MAGMAP'2000.exe. Dau were gridded and plotted using Golden Softw:ire SURFER. 

Summary of Results 

Refer to figures Al-1, Al-2, Al-3, and Al-4. 

EMI and magnetic data show numerous anomalies scattered throughout the site. Concentrations of anomalies in some 
locations have the chlracteristics of burial trenches or pits. The locations of some anomaly concentrations coincide to the 
expected locations of trenches/pits based on available site drawings. In other locations, the positions of interpreted 
trenches do not coincide exactly with those shown on drawings, although the orientations do correlate well. Sm:ill, isolated 
anomalies, especially in the magnetic field d:ib, indicate a considerable amount of scattered buried debris or objects at the 
site. 

GPR data indicate a considerable amount of buried objects and/or debris throughout this site. The depth to the top of the 
objectsldebris can be estimated from the GPR data. The GPR data do not show many excavation edges at this site. The 
lack of defined excavation boundaries may be a function ·or the native soils at this site. It may also be exp fained as 
object/debris burial at this site was accomplished as individual events of digging holes and quickly backfilling them. Such 
actions would not le:ive a well defined trench "signature" for the GPR data to detect. This type of operation of this burial 
ground is also suggested by the scattered locations of anomalies in the data and the lack of well defined concentrations of 
objectsldebris in the GPR data. For these reasons, it is difficult to determine where trenches begin or end in the GPR data 
at this site, and trench locations arc interpreted largely from the EMI and m.ignetic field data. 

Condusjons 
Interpreution of the geophysical dat:i for this site indicates it contains a significant amount of buried material. Although 
no distinct trench boundaries arc evident in the geophysic:il data, the p:iuem of anomalies in the EMI and magnetic d:ita 
somewhat agree with the locations and/or orientations of trenches/pits shown on site drawings. No geophysical evidence 
was detected for one trench (#SA) shown on the site dr:iwings. Additional trenches/pits were detected that were not on the 
drawing. This site contains a large number of small, scattered, shallow anomalies th:it confound the interpretation of 
distinct burial trenches in the OPR data. For this reason, concentnitions of buried debris are inferred primarily from EMI 
and magnetic data. 

Burial Ground 218-W-lA is unique in character in that no well defined trenches were interpreted in the data. Instead there 
is a variety of sizes, shapes, and characters of buried features and concenltations of features. To facililllte discussion, the 
burial features arc grouped into three c.itegories based on similar ch.iracter of anomalies. These categories are discussed 
on the following pages. Avcr.ige depth to the top of the debris within each zone is posted in areas where there was 
adequ:ite OPR data to obtain this information. 
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At.1 218-W-tA BURIAL GROUND 
DETAILED DISCUSSION OF BURIAL 
AREAS 

Burial Ground 218-W-lA is unique in character in that no well defined trenches were interpreted 
in the data. Instead there is a variety of sizes, shapes, and characters of buried features and 
concentrations of features. To facilitate discussion, the burial features are grouped into three 
categories based on similar character of anomalies. These categories are discussed below. 
Average depth to the top of the debris within each zone is posted in areas where there was 
adequate GPR data to obtain this information. 

Al.1.1 Zone A 

Four areas were identified that have been characterized as a Zone A. They are referred to as 
Zones A 1, A2, A3, and A4. These four zones are the closest to having the character of a typical 
trench. They each have a variety of anomalies of different character and fall into what appears to 
be a defined area analogous to a trench. However, the GPR data, which often are successful in 
defining excavation boundaries for trenches, did not detect any excavation boundaries for any of 
these zones so it is not dear where each burial trench (or pit) begins or ends. 

At.1.1.1 Zone Al 

Zone Al incorporates several of the documented trenches as shown on Figure B-1. The 
boundaries of Zone Al are not very wen defined in the geophysical data. The boundaries are 
speculative but do represent a grouping of anomalies that fall within a relatively welt defined 
area. The character of anomalies varies throughout the trench with several pockets with higher 
concentration of meta11ic debris as depicted best with the EM3 l in-phase data (Figure A 1-1 ). 
The data also indicate that there is both metallic and nonmetallic debris in Zone A and the 
concentration of debris varies throughout. 

At.t.1.2 Zone A2 

Zone A2 has the poorest defined boundaries of any in Zone A. The boundaries shown in 
Figure 1 were heavily influenced by the magnetic data that show a relatively concentrated area of 
ferrous material. However, the boundaries could easily have been extended to the northeast to 
include several of the areas that are defined as Zone B or Zone C, which are discussed later. 
In general, Zone A2 has n relatively high concentration of ferrous metal but it appears that there 
is other debris buried in this zone as well. 

Al.1.1.3 Zone A3 

The anomalies in Zone A3 falls into a relatively well defined area. lt contains several pockets of 
highly concentrated metallic debris as best shown in the magnetic and/or EMI data (Figures Al-1 
and Al-2). It is not clear whether these zones represent several individual burials of debris or a 
single trench. 
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Al.1.t.4 Zone A4 

Of the four zones, only Zone A4 appears 10 fall within one of the documented trench boundaries 
(i .e .• Trench 5, per drawing H-2-2516). There does not appear lo be any debris buried within 
Trench SA (immediately south of Trench 5) unless it is similar iri character to the surrounding 
soil. 

The debris in Zone A4 appears to be mixed-containing both metallic and nonmetallic debris. 
Most of the debris appears to be scattered, although there are three pockets of higher 
concentrations of metallic debris as shown in Figures A 1-1 and A 1-2. 

Al.1.2 ZoncB 

Five areas are identified as Zone B. Each zone represents a pocket of debris that has a high 
concentration of metallic material. The boundaries are relatively distinct as best shown on 
Figures Al-1 and Al-2. 

Al.1.3 ZoneC 

Four areas were categorized as Zone C. Each represents an area of moderately concentrated 
debris. The boundaries of each of these zones are highly subjective, although it docs appear that 
each of these zones represents an area with a mixture of metallic and nonmetallic debris that 
might have been buried within the same pit or trench. 
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Figure Al-I. Geophysical Investigation Resul ts, 2 18-W-IA Burial Ground, 
200 West Area, September 2005 . 
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Figure A 1-2. Electromagnetic Induction (EM31) Data, 218-W-lA Burial Ground, 
200 West Area, September 2005. 
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Figure Al -3. Total Magnetic Field (G-8580) Data, 218-W- lA Burial Ground, 
200 West Area, September 2005 . 
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Figure Al-4. Magnetic Field Electromagnetic Induction Data Overlay, 
218-W-lA Burial Ground, 200 West Area, September 2005. 
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A2.0 218-W-2A BURIAL GROUND GEOPHYSICAL INVESTIGATION 
SUMMARY AND DATA PLOTS 
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM. 

Site: 218-W-2A Burfal Ground Document Number: Date: 10/08/05 
Sponsor/Contact: Greg Berlin/Fll Phone: 50!>-376-2389 

Location: 200-West Area 

Objectives: Detect. m3p, and characterize buried waste within known burfal ground. 

Investigators 

Name: Bill Hudson Company CH2M HILL Inc. 

Phone: 375-3444 E-Mail Bhudsonl@ch2m.com 

Name: Tom Mi1chell Company WCH 
Phone: 372-9690 E-Mail Thmitchc@wch-rcc.com 

Name: Kevin Bergstrom Company WCH 
Phone: 372-9591 E-Mail Kaberstr@wch-rcc.com 

Site Description 

Cultural Resource Setting: NA 

Terrain: Relatively flat with elongated mounds aligned north-west to south-east; 

Vegetation: None 

SoiUsedlmcnts/rock type: Prim.inly gravel and sand. 

Anticipated Bedrock: Depth: NA Type: NA 
Hydro properties: Ory at time of data collection. 

Obstacles: Straw bales and sand dunes form an irregular line along the western edge of the investigation area 
limited some data collection. 

Site Limitations: R3ilroad tracks created a large anom:ily in most dau sets that may be obscuring buried features 
close to them. 

Overall assessment or 1lte for geophysical investigations: Conditions were adequate to meet project objectives. 

Equipment 

Type/Model: Ground Penetrating Radar: GSSI SIR JOA. 200 MHz antenna (SIR JO) 
EMI (FDEM): Gconics EM31 Terrain Conductivity Meter (EM31) 
Total Magnetic Field: Geometrics G-858O M3gnetometer/Gradiometer (G-858O) 

Data Format: Disk tgJ Tape 0 llardcopv CgJ 

Data Collection/Processing Parameters 

Survey An irregularly shaped base grid was suked on 30 m centers using GPS by FH personnel. The 
Parameters/Grid: long dimensions on the base grid were 600 m x 360 m. A data collection grid was marked by 

CH2M HILL personnel using pin flags placed at 6 m centers between the 30 m stakes. Data 
positioning between pin flags was accomplished by pacing (EM31) or interpolation between 
fiducial marks (G-858O and GPR). 
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM. 

Site: 218-W-2A Burial Ground Document Number: Date: 10/08/05 
Sponsor/Contact: Greg Berlin/FJI Phone: 509-376-2389 

Equipment Settings and GPR (SIRIO) data were stacked @ 2x; 108 ns window, gains and filters set in field to match 
Processing Parameters: soil condition_s. llard copy plots or data were printed in the office on a thennal printer for 

• interpretation. 

Data Discussion 

El\11 (EM31) data were collected at hip height in the vertical dipole mode on 15 m station 
spacing and 3 m line spacing on north-south lines. Dau were downloaded and written to ·an 
xyz file using Geonics DAT31.exe. Data were gridded and plotted using Golden Software 
SURFER. 
Magnetic (G-858G) data were collected with sensors 0.5 and 1.5 meters above the ground in 
continuous sampling mode with samples recorded every 0.5 seconds and fiducial positioning 
marks placed every 30 meters, on lines spaced 3 meters apart. Data were collected in north
south direction with the sensors oriented cast-west at 45 degree angle to the horizon. Dau 
were downloaded and written to an xyz file using Geometrics MAGMAP2000.exe. Data 
were gridded and plotted using Golden Software SURFER. 

Summary of Results 

Refer to figures A2-l, A2-2. A2-3 and A2-4. 

EMI and magnetic data indicate numerous concentrations or anomalies characteristic of burial trenches and pits. Most or 
these concentrations of anomalies are linear in nature and coincide with the locations of trenches shown on available site 
drawings. Both EMI and magnetic data show 5eattered anomalies those areas that have no trench like features. Railroad 
tracks along the eastern edge of the investigation area causes a high amplitude anomaly in both EMI and magnetic data. 

GPR dau show anomalics·consistcnt with buried objects and debris within the anomalous zones evident in the EMI and 
magnetic data plots. The depth to the lop of the objects and debris can be estimated in the GPR dau. GPR data also show 
trench excavntion boundaries at numerous locations throughout the site. These trench edges arc used to define trench 
locations where they arc s~n. In some trench locations shown on site drawings, GPR dau do not indicate buried debris or 
excavation boundaries. This lack or anom:ilies in GPR, along with the scattered nature of anomalies in the EMI and 
magnetic dau, is the basis for concluding that these trenches likely were never used. 

Conclusions 

Interpretation of the geophysical data indicates there are burial trenches at most of the locntions shown for trenches on 
drawing H-2-32095 (Westinghouse 1993). There is no geophysical evidence for buried waste al some of the trench 
locations shown on the drawing. One burial trench wns interpreted in the geophysical data at a locntion that was not 
indicated on the drawing. Most of the debris or objects in the trenches have II ferrous metal content; some have a 
significnnt ferrous content. A detailed discussion of the results from this burial ground is presented following this site 
investigation summnry. 
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A2.1 218-\V-2A BURIAL GROUND 
DETAILED DISCUSSION OF TRENCHES 

A2.1.1 Trcnch#l 

A northwest-southeast trending trench that is located in southwest comer of the burial grounds. 
The trench location correlates well with its location shown on site drawings. 

Trench Dimensions 

Length: - 50 meters 
Width: -15 meters 
A veragc thickness of cover: Ranges from 0.3 to 2.0 meters in most areas. 

Debris Characteristics 

Numerous anomalies and groups of anomalies were identified throughout the trench with 
variable spacing and depths. A significant portion of the anomalous features have a strong 
metallic signature but there appears to be a mixture of metallic and soft waste. 

A2.1.2 Trench #2 

There was no geophysical evidence of a trench in this location. 

A2.1.3 Trcnch#3 

This is the southern most east-west trending trench that was identified in the investigation. The 
trench location correlates well with its location shown on site drawings. 

Trench Dimensions 

Length: -75 meters 
Width: 8-10 meters 
Average thickness of cover: Ranges from 0.3 to 2.0 meters in most areas. 

Debris Characteristics 

Three distinct concentrations of anomalies were identified in the trench: 

• -ElOO Concentration of metallic anomalies roughly 1.5 meters deep 

• -El 18 to El38 large continuous feature with strong metallic content from 1.5 to 
2.0 meters deep. It appears to have a flat top characteristic of a stack of drums or other 
flat top containers 
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• -EISO Sma11 concentration of metallic anomalies that appear to be relatively shallow in 
some areas (0.3 to 2.0 meters deep) 

A2.1.4 Trench#4 

This is an east-west trending trench that correlates well with its location shown on site drawings. 

Trench Dimensions 

Length: -150 meters. The eastern excavation boundary is not clear and may merge with the 
excavation for Trench F 
Width: 12-15 meters 
Average thickness of cover: Ranges from 0.3 to 2.0 meters in most areas. 

Debris Characteristics 

Ten relatively small concentrations of debris were identified in the trench. Each appears to have 
metallic debris within the anomalous zone. There are no large. distinctive features within the 

· trench analogous to several of the other trenches. Between the debris concentrations, other 
debris nppears to be relatively spread out and/or contains a significant amount of soft waste that 
is not showing up in the geophysical data. 

A2.1.S Trench#S 

This is an east-west trending trench that correlates well with its location shown on site drawings. 

Trench Dimensions 

Length: -180 meters 
Width: 10-15 meters 
Average thickness of cover: Ranges from 0.5 to 2.5 meters in most areas. 

Debris Characteristics 

Twelve relatively small concentrations of debris were identified in the trench. Each appears to 
have metallic debris within the anomalous zone but no major concentrations. There is a shallow 
distinctive feature between E136 and E160 that represents a definitive change in the shallow soil 
conditions. There are no notable geophysical anomalies with the characteristics typical of buried 
debris beneath the zone. 

Between the small concentrations of debris, other debris appears to be relatively spread out 
and/or contains a significant amount of soft waste that is not showing up in the geophysical data. 
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A2.1.6 Trench #6 

This is an cast-west trending trench that correlates well with its location shown on site drawings. 

Trench Dimensions 

Length: -150 meters 
Width: -20 meters 
Average thickness of cover: Ranges from 1 to 2 meters in most areas. 

Debris Characteristics 

The debris appears to be relatively scattered throughout the trench. Most of the trench is either 
filled with soft waste or soil with scattered metallic debris. There are several small pockets 
where the metallic debris is more concentrated but there does not appear to be any large metal 
objects or concentrations of metallic debris. 

A2.1.7 Trench#7 

This is an east-west trending trench that correlates well with its location shown on site drawings. 

Trench Dimensions 

Length: -210 meters 
Width: -20-25 meters 
A veragc thickness of cover: Ranges from 0.5 to 2.0 meters in most areas. 

Debris Characteristics 

There appears to be a variety of types or debris/f ea tu res within the trench. The concentrations 
and spacing between debris appears to vary throughout. 

Three distinct features were identified in the trench: 

• -E46: A zone approximately 18 meters long that was detected by all three geophysical 
methods. The magnetic and EM data indicate that there is significant metal with this 
zone and the GPR data suggests that there is a unique soil type or cap covering the zone 
roughly a half meter below the surface 

• -E70: There are at least two distinct, closely space GPR anomalies roughly 2 meters 
below the surface. The magnetic data suggest that they are made of ferrous material 

• -El 88: There are at least two distinct, closely space GPR anomalies roughly 2 meters 
below the surface. This package of anomalies is similar in character to that detected at 
E70 as described above. The magnetic data suggest that they are also made of ferrous. 
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A2.t.8 Trench #8 

This is an east-west trending trench that correlates welJ with its location shown on site drawings. 

Trench Dimensions 

Length: -222 meters 
Width: -20•25 meters 
Average thickness of cover: Ranges from 0.4 to 1.0 meters in most areas. 

Debris Characteristics 

There appears to be a variety of types or debris/features within the trench. The concentrations 
and spacing between debris appears to vary throughout but in general the debris seems to be 
relatively spread out with limited metallic debris. 

Four distinct features were identified in the trench: 

• -E64: A relatively tight group of distinct GPR anomalies of similar character within a 
6•meter area; they appear to be off errous material 

• -El 78: A grouping of debris that appears to have a fairly high metallic content 

• -E202: A grouping of debris that appears to have a fairly high meta11ic content 

• -E218: A grouping of debris that appears to have a fairly high metallic content. 

A2.1.9 Trench#9 

There was no geophysical evidence of a trench in this location. 

A2.t.10 Trench #10 

This is an east•west trending trench that correlates well with its location shown on site drawings. 

Trench Dimensions 

Length: -250 meters. Neither the eastern nor western boundaries are cJearly defined. 
Width: 20.30 meters 
Average thickness of cover: Ranges from 0.5 to 2.5 meters in most areas. 

Debris Characteristics 

Seventeen relatively small concentrations of debris were identified in the trench. Each appears 
to have metallic debris within the anomalous zone. There are no large, distinctive features 
within the trench analogous to several of the other trenches. Between the small concentrations of 
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debris, the other debris appears to be relatively spread out and/or contains a significant amount of 
soft waste that is not showing up in the geophysical data. 

A2.1.11 Trenches #11-15 

Trenches 11-15 are documented as five trenches that parallel the west side of the railroad tracks. 
The boundaries are shown as butting up against each other with no gaps between them. The 
geophysical data indicate that buried debris extends roughly 100 meters further to the south than 
shown on site drawings. No attempt was made to distinguish which debris belongs to which 
trench. It is assumed that the entire extent of buried debris falls within the five trenches. 

Trench Dimensions 

Even though several packages of concentrated debris parallel the tracks, it is not clear which 
debris falls into which trench. Therefore, the entire zone is treated as a single trench for ease of 
discussion. 

Length: -270 meters 
Width: Estimated at 5-20 meters but changes throughout the entire length 
Average thickness of cover: variable· 

Debris Characteristics 

The debris appears to fall within fives zones analogous to the five trenches. However, the five 
zones cover a much larger area than locations shown on site drawings for trenches 11-15. 

• Zone I: (- N634/E352) a roughly 10 meter long zone that the data suggest has some 
debris or an object buried within it with some metallic content. The debris does not 
appear to be extensive. 

• Zone .II: (-N570 to N620/E330) this zone of anomalies is in the vicinity of the location of 
. trenches 14 and 15 shown on site drawings. It has a very unique character in that it is 
filled with a very symmetrical pattern of evenly spaced anomalies of the same character. 
Most of the features are roughly 1-2 meters deep. 

• Zone III: (~N490 to N556/ E310) this zone correlates best with the documented location 
of trenches 11, 12, and 13. It has a fairly well defined excavation boundary on the north 
and south end. There appears to be a mixture of types of debris at variable depths. Many 
have a high metallic content. Most of the debris is concentrated in the southern '2/3 of the 
trench. A relatively distinct surface layer covers the portion of the northern portion of the 

. trench between N520 and N556. This layer has the character of a soil. 

• Zone IV: (-N460/E300) this appears to be a small pit or trench that is roughly 20 meters 
long. The north and south excavation boundaries for the trench are fairly well defined. 
There appears to be two linear features within the trench that parallel the railroad tracks. 
This zone is in the proximity of both trench# 11 and the eastern end of trench #24. 
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• Zone V: (-N370 to N430/E290) this zone does not correlate very well with nny of the 
documented trenches. It parallels the railroad track. It has a large variety of anomalies 
with varying amounts of metallic material. A very distinctive feature is located at 
approximately N385/E280. This feature is characterized as a concentrated zone of 
metallic debris that starts at less than l meter depth. · 

A2.1.12 Trenches #16 

Trench 16 is the only trench documented as being located on the eastern half of the railroad 
tracks. No anomalies or anomalous zones detected at the location of trench 16 shown on site 
drawings are characteristic of a trench with buried debris. However, an area between roughly 
N425 and N455 has very unique soil properties as seen in the GPR data. This anomalous soil 
begins at less than 0.5 meters below the surface. There does not appear to be any debris buried 
within the anomalous zone, but the strong reflection of the GPR signal by the soil may be 
masking debris/objects beneath it. If there is debris within this zone it has minimal metallic 
content. 

On the west side of the tracks, immediately across from the location of trench 16 shown on site 
maps, is an area that has the characteristics of a trench with buried debris in it. This area is 
discussed above in the trench 11-15 section. It is referred to as Zone IV. 

A2.l.13 Trenches #17, 18, 19 

There are no trenches with these numbers shown on site drawings. 

A2.1.14 Trench #20 

This is an east-west trending trench that correlates well with its location shown on site drawings. 

Trench Dimensions 

Length: ~240 meters. Neither the east nor western boundaries are clearly defined 
Width: 20-30 meters 
Average thickness of cover. Ranges from 0.5 to 2 meters in most areas. 

Debris Characteristics 

There appears to be a variety of types of debris/objects within the trench. The concentrations 
and spacing between debris appears to vary throughout. The data suggest that there is 
significantly more metallic debris in the eastern half than the western half or that the metallic 
debris in the western half is buried much deeper. Three distinct features were identified in the 
trench that are similar in character. They appear to be flat topped metallic objects that are 
roughly 6 meters wide. They are located at E156, E220, and E235. 
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A2.t.15 Trench #21 

This is an east-west trending trench that correlates well with its location shown on site drawings. 
The western boundary may be west of the straw bate barrier. 

Trench Dimensions 

Length: -290 meters 
Width: - 20 meters 
Average thickness of cover. <0.5 to 2.5 meters. 

Debris Characteristics 

There appears to be a variety of types or debris/objects within the trench. The debris is primarily 
concentrated between E(-20) and E145. From El45 to E245 the debris appears to be more 
scattered with minimal metallic content. 

There are four distinct zones of anomalies within the trench: 

• -E(-20): The western termination of the trench appears to be right at the straw bale 
barrier. There is a relatively high concentration of metallic debris here 

• -EIO to E34: High concentration of metallic debris of varying character. It appears to be 
relatively shallow in some areas (<0.5 meters) 

• -El 20: A relatively flat topped metallic object(s) that is roughly 8 meters wide that has 
metallic content. It is roughly 1.5 meters below the surf ace 

• -E255: A relatively flat topped metallic feature(s) that is roughly 8 meters wide that has 
meta11ic content. It is roughly 1.5 meters below the surface. It is very similar in 
character to the feature detected at El 20. 

There are several other small zones with highly concentrated metallic debris. 

A2.1.16 Trench #22 

This is an east-west trending trench that correlates well with its documented location. 

Trench Dimensions 

Length: -290 meters 
Width: 20-25 meters 
Average thickness of cover. <0.5 to 3.0 meters. 

Debris Characteristics 

Seventeen relatively small concentrations of debris were identified in the trench. Each has a 
higher concentration of metallic debris relative to the rest of the trench. Between the small 
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concentrations of debris, the other debris appears to be relatively spread out and/or contains a 
significant amount of soft waste that is not showing up in the geophysical data. 

The largest concentrated zone of debris is located in the eastern end of the trench around E265. 

A2.t.17 Trench #23 

This is an east-west trending trench that correlates well with its documented location. 

Trench Dimensions 

Length: -300 meters 
Width: -20 meters 
Average thickness of cover: 1.5 to 2.5 meters. 

Debris Characteristics 

Two isolated concentrations of debris within trench 23 contain significant amounts of metal. 
They me located at the eastern- and western-most end of the trenches (E280 and E(-40)). 

The rest of trench 23 has significantly less metallic debris than most of the other trenches. Most 
of the detectable debris appears to be relatively deep, spread out, and nonmetallic. 

A2.1.18 Trench #24 · 

This is an east-west trending trench that correlates well with its documented location. 

Trench Dimensions 

Length: -300 meters (Dependent upon whether the anomalous Zone IV in Trench 11-15 is 
included as part of Trench 24 or one of the trenches that parallel the railroad tracks) 
Width: -20 meters 
Average thickness of cover: <0.5 to 2.5 meters. 

Debris Characteristics 

Twenty to twenty-five concentrations of debris were identified in the trench. Each has a higher 
concentration of metallic debris relative to the rest of the trench. Between the small 
concentrations of debris, the other debris appears to be relatively spread out and/or contains a 
significant amount of soft waste that is not showing up in the geophysical data. Zone IV. 
discussed in the section on Trenches 11-1S, could be part of Trench 24 or it could be one of the 
trenches that parallel the railroad tracks. 

A2.1.19 Trench #25 

There was no geophysical evidence of a trench in this location. 
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A2.1.20 Trench #26 

There was no geophysical evidence of a trench in this location. 

A2.1.21 Trench #27 

At this trench location GPR data indicate a relatively short, irregular excavation at the eastern 
end, and another section on the western edge of the burial ground that does not line up with the 
first section. EMI in-phase and magnetic data show no significant metallic anomalies at this 
location. However. EMI terrain conductivity data show an east-west elongated conductivity 
anomaly that correlates with the excavation edges in the GPR data. A less pronounced 
conductivity anomaly appears to correlate with the western excavation edges. Interpretation of 
this data is that there was an excavation at each side of this area that may have been continuous 
in-between. The excavation was likely backfilled with native soils containing little or no 
metallic debris. 

A2.1.22 Trench A 

Trench A is an undocumented trench that parallels the west side of the railroad tracks in the 
southeast comer of the site. 

Trench Dimensions 

Length: -50 (Southern boundary not clear) 
Width: -Not clear 
Average thickness of cover: 1.0 to 2.0 meters. 

Debris Characteristics 

There appears to be a variety of types or debris/objects within the trench. The concentrations 
and spacing between debris appears to vary throughout but in general the debris seems to be 
relatively spread out with varying amounts of metallic content. 

Several anomalies were mapped south of N160. These anomalies could be an extension of the 
trench and/or from utilities that parallel the road. 
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Figure A2- I. Geophysical Investigation Results, 2 l 8-W-2A Buri al Ground, 200 West Area, 
September 2005. 
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Figure A2-2. Electromagnetic Induction (EM31) Data, 218-W-2A Burial Ground, 
200 West Area, September 2005. 
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Figure A2-3 . Total Magnetic Field (G-8580) Data, 218-W-2A Burial Ground, 200 West Area, September 2005. 

w- ""' • . 
• 

_, 

·--· 
II' 

N67-
... -- --

. . . ~ .... 
N64: . 

- . 
~ 

N61: 
,_ -

la "'. ... . ~ . . 
NS"" -- . - -
Ns·· ... . 
NS 

. -

N4"" ~ 

. -. -~ ~ 

N4- - ~- '-< ~ . ·= - ~ . 

"" - :,.. 
N4-

~ -- -. . -
N4- -· 
~ ~ = -. ~~ ·- - .= - - -

0 ' 
N37-. 

. 
~- . 

;,, - 1 :.-- -....:-, ~ 

._ 
.• ... _,..;.. -

;-. .,.;;- ~~ , 'l:'F ~'Ji ) ~ ,r=, ·u ,;:, . 
. IY -~ 

N31v 
-;- "'- ~ - ~ "' - ~ ··-. - . 

N2 . ·- ,,.,., . -~ -~ - . 
1-

N2-· .. -- - -
~~ ~ ~ ~--... ~ ;<;;;> "' - .:,,_ 

-.'"'= r -
;' ~ ~ 

. I .. ·- ·-· 1 ..... 1 
NLv 

~ ~ l -~-~ .';:"', '.z.""t1i: :~( r.- . · -""-" c;,-,- - . = .. 
NI ~ LI 11· -~ -~ -· ~-,_.,.. 
N1-

-' 
. __ 

i.;,,· -:.. ~ 
NI:: 

' . ' . -
. .. . OIi 

I 
- L~: 
I». 

-~ -~' . -
-0 r1 l . ( . -:; ~t -. 

=· 
""" • , -

. :1 
Lj ' 

Jf 
I 

950 

, 850 

750 

650 

550 

450 

350 

250 

150 

50 

nT/m 

TOia! MagnelJC Field · Absolute Valve 
ol Vertical Grad en, 

Contour lntervaJ: 100 nTlm 
Range Plotted 50 to 1000 nT/m 

, • ., 0 . 
l..l 

N67n.,-l---l----+--+-- +--l----4'---,r'-l-- -+---l--+--+---I 

., -:.t,., ~, ·-
I .i; 

~J 
.. 

NI= 

'it •ii a( • ... I. 
N1 ·~ i\\ r,:; ;;:::--:, 

( . ~. -·· N1= ~ 

I • ~::: 
N1 

) 

E-20 EI0 E40 E70 e,oo E130 E160 E190 E220 E250 E280 E31 0 E340 E-20 E10 E40 E70 EIOO E130 E160 E190 E220 E250 E280 E310 E340 

Sale in Moto~ -=-01 53045 

True North Gnd North 
(- 15 olflrue) 

1000 

800 

600 

400 

200 

0 

·200 

-400 

-600 

·800 

-1000 

nT 

T Ota/ Magnetic Field . Rermant 
(Top Sensor minus 54,740 nT) 
Contour Interval 200 nl 
Range Ploned · 1000 to 1000 nT 

..., .. 
0 

"' ... 
w ..., 

0 

"' 

~ 
"' U1 
w 
CX) ... 
"' w 



Page 75 of 137 of DA02538163 

D&D-28379 REV l 

Figure A2-4. Magnetic Field and Electromagnetic Induction Data Overlay, 
218-W-2A Burial Ground, 200 West Area, September 2005. 
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A3.0 218-W-11 BURIAL GROUND GEOPHYSICAL INVESTIGATION 
SUMMARY AND DATA PLOTS 
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM 

Site: 218-W-1 I Burial Ground Document Number: Date: 1~08/05 
Sponsor/Contact: Oreg Berlin/Fl-I Phone: 509-376-2389 

Location: 200-W est Arca 
Objectives: Detect, map, and characterize buried waste within the burial ground. 

Investigators 

Name: Bill Hudson Company CH2M HILL Inc. 
Phone: 375-3444 E-Mail Bhudsonl@ch2m.com 

Name: Tom Mitchell Company WCH 

Phone: 372-9690 E-Mail Thmitche@wch-rcc.com 

Name: Kevin Bergstrom Company WCH 
Phone: 372-9591 E-Mail Ka berstr@wch-rcc.com 

Site Description 

Cultural Resource Setting: NA 
Terrain: Relatively flat whh some uneven ground 
Vegetation: None. 
SoiVscdiment.s/rock type: Sand with some silt 

Anticipated Bedrock: Depth: NA Type: NA 
Hydro properties: Dry at lime of data collection 

Obstacles: None 
Site Limitations: None 
Onrall assessment or site for geophysical Investigations: Adequate to meet project objectives. 

Equipment 

Type/Model: Ground Penetrating Radar: GSSI SIRI0A, 200 MHz antenna (SIRI0) 
EMI (FDEM): Geonics EM31 Terrain Conductivity Meter (EM31) 
Magnetic (Total Magnetic Field): Geometrics 0-8580 M:ignetometer/Oradiomcter (G-8580) 

Data Format: Disk 18) Tape 0 Hardcopy 181 

Data Collection/Processing Parameters 

Survey A 60 m x 180 m base grid was staked on 30 m centers using GPS by FH personnel. A data 
Parameters/Grid: collection grid was marked by CH2M HILL personnel using pin flags placed at 6 m centers 

between the 30 m stakes. Data positioning between pin flags was accomplished by pacing 
(EMJ I) or interpolation between fiducial marks (G-858O and GPR). 
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM 

Site: 218-W-ll Burial Ground 
Sponsor/Contact: Greg Derlin/FH 

Document Number: Date: 10/08/05 

Phone: 509-376-2389 

Equipment Settings and 
Processing Parameters: 

Data Discussion 

CPR (SIRl0) data were stacked@ 2x; 108 ns window, gains and filters set in field to match 
soil conditions. Dau were collected in continuous mode with fiduci:lls placed nominally 
every 30 m. Line spacing varied. Data were collected on either side of lines spaced 30 m 
apart and more densely over areas with magnetic and/or EMI anomalies. Hard copy plots of 
data were printed in the office on a thermal printer for interpretation. 
EMI (EM31) data were collected at hip height in the vertical dipole mode on 1.5 m station 
spacing and 3 m line spacing on north-south lines. Dat:1 were downl03ded and written to an 
xyz file using Geonics DAT3 l.exe. Dat:i were gridded and plotted using Golden Software 
SURFER. 
Magnetic (G-858G) data were collected with sensors 0.5 and 1.5 meters above the ground in 
continuous sampling mode with s:imples recorded every 0.5 seconds and fiducial positioning 
marks placed every 30 meters, on lines spaced 3 meters apart. Data were collected in north
south direction with the sensors oriented cast-west at a 45 degrees angle to the horizon. Data 
were downloaded and written to an xyz file using Geometrics MAGMAP2000.cxc. Data 
were gridded and plotted using Golden Software SURFER. 

Summary of Results 

Refer to figures A3-l, A3-2, A3-3, and A3-4. 

EMI and magnetic data show numerous small, isolated anomalies scattered throughout the investigation nrea. Two larger 
ar~s of concentrated 11nomalies have the ch:iracteristics of buri:il trenches or pits. A monitoring well just outside the 
investigation area on the west side causes an anomaly in the magnetic field data in this ar~. 

GPR data show numerous scattered anomalies consistent with small, isolated buried objects/debris throughout most of the 
investigation area. GPR d:iu also show two areas of concentrated anomalies consistent with buried objects/debris in 
trenches or pits within the investig:ition arc:i. The depth to the top of the objects/debris within these interpreted trenches 
varies from 0.5 to 2.2 m. 

Additional, reconnaiss:ince level, GPR dat:1 were collected in an area approximately 30 meter (N-S) x 180 m (E-W) north 
of the investig:ition area. These additional d:ita indicate numerous burial trenches or pits arc located within this area. The 
nearest burial to the investigation area is approximately 6 m. 

Field confirmation was made that the dau collection area matched the burial ground location as shown on drawing 
H-2-94250 (Westinghouse 1993). Confirmation was made by field checking burial ground monument numbers from the 
drawing with the numbers stamped on the plaques on the monuments in the field, and then confirming the coordinates and 
relative positions of the monuments with the coordinates and position of the data collection base grid. The monument 
numbers, coordinates, and relative positions all correlated, which indicates the dau collection grid was properly located. 

Conclusions 

Interpretation of the geophysical data indicates the investig:ition area conuins two concentrations of buried debris or 
objects. The objects or debris within these trenches/pits cont:iin ferrous metal. Much of the remainder of the investigation 
area cont:iins numerous small, isolated objects or debris buried less than 0.7 meter deep. The locations of the interpreted 
trenches/pits coincide reasonably well with the location of one of the two trenches shown on drawing H-2-94250 
(Westinghouse 1993). There is no geophysical evidence of the other trench shown in the drawing. A small amount of d:ita 
was collected immediately north of the investigation area th:it indic:ites multiple burial trenches/pits are located in this 
11rea. However, the buried debris within this area was not fully mapped or characterized. 
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Figure A3-l. Geophysical Investigation Results, 218-W-11 Burial Ground, 200 West Area, September 2005. 

HOT[: 
RECONJUJSSN«:[ CPR PROfl.ES HORTH Of" Tl£ I~ AR:A 

0ICATID l<.IWOIOU$ B\.RAL TRElt0£S/PllS COHTMIINC 03./ECTS 
N<O 0-::BRIS. SOW( 1ltfNOi DOl..l«lARl£S OCCN AT N1156. 

-1--fl)
! 
I -, ----<--r--,-- - .,,,---+---;--

I 
@ ·- ,- -- ~ 

I 

I 

-----r 
j 
I 

-,-
I 
j 

-+ I 
~ .... --ro,-,.~' 

,., . 
-~~.,,_..v>' 

I 
@ 

-,..-- ·1·- . 

I 
~ 

N1001}----------'----::....,_ ________ __.___ ________ ....L.._...;__ ______ ---'-----'-------"'--__... _ _,_ _______ -Q9~ 

©ii 
.;; § Ci 

- 13'5288...l.1 
[ • ~7.3 1 

ALL DEPTHS ARE POSTED IN DECIMETERS 
( 1 MITER = 10 DECIMETERS) 

ISOlAT[I) ZONC Of 9URl[I) IIM~M ~T 
WAY BE ~ DEIPCR f'EATUR£S 

ISOIAT[I) IIAGH£llC -y (ftRIIOUS '6<IDOIAl.) 

.ANOlriW..OUS MCA COHTANNC'; 8URCD WATERI.Al/DC9R:IS CTH 
SCH flCN/T METAi.UC C0H1ENT 

E.OQ£ OF fflEHCH EXCAW.TION 

~ 

12 18 m.tcra 

t; 
R=> 
t; 

I 
1'0 
00 
vJ 
-..J 

'° ::0 
tTJ 
< .,_. 

0 

"' 
.... 
w 
-.J 

0 

"' 
~ 
N 
(JI 
w 
a, .... 
"' w 



• I 
l,J .... 

Figure A3-2 . Electromagnetic Induction (EM31) Data, 218-W- ll Burial Ground, 200 West Area, September 2005. 
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Figure A3-3 . Total Magnetic Field (G-8580) Data, 218-W-l l Burial Ground, 200 West Area, September 2005. 
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Fi gure A3-4. Magnetic Field and Electromagnetic Induction Data Overlay, 218-W-1 l Burial Ground, 
200 West Area, September 2005. 
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A4.0 218-C-9 BURIAL GROUND GEOPHYSICAL lNVESTIGATION 
SUMMARY AND DATA PLOTS 
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM. 

Site: 218-C-9 Buri:1I Ground Document Number: D:ite: 10/08/05 
Sponsor/Cont:ict: Greg Bcrlin/FH Phone: 509-376-2389 

Location: 200-81st Arca 
Objectives: Detect, ffl';Jp, and characterize buried waste within known burial ground. 

Investigators 

Name: Bill Hudson Company CH2M HILL Inc. 
Phone: 375-3444 E-Mail Bhudson 1@ch2m.com 
Name: Tom Mitchell Company WCH 
Phone: 372-9690 E-Mail Thmitche@wch-rcc.com 

Name: Kevin Bergstrom · Company WCH 
Phone: 372-9591 E-Mail Kaberstr@wch-rcc.com 

Site Description 

Cultural Resource ~Uing: NA 
Terrain: A:it 
Vegetation: Some Russian thistle 
SolL'sediments/rock type: Primarily sand, silt, and fly ash, some gravel and small cobbles 

Anticipated Bedrock: Depth: NA Type: NA 

Hydro properties: Dry al time of d:it:i collection 

Obstacles: Burial ground monuments and chain, and a utility vault prevented collecting some dab along 
southern edge of Investigation area. 

Site Limitations: Ay ash on the surface of the site significantly limited the usefulness of the GPR dau 

Overall assessment or site ror M:ignetic and EMI conditions were adequate to meet objectives; GPR dau were 
geophysical Investigations: rendered useless by the fly ash present on the surface over most of the site. 

Equipment 

Type/Model: Ground Penetrating Rad:ir: GSSI SIRIOA, 200 MHz antenna (SIRIO) 
EMI (FDEM): Geonics EM31 Terrain Conductivity Meter (EM3 l) 

- Total Magnetic Field: Geometrics G-858O Magnctometer/Gradiometcr (G-858O) 

Data Format: Disk 181 Tape 0 llardcopy 181 

Data Collection/Processing Parameters 

Surny A 90 m x 90 m base grid was staked on 30 m centen by FH personnel using GPS. A dau 
Parameters/Grid: collection grid was m:irked by CH2M Hll.L personnel using pin fl:igs placed at 6 m centers 

between the 30 m st:ikes. Dau positioning between pin flags was accomplished by pacing 
(EM31) or interpolation between fiducial m:1rks (G-858G and GPR). 
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM. 

Site: 218-C-9 Durfal Ground Document Number: Date: 10/08/05 
Sponsor/Contact: Greg Dcrlin/FJI Phone: 509-376-2389 

Equipment Settings and GPR (SIRIO) data were stacked @ 2x; 108 ns window. gains and filters set in field to match 
Processing Parameters: soil conditions. I-ford copy plots of data were printed in the office on a thermal printer for 

interpretation. 

D:ita Di~cussion 

EMI (EM31) data were collected at hip height in the vertical dipole mode on 1.5 m station 
spacing and 3 m line spacing on east-west lines. Dau were downloaded and written to an xyz 
file using Geonics DAT31.exe. Data were gridded and plotted using Golden Software 
SURFER. 

Magnetic (G-8S8G) data were collected with sensors 0.5 and 1.5 meters above the ground in 
continuous sampling mode with samples recorded every 0.5 seconds and fiducial positioning 
marks placed every 30 meters. on lines spaced 3 meters apart. Data were collected in north
south direction with the sensors oriented east-west at 45 degree angle to the horizon. Data 
were downloaded and wrinen to an xyz file using Geometrics MAGMAP2000.exe. Dau 
were gridded and plotted using Golden Software SURFER. 

Summary or Results 

Refer to figures A4-l. A4-2, A4-3, and A4-4. 

EM31 dau show the terrain conductivity at the site to be relatively high compared to other locations of the Hanford Site. 
In the southern 1/3 of the site, the conductivity is approximately 50 mS/m. This high conductivity may be limiting the 
ability of the instrument to detect buried objects or debris. The in-phase component data from the EM31 show several 
moderate amplitude anomalies consistent with isolated buried objects or small concentrations of debris. Utilities and 
burial ground monuments cause high amplitude anomalies along the southern edge of the investigation area in the both the 
conductivity and in-phase component data. 

Magnetic data show a several moderate amplitude anom:ilics at locations coincident with those seen in the EM31 d:ita in 
the center of the investigation area. Utilities and burial ground monuments cause high amplitude anomalies along the 
southern edge ofthe investig:ition area in the magnetic data. 

Ground penetrating radar data appear significantly affected by the presence of fly ash at this site. No anomalies arc 
evident below approximately 0.5 meters in depth. Between zero and 0.5 meters depth, the recorded signal is significantly 
attenuated in the high frequencies. At this site, OPR was essentially useless for characterizing buried debris in the 
subsurface. 

Conclusions 

Confidence in the geophysical interpretation of218-C·9 is not high because of high b:ickground terrain conductivity at this 
site. The high terrain conductivity significantly reduced the depth of investigation of the EMI and GPR instruments. The 
high terrain conductivity is likely related to the fly ash visible on the surface. Nonetheless, several observations can be 
made from the dau. The geophysical data indicates that this site does not appear to contain large. continuous 
concentrations of buried objects or debris in well defined trenches or pits. Several large metallic objects or concentrations 
of smaller metallic debris arc buried in several quasi-discrete locations across the site, primarily through the center and 
southwestern portion of the site. 

A few isolated magnetic anomalies are depicted on the interpretation map. They are likely c:iused by relatively small and 
shallow pieces of ferrous debris. · 

The geophysical data are consistent with this are:i being a former topographic tow area that was backfilled over time with 
various types of debris in a non-uniform manner. then covered and backfilled with large amounts of fly ash. The thickest 
accumul:itions of fly ash appear to be along the southern portion of the site. 
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Figure A4-l. Geophysical Investigation Results , 218-C-9 Burial Ground, 200 East Area, September 2005. 
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Figure A4-2. Electromagnetic Induction (EM3 l) Data, 218-C-9 Burial Ground, 
200 East Area, September 2005. 
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Figure A4-3. Total Magnetic Field (G-858G) Data, 218-C-9 Burial Ground, 
200 East Area, September 2005. 
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Figure A4-4. Magnetic Field and Electromagnetic Induction Data Overl ay, 
218-C-9 Burial Ground, 200 East Area, September 2005. 
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AS.O 218·E-2A BURIAL GROUND GEOPHYSICAL INVESTIGATION 
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM. 

Site: 218-E-2A Burial Ground Document Number: Date: 10/08/05 
Sponsor/Contact: Greg Berlin/A-I Phone: S09-376-2389 

Location: 200-East Arca 
Objectives: Detect. m:ip, and ch:1r:1cterize buried w:iste within known buri:il ground. 

Investigators 

Name: Bill Hudson Company CH2M Hll.L Inc. 
Phone: 37S-3444 E-Mail Bhudsonl@ch2m.com 

Name: Tom Mitchell Company WCH 
Phone: 372-9690 E-Mail Thmitche@wch-rcc.com 
Name: Kevin Bergstrom Company WCH 
Phone: 372-9591 E-Mail K:1berstr@wch-rcc.com 

· Site Description 

Cultural Resource Setting: NA 
Terrain: Relatively fl.it with some uneven ground 

Vegetation: Primarily bunch grass 
SolL'scdimcnts/rock type: Sand and silt 
Anticipated Bedrock: Depth: NA Type: NA 

Hydro properties: Dry at time of data collection 
Obstacles: 
Site Limitations: 
Onrall assessment or site ror geophysical Investigations: 

Equipment 

Type/Model: Ground Penetrating Radar: GSSI SIRlOA, 200 MHz anteMa (SIRl0) 
EMI (FDEM): Gconics EMJ l Terrain Conductivity Meter (EM3 l) 
Total Magnetic Field: Geometrics G-858O Magnetometer/Gradiometer (G-858O) 

Data Format: Disk 181 Tape 0 llardc:opy l8J 

Data Collection/Processing Parameters 

Survey A 30 m x 120 m base grid was staked on 30 m centers using GPS by FH personnel. A data 
Parameters/Grid: collection grid was marked by CH2M HILL personnel using pin nags placed at 6 m centers 

between the 30 m stakes. Data positioning between pin nags was accomplished by pacing 
(EM3 l) or interpolation between fiducial marks (G-858O and GPR). 
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM. 

Site: 218-E-2A Burial Ground Document Number: Date: 10/08/05 
Sponsor/Contact: Greg Bcrlin/FH Phone: 509-376-2389 

Equipment Settings ond GPR (SIR10) dat:i were st:ickcd@ 2x; 108 ns window, g:iins and filters set in field to match 
Processing Parameters: soil conditions. Hard copy plots of dat:1 were printed in the office on a therm:il printer for 

interpretation. 

Darn Discu5sion 

El\11 (DOl) data were collected at hip height in the vertic:il dipole mode on 1.5 m st:ition 
spacing and 3 m line sp:icing on east-west lines. Data were downloaded and written to an xyz 
file using Gconics DAT31.exe. D:it:i were gridded and plotted using Golden Software 
SURFER. 
Magnetic (G-858G) data were collected with sensors O.S and 1.5 meters above the ground in 

. continuous sampling mode with samples recorded every 0.5 seconds and fiducial positioning 
m:irks placed every 30 meters, on lines spaced 3 meters apart. Dab were collected in north
south direction with the sensors oriented east-west at 45 degree angle to the horizon. Data 
were downloaded and written to an xyz file using Geometrics MAGMAP2000.exe. Data 
were gridded and plotted using Golden Software SURFER. 

Summary or Results 

Refer to figures AS-1, AS-2, AS-3, and AS-4. 

EMI and magnetic dat:i show a row of anomalies consistent with Isolated, or small concentrations of, buried objects. 
Magnetic data indicate other small, scattered, pieces of buried metal throughout the site. Railroad tracks that cross the 
northern edge of lhe investigation area cause a high amplitude anom:ily that is seen in the magnetic data. 

GPR dat:i show a number of low amplitude anomalies primarily in a line through the middle of the site. Much of the GPR 
dat.1 from this site shows very little returned energy from low in the section (i.e., at greater depth) which indicates that the 
surface materials arc significantly attenuating the antcnn:i signals, and thus limiting the depth of investigation. This effect 
is usually caused by fine grained, clayey, and/or wet surface materials. Three distinct anomalies in the EMI and magnetic 
dat.1 do not have corresponding GPR anomalies, which may be an indication oflhis attenuation effect. It is possible the 
source of these anomalies arc too deep and the attenuation too great for the GPR to "sec" the source of the anomalies. 

Conclu~iom; 

Interpretation of the geophysical data indicates that there is a single burial trench at this site with a series of isol:ited 
objects and/or a number of groups of smaller objects with relatively clean fill in between. GPR d:it:i were not successful at 
detecting alt of the buried debris/objects whose presence is interpreted from the EMI and magnetic dat.1. This is presumed 
to be caused by localized surface soil conditions effectively attenuating the GPR signal and limiting lhe depth of 
investigation at this site. 
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Figure AS-1. Geophysical Investigation Results, 218-E-2A Burial Ground, 200 East Area, September 2005. 
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Figure AS-2. Electromagnetic Induction (EM3 l ) Data, 2 18-E-2A Buri al ground, 200 East Area, September 2005. 
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Figure AS-3. Total Magnetic Field (G-858G) Data, 218-E-2A Burial Ground, 200 East Area, September 2005 . 
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Figure AS-4. Magnetic Field and Electromagnetic Induction Data Overlay, 218-E-2A Burial Ground, 200 East Area, September 2005 . 

N1Qn+----'-r~----,,-L-,--::,,,;---,--,-~ ==-.--+~ ~ - ~~1-, ~-,--~-c..---<e-----1~~~-,---1-~~~---1--+--1,----,~ ,--\-~=l---,-~~~w 

E100 E115 E130 E145 

0 Magnetic Field Absolute Value of 
Vertical Gradient> 75 nT/m 

EMI In-Phase Component> 1 ppt 

Scale in Meters 

- - I 0 3 6 9 12 

E160 E175 E190 E205 E220 

0 
p,o 
0 

I 

N 
00 
l.,J 
--.J 
\0 

~ 
< 

0 
Hi 

.... 
w _, 

0 
Hi 

~ 
0 

"' u, 
w 
00 .... 
"' w 



Page 99 of 137 of DA02538163 

D&D-28379 REV I 

This page intentionally left blank. 

A-50 



Page 100 of 137 of DA02538163 

D&D-28379 REV 1 

A6.0 218-E-S AND 218-E-SA BURIAL GROUNDS GEOPHYSICAL 
INVESTIGATION SUMMARY AND DATA PLOTS 

A-51 

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



Page 101 of 1 3 7 o f DA02538163 

D&D-28379 REV I 

GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM. 

Slle:218-E-5 and -SA Burial Ground Document Number: D.:ite: 10/08/05 
Sponsor/Cont.:icl: Greg Berlin/FH Phone: 509-376-2389 

Location: 200 East Aie.:i 

Objectives: Detect, map, and characterize buried waste within known burial grounds. 

Investigators 

Name: Bill Hudson Company CH2M HILL Inc. 
Phone: 375-3444 E-Mail Bhudsonl@ch2m.com 
Name: Tom Mitchel I Company WCH 

Phone: 372-9690 E-Mail Thmitche@wch-rcc.com 

Name: Kevin Bergstrom Company WCH 
Phone: 372-9591 E-Mail Kaberstr@wch-rcc.com 

Site Description 

Cultural Resource Setting: NA 

Terrain: Relatively flat with some uneven ground. Stabilization mounds approximately 0.5 meters 
high over trenches with 1.5 meter high mound near north side of investigation area. 

Vegetation: Prirn:irily bunch grass, some Russi.in thistle. 
SoiUsediments/rock type: Primarily silt. Some areas with cobble surface materials. 

Anticipated Bedrock: Depth: NA Type: NA 
Hydro properties: Dry at time of data collection 

Obstacles: Risers, pipeline marker posts, and an electrical box along north edge of investigation area. 
One small area with a "bio-barrier" marked by t-posts and covered with 0.5 m of gravel. 

Site Limitations: No significant limiutions 

Overall assessment or site ror geophysical Adequate to meet project objectives. 
Investigations: 

Equipment 

Type/Model: Ground Penetrating Radar: GSSI SIRl0A, 200 MHz antenna (SIRl0) 
EMI (FDEM): Gconics EM31 Terrain Conductivity Meter (EM31) 
Magnetic (Total Magnetic Field): Geometrics G-858O Magnctometer/Gradiomcter (Q.. 
8580) 

Data Format: Disk l8J Tape D llardcopy l8J 

Data Collection/Processing Parameters 

Survey A 120 m x 120 m base grid was staked on 30 m centers by FH personnel using GPS 
Parameters/Grid: instruments. A data collection grid was marked by CH2M HILL personnel using pin 

flags placed at 6 m centers between the 30 m stakes. Data positioning between pin 
flags was accomplished by pacing (EM31) or interpolation between fiducial marks 
(G-858O and GPR). 
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM. 

Slte:218-E-5 and -SA Burial Ground Document Number: Date: 10/08/05 
Sponsor/Contact: 

Equipment Settings 
and Processing 
Parameters: 

Greg Berlin/Fl-I Phone: 509-376-2389 

GPR (SIRI0) cbt:i were sucked @ 2x; 108 ns window. g:iins and filters set in field to 
m:uch soil conditions. Hard copy plots of data were printed in the office on a thermal 
printer for interpretation. 
EMI (El\131) data were collected at hip height in the vertical dipole mode on 1.5 m 
station sp:idng and 3 m line sp:idng on north-south lines. Data were downloaded and 
written to an xyz file using Geonics DAT3J.exe. Data were gridded and plotted using 
Golden Software SURFER. 
Magnetic (G-SSSG) data were collected with sensors 0.5 and 1.5 meters above the 
ground in continuous s:impling mode with samples recorded every 0.5 seconds and 
fiducial positioning m:irlcs placed every 30 meters. on lines spaced 3 meters ap:irt. 
Data were collected in north-south direction with the sensors oriented cast-west at a 
45 degree angle to the horizon. Dau were downloaded and written to an xyz file using 
Geometrics MAOMAP2000.cxe. Dat:i were gridded and plotted using Golden 
Software SURFER. 

A-53 



Page 103 of 137 of DA025381 63 

D&D-28379 REV 1 

GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM. 

Site:218-E-5 and -SA Burfal Ground Document Number: Date: 10/08/05 
Sponsor/Contact: Greg Berlin/Fl-I Phone: 509-376-2389 

Summary of Results 

Datn Discussion 

Refer 10 figures A6-l, A6-2, A6-3, and A6-4. 

EMI and magnetic data show moderate and high amplitude anomalies in a series of north-south trending groups 
that are consistent with linear burial trenches. Very high amplitude anomalies indicate significantly large 
individual objects or concentrations of debris. A high amplitude anomaly that trends diagonally across the 
northwest comer of the site is interpreted to be caused by a pipeline that is marked by t-posts in this area. A zone 
of magnetic anomalies that trends diagonally across the northeast comer of the site is interpreted to be caused by 
gravel on the surface in this area. 

GPR data show concentrations of anomalies at varying depths in north-south trending groups that correlate well 
with the EMI and magnetic data and are also consistent with discrete burial trenches at this site. The majority of 
buried material is covered with greater than 1 meter of fill material. . Within the line.ir trend of anomalies, the 
material appe:ars to be buried in concentrations with mostly clc:in fill in-between. One high amplitude anomaly in 
the eastern most "trench" appears to be caused by a single object up top 12 meters in length. This object 
correlates with one of the highest amplitude anomalies in the magnetic and EMI data. The other highest 
amplitude anorru1Iy in the EMI and magnetic data In the southwest comer of the investigation area appc.irs to be 
caused by II number of closely spaced objects. 

Conclusions 

Burial grounds 218-E-S and 218-E-SA arc contiguous and were investig:ued as a single site. There is a single 
figure showing the interpretation for both or these sites. 

The data indicate that there are two trenches within burial ground 218-E-5 and one in burial ground 218-E-SA, 
which is consistent with drawing H-2-55534 (Rockwell 1984). Each of the trenches is discussed below. 

218-E-S Burial Ground 

There are two documented trenches in Burial Ground 218-E-5 shown on drawing H-2-55534 (Rockwell 1984). 
The geophysical data shows a trench that is roughly the s.ime length and width as Trench 2 shown on drawing. 

However, the center or the trench appears to be roughly 20 meters to the west or its documented location. Within 
the trench there are both metallic and nonmetallic debris that varies in concentration and depth of burial. Two 
areas stand out within the trench that have significantly higher concentration of me~llic debris that the rest of the 
trench. 

In the eastern half of the burial ground, a second trench was detected that correlates well with the documented 
location of Trench 3 shown on drawing H-2-55534 (Rockwell 1984). There appears to be a mixture of both 
metallic and nonmetallic waste scattered throughout the trench. Four areas were identified that h3ve significantly 
higher concentration of metallic debris than other parts of the trench. The largest, most distinct feature appears to 
be a flat topped, metallic object(s) near NI 72/E200. 

218-E-SA Burial Ground 

Jnterpreution of the geophysical data for 218-E-SA indicates it is an oblong shaped trench or pit containing a 
significant amount of metallic debris or objects. The location correlates well with the location shown on drawing 
H-2-55534 (Rockwell 1984). 
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Figure A6-1. Geophysical Investigation Resu lts, 218-E-5 and 218-E-SA Burial Grounds , 200 East Area, September 2005. 
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Figure A6-2. Electromagnetic Induction (EM31) Data, 218-E-5 and 218-E-SA Buri al Grounds, 200 East Area, September 2005. 
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Figure A6-3. Total Magnetic Field (G-858G) Data, 2 18-E-5 and 218-E-SA Buri al Grounds , 200 East Area, September 2005. 
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Figure A6-4. Magnetic Field and Electromagnetic Induction Data Overl ay, 218-E-5 and 218-E-S A Burial Grounds, 
200 East Area, September 2005. 
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM. 

Sile: 218-E-8 Buri:il Ground Document Number: Date: 10/08/05 
Sponsor/Contact: Greg Berlin/FH Phone: .509-376.2389 

Location: 200-East Area 

Objectives: Detect, m:ip, and ch:iraccerizc buried waste within known burial grounds. 

Investigators 

Name: Bill Hudson Company CH2M HILL Inc. 
Phone: 375-3444 E-Mail Bhudson I@ch2m.com 

Name: Tom Micchell Company WCH 

Phone: 372-9690 E-Mail Thmitche@wch-rcc.com 

Name: Kevin Bergstrom Company WCH 

Phone: 372-9591 E-Mail Kaberstr@wch-rcc.com 

Site Description 

Cultural R~urce Setting: NA 

Terrain: Ground slopes significancly from wesl to east across site. Some uneven terrain. 

Vegetation: Prim:irily bunch grass, some Russian thistle 
SotVsediments/rock type: Prim:irily silt. some sand and gravel. 

Anticipated Bedrock: Depth: NA Type: NA 
Hydro properties: Dry at time of dau collection 

Obstacles: Contami~tion are:is surround the site on three sides limiting the ability to collect radar dau the 
edge of the Investigation are:i. The northwest comer of the investigation area is also posted as a 
contamination area. 

Site Limitations: Silty surface sediments may have limited depth of investigation of ground penetrating radar. Side 
slope caused GPR anten~ to move off data collection line to varying degrees as it was pulled 

· across the site. 
Overall assessment or site for Results of all methods do not correlate well, suggesting non-ideal conditions at 
geophyslcal Investigations: the site with a corresponding reduction in confidence in results. 

Equipment 

Type/Model: Ground Penetrating Radar: GSSJ SIRlOA, 200 MHz antenna (SIRIO) 
E.\11 (FDEM): Gconics EM3 l Terrain Conductivity Meter (EM3 I) 
Magnetic (Tout Magne1ic Field): Geometrics G-858O Magnetometer/Gradiometer (G-858O) 

Data Format: Disk 181 Tape 0 llardcopy 181 

Data Collection/Processing Parameters 

Survey A 30 m x 120 m base grid was suked on 30 m centers using GPS by FH personnel. 
Parameters/Grid: Conumirotion are:is on three sides limited placement of some base grid sukes. A cbu 

collection grid was marked by CH2M IDLL personnel using pin flags placed at 6 m centers 
between the 30 m st.1kes. Dau positioning between pin flags was accomplished by pacing 
(EM31) or interpolation between fiducial marks (G-858O and GPR). 
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GEOPHYSICAL SITE INVESTIGATION SUMMARY FORM. 

Site: 218-E-8 Burial Ground Document Number: Date: 10/08/05 
Sponsor/Contact: Greg Berlin/Fl I Phone: 509-376-2389 

Equipment Settings and 
Processing Parnmdcrs: 

Data Discussion 

GPR (SIRl0) d.it.i were st:icked@ 2x; 108 ns window, g:iins and filters set In field tom.itch 
soil conditions. Dat:i were collected in continuous mode with fiduci:ils pl:iccd nomin:illy 
every 30 m. Line spacing was 3 meters. Due to contamill:ltion arc:is and side slope, dat:i 
were collected in north-south direction only except for one cast west line at N94 to cover a 
high amplitude anomaly in lhe EM and m.ignctic data. Hard copy plots of data were printed 
in the office on a thermal printer for interpretation. 
EMI (EMJJ) d:ita were collected at hip height in the vertical dipole mode on 1.5 m station 
sp:icing and 3 m )inc spacing on north-south lines. Dat:i were downloaded and written to an 
:xyz file using Oeonics DAT31.exe. Dat:i were gridded and plotted using Golden Software 
SURFER. 
Magnetic (G-858G) d:iu were collected with sensors O.S and 1.5 meters above the ground in 
continuous s:impling mode with samples recorded every O.S seconds and fiducial positioning 
marks placed every 30 meters, on lines spaced 3 meters ap:irt. Dau were collected in north
south direction with the sensors oriented cast-west at a 45 degrees angle to the horizon. Data 
were downloaded and written to an :xyz file using Geometrics MAGMAP2000.cxe. D.ita 
were gridded and plotted using Golden Software SURFER. 

Summary of Results 

Refer to figures A7-1, A7-2, A7-3, and A7-4. 

EMI dau plots show a number of moderate to high amplitude isofatcd anom.ilies across the site. Magnetic data show 
moderate to high amplitude anomalies primarily in two bands-one arching in a general north-south trend in the western 
half of the investigation area; the other along the eastern edge of the arc:i. There Is good correlation between the highest 
amplitude anomalies seen in the EMI and m.ignetic dab. The m.ignetic dat:i also show numerous low amplitude anomalies 
scattered throughout the site. 

GPR data show disturbed soils underlie most of the site. These disturbed soils m.iy be masking deeper buried objects. In 
some areas, individual anomalies arc visible near the top of the disturbed soil zones. High amplitude anomalies are visible 
in the GPR dab in some locations that correlate with anomalies in the EMI and magnetic dat:i. However. many of the EM[ 
and rrugnetic anomalies h:ive no corresponding anomalies in the GPR dau. This may be due to the objects being buried 
too deep for the GPR to detect at this site. Depth of investigation with GPR c:in be significantly limited by surface 
conditions. At this site, it is speculated that the silty surface sediments may be responsible for limiting the quality of the 
GPR results. A l:irgc number of low amplitude, shallow anom:ilics may be caused by relatively large cobbles used as 
backfilVcovcring material. If so. this material may also be compromising the GPR dab. 

Conc!ysion~ 
The geophysical dat:i for this site shows no clear Indications of any distinct trenches or large concentrations of buried 
debris. Most of the site shows a sc:ittcring of anomalies of variable concentrations. There is a large v.iriety in the 
char.icter and depths of the anomalies. Most anonulies appear to be from buried debris, but some m.iy represent changes 
in the character of the soil. 

Three distinct zones were identified that have the character of a small pit. These zones appear to contain an isolated, 
relatively large mct:illic object, or several smaller metallic objects in close proximity to each other. 

A zone of anomalies along the eastern edge of the site includes a variety of scattered anomalous features that arc more 
concentrated than found throughout the rest of the site. There appears to be a change in the n:iture of the soil in this zone, 
but the data suggest that there is also scattered buried debris. However, it is not clc:ir whether most of the anomalous 
signature is from the changing soil or the volume of buried debris. This enigmatic zone appears to extend beyond the east 
boundary of the site as defined by the chain and burial ground monuments. 

A-61 
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Figure A7-l. Geophysical Investigation Results, 218-E-8 Burial Ground , 
200 East Area, September 2005 . 
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Figure A 7-2. Electromagnetic Induction (EM31) Data, 218-E-8 Burial Ground, 
200 East Area, September 2005 . 
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Figure A 7-3. Total Magnetic Field (G0858G) Data, 218-E-8 Burial Ground , 
200 East Area, September 2005. 
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Figure A 7-4. Magnetic Field and Electromagnetic Induction Data Overlay, 
218-E-8 Burial Ground, 200 East Area, September 2005 . 
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APPENDIXB 

OVERLAYS OF GEOPHYSICAL INTERPRETATIONS WITH SITE DRAWINGS 
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APPENDIXB 

OVERLAYS OF GEOPHYSICAL INTERPRETATIONS \VITH SITE DRAWINGS 

This appendix presents the geophysical results, overlaid on a site drawing that shows the 
expected locations of trenches within the burial grounds investigated (Figures B l-B6). 

Reconciling the geophysical results with what is known or suspected about the buried waste at 
these burial grounds was not part of the scope of this project. However, as discussed in the text, 
a first step towards reconciliation was perf onned by overlaying the geophysical interpretations 
with the site drawings provided. These overlays are presented for informational purposes only. 

Alignment and scale on the overlays were achieved using coordinates on the various drawings 
and standard conversions between old Hanford Site coordinate systems and new state plane 
systems. The drawings generally were enlarged for these displays. Enlargement can distort 
feature size and locations (e.g., line widths can become the equivalent of tens of feet on the 
ground). While the scale and alignment are considered generally good, they have not been fully 
checked and verified for absolute accuracy. 

A corresponding overlay drawing for the 218-C-9 Burial Ground has not been created because 
no Hanford Site drawing was available for this burial ground. 

FIGURES 

Figure B~l. Geophysical Results Overlaid on Drawing H-2-2516, 218-W-lA Burial 
Ground, Scpteml>er 2005 ........................................................................................ . B·2 

Figure B-2. Geophysical Results Overlaid on Drawing H-2-32095, 218-W-2A Burial 
Ground, September 2005 ......................................................................................... B-3 

Figure B•3. Geophysical Results Overlaid on Drawing H-2-94250, 218-W-l l Burial 
Ground, Scptem'ber 2005 ......................................................................................... B-4 

Figure B-4. Geophysical Results Overlaid on Drawing H-2-55534, 218-E-2A Burial 
Ground, September 2005 ......................................................................................... B-5 

Figure B-5. Geophysical Results Overlaid on Drawing H-2-55534, 218-E-5 and 
218-E-SA Burial Grounds, September 2005 ........................................................... B-6 

Figure B-6. Geophysical Results Overlaid on Drawing H-2-33276, 218-E-8 Burial 
Ground, September 2005 ........ ................................................................................. B-7 
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Figure B- l. Geophysical Results Overlaid on Drawing H-2-2516, 
218-W-lA Burial Ground, September 2005 . 
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Figure B-2. Geophysical Results Overlaid on Drawing H-2-32095, 
2 18-W-2A Burial Ground, September 2005 . 
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Figure B-3 . Geophysical Results Overlaid on Drawing H-2-94250, 218-W-ll Burial Ground, September 2005 . 
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Figure B-4. Geophysical Results Overlaid on Drawing H-2-55534, 2 18-E-2A Burial Ground, September 2005. 
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Figure B-5. Geophysical Results Overlaid on Drawing H-2-55534, 218-E-5 and 218-E-SA Burial Grounds, September 2005 . 
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Figure B-6. Geophysical Results OverJaj d on Drawing H-2-33276, 
218-E-8 Burial Ground, September 2005. 
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APPENDIXC 

SOFT\VARE VERIFICATION AND VALIDATION DATA FILE 
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APPENDIXC 

SOIT\VARE VERIFICATION AND VALIDATION DATA FILE 

To demonstrate proper contour calculation and placement, a regular grid of arbitrary numbers 
was created and processed by the software. Figure 8 in the text presents the location and values 
that are in the data file. Superimposed over the data values are the contour intervals that were 
calculated and placed by Surf er. Inspection of Figure 8 indicates that the software corrcctl y 
places the contours at the proper location and with the proper values, based on the data that it 
was supplied. The entire data file is presented in Table C-1. 

C-1 
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Table C-1. Software Verification and Validation Data File. (7 Pages) 

X y I z . x y z X y z 
100 JOO 3 JOO 110 3 100 120 3 
105 JOO 3 105 JIO 3 105 120 3 
110 JOO 3 110 110 3 110 120 3 

115 JOO 3 115 110 3 11S 120 3 
120 100 3 120 110 3 120 120 3 
125 100 3 125 110 3 125 120 3 
130 100 3 130 110 3 130 120 3 

135 100 3 13S 110 3 135 120 3 

140 JOO 3 140 110 3 140 120 3 
14S 100 3 145 110 3 145 120 3 
150 100 3 150 110 3 150 120 3 

155 100 3 155 110 3 155 120 3 

160 · 100 3 160 110 3 160 120 3 

165 100 3 )65 110 3 165 120 3 

170 100 3 170 110 12 170 120 12 
175 100 3 175 110 12 175 120 12 
180 JOO 3 180 110 3 180 120 3 
185 100 3 185 110 3 185 120 3 

190 100 3 190 110 3 190 120 3 

195 100 3 195 110 3 195 120 3 

200 JOO 3 200 110 3 200 120 3 

205 JOO 3 205 110 3 205 120 3 

210 JOO 3 210 110 3 210 120 3 

215 JOO 3 215 110 3 215 120 3 

220 JOO 3 220 110 3 220 120 3 
225 100 3 225 110 3 225 120 3 

JOO 105 3 JOO IIS 3 100 125 3 

105 105 3 105 115 3 105 125 3 

110 IOS 3 110 115 3 110 125 3 

115 )05 3 115 115 8 11S 125 3 

120 105 3 120 115 8 120 125 3 

125 105 3 125 IIS 8 125 125 3 

130 105 3 130 IIS 3 130 125 3 

135 105 3 135 115 3 135 125 3 

140 105 3 140 115 3 140 125 3 

145 105 3 145 JJ5 3 145 125 3 

ISO 105 3 150 IIS 3 150 125 3 

155 105 3 155 11S 3 15S 125 3 

160 105 3 160 115 3 160 125 3 

C-2 
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Table C-1. Software Verification and Validation Data File. (7 Pages) 

X y z X y z X y z 
165 . 105 3 165 115 3 165 12S 3 
170 105 12 170 115 12 170 125 12 

175 105 12 175 115 12 175 125 12 
180 105 3 180 115 3 180 125 3 
185 105 3 185 I IS 3 185 125 3 
190 105 3 190 115 3 190 12S 3 
195 105 3 195 115 3 195 125 3 

200 105 3 200 115 3 200 125 3 
205 105 3 20S 115 3 205 125 3 

210 105 3 210 115 3 210 125 3 

215 105 3 215 115 3 215 125 3 

220 105 3 220 115 3 220 125 3 

225 105 3 225 115 3 225 125 3 

100 130 3 100 140 3 JOO 150 3 
105 130 3 105 140 3 105 150 3 

110 130 3 110 140 3 110 150 3 

115 130 8 115 140 8 115 150 3 

120 130 12 120 140 8 120 150 3 

125 130 8 125 140 8 125 150 3 

130 130 3 130 140 3 130 150 3 

135 130 3 135 140 3 135 150 3 
140 130 3 140 140 3 140 150 3 

145 130 3 145 140 3 145 ISO 3 

I.SO 130 3 150 140 3 150 ISO 3 

155 130 3 155 140 3 155 150 3 

160 130 3 160 140 3 160 150 3 

165 130 3 165 140 3 165 150 3 

170 130 3 170 140 3 170 150 3 

17S 130 3 175 140 3 17S 150 3 

180 130 3 180 140 3 180 150 3 

185 130 3 185 140 3 185 150 3 

190 130 3 190 140 3 190 ISO 3 

195 130 3 195 140 3 195 150 3 

200 130 3 200 140 3 200 150 3 

205 130 3 205 140 3 205 150 3 

210 130 3 210 140 3 210 150 3 

215 130 3 215 140 3 215 150 3 

220 130 3 220 140 3 220 150 3 

225 130 3 225 140 3 225 I.SO 3 

100 135 3 100 145 3 100 155 3 

105 13.S 3 105 145 3 105 155 3 

C-3 
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Table C-1. Software Verification and Validation Data File. (7 Pages) 

X y z X . Y z X y z 
110 135 3 110 145 3 110 155 3 
115 135 8 llS 145 3 115 155 3 
120 135 12 120 145 3 120 155 3 
125 135 8 125 145 3 125 155 3 
130 135 3 130 145 3 130 155 3 
135 135 3 135 145 3 135 155 3 
140 135 3 140 145 3 140 155 3 

145 135 3 145 145 3 145 155 3 

150 135 3 150 145 3 150 155 3 
155 135 3 15S 145 3 155 155 3 

160 135 3 160 145 3 160 155 3 

165 135 3 165 14S 3 165 155 3 

170 135 3 170 145 3 170 155 3 
175 135 3 175 145 3 175 155 3 
180 135 3 180 145 3 180 155 3 

185 135 3 185 145 3 185 155 3 

190 135 3 190 145 3 190 155 3 

195 135 3 195 145 3 195 155 3 
200 135 3 200 145 3 200 155 3 
205 135 3 205 14S 3 205 155 3 

210 135 3 210 145 3 210 155 3 

215 135 3 215 145 3 215 155 3 

220 135 3 220 145 3 220 155 3 

100 160 3 100 170 3 100 180 3 

105 160 3 105 170 3 105 180 3 

110 160 3 110 170 3 110 180 3 

115 160 3 115 170 3 115 180 3 

120 160 3 120 170 3 120 180 3 

125 160 3 125 170 3 125 180 3 

130 160 3 130 170 3 130 180 3 

135 160 3 135 170 3 135 180 3 

140 160 3 140 170 3 140 180 3 

145 160 3 145 170 3 145 180 3 

150 160 3 150 170 3 150 180 3 

155 160 3 155 170 3 155 180 3 

160 160 3 160 170 3 160 180 3 

165 160 3 165 170 3 165 180 3 

170 160 3 170 170 3 170 180 -12 

175 160 3 175 170 3 175 180 -12 

180 160 3 180 170 3 180 180 -12 

185 160 3 18S 170 3 185 180 -12 

C-4 
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Table C-1. Software Verification and Validation Data Fite. (7 Pages) 

X y z X y z X y z 
190 160 3 190 170 3 190 180 -12 
195 160 3 195 170 3 195 180 -12 
200 160 3 200 170 3 200 180 -12 
205 160 3 205 170 3 205 180 3 

210 160 3 210 170 3 210 180 3 

215 160 3 215 170 3 215 180 3 

220 160 3 220 170 3 220 180 3 

22.5 160 3 22S 170 3 22S 180 3 

100 165 3 100 17.5 3 100 185 3 

105 165 3 105 175 3 105 185 3 

110 165 3 110 17.5 3 110 185 3 

115 165 3 11.5 175 3 115 18.5 3 

120 165 3 120 175 3 120 185 3 

125 165 3 12.5 175 3 125 185 3 

130 165 3 130 175 3 130 185 3 

135 165 3 135 175 3 13.5 18.5 3 

140 165 3 140 175 3 140 185 3 
145 165 3 145 17.5 3 14.5 18.5 3 
150 16.5 3 1.50 175 3 150 185 3 
1.55 16.5 3 1.55 175 3 15.5 185 3 
160 165 3 160 175 3 160 185 3 
165 16.5 3 165 175 3 165 185 3 

170 165 3 170 175 3 170 185 -12 

17.5 165 3 17.5 17.5 3 175 185 -12 
180 16.5 3 180 175 3 180 185 3 
18.5 165 3 185 17.5 3 18.5 185 3 

190 165 3 190 175 3 190 185 3 

195 165 3 195 175 3 195 185 3 

200 16.5 3 200 17.5 3 200 18.5 3 
205 165 3 205 175 3 205 18.5 3 
210 165 3 210 175 3 210 185 3 

215 165 3 215 175 3 215 18.5 3 

220 165 3 220 17.5 3 220 185 3 

22.5 165 3 225 175 3 225 185 3 

100 190 3 100 200 3 JOO 210 3 

105 190 3 105 200 3 105 210 3 

110 190 3 110 200 3 110 210 3 

115 190 3 115 200 3 115 210 18 

120 190 3 120 200 3 120 210 18 

125 190 3 125 200 3 125 210 18 

130 190 3 130 200 3 130 210 18 
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Table C-1. Software Verification and Validation Data File. (7 Pages) 

X y z X y z X y z 
135 190 3 135 200 3 135 210 18 
140 190 3 140 200 3 140 210 18 
145 190 3 145 200 3 145 210 18 
1.50 190 3 1.50 200 3 150 210 18 
155 190 3 155 200 3 155 210 18 
160 190 3 160 200 3 160 210 18 
165 190 3 165 200 3 165 210 18 
170 190 -12 170 200 3 170 210 18 
175 190 -12 175 200 3 175 210 18 
180 190 3 180 200 3 180 210 18 
185 190 3 185 200 3 185 210 18 
190 190 3 190 200 3 190 210 12 

19S 190 3 195 200 3 195 210 12 
200 190 3 200 200 3 200 210 12 
205 190 3 205 200 3 205 210 12 
210 190 3 210 200 3 210 210 12 

215 190 3 215 200 3 215 210 3 
220 190 3 220 200 3 220 210 3 

225 190 3 225 200 3 225 210 3 

100 195 3 100 205 3 100 215 3 

105 195 3 105 205 3 105 215 3 

110 195 3 110 205 3 110 215 18 

115 195 3 115 205 3 115 215 18 
120 195 3 120 205 3 120 215 18 
125 195 3 125 205 3 125 215 18 
130 195 3 130 205 3 130 215 18 
135 195 3 135 20S 3 135 215 18 
140 195 3 140 205 3 140 215 18 

145 195 3 14S 205 3 145 215 18 
150 195 3 150 205 3 150 215 18 

155 195 3 155 205 3 155 215 18 

160 19S 3 160 205 3 160 215 18 

165 195 3 165 20S 3 165 215 18 

170 195 -12 170 205 3 170 215 18 

175 195 -12 175 205 3 175 21S 18 

180 195 3 180 205 3 180 215 18 

185 195 3 185 205 3 185 215 18 

190 195 3 190 205 3 190 215 18 

195 19S 3 19S 205 3 195 215 18 

200 195 3 200 20S 3 200 215 18 

205 195 3 205 205 3 205 215 18 
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Table C-1. Software Verification and Validation Data File. (7 Pages) 

X y z X y z . X y z 
210 195 3 210 205 3 210 215 18 

215 195 3 215 205 3 215 215 3 

220 ' 195 3 220 205 3 220 215 3 

225 195 3 . 225 205 3 225 215 3 

100 220 3 

105 220 3 

110 220 3 

115 220 3 

120 220 3 

125 220 3 

130 220 3 

135 220 3 

140 220 3 

145 220 3 

ISO 220 3 

155 220 3 

160 220 3 
165 220 3 

170 220 3 

175 220 3 

180 220 3 

185 220 3 
190 220 3 

195 220 3 

200 220 3 

205 220 3 

210 220 3 
215 220 3 

220 220 3 

225 220 3 

100 225 3 

105 225 3 

110 225 3 

115 225 3 

120 225 3 

125 225 3 

130 225 3 

135 225 3 

140 225 3 

145 225 3 

150 225 3 
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Table C-1. Software Verification and Validation Data File. (7 Pages) 

X y z X y z X y z 
155 225 3 

160 225 3 

165 225 3 

170 225 3 

175 22S 3 

180 2~ 3 

185 225 3 

190 225 3 
195 ru 3 

200 225 3 

205 225 3 

210 225 3 

21S 225 3 

220 225 3 

225 225 3 
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