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Executive Summary

This report describes the results obtained from deployment of the Enhanced Site Characterization
System (ESCS). The intent of this deployment was to map the distribution of buried waste at the 618-4
Burial Ground. Thislow-level radioactive waste burial ground is located on the Hanford Site about
1.6 kilometer (1 mile) north of the Richland City limits and 340 meters (1,115 feet) west of the Columbia
River. The 618-4 Burial Ground was partially excavated during 1997 and 1998. Excavation was halted
after 338 drums containing depleted uranium metal shavings and uranium-oxide powder were excavated
from the site. These unexpected findings caused magjor delaysin the remedial action and led Hanford Site
environmental restoration contractors to the conclusion that accurate delineation of waste boundaries and
precise identification of high risk waste prior to excavation, is necessary to avoid unplanned delays,
decrease health and safety costs, decrease the need for contract change orders, and reduce costs
significantly.

Pacific Northwest National Laboratory performed this study, which was jointly funded by the
U.S. Department of Energy’s (DOE’s) Office of Science and Technology’s Accelerated Site Technology
Deployment (ASTD) Program (EM-50) through the Subsurface Contaminant Focus Area, and Bechtel
Hanford, Inc.’s (BHI) 300-FF-1 Environmental Restoration Project (EM-40). The objective of this study
was to map the physical types of waste materials present in the 618-4 Burial Ground using geostatistical
methods to integrate and interpret geophysical and ground truth data. The 300-FF-1 Project was particu-
larly interested in the thickness of the remaining deposit of metal drums and the estimated number of
drums still requiring removal.

We first deployed a promising geophysical technique, electromagnetic offset logging (EOL), in an
attempt to provide athree-dimensional map of the waste site and determine the vertical thickness of
stacked drums at the site. This technology was identified in the TechCon database as a mature technol ogy
(Gate 6) with a good performance history and the capability of detecting large waste containers. How-
ever, the EOL datadid not provide useful information, possibly due to the presence of extraneous cultural
features (e.g., metal waste piles) and uneven terrain.

While examining the EOL data we also performed an analysis of the existing geophysical data at the
site. The multivariate statistical analysis of that data suggested the presence of another anomalous area
similar to the area where the drums were known to exist. We recommended the acquisition of new high-
resolution geophysical datato confirm or refute that anomaly. The new geophysical data was recorded in
2001 by geophysicistsat CH2M HILL Hanford, Inc. under contract for this project.

We used a commercial mapping package to calcul ate the area within the outline of the drum anomaly
interpreted from the new databy CH2M HILL Hanford, Inc. The estimated areawas the basis for an
estimate of the number of remaining drums at the site. For different stacking scenarios, the number of
remaining drums ranged from about 770 drums to 850 drums. The estimate was provided to the Environ-
mental Restoration Contractor (ERC) for use in budgeting and planning.



A combination of box plots and discriminant function analysis (DFA): indicate that the drum areais
different from the rest of the study area. The mgjor difference is the presence of higher measurements of
magnetic field strength, suggesting the presence of ferric metals, and a greater thickness of overlying fill.
Although the magnetic field strength is higher, the electromagnetic signal recorded by the EM-61 instru-
ment is not higher in the drum area. The increased thickness of fill may be responsible for the attenuation
of the expected electromagnetic (EM-61) signal, which should respond to the presence of conductive
metal. Multiple linear regression within the area of the drum anomaly indicated that the thickness of the
fill has a strong negative correlation with the strength of the EM-61 signal.

Fuzzy adaptive resonance theory (ART), aneura network classification method successfully clus-
tered the study areainto three classes. The classesidentified by neural network analysis appear reason-
able for several different reasons: 1) the partitioning was stable for a wide choice of the input parameters
to the fuzzy ART program; 2) the partitioning roughly paralleled the results of athird unsupervised clas-
sification method (k-means clustering); 3) the partitions form relatively compact spatial classes that
coincide with known and/or previously identified areas; and 4) there are significant differences between
the geophysical properties that can be related to the spatial |ocation of the classes. The drum anomaly and
the SW anomaly have similar geophysical signatures, and are dominantly composed of Class 1. The area
between the drum anomaly and the SW anomaly, dominated by Class 2, also appears to contain waste
with a high metallic content, but the character of that anomaly is quite different, with avery high EM-61
signature and a greater GPR reflection amplitude. The difference between Class 1 and Class 2 may indi-
cate a higher proportion of conductive but non-ferric waste in the area dominated by Class 2 and/or the
difference may be due mostly to the shallow burial of that waste. Areas dominated by Class 3 appear to
contain much less metallic waste than the rest of the study area.

Deployment of the ESCS technology was successful in integrating multiple geophysical variables and
class observations into clusters that are relevant for planning the excavation of the buried waste. The
method allows us to provide input to site personnel on areas that need special caution and planning during
excavation.

However, the success of the technology can’t be fully evaluated at this time because reliable ground
truth data are not available to calibrate to the geophysical signatures. Theinitial plan for this study wasto
apply statistical classification techniques and geostatistics to both new and existing geophysical dataand
available discrete samples of excavated materials (ground truth data) to devel op a discrete three-
dimensional map of specific waste types. Each defined section of the burial ground would be defined as a
specific waste category within a defined probability. The resulting map was to be validated by comparing
the materials actually excavated (when excavation resumed) to the predicted waste types. However,
accurate spatial locations of available ground truth data, which were expected to be available from the
partial excavation of the 618-4 burial ground, were not available. This made it impossibleto attempt an
initial calibration of the geophysical datato the excavated waste. In addition, the delay in excavating the
remainder of the buried waste site has prevented us from performing a post-excavation calibration of the
waste types against the Classes identified in the geophysical data by neural network analysis.

The ESCS deployment allowed us to build a conceptual model of the buried waste at the 618-4 burial
ground. This conceptual model includes updated estimates of the number of drums remaining in the area
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of the burial ground where uranium-filled drums were partially excavated. The conceptual model also
includes confirmation of a previoudly identified area that has a similar geophysical signature to the area
where the drums were found, and the identification of athird areathat appears to contain large quantities
of metallic waste, but that has a different geophysical signature than the area containing the drums.

Several recommendations were developed as aresult of this deployment:

» We advise the ERC to proceed with caution during excavation of the southwest area of the 618-4
burial ground because of similarities between the geophysical signature in that area and the geo-
physical signature found in the drum anomaly. In addition, though the geophysical signature of the
central portion of the burial ground differs from that found in the drum anomaly, it still appearsto be
highly conductive, suggesting the presence of large amounts of shallowly-buried metal. We also
advise caution during excavation of that area.

» An effort should be made to provide detailed and accurate |ocations during excavation of the
remaining waste in the 618-4 Burial Ground, which can be used to establish a calibration with
geophysical datafrom the site. This should be performed using a high-resolution global positioning
system (GPS), able to located objects within 1 to 2 meters (3.2 to 6.4 feet) of their true location.

» Before excavating the nearby 618-5 Burial Ground, we recommend calibration of the high-resolution
geophysical datafrom the 618-4 Burial Ground with the waste types identified during excavation of
the site. If that calibration is successful, we recommend re-analysis of the existing 618-5 geophysical
data (WHC 1992), and, pending said re-analysis, consideration of gathering new geophysical data at
that burial ground.
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1.0 Introduction

This report describes the results obtained from deployment of the Enhanced Site Characterization
System (ESCS). The intent of this deployment was to map the distribution of buried waste at the 618-4
burial ground. Thislow-leve radioactive waste burial ground islocated on the Hanford Site about
1.6 kilometers (1 mile) north of the Richland City limits and 340 meters (1,115 feet) west of the
Columbia River. The 618-4 burial ground, located in the 300-FF-1 Operable Unit, was partially
excavated during 1997 and 1998. Excavation was halted in April 1998 after 338 drums containing
depleted uranium metal shavings and uranium-oxide powder were excavated from the site (see Figure 1
for location where these drums were removed).

This study was jointly funded by the U.S. Department of Energy’s (DOE) Office of Science and
Technology’s (OST) Accelerated Site Technology Deployment (ASTD) Program (EM-50) through the
Subsurface Contaminant Focus Area, and Bechtel Hanford, Inc.’s (BHI) 300-FF-1 Environmental
Restoration Project (EM-40). The objective of this study was to map the physical types of waste
materials present in the 618-4 burial ground using geostatistical methods to integrate and interpret
geophysical and ground truth data. The 300-FF-1 Project particularly wanted to determine the thickness
of the remaining deposit of metal drums and the estimated number of drums still requiring removal.

This study began in fiscal year (FY) 1999. The study was placed on hold throughout FY 2000 to
allow BHI to complete plans for resuming excavation of the burial ground and treatment of the drummed
waste. However, the study was resumed again in FY 2001 to complete aredirected study because
excavation of the burial ground would not resume for at least another year.

Initially, this study was to apply statistical classification techniques and geostatistics to new and
existing geophysical data and available discrete samples of excavated materials (ground truth data) to
develop a discrete three-dimensional map of specific waste types. Each defined section of the burial
ground would be defined as a specific waste category within a defined probability. The resulting map
was to be validated by comparing the materials actually excavated (when excavation resumed) to the
predicted waste types. However, significant differences between the site geometry of old and new
geophysical data, limitations placed on the collection of new geophysical data, the inadequacy of a state-
of-the-art three-dimensional geophysical method used by the study, the delay in excavating the remainder
of the 618-4 burial ground and the severe lack of good discrete (ground truth) samples hampered the
deployment of this plan. These changes meant this study used two-dimensional data sets to produce a
two-dimensional map of the waste site, rather than a three-dimensional map, as originally planned. In
addition, excavation of the burial ground remains on hold; therefore, validation of the waste types
predicted using the ESCS technology, could not be performed.
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2.0 Background

Environmental restoration of buried waste sitesis a major problem facing all DOE facilities. At the
Hanford Site alone, there are more than 100 burial grounds, with 45 currently scheduled for remediation
at an estimated cost of $500M. Previously, detailed characterization of these sites has not been recom-
mended due to their high degree of heterogeneity and the large uncertainties and costs inherent with their
characterization. Thus, the baseline approach has been to use limited pre-excavation characterization and
an observational approach, where waste is characterized as it is unearthed. Typically, limited geophysical
surveys (e.g., ground penetrating radar, electromagnetics, and/or magnetics) are applied individually to
determine the presence or absence of subsurface debris— minimal information is determined on the
characteristics of these materials. However, unexpected findings during recent remedial actions (e.g.,
Hanford burial grounds 118-B-1, 618-4, and landfill 1-D, as well as Idaho National Engineering
Environmental Laboratory Pit 9) have led Hanford Site environmental restoration contractors (ERCs) to
the conclusion that accurate delineation of waste boundaries and precise identification of high risk waste
prior to excavation, is hecessary to avoid unplanned delays, decrease health and safety costs, decrease the
need for contract change orders, and reduce costs significantly. Specifically, the large cache of buried
drums containing uranium shavings discovered during excavation of the 618-4 burial ground caused
major delaysin the remedial action and increased costs by nearly $1M for the site. Without a new
approach, the previoudy estimated cost of remediation for the 45 buried waste sites could easily double.

2.1 ESCS Technology/Deployment Plan

The ESCS combines advanced geophysical data and interpretation techniques with existing infor-
mation and traditional characterization and ground truth data to type match the geophysical and chemical
signatures of various waste types. Geostatistical techniques and multivariate statistics are used to inte-
grate the multiple environmental data sets to model the spatially distributed data and provide the classifi-
cation of different waste types. If ground truth data are available, then we can estimate the probability
that the different waste type classes contain a particular type of waste (Figure 2).

ESCSisintended for use with a suite of state-of-the-art geophysical technologies (e.g., €lectromag-
netic offset logging [EOL], multi-frequency ground penetrating radar [GPR], arrayed full-field magne-
tometer [STOLS]) in combination with ground truth sampling of selected target areas. New data sets are
designed to complement existing data sets (historical records and photographs, past geophysical surveys,
soil gas surveys, radiation surveys, trench sampling). Individual geophysical technologies generally
measure only one physical property of the subsurface. For example, EOL uses an el ectromagnetic source
coil at the surface and areceiver cail in an adjacent borehole to measure changesin the ground’ sresis-
tance to transmitted electrical signals. GPR derivesimages of the subsurface by obtaining reflections of

! DOE. June 18, 1998. Proposal for Accelerated Site Technology Deployment, Enhanced Site
Characterization System. U.S. Department of Energy, Richland Operations Office, Richland,
Washington.
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radar waves from reflective surfaces (i.e., contrasts in conductivity and permittivity), and is generally
used for mapping soil stratigraphy, determining the depth to a shallow water table or bedrock, and
locating buried metallic and non-metallic targets such as drums or building foundation materials.
Magnetometers are used to locate ferrous metal objects in the subsurface by measuring the magnetic field
produced by these objects. STOLS consists of seven magnetometersin an array that is towed on asled,
and can locate metallic objects less than 1 foot across and provide an estimate of the depth of burial.
Together, these geophysical technol ogies measure several different properties of the subsurface materials
(producing many different types of geophysical anomalies).

An advanced geophysical technique deployed by this project at the 618-4 burial ground was EOL .
Two boreholes were drilled on the edges of the burial ground, then EOL was conducted to provide a
three-dimensional resistivity survey of the site. The objective of this survey was to define the horizontal
and vertical extent of the uranium-filled drums present at the site. (NOTE: At this point, the number of
layers of drums is unknown, therefore, the total number of drums that will need to be excavated and
stabilized is also unknown.) The EOL data was to be integrated with previousy recorded geophysical
data (GPR, electromagnetic, and a magnetometer survey), as well as other information from historical
photographs, soil gas results, radiation surveys, etc.

A detailed conceptual model of the waste site was to be generated based on all the characterization
data. Direct sampling viatrenching, soil borings, test pits, and the aborted excavation of the site have



aready been conducted. That sampling data was to be used as ground truth data to provide calibration of
the various types of geophysical properties against the type of waste present and the degrees and types of
contamination. Statistical classification techniques, such as discriminant function analysis (DFA), were
then to be used to estimate the probability that a subsurface block within the burial ground is of a speci-
fied waste type (e.g., exceeds cleanup criteria, contains high risk or problem wastes) given the suite of
geophysical measurements recorded for that location. The calibration to be performed using the ground
truth data from the direct sampling areas could then be extrapolated to other locations where only geo-
physical datais present. This calibration process would use the relatively cheap and plentiful geophysical
data as a proxy for more expensive direct sampling data.

The probability that subsurface blocks within the burial ground contain specific waste types would
then be modeled in three dimensions using geostatistical techniquesincluding variogram analysis and
conditional simulation. Variogram analysis would be used to provide quantitative models describing the
gpatial heterogeneity of the probability estimates determined from the DFA (i.e., the probability that a
subsurface block belongsto a particular waste type). The modeling technique to be used would be the
generation of multiple stochastic simulations of the waste type status of each block, using the proba-
bilities determined from the DFA and the variogram models of the probability measure. Multiple
stochastic simulations would be used for Monte Carlo analysis of the uncertainty of waste classification
of each subsurface block. The resulting three-dimensional conceptual model of buried waste within the
burial ground would provide ERCs with the identification and location of high risk and/or problem
wastes, improve excavation volumes estimates, and delineate various waste categories within the burial
ground to support excavation and waste handling decisions both prior to and during soil/debris excavation
(e.g., acceptable for Environmental Restoration Disposal Facility (ERDF) disposal, requires pre-
treatment, does not require excavation).

2.2 618-4 Burial Ground Site History and L ayout

The 618-4 burial ground is located north of the 300 Area on the Hanford Site about 1.6 kilometers
(2 mile) north of the Richland City limits and 340 meters (1,115 feet) west of the ColumbiaRiver. The
siteisin the northwestern corner of the 300-FF-1 Operable Unit and is enclosed by a hog wire fence
encompassing an area of approximately 5,845 m? (62,890 ft* [1.4 acres]) (see Figure 1). The burial
ground is oriented in a southwest-northeast direction (trending approximately 35° east of north).

The burial ground consists of a single pit measuring 32 meters (105 feet) by 160 meters (525 feet)
with the main part of the disposal pit estimated to be at |east 6 meters (19 feet) deep. Littleinformation is
available regarding the waste disposed to this facility, however, it reportedly operated between 1955 to
1961 and received uranium contaminated trash and debris from nuclear fuel manufacturing processes
located in the 300 Area (DOE 1990).

Ground-penetrating radar, magnetometer, and metal detector surveys were conducted over the burial
ground in 1991 (WHC 1992). This burial ground was partially excavated during 1997 and 1998 as part of
environmental restoration at the 300-FF-1 Operable Unit (Lerch 1998). Excavated material consisted
mostly of metallic debris and soil contaminated with uranium, but asbestos, wood, glass, and lead debris
were also unearthed. Excavation halted in April 1998 after 338 drums (132 liters [35 gallons]) containing



depleted uranium metal shavings and uranium-oxide powder were excavated at the site of a strong
magnetic anomaly near the center of the burial ground (see Figure 1 for location where these drums were
removed).

When excavation halted in April 1998, the burial ground was left with an uneven topographical
surface (Figures 3 and 4). A coarse wire (hog wire) fence with wooden posts marks the perimeter of the
burial ground, and two power lines are located approximately 30 meters (100 feet) west of the study area.
Two boreholes cased with polyvinyl chloride (PVC) were installed on the northwest and southeast sides
of the study areato a depth of about 9.7 meters (32 feet), the depth to groundwater. The native geologic
materials of the site consist of athin veneer (~1.5 meters [5 feet] thick) of poorly graded sand overlying
well-graded sandy gravel. The moisture content of these soilsis very low, on the order of 5 to 10% by
weight.
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Figure 3. Aeria Photograph of the 618-4 Burial Ground Looking South, June 1998
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3.0 Geophysical Data Review

Site characterization data was generated during previous remedial investigation activities and more
recent technology demonstrations. Brief summaries of the historic data as well as geophysical data
collected specifically for this study are presented in the following sections.

3.1 Historical Data

Geophysical surveys of the 618-4 burial ground were conducted as part of remedial investigation at
the 300-FF-1 Operable Unit (WHC 1992). The objectives of these surveys were to identify and/or
confirm the boundary of the disposal pit, estimate the depth of fill material, and |ocate waste materials or
other significant features. Magnetometer, GPR, and metal detector surveys were conducted in June and
August 1991. The GPR surveys were conducted using a grid 2 meters by 2 meters, while the magne-
tometer and metal detector surveys were conducted using a 2-meter line spacing, with the lines running
perpendicular to the length of the burial ground. Results of these surveys suggested that a majority of the
waste was metallic in composition. Strong magnetic anomalies at the southwest end of the burial ground



indicated the presence of a significant amount of ferrous metallic waste materials. The GPR data
indicated that waste material and debris in the main part of the pit extended to adepth of at least 6 meters
(19 feet). Theresults also suggested that the waste materials were covered with alayer of relatively clean
sand and gravel that varied between 1 to 4 meters (3.28 to 13 feet).

In 1999, the GPR lines were re-interpreted to identify the locations of anomalies that might be caused
by buried drums (Appendix A). A distinctive anomaly was detected over the area where drums con-
taining depleted uranium were later removed from the 618-4 burial ground. That anomaly consists of
areas on the GPR profiles where the uppermost reflection isflat, unlike most areas where that reflection is
highly irregular. In addition, the reflections below the uppermost flat reflection are aso more regular and
lower in amplitude than the reflections from other parts of the burial ground. Thus, the character of the
GPR signasin the area of thisanomaly is visualy quite distinct from the character of the signalsin other
aress.

The GPR data were examined on aline-by-line basis to attempt to delineate the boundaries of the
drum deposit. This re-interpretation was done separately for both the north-south and the east-west lines.
The apparent boundaries derived from the north-south and east-west sets of GPR data are centered around
the location X = 104 meters (341 feet), Y = 38 meters (124.6 feet) and are outlined in Figure 5 by
irregularly shaped white and black solid lines. Where the anomaly is outlined by a solid gray line, the
anomaly appeared to be present in both sets of lines; therefore, that area may have the greatest probability
of containing drums.

The GPR profiles were scanned to determine if similar anomalies existed in other areas. Another
anomaly, considered to be potentially associated with a deposit of drums was identified southwest of the
first anomaly, with the center located at about X = 75 meters (246 feet), Y = 30 meters (98 feet). The
GPR reflections within this anomaly have characteristics similar to that produced by the known drums,
but the surface defined by the uppermost reflectionsis not as flat asit is where drums are known to be
present. However, based on the overall similarity of the GPR anomalies, and the fact that the GPR
anomaly at the second site occurs over an area with a strong magnetic anomaly, the possibility that a
second cache of drums exists at the second site was suggested in the earlier report (Appendix A).

In addition to the geophysical investigations described above, remedial investigation activities also
included a soil gas survey and test pit excavations. The soil gas survey was performed in August 1991 to
determine the nature and extent of volatile organics. Soil gas probes were installed at depths of 0.6 to
1.2 meters (1.96 to 3.9 feet) at 60 locations. Detectable concentrations up to 15.6 parts per million were
found at eight locations primarily located in the southwestern end of the burial ground. In February 1992,
two test pits were excavated in the burial ground. These test pits unearthed contaminated pipe, scrap
metal, salt-bath precipitate, rubber, pipe insulation, burnt wood, melted glass, asbestos, lead bricks, an a
empty drum, and miscellaneous debris mixed with sand and gravel (Lerch 1998).

In June and July 1997, atechnology demonstration was conducted using the low frequency electro-
magnetic array (LEMA) ground penetrating holography (GPH) technology at three small test sites within



the southwestern portion of the burial ground.? LEMA GPH radar data were collected on intervals of

10 centimeters (3.94 inches) in discrete point acquisition mode. Images of actual buried waste objects at
these three sites were generated, demonstrating the capability of GPH technology to locate, size, and
show orientation of buried waste.®

3.2 Electromagnetic Offset L ogging

The EOL method has been previously used by WMI International, Inc. and its geophysical subcon-
tractor ENW Services (referred to together as WMI) to identify and map three-dimensional deposits of
low-conductivity soil contaminated by organic compounds. This technology was identified in the
TechCon database as a mature technology (Gate 6, where Gate 6 is the last of six gates or decision points
in the OST Technology Decision Process) with a good performance history and the capability of detecting
large waste containers. The deployment of this technology for this study was very different because it
involved the three-dimensional mapping of a deposit of metallic drums expected to be highly conductive.
However, WMI indicated they did not expect a problem with application of the EOL technology to the
mapping of a conductive deposit, and their proposal for geophysical services was accepted based on their
low bid and the unique potential of their technology.

During June 1999, two boreholes were drilled on the northern and southern sides of the 618-4 burial
ground (Appendix B), each of which was cased with PV C to an approximate total depth of 9.7 meters
(32 feet). These boreholes were used by WMI to perform an EOL survey of the central part of the burial
ground (Appendix C). EOL datawere collected for 184 stations during June 1999. A rectangular source
loop 1.8 by 1.8 meters (6 by 6 feet) was placed at each station and energized with alternating current. The
total electromagnetic field induced by the source loop was then measured at ~3-centimeter (0.1-foot)
intervalsin the closest borehole, from depths of 1.2 to 9.7 meters (4 to 32 feet). The datawere then
processed by WMI to remove the primary field response due to the source cail, thereby permitting meas-
urement of the secondary field response caused by the presence of conductive materialsin the subsurface
below the source coil. The output data, after processing of the EOL data, were provided as relative
conductivity measurements. Because no phase information was recorded by the EOL instruments, it was
not possible to calibrate the relative conductivity datato a measurement of true terrain conductivity.

The EOL datawere processed twice. The first time, the processing was rushed in order to meet a
contract deadline, but the resulting output was unsatisfactory, and the data appeared to bear no relation-
ship to the site. The data were then reprocessed by WMI.

2 Collins, H. Dale. 1997. Portable Selective Hot Spot Removal System Demonstration, RL 37541,
Technology Evaluation Report. Draft Report, Pacific Northwest National Laboratory, Richland,
Washington.

® Ibid.



Examination of the final EOL data has proved to be inconclusive. Two high conductivity zones were
interpreted by WMI. However, after examining the relative conductivity maps and the vertical cross-
sections provided by WMI, we concluded that the EOL data cannot be used to identify, even coarsely, the
lower boundary of the partially excavated deposit of buried drums, or of the buried waste present in other
locations within the trench. Because the EOL data are not suitable for three-dimensional analysis, we
elected to pursue other methods using the existing geophysical data to better resolve the location of the
edges of the deposit and the number of drums that remain to be excavated.

The performance of the EOL method may have been adversely affected by extraneous cultural fea-
tures (e.g., metal waste piles) and uneven terrain. When Sandness (WHC 1992) conducted geophysical
surveys over the burial ground, it was prior to remediation, hence, the burial ground surface was
essentially undisturbed. The ground was fairly flat and was surrounded by a single hog-wire fence. The
intended purpose of the 1991 geophysical surveys was to delineate the waste trench boundaries, not to
determine what types of waste might be buried within the trench. Thus, the geophysical datawere
collected on arather coarse grid. By contrast, the EOL survey was conducted after the overburden had
been removed from the entire waste trench area and portions of the site completely or partially excavated.
Thisincludes partial removal of the drum deposit. The terrain was very uneven. Debriswas visible at the
ground surface over several portions of the partially excavated waste trench. In addition, several large
metallic objects (including a forklift and a dumpster containing uranium-oxide powder) were located on
or near the waste trench. These objects represent strongly conductive cultural features that can generate
secondary electromagnetic fields that greatly complicate interpretation of the EOL data. Removal of the
overburden and portions of the buried waste also complicated the correlation of the EOL data with the
older geophysical data.

3.3 FY 2001 High Resolution Geophysical Data

A detailed geophysical investigation was conducted over the central (unexcavated) portion of the
burial ground in March 2001. The objective of thisinvestigation was to better define the boundaries of
two main target areas (the location of known drums and a second location preliminarily identified as
having a similar character) within the 618-4 burial ground and to provide data on their geophysical
signatures. Thisinvestigation included ground penetrating radar, magnetics, and time domain electro-
magnetic (TDEM) surveys. Datawere collected along profiles spaced 1 meter (3.2 feet) apart. A
summary map identified the locations of highly concentrated buried debris, debris that is buried relatively
deep with significantly less ferrous material in it, and the area containing a high concentration of drums.
While the investigation did provide good definition of the main target area (known to contain drums), the
investigation did not distinguish the second target area from the area of highly concentrated debris.
Appendix D presents the details of thisinvestigation and its results.
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4.0 Datalntegration

This section describes the methods and results of the ESCS deployment at the 618-4 burial ground.

41 Methods

An analysis of historical geophysical data (the WHC 1992 data set) was performed for this project in
1999 (Appendix A). That study suggested that an additional anomalous area existed southwest of the
known deposit of steel drums containing depleted uranium. The previous study recommended that
updated geophysical data be gathered to examine the anomalous area, and new geophysical datawere
collected in the spring of 2001. This section describes the application of the ESCS approach to the
analysis and integration of that data.

4.1.1 Datalncluded inthe Analysisand Integration

Five variables were incorporated in the data analysis and integration. Four of them were based on
geophysical data collected in 2001. These include the TDEM data recorded by the Geonics Ltd. EM-61
electromagnetic metal detector instrument, the magnetic field strength, the thickness of thefill overlying
the buried waste, and the slope of the top of the buried waste. The fifth variable used in the analysis was
the amplitude of the GPR reflection, which was available for the GPR data set collected in 1990
(Figure5). The EM-61 data used in the analysis was the difference between the top and bottom coils for
the 660 microsecond time gate (Figure 6).
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Figure5. GPR Reflection Amplitude at the 618-4 Burial Ground. (Heavy black outline
near X = 100 is the drum anomaly; dashed outline near X = 70 represents the
southwest anomaly.)
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Figure 6. Time Domain Electromagnetic Calculated Differences (top coil — bottom
coil 660 value) at the 618-4 Burial Ground

The magnetic field strength data were processed before being included in the analysis. One difficulty
that exists with the interpretation of magnetic data is that the position of an anomaly is normally shifted in
space from the actual location of the metallic object causing the anomaly. This shift is caused by the
interaction of a magnetic dipole with the inclined axis of the earth’s magnetic field. A modeling proce-
dure known as reduction to the pole (RTP) can be used to model the magnetic response expected if the
magnetic pole were vertical. This shifts the position of magnetic anomalies so that they are directly over
the objects that cause them. The RTP transformation of the 2001 magnetic data was performed for
Pacific Northwest National Laboratory (PNNL) by Dr. William Clement of the Center for the Geophys-
ical Investigation of the Shallow Subsurface at Boise State University, Boise, Idaho. Dr. Clement used
published algorithms and software (Blakely 1995) to perform the reduction to the pole. Figure 7 displays
the RTP magnetic field strength data.

The thickness of the fill overlying the buried waste is anumerical 1 by 1meter (3.2 foot) grid created
by ordinary kriging of the point measurements of thickness data provided by CH2M HILL Hanford, Inc.
(Figure 8 and see Appendix D). The slope of the top of the buried waste was produced in several steps.
The basic input data used were the grid of the thickness of thefill just described and point measurements
of the topographic relief provided by CH2M HILL Hanford, Inc. (Appendix D). The topographic
elevation data were interpolated onto aregular 1 by 1meter (3.2 foot) grid by ordinary kriging. The top of
the buried waste was calculated by subtracting the thickness of the fill and the topography grids from an
arbitrary horizontal datum. The slope of the top of the buried waste was calculated using the terrain slope
function within SURFERL * which determines the local gradient at each grid node. The map of this
variable (Figure 9) will be zero in areas where the top of the buried waste isflat, e.g., where drums are
neatly stacked. Areaswith greater slope on the top of the buried waste are found where the waste was
deposited haphazardly.

4 SURFER is a trademark of Golden Software, Inc.
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Statistical M ethods

Severa statistical methods were employed in the data analysis, including DFA, multiple linear
regression, hierarchical cluster analysis, and fuzzy adaptive resonance theory (fuzzy ART). DFA,
multiple linear regression, and hierarchical cluster analysis were performed using the SYSTATO®

5 SYSTAT isatrademark of SPSS, Inc.
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Figure 9. Terrain Slope of Elevation of Top of Buried Debris at the 618-4 Buria Ground

commercial statistical software package (version 10). The fuzzy ART analysis was employed using
software developed by YuLong Xie (PNNL) from published algorithms (Carpenter et al. 1991, 1992).

DFA calculates the linear combination of a set of variables that best separates two or more groups of
observations (Ripley 1996). Jackknife techniques were employed to estimate the ability of the technique
to correctly classify the observations when they are left out of the model one at atime. The group
identifications of the observations must be known in advance. In this study, DFA was used to examine
the difference between the area designated by the geophysicists as containing drummed waste with the
rest of the study area.

We used multiple linear regression to explore the relationship between the EM-61 data, the magnetic
field strength, and the thickness of thefill. Multiple linear regression is atechnigue for modeling the
relationship between a dependent (response) variable and two or more independent (predictor) variables
(Johnson and Wichern 1988).

We employed traditional and neural network classification methods to classify waste types based on
the differences between the geophysical signatures of the classes. The methods that we employed,
hierarchical cluster analysis and fuzzy ART, are both unsupervised classification methods (Ripley 1996).
This means that they are used to classify observationsinto “natural” groups where predetermined group
identifications are not available (Johnson and Wichern 1988). In essence, they each attempt to identify
groups within the samples based on similarities between the members of the groups and the differences
between groups.
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Hierarchical cluster analysis uses a measure of the distance between samples and/or groups of sam-
ples to successively join each sample to the sample or samplesto which it is most similar. In this study,
we used the Euclidean distance to measure the distance between samples:

d(% y) = /(% = Y1) 2 + (X, = ¥,) 2 + L+ (%, = ¥,)?)
where x and y are two different samples on which we have made p measurements.

The hierarchical clustering algorithm employed in this study was the average linkage method. This
method uses the average of the distances between a sample and a group of samples or between two groups
of samples to determine the distance between groups. Average linkage cluster analysis was employed in
the previous analysis performed for this study (Appendix A), so we wanted to be able to compare the
results from the same technique for the new data set.

Fuzzy ART isaneural network method developed for unsupervised classification (Ripley 1996).
Like most neural network methods, fuzzy ART is based on multiple layers, in this case an input and
output layer, that are connected by sets of weights. The measurement data for each samplein the input
layer are compared to the weighted existing clustersin the output layer to determine which cluster that
each sampleis most similar to. If the sample being considered is sufficiently similar to one of the
existing clusters, then the sample isjoined to the cluster and the weights for that cluster are then
recalculated. If the sampleistill sufficiently similar to the recal culated weights of the cluster, passing
what is known as a vigilance check, then the sample is said to resonate with that cluster. If asample
doesn’'t pass the vigilance check with any existing cluster, then a new cluster is formed, with weights
patterned after the sample. Thisfacility to form new clusters when a sample doesn’t match the pattern of
existing clustersis what leads to the method being termed adaptive. The ART classification method was
originally developed for binary data (Ripley 1996). Modificationsto the logic that made it possible to
apply the algorithm to continuous data, like the geophysical data employed in this study, led to the
“fuzzy” modifier for the name of the algorithm.

4.2 Resaults

The interpretation of the high-resolution geophysical databy CH2M HILL Hanford, Inc. provided an
outline for the area that they interpreted as the remainder of the cache of uranium filled drums that was
partialy excavated in 1998 (hereafter referred to as the drum anomaly). We prepared an estimate of the
number of drums that might be present at the site, using the outline of the areathey provided. We digi-
tized the outline of the drum anomaly, and calculated its area using SURFERO . We looked at several
scenarios and determined there could be ~770 to 850 drums remaining at the site. In Table 1, all areas
arein sguare meters. The two scenarios are based on our digitized estimate of the area interpreted as
probably containing drums by geophysicists at CH2M HILL Hanford, Inc. using the data they recently
collected at the site. Thefirst scenario assumes that we have three layers of 208-liter (55-gallon) drums
with an average diameter of 58.4 centimeters (23 inches), while the second scenario assumes that the
drums were all loaded on standard pallets 122 by 102 centimeters (48 by 40 inches), four drumsto a
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Table 1. Estimates of Remaining Drumsin 618-4 Burial Ground

Remaining Area | Drum Area | Pallet Area |Remaining
(m?) (m?) (m?) Drums
88 0.34 776
88 124 852

pallet, stacked three layers high. Of courseif the average drum diameter is smaller (large number of
113.5-liter (30-gallon) drums without 208-liter (55-gallon) overpacks), or if they stacked more than four
drumsto a pallet, these estimates would be low.

We used box plots and DFA to examine the difference in the geophysical properties between the area
within the drum anomaly outline and the remainder of the study area. The box plots (Figure 10) indicate
that two variables are significantly different within the outline. The median RTP magnetic datais higher
within the mapped outline and the thickness of the fill overlying the buried waste is greater within the
outline. DFA indicated that in 83 to 85% of the cases within the study areait is possible to correctly
predict whether a given location isinside the mapped outline just based on the geophysical data (i.e.,
without considering the spatial location). The two lines of evidence strongly suggest that the area
interpreted as containing drums is geophysically different from the rest of the study area.

However, it isimportant to note that the EM-61 data did not appear to be different on either side of
the boundary (e.g., see the box plot for the EM-61 datain Figure 10). Thisis surprising because the
uranium filled drums are made out of steel (Lerch 1998), and it might be expected that the EM-61
instrument, which is primarily used for metal detection, would exhibit a high conductivity response over
the area containing drums. One possible reason for the low EM-61 response in the area where the drums
are buried is the greater depth of fill overlying that area (see Figure 10). To examine that idea, we
examined the correlation of the EM-61 data with the thickness of thefill. The correlation for the entire
study areais-0.542, which isthe strongest correlation found for the dataset as awhole. The correlation
between the two variablesis even stronger within the areaidentified as probably containing metallic
drums, whereitis-0.764. Theincreasein correlation may be due to the fact that the area within the
outline is more homogenous than the site as awhole. The correlation between the EM-61 data and the
thickness of the fill suggests that the EM-61 signal is being attenuated by the increased distance and
material between the instrument and the metallic objects in the buried waste.

We also used multiple linear regression to estimate the relationship between the EM-61 data, the
thickness of thefill, and the RTP magnetic field strength data. The linear correlation coefficient between
EM-61 data and the RTP data was 0.757 within the drum outline. The positive correlation is expected
because both instruments are influenced by the presence of metallic objects, although the magnetometer
primarily responds to ferric metal while the EM-61 instrument detects any conductive material. The
multiple correlation coefficient for the regression model was 0.866; the squared correlation coefficient of
0.75 indicates that about 75% of the variance of the EM-61 data within the drum outline can be explained
by a combination of the RTP magnetic data and the thickness of thefill.
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The box plots shown in Figure 10 and the DFA results discussed earlier indicate that there are
significant differences between the drum outline area and the study area as awhole. However, previous
work (see Appendix A) suggested that there was at |east one area outside of the area known to contain
drums that had a similar geophysical signature. We used several unsupervised classification methods to
determine if there were other areas outside of the known drum areathat had a similar geophysical signa-
ture using the high-resolution geophysical data set gathered in 2001. We first tried hierarchical cluster
analysis using the average linkage algorithm that had been employed in the earlier phase of the study.
However, that effort was unsuccessful, as the vast majority of the observations were all classified within a
single class. For example, with three classes selected, 98.8% of the observations were classified within a
single class, while with four classes, 95.5% of the observations were placed in the same class.

Given the inability of hierarchical clustering to satisfactorily partition the geophysical data, we
applied an alternative method of unsupervised classification, fuzzy ART, that is based on neural network
methods. This method classified the data more successfully, partitioning the areainto three different
classes (Figure 11). The partitioning appears reasonable for several different reasons:

* the partitioning was stable for a wide choice of the input parametersto the fuzzy ART program

 the partitioning roughly paralleled the results of athird unsupervised classification method (k-means
clustering, results not shown)

« the partitions form relatively compact spatial classes that coincide with known and/or previously
identified areas

* there are significant differences between the geophysical properties that can be related to the spatial
location of the classes.
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Figure 11. Classes Defined by Neural Network Fuzzy ART Approach Using Five Variables
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Class 1 isthe class that coincides most directly with the location of the drum anomaly, as identified
by the geophysicists, and the anomaly that had been previously identified to the southwest of it (see
Figure 11). Class 1 has high RTP magnetic field strength, intermediate values for EM-61 difference,
GPR reflection amplitude, and the thickness of the overlying fill, and low values for the slope on top of
the buried waste (Figure 12). Class 1 is concentrated in the drum anomaly and the area of the southwest
anomaly, with another small patch located in the eastern southcentral portion of the map. Although it is
not conclusive without the ability to calibrate the group identifications with specific waste types that have
been excavated, the similarity between the drum anomaly and the southwestern anomaly suggest caution
in excavating the southwestern and southcentral anomalies. Class 3, on the other hand, appears to
identify areas with much less metallic waste present, as indicated by the fact that this class is marked by
the lowest RTP magnetic field strength, EM-61 values, and GPR reflection amplitudes (see Figure 12).
Class 3 occurs mostly in the “ eastern” portion of the map area, with the greatest concentration in the
southeast corner of the map. It isworth noting that there are small patches of Class 3 observations within
the drum anomaly and the southwest anomaly (see Figure 11). Like Class 1, Class 2 has properties
consistent with the presence of metallic waste. Class 2 has RTP magnetic field strength values that are
about the same as those found in Class 1, but the EM-61 data values and the GPR reflection magnitude
for Class 2 are far higher than those of Class 1 (see Figure 12). One factor that might explain the high
EM-61 values are that Class 2 is aso the class with the thinnest fill overlying the buried waste. As shown
previously, the EM-61 instrument appears to be very sensitive to the thickness of the fill overlying the
buried waste.

5.0 Conclusions

The ESCS deployment allowed us to test the ESCS approach and employ multivariate geostatistical
methods to build a conceptual model of the buried waste distribution at the 618-4 burial ground, which
was the objective of the study. The conceptual model, which provides information that can be used to
increase the efficiency of remediating the 618-4 buria ground, is discussed below, along with an
evaluation of the ESCS deployment itself.

5.1 Conceptual Model of Buried Wastein the 618-4 Burial Ground

We used a commercial mapping package to calculate the area within the outline of the drum anomaly
interpreted by geophysicists at CH2M HILL Hanford, Inc. from the new geophysical data, which they
recorded under contract for this project. The estimated area was the basis for an estimate of the number
of remaining drums at the site. For different stacking scenarios, the number of remaining drums ranged
from about 770 drums to 850 drums. The estimate was provided to the ERC for use in budgeting and
planning.
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A combination of box plots and DFA indicate that the drum area and the southwest anomaly are
similar to one another, but different from the rest of the study area. The major difference between the two
anomalies and the rest of study areais the presence of higher measurements of magnetic field strength,
suggesting the presence of ferric metals, and a greater thickness of overlying fill. The increased thickness
of fill may be responsible for the attenuated EM-61 signal, which should respond to the presence of
conductive metal. Multiple linear regression within the area of the drum anomaly indicated that the
thickness of thefill has a strong negative correlation with the strength of the EM-61 signal.

Fuzzy ART, aneural network classification method, successfully clustered the areainto 3 classes.
The classes identified by neural network analysis appear reasonable for several different reasons:

* the partitioning was stable for awide choice of the input parameters to the fuzzy ART program

* the partitioning roughly paralleled the results of athird unsupervised classification method (k-means
clustering)

* the partitions form relatively compact spatial classes that coincide with known and/or previously
identified areas

« there are significant differences between the geophysical properties that can be related to the spatial
location of the classes.

The drum anomaly and the southwest anomaly have similar geophysical signatures, and are domi-
nantly composed of Class 1. The area between the drum anomaly and the southwest anomaly, dominated
by Class 2, also appears to contain waste with a high metallic content, but the character of that anomaly is
quite different, with avery high EM-61 signature and a greater GPR reflection amplitude. The difference
between Class 1 and Class 2 may indicate a higher proportion of conductive but non-ferric waste in the
area dominated by Class 2 and/or the difference may be due mostly to the shallow buria of that waste.
Areas dominated by Class 3 appear to contain much less metallic waste than the rest of the study area.

5.2 Evaluation of the ESCS Technology

Evaluation of the ESCS technology can only be partially concluded at thistime. The multivariate
techniques employed by the ESCS approach can successfully integrate multiple geophysical variables and
group observations into clusters that are relevant for planning the excavation of the buried waste. The
method allowed us to provide input to site personnel on areas that need special caution and planning
during excavation.

However, the success of the technology cannot be fully evaluated at this time because reliable ground
truth data are not available to calibrate to the geophysical signal. Theinitia plan for this study wasto
apply statistical classification techniques and geostatistics to both new and existing geophysical data and
available discrete samples of excavated materials (ground truth data) to devel op a discrete three-
dimensional map of specific waste types. Each defined section of the burial ground would be defined as a
specific waste category within a defined probability. The resulting map was to be validated by comparing
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the materials actually excavated (when excavation resumed) to the predicted waste types. However,
accurate spatial locations of available ground truth data, which were expected to be available from the
partial excavation of the 618-4 burial ground, were not available. This made it impossible to attempt an
initial calibration of the geophysical datato the excavated waste. In addition, the delay in excavating the
remainder of the burial ground prevented us from performing a post-excavation calibration of the waste
types against the classes identified in the geophysical data by neural network analysis.

6.0 Recommendations

Several recommendations were developed as aresult of this deployment:

» The ERC should proceed with caution when excavating the southwest anomaly because of similarities
between the geophysical signature in that area and the geophysical signature found in the drum
anomaly. In addition, although the geophysical signature of Class 2 differs from that found in the
drum anomaly, it still appears to be highly conductive, suggesting the presence of large amounts of
shallowly-buried metal. We also advise caution during excavation of that area.

» An effort should be made to provide detailed and accurate | ocations during excavation of the
remaining wastes in the 618-4 burial ground, which can be used to establish a calibration with
geophysical datafrom the site. This should be performed using a high-resolution global positioning
system (GPS), able to located objects within 1 to 2 meters (3.28 to 6.56 feet) of their true location.

» Before excavating the nearby 618-5 burial ground (which is believed to have received similar waste
to that of the 618-4 buria ground), we recommend calibration of the high-resolution geophysical data
from the 618-4 burial ground with the waste types identified during excavation of the site. If that
calibration is successful, we recommend analysis of the existing 618-5 geophysical data (WHC 1992),
and, pending the results of that reanalysis, consideration of gathering new (higher resolution)
geophysical data at that burial ground.
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Preliminary Conceptual Model of Buried Waste in the 618-4 Burial Ground

Introduction

This report describes preliminary results obtained from deployment of the Enhanced Site
Characterization System (ESCS) to map the distribution of buried waste at the 618-4 Burial
Ground. Thislow-level radioactive waste burial ground islocated on the Hanford Site about 1.6
km (1 mi.) north of the Richland City limits and 340 m (1115 ft) west of the Columbia River.
The 618-4 Burial Ground, located in the 300-FF-1 Operable Unit, was partialy excavated during
1997 and 1998. Excavation was halted in April 1998 after 338 drums containing depleted
uranium metal shavings and uranium-oxide powder were excavated from the site (see Figure 1
for location where these drums were removed).

This report meets the objective of a Department of Energy Headquarters (DOE-HQ)
milestone identified in the ESCS Deployment Plan and Fiscal Y ear 1999 Technical Task Plan
(TTP). This ESCS project was jointly funded by DOE’ s Office of Science and Technology’s
Accelerated Site Technology Deployment (ASTD) Project (EM-50) through the Subsurface
Contaminant Focus Area, and Bechtel Hanford Incorporated’ s (BHI) 300-FF-1 Environmental
Restoration Project (EM-40). The objective of this deployment was to map the physical types of
waste materials present in the 618-4 burial ground, using geophysical and geostatistical methods.
Of particular interest to the 300-FF-1 Project, was the thickness of the remaining deposit of metal
drums and the estimated number of drums still requiring removal.

Geophysical surveys, including ground penetrating radar (GPR) and measurement of the
intensity of the total magnetic field, were performed in 1991 (WHC 1991). Mapping of the data
for the current study was performed using the local coordinate system devel oped for the previous
geophysical surveys. That coordinate system parallels the fenceline surrounding the 618-4
Burial Ground. For convenience, areas of the maps produced using the local coordinate system
will be identified using compass directions; e.g., the “ southwest” corner of the map, even though
true north is approximately 52 degrees east of north on the maps.

Electromagnetic Offset Logging (EOL)

Two boreholes were drilled on the northern and southern sides of the 618-4 Burial
Ground, each of which was cased with PV C to an approximate total depth of 9.7 m (32 ft).
These boreholes were utilized by WMI International and its geophysical subcontractor ENW
Services (referred to together as WMI) to perform an EOL survey of the central part of the burial
ground. The EOL method has been previously used by WMI to identify and map 3-D deposits of
low-conductivity soil contaminated by organic compounds. This technology was identified in the
TechCon database as a mature technology (Gate 6) with a good performance history and the
capability of detecting large waste containers™. The current application of the technology was
very different, because it involved the 3-D mapping of a deposit of metallic drums expected to be
highly conductive. However, WMI indicated that they did not expect a problem with application
of the EOL technology to the mapping of a conductive deposit, and their proposal for
geophysical services was accepted based on their low bid and the unique potential of their
technology.

'Last, G. V., T. L. Walton, L. M Bagaasen, H. D. Freeman, T. JGilmore, T. L. Liikala, P. M. Molton, and S. S.
Teel. August 1996. “A Survey of Commercially Available Technologies For Characterization, Excavation, and
Handling of Buried Waste at the Hanford Site”. A Report for Bechtel Hanford, Incorporated. Prepared by Pacific
Northwest National Laboratory, Richland, Washington.

A3



Preliminary Conceptual Model of Buried Waste in the 618-4 Burial Ground

Asbestos

. _~—B8781 Drums Partially
Forklift - Cover blocks 4 \\Removed Excavated

-——y-—-— =]
..

" Visible Debris

—— _ s

T —— — e —

; N ; :
Iy hVisible Debris-— - ;
; /,4 o ; 4 ; 1 1
r, s 4 nexcavated] | / i
Ly £ | @; 1 Drums | |}
/A‘l,; /; T S~ ¢ Vode ‘3’ L /,r‘t — !“ ‘i
joie s T~ = “ s X

Figurel. Map of 618-4 Burial Ground, showing extent of partial excavation.

EOL datawere collected for 184 stations during June of 1999. A 6-ft by 6-ft (1.8-m by
1.8-m) rectangular source loop was placed at each station and energized with alternating current.
Thetotal electromagnetic field induced by the source loop was then measured at 0.1-ft (~3 cm)
intervalsin the closest borehole, from depths of 32 ft (9.7 m) to 4 ft (1.2 m). The data were then
processed by WMI to remove the primary field response due to the source coil, thereby
permitting measurement of the secondary field response caused by the presence of conductive
materials in the subsurface below the source coil. The output data, after processing of the EOL
data, were provided as relative conductivity measurements. Because no phase information was
recorded by the EOL instruments, it was not possible to calibrate the relative conductivity datato
ameasurement of true terrain conductivity.

The EOL data were processed twice. The first time, the processing was rushed in order
to meet a contract deadline, but the resulting output was unsatisfactory, and the data appeared to
bear no relationship to the site. The data were then reprocessed by WM.

Examination of the final EOL data’ has proved to be inconclusive. Two high
conductivity zones were interpreted by WMI (Figure 2). The upper zone, which is centered at a

2WMI International, Inc. “618-4 Burial Ground” Report No. BAT-(PNNL) 269421-618-4-EOL-1. Prepared by
WMI International, Inc., Houston, TX
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depth of approximately 15 feet (4.6 m), does appear to generally follow the outline of the burial
trench on its southern edge (as identified by previous geophysical surveys). However, the
northern edge of the anomaly is poorly defined, and it is very difficult to reconcile the EOL data
with other data from the site. In particular, there is no conductive anomaly in the northern area
of the trench where the drums of uranium were located. WM indicated that they considered that
area (shown as a non-conductive zone in Figure 2) to be anomal ous because no conductive
anomaly was found in the drum area where a strong magnetic anomaly was previous found and
where one would normally be expected. Another troubling aspect to the EOL datais the
presence of high-conductivity anomaliesin areas where they are completely unexpected. An
example can be seen in Figure 3, where a high-conductivity anomaly is present in the southwest
corner of the map. Thisanomaly is defined by alarge number of data points (about as many as
define the shallow high-conductivity anomaly identified by WMI), and isvisible in severa layers
of the datain that location, yet no wastes have been identified near that location by any other
method. A deeper anomaly was also identified by WMI (Figure 2) in the general area of the
trench, at a depth of 23-27 feet (7-8.2 m), but most of that anomaly appears to be south of the
trench as identified by other methods, and WMI suggested that the deep anomaly is suspect.

After examining the relative conductivity maps and the vertical cross-sections provided
by WMI, we concluded that the EOL data cannot be used to identify, even coarsely, the lower
boundary of the partially excavated deposit of buried drums, or of the buried waste present in
other locations within the trench. Because the EOL data are not suitable for 3-D analysis, we
elected to pursue other methods using the existing geophysical datato better resolve the location
of the edges of the deposit and the number of drums that remain to be excavated.

The performance of the EOL method may have been adversely affected by extraneous
cultural features (e.g., metal waste piles) and uneven terrain. When Sandness (WHC 1992)
conducted geophysical surveys over the burial ground, it was prior to remediation, hence, the
burial ground surface was essentially undisturbed. The ground was fairly flat, and was
surrounded by a single hog-wire fence. The intended purpose of the 1991 geophysical surveys
was to delineate the waste trench boundaries, not to determine what types of waste might be
buried within the trench. Thus, the geophysical data were collected on arather coarse grid. By
contrast, the EOL survey was conducted after the overburden had been removed from the entire
waste trench area and portions of the site completely or partialy excavated. Thisincludes partial
removal of the drum deposit. The terrain was very uneven. Debriswas visible at the ground
surface over several portions of the partially excavated waste trench. In addition, several large
metallic objects (including a forklift, and a dumpster containing uranium-oxide powder) were
located on or near the waste trench. These objects represent strongly conductive cultural features
that can generate secondary electromagnetic fields that greatly complicate interpretation of the
EOL data. Removal of the overburden and portions of the buried waste also complicated the
correlation of the EOL data with the older geophysical data.

Reinter pretation of GPR Data

GPR data were originally recorded in 1991 (WHC 1992). The data were collected along
parallel sets of lines paced 2 m apart and oriented in both the north-south and east-west
directions. The lines were reinterpreted to identify the locations of anomalies that might be
attributable to buried drum deposits. A distinctive anomaly was observed over the area where
drums containing depleted uranium were extracted from the 618-4 Burial Ground. That anomaly
consists of areas on the GPR profiles where the uppermost reflection is flat, unlike most
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Preliminary Conceptual Model of Buried Waste in the 618-4 Burial Ground

areas where that reflection is highly irregular. In addition, the reflections below the uppermost
flat reflection are also more regular and lower in amplitude than the reflections from other parts
of the burial ground. Thus, the character of the GPR signalsin the area of this anomaly
isvisually quite distinct from the character of the signalsin other areas. The GPR data were
examined on aline-by-line basis to attempt to delineate the boundaries of the drum deposit. This
reinterpretation was done separately for both the north-south and the east-west lines. The
apparent boundaries derived from the north-south and east-west sets of GPR data are centered
around the location X =104 m, Y =38 m and are outlined in Figure 4 by irregularly shaped
white and black solid lines. Where the anomaly is outlined by a solid gray line, the anomaly
appeared to be present in both sets of lines; therefore, that area may have the greatest probability
of containing drums.

The GPR profiles were scanned to determine if similar anomalies existed in other areas.
Another anomaly, considered to be potentially associated with a deposit of drums was identified
southwest of the first anomaly, with the center located at about X =75 m, Y =30 m. The GPR
reflections within this anomaly have a character similar to that produced by the known drums,
but the surface defined by the uppermost reflectionsis not asflat asit is where drums are known
to be present. However, based on the overall similarity of the GPR anomalies, and the fact that
the GPR anomaly at the second site occurs over an area with a strong magnetic anomaly (Figure
5), the possihility that a second cache of drums exists at the second site should be considered in
planning for excavation of the remainder of the burial ground.

Modeling of Magnetic Data

One difficulty that exists with the interpretation of magnetic datais that the position of an
anomaly is normally shifted in space from the actual location of the metallic object causing the
anomaly. This shift is caused by the interaction of a magnetic dipole with the inclined axis of the
earth’s magnetic field. A modeling procedure known as reduction to the pole (RTP) can be used
to model the magnetic response expected if the magnetic pole were vertical. This shiftsthe
position of magnetic anomalies so that they are directly over the objects that cause them. This
modeling procedure was employed by WMI for the magnetic data collected in 1991. The
resulting data (Figure 5) more directly reflects the distribution of buried waste than the raw data.

Work is currently proceeding to produce preliminary physical and numerical models of
the magnetic data from the 618-4 Burial Ground, focusing on the magnetic anomaly associated
with the known deposit of drums. The goal of that work isto come up with a direct estimate of
the number of drums that were buried at the site, by modeling the number of drums required to
cause the observed response.

Integration of GPR and M agnetic Data

Cluster analysis was used to integrate the two data sets available for this study. The
cluster analysis was performed on a subset of the two data sets (Figures 4 and 5). The subset was
chosen to maximize coverage of the contaminated areas identified by the two geophysical
methods, while avoiding artifacts caused by cultural objects. The major artifacts that were
avoided were magnetic anomalies associated with the metallic fence surrounding the burial
ground (Figure 5). Clustering was performed using the average linkage clustering algorithm.
Four cluster types were identified by this process (Figure 6). The four clusters are well separated
in terms of their magnetic properties and also show reasonable differencesin the GPR valuesin
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each class (Figure 6). Datapointsfalling in Cluster 1 consist of locations where both the GPR
reflection amplitude and the total magnetic field strength are low. These areas would appear to
have much lower concentrations of waste, or no waste at all for those areas outside the trench in
which the wastes were buried. Cluster 4 consists of points with both high GPR reflection
amplitudes and high total magnetic field strength. That cluster appears to be associated with
locations that have high concentrations of metallic waste. The area where the drumsfilled with
uranium shavings were found falls within that cluster type. Cluster 2 consists of sample points
with relatively high GPR values, but low magnetic values. This appears to indicate areas that are
contaminated, but do not contain high amounts of metallic waste. Cluster 3 consists of areas
with relatively high magnetic values but where the GPR values are somewhat lower. The
magnetic/GPR anomaly associated with the uranium-filled drums is composed predominately of
cluster types 4 and 3 (Figure 7).

More detailed interpretation of the cluster types cannot be accomplished at thistime
because of the poor quality of the available ground truth data for wastes removed during the
partial excavation, particularly on the locations of the wastes removed. Of the more than 400
pieces of anomalous waste recorded in a spreadsheet described in the 618-4 Burial Ground
Report (Lerch 1998), only 83 had recorded locations, and of these, 60 waste items were assigned
the same X, Y, and Z coordinates. Thisresulted in only about 24 potential ground-truth data-
points that can be compared to the geophysical data. These are shown in Figure 7 as+'sfor
drums and ¢’ s for other anomalous waste. In addition, the accuracy of the reported locations for
the anomal ous waste is highly questionable, because the locations were assigned by visually
fixing the approximate location relative to grid markers placed on the fence (verbal
communication with Rich Carlson and Jeff Lerch). For example, the location of the uranium-
filled drums removed during the partial excavation and listed in the spreadsheet is about 10
meters distant from the location estimated in the field during recent geophysical activities. The
new estimated location falls within the magnetic and GPR anomalies identified with the deposit,
while the location reported in the spreadsheet is not associated with any geophysical anomaly.
Because of the lack of correctly located waste descriptions, we have very limited ground truth
data. This means that we cannot determine distributions for the probability that particular waste
types will be associated with the geophysical datatypesidentified by the cluster analysis above.
We recommend that GPS be used in the future to more accurately define the location and
contents of waste excavated from the burial grounds, so that it can be calibrated with the
geophysical data. This calibration data should be useful in interpretation of other burial grounds,
not just the 618-4.

Preliminary Conclusions

EOL did not provide the 3-D waste definition hoped for, and provided little usable
information. However, reprocessing and reinterpretation of the 1991 geophysical data did
provide useful results. Of particular value were development of the GPR reflective amplitude
data and reduction of the magnetic data to the pole. These data provided the foundation for the
cluster analyses and identification of four different waste types within the burial ground.
Reinterpretation of the reflective GPR signatures also proved useful in supporting interpretation
of the two major type-4 waste anomalies. These data also support BHI’ s previous estimate
(Lerch 1998) that atotal of up to 1500 drums may have been located at the first major type-4
anomaly, and suggest that a second major type-4 anomaly is present which may contain similar
wastes (i.e., drums).
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Recommendations

Given the changes in site conditions since the 1991 geophysical surveys were conducted,
and the recent identification of a second GPR/magnetic anomaly of concern, we strongly
recommend that additional high-resolution geophysical data (e.g., EM-61) be collected. The
primary objective of these new surveys would be to define the boundaries of the two target
anomalies and to compare and contrast their geophysical signatures. In addition, an effort should
be made to provide detailed and accurate |ocations during excavation of the remaining wastes in
the 618-4 Burial Ground, which can be used to establish a calibration with geophysical datafrom
the site.
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Smple | Sample Gravimetric| Volume
Length| Volume | Gross Wt. | Tare Wt.|Moisture Wt.| Net Wt. |Bulk Density| Moisture | Moisture
Sample (cm) (cm3) (9) (9) (9) (9) (g/lcm3) (Wt %) (Vol%) | E (V) |1 (mA)|R (ohms)
B8780-1--6.0'-6.5' 15.00 | 1076.71| 2007.37 | 174.12 75.97 1757.28 1.632 4.3% 7.1% 1.470 | 0.2620| 5610.7
B8780-3 --16'-16.5' 14.59 | 1047.28| 2158.20 | 350.96 45.45 1761.79 1.682 2.6% 4.3% 2.261 | 0.3230| 7000.0
B8780-4--21'-21.5' 15.00 | 1076.71| 2405.85 | 346.66 47.55 2011.65 1.868 2.4% 4.4% 0.970 | 0.1110, 8738.7
B8780-5 --26'-26.5' 14.52 | 1042.25| 2747.10 | 447.20 45.73 2254.17 2.163 2.0% 4.4% 0.395 | 0.0640| 6171.9
B8780-2 --10'-10.5' 13.94 | 1000.62| 2443.65 | 370.42 137.49 1935.74 1.935 7.1% 13.7% | 1.895 | 0.7410| 2557.4
B8780-6--31.5'-32' 10.50 | 753.70 | 1735.35 | 333.70 42.73 1358.92 1.803 3.1% 5.7% 2.424 | 0.3200| 7575.0
B8781-1--6'-6.5' 15.00 | 1076.71| 2180.80 | 409.55 59.09 1712.16 1.590 3.5% 5.5% 2.136 | 0.2250| 9493.3
B8781-3--16'-16.5' 14.63 | 1050.08| 2701.55 | 371.43 46.62 2283.50 2.175 2.0% 4.4% NA NA NA
B8781-3--15.5'-16" 14.37 | 1031.13| 2669.15 | 529.36 65.48 2074.31 2.012 3.2% 6.3% 1.424 | 0.2700| 5274.1
B8781-2--10'-10.5' 14.81 | 1063.36| 2335.00 | 358.05 81.84 1895.11 1.782 4.3% 7.7% 2.761 | 0.4330| 6376.4
B8781-4--21'-21.5' 13.97 | 1002.63| 2873.15 | 587.45 40.53 2245.17 2.239 1.8% 4.0% 0.958 | 0.1140, 84035
B8781-5--25.5'-26' 14.31 | 1027.32| 2400.65 | 311.43 51.46 2037.76 1.984 2.5% 5.0% 1.144 | 0.1250| 9152.0
B8781-6--30.5'-31" 14.63 | 1050.15| 2658.15 | 330.74 84.05 2243.36 2.136 3.7% 8.0% 4.010 | 0.3070| 13061.9
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INTRODUCTION

WMI lnternational, Ine. (WMI) conducted an Electromagnetic Offset Logging (EOL)
survey over Burial Ground 618-4 to delineate the depth and lateral extent of the conductive
zones within the subsurface. Such zones are assumed 1o be due to buried waste and debris

with the primary constituents being ferromagnetic and non-magnetic metallic material.

EOL dnta were acquired utilizing a multiplicity of EOL transmitter locations from Junc
4™ through June 12%, 1999, The data were processed by ENW Services of Denver, Colorado
to obtain a data set corresponding to the volumetric variation in conductivity. ENW then
visualized the resulls as o series of multiple views reflecting the spatial variation in
conductivity within the subsurfnce. They are included in the appendices of this report as a)
color contour plan maps of conductivity at various depth levels (£ Slices), b) cross-sectional
fence diagrams in the grid-north (Y-slice) and grid-east (X-slice) directions, and ¢) 3D
volumetric renderings as block, chair cut, and iso-surfaces views. In addition, ground
magmetic data acquired in 1991 were re-processed and visualized as a suite of color contour
maps with line contours of the relative conductivity data with respect to depth (W Slices).

[E-{PrL ) BE04E 1-618-4-EOL-1
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Battelle 614-8 Burial Ground Report Page 2

BACKGROUND ON SITE

The site is located just north of the Hanford Site’s 300 Area, approximately 1.6 km (1
mile) north of Richland, WA. (Figure 1) It is a low-level radioactive waste landfill within a
restricted area controlled and operated by Bechtel Hanford, Inc. (HBI). This burial ground
received uranium contaminated materials from nuclear fuel manufacturing processes. Previous
geophysical investigations included ground penetrating radar, magnetometer, and metal
detector surveys. Of these, the magnetic data strongly suggests the presence of buried

ferromagnetic material later confirmed through excavation.

This burial ground was partially excavated as part of the 300 FF-1 Operable Unit
Environmental Restoration Activities. Excavated material consisted mostly of uranium-
contaminated soil and metallic debris, although asbestos, wood, glass, and lead debris were
unearthed. Excavation was halted when numerous 132-L (35 gallon) drums containing
uranium shavings in oil were encountered at the site of a strong magnetic anomaly near the

center of the burial ground.

Only the central portion of the burial ground, which is estimated to be approximately
83.3 m (275 ft) long x 70 m (230 ft ) wide and to occupy an area of approximately 5,845 m
2 (62,890 fi? or ~ 1.4 acres) was examined through excavation. The long axis of the burial
ground is oriented in a NE-SW direction approximately N67°E. The main part of the disposal
pit is estimated to be at least 6 m (19 ft) deep. Excavation resulted in an uneven
topographical surface. A coarse wire (hog wire) fence with wooden posts marks the perimeter
of the burial ground, and two power lines are located approximately 30 m (100 ft) west of the
study area.

The native geologic materials of the site consist of a thin veneer (-1.5 m (5 ft) thick)
of poorly graded sand overlying well graded sandy gravel. The water table depth is estimated

Bat-(PNNL) 269421-618-4-EOL-1
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Battelle 614-8 Burial Ground Report Page 3

to be around 10 meters (-32 feet). The moisture content of these soils is expected to be very

low, perhaps on the order of 5-10% by weight.

Two PVC cased boreholes, Well A (#B8780) and Well B (#B8781) , were installed
on the south and north sides of the study area, respectively, to a depth of about 9.7 m (32 ft) -
the expected depth to groundwater - in order to acquire the EOL data. Well A is located at
EOL survey grid coordinates 300 East and —30 North; Well B is located at grid coordinates
334 east and 230 North.

ELECTROMAGNETIC DOFFSET LOGGING

Electromagnetic Offset Logging (EOL) is a surface-to-borehole electromagnetic
induction method for delineating targets within the near surface. Maxwell's equations
regarding the behavior of electromagnetic fields for exploration of the subsurface as detailed
by Grant and West (1965) describes the application of the method.

An alternating current vertical magnetic dipole is established by passing an constant 6
amps of current at a frequency of 263 hertz through a multiple turn 6 ft by 6 ft rectangular
loop. Figures 1A & 1B show the transmitter loop used for the survey as well as provide a
view of the site conditions. The Total Magnetic Field is measured within the borehole
utilizing a ferrite cored coil and a digital recording voltmeter. The data are sampled every 0.1
foot from the bottom of the hole to the top, nominally from a depth of 32 fi. to a depth of 4
ft. then saved to a computer. Figure 1C shows the WMI vehicle housing the data acquisition
equipment, computer, etc. The measured response is a complex function resulting from
induced secondary magnetic fields due to eddy current flow within conductors as well as

displacement currents flowing due to finite conductivity of the earth materials.

The field of the magnetic dipole radiates outward from the center of the coil

transmitting diminishing in magnitude as the inverse of the distance cubed (1/R? , where R

Bat-(PNNL) 269421-618-4-EOL-1
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H, = m/dn [ 2Z-pY(p’ +Z)" ] 4

wihere: m = dipole moment of source coil
z = depth of receiving coil
p = distance between coil and borehole
£,= umit vector in £ direction

is the distance from the center of the coil). The intensity of the vertical component of the
magnetic field due 1o an oscillating magnetic dipole in free space can be calculated at any
point using the following equation. (Grant & West, pp 476 )

The equation is formatted for a cylindrical coordinate system with its origin at the
center of the coil. In free space, displacement currents are neglected.  The solution assumes
no conductors are within the field of influence of the source dipole or receiving coil.

Using the equation above, the primary magnetic field within a vertical borehole due to
a oscillating magnetic dipole placed on the surfisce of the earth can be determined. Figure 2
shows a suite of response curves for several transmitter offsets where the half-space
conductivity is assumed o be small so that the free space solution applies. A more
conductive host would atienuaie the Held strength bul the shape of the host curve would
remain the same. The response curve passes through a zero point which is a function of the
source receiver geometry. Nofe that as the distance between the transmitter and receiver
increases, location zero point shifts to greater depth while the curve shape flattens.

Bai-{FHML) 286421 -618-4-E0dL-1
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Battelle 614-8 Burial Ground Report Page 5

Figure 3 shows the secondary field response for a conductive target at depth. It was
calculated using the above equation assuming the target that can be approximated as a
alternating vertical magnetic dipole. For simplicity, the inducing field strength was set equal
to the magnitude of the primary field at the source dipole reduced by a factor equal to inverse
of the distance cubed. The maximum number inducing primary magnetic field flux lines
passing through the target occurs when the transmitter is directly above the target. The
wavelength of the resulting anomaly increases with increased distance between the source and

receiver.

EDL SURVEY GRID @ BURIAL GROUND 618-4

Figure 4 is a map of the EOL transmitter locations utilized at Burial Ground 618-4.
The origin of the grid is at the southwest corner post of the fence surrounding the burial
ground. Grid North is oriented N 23 E which is perpendicular to the direction of the southern
fence line. The EOL survey grid shares a common origin and orientation with the 1991
geophysical work. The EOL survey grid is in feet while the previously established

geophysical survey grid is in meters.

The irregular sample density for the transmitter locations is due to the topography

variations as well as extracted material placed on the surface.

EOL SURVEY LOGISTICS

EOL data were acquired along geophysical traverse grid lines established over the
burial ground. A nominal 20 foot station spacing was utilized with 10 foot in-fill EOL’s over
select portions of the site. The transmitter coil was centered at each measurement location and
leveled. The location of each EOL station was established using a tape measure. The
elevation of each EOL primary (i.e. 20 foot) station was measured using a survey level and

rod. Elevations for intermediate stations were estimated.

Bat-(PNNL) 269421-618-4-EOL-1
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On May 29™, 1999, a QA/QC test was run at the Colorado School of Mines to verify
the operation of the equipment. In addition to regular quality assurance routines, a noise log
was acquired at quasi-periodic intervals daily (start, midday, and end). Noise logs were run

with and without the tool operating in the borehole.

EOL walk away test data were acquired on June 6, 1999. For this test, the transmitter
coil was placed at 10 foot stations from 30 feet to 180 feet south of the MW-A along the 300

E line.

Data acquisition phase of the program was completed on June 12%, 1999.

EOL DATA PROCESSING PROCEDURES
Following are the processing procedures applied to the observed EOL data to obtain

a relative conductivity log verses depth for each transmitter location.

1) remove spikes and spurious high frequency noise

2) apply smoothing filters and resample to 0.25 foot interval
3) trend removal (2" order polynomial)

4) apply geometric correction

5) apply scaling correction

6) apply low pass filtering

Steps 1 and 2 condition the observed data by selective removal of spikes and high
frequency noise due to instrumentation, winch, man-made sources, etc. Step 3 removes the
primary field leaving the secondary field response. Steps 4 and 5 normalizes the data with
a geometric correction factor based on the equation above and a scaling factor. Step6isa
filter applied to enhance the target response and attenuate signal due to sources close to the
borehole.

Bat-(PNNL) 269421-618-4-EOL-1
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Elevation data for each transmitter location were obtained in anticipation that they
would be required to remove the effect of the primary field due to variations in transmitter-
receiver geometry. However, the processing procedures listed above do not require

knowledge of the elevation of the transmitter coil, thus the data were not utilized.

EOL data are related to the conductivity variations within the subsurface but are not
a measure of true earth conductivity. Thus, they are termed "relative conductivity”. In
comparison, electromagnetic terrain conductivity meters such as those made by Geonics Ltd.
are calibrated based on the measurement of the quadrature phase component for a fixed
transmitter-receiver geometry at low induction numbers to provide a direct measure of terrain
conductivity (McNeill (1980)). The WMI EOL data acquisition system is designed to
provide only a measure of the magnitude of the Total Magnetic Field with no phase reference.
Thus, there is no way to directly obtain an accurate measure of terrain conductivity, since
there is no phase information with which to extract the quadrature phase response. The best
the system can provide is a measure of the relative changes in conductivity. This allows for

both negative and positive values of relative conductivity.

EOL DATA VISUALIZATION

The EOL data were visualized several ways in order to glean the most information from
the data. The lateral variations in relative conductivity for each depth layer are presented as
color shaded relief plan maps and are provided in Appendix I. The "Z-" series show the
results for the entire survey area set while the "W-" series maps are for only the central portion
of the survey area. Fence diagram cross section perspective views were created to show the
variation with depth and direction across the entire survey area. The "Y-" series shows the
variation with respect to depth for east-west slices while the "X-" series are similar
presentations for north-south slices. They are found in Appendices II and III, respectively.
Appendix IV contains a select set of 3D volumetric block, chair cut, and iso-surface views.

Appendix V contains the "M-" series of maps where the RTP magnetic data are presented in

Bat-(PNNL) 269421-618-4-EOL-1
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color contour plan maps with an overlay of line contours of relative conductivity for a specific

depth.

GROUND MAGNETIC DATA

The ground magnetic data acquired prior to excavation activities were converted to the
EOL survey grid units and re-processed to reduce the data to the magnetic pole. This, in
effect, removes the spatial shift due to angle and direction of the inducing earth's magnetic
field. An inclination of 68°, a declination of 20° east , and the inducing field strength of
56000 nT were utilized for this processing.  Figure 5 is a plan view color contour map of
Reduced to Pole (RTP) magnetic data for the portion of the burial ground covered by the EOL
survey. Figure 6 is a plan view color contour map Reduced to Pole (RTP) magnetic data for
the central portion of the EOL survey block and burial ground.

DisScussiON OF RESULTS

The EOL Relative Conductivity data are presented in several visualization formats in
their respective appendices of this report. These various views of the data were interpreted
in qualitative fashion by noting the spatial variations in relative conductivity. In addition, the
results were compared with the RTP magnetic data for correlation. Figure 7 is a plan view

presentation of the interpreted results.

There are two zones of increased conductivity striking parallel with the long axis of the
burial ground, an upper zone (outlined with a red dashed line) and a lower zone (outlined with
a blue dotted line). The southern edge of the conductivity zones appears to be bounded by a

low conductivity zone.

The upper zone is centered at an approximate depth of approximately 15 feet from the
top of the borehole. Within the upper zone is an area of significantly greater conductivity
centered at 260E, 100N (outlined by a solid red line). If appears as an apopheses protruding

Bat-(PNNL) 269421-618-4-EOL-1
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towards the surface on iso-surface renderings ( see ISO-1) suggesting source of the conductive

zone is shallower at that point.

The lower zone is at a depth of approximately 25 feet but appears to be not as well
defined at the upper zone leading to some suspicion regarding its actual existence. There are
also two additional conductive zones within the lower zone along the east boundary of the

survey grid.

The relative conductivity data correlate reasonably well with the anomalous zones seen
in the RTP magnetic data. Since the magnetic data indicate areas of increased magnetic
susceptibility which is taken to mean areas of a reasonable mass of ferromagnetic metallic
materials, such as steel. Such materials are often conductive, but not always. A direct
coincidence of a conductive anomaly with a magnetic anomaly is a strong indication of
ferromagnetic materials. A magnetic anomaly alone also indicates ferromagnetic materials,
but not necessarily conductors. Such a situation may occur as a result of oxidation. A
conductive anomaly without a coincident magnetic anomaly simply indicates a conductive,

non-magnetic source, for example aluminum, lead, copper, groundwater contamination, etc.

Of particular note is the area centered at 320 East, 140 North. It is outlined with a
green dashed line on Figure 7 and described as a non-conductive zone. It is significant
because it is directly coincident with a magnetic anomaly. It is assumed that this was the area
where a large quantity of the steel barrels containing uranium shavings in oil were extracted.

Therefore, the lack of relative conductivity anomaly, thus a non-conductive zone, would be

expected.

SUMMARY CONCLUSIONS AND RECOMMENDATIONS
Clearly, the EOL data appear to have identified areas of increased conductivity which
in conjunction surface geophysical data provide a better characterization of the site prior to

remediation. It must be noted, however, that the data acquisition system was not designed

Bat-(PNNL) 269421-618-4-EOL-1
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for mapping conductive targets. The preferred data acquisition system should allow for the
resolution of the vertical component of the measured magnetic field into In Phase and
Quadrature Phase components at several discrete frequencies. Thus, the results are subject

to interpretation biases, errors in data acquisition, and noise within the measured data.

Because this is the first attempt at applying the EOL technique to burial site
characterization, it is recommended that a EM31 or EM34 terrain conductivity survey or a
EM61 deep penetrating metal detector survey be completed to confirm the EOL results prior
to additional excavation on the site. Direct correlation of EOL anomalies with surface EM
anomalies will serve to confirm the methodology and improve the confidence level of those

tasked with extracting the buried waste.

Bat-(PNNL) 269421-618-4-EOL-1
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View of Coil & Van at Data Point “CK" (X 225 Y 300)
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View Looking North at Data Point “HG" (X 280 Y 115)
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BOREHOLE LOG ome | 5/11/23
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’roject: ci8-4 Burifal érounJ; 300 Areq |Reference Measurning Point: Crowad S'c‘nG,ce
Sample Sampte Description Comments:
Depth Graphic a T ] I Depth of Casing, Drilling
EL | T | o | L | sl Coman St Aoy iy ok P | oS e i
' Size, Water Level
o é’/z" oD cs e
| Senic ! ya ; o'— joo': SAND [S): oo 2 sand | by Souic head
. : fr fn pebbles. Sand is (0% v Cse, covhide buffom
- '5 | 209, cse, 50% med, 209, fn-v.Fu. bt
_ ey colov is grayish bra(I0YR, 5/2),
5 | BeIg01 Sample s mo(Sf’; mod-well sorhcﬂ;
35, | Ree sub onculer; 30% basait, (0% gfe, [5.0'>70": split
5.0 loo ), . 7 7 ’
| 7.0 109 o\‘ﬁerl‘ max :_arra.ue/ ~f em bebe fop physical
- _j_{:an;} rxn_ o HC| Pro,er‘/'t.f.
] {B8750-1)
16 —| BI7fe-2 9.5 Ft: slight increase (u fu gravel,
. :5_0,_”‘,'5, ) SeJ”.,e.‘-[- becomes wet Eud 5[12f59
i 2l io0—> (55" Silty Saudy GRAVEL | Btads SAo/7s
- (O (s G); 60794_Euc'/ A5% Sam/ 154, 5,/ Fla,g'—r 105" splef
. f’:‘qhg moisd 4& §uc¥ bew (10 ZK 4/2) poorly fube , 2 (b
15— B&130-3 ol sorted ) mayx qravel & G em S#ranq £rop - refesal af (0.5
ASS | Rec. rxn_ HC| * (5.0 17.0" Splil e
- 1.7.:' 0% 1sg'— 170" SAND/S): as chove Phys. proy - (B2780-3
: \7.0"~ 32.5": SiHy Sancly GRAVEL [ms6)
- o 3 o % SclE; 14
20 | RI7FO-Y fr sm. cobbles, 20% y cse peb, 309 cie peh *20.0'—- 22.0%: Splid roaad
. ics';.o'—’ Rec. 30% med) 202 fn : Sa o, medd-fu | 'p‘y;. 4 .1 -
4 2200 %%t O It gry bra [10YR _L/2), a/ry ; Pnr/y Sorﬁ-gﬂ,
- grave| sub-vound o uc) Su£~qu3M
- redom. base Moy 3muc("’10 e, Ao
25 .| pg7Bo-s  [OTEEI HCL e 250" 27.0%: 5p1id
. 5255 ol Rec. O Spoon rf-y:. piro p ‘
| 2107 100% g~”%’i§,$' seclmenf becomes ek mo st 65878’0-5) :
Reported By: LD Walker Reviewed By:
Titte: Geolog,cd Title:
Signature: ]AQMQ/Z‘ iDate: 5 /90/99 Signature: Date:

C34



L

Page <t~ [of 2
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FIELD ACTIVITY REPORT Page | of 2.
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> WELL SUMMARY SHEET
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. 1.0 324" Sitty Sandy GRAVEL[es6)
- 40% gravel, 502 soud (020 sift
15 —|887¢1 aravel v cobble, 10% vcse, Zotcie X150 y7.0" splrt
fss 3020 302 fu-v.fu, Sand 20% v.cse,| Spowy, phys. prok
ls‘.o_* Y T
- 1ref 10% cse, 309, med , (6% fu~vfn, gryxh
o A ""M c@ru + Dvoo-[u Sopted | ﬁrfcve/
- 51‘5' rouad, :qu£ Suwe é- ccmau/ar may
20 | 8¥7811Y . :] 5rﬁusl A 1D can H Sond) ?070‘5:3/{4 éc?o f‘?o-ol"lz-ol-' SI/"?’
- iio'—; Rec. X otz fotfes,  _no _rxm  HC/ Spoen P‘Vf.’p%
| 220'| lov% 20| 215" selment most, silf decrecre
- } fo ~ 59,
- a2,/ 270"! splid
25 | 8378115 Spoon, I.lu![. prop
ss
Ha5pa| Rec. [io=.=S
- 27'0’ oo 7, P
Reported By: L.D.Walker Reviewed By:
Title: Geo {a? s Title:
Signature: /ﬁ WM—. |Dale: 5 /_1.,/77 Signature: Date:

AHI-EE-183 (12/97)
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Page -1~ |of 2_
BOREHOLE LOG e
WelllD:  B878] [Well Name: NA Location: . of £ {¥-Y Burie| Evound
Project (/8- Bupnl Ground , 300 Aves Reference Measuring Point:  Groccndd  Seer Feece
Sample Sampie Description Comments:
Depth Graphic | Grou L ar P . [ Depth of Casing, Drilling
p Name, Grain Size Distribution, Soil Classification, Color, P
(Ft) Type Blows Log : : . g . Method, Methad of Drivinc
No. |Recovery Moisture Content, Sosrit;r;g. :\er;%xil::t;/c; mgfralogy, Max Particle Sampling Tool, Sampler
) Size, Water Level
30| pozfi-¢ Silty Sc.mz%‘ GRAVEL- _similar fo (% ob s cagy.
- s;qol_’ Rec. s ok G_éoug_ &‘uueh LV SN‘.c Hea
Jd 32.07| loog, [B fo_30.0°
: 30.0"»32.0" Spf;f
- T0=32.4 1 bg.s Spovu_Sawple Por
35__ vlgi’ yro L
- Split spoom dive
- shoe to 32.4°
40
45—
50 __
55 ___
Reported By: L.D. Wealker Reviewed By:
Title: Geolog,y f Title:
Signature: 728 wﬁ IDate: 5 / oY} /79 Signature: Date:
S _ET an remmsy
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FIELD ACTIVITY REPORT NO. 1

DRILLING PLAN

Page 1 of 3

Use additional pages if req'd.

Date:

5/20/94

Purpose:  Gtwphysics fesi Loreﬁvé
Well Name: A

Location: (| &~ Y Burial/ Growd
well ID: B3878/

Drig. Co:  RescnandSonrc  Tnteracdioeas |RiGNo: (1Y l Rig Make/Mod.: Byet;:.s*f‘m

Casing String No. @2 3 4 | Drilling Method
Casing Size Auger

Grade Rotary
Lbs. Per Ft. : Tubex
Material _Cerboe 3 e/ | Cable Tool
Type: Sonic
Welded___ Thd. " |, 2 wsonic
Planned/Actual Other:

SetAt 32 /}23?13

/

Circulation
Air ___ Water/Mud

Vol: cfm
gpm

Pressure

Dirill Pipe O.D.

Tool Joint Size

Additives

Shoe ODND __b%“/5 %"

Reverse ___ Direct

psi

Reference Measuring Point:

D.H. Hammer
Make
Modet!
Choke

Casing Hammer
Make
Model

Bit Size

Type

Nozzies

GROUND LEVEL —
Drig. Co. Rig Na.: Rig Make/Mod.:
Casing String No. 1 2 3 4 | Drilling Method Circulation D.H. Hammer
Casing Size Auger Air ___ Water/Mud ____ Make
Grade Rotary Reverse ___Direct Model
Lbs. Per Ft. Tubex Vol: cfm Choke
Material Cable Tool gpm Casing Hammer
Type: Sonic Pressure psi Make

Welded Thd. A.R. w/Sonic Drill Pipe O.D. Mode!
Planned/Actual Other: Tool Joint Size Bit Size

Set At / Additives Type
Shoe OD/ID Nozzles
Reference Measuring Point:

GROUND LEVEL
Comments/Remarks: Estimated Depth to Water
Reported By: 4.0, 4/o /o p Reviewed By:
Name/Title: Geo /ﬂ; L5 / Name/Title:

Date:

Signature: 5% M |Date: 5/20/q o | Signature:
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FIELD ACTIVITY REPORT Page2 of 3

DAILY DRILLING Date: 5/20/9¢
Well Name: A Well ID: B¥781{
Location: 618-Y Burial Gruwd 390 Arcq {ReportNo... [
Start Finish Total
Time 3 i3 o Time 45 Time S Y% hry
Hole/Depth/Csg __ ©° | 0’ |Hole/DepthiCsg__ 22.81““20.6 |Hole/Depticsg__33.8./ 30.0°
Reference Measuring Point: Casing StringNo. 1) 2 3 4 __ “
GROUND SURFACE See Report No. 1
Time IDepth Description of Activities/Operations with Depth
(Attach applicable drawings and document straightness test resuits)
From To
30 oril rig movecd omts bore loca #1om
200~ 1230 Lunch bre c ic.
230 P"P-par-m fo drff
of [31S By fo Jr.//, 6B 0D (5 caspg Sonix headl dipives
s | 220 Stop telling, A First Sample poiuf
50| 7.0/ [3Ys  Drjve B¢ C;D solt spoon jamg[cr- Eéy&'cg/ _,e.cq.zﬂll__ ‘es |
-S‘emp[t #B87 5'/"‘3 1007 yecasery = Saundl,
S.of (347 _Drefl.
10.0'| 1349 - Sdop cﬂrl*//%_mﬂlr_mm{.
_lo.o' l-l;{‘vg":# [356 Drive S“op  splid sgm_wﬁfi——
HoS  Dedlvg  Sample ¥Be78(-2 | 100% sec
loo’ Yos ppifling
(5.0 {Yoq Stop  drillcne
IS0’} 1707 | (415 Dprive S“OD splet Jpon squwpley . phyr, prap. |
Sam'a[e_ #5875’17‘-3 jovZ, retevery
IS.OI 1435 Resume Jhs//ll-F
20.0’ 1940  whsle c/enn, ig ored For Iam&’.__zzdl;ﬁu_/l_f_jsi_kc—(_
blovny . Seveva( guaets of fluid ﬁ;m_kg.:f___'\it__ﬁLiLﬁ—
uuageo- #e cll-‘ {( ha
[515 Resuwme
20.0°) 220 1522 Drive S5“0D splid spocy, Sa  physical erries
2vre 270 16522% Sqmple # BYTRI-Y /oo 9 becovery,
20.0° 1535 Resume Drilling.
25.0 | 1538 Stop liplliung. Jf’repqu-c {o samcple.
Reported By: L.D, Watkenr ’ Reviewed By:
Tite: GCOfog;‘J‘F IDate: 5/2"/9? Title: Date:
Signature: /@ W% Signature:
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FIELD ACTIVITY REPORT - DRILLING
CONTINUATION PAGE

A

Page 3 of

Date 5/20fa e Well NE 578/ Continuation ot Report No.
Depth (feet) D iption of Operations/Aemarks
From To
25.0' 27.0"° 1556 Drive  5“0p splrd  fube Sampley . FKesxa s |
properties - Sample #38’781-5; (UDMQ_A_Q{__
_ (Saudy Graye [
5.0 108 R?Sm:ut drilljng .
0.0’ 1620 A} sowple clepth.
30.0' 32.0° 1628 Dpive 570D splil spoom sampler: phys, prop:
Sample ¥ B373/- ¢ foo % recovery
l635  Rig s off. Begy s dhe ste
N 4SS  Eul of shif{.
N
N
N
~N
\\ ~
07(
\&r
7

.

Rsport By L.D.-Wa //(E *~ Reviewed By
Title Geo foass f Title Date
Signature L Led EZ, Signature
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FIELD ACTIVITY REPORT Page | of L
DAILY DRILLING Date: 5/2//79
Well Name: NA Well 1D: BE&781
Location: [ (g -4 Burwm( Grota, ":f““ki""e‘,,,us Report No.: 2
Start Finish Total
Time Dboo Time o goo Time 2 hers
Hole/Depth/Csg __ 32.0 / 3¢.0  |Hole/Depth/Csg __ 4 —— Hole/Depth/Csg __a-4 —+——
Reference Measuring Point: Casing StringNo. 1D2 3 4 __
GROUND SURFACE See Report No. 1
Time /Depth Description of Activities/Operations with Depth
(Attach applicable drawings and document straightness test resuits)
From To
0600 Plan of the Day mcetz/‘h? held at sife Freld tre fer
0620 Prepare o backpulf cafiug & Set pyvcC pipe.
Refiue | +he criff rcg.
Q100  pepth 4o Laﬁm of borehofe mca..rwru:ﬁ;gll 32.4 Féig:
Add 2" & Jr. PVC . Cutoff 7.0 Ft 69.%-7.00:32.%’)
0710 Begew Yo ade) (0-20 C Seles
tv_ borehole auny {er Space
Beg i to  backpu(( the 6" slce/ casiug.
0130_All siesl Caylng (5 out of the jraueo/
Silrcee Saucd wp to 5.5 bag: dofo] soad € X 10D bags
Add ¢"z  pvc f-a.s.'ug"Se'/' 5.8° 535
(‘l”(ﬂ./ /eu?ﬁ of 6" pvc = S, 9.5")
Cut of more of +he 27 PvC - the 30° I\OI“!!I'S <t
g pondd Icvc/'. woth 35 of 4t v[‘o&'&lL o fop.
2 PYC  fram  *o0.35'- 300
0200 Dpcll rw wmeved off  bore s, fe
\ [ 4
\’\
<=4
\.Qfe,-/
N
C—?
\
ReportedBy: £.D. Lua {ke ~ Reviewed By:
Title: Geolpers £ | Date: 5/21/qq |Tite: | Date:
Signature: ,7@' lehe /L Signature:
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WELL CONSTRUCTION SUMMARY REPORT

StatDate: 5/20 /¢

Finish Date: §7/2¢/9¢
Page _1_ of _I[_

Specification No. O&i P~ |Rev. No.: (o) WellName: 8878/ Temp. Well No.: {74
ECNs: Approximate Location: & /8-Y Buriaf Growed, 300 dpre
Project: el18-Y Burial Growund Other Companies: BHL, THT CHZ
Oriling Company:  Resengnt Souic Geologist(s: /. W (Ker
Orile: M, (Ji'(Kensop
TEMPORARY CASING AND DRILL DEPTH DRILLING METHOD/HOLE DIAMETER=:
“Size/Gradeilbs. Per Ft. Intervai Shoe 0.D./1.D. {Auger Diameter From o ___
FJ carhom  Sfee | o -390 | é-’Zv”Xs"'&' Cable Tool: Diameter From _ to :
Air Rotary: Diameter From N to ___
—_ | A.R. w/Sonic: Diameter From to
- Semece LR |DiameterFrom__ 2 to _30.c
- | Spldd-Spenay 5 ! |Diameter From _30.0 ¢ to 332.¢
*Indicate Welded (W) - Flush Joint (FJ) Coupled (C) & Thread Design Oiameter From to =7
Drilling Fluid:
Total Drilled Depth: 22,4 ¢ ‘Hole Dia@ TD: s Totat Amt. Of Water Added During Drilling:
Well Straightness Test Results: Static Water Level: lDate:
GEOPHYSICAL LOGGING . . s
Sondes (type) Interval Date Sondes (type) Interval Date
COMPLETED WELL R
Size/Wt./Material Depth Thread :::: Type Annu J:.m pack | YOlume ::E'
lllﬁ PMC 435 . 200 — AA P
OTHER'ACTIVITIES & g
Aquifer Test: l Date: Well Abandoned: ‘ Yes: l No: I Date:
Description: Description:
- WECICSURVEY.DATA
Date: Protective Casing Elevation:
Washington State Plane Coordinates: Brass Cap Elevation:
COMMENTS/REMARKS .
Reported By: £, D. Wa (fer Reported By:
Title: Gcolvo s ¥ {Date: Title: {Date:
Signature: /& J(/cz,_%.ﬂ Signature:

BHI-EE-181 (12/97)
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FIELD ACTIVITY REPORT Page1_of L

TUBULAR GOODS TALLY Date: 5/;_,/99
Well Name: /V4_ ]lNeII I1.D. B&§ 73/
TEMPORARY PERMANENT" SCREEN/CAP*

Jt# | Length(ft) | Jt# | Length(ft) || Jt# | Length(ft) | C | st# | Length¢ft) | C || Jt# | Length () | st
1 °.50 21 10.00 1 499 21 5.95 1

2 10.00 22 0,00 || 2 1.99 22 2

3 S.00 |23 to.00 || 3 .99 23 3

4 S.co |24 lo.co |l 4 2.99 24 4

5 5.00 25 5 25 5

6 5.00 26 6 26 6

7 27 7 27 7

8 28 8 28 8

9 28 9 29 ]

10 30 10 30 10

11 31 11 31 11

12 32 12 32 12

13 33 13 33 13

14 34 14 34 14

15 35 15 35 15

16 36 16 36 16

17 37 17 37 17

18 38 18 38 18

19 39 19 39 19

20 40 | @il pepe) || 20 40 20

Tot | (% on | Tot | 2% op [ Tot | 2" puc Tot | &Y pvc Tot

“Indicate those joints with centralizers with a C in the available box.

ALL casing length shall be measured to the nearest 0.01 ft.

Comments/Remarks:.

All _skee/ Casing remwedf  Fraw the 5%

Temporary: 0.0.1D. 6 95" /5%/¢” | Permanent: 0.000. 2% /2" | screen: 0.0.1.0.
Reported By: LD Wal ke p Reviewed By:

Tile:  Geo (o odis £ | Date: 5/21/a9| Tite: Date:
Signature: /{2 2 A Signature:

THLEE. 127 (1297
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Data Points A Wells with Overlaps to B Wells

A Log Area with B Log Overlaps

A

240

220

200°

180

160

140'

120

100'

80

&0’

40

20'

o
B Log Area

5 ©o @ © o o

60’ BO 100" 1200 1400 180" 180° 200" 220° 240° 260 280

o EOL Data Points
20 Interval Spacing

o | Temporary Wells - 32'deep  (This diagram is for illustrative purposes only.
P 8l purps y

Figure 6 - A
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Data Points B Wells with Overlaps to A Wells

A Log Area
240
220
200
180"

160'

120°

100'

80

60°

o 20 40 80 80 1000 1200 140" 160" 180" 200' 220" 240' 260" 280

B Log Area with A Overlaps

[ EOL Data Points
20'  Interval Spacing

o Temporary Wells - 32" deep  (This diagram is for illustrative purposes only.)

Figure 6 - B
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Appendix D
High Resolution Geophysical Survey
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ICHIN FLL fardond, lac

AT Cissege Wrstaqpon ‘Wi
S A
- .
CHZMHILL hgsiocad
‘_ Tl BEE ITE BT
Fis S0 3TLIID
Cieorge Last
Pacific Worthwest Motionol Laboratory
Q02 Barctelle Blvd MSIN K681
Fachlamd WA 99352
Subject; GEOPHYSICAL INVESTIGATION AT BURIAL GROUMID 615-4

Dear Mr. Last:

Enclosed are the resulis of the Geophysical investigation that was conducted o the 618-4 Hurial
Giround, Electronie copies of the Teme Domnn Electromagnetic (TDEM ), magnetic, and ground
peneirating rodar {GPR S dada hive been sent 1o Chris Murmy.,

Please contact Tom Mitchell g 372-96% or Kevin Bergstrom wl 3729391 wath any questions

Sincercly,
— L - % ’%—H'\
L &ic 2
T. H. Mitchell K. A. Herpstrom
Desipn wnd Gieoscience [hesign and Geoscience
EAR mrc

Attachments: Attachmend 1, Geophysical Investigation Hesults Summary
Attachmends 3-3, Surfer Plod Summary
Attachment 6, EM-61 Plots
Attnchment 7. Magnetic Plots
Attachment 8. GPR und Elevation Plots

Electronic Fikes:  Magnetic Data Spread Sheet
TEM Data Spread Sheet
GPR and Elevation Dotn Spread Shest
Attachmends 2-B Listed Above

{_:upil::l 1

LG April (BHID L=k

C. Murray (PNNL) K6-81
5. W Petersen {BHIL ) HO-23
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618-4 Burial Ground, 300 Area
Geophysical Investigation Summary

Site: Center of 618-4 Burial Ground Date: March 2001

Contract: Work Order through BHI

Sponsor/Client (Contact, phone):

Pacific Northwest National L aboratory

George Last, 376-3961, george.last@pnl.gov

Investigator s (Name, Company, Phone, E-mail):

CH2MHill

Kevin Bergstrom (509) 372-9591 kabergst@bhi-erc.com

Tom Mitchell  (509) 372-9690 thmitche@bhi-erc.com

L ocation:

Middle portion of 618-4 Burial Ground, north of the 300 Area. GPS coordinates for the geophysical grid
were collected by PNNL personnel. The topographic survey datawas not tied to MSL elevations.
Objective(s): To locate and map major concentrations of buried debris and identify potential stock piles of
buried drums.

Site Description
Terrain: The site has been partially excavated from earlier ERC remediation activities creating a
topographic low where the survey was focused. Within the low, the terrain was relatively flat with 1-2
meters of relief acrossthe entire site. A relative topographic elevation survey was conducted as part of this
investigation.
Vegetation: None
Hydro Properties (water table, moisture etc.):
The soil was dry when the data were collected. The water table was not afactor.
Soil/sediments/rock type:
Fill material consisting of gravel, sand, and silt.
Anticipated Bedrock:
None
Sitelimitations:
The sitewas in a contamination zone. Level C“Anti-C” protection was required. Preventive measures
were necessary to minimize equipment contamination potential .
Overall assessment of site for geophysical investigations:
GPR, TDEM and magnetics were all effective for mapping buried debris. However, al three were limited
when trying to isolate individual anomalies within the primary mass of debrisin which they were buried.

Equipment:

Type/model:

*  Magnetics: Geometrics G-858G magnetometer. Two cesium vapor magnetometers, with a one meter
separation, in avertical configuration. A base station was not used and no diurnal corrections were
made

e Electromagnetics:

»  Geonics EM61-MK2 Time Domain Metal Detector. The data were stored on a Pro 4000
Polycorder.
e Geonics EM-31 Ground Conductivity Meter. The data were stored on a Polycorder Series 720.

»  Ground Penetrating Radar: GSSI SIR10A ground penetrating radar system. All data were collected
with a GSS| 300 MHz model 3105 AP. All hard copies were made with a GS-608P Plotter.

* Elevation Survey: Nikon AE-5C Automatic Level

Data format (tape/disk/hardcopy): All raw data saved as ASCII fileson zip drive.

Data Collection Parameters:
Data Collection Parameters:
e A 1lx 1-meter grid was sprayed painted over the survey area.

D.2



» Thegrid wasdirectly tied to stakes that are located at key locations along the grid perimeter. The
stakes were located by PNNL using Global Positioning System location survey technology.

» Themagnetic and TDEM data were collected along profiles, spaced 1 meter apart with data points
along individual profiles spaced 1 meter apart.

« TheTDEM, EM-61 data were collected along E-W profiles. The EM-61 coils were 0.5 x 1.0 meter,
carried by hand to prevent contact with the ground with the 1-meter coil dimension perpendicular to
the direction of the profile.

» TDEM time gates recorded were: Bottom coil- 216, 366, and 660 microseconds. Top coil- 660
microseconds.

»  The magnetic data were collected along north-south profiles.

»  The magnetic data were collected in the vertical gradient mode with the lower magnetometer roughly 1
meter above the ground and the upper magnetometer roughly 2 meters above the ground (i.e. the boom
was carried on the shoulder)

* No corrections were made for diurnal effectsin the magnetic data.

* GPR datawere collected along parallel profiles spaced 1 meter apart. Data were collected in the
continuous mode with 50 scans per second and a recording window of 108 nanoseconds. A static
stacking of 2 scans were used.

e GPRgains (time variable) and filters were set in the field to match soil conditions at the site.

Data Processing Parameters:

 The TDEM data were downloaded from the polycorder to a desktop computer via Geonics' software,
DAT61, v1.70.

»  The magnetic data were downloaded from the field magnetometer to a desktop computer using
Geometrics' Geomag 2000 software.

» TDEM differential: top coil minus corresponding bottom coil (660 microseconds)

» Datawere edited for mislabeled lines, viewed in raw form along each profile, and converted to
XYZ.dat files.

e The TDEM and magnetic data processed and subsequently contoured using Golden Software’s
SURFER 7.0.

* No post processing of the GPR data were performed.

e Thetopographic survey data was based on the geophysical grid only and was not tied directly to the
Washington State Plane Coordinate System. Likewise, the elevation data was not tied to true MSL
elevations. The elevations are relative elevations tied to grid point N100/E100.

Summary of Results:
An interpretation summary map is provided that represents the integrated interpretation of the magnetics,
TDEM, elevation, and GPR data. One areawas identified that has the anticipated character of a stack of
buried drums. All of the raw data were provided to PNNL for further analysis.

List of Attachments:

e Geophysical Investigation Results Summary
e Surfer Plot Summary Maps

» EM-61Plots

* Magnetic Plots

* GPR and Elevation Plots

D.3



Data Filter Report

Source Data File Name:
Isopachs\isopach.xls

X Column:

Y Column:

Z Column:

Data Counts

Number of Active Data:

Number of Original Data:
Number of Excluded Data:
Number of Deleted Duplicates:

Number of Retained Duplicates:

Number of Artificial Data:

Filter Rules
Duplicate Points to Keep:
X Duplicate Tolerance:

Y Duplicate Tolerance:

Exclusion Filter String:

G:\Geophysics\erc and hanford\300AREA\618-4\topo
A

B
G - Topographic Relief

125

125

[oNeoNoNe)

First
0
0

Not In Use

Data Statistics Report

Data Counts

Number of Active Data:

Number of Original Data:
Number of Excluded Data:
Number of Deleted Duplicates:

Number of Retained Duplicates:

Number of Artificial Data:

125

125

oNoNoNe)

D.4



X Variable Statistics

X Range:
X Midrange:

X Minimum:
X 25%-tile:
X Median:
X 75%-tile:
X Maximum:;

X Average:
X Standard Deviation:
X Variance:

Y Variable Statistics

Y Range:
Y Midrange:

Y Minimum:
Y 25%-tile:
Y Median:
Y 75%-tile:
Y Maximum:

Y Average:
Y Standard Deviation:
Y Variance:

Z Variable Statistics

Z Range:
Z Midrange:

Z Minimum:
Z 25%-tile:
Z Median:
Z 75%-tile:
Z Maximum:

Z Average:
Z Standard Deviation:
Z Variance:

Z Coef. of Variation:
Z Coef. of Skewness:

50
125

100
119
134
146
150

130.32
15.9261
253.642

29
1145

100
103
110
120
129

111.432
9.25232
85.6054

2.4
-1.2

-2.4
-1.45
-0.98
-0.58
0

-1.0216
0.52394
0.27452

0

7
1

-0.0880714
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Inter-Variable Correlation

X Y Z
X: 1 0.370468 -0.459271
Y: 1 -0.80784
Z: 1
Inter-Variable Covariance

X Y Z
X: 253.642 54,5898 -3.83237
Y: 85.6054 -3.91619
Z: 0.274521

Gridding Report

Search Rules

Use All Data:

Gridding Rules

Gridding Method:
Kriging Type:

Semi-Variogram Model
Component Type:
Variogram Slope:
Anisotropy Angle:
Anisotropy Ratio:

Polynomial Drift Order:

Kriging standard deviation grid:

true

Kriging
Point

Linear
1
0
1

0
no
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Grid Summary

Grid File Name: G:\Geophysics\erc and hanford\300AREA\618-4\topo
Isopachs\true topography.grd

Minimum X: 100
Maximum X: 150
Minimum Y: 100
Maximum Y: 129
Minimum Z: 2.4
Maximum Z: 0.00656499
Number of Rows: 30

Number of Columns: 51

Number of Filled Nodes: 1530
Number of Blanked Nodes: 0

Total Number of Nodes: 1530

D.7



Data Filter Report

Source Data File Name: R:\Geophysics\erc and hanford\300AREA\618-
4\em61\c61.dat

X Column: A

Y Column: B

Z Column: F - Depth from Base Elevation

Data Counts

Number of Active Data: 1769
Number of Original Data: 1769
Number of Excluded Data: 0
Number of Deleted Duplicates: 0
Number of Retained Duplicates: 0
Number of Artificial Data: 0
Filter Rules

Duplicate Points to Keep: First
X Duplicate Tolerance: 0

Y Duplicate Tolerance: 0
Exclusion Filter String: Not In Use

Data Statistics Report

Data Counts
Number of Active Data: 1769

Number of Original Data: 1769
Number of Excluded Data:
Number of Deleted Duplicates:
Number of Retained Duplicates:
Number of Artificial Data:

oNoNoNe)
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X Variable Statistics

X Range:
X Midrange:

X Minimum:
X 25%-tile:
X Median:
X 75%-tile:
X Maximum:;

X Average:
X Standard Deviation:
X Variance:

Y Variable Statistics

Y Range:
Y Midrange:

Y Minimum:
Y 25%-tile:
Y Median:
Y 75%-tile:
Y Maximum:

Y Average:
Y Standard Deviation:
Y Variance:

Z Variable Statistics

Z Range:
Z Midrange:

Z Minimum:
Z 25%-tile:
Z Median:
Z 75%-tile:
Z Maximum:

Z Average:
Z Standard Deviation:
Z Variance:

Z Coef. of Variation:
Z Coef. of Skewness:

50
125

100
120
132
141
150

129.983
13.7685
189.572

48
119

95

104
112
124
143

114.508
13.3418
178.002

2870.11
1215.98

-219.07
6.31
51.73
246.96
2651.04

192.922
319.748
102239

1.65739
2.97463
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Inter-Variable Correlation

X Y Z
X: 1 0.383905 -0.3518
Y: 1 -0.0598314
Z: 1

Inter-Variable Covariance

X Y y4
X: 189.572 70.5219 -1548.78
Y: 178.002 -255.24
Z: 102239

Gridding Report

Search Rules

Number of Sectors:

Maximum Data Per Sector:
Minimum Number of Data:

Maximum Number of Empty Sectors:
Search Ellipse Radius #1:

Search Ellipse Radius #2:

Search Ellipse Angle:

QUITUITO R EFEF

Gridding Rules

Gridding Method: Nearest Neighbor

Grid Summary

Grid File Name: R:\Geophysics\erc and hanford\300AREA\618-
4\em61\C61topa.grd

Minimum X: 100
Maximum X: 150
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Minimum Y:
Maximum Y:

Minimum Z:
Maximum Z:

Number of Rows:
Number of Columns:

Number of Filled Nodes:

Number of Blanked Nodes:

Total Number of Nodes:

95
143

-219.07
2651.04

49
51

1996

503
2499
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Data Filter Report

Source Data File Name: G:\Geophysics\erc and hanford\300AREA\618-4\topo
Isopachs\isopach.xls

X Column: A

Y Column: B

Z Column: D - Thickness of Overlying Fill

Data Counts

Number of Active Data: 580
Number of Original Data: 580
Number of Excluded Data: 0
Number of Deleted Duplicates: 0
Number of Retained Duplicates: 0
Number of Artificial Data: 0
Filter Rules

Duplicate Points to Keep: First
X Duplicate Tolerance: 0

Y Duplicate Tolerance: 0
Exclusion Filter String: Not In Use

Data Statistics Report

Data Counts
Number of Active Data: 580

Number of Original Data: 580
Number of Excluded Data:
Number of Deleted Duplicates:
Number of Retained Duplicates:
Number of Artificial Data:

oNoNoNe)
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X Variable Statistics

X Range:
X Midrange:

X Minimum:
X 25%-tile:
X Median:
X 75%-tile:
X Maximum:;

X Average:
X Standard Deviation:
X Variance:

Y Variable Statistics

Y Range:
Y Midrange:

Y Minimum:
Y 25%-tile:
Y Median:
Y 75%-tile:
Y Maximum:

Y Average:
Y Standard Deviation:
Y Variance:

Z Variable Statistics

Z Range:
Z Midrange:

Z Minimum:
Z 25%-tile:
Z Median:
Z 75%-tile:
Z Maximum:

Z Average:
Z Standard Deviation:
Z Variance:

Z Coef. of Variation:
Z Coef. of Skewness:

50
125

100
124
136
144
150

132.417
13.6906
187.433

29
1145

100
105
112
121
129

113.15
9.04871
81.8792

2.2
11

0
0
0.5
1
2.2

0.581034
0.518205
0.268537

0.891867
0.618671
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Inter-Variable Correlation

X Y Z
X: 1 0.4286 0.239497
Y: 1 0.206955
Z: 1
Inter-Variable Covariance

X Y Z
X: 187.433 53.096 1.69912
Y: 81.8792 0.970431
Z: 0.268537

Gridding Report

Search Rules

Number of Sectors:
Maximum Data Per Sector:
Minimum Number of Data:

Maximum Number of Empty Sectors:

Search Ellipse Radius #1:
Search Ellipse Radius #2:
Search Ellipse Angle:

Gridding Rules

Gridding Method:
Kriging Type:

Semi-Variogram Model

Component Type:
Variogram Slope:
Anisotropy Angle:
Anisotropy Ratio:

Polynomial Drift Order:
Kriging standard deviation grid:

Kriging
Point

Linear
1
0
1

0
no
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Grid Summary

Grid File Name: G:\Geophysics\erc and hanford\300AREA\618-4\topo
Isopachs\THICK.grd

Minimum X: 100
Maximum X: 150
Minimum Y: 100
Maximum Y: 129
Minimum Z: -0.179998
Maximum Z: 2.2
Number of Rows: 30
Number of Columns: 51
Number of Filled Nodes: 1530
Number of Blanked Nodes: 0

Total Number of Nodes: 1530
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Data Filter Report

Source Data File Name:
4\em61\c61.dat

X Column:

Y Column:

Z Column:

Data Counts

Number of Active Data:

Number of Original Data:
Number of Excluded Data:
Number of Deleted Duplicates:

Number of Retained Duplicates:

Number of Artificial Data:

Filter Rules
Duplicate Points to Keep:
X Duplicate Tolerance:

Y Duplicate Tolerance:

Exclusion Filter String:

R:\Geophysics\erc and hanford\300AREA\618-
A

B
E - Bottom coil - 3" time gate (660usec)

1769

1769

[oNeoNoNe)

First
0
0

Not In Use

Data Statistics Report

Data Counts

Number of Active Data:

Number of Original Data:
Number of Excluded Data:
Number of Deleted Duplicates:

Number of Retained Duplicates:

Number of Artificial Data:

1769

1769

oNoNoNe)
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X Variable Statistics

X Range:
X Midrange:

X Minimum:
X 25%-tile:
X Median:
X 75%-tile:
X Maximum:;

X Average:
X Standard Deviation:
X Variance:

Y Variable Statistics

Y Range:
Y Midrange:

Y Minimum:
Y 25%-tile:
Y Median:
Y 75%-tile:
Y Maximum:

Y Average:
Y Standard Deviation:
Y Variance:

Z Variable Statistics

Z Range:
Z Midrange:

Z Minimum:
Z 25%-tile:
Z Median:
Z 75%-tile:
Z Maximum:

Z Average:
Z Standard Deviation:
Z Variance:

Z Coef. of Variation:
Z Coef. of Skewness:

50
125

100
120
132
141
150

129.983
13.7685
189.572

48
119

95

104
112
124
143

114.508
13.3418
178.002

2193.82
1097.56

0.65
1.36
26.35
140.52
2194.47

123.437
231.676
53673.6

1.87687
3.59333
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Inter-Variable Correlation

X Y Z
X: 1 0.383905 -0.336446
Y: 1 -0.0435445
Z: 1

Inter-Variable Covariance

X Y y4
X: 189.572 70.5219 -1073.21
Y: 178.002 -134.594
Z: 53673.6

Gridding Report

Search Rules

Number of Sectors:

Maximum Data Per Sector:
Minimum Number of Data:

Maximum Number of Empty Sectors:
Search Ellipse Radius #1:

Search Ellipse Radius #2:

Search Ellipse Angle:

QUITUITO R EFEF

Gridding Rules

Gridding Method: Nearest Neighbor

Grid Summary

Grid File Name: R:\Geophysics\erc and hanford\300AREA\618-
4\em61\C61d3a.grd

Minimum X: 100
Maximum X: 150
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Minimum Y:
Maximum Y:

Minimum Z:
Maximum Z:

Number of Rows:
Number of Columns:

Number of Filled Nodes:

Number of Blanked Nodes:

Total Number of Nodes:

95
143

0.65
2194.47

49
51

1996

503
2499
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Data Filter Report

Source Data File Name: R:\Geophysics\erc and hanford\300AREA\618-
4\em61\c61.dat

X Column: A

Y Column: B

Z Column: F - Top coil - 660 usec time gate

Data Counts

Number of Active Data: 1769
Number of Original Data: 1769
Number of Excluded Data: 0
Number of Deleted Duplicates: 0
Number of Retained Duplicates: 0
Number of Artificial Data: 0
Filter Rules

Duplicate Points to Keep: First
X Duplicate Tolerance: 0

Y Duplicate Tolerance: 0
Exclusion Filter String: Not In Use

Data Statistics Report

Data Counts
Number of Active Data: 1769

Number of Original Data: 1769
Number of Excluded Data:
Number of Deleted Duplicates:
Number of Retained Duplicates:
Number of Artificial Data:

oNoNoNe)
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X Variable Statistics

X Range:
X Midrange:

X Minimum:
X 25%-tile:
X Median:
X 75%-tile:
X Maximum:;

X Average:
X Standard Deviation:
X Variance:

Y Variable Statistics

Y Range:
Y Midrange:

Y Minimum:
Y 25%-tile:
Y Median:
Y 75%-tile:
Y Maximum:

Y Average:
Y Standard Deviation:
Y Variance:

Z Variable Statistics

Z Range:
Z Midrange:

Z Minimum:
Z 25%-tile:
Z Median:
Z 75%-tile:
Z Maximum:

Z Average:
Z Standard Deviation:
Z Variance:

Z Coef. of Variation:
Z Coef. of Skewness:

50
125

100
120
132
141
150

129.983
13.7685
189.572

48
119

95

104
112
124
143

114.508
13.3418
178.002

2870.11
1215.98

-219.07
6.31
51.73
246.96
2651.04

192.922
319.748
102239

1.65739
2.97463
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Inter-Variable Correlation

X Y Z
X: 1 0.383905 -0.3518
Y: 1 -0.0598314
Z: 1

Inter-Variable Covariance

X Y y4
X: 189.572 70.5219 -1548.78
Y: 178.002 -255.24
Z: 102239

Gridding Report

Search Rules

Number of Sectors:

Maximum Data Per Sector:
Minimum Number of Data:

Maximum Number of Empty Sectors:
Search Ellipse Radius #1:

Search Ellipse Radius #2:

Search Ellipse Angle:

QUITUITO R EFEF

Gridding Rules

Gridding Method: Nearest Neighbor

Grid Summary

Grid File Name: R:\Geophysics\erc and hanford\300AREA\618-
4\em61\C61topa.grd

Minimum X: 100
Maximum X: 150
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Minimum Y:
Maximum Y:

Minimum Z:
Maximum Z:

Number of Rows:
Number of Columns:

Number of Filled Nodes:

Number of Blanked Nodes:

Total Number of Nodes:

95
143

-219.07
2651.04

49
51

1996

503
2499
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Data Filter Report

Source Data File Name:
4\em61\c61.dat

X Column:

Y Column:

Z Column:

Data Counts

Number of Active Data:

Number of Original Data:
Number of Excluded Data:
Number of Deleted Duplicates:

Number of Retained Duplicates:

Number of Artificial Data:

Filter Rules
Duplicate Points to Keep:
X Duplicate Tolerance:

Y Duplicate Tolerance:

Exclusion Filter String:

R:\Geophysics\erc and hanford\300AREA\618-
A

B
H - Calculated differential value (Top - Bott)

1769

1769

[oNeoNoNe)

First
0
0

Not In Use

Data Statistics Report

Data Counts

Number of Active Data:

Number of Original Data:
Number of Excluded Data:
Number of Deleted Duplicates:

Number of Retained Duplicates:

Number of Artificial Data:

1769

1769

oNoNoNe)
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X Variable Statistics

X Range:
X Midrange:

X Minimum:
X 25%-tile:
X Median:
X 75%-tile:
X Maximum:;

X Average:
X Standard Deviation:
X Variance:

Y Variable Statistics

Y Range:
Y Midrange:

Y Minimum:
Y 25%-tile:
Y Median:
Y 75%-tile:
Y Maximum:

Y Average:
Y Standard Deviation:
Y Variance:

Z Variable Statistics

Z Range:
Z Midrange:

Z Minimum:
Z 25%-tile:
Z Median:
Z 75%-tile:
Z Maximum:

Z Average:
Z Standard Deviation:
Z Variance:

Z Coef. of Variation:
Z Coef. of Skewness:

50
125

100
120
132
141
150

129.983
13.7685
189.572

48
119

95

104
112
124
143

114.508
13.3418
178.002

1411.33
-86.155

-791.82
4.93
24.7
104.09
619.51

69.4852
96.8727
9384.32

1.39415
1.34975
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Inter-Variable Correlation

X Y Z
X: 1 0.383905 -0.35656
Y: 1 -0.0933467
Z: 1

Inter-Variable Covariance

X Y y4
X: 189.572 70.5219 -475.578
Y: 178.002 -120.646
Z: 9384.32

Gridding Report

Search Rules

Number of Sectors:

Maximum Data Per Sector:
Minimum Number of Data:

Maximum Number of Empty Sectors:
Search Ellipse Radius #1:

Search Ellipse Radius #2:

Search Ellipse Angle:

QUITUITO R EFEF

Gridding Rules

Gridding Method: Nearest Neighbor

Grid Summary

Grid File Name: R:\Geophysics\erc and hanford\300AREA\618-
4\em61\C61difa.grd

Minimum X: 100
Maximum X: 150
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Minimum Y:
Maximum Y:

Minimum Z:
Maximum Z:

Number of Rows:
Number of Columns:

Number of Filled Nodes:

Number of Blanked Nodes:

Total Number of Nodes:

95
143

-791.82
619.51

49
51

1996

503
2499

D.27
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Geophysical Investigation Results Summary
618-4 Burial Grounds
March 2001
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Highly concentrated buried debris
Debris that is buried reiatively deep with significantly
lass ferrous material within it.

Area that has that anticipated character of a high
concentration of buried metallic drums.

Notable anomaly above primary concentration of landfill debris.

{Depth in metric)
Excavation Boundary

Average depth (meters) to the surrounding buried debris
Boundry within the debris

Fence Post

Questions: Contact TH Mitchell / KA Bergstrom @ 372-9690 or 372-9591
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Geophysical Investigation Results Summary



N140 N140

N130 N130

Scale in Meters

0 5 10 15 20

1 1
E100 E110 E120 E130 E140 E150 E100 E110 E120 E130 E140 E150
Top Coil, 660 microsecond time gate Bottom Coil, 660 microsecond time gate
Contour Interval: 20 mV Contour Interval: 20 mV
N140 5
| IR
The “.dat" files are organized by column as:
N130 Column A: “X" coordinate

Column B: "Y" coordinate

Column C: Bottom coil 216 microsecond time gate value

Column D: Bottom coil 366 microsecond time gate value

Column E: Bottom coil 660 microsecond time gate value

Column F: Top coil 660 microsecond time gate value

Column G: Time stamp

Column H: Calculated differential (Top coil - Bottom Coil 660 value)

The data were collected along east-west profiles, spaced 1 meter apart,
with recordings at 1 meter intervals. The equipment was carried and the
data locations manually entered (vs encoding wheei mode) in order to
minimize potential equipment contamination from ground contact.

T i No smoothing was applied to the data to minimize filter artifacts.
E100 E110 E120 E130 E140 E150 Contour grid nodes were kept at the actual data points to honor

Differential Mode (top coil - bottom coil) the data more accurately.
Contour Interval: 10 mV

618-4 Burial Ground
EM61-MK2
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Elevation Survey and GPR Thickness Data

Spread Sheet Parameter Documentation:

Column A: Geophysical Grid Easting coordinate (e.g. E100, E105 etc.)

Column B: Geophysical Grid Northing coordinate (e.g. N100, N105 etc.)

Column C: Measure vertical distance from the Auto Level to the ground surface at the
given location defined using columns A and B.

Column D: Interpreted thickness of the fill overlying the buried debris from the GPR
data.

Column E: Vertical distance from Grid point N100/E100 to the ground surface at a given
location (i.e. Column C minus the height of the Auto Level which was 1.65 meters above
the ground).

Column F: Depth from grid point N100/E100 to the top of the buried debris (Columns D
plusE).

Column G: -1 multiplied by Column E. Used to create topographic map from the
elevation survey data.

Column H: Created an arbitrary base elevation (i.e. 10) to which the top of the debris
could be normalized using the elevation survey data and the thickness data from the GPR.
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TOPOGRAPHIC RELIEF: TOP OF FILL
' Worksheet (G) .

N120
N110 2
f.
N100 [ T UL ] T N T ‘\.\ - ‘!{;.T .T [
E100  E110  E120  E130  E140  E150

CONTQUR INTERVAL: 0.2 METERS

THICKNESS OF FILL OVERLYING BURIED DEBRIS
Waorksheet {D}

=

N100 i 1 7 1 i L T i : v T T T T
E100 E110 E120 E130 E140

CONTOQUR INTERVAL: 0.25 METERS

DEPTH FROM BASE ELEVATION ( N10Q/E100 = 0)
TO TOP OF BURIED DEBRIS
Worksheet {F)

i
]

N120;

1

N100E\ ™

E100

E110  E120  E130  E140  E150
CONTOUR INTERVAL: 0.25 METERS

01 it TOPOGRAPHIC RELIEF: TOP OF FILL
Worksheet (G}
# 1
2
2
AT

THICKNESS OF FILL OVERLYING
BURIED DEBRIS
#\ Worksheet (D)
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ELEVATION OF TOP OF DEBRIS
RELATIVE TO AN ARBITRARY (10 Meters) DATUM
Worksheet (H)

FIGURES DERIVED FROM INTERPRETATION OF GPR DATA
AND SURFACE ELEVATION SURVEY
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Magnetics: Vertical Gradient
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€18- 4 Burial Grounds
Magnetic Gradient
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