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PREFACE 

This report summarizes the geophysical surveys, Tasks l.b and l . c of the 
Phac:;e I Remedia l InvP<:tiar1t.inn for thP. 100- FF- l nr,:,r;ihlP 11nit l")n th 0 H.:1 nforrl 

Site, near Richland, Washington. The purpose of the Remedial Investigation is 
to determine the nature and extent of the risk presented by releases of 
hazardous substances from the operable unit. The purpose of this task was, 
first, to confirm the locations of abandoned process sewers and radioactive 
liquid waste sewers as shown on existing maps or to otherwise accurately 
determine their locations, and second, to attempt to identify locations of 
possible leaks . · 

Westinghouse Hanford Company was responsible for coordinating Phase I 
efforts. The information presented in this report was collected by Pacifi c 
Northwest Laboratory, for Battelle, Pacific Northwest Division's Environmental 
Management Operations, at the request of Westinghouse Hanford Company. The · 
Westinghouse Hanford Company technical coordinator for these activities was 
Larry C. Hulstr6m. · The Environmental Management Operations program manager 
was Donald A. Kane, and the Pacific Northwest Laboratory project manager was 
George V. Last. 
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SUMMARY 

This report describes a set of geophysical surveys performed by the 

able Unit at Hanford. Field work and preliminary data processing activities 
were initiated in September 1989. These actions were terminated by the 
Westinghouse Hanford Company before completion in December 1989. Work was 
reinitiated in October 1990, to complete the processing of the data that had 
already been collected and to report the results. Because the field work was 
only partially completed, the task objectives, as presented in the Statement 
of Work, could not be fully met. This report is, therefore, a progress report 
covering the work performed through December 11, 1989. 

This task involved 1) ground-penetrating radar surveys of the 618-4 and 
618-5 Burial Grounds, and 2) ground-penetrating radar and electromagnetic 
induction surveys along the assumed routes of the abandoned process sewers ·and 
radioactive liquid waste sewers in the 300-FF-l Operable Unit. The surveys in 
the burial grounds were intended to identify burial trenches and pits , to 
determine the depth of fill, and to locate waste materials, including any that 
might be outside the perimeter fences. The surveys along the sewer routes 
were intended, first, to confirm the locations of the sewers as shown on 
existing maps or to otherwise accurately determine their locations, and 
second, to attempt to identify locations of possible leaks. 

Initial geophysical surveys were performed at 10 locations, or survey 
areas, that covered most of the sewer sections that were included in this task 
as well as the outer perimeter of the 618-5 Burial Ground. Surveys of the 
other parts of the burial-ground sites could not be completed in the time 
available. The resulting data have been processed and analyzed .' Preliminary 
maps showing the interpreted results are included in this report. 

The data collected at the 618-5 Burial Ground indicated that some scat 
tered man-made materials are present in the ground outside the perimeter 
fence. The surveys along the sewer routes clearly defined segments of the 
sewers and other nearby pipelines. Additional ground-penetrating radar 
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surveys are needed in certain areas to obtain improved spatial resolution 
and/or to detect sections of the sewers that might be de~per than the 
penetration depth of the initial surveys. 
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1.0 INTRODUCTION 

This report describes~ set of geophysical survey~ performed by the 
Autom;itinn rlnd MP.il<;tJrPrnPnt Sr.i Pn('"P<:: r)p ~;:n•tl"lont nf tho D;, rif.;,. t-Jn.,,.+~ ,.,oc--t ~:: b -

oratory (PNL)(a) at selected locations within the 300-FF-l Operable Unit at 
Hanford. The surveys were performed for the Westinghouse Hanford Company 
(WHC) as a task under the 300-FF-l Phase 1 Remedial Investigation Project. 
The surveys were performed in accordance with the Fiscal Year 1989 Statement 
of Work for work orders ED9399 and ED9458. 

Field work and preliminary data processing activities were initiated in 
September 1989. Work was terminated by WHC, prior to its completion, in 
December 1989. Work was restarted in October 1990, to complete the process
ing of the data that had already been collected and to report the results. 
Because the field work was only partially completed, the task objectives, as 
presented in the Statement of Work, could not be fully met. This report ii, 
therefore, a progress report covering the work performe·d through December 11, 
1989. 

This is the second of three primary products, or deliverables, that are 
to be submitted to WHC by PNL during the course of this work. The first of 
these products was a set of formal Work Procedures, which were submitted to 
WHC prior to the initiation of field work. Copies of these Work Procedures 
are appended to this report as Appendix A. They are also contained in PNL-
6894 (PNL 1989, Sections SG-1 through SG-4). The third product consists of 
the project file records and the geophysical data collected in this study. 
This assortment of materials will be submitted to WHC . 

The text in the re~ainder of this report is divided into five sections . 
Section 2.0 outlines the objectives of the geophysical surveys . Section 3.0 
provides a brief introduction to the sites at which the geophysical surveys 
were performed. ·section 4.0 briefly describes the geophysical methods that 
were used . Section 5.0 discusses the results of the geophysical surveys. 

(a) Pacific Northwest Laboratory is operated for the U.S. Department of 
Energy by Battelle Memorial Institute. 
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Section 6.0 contains some final comments relating to the significance of the 
results and to the need for additional work to fully meet the task objectives. 
Finally, the results of interpretations of the collected geophysical data are 
presented on a set of 16- x 21-in. maos included as an ann~nrlix at thP h~r~ n~ 
this report. 

2 



2.0 OBJECTIVES 

As outlined in the Statement of Work (DOE 1990) , the geophysical surveys 
were intended to addrP~s two n~rts of T~~k 1. Snt rrp TnvPctin~tinn ThP ~irct 

part, Task l.b, involved ground-penetrating radar (GPR) surveys of Burial 
Grounds 618-4 and 618-5. The objectives of these surveys were 

• to determine the depths of fill 

• to identify subsurface structures such as trenches and pits 

• to detect and map buried waste materials and other significant fea
tures inside the burial grounds and within a narrow zone along the 
outside of the perimeter fences. 

The second part, Task le, was initially planned to consist of electro
magnetic induction (EMI) surveys of the process sewers (active and inactive) 
and radioactive liquid waste (RLW) sewers within the 300-FF-l Operable Unit . 
The scope of this task was expanded by PNL and WHC to include GPR surveys 
along the assumed paths of these sewers because it was expected that the high 
density of pipelines, cables, buildings, and other conductive structures in 
the areas to be surveyed would seriously degrade the ability of the EMI method 
to detect the sewers in an interpretable and unambiguous manner. The objec
tives were 

• to determine the exact locations of the sewers 

• to identify the locations of possible leaks . 

3 
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3.0 SITE DESCRIPTIONS 

Figure 1 is a map showing the major features of the 300-FF~l Operable 

active and abandoned process sewers in that operable unit. Figure 2 is a 
similar map that encompasses the entire 300 Area. It does not show the loca
tions of the process sewers or the RLW sewers, but it does show the specific 
areas in which we performed our geophysical surveys. These are indicated in a 
generalized way by heavy black line segments. Figure 3 is a schematic diagram 
of the RLW sewer system in the 300 Area. 

The specific areas in which geophysical surveys were performed prior to 
the terminatio, of field work are shown at a larger scale on a set of survey
area maps. These 8.5- x 11-in. maps (map nos. 300FF1.89-l through 
300FF1.89-6) are contained in Appendix B. They show the locations, direc
tions, and coordinates of the sets of survey lines along which the GPR and EMI 
measurements were made. 

Each of the survey areas was given a label to facilitate the handling of 
data files during our data acquisition and data processing activities. These 
labels are shown on the survey-area maps. 

The areas to be covered by our geophysical surveys at the burial grounds 
were defined by grids established by Kaiser Engineers Hanford. These grids 
were marked by wooden stakes at intervals of 8 m. Each of the other survey 
areas was defined by a set of survey lines measured and marked by PNL prior to 
the collection of the geophysical data. The survey lines were established by 
measuring distances with a steel tape and by marking line locations with spray 
paint. To ensure that the lines could be relocated later, we recorded refer
ence coordinates relative to permanent features or structures. Distance units 
of feet were used for all measurements except for those at the burial-ground 
sites. · Table 1 briefly describes the survey areas and summarizes the geo 
physical surveys in terms of the types of measurements that were made, the 
spacing of the survey lines, and the traverse directions for each of the geo
physical survey methods. 
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TABLE 1. Summary of Geophysical .Surveys 

Line 
Survey Area Spacing (ft) 

":) ftf1C""1 r, \"'~ - ,....,. r ...,.,,,,,.__ J_ _ ,,,.. 
✓ , 1 1 ...., ..._, ..., I , '-""-..,_..J_, ..., - ft "-1 W..J ,_ J 

Pond 3 (S. Process Pond) 25 

3APS02 - Process Sewer to 25 
Pond 1 (S. Process Pond) 25 

3APRS1 - RLW Sewer from 5 
324 Bldg 5 

3APRS2 - RLW Sewers from 5 
309 & 324 Bldgs, Process 2.5, 5 
Sewer from 324 Bldg 

3APRS3 - RLW Sewer from 5 
324 Bldg 5 

3APRS4 - RLW Sewer from 25 
309 Bldg, Process Sewer 5 
from 324 Bldg 

3APRS5 - RLW and Process ·2.5 
~ewers at 307 Ponds 

3ARS1 - RLW Sewer East of 2.5 
the 3762 Bldg 

3ARS2 - RLW Sewer West of 5 
the 3762 Bldg 

618-5 Burial Ground 4 m 
(13.1 ft) 

Survey Method {dir) 
r-\ 1 T f \ I\ 1• ' ~ .-.. r"" 'I 

._. , u \11dr1 - .).JL/ 

GPR (NNW-SSE) 

EMI (NNE-SSW) 
GPR (NNE-SSW) 

EM I ( W -E , S- N ) 
GPR (W-E, S-N) 

EMI (W-E, N-S) 
GPR (W-E, N-S) 

EMI (NE-SW) 
GPR (NE-SW) 

EMI (W-E) 
GPR (W-E) 

GPR ( E-W, S-N) 

GPR (S-N) 

GPR (S-N) 

GPR (NW-SE, SW-NE, 
and SE-NW) 

Note that Table 1 and some of the EMI and GPR data display products 
(described below) give the directions of the survey lines in a more accurate 
form than do the maps of the survey areas. For example, although the base 
line of Survey Area 3APS01 was actually oriented in a NNE-SSW direction, the 
survey line coordinates are simply designated as OE, 25E, etc. on the map. 
Although a totally consistent scheme for noting line directions has not been 
used in the various parts of this report, Table 1 will clarify the actual line 
directions. 

9 
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4.0 GEOPHYSICAL SURVEY METHODS 

The sensors and procedures that correspond to the GPR and EMI survey 
' J J • ~ • ~ , 

I vi.. 1 l. l Vii U. I 

ment specifications and operational details have been presented in the proce
dures documents contained in Appendix A. 

4.1 GROUND-PENETRATING RADAR PROFILING 

The GPR system used in these surveys was a Model SIR System 7, manu
factured by Geophysical Survey Systems, Inc . (North Salem, New Hampshire). It 
operates by transmitting a short (3-nsec) electromagnetic pulsP into the 
ground, then detecting the signals that are backscattered or r fleeted from 
buried objects or interfaces. In principle, reflected signals are produced by 
any object (metallic or non-metallic) or interface that has a dielectric con 
stant or electrical conductivity different from that of the surrounding earth. 
Examples of detectable targets include metal or plastic waste containers, 
metal and plastic pipe, sand and clay layers or lenses, bedrock, and the edges 
of backfilled trenches. · The radar operates in the time-domain reflectometry 
mode, where the depth of a reflective target or interface is proportional to 
the travel time of the reflected signal. 

At the beginning of this task, it was assumed that pipelines, possible 
cables, and other features in the survey areas would be located at depths 
ranging from 1 ft to approximately 20 ft. Thus, to begin the GPR surveys, an 
antenna was used that transmitted signals with a frequency spectrum centered 
at approximately 300 MHz. This antenna provided reasonably good spatial res
olution as well as an effective penetration depth of at least 15 ft in most 
survey areas . Given the results of initial surveys with this antenna , we had 
planned to perform follow-on surveys using a higher-frequency antenna 
(500 MHz) to obtain higher-resolution data where greater near-surface deta i l 
was needed, and using a lower -frequency antenna (120 MHz) where greater depth 
penetration was needed. Unfortunately, the premature termination of work made 
it impossible to return to any of the survey areas to perform this follow-on 
work. 

11 



4.2 EMI GROUND CONDUCTIVITY PROFILING 

A Geonics (Mississauga, Ontario) EM31 ground conductivity meter was used 
to perform the EMI surveys. This is a portable instrument that uses the elec-

ity of the ground. It contains two coils mounted at opposite ends of a 
12-ft-long support tube. An alternating magnetic field produced by the trans
mitter coil induces electrical currents in the ground and in any conductive 
waste materials that may be present in the ground. These currents, in turn, 
produce a secondary magnetic field that is detected by the receiver coil. The 
ratio of the secondary and primary field components is measured and electron
ically scaled to derive the desired conductivity value .. The resulting analog 
signal is displayed to the operator by means of a meter on the unit's control 
panel. An electrical output connector permits the signal to be recorded by an 
external data logger. 

4.3 DATA COLLECTION PROCEDURES 

The basic procedure for data collection at each site was to separately 
carry or pull the geophysical sensors along the survey lines. The conduc
tivity meter was carried by the operator, and its output was recorded in 
digital form by means of a small, battery-powered data recorder. The GPR 
antenna unit was mounted on wheels and was manually pulled across the ground 
surface. The GPR control unit and digital data acquisition system were con
tained in a nearby vehicle. 

The EMI data were collected along the survey lines at a constant normal 
walking speed, yielding an along-track data spacing of approximately 12 in. 
The GPR data were collected ~with a slightly slower constant traverse speed and 
a higher data collection rate, yielding an along-track data spacing of 
approximately 3 in. 

Each time the operator crossed a selected distance mark or grid stake, 
he pressed a switch that entered a marker code into the data record. These 
markers provided fixed points within each data record at which the locations 
of the measurements were precisely known. They ~nsured that the collected EMI 
data could be accurately associated with field coordinates. 

12 



4.4 DATA PROCESSING PROCEDURES 

The recorded, digital, EMI data sets, or files, were downloaded in the 
field from the data recorder to a portable personal computer, then copied to a 
.L::i - lll . r 1uppy 0 ·1sK . 1ne nrs1, step in tne aat a processing procedure i nvo l ved 
a linear interpolation of the data to adjust the along-track data spacing to a 
predetermined value. This value was set at 1 or 1.5 data/ft for all of the 
EMI surveys. The accuracy of the interpolation algorithm was enhanced by 
utilizing the marker codes in the data records to divide the data file into 
segments corresponding to the distance between stakes or other position 
markers. Thus, each end of a specified data interval was precisely correlated 
with a known field location. 

The second step in the processing of the EMI data sets was the produc
tion of graphs, or data profiles, that show the amplitude of the recorded 
signal as a function of distance along the survey lines. These profiles ar~ 
presented in Appendix B. As a final step, the profiles were visually inter
preted to determine the locations of the buried waste materials. The results 
were plotted on a series of output summary maps, which constitute the final 
products of the geophysical surveys. 

The GPR data files were initially recorded on digital tape cartridges . 
These files were transferred to the hard disk of a DEC (Digital Equipment 
Corporation, Maynard, Massachusetts) 11/23 minicomputer. A descriptor file 
containing information such as the number of digitized data in each received 
signal (scan), the number of scans in each survey line, and the nominal length 
and direction of each survey line was associated with each data file. The 
first step in processing _a given data file was to edit the descriptor file, 
modifying the parameters as needed to correspond to the actual values (e.g ., 
the actual length of a survey line may differ from the nominal length that was 
initially recorded) : Using the parameters of the edited descriptor file , the 
data file was then interpolated by a linear method equivalent to that used to 
interpolate the EMI data. This procedure yielded data sets that had a fixed 
scan density (i.e., a predetermined number of scans per unit length). This 
parameter was set at 4 scans/ft for all of the GPR data files recorded in this 
task . The interpolated files were written to 9-track magnetic tape to 

13 



facilitate the transfer of the data to a DEC VAX computer and to provide for 
long-term storage of the data. The VAX was used to perform the final data 
processing and display operations. 

1 i11: i c:1::.L uaL-a 1J1 ·u1.-1:::.::. 111~ ::.Lt:fJ 1nvo1vea 1ne r emoval or unchanging s ignal 

components from the GPR data . These unwanted components consist of reflec
tions from the ground surface and from within the radar system. In a video or 
photographic display of the radar data, these components appear as horizontal 
stripes that extend from one end of the image to the other. They were removed 
from the data files by computing an average amplitude at each depth increment, 
or row in the two-dimensional data set, then subtracting that average from 
each datum in the row. Eliminating the largest positive and negative data 
from the average prevented the average from being biased by exceptionally 
strong localized reflections. 

Hardcopy images (profiles) of the GPR data were produced with the aid of 
a Dicomed (Minneapolis, Minnesota) D47 digital film recorder. Copies of these 
profiles in the form of in~ensity-modulated black and white images are pre
sented in Appendix C. Each image in these prints corresponds to a survey 
line. The horizontal dimension in each profile corresponds to distance along 
the survey line . The vertical dimension corresponds to the two-way travel 
time of the radar signals or, equivalently, to the depth of the reflective 
materials. Estimated depth scales are shown on several of the photographic 
pages. These depth scales were calculated using a value of 9.0 for the rel
ative dielectric constant of the ground materials. This value is consistent 
with values determined previously at other nearby sites. The depth scales can 
be easily adjusted if excavations at the current sites show that the actual 
depths of b~ried objects ar~ different from the depths given on the radar 
profiles. 

Because the radar ·waveforms oscillate between positive and negative val 
ues, the amplitude modulation was adjusted to display large negative data 
values as black and large positive values as white. The presence of a reflec
tive buried object is usually indicated by a hyperbolic pattern of white and 
black tones . For a concentration of reflective objects, the reflection 
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pattern may be quite complex; however, such a pattern is usually distinctive 
and distinguishable from the more regular or subdued patterns produced by 
undisturbed ground. 

1ao 1e 2 summarizes t he plots and photographs that display the coll ected 
data. 

The numbers shown on the vertical axes of the EM! profiles are the raw 
data values produced by the 12-bit analog-to-digital converter in the data 
logger. These numbers can be multiplied by a scale factor to obtain the 
approximate value of the electrical conductivity of the ground in units of 
mmhos/m, but the resulting values are meaningful only in areas where the 
ground is relatively undisturbed and are not related in any simple way to the 

TABLE 2. Summary of Data Profiles 

Site 
3APS01 - Process Sewer to 
Pond 3 

3APS02 - Process Sewer to 
Pond 1 

3APRS1 - RLW Sewer from 
324 Bldg 

3APRS2 - RLW Sewers from 
309 & 324 Bldgs, Process 
Sewer from 324 Bldg 

3APRS3 - RLW Sewer from 
324 Bldg 

3APRS4 - RLW Sewer from 
309 Bldg, Process Sewer 
from 324 Bldg 

3APRS5 - RLW and Process 
Sewers at 307 Ponds 

3ARS1,2 - RLW Sewer East 
and West of the 3762 Bldg 

EM! Profiles 
{gages) 

4 

2 

1 

2 

1 

2 

0 

0 

15 

GPR Profiles 
{gages) 

2 

1 

2 

2 

1 

1 

2 

1 



properties of buried objects. All of the useful information relating to the 
locations of pipes is contained in the raw, or relative, data values shown on 
the profiles. 

Tiit: 11ur 1L u nLc1i dXes u 1 Lil e t.Ml µron 1es · snow distances in units ot teet 

along the survey lines. The location and direction of each profile are indi
cated by labels printed on the profile. To understand these labels, refer ~o 
the survey-area maps (Appendix 8) that show the survey lines. The combination 
of labels and maps should make it easy to locate the starting and ~nding 
points of the profiles. 
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5.0 RESULTS 

The locations of the buried pipelines or waste materials in each survey 
, , _, ..J ,. : • J ' • . _ --, --, ' I J ' I I r1 •.., ! ' 

I .... , - ui;., • • - U '-'J 'I..J '-< '41 •J 11 1 1. C: 111' <...l. ll i':J 1. IIC: Ci ' l.l al l U I aual tl' u, l ,e::,. 1111;: 

results are shown on the enclosed set of six large-scale (1 in. = 40 ft) sum
mary maps included as Appendix D. Solid heavy lines show the locations of 
detected pipelines that we considered to be well defined by the EMI and/or GPR 
data. Heavy dashed lines show the locations of pipelines or segments of pipe
lines that were poorly defined by the data. The estimated depth of a given 
pipe in units of feet is given by a number near the corresponding line on the 
map. An indicated depth of 2 ft should be understood to mean Oto 2 ft. This 
is because the GPR receiver is saturated by the transmitted pulse for a time 
period approximately equivalent to a 2-ft depth. Each map, or survey area, is 
discussed separately in the following paragraphs. 

5. 1 SURVEY AREA 3APS01, MAP 300FF1.89-8 

The target of interest in this survey area is the abandoned process 
sewer that terminates at Pond 3 (southwest segment of the South Process Pond). 
According to HEDL Drawing M-3904, Sheet 3, this sewer is a clay tile structure 
buried at a depth of approximately a to 13 ft. As shown on the map, five 
east-west-oriented pipelines were detected by the EMI and GPR sensors. The 
locations of four of these conform closely to the locations of pipelines shown 
on the HEDL drawing . We found two closely spaced pipelines at the location 
where the HEDL drawing shows an abandoned ash sluice line. The third pipeline 
shown on our map is an active process sewer from the 340 Complex . The fourth 
is probably an abandoned ash sluice line. The fifth, located approximately 
20 ft north of our baseline origin (at E15091.0, N54628.3) is unidentified. 

The expected location of the abandoned process sewer is shown by a 
dashed line on our map. This pipeline was not detectable in the data produced 
by either the EM31 sensor or the GPR system. The reason for this is not 
clear. A non-metallic pipe can be expected to be more difficult to detect by 
either sensing method than a metallic pipe; however, the active process sewer 
mentioned above was easily detected by both methods. We assume that the west 
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half of the pipeline was probably masked by the shallower pipes that overlie 
it·, and that the east half was deeper than the maximum depth setting used for 
the GPR survey at this location (approximately 11 ft). Prior to the termina
tion of work , we had planned to perform additi onal GPR survevs at thi s ~itP . 
first adjusting the system for deeper penetration, and second, using a higher
frequency antenna for improved resolution. These measures would probably have 
detected the abandoned process sewer. 

5.2 SURVEY AREA 3APS02, MAP 300FF1.89-9 

The target at this site was an abandoned clay tile process sewer that 
terminates at Pond 1 (South Process Pond). This pipeline appears to be 
detectable, although weakly expressed, in the GPR profiles at a location that 
corresponds closely to the expected location derived from HEDL Drawing M-3904, 
Sheet 3. This location also conforms to the result of visual observation of 
the ends of the pipeline (a diversion box at the west end and the exposed west 
end at Pond 1). 

The process sewer was not detected by the EM31 survey. The EMI data at 
this site were virtually useless due to the presence of metallic buildings, 
railroad tracks, a fence, and surface debris. As shown on Page 2 of the EMI 
profile plots for this survey area (Appendix E), we tested the possibility 
that alternative orientations of the EM31 sensor might be more responsive to 
the sewer. This test was performed at the 200E survey line. The profile on 
Page 1 of the profile plots corresponds to the normal orientation of the EM31 
sensor. The notation "ROT. 90H" on Page 2 means that the sensor was rotated 
90 degrees about its horizontal axis. Similarly, "ROT. 90V" indicates a rota
tion of 90 degrees about the sensor's vertical axis, and "ROT. 90HV" indi
cates a 90-degree rotation about the horizontal and vertical axes. Although 
the shape of a small anomaly at 20 ft north changed according to the orienta
tion of the sensor , there was no indication that the detectability of the 
pipeline was improved by any of the alternative orientations. (The small 
anomaly corresponds, at least predominantly, to a metal object at or near the 
ground surface. See the corresponding GPR profile for the 200E survey line in 
Appendix C.) 
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5.3 SURVEY AREA 3APRS1, MAP 300FF1.89-10 

This survey area is an asphalt-covered area north of the 324 Building. 
The target of interest is an L-shaped segment of the 4-in.-diameter, stainless 
steel, abandoned RLW sewer that originates near the northeast corner of the 
324 Building . The expected location of this sewer is shown as a dashed line 
on the survey-area map, 300FF1.89-3, and as a solid line on the corresponding 
larger-scale summary map, 300FF1.89-10. EM! profiles were recorded along the 
south-north profiles between 200W and 30W. These profiles provide low
resolution indications of east-west pipelines at approximately 15S and 38S. 
According to HEDL Drawing M~3904, the latter corresponds to the expected loca
tion of the qlw sewer, and the former corresponds to the location of three 
closely spal ~d retention process sewer lines. 

The south-north and west-east GPR profiles confirm the locations of 
these pipelines. They also show the presertce of several other underground 
pipelines. All of the pipelines detected by the EM! and GPR methods are shown 
on the summary map. 

5.4 SURVEY AREA 3APRS3, MAP 300FF1.89-10 

This survey area adjoins Area 3APRS1 and covers a segment of the aban
doned RLW sewer that was described in the preceding paragraphs (the RLW sewer 
from the 324 Building). This segment apparently runs toward the 3718-C Build
ing from a cleanout riser near the northwest corner of the 324 Building. 

Several pipes, including sections of the currently active RLW sewer, are 
evident in the GPR profiles and are shown on the output map. Most of these 
correspond to pipes shown on Drawing M-3904. In particular, the location of 
the abandoned RLW sewer, although not well defined in the profiles, appears to 
conform reasonably well to that shown on the HEDL drawing (shown as a dashed 
line on our map). The retention process sewer lines identified in Survey Area 
3APRS1 are also evident in the expected location. 
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The EMI profiles for this survey area clearly show that subsurface con
.ductors are present, but no meaningful information can be extracted from them. 
This is what one would expect, given the complex distribution of pipes in this 
relatively smal l area . 

5.5 SURVEY AREA 3APRS2, MAP 300FF1.89-10 

The two main sections of this survey area are adjacent to the east and 
north sides of the 3718-C Building. Three of the west-east survey lines 
(115N-120N) actually extend under the roof of the building. According to 
Drawing M-3904, the abandoned RLW sewers from the 309 and 324 Buildings, a 
retention process sewer, and an active process sewer from the 324 Building are 
all located near or under the east side of the 3718-C Building. 

The GPR profiles show several underground pipes and possible electrical 
cables in this congested area. However, the sewers of interest cannot be 
unambiguously identified. The abandoned RLW (PRTR) sewer from the 309 Build- . 
ing is expected to cross this survey area at the coordinate 16W. Radar 
reflections are present at approximately that location, but they are discon
tinuous and occur at depths ranging from 6 to 12 ft. No reflections can be 
reasonably associated with the other three sewers. It is probable that their 
depths (possibly greater than 17 ft) are greater than the effective detection 
depth of the GPR system as it was set up for this survey. To obtain improved 
data in this survey area, it would be appropriate to use a higher radar fre
quency range to achieve improved reso}ution at shallow depths, and to use a 
lower frequency and deeper rang~ settings to obtain information about greater 
depths. 

EMI data were collected along the west-east survey lines located to the 
north of the 3718-C Building and along the north-south lines located to the 
east of the 3727 Building. It was hoped that the first of these two data sets 
would detect the RLW sewers, the process sewer, and the retention process 
sewer that are discussed in the preceding paragraph. The second data set was 
collected as an attempt to detect the two abandoned process sewers that trans
ferred liquid wastes to the 307 Trenches that are located to the west of the 
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3718-E Building. Neither data set exhibits any interpretable anomalies that 
could help to define the locations of the pipelines that are assumed to be 
present in this survey area. 

5.6 SURVEY AREA 3APRS4, MAP 300FF1.89-10 

This survey area is approximately centered on the assumed location (as 
shown on HEDL Drawing M-3904) of the abandoned RLW sewer that originates at 
the 309 Building. EMI data were collected along a set of west-east survey 
lines that covered the entire length of the survey area (see survey-area map 
300FF1.89-3). The survey lines were spaced 25 ft apart. GPR data were col
lected only along the more rlosely spaced lines (5 ft) at the north end of the 
survey area. 

As indicated on the summary map, the abandoned RLW sewer was detected by 
the GPR data at the expected location and at a depth of approximately 8 ft . . 
The process sewer and retention process sewer were probably detected at a 
depth of approximately 14 to 15 ft, but could not be resolved as individual 
pipes. A shallow pipe or cable was also detected at the coordinate 40E. 

Except for a short section at the south end of the survey area, the EMI 
profiles do not provide a useful indication of the presence of underg~ound 
pipes. The presence of the RLW sewer is suggested by anomalies in the pro
files recorded between lOON and ISON. 

5.7 SURVEY AREA 3APRSS, MAP 300FF1.89-ll 

This survey area was planned to cover all sides of the 307 Ponds. How
ever, because of the premature termination of field work, only parts of the 
south and east sides of the area were actually surveyed. Only the GPR method 
was used at this site because of the known complexity of the subsurface piping 
around the ponds. 

As shown in the summary map, several pipelines were detected by the GPR 
survey. The three south-north pipes located near coordinate 130E are assumed 
to be, from west to east: a segment of the active process sewer (128E, 11 ft 
deep), the abandoned RLW sewer (131E, 4 ft deep), and the abandoned PRTR 
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(309-Building) RLW sewer (134E, 5 ft deep). The locations of these three 
pipelines, as determined from the GPR profiles, are approximately 2 to 3 ft 
~ast of the locations shown on Drawing M-3904. Four sections of the active 
process sewer converqe at a manhole located at coordin ate~ 1?7E . ~N . ThP ~P,
tion to the east of the manhole could not be reliably identified in the GPR 
profiles. The section to the west of the manhole seems to have been detected 
(at 8N, approximately 40E to 112~5E, 9 ft deep) and is shown on the summary 
map. Several other north-south and east-west pipeline segments are also shown 
on that map. Some of these correspond to pipelines shown on Drawing M-3904, 
others do not. 

The fragmentary nature of the detected pipe 1 i nes a.nd the failure to 
detect certain pipelines is consistent with the use of the 300-MHz antenna and 
the complexity of the subsurface at this site. As in other survey areas, 
more-complete and more-detailed results would have been obtained by follow-on 
GPR surveys with both the higher- and lower-frequency antennas. 

5.8 SURVEY AREAS 3ARS1 AND 3ARS2, MAP 300FF1.89-12 

These survey areas are located to the west and east of the 3762 Build
ing. They are approximately centered on a section of the abandoned RLW sewer 
that apparently passes under the 3762 Building before terminating at the 
340 Complex. The middle part of Area 3ARS2 was inaccessible because of 
obstructions on the surface . Only' a GPR survey was performed in these survey 
areas. The middle part of Area 3ARS2 was inaccessible because of surface 
obstructions. 

As shown in the summary map, a pipeline was detected at a depth of 8 to 
10 ft at the coordinate 20N : This is approximately the expected location of 
the RLW sewer. Drawing M-3904 shows a retention process sewer adjacent to the 
RLW sewer and at approximately the same depth. If these two pipelines are as 
close together as suggested by the drawing, they might both be represented by 
the line shown at coordinate 20N on our summary map. (The resolution of the 
GPR profile might not have been sufficient to resolve them.) A second 
pipeline (or possible cable) was detected at a depth of approximately 4 ft at 
the coordinate 13N. This might correspond to the retention process sewer, but 
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it is several feet south of the expected location and is at a depth that might 
be too shallow. The GPR profiles. show a.third apparent pipeline or cable at 
the ~xtreme south end of the survey area (coordinate ON). The depth of this 
._f: I"'\ "'I -l I, ,. ,-, ,! ,-. .., ""I ~~ ,,.. .- , • ,! _,. - -'- ,,.. ., , "'I f" J 
t~V • .., ._ 1 I,,., 1._, ,_ ,., t" • V A l l l 1"'4t.,, \... i J '-, I\,;~ 

5.9 SURVEY AREA 618-5 BURIAL GROUND, MAP 300FF1.89-13 

The GPR survey at this site was limited to a set of survey lines located 
outside the outer fence. It was intended that the GPR survey would also 
include all of the area inside that fence; however, we were unable to work 
inside the fence because the required radiological survey was not completed 
before our work was terminated. As mention~d above~ most of the survey grid 
at this site was emplaced by Kaiser Enginee s Hanford, using a node, or stake, 
spacing of 8 m. Before beginning our GPR survey, we added a line of stakes 
along the southeast and northeast sides of the original grid (at coordinates 
S24 and El44). (As noted in Section 3.0, direction designations of Sand E 
were used by Kaiser although the actual directions of the grid lines were 
southwest-northeast and southeast-northwest.) The additional stakes expanded 
our coverage of the area surrounding the burial ground and made the survey 
lines more usable . 

As shown on the summary map, some apparently man-made material was 
detected along the three accessible sides of the burial ground fence. Most of 
these materials are at a depth of 2 ft or less. Depth indications are shown 
on the map only in a few locations where deeper materials seem to be present. 
Because of the 4-m spacing of the survey lines, it was not possible to deter
mine whether the · subsurface materials found along one line are contiguous with 
those found along an adjacent line. Further, it could not be determined 
whether these materials are hazardous waste materials or benign debris. Some 
buried radioactive waste materials have been found in this general area by an 
earlier GPR survey (Appendix F) and by the radiological survey performed by 
PNL as part of the current work. 
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6.0 FINAL COMMENTS 

The results discussed above fall short of meeting the objectives of this 
+ (""I,,......., .: I"\ '"'I + ~ ,... ""' ,... C ' ''"' .... I , 
.., - , ,,I j j •-.,. I., , -., I l '-' i 1 1 ._, l , '-

prior to the completion of the necessary geophysical surveys. In addition, 
the planned GPR surveys of the burial grounds could not be performed in the 
available time because required radiological surveys were not completed . The 
survey performed around the exterior of Burial Ground 618-5 identified buried 
materials that appear to be man-made and that could be hazardous . The depth 
of fill and the location of trenches and pits inside the perimeter fences 
could not be determined by survey~ performed outside the fences. 

Surveys designed to determine the exact l ocat i ans of t ·.e abandoned proc
ess and RLW sewers are a necessary prerequisite to any surface-based geophysi 
cal procedure for detecting possible leaks in those pipelines . The 
leak-detection procedure to be attempted or investigated in this task involved 
EMI and/or GPR profiling along, and adjacent to, the centerlines of the sewers 
after the sewers had .been accurately mapped by the initial geophysical 
surveys. 

EMI surveys, as expected, proved to be of limited value for detecting 
and tracing either the steel RLW sewers or the clay tile process sewers. The 
inherently low spatial resolution of the EMI method, combined with the gener
ally high density of pipes, cables, and other subsurface features along the 
routes of those sewers, makes the EM31 instrument insensitive to the targets 
or features of interest. In a less complex environment, an EMI-based approach 
might be effective for mapping pipelines and for detecting conductivity anoma 
lies that might be associated with leaks. 

Analysis of the GPR data collected in our 1989 field work indicated that 
the GPR method can accurately identify and map the RLW and process sewers in 
the 300-FF-l Operable Unit. Equally important, the GPR method can detect and 
map other pipelines and other features that might cross the sewers or that 
might be located nearby. This result is consistent with the proven perform.
ance of PNL's GPR system in many pipe- and cable-mapping applications at other 
locations at the Hanford Site. 
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The complexity of the subsurface environment in the survey areas associ
ated with this task, and the wide depth range at which the pipelines are 
located, made it difficult to obtain the desired, accurate, pipe-location 
information with j ust the one GPR survey t hat we were able to oerf nrm in Parh 

survey area. As mentioned in Section 4.1, the spatial resolution or penetra
tion depth of a GPR survey can be enhanced by an appropriate selection of 
antennas or frequency bands. To complete this task, it will be helpful to 
perform additional GPR surveys at most locations. Surveys using a frequency 
band centered at approximately 500 MHz would yield high-resolution maps of 
pipes that are some~hat shallower than the useful depth range of the 300-MHz 
system that we used. Similarly, additional surveys using a frequency band 
centered at approximately 100 MHz would help to detect pipelines that are too 
deep to have been reliably detected by our 300-MHz surveys. 

As a final comment, we would like to point out that accurate, defini
tive, geophysical mapping of subsurface pipelines in a highly developed indus- · 
trial environment like that of the 300-FF-l Operable Unit is a demanding task 
that requires a great deal of time and effort. The total effort required to 
fully meet the objectives defined in Section 2.0 is probably substantially 
greater than the original 1989 estimate. 
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PNL TECHNICAL PROCEDURE 
-----

SG-1 USING GROUND-PENETRATING RADAR FOR GEOPHYSICAL SITE SURVEYS 

1.0 APPLICABILITY 

This geophysical sensing method measures variations in electromagnetic fields to 
detect and characterize natural or manmade features, objects, or materials in the 
ground. To provide this characterization, electromagnetic waves are backscattered 
f rom objects or interfaces in the ground. This procedure may be used instead of 
borehole sampling when time and funding for site characterization efforts are 
minimal, quality and quantity of site assessment data must be maximized, and other 
methods might compromise personnel safety. 

2.0 DEFINITIONS 

ATV--all-terrain vehicle. 

3.0 RESPONSIBLE STAFF 

Technical staff. 

4.0 PROCEDURE 

4.1 Prerequisites 

4.1.1 Equipment 

The following equipment is required to conduct surveys using ground-penetrating 
radar: 

• Geophysical Survey Systems, Inc. (GSSI) ground-penetrating radar system, 
operator's manual, and circuit diagrams 

• digital data acquisition unit and operator's manual 
• all-terrain vehicle (ATV) 
• GSSI P731 calibrator. 

Wri t ten descriptions of the geophysical field work will be recorded in field 
notebooks. The contents of these notebooks will include site descriptions , explana
tioris of the work being performed, general field procedures, a list of the instru
ments used in the work, records of instrument settings, notations of anomalous 
occurrences, and descriptive details relating to data collection (e.g., line 
numbers, traverse direcfions, obstructions, deviations, data record numbers, and 
data file names). A separate notebook will be used by each individual or group that 
is performing independent field work. 
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PNL TECHNICAL PROCEDURE 

4.1.1. Safety Precautions 

Do not operate the smal1 ATV used for ground-penetrating radar surveys on steep 
~,f"lr')O<': r,V" orr,h::ir< l'm C'ln +C"' th~+ ,,, +h o ~11rf,... C" r-, rin + ,..., .r J..h ") ""l"'\n.,......,.J....., ..,... ,--, ..., r--. ..1. h ,.. .- ... + ..... i . 

negotiated. 
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The SITE SAFETY OFFICER shall evaluate safety issues related to potential chemical 
or radioactive contamination of the site and to the possibility of ground subsidence 
over collapsing waste materials or containers before initiation of geophysical field 
work. 

4.2 Step-by-Step Instructions 

4. 2.1 Calibrating and Preparing the Equipment 

1. Before operation of the survey system, inspect and, if needed, clean the 
·cables, connectors, and tape recorder heads. Inspect and, if needed, 
charge the battery. (During operation, battery status is indicated by a 
voltmeter and indicator lights on the radar control unit.) 

2. Inspect the ATV for adequate gas and oil levels and tire pressure. 

3. Record performance of. steps 1 and 2 in the field notebook. 

4. Record a travel-time calibration record, utilizing the P731 calibrator, at 
least once per day during field operations and whenever a change is made 
in the timing parameters of the radar system. This will be a special data 
record on the recording medium used for the rest of the radar field data 
(digital magnetic tape or disk). 

5. Record the performance of the calibration procedure and the location of 
the calibration data in the recorded data set in the operator's field 
notebook. 

4.2.2 Defining and Mapping Boundaries 

1. Before the geophysical survey can be conducted, boundaries and survey 
lines must be in place. Plant survey stakes a maximum of 100 ft apart 
along straight lines to mark the nodes of a rectangular grid. 

NOTE: Geophysical survey lines are not always coincident with the grid lines for at 
1 east two reasons: 1) it may be more appropriate to co 11 ect geophysical data 
along lines that are more closely spaced than the grid lines, and 2) the 
stakes are obstructions that make it impossible to maneuver survey vehicles 
and certain geophysical instruments directly along the grid lines. Instead, 
data may be collected along lines that are offset from the grid lines. The 
amount of offset and direction relative to the grid should be recorded in the 
field notebook and accounted for in the subsequent data analysis. Other 
major obstructions on the ground surface (bushes, rocks, surface debris, 
pipes, fences, posts, buildings, fixed machinery, etc.) should also be 
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PNL TECHNICAL PROCEDURE 

recorded in the field notebook. Record only those obstructions greater than 
the lateral spatial resolution of the survey instrument or the subsurface 
feature to be detected. 

4.2 .3 Collecting the Data 

NOTE: The survey system may be towed by the ATV or pulled by the operator. If 
towed, a footage counter mounted on the ATV provides position data that are 
inserted into the data records . . If pulled, no footage counter is provided. 

1. Activate the equipment and allow it to warm up for 1 min. 

2. Adjust the system parameters such as time scale, gain, filter, sampling 
rate, and signal frequency rate (antenna selection) to correspond to site 
conr~tions. Record all instrument settings in the operator's field 
notP1ook. 

3. Position the survey system along the survey line and transport the 
instrument along the line at a constant speed of 2 to 5 ft/sec. This will 
allow an along-track data spacing of 1 ft or less. It is generally not 
cost effective to attempt to obtain a fixed data spacing. Record per
tinent data (e.g., direction, location, track number, obstructions) 
relating to each traverse in the operator's field notebook. 

4. Record radar data in digital form on magnetic tape cartridges or disks. 

5. Repeat steps 3 and 4 until all survey lines have been traversed. 

6. Label and date each data disk. 

7. Transfer the data to the laboratory computer for processing. Record the 
unprocessed data on 9-track magnetic tape for long-term storage and 
transmittal to WHC. 

4.2.4 Data Processing 

1. Process the radar data using a PC or DEC VAX computer. Processing steps 
may include clutter removal, filtering, synthetic aperture focusing, and 
image enhancement. Intermediate output products will normally be ampli
tude-modulated radar profiles in the form of photographic prints. The 
final product will normally be a site map showing the interpreted loca
tions, depths, and characteristics of waste materials and other waste
related features. This map may include the results of the other types of 
geophysical surveys performed at the site. 
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PNL TECHNICAL PROCEDURE 

SG-3 USING ELECTROMAGNETIC INDUCTION FOR GEOPHYSICAL SITE SURVEYS 

1.0 APPLICABILITY 

1111:, 9eo1-J11y:,1cd1 :,e11s1ng inernoa measures variations 1n electromagnetic fi elds to 
detect and characterize natural or manmade features, objects, or materials in the 
ground. To provide this characterization, measurable secondary magnetic fields are 
induced in conductive objects by an alternating magnetic field source at or above 
the ground surface. This procedure may be used instead of borehole sampling when 
time and funding for site characterization efforts are minimal, quality and quantity 
of site assessment data must be maximized, and other methods might compromise 
personnel safety. 

2.0 DEFINITIONS 

N/A 

3.0 RESPONSIBLE STAFF 

Technical staff. 

4.0 PROCEDURE 

4.1 Prerequisites 

4.1.1 Equipment 

The following equipment is required to perform electromagnetic induction: 

• Geonichs EM34-3 or EM-31 ground conductivity meter, operator's manual, and 
circuit diagrams 

• digital data acquisition unit (for EM-31) 
• size C internal batteries. 

Written descriptions of the geophysical field work will be recorded in field 
notebooks. The contents of these notebooks will include site descriptions, explana
tions of the work being performed, general field procedures, a list of the instru
ments used in the work, records of instrument settings, notations of anomalous 
occurrences, and descriptive details relating to data collection (e.g . , line 
numbers, traverse directions, obstructions, deviations, data record numbers, and 
data file names). A separate notebook will be used by each individual or group that 
is performing independent field work. 
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PNL TECHNICAL PROCEDURE 

4.1.2 Safety Precautions 

The SITE SAFETY OFFICER shall evaluate safety issues related to potential chemical 
or r,:irlio;irtivP ront;imi na t i on o f th P c:: itp r1 nrl +n t~ P n nc::c::i hil i+ " n f n-,--,,,...,,-i "" hci,-J " """ 

ov er co ll apsing waste materials or containers before· initiation of geophysical f ield 
work. 

4.2 Step-by-Step Instructions 

4. 2.1 Calibrating and Preparing the Equipment 

NOTE: The ground conductivity meter is factory calibrated. 

1. Before operation of the ground conductivity meter, inspect and, if needed , 
clean the cables, co~nectors, and tape recorder heads. Inspect and, if 
needed, charge the h~ttery. 

2. Conduct equipment functional tests as specified in the operator 1 s manual. 

3. Check the long-term stability before use at the site by measurements at a 
selected test location (currently a parking lot at the 2400 Stevens 
facility). Make any needed adjustments according to the procedures listed 
in the operator 1 s manual. 

4. Record the performance of steps 1, 2, and 3 in the operator 1 s field 
notebook. 

4.2.2 Collecting the Data 

NOTE: The instrument is carried by the operator. 

1. Activate the instrument and allow it to warm up for 1 min. 

2. Carry the instrument along the predetermined survey lines at a constant 
speed of 3 to 5 ft/sec. Data will be automatically recorded in digital 
form at a rate of several samples per second. 

3. Record pertinent d~ia related to each survey line in the operator's field 
notebook. 

4. Transfer the recorded data to floppy disks and label (site, data set 
name), date, and back up the disks. 
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SG-3 

Revision No. 
0 

A.5 

Effective Date Page 
2 of 3 



PNL TECHNICAL PROCEDURE 

4.2.3 D~ta Processing 

1. Process the data using a PC or DEC VAX computer. Processing steps may 
in cl ude in te roo l ati on and f ilter i no. Outout orod11ct s m;,v inc l urlP r onrl1ir
t i vity (apparent) prof i l es, contour maps, and color-coded maps. The 
primary output product will normally be a site map showing the interpreted 
locations of detected waste materials or subsurface structures. These 
results may be included on a more general site map that contains the 
results of other geophysical surveys. 

Procedure No. 
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SG-2 USING MAGNETOMETERS TO CONDUCT GEOPHYSICAL Slf~ SURVEYS 

1.0 APPLICABILITY 

Thi s geophysical sensing method measures variations in magnetic field to detect and 
characterize natural or manmade features, objects, or materials in the ground. To 
provide this characterization, magnetic materials produce measurable anomalies in 
the ambient (earth's) magnetic field. This procedure may be used instead of 
excavating or borehole sampling when time and funding for site characterization 
efforts are minimal, quality and quantity of site assessment data must be maximi zed , 
and other methods might compromise personnel safety. 

2.0 DEFINITIONS 

The term 11 gradiometer 11 refers to a particular +ype of magnetometer that uses two 
sensors separated by a fixed distance to estim~te the gradient of a magnetic field. 

3 .0 RESPONSIBLE STAFF 

Technical staff. 

4 . 0 PROCEDURE 

4.1 Prerequisites 

4.1.1 Equipment 

The following equipment is required to perform magnetometer surveys: 

• cesium vapor magnetometer, operator's manual, and circuit diagrams OR 
proton precession magnetometer and operator's manual OR fluxgate gradio~ 
meter and operator's manual. 

• digital recorder and operator's manual 

• PC computer 

• 6-V gel-cell battery pack (if using ·cesium vapor magnetometer) 

• size C, non-magnetic internal batteries (if using proton pr~cession 
magnetometer). · 

Written descriptions of the geophysical field work will be recorded in field 
notebooks. The contents of these notebooks will include site descriptions, explana 

Approval Date 
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tions of the work being performed, genera) field piocedures, a list of thi instru-
ments used in the work, records of instrument settings, notations of anomalous 
occurrences, and descriptive details relating to data collection (e.g., line 
r,,,rT'ho'r""~ +r ~\IPY'C'O ~iY"' p r+irp•, r f""\h, + v-1rr+;r,n-- rlr,1,i -:i +i""nc ~ ~ ~ .., Y' r") r...., ..,... ,...I n•• r,, ~ ,..., ..... - .., ..., ,.J 

; • ' / - •• - - • - ' - I -• ~ • -' '- "-' • -' I ......, ,... w '- • - .,.. ,_,, • ,... I • .... ,,.,_ - , _, I -., , , ._ 

data file names). A separate notebook will be used by each individual or group that 
is performing independent field work. 

4.1.2 Safety Precautions 

The SITE SAFETY OFFICER shall evaluate safety issues related to potential chemical 
or radioactive contamination of the site and to the possibility of ground subsidence 
over collapsing waste materials or containers before initiation of geophysical field 
work. 

4.2 Step-by-Step Instructions 

4.2.1 Calibrating and Preparing the Equipment 

1. Before operation of the magnetometer, inspect and, if needed, clean the 
cables, connectors, and tape recorder heads. Inspect and, if needed, 
charge the battery. (During operation, low battery voltage is indicated 
on the front panel display of the magnetometer.) · 

NOTE: The calibration of cesium vapor and proton precession magnetometers is 
determined by fundamental physical constants and is not adjustable by the 
user. A correct reading of the known ambient magnetic field indicates that 
the instrument is functioning correctly. 

2. Check short-term stability of the magnetometer daily by a 1-min sequence 
of measurements at a fixed field location. 

3. Check long-term stability of the magnetometer by repeating at least one 
survey line at each site. 

4. Monitor diurnal variations in the earth's magnetic field by making 
periodic measurements at a fixed location at an interval of 1 hr or less 
(these measurements are not necessary if the fluxgate gradiometer is 
used). 

5. Record the performance of steps 1, 2, 3, and 4 in the operator's field 
notebook. 

4.2.2 Collecting the Data 

NOTE: The magnetometer is carried by the operator. 

1. Before beginning the survey, ensure that the operator is not carrying or 
wearing any ferromagnetic object (e.g., knife, steel belt buckle, or 
steel-reinforced boots) that can affect the magnetic measurement. 

Proced~G:2 No. Revision No. 
0 
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2. Activate the instrument and allow it to warm up for 5 mi n. 

3. Carry the magnetometer along the predetermtned survey lines at a const ant 
soee rl of 1 to i; ft/ ')e (' . n c1 t ct will hP r111 tr1m;,t i r:i l l 11 r or("\v-r!or! ;,., ,,;,.,~-hl 

form at a rate of s~veral samp l es per second. 

4. Transfer the data stored in the digital data recorder to floppy di sk us ing 
the onsite PC. Label (site, data set name), date, and back up each floppy 
disk. 

5. Record any pertinent data (e.g., direction, location, track number , 
obstructions) relating to each traverse in the operator's field no t ebook. 

4.2.3 Data Processing 

1. Process the magnetic data using a PC or DEC VAX comp•tter. Processing 
steps may include interpolation, filtering, correct1on for diurnal 
variations, and subtraction of the ambient field. Output products may 
include magnetic profiles, contour maps, and color-coded maps of magnetic 
amplitudes. The primary output product will normally be a si te map 
showing the interpreted locations of magnetic waste materials. These 
results may be included on a more general site map that contains the 
results of other geophysical surveys. 

Procedure No . 
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SG-4 USING A METAL DETECTOR FOR GEOPHYSICAL SITE SURVEYS 

1.0 APPLICABILITY 

This geophysical sensing method measures variations in electromagnetic fields to 
detect and characterize natural or manmade features, objects, or materials in the 
ground. To provide this characterization, measurable secondary magnetic fields are_ 
induced in conductive objects with a sensor specialized to detect metallic objects. 
This procedure may be used instead of borehole sampling when time and funding for 
site characterization efforts are minimal, quality and quantity of site assessment 
data must be maximized, and other methods might compromise personnel safety. 

2.0 DEFINITIONS 

N/A 

3.0 RESPONSIBLE STAFF 

Technical staff. 

4.0 PROCEDURE 

4.1 Prerequisites 

4 .1.1 Equipment 

The following equipment is required to conduct surveys using a metal detector: 

• Fisher M-scope pipe and cable locator and operator's manual 

Written descriptions of the geophysical field work will be recorded in field 
notebooks. The contents of these notebooks will include site descriptions, explana
tions of the work being performed, general field procedures, a list of the instru
ments used in the work, records of instrument settings, notations of anomalous 
occurrences, and descriptive details relating to data collection (e.g., line 
numbersJ traverse directions, obstructions, deviations, data record numbers, and 
data file names). A separate notebook will be used by each individual or group that 
is performing independent field work. 

Date Approval Date 
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4. 1.2 Safety Precautions 

The SITE SAFETY OFFICER shall evaluate safety issues · related to potent i al chemica l 
ur rau1uctl.L i v c: cu1iLaI11111aLIu11 u uIe ~t ee ctnu to cne µoss 101 1ny or grouna subsiaence 
over collapsing waste materials or containers before initiation of geophysical field 
work . 

4.2 Step-by-Step Instructions 

4.2.1 Calibrating and Preparing the Equipment 

NOTE: The locator is an uncalibrated instrument used for indication only. Frequent 
adjustments are required onsite to ensure good sensitivity. These are 
normally made by maximizing the response to a known target such as a buried 
pipeline or a metal plate placed on the ground surface. Record the 
performance of this procedure in the operator 1 s field notebook. 

1. Before operating the instrument, check the battery using the instrument 1 s 
front-panel, battery-check function switch. Replace the battery if 1ow 
voltage is indicated. 

4. 2.2 Collecting the Data 

NOTE: The instrument will be carried by the operator. 

1. Activate the instrument and allow it to warm up for 1 min. 

2; Carry the instrument along a survey line at a constant speed of 1 to 
5 ft/sec until a response is obtained. 

3. Move the instrument in an areal pattern to define the boundaries of the 
detected object or material . 

4. Mark the boundaries on the ground (e.g., spray paint, marks in the dirt, 
rocks). 

5. Record the location in the operator's field notebook. 

4 .2.3 Data Processing 

1. Replot the fieid records and present them either as a separate map or as a 
component of a more general site map containing the results of other 
geophysical surveys. 

Proced~G~
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APPENDIX E 

EMI PROF ILES 

EXPLANATION OF VERTICAL SCALE 

As stated in Section 4.4 of the text, the numbers shown on the vertical 
axes of the EMI profiles are raw digital data values that are proportional to 
the calibrated meter indications of the EM31 ground conductivity sensor . 
Although the corresponding conductivity values have no significance in this 
application, they can be obtained for each of the following profiles by 
~altiplying the numbers shown on the vertical axis by a scale factor. The 
appropriate scale factors are as follows: 

EM31 Sensitivity 
Setting (mmhos/m) 

10 

30 

100 

300 

Scale Factor 
0.005 

0.015 

0.050 

0.150 

The EM31 sensitivity settings that were used in the surveys are noted on 
the profile pages. 
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EM31 PROFILES ACROSS PROCESS SEWER TO PONO #3, AREA 3APSO 1 
Sensitivity Setting• 10 mmhos/m except as noted. 
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EM31 PROFILES ACROSS PROCESS SEWER TO POND #3, AREA 3APS01 PAGE 2 
Sensitivity Setting a 10 mmhos/m except as noted. 
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EM31 PROFILES ACROSS PROCESS SEWER TO POND #3, AREA 3APS01 PAGE 3 
Sensitivity Setting• 10 mmhos/m except as noted. 
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EM31 PROFILES ACROSS PROCESS SEWER TO POND #3, AREA 3APSO 1 PAGE 4 
Sensitivity Setting• 10 mmhos/m except as noted. 
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EM31 PROFILES ACROSS PROCESS SEWER TO POND # 1, . AREA 3APSO2 
Sensitivity Setting• 10 mmhos/m except as noted. 
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EM31 PROFILES ACROSS PROCESS SEWER TO PONO # 1 , AREA 3APS02 PAGE 2 
Sensitivity Sett ing• 10 mmhos/m except as noted. 
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EM31 PROFILES ACROSS RLW SEWER FROM 324 BLDG. AREA 3APRS1 PAGE 1 
Sensitivity Setting• 100 mmhos/m except as noted. 
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EM31 PROFILES ACROSSS 307 TRENCH LINES, AREA 3APRS2 PAGE 1 
Sensitivity Setting• 30 mmhos/m except as noted. 
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EM31 PROFILES ACROSS RLW SEWER FROM 324 BLDG, AREA 3APRS3 
Sensitivity Setting 2 30 mmhos/m except as noted. 
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EM31 PROFILES ACROSS RLW SEWER FROM 309 BLDG, AREA 3APRS4 PAGE· 1 
Sensitivity Sett ing• 30 mmhos/m except as noted. 
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EMJ 1 PROFILES ACROSS RLW SEWER FROM 309 BLDG. AREA 3APRS4 PAGE ·2 
Sensitivity Setting• 30 mmhos/m except as noted. 
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APPENDIX F 

GEOPHYSICAL SURVEYS TO LOCATE BURIED LITHIUM ALUMINATE RODS 



August 10, 1988 

Mr. Doug Lenkersdorfer 
Westinghouse Hanford Company 
3200 George Wasrington Way 
MS H0-20 
Richland WA 993J2 

Dear Mr. Lenkersdorfer: 

()Banene 
Pacif ic Northwest Laboratories 
P.O . Box 999 
Rich la nd, Washim;wn U.S.A. 993j2 
Teiephone (509) 375_

3808 
T eiex 15-287-l 

SUBJECT: Geophysical Surveys to Locate Buried Lithium Aluminate Rods 

On July 26, 1988, we performed ground-penetrating radar (GPR) and metal 
detector surveys of a site believed to contain a buried deposit of zirconium
clad l i thium aluminate rods. These rods were considered to be waste materials 
and were buried in an undocumented location sometime during the 1967-1970 
time period. The objective of our geophysical surveys was to locate these 
materials. This letter report describes the work that we performed and 
outlines the results that we obtained. 

The approximate location of the burial site was pointed out by Bob Hall, a 
former Hanford worker . He believed that his estimate of the location was 
accurate to within a hundred feet or so, but acknowledged the possibility that 
i t could be in error by much more than that. Following a plan of attack 
developed during a site visit by Bob Hall, Farley George, you, and me, we 
defihed a 265-ft (north-south) x 105-ft (east-west) survey area that covered 
the area thought to contatn the buried rods. The site is located approximately 
1000 ft north of the 300 Area fence, just to the east of two long, north-south 
oriented process trenches. As shown in Figure 1, most of the survey area was 
located inside the fente enclosing the pr?cess trenches. 

Our i nitial action in performing the surveys was to establish a reference grid 
on the ground surface. We did this by spray painting footage marks along the 
periphery of the survey area. These marks allowed us to define a set of 
parallel survey lines , or tracks, along which we made our measurements. 

For the radar survey, we used a Geophysical Survey Systems , Inc., (GSSI) radar 
unit with a 120-MHz (nominal) antenna (GSSI Model 3110) which transmits and 
receives radar signals in a frequency band of approximately 50-200 MHz. Using 
the survey grid, we collected radar reflection data along parallel north-south 
survey lines spaced 5 ft apart. The data were recorded on tape in dig i tal form 
and were subsequently computer processed in our laboratory. 

F. l 



Mr. · Doug Lenkersdorfer 
August 10, 1988 
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For the metal detector survey, we used a Fi sher M-Scop e , Model TW-6 . This 
instrument was originally marketed as a pipe and cable detector, but in recent 
ye~rs it has proven to be highly effective in detecting buried metallic waste 
materials at depths of a few feet. In this case, it was assumed that the 
targets of interest would be relatively shallow. The metal detector was 
carried by hand along the paral}el survey lines until a response was obtained. 
Then the operator concentrated on the area of the response in order to 
completely define the outline of the metallic material. The outline was spray 
painted on the ground before the survey was continued. 

Figure 2 shows the rad~r data collected in this survey. Each of the small 
images in this photograph is called a radar profile and represents one track 
or survey line. The horizontal dimension in .a given profile corresponds to the 
distance along the survey line. The vertical dimension corresponds to signal 
travel time or depth. Thus, a radar profile can be regarded as a vertical 
cross-sectional view of the ground under the survey line. The maximum 
penetration depth shown in these profiles is approximately 16 ft. The depth 
calibration is based on an estimate of the dielectric constant of the ground 
at this location, so may be in error by 10-15%. Excavation of one of the 
objects detected by the radar and measurement of its depth would provide the 
ground truth needed to improve the accuracy of the depth scale. 

Figure 3 is a map which summarizes the results of . the radar and metal detector 
surveys. It shows two significant subsurface features, either one of which 
could represent the deposit of lithium aluminate rods. The first is a shallow 
north-south oriented trench located along the west edge of the survey area. 
The waste materials are concentrated in the deepest part of the trench, a 140-
ft-long section extending from 100 South to 240 South in the survey-area (and 
map) coordinate system. The maximum depth of the trench is approximately 5 ft, 
but some of the waste materials seem to be as shallow as 2 or 3 ft. As shown 
on the map, the west edge of the trench is clearly outside the boundary of our 
survey area. Its width, however, is limited by the presence of the process 
trench which is located only 5-10 ft to the west of our 0 East baseline. The 
radar reflections, as shown in Figure 2, suggest that the metallic components 
of the waste deposit are not massive or densely packed, but rather of a 
relatively small size and widely distributed. This interpretation is supported 
by the fact that, given their depth of 2-5 ft, the objects shown by the radar 
were too small to be detected by the metal detector. An exception is the 
object or collection of objects shown on the map as a nearly circular metal 
detector response at coordinates 227S,4W. 

The second significant feature is a small pit, 3-4 ft deep, located just to the 
east of the fence at coordinates 205~224S,91-105E. The waste materials 
contained in it are at approximately the same depth as the materials in the 
larger trench, but as indicated by the strong metal detector response, 
apparently represent a denser concentration of metallic materials. 
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Mr. Doug Lenkersdorfer 
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The black dots which are scatt ered across t he mao 
isol at ed objects that were detected by the radar~ 
small and are buried at depths of 2-3 ft or less. 
of debris that have been deposited randomly during 
operations that have taken place at this site. 

show t he location~ of 
Most of these objects are 
Presumably, they are pieces 
the various soil-moving 

The results just described offer two good possibilities for the location of the 
deposit of lithium aluminate rods , but do not provide any clear indication as 
to which of the two is the correct one. In an attempt to obtain additional 
information which could help to resolve the issue, we returned to the site on 
August 9 and performed a set of magnetic measurements along traverse lines SW , 
OE, SE, 95E, and lOOE. The instrument used was a Geonics G-816 proton 
precession magnetometer. The resulting magnetic profiles are · shown in Figure 
4. The lithium aluminate rods would not be expected to produce a magnetic 
anomaly because they do not contain ferromagnetic material. Thus, their 
location might be indicated by the absence of a magnetic anomaly where the 
meta l detector and/or radar showed a large deposit of metallic material. . 
Unfortunately, all of the magnetic profiles show anomaly amplitudes of a few 
hundred gammas (1 gamma= .00001 gauss), indicating that both waste depos i ts 
contain some ferromagnetic material. 

In summary, each of the two waste deposits found at this site contains a 
substantial amount of metallic material; thus, either deposit could contain the 
zirconium-clad lithium aluminate ·rods. The magnetic data suggest, however, 
that the lithium aluminate rods are: 1) mixed with other waste materials, 2) 
enclosed in ferromagnetic containers, or 3) not present within the surveyed 
area. Excavation is needed to ascertain the contents of these waste deposits . 

Gerald A. Sandness, Ph.D. 
Senior Research Scientist 
Electro-Optic Systems Section 
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