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Interpretationof (;roundPenetratingRadar Data
at the Hanford Site, Richland, Washington.

Bergstrom, K. A., Mitchell, T. H., and Kunk, J. R.

WestinghouseHanford Company
G6-50, P.O. Box 1970
Richland, WA 99352

ABSTRACT

Ground Penetrating Radar (GPR) is being used extensively during
characterizationand remediation of chemical and radioactive waste sites at
the Hanford Site in Washington State. Time and money for GPR investigations
are often not included during the planning and budgeting phase. Therefore GPR
investigationsmust be inexpensive and quick to minimize impact on already
established budgets and schedules. An approach to survey design, data
collection, and interpretationhas been developed which emphasizes speed and
budget with minimal impact on the integrity of the interpretationor quality
of the data. The following simple rules of thumb can be applied: I) Assemble
as much pre-survey informationas possible, 2) Clearly define survey
objectives prior to designing the survey and determine which combination of
geophysical methods will best meet the objectives, 3) Continuouslycommunicate
with the client, before, during and after the investigation,4) Only
experienced GPR interpretersshould acquire the field data, 5) Use real-time
monitoring of the data to determine where and how much data to collect and
assist in the interpretation,6) Always "error" in favor of collecting too
mbch data, 7) Surveys should have closely spaced (preferably 5 feet, no more
than 10 feet), orthogonal profiles, 8) When possible, pull the antenna by
hand.

Despite the obvious nature of these rules of thumb, they are often
overlooked, leading to objectives not being met in a time and cost effective
manner.
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INTRODUCTION

Four areas of the Hanford Site (the 100, 200, 300, and 1100 Areas) have
been included on the U.S. Environmental Protection Agency's (EPA) National
Priorities List (NPL) under the Comprehensive EnvironmentalResponse,
Compensation, and Liability Act of 1980 (CERCLA). Figure I shows the location
of these areas. Under the Hanford Federal Facility Agreement and Consent
Order (Tri-PartyAgreement), signed by the Washington State Department of
Ecology (Ecology), EPA, and the U.S. Department of Energy (DOE) (Ecology et

. al. 1990), more than 1,000 inactive waste disposal and unplanned release sites
on the Hanford Site have been grouped into a number of source operable units
and groundwater operable units. These operable units contain contamination in
the form of hazardouswaste, radioactive/hazardousmixed waste, and other
CERCLA hazardous substances. Also included in the Tri-Party Agreement are 55
Resource Conservationand Recovery Act (RCRA) treatment, storage, or disposal
(TSD) facilities that will be closed or permitted to operate in accordance
with RCRA regulations, under the authority of Chapter 173-303 Washington
Administrative Code (WAC). Some of the TSD facilities are included in the
operable units.

Ground Penetrating Radar (GPR) is being used extensively during
characterizationand remediation of chemical, radioactive, and mixed waste
sites. GPR investigationsvary in scale from examining burial grounds
hundreds of meters across to locating small, isolated 5- by 5-ft buried pits.
Regardless of the scale of the investigation,the basic philosophy for
acquiring and interpretingthe data usually remains the same. Tight profile
spacing and tuning for maximum penetration are typically applied at most
sites. Close communication with the client and integrationof GPR with other
information is also extremely important. GPR work at the Hanford Site
benefits from a relatively consistent geology, a large GPR data base, and
ground truthing through drilling, excavation, and test pits. The approach to
data acquisition and interpretationrelies heavily on experience from previous
sites and tight, closely spaced profiles.

Because many geophysical/GPR investigationsare not a part of original
work plans, time and money are often not budgeted for them in the beginning;
thus it is essential that investigationsare time and cost effective. A key
factor in the success of GPR has been the low relative cost and rapid
turnaround time for the surveys. Data collection, processing, and
interpretationmust balance the academic ideal with the reality of cost, time,
and desired informationfor the client. This paper describes a variety of
different problems encountered at Hanford by the authors. The successful and
unsuccessfulmethods, within time and cost constraints,used to resolve the
problems are described.

Hanford Site Geology

The Hanford site lies in the Pasco Basin in south central Washington
State. lt is a structural depression near the eastern limit of the Yakima
Fold Belt. The Hanford Site is underlain by Miocene-aged basalts and late
Miocene to Pleistocenesuprabasalt sediments. The suprabasalt sedimentary
sequence varies from 0 to 750 feet thick depending on how it pinches out
against basaltic ridges within the Hanford Site.
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The suprabasalt sediments consist of combinationsof the Ringold
Formation, early Plio-Pleistocenesoils, the Hanford formation, and Holocene
surficial deposits (Figure 2). The GPR surveys, discussed here, focus on the
Holocene deposits _nd upper Hanford formation.

The Hanford formation, which formed from cataclysmic Missoula flood
deposits, varies from pebble to boulder gravel facies, fine- to coarse-grained
sand facies, and silt facies. Additionally, clastic dikes, commonly
associated with but not restricted to the cataclysmic flood deposits, are

• observed in the Hanford formation (Lindsey 1992).

Data Acquisition Approach

The GPR equipment used are from Geophysical Survey Systems, Inc. (GSSI)
(North Salem, New Hampshire). The equipment are standard, off-the-shelf
systems" a model 4800 (SIR-8")and a SIR-lO". Most of the surveys were
conducted with a 300 MHz antenna. Antennas were typically pulled by hand with
cable lengths ranging from 20 to 50 meters. Some surveys were collected with
an all terrain vehicle (ATV) towing the antenna and carrying the acquisition
equipment. In almost all cases, work was performed in a "production"mode,
striving for reliable results ,n minimal time to meet clearly defined survey
objectives.

Surveys normally included closely spaced, orthogonal profiles. Spacing
of five feet between profiles is preferred, but a ten-ft spacing is used on
the larger reconnaissancesites. No surveys contain too much data. In
contrast, several surveys would have benefitted by more, closely spaced data.
Doubling the density of data profiles only increases the total investigation
time by a small percentage. Therefore, if there is any question about the
density of data required, it is better to over-sample than to under-sample.
An extra hour of data collection will make a big difference when it comes to
interpretation,not to mention the logistics of revisiting a site.

Survey dimensions vary greatly. The smallest are 50- by 50-ft grids
which, unless restricted by cultural features, are usually satisfactoryfor
well siting surveys. When designing a grid, it should be large enough to
develop a regional setting of the site (i.e. define the GPR signat:_reof the
geologic background outside the area of interest). This requires real-time
monitoring of the data collection.

Data quality is virtually always better when the antenna is pulled by
• hand. This mode provides better speed control, stability, and precise

location of the antenna. The size of some surveys require that the antenna be
pulled by ATV in order to expedite the data collection, but it is our
experience that this mode, although sometimes adequate, always degrades the
data.
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InterpretationApproach

Geophysics is considered a black box method by many people in the
environmental field. Work Plans don't usually include geophysics/GPRand
those that do are oCten vague, with unrealistic expectations. Geophysics is
often performed late in the project when investigatorsare in a bind.
Therefore, both time and money for geophysics may not be budgeted. Many
projects require a quick turn-around time and must be performed economically
to fit within the "small budget." The interpretationtechniques most commonly

. employed have been developed to meet the "fast and economical" constraints.

Interpretationsstart with "good data." Good data are data that satisfy
the objectives of the investigation. Good data almost unequivocally require
tightly spaced profiles, orthogonal to each other, preferably spaced five feet
or less apart. Good data characterizes the undisturbed geologic setting of
the site and in many cases requires profiles that are extended well beyond the
boundaries of the initial survey site. Close real-time monitoring of the
signal is the most effective method for assuring "regional characterization."
The scientist assigned to interpret the data should be directly involved in
collecting it.

Interpretationof GPR is a dynamic process that relies heavily upon
previous experience and creative thinking by the interpreters. Observed
character changes, reflecting horizons, and anomalies should be interpreted.
"Pretty" data from processed profiles is not necessarily easier to interpret.
In contrast, unprocessed black and white data is often preferable. Line to
line correlation, recognitionof geologic features, and experience gained from
previous investigationsare relied upon heavily.

Little to no "processing" is normally applied to the data. Processing
of GPR data is time consuming and may not enhance the interpretation.
However, data processing can significantlyenhance some investigations,
especially when dealing with more complex investigationssuch as plume
characterization. Processing can also change the "character"of features
making it difficult to interpret.

CASE HISTORIES

Case I - NRDWL

The first example is from a reconnaissancesurvey of a relatively large
site (-550- by 900-ft). The objectives of the survey were to locate 20
trenches in the NonradioactiveDangerous Waste Landfill (NRDWL), determine the
thickness of the overlying fill, and locate the primary concentrationsof
waste. The data were collected along two sets of orthogonal profiles using an
11.5- by 20-ft grid. Figure 3 shows a profile that has an apparent buried
feature between two trenches (at the 46 ft marker). The initial
interpretationof the profile plotted the anomaly as a large buried structure
within a trench. The following three factors heavily influenced the original
interpretation:
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Figure 3. GPR Profile at the NRDWLLandfill.
The data shows and intact paleosol between two trenches.

The anomaly was originally mistaken for buried debris within the Landfill.
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• The anomaiy was not seen on any of the neighboring parallel or
orthogonal profiles and appeared to be an isolated feature.

• The character of the anomaly was similar to a buried tank.

• Burial grounds can have a synthetic liner or top soil, which can
be detected with GPR, similar in character to the flat reflecting
horizon shown on the right side of Figure 3.

• As the interpretationof subsequent profiles progressed, similar
anomalies were detected throughout the NRDWL. lt was noted that an alignment
of anomalies was present between several of the trenches but the significance
of the alignment was an enigma since the linears often had gaps where the
anomaly wasn't present. Several subsequent profiles were expanded well beyond
the burial grounds to develop a "feel" for the regional geology, lt was noted
that the interpreted "liner" continuedwell beyond the expected boundaries of
the burial grounds. Geologic mapping in one of the open trenches uncovered
the presence of a paleosol rather than the interpreted liner.

Final interpretationwas that the "anomaly"was really a narrow remnant
of undisturbed paleosol between trenches (Mitchell,Bergstrom, and Hoff 1993).
Lessons learned from the scenario include the following:

• Spacing between GPR profiles was too wide. lt should be a minimum
of a 10- by 10-ft grid and preferably a 5-ft profile spacing in at
least one direction.

• lt is essential that the GPR signatureof the local geologic
setting be established by extending the data outside of the
"disturbed" area.

Case 2 - 116-F-3 - Fuel Storage Basin Trench

The objective of the 116-F-3 Fuel Storage Basin survey was to locate a
trench of unknown dimensions. The initial data gathering was conducted in a
foot of snow in 5°F weather. The data were collected in a 5- by 5-ft grid
over a 50- by 70-ft area. Good quality data were collected 100 feet away, in
2-4 inches of snow, a week earlier. Figure 4 shows a representativeprofile
down the middle of the grid. Attempts to locate the trench were not
successful because of ringing multiples that originated near the surface.
Potential explanations for the ringing included equipment or antenna problems

• and decoupling from the ground caused by the height of the antenna off the
ground. Processing of the data (i.e. horizontal high pass filters) was
attempted. The ringing was removed; however, numerous instances of what
appeared to be processing artifacts were added to the data. The data remained
too complex to interpretwith any degree of confidence.

lt was decided to clear the survey area of snow and to recollect the GPR
data and supplement it with ElectromagneticInduction (EMl) data using a
Geonics EM-31° (trademarkof Geonics, Ltd., Mississauga, Ontario, Canada).
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Figure 4. GPR Profile at _ite 116-F-3.
The ringing multiples are believed to be caused by fly ash.

GPR data did not detect a trench in the area.
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The GPR data did not improve, but the EMl clearly delineated the trench
(Figure 5). Removing the snow also uncovered traces of fly ash spread across
the site. The thickness of the fly ash is unknown, lt was apparently from a
coal burning power plant (now demolished) that used to be in the vicinity of
the site. The ringing in the GPR data was attributed to the fly ash
(Bergstrom and Mitchell 1993).

A test pit was subsequentlydug to sample the trench, and a pipe was
detected running down the center at a depth of around eight feet. Figure 4

. shows a strong reflector that was originally thought to be a multiple from the
fly ash but is now suspected to be a reflection off the pipe. However, the
profiles perpendicular to the pipe gav_ no indication of a pipe.

Lessons learned from the survey include the following-

• When possible, use multiple geophysical methods. The EM-31 is now
used in reconnaissancesurveys whenever possible.

• There were indicationsthat the information,to meet the
objectives, were in the GPR data and that further data processing
may have delineated the trench.

• The decoupling caused by the snow did not significantlyeffect the
data.

Case 3 - Riverland _ #I

The objective of the survey was to determine if anything was buried in
three mysterious dirt mounds located at a decommissionedand abandoned Anti-
Aircraft Artillery site. The data were collected on a 5- by 5-ft grid over a
50- by 60-ft area. Real-time monitoring of data collection indicated that the
signal was very low amplitude with little to no variation. Despite attempts
to gain the signal, it remained essentially dead. Figure 6 is an example of
the typical profile across the site.

Two possible scenarios for the low signal return were considered:
equipment failure or a unique site. The data were collected and a geologic
literature search was conducted, lt was determined that the site was in the
touchet beds of the Hanford formation (Bergstromand Mitchell 1993). The
touchet beds are commonly a very homogenous silt. They were deposited during
cataclysmic Missoula floods and are slack water deposits from the ancient Lake
Lewis (Bjornstadet al. 1987). The lessons learned from this site include the
following:

• Trust the data, the equipment is generally reliable.

• Know the local geology.

° Real-time interpretationsare generally unreliable.
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Figure 5. EMl Contour Map of the 116-F-3 Trench.
Figure A shows data collected with an EM-31 at ground level.

Figure B data was collectedwith the EM-31 carried at waist level.
The trench is clearly defined with the quadrature data.
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Figure 6. GPR Profile at Site AAA No. 1.
The "lack" of information was suspected during inial interpretations, lt was

later attributed to the homogeneity of the underlying sediments.
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Case 4 - F5-45 6roundwater Monitoring Weil.

The objective of the F5-45 survey was to locate an area free of buried
obstructions for a groundwater monitoring weil. The site is located in an
area that might contain buried utilities and constructiondebris. Data were
collected on a 5- by 5-ft grid e',era 60- by 75-ft area. Figure 7 is a
representative profile from the site. The datc for the entire site was
excellent. However, the interpretationof the data was very difficult because
of the complexity of the site. Fortunately the objective was only to find a
clean area for drilling. The overall interpretationwas never deemed

" satisfactory because of the inability to differentiate between natural
geologic features and human-induced features (Bergstrom and Mitchell 1993).
The lesson learned was that not all interpretationsare reliable and that the
confidence in an interpretationmust be clearly communicated to the customer.

Case 5- Sodium Dichromate Barrel Landfill

The sodium dichromate barrel landfill is located in a small depression
that is about 300 feet wide and 2000 ?eet long. Documentation indicates that
the landfill was used in 1945 for the disposal of crushed barrels that once
contained sodium dichromate. Prior to the Manhatten Project, the land was
used for agriculture.

The extent of the landfill was poorly documented; fifty to several
thousand empty sodium dichromate barrels were possibly buried at the site. No
obvious evidence at the surface suggested a landfill. Additionally, soil gas
probes and analysis from a monitoring well on the flank of the depression did
not indicate elevated chromium values. Mapping at the surface revealed a few
empty, unmarked, crushed barrels and various homestead type debris such as tin
cans, stove pipe, fencing, wire, etc.

Ground penetrating radar and electromagneticinduction were used for the
investigation (Mitchell and Bergstrom, 1993). Studies were phased, beginning
with reconnaissancesurveys with both GPR and EMl and profile spacing of 20
and 40 feet respectivelyover the entire depression. This level of detail
located eight anomalous zones and numerous scattered, isolated, small
anomalies. The major concentration of anomalieswere within four zones. More
detailed surveys over specific areas, based on the initial reconnaissance
survey, provided more detail about the concentrationof anomalies (Figure 8).

Test pits through the major anomalous zones revealed large
concentrationsof crushed barrels. After the successful completion of the

• test pits, decisions were made to exhume all mapped geophysical anomalies
within the entire survey area, including the reconnalssancegrid.

m

Even though this project was extremely successful and the geophysical
work was totally conventional, an importantlesson should be learned from it.
Continuous and close communication among geophysicists, project engineers, and
regulators is important throughout the entire project. Geophysical results,
especially the limitations of the information,are only useful if they are
clearly communicatedto the end users. In this case, better communication
among all parties might have prevented digging up every anomaly plotted on the
map.

12
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Figure 7. GPR Profile at Site F5-45.
Despite having high quality data, some sites are too complex

to interpret with any degree oF confidence.

13



WHC-SA-2018-FP

i 1 I I I I I I I f I i ! I I r I I I J l I ......I: N1300
i i i i I I f I t _ I I ! a t " I.f _ i I I I

- -.+.-+.-4 t -i-_-F----+-'r--!-_--Ph,,+-+--f-+-'r-l--t----t-1-
I I I I ! 1 I ! I I I I I/;r)'tl I ! I I I I I I

__J_lJ 4---!-L J-.____J_J_- L !_--- L -k-J.--J---.J-4--L-4_
I I I I I I I/,,..,..l I I I i rly]//']l , I ! I I I ! I
li I I ! iA///Z_sii _ l_J_____l Ii= I

-'--t-1--t---.T-I-- " -I-1--1-1-'1-1 _, ---1-T"1"-I-

- -t-fl- I I II : 1 I I I I I I
I I I I I I, I..._' I ! I / I I I I

" I ! , I I 1 p'//lli/l._l. I I,, I"'_ t" I I I I ' N12°°
I I I I I I vimiFi/ Iri I.iii ._P'/J"l/R I I I I

--_---t-1 ---t---t_--_-l---l-....t- W_ ---t---l--t-_-
• , i i , i , P//Y&/Z'i'l i , ! i i . i I i i

._L_L I I j I I_ZZz/_/_j//.Z./_.._l._.lLI I I _L_/IAIII! L=_LI-, ,r_ ,_-i__, 1--Jr r_--, _-, i,i
-__- , ,_-r T,[_- , __,,,_,_ -;,_ ,-

_.,1-__-___ ___ ,__ ___,,___ I
II I I I I I I, 1"rl I I I I I ii _t,vI ,,_'$eUI I I
i I i i l.l i I.' I,I I i I I i i .I i I i.'_!__":.".li I I
I [ I I I I I I, i I I I i ! i i I _ IA:_I 1 I I -_°°
I I I I I I I I_,'#-_,.i.I I ,1 I I I I I _i I I I

--t--1--1-t-- - +-4-½ _ _W-_-I-I-i- I---L-I--I- - I-4-- - -_:./-i--F.+-t--
I I I I I I I/, />/I/VI_I I I I _, I I I I I I I I I I !
L.I I I _.L/__//_ _7///_,i I "l i I i.. LI_LI LL...LI

-I-F-T-I I _,t// ?_7/_//r/T--l;-I-r-T-o-I J l I-"-I I I I-
i I I I I I t_/ /Z//'///Pl ! !_P"/_ t I ! I°1 I I I I

-t-+-+-4-- -_--_- _¢WWff,_+-_-_,-WY//7_+--e-.+-m-_--e-t-t-t-
I I I I I I I %Y/V/Y/'/_I, I_//,,_1 "1 I £ Io, I I I I

__L_LJJ _--J---JJ _ Z/_///Z/_tI--Llff//_Z/_L-LI-I-L- --L J-d--L_
I I I I I I I iIil/X///iVilI V/"j_I. I I I I I I
I I I i I I I (///'//_/J I !'<"¢/I I I I r I I i
1 I I I I i il'<,'dJllii, Vi_ li .I I ii I"l I I I i ' N_°°°
I I I I I I I I -'F"/_"I -I I "[ I I I I I I I I I

_.l__l_m__l_ --IL--I._I_I__ - 4---1--4---1---1--L-l---:-l----.l--l-.t-l--.-.l----1-.--t--.l__l__
I I I I I I I I I I I I I I I I I I"i" I I I I I
I I I I I I I I.... I I I I I I I I I I I I I I I I

-TT-l-1--T-I-FF---I-7-7-I--_-_--"-_--_-T-__-- [-TT-r-I I I I I'1 I i I I I
- -t-_ -4--t-----I---I-- L-_-_ 4--4 --I--I-- -- _-4--I- :ge? _ mL_-- --_ t mLmL--

' [ Lli_l FFf I'_-- -ILlm
.__,_!_ _ _

N900
• E500 E600 ET00 E800

_ CONCENTRATION OF ANOMALIES N1OEJ_

" _ STRONG REFLECTING HORIZON

• SINGLE ANOMALY
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The reconnaissancephase, which covers a much larger area, is

not shown in the figure.
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DISCUSSION

A basic approach to data acquisitionand the subsequent interpretation
has been developed through numerous GPR investigationsat the Hanford Site.
Most of the process is straightforwardand simple. However, what appears to
be obvious is often overlooked. The planning and data acquisition should
follow a few basic rules. The survey objectives and goals must be clearly
defined and understood before going to the field, lt is imperative that as
much informationas possible concerning the expected target(s) is known and
that the objectives are attainable using GPR. Engineeringdrawings, site
documentation,verbal communicationwith cognizant people who have experience
and understandingof the site, and any geologic information contribute

• significantlyto survey design and interpretation. Other geophysical methods
may achieve the objectives with lower cost and/or manpower time.

Continuous open communicationwith the client and regulators throughout
the investigation is essential. Communication begins with acquisition of the
pre-survey informationand overall objectives, then continues through the data
acquisition and interpretationphase, lt is with this communicationthat
measures can be made concerning the resolution of the objectives. A good
communication relationshipwill also allow the geophysicistto consider a
range of interpretationswith the individualswho best know the site, thus
insuring the best possible interpretation.

The acquisition of GPR data should be performed by the same personnel
who will be interpretingit. When possible, the incoming data should be
monitored real-time. Real-time monitoring enables in-field decisions on
survey size and/or profile density so that anomalies can be adequately
characterized. When logistics permit, final interpretatioasshould not be
based solely on real-time interpretations. Developing the regional geologic
character of the site is achieved by extending GPR profiles beyond disturbed
or anomalous areas. The character change between disturbed and geologically
intact areas is extremely important information.

GPR records contain a lot of informationand it can be tempting to tune
the acquisition systems to respond only to high amplitude anomalies.
However, experience indicatesthat many sites contain unexpected subtle
utilities, clay pipes, excavation boundaries, and other anomalies. The system
should be aggressivelygained so that these subtleties are not overlooked.

Data acquisition is generally the least time consuming step in a GPR
survey. The logistics of mobilization/demobilization(especiallyrevisits to
a site), processing, and interpretationare the largest time consumers ino

generating final, useful information. Therefore, if in doubt, err in favor of
collecting "extra," closely spaced profiles during the first (and hopefully

. only) site visit. Closely spaced data/profiles have consistently improved the
final interpretationand confidence in interpretations.
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One time-saving step practiced in some surveys is the use of an ATV to
pull and power the equipment. Although this _thod of acquisitionworks for
many surveys, caution should always be exercised. In most cases, especially
over rougher terrain, the poorer control over antenna stability and location
degrades the collected data.

Finally, the key to effective use of GPR is to avoid the temptation of
short-cuts, but at the same time keep services inexpensivewith a rapid turn

" around.

6
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