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ABSTRACT

Potentia groundwater contamination from wastes stored in the vadose zone a the Hanford Site
near Richland, Washington is a Sgnificant concern to the U. S, Department of Energy. Fidld
studies have been initiated to verify conceptua and numerical modes that describe transport
through the vadose zone at the Hanford Site. These studies are providing a systematic set of
field data useful for assessing lesks from buried waste tanks. The first phase of thiswork is
designed to evaluate water flux and plume deve opment when conditions are dominated by high
rates of water input and transport of low ionic strength (< 0.1M) solutions. The second phase
will address the transport of high ionic strength (>1M) solutions. Tracer tests are presently being
used to provide estimates of spatia and tempord digtributions of contaminants in Hanford
sediments. In dl cases, the water volumes and sdlt tracer concentrations are being documented
and flow and transport parameters eva uated.

Advanced characterization tools are being deployed for andyzing the smulated tank lesks.
These include the use of three-dimensiord subsurface imaging techniques. Criteriafor
technique selection are that it must be minimaly intrusive and use exiting infrastructure, which
consgs of amyriad of sted-cased wells. A suite of methods including cross-borehole radar,
electrica resistance tomography, dectromagnetic imaging, and high-resolution resigtivity are
being evdluated. The development of improved tools for probing the Hanford subsurface in new
and more economic ways is expected to be a product of this research.

Thefallowing activities are currently ongoing: 1) Field experiments at awell-characterized test
gte usng smulated tank leaks to investigate how layered sediments control the transport of
water and contaminantsin Hanford' s vadose zone, 2) Integration of field-scale experiments and
trangport modedling to develop an improved capability for predicting plume migration rates under
leaking Hanford waste tanks, and 3) Tests of advanced characterization tools that can detect salt
plumes and are minimaly affected by steel-cased wells.

INTRODUCTION

The scope of the Vadose Zone Transport Field Studies (VZTFS) isto conduct a series of tests at
the Department of Energy’ s Hanford Site, designed to evaluate how contaminant plumes movein
the vadose zone. Thisinformation will be used to improve predictions of vadose-zone
contaminant transport at tank farms and other waste disposal Sites. Activitiesinclude conducting
aseries of flow and trangport experiments focused on dominant transport processes and
parameters in the Hanford subsurface and in generating accurate and reliable databases for
vdidation of three-dimensiond numerica vadose zone models of flow and transport. The
VZTFS scope will dso include hydrogeologic investigations and characterization efforts at
uncontaminated sites. The studies will address current data gaps related the mobile contaminants
by making in-Stu measurements of surrogete variables using quaified and reliable monitoring



WM’ 01 Conference, February 25-March 2, 2001, Tucson, AZ

technologies. The VZTFS plan calls for conducting two flow and transport tests at an
uncontaminated Site to Smulate a near-surface tank lesk, followed by two flow and transport
testsin degper Hanford formation sediments. During FY 2000, the firgt of four fied tests was
completed using alow ionic strength solution (1000 ppm). A brief summary of the FY 2000 test
issummarized in this report and detalls are provided in companion reports by nationd |aboratory
and contractors that have contributed to the FY 2000 effort.

The objectives of the VZTFS are to conduct controlled transport experiments at well-
ingrumented field Stes at Hanford to (1) Identify mechanisms controlling trangport processesin
soilstypical of the hydrogeologic conditions of Hanford' s waste disposal Sites, (2) Reduce
uncertainty in conceptuad modds, (3) Develop a detailed and accurate database of hydraulic and
transport parameters for validation of three-dimensona numerical modds, and (4) Identify and
evaluate advanced, cost- effective characterization methods with the potentia to assess changing
conditionsin the vadose zone, particularly as surrogates of currently undetectable high-risk
contaminants.

This report provides details from the FY 2000 field test. Note that thisreport islinked to
companion contractor reports related to the FY 2000 VZTFS test and al can be found at:
http://etd.pnl.gov:2080/vadosel. The VZTFS web ste also contains the FY 2000 Test Plan
(Ward and Gee 2000), a summary of the FY 2000 Advanced Characterization Workshop, and an
annotated bibliography (Last and Horton 2000) on geophysical methods deployed at the

Hanford Site.

VADOSE ZONE TESTING APPROACH

Testing has been approached in two phases. 1) Characterization of background site conditions
and 2) Process characterization that will occur during and after the actud transport test and will
include assessment of the physica and chemical properties affecting the vadose zone transport
processes.

A test location was sdlected at Hanford in the 200 East Area (299-E24-111, referred to asthe
Sisson and Lu Site), where an extensive amount of characterization had aready been completed
(Sisson and Lu 1984 and Fayer et a. 1993, 1995). Ward and Gee (2000) provide details of the
gte sdlection process.  Figure 1 shows the Site location.

Figure 2 shows the Site during testing May 31, 2000. The picture was taken from the east Sde of
the test Site looking across the bare soil of the 216-A-38 crib past the Sisson and Lu test Steto
the adjacent shrub- steppe vegetation in the background. The drill rig used to place advanced
tensometers and to provide core samplesis show at the left of the picture. Pink flagging on the
ground in the central part of the picture demarks locations where surface eectrodes were placed
for geophysicd logging measurements.


http://etd.pnl.gov:2080/vadose/
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Fig. 1. Location of Sissonand Lu Test Site. The Steis designated as 299-E24-111,
Experimental Test Well Sitein the Hanford Waste Information Data System (WIDS).

Fig. 2. FY 2000 Vadose Zone Transport Field Study Test Site, May 31, 2000.
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Fig. 3. Plan View of FY 2000 Test Site Showing Locations of Access Tubes, Vertica Electrode
Arrays, Injection and Core Sampling Points.

METHODS

More than 20 technologies were screened to identify those that could be used to reduce the
uncertainty in plume delineation when used done or in conjunction with others. With this
objective in mind, ashort list of candidate technologies was identified based on the following
criteriawhich included 1) the ahility to identify key geologic features controlling water
movement with a vertical resolution of 0.1 m or better and a horizonta resolution of 1 m or
better, 2) the ahility to locate wetting fronts and a change in water content of 0.01 n® m> or
better with a repeatability of at least 0.01 nt m, 3) the ahility to determine shape and extent of
nor-gammea-emitting contaminant plumes or their surrogates, and 4) the ability to function and
produce useful resultsin environments thet are culturdly noisy.

The nine technologies resulting from the screening process included neutron moisture logging,
advanced tensometry/suction lysimetry; electrica resstance tomography (ERT); crosshole radar
tomography (CRT); crosshole seismic tomography; crosshole eectromagnetic induction (CEMI);
and high-resolution resstivity (HRR). Additional methods included tracers (including isotopes),
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and coring. The details of each of the nine methods sdected and the collaborators who helped
deploy the selected methods are listed in the VZTFS test plan (Ward and Gee 2000).

For the FY 2000 study, water content changes were the primary measurement variable. Water
content as determined by neutron probe logging was selected as the primary standard upon which
the other geophysical methods could be compared. Neutron probes were used in the past to
monitor water content at the Sisson and Lu injection Site (Sisson and Lu 1984; Fayer et d. 1993,
1995). These probes are dso used routingly to monitor field water contents at the Hanford Site.
Details of the calibration of neutron probes for monitoring water content at the Sisson and Lu Ste
is provided by Fayer et d. (1995).

FIELD TESTSAND RESULTS

Inlate April 2000 the site was approved for use and ingtallation of equipment (e.g., €lectrodes for
electricd resstance tomography, cross-borehole ports, and advanced tensometers) beganin
early May. Electrode, port and tensometer placements were completed by 20 May in time for
scheduled basdline measurements by dl of the geophysica methods prior to initiation of water
injections. A totd of 9 methods were tested. These included, neutron probe logging, eectrical
resistance tomography (ERT), cross-borehole radar (XBR), seismic (XBS), high-resolution
resgivity (HRR), €ectromagnetic imaging (EMI), and advanced tensometry (AT). In addition
isotopic tracers were deployed during the test and subsequently sampled by soil coring.  Soil
coring was aso used to obtain samples for hydraulic characterization. A schedule was set up O
that basdline sampling and subsequent data collection from each method could be obtained in the
mogt efficient manner and o that there was minimal interference between methods. For
example, XBR and ERT measurement schedules were compatible and these measurements could
be made smultaneoudy with the neutron probe. In contrast, the HRR and EMI measurements
could not be taken at the same time so arather strict schedule was set to ensure collection of the
best possble data. Table 1 showsthe detal of the schedule followed during the FY 2000 test.

After basdline data from al methods were obtained, a series of 5 injections occurred. Injections
began on 1 June when 4000 L of water was metered into the 5-m+-deep injection well over a 6-
hour period. Subsequent injections occurred weekly for aperiod of 5 weeks. Neutron logging of
32 stedl- cased wdlls (surrounding the injection well) occurred before theinitid injection and
followed each of the 5 injections within a day, with the exception of the injection that occurred
on 26 June, 2000. On that day awildfire burned within about 0.5 km of the test Site. After the
injection, the Hanford Site was closed to traffic due to the fire, S0 no neutron logging occurred at
the test Site 7 July. Subsequently two more readings of the 32 wells were completed during the
month of July. One additiona 4000 L injection was made on 18 September. Thisinjection was
made in order to obtain in-Stu hydrologic properties usng a combination of pressure
measurements and neutron probe water content measurements a the same depth. Only limited
water content measurements were made at afew selected locations and no other geophysical
measurements were after the September injection.  Detalls of the neutron+probe logging are
provided in acompanion report (Ward and Caldwell, 2000) found on the VZTFS web page.
Table 1 shows the timing of the data collection activities for dl 9 of the test methods. Reports
for each of the methodologies are provided in the companion collaborator reports displayed on
the VZTFS web page that can be found at: http://etd.pnl.gov:2080/vadoss.
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Tablel. List of FY 2000 Test Activities for the VZTFS project a the 299-E24-111
Experimenta Test Wdll (Sisson and Lu) Site, 200 E Area, Hanford Site, Washington.

Date

Action

Method 1

Method 2

Method 3

Method 4

Method 5

Method 6

Method 7

Method 8

Method 9

Neutron

AT Tens.

ERT

XB Radar

Seismic

EMI

HRR

| sotopes

Coring

05-May

Pre-Leak

Read 35

06-May

Cross-Calibrate

09-May

CPT Install
(3 day)

12-May

CPT Install
(2 day)

15-May

CPT Install
(2 day)

19-May

Install/Inject]

20-May

Install Nest
(2 day)

Set up/Read
(3 day)

23-May

Read-
continuously

Setup/Read
(3 day)

25-May

Set/Read

26-May

Read

Set/Read

30-May

Read

Sample

Core (S1)

31-May

Read

Samples

Core (S1)

01-Jun

1% Leak

Read

02-Jun

Read 32

Read

05-Jun

Read (2 day)

08-Jun

2™ Leak

Read 8

09-Jun

Read 24

12-dun

13-dun

Read

14-dun

Read

Read

15-dun

3 Leak

Read 8

Read

16-Jun

Read 24

Read

19 Jun

Read (6 day)

21-dun

22-dun

4™ Leak

Read 8

23-dun

Read 24

24-Jun

28-Jun

5™ Leak

Read 8/Fire

Read

06-Jul

Samples

Core (S2)

07-dul

Post Leak

Read 32

Read(2 day)

Samples

Core (S2)

10-aul

Read (2 day)

Samples

Core (S3)

13-aul

Read (2 day)

14-2u

Read

17-a

Read 32

21-l

Samples

CPT (WL1

31-ul

Read 32

1-Aug

Read (2 day)

11-Sep

Samples

CPT (WL2

12-Sep

Samples

CPT (WL2

15-Sep

CPT (2ATY

18-Sep

Pulse

Read (5 day)

Read (5 day)
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Fig. 4. Two-dimensond cross-sections of the water content profile measured by neutron

probe after four injections on June 23, 2000. Figuresa), b), ¢) and d) represent cross-

sections taken aong transects EA, DH, CG and BF, respectively (see Fig. 3).

Water content profiles measured by neutron probe (Figure 4) captured the nature of the
plume during the course of the injection testing and indicated that water content changes
bel ow the 11-meter-depth were minima, suggesting that the plume spread laterdly dong
layers of finer sediments which were noted a 6 and 11 meters.  The FY 2000 test was
smulated usng STOMP, a multiphase (unsaturated) flow and transport code devel oped
at PNNL. Conditiona smulation of the five injections was made usng methods
developed by Rockhold et d (1999). The smulations were conditioned on the initid
water contents and the water retention characteristics of Hanford Site soilsthat are
smilar but not identica to those soils found at the Sisson and Lu Ste.

The resultsindicate that the model captures the genera flow depths and directions of the
plume but does not completely describe the extent of the laterd spreading of the plume.
Hydraulic property data collected during the testing this past year may be helpful in
improving the prediction of the laterdl spreading. These estimates will be updated in FY
20001.
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SUMMARY

The firg of four field tests was conducted by PNNL and collaborators at the 299-E24-111
(Sisson and Lu) Injection site in the 200 E area of the Hanford Site. A totd of 9 methods
were tested to document a vadose zone plume produced from injecting atotal of 20,000
Liters of Columbia River water into a 5-m-deep injection well, in five increments of

4,000 Liters each over aperiod of 5 weeks. Electrical resistance tomography (ERT),
cross-borehole radar (XBR) and saismic (XBS), high-resolution resgtivity (HRR),
electromagnetic imaging (EMI), advanced tensometry (AT) and isotopic tracers were
deployed during thetest. In addition, the Site was monitored using a neutron probe and
was cored multiple times. Water contents, obtained by neutron probe logging techniques,
were used as basdline measurements upon which other geophysica measurements were
compared. Prior to completing the test, the development of the water plume was
amulated using conditiona smulation techniques (Rockhold et d. 1999). The

conditional smulation relied on estimates from hydrologic characterization of alimited
number of samples previoudy taken from the site. While the computationd results were

in quditative observation with measurements they did not predict the latera extent of the
plume.

All methods were successful to some degree in identifying changes in subsurface water
contents (or pressures) as aresult of thefiveinjections. Electrica res stance tomography
(ERT) showed promise in delinesting the shape of the entire plume. However, the
interpretation of signa responses was difficult, because of interference between the
eectrica sgna and the dense “foret” of more than 35 sted-cased wells. Apparent
changesin dectrical signaswere observed at depths of 18 meters but on closer
ingpection, red changes were confined largdly to the 6 and 12 meters depthsin
conformance with water content changes observed by neutron probe logging.  Cross-
borehole radar was successful in identifying a section of the plume and matched well
with neutron probe logging, but was limited to use rdaively narrow spacing with plastic
accesstubes. Tests with eectromagnetic induction (EMI), high-resolution resdtivity
(HRR), were marginaly successful in showing changesin eectricd properties but the
surface measurements were unable to provide sufficient vertical resolution to identify the
depth of penetration of the wetting front, an important parameter for plume migration
invedtigations. Selsmic monitoring was successtul in ddlineating Sratigraphy at the Ste.
Peak concentrations of isotopic tracers (e.g., deuterium), sampled from vertica cores
matched well with the bromide tracer data taken from adjacent cores and indicated the
peak concentrations of the tracer plume.

Work in FY 2001 will focus on using the most successful geophysica techniques and
will useisotopic tracers. A high sat concentration (>1M) will be added in the water
injections and the sdt plume will be tracked with geophysca logging and solution
sampling techniques similar to those used in FY 2000.
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