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Ms. Jane A. Hedges, Program Manager
Nuclear Waste Program
Washington State
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Ms. Hedges:

. XRANSMITTAL OF RPP-RPT-56596, PORE-WATER EXTRACTION PROOF-OF-PRINCIPLE
FIELD TEST REPORT, REV. 0

This letter transmits RPP-RPT-56596, Pore-Water Extraction Proof-of Principle Field Test
Report, Rev. 0, in completion of Hanford Federal Facility Agreement and Consent Order Target
M-045-22-T03. The attached report documents the results of the field testing of pore-water
extraction testing and provides recommendations for additional testing and development of this
technology. The status and results of the pore-water extraction testing have been discussed at
ongoing monthly status  eeting with Washington State Department of Ecology staff over the
past year.

Per Hanford Federal Facility Agreement and consent Order Milestone M-045-22, the attached
report will support a determination by the U.S. Department of Energy, Office of River Protection
and the Washington State Department of Ecology concerning the continuation of soil
desiccation/contaminant removal testing, or other interim measures.

If you have any questions, please contact me, or your staff may contact Doug H lebrand on
(509) 373-9626.
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EXECUTIVE SUMMARY

A proof-of-principle pore-water extraction test was conducted near the 241-SX Tank Farm. The
goal of the test was to determine if contaminated pore water could be extracted from the vadose
zone. The test was one step in evaluating pore-water extraction as a potential remediation
technology for removing contaminated pore water from the vadose zone. The system was
designed and built to address the constraints of working within a tank farm. Small-diameter,
direct-push techniques were used for borehole advancement and well placement. The direct-
push technique displaces soil rather than bringing potentially contaminated soil to the surface.
Additionally, the equipment used is relatively lightweight when compared to other drilling
techniques. Direct-push methods have been successfully used in the tank farms to mitigate
worker exposures to r: " active soil contamination anc modate weight limitations for
equ ent« o nearun¢ I Iv  es : ta 1€ small-diame b ;
required the design or selection of equipment that could be deployed in the available space.

The proof-of-principle test applied vacuum (approximately -3 psig) to a sealed well screen and
established a pressure gradient suitable to initiate pore-water flow through the well screen and
into the extraction well. Pore water was successfully extracted from the vadose zone during the
test. The pore water was analyzed and found to contain soluble contaminants. Extracted pore
water was collected in a well sump and then pumped to the surface using a small-diameter, air-
driven bladder pump. The volume of pore water removed was well below expectations. Low
water production from the extraction wells may result from several factors. Hyd 1lic
conductivity in the compacted zone adjacent to the well screen may be low, and the as-
constructed configuration of the well could also result in conditions that impede water flow.
Wellc g1 tion is important to facilitate water flow from the formation through the well
screen. Excessive silt intrusion into the extraction well sump was discovered at the completion
of testing; this likely inhibited the water production rates and interfered with the operation of test

equipment.

During test planning, the project team made a decision to utilize the same size boreholes that are
routinely used for tank farm characterization activities. This provided a high degree of
confidence in the at ty of existing tooling and equipment to advance the boreholes to the
required depth near the 241-SX Tank Farm. This also limited the space available within the
borehole to construct the extraction and monitoring wells and required the design of prototype

e pment and non-standard methods for well construction. Limited space also prevented
inspectic  and verification of down-hole conditions. The use of prototype equipment and non-
standard methods resulted in r.  ability issues with using the wells for either pore water
extraction or vacuum monitoring purposes.

Recommendations are provided for additional development and testing aimed at improving the
ability to construct the down-hole portion of the extraction wells and improve water production.
If successful, additional pore-water extraction field testing is recommended.
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20 BACKGROUND

Laboratory tests have demonstrated the ability to extract water from some types of unsaturated
soil under specific operational conditions of applied gas-phase vacuum (PNNL-20507, Pore-
Water Extraction Intermediate-Scale Laboratory Experiments and Numerical Simulations;
PNNL-21882, Pore-Water Extraction Scale-Up Study for the SX Tank Farm). Pore-water
extraction, for purposes of this test, is the removal of water from unsaturated soil by means of
applying suction (vacuum) at a well and then pumping the collected pore water to the surface for
collection and disposal. Removal of pore water from the vadose zone soils is in response to the
applied pres :gi " nt, butis limited by the capil” / forces in the porous media. Pore-water
extraction can only occur when moisture content in the soil is above a threshold that is a function
of the soil hydraulic properties (PNNL-21882).

—.evated moisture conditions corresponding to the range for which pore-water e»  :tion was
successful in the laboratory have been observed in the vadose zone beneath some of the tank
farms, especially in higher silt content layers. Numerical simulations were conducted to help
define equipment and operational parameters associated with conducting the proof-of-principle
test of pore-water extraction near the SX Tank Farm (PNNL-22662, Field Test Design
Simulations of Pore-Water Extraction for the SX Tank Farm). Base case and sensitivity cases
were analyzed to identify a range of potential air flow and water production rates. With a target
vacuum level of -3 psig, expected nominal air flow rates of approximately 0.4 ft*/minute and
water production of approximately 4 gal/day were identified through numerical modeling
simulations.

.1e modeling effort was based on information collected in laboratory studies and from field
characterization information collected at the test site. Numerical simulations were used to
evaluate pore-water extraction performance as a function of the test site properties and for the
type of extraction well configuration that can be constructed using the direct-push technology.
The output of the simulations included rates of water and air extraction as a function of
operational conditions for use in supporting field equipment design. The simulations also
investigated the impact of subsurface heterogeneities in sediment properties and moisture
distribution on pore-water extraction performance.

3.0 TEST( “TIVES

As discussed in RPP-PLAN-53808, the primary test objective of this initial proof-of-principle
testing was to determine if contaminated pore water could be extracted from the soil using
equipment suitable for deployment within the tank farms. Principle test questions to be
addressed included the following;:

1. Can soluble contaminants in liquid-phase pore water be removed using small-diameter,
direct-push boreholes?

2. What equipment configuration and operating parameters are required to extract liquid-
phase, pore-water-containing contaminants through a direct-push borehole?
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42  WELL LOCATION DESIGN AND CONSTRUCTION

After reviewing available information, the best test location was determined to be between the
center an eastern most investigation sites. This decision was documented in a meeting with
ORP and the Washington State Department of Ecology (see the April 17, 2013 meeting minutes
in Appendix B).

The benefits of selecting this location are as follows:

e More promising sediment type (sandy silt as opposed to silty sand), higher moisture
content sediment layers, and slightly thicker silt layers

—  Greater than 2-ft-thick moisture layer
- Greater than approximately 30% volumetric moisture content
— Es¢ ated pore water nitrate ¢ entrations of 44 to 90 n

e Avoids the edge of the tank farm excavation slope, and keeps the test area within the
Stage I investigation area

o Test area is close to the tank farm and within the thicker silt beds (because the beds thin
toward the south).

Following selection of the final test location, four monitoring/extraction wells were constructed
ina4 ft x 8 ft “box.” The identification numbers for the four wells are C8823, C8824, C8825,
and C8826 (see Figure 3). By orienting the four wells in a rectangular pattern, the distance from
the extraction well to the remaining three monitoring wells would be the same regardless of
which well was used for extraction. This provided three monitoring points with varying
distances from the extraction well, necessary for actual radius of influence calculations, while
maii  ning the flexibility to relocate the extraction well within the “box” if failure at one
location is encountered. The distances were selected based on predicted zone of measurable
vacuum influence based on the numerical modeling results (PNNL-22662, Field Test Design
Simulations of Pore Water Extraction for the SX Tank Farm). Note that the measurable vacuum
response distance is smaller than the potential radial influence of pore-water extraction from a
well. As a risk mitigation measure, all four wells were constructed so that they could function as
extraction wells or monitoring wells.

To construct the monitoring and extraction wells, a 2.625-in. outside diameter, 1.875-in. inside
diameter drive casing was driven to a depth of approximately 150 ft below ground surface (bgs).
Based on geophysical logs from nearby wells, the target zone for extraction was between

120 and 130 ft bgs. A core sampler was used to remove material through the target zone in order
to limit the amount of compaction around the well screen. Nominally, the bottom 60 ft of each
borehole was logged using a neutron-neutron moisture tool and spectral gamma sensor to
identify the specific target extraction zone in each borehole. A target moisture content of 25%
by volume was established through laboratory testing and was used in selecting target extraction

Zones.

Well screen placement was based on logging information. A moisture peak at a depth of about
128 to 129 ft bgs in well C8823 appeared the most promising for well screen placement. This
depth interval has high volumetric moisture content and adequate thickness for the placement of
a well screen. The well screen length was discussed as it relates to the moisture interval and
subsequent dimensions needed for sealing above and below the screened interval. Based on this






RPP-RPT-56596, Rev. 0

A number of mock-up tests using clear plastic tubing, grout, and simulated packer assemblies
were conducted at an offsite test facility to estimate the grout required to provide ¢ lower seal.
Figure 5 shows the grout level just bi »w the well screen in the mock-up test. The grout delivery
system for e bottom seal was modified and tested several times, and a design was chosen to
provide the best chances of successfully achieving a grout seal at the bottom of the well screen.

Figure 5. Mock-Up Test

The direct-push well construction technique displaces the soil as the casing is pushed to depth
and results in a compacted zone around the casing. To reduce the thickness of this compacted
soil through the target depth interval for pore-water extraction, a core barrel sampling tool was
used to remove soil ahead of the primary casing. After moisture logging was completed, the
wells were constructed with ~ : screens centered at the depth corresponding to the hig ™ it
measured moisture content.

After the well assemblies were grouted into the boreholes, it was determined that two of the
wells (C8825 and C8826) had grout in the sumps with grout either partially or fully blocking the
screen. While grout was not observed in the other two well sumps, the ight of grout outside
the well in the annular space was not known because it could not be measured after well
emplacement. Due to these conditions, two of the wells (C8823 and C8824) were candidates for
use as either extraction or monitoring wells, while the other two wells (C8825 and C8826) were
suitable only as monitoring wells.
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comparisons of measured versus predicted vacuum levels and gas flow rates can be made when
the pump controller was turned off.

A vacuum leak was subsequently found at the well head resulting in repair and restart of the test
on Novem r4. A graph of the extraction well vacuum and air flow for the first 12 hours
following ramp up on November 4 is shown in Figure 14.

Figure 14. Extraction Well C8823 Pressure and Flow Plot Ramp Up (11-4-2013).
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APPENDIX A

EXTRACTION TEST MEETING MINUTES
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Table 1. C876" * ~-oratory Analytic~! ~~- ~eological Information

Depth Nitrate Technetium-99
Ci logi Moistur

(ft bgs) (ug/g) (pCi/g) Geologic and Moisture

Clayey Silt to Sanuy st
123-125 8.22 ND Slightly moist to moist

Silty Sand to Sand

125-127 >.01 ND Very slightly moist to slig-+-- —~*-*

Sandy Silt to Silty Sanu
127-129 13.8 ND Slightly moist to moist

ND = Not Detectea

Mr. Reynolds discussed the apparent difference in depth of the high-moisture peak between the
borehole C8825 and the other three boreholes. Mr. Reynolds noted that it is unclear whether
the high-moisture peak in borehole C8825 correlates with the same unit represented by the
high-moisture peaks in C8823, C8824, and C8826. it was agreed that without other information,
it is not possible to tell.

The use of nitrate rather than technetium-99 in pore water as a tracer was discussed. Dan
Parker explained that nitrate is an acceptable constituent to use for the test as identified in the
200 West Area Tank Farms Interim Measures Investigation Work Plan (RPP-Plan-53808). Mike
Truex confirmed that nitrate will behave like technetium as it is also an anion.

It was agreed that the most promising location for the extraction well was C8823. Dr. Skorska
asked if it would be possible to move to another extraction well later during the testing to
determine if pore-water extraction works as well at other locations. Mr. Parker responded that
such a test is not planned and is not currently in the baseline; however, such a test could be
recommended in the test report. Mr. Parker noted that the initial test should lead to
recommendations for further testing or barrier construction. The project team will be
developing and tracking recommendations for further testing as they arise.

The use of other locations for the extraction well was further discussed if the initial extraction
well location fails to produce water. The three remaining locations, which will be used as
monitoring wells, are being configured so that any of them, if successfully built and developed,
could be used as an extraction well. It was also explained that the monitoring wells are being
configured to monitor vacuum and that the spacing of the wells was determined based on PNNL
modeling.

Page 8 of 9
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APPENDIX B

INTERIM MEASU™ ™S MEETING NOTES












