Department of Energy

Richland Operations Office
P.O. Box 550
Richiand, Washington 99352

MAR 0 4 vy

Mr. Steve M. Alexander

Perimeter Areas Section Manager
Nuclear Waste Program

State of Washington

Department of Ecology

1315 W. 4th Avenue

Kennewick, Washington 99336-6018

Dear Mr. Alexander:

TRANSMITTAL OF PRELIMINARY SCREENING OF 100-NR-2 GROUNDWATER STRONTIUM-90
REMEDIATION ALTERNATIVFS AND PRELIMINARY 1301-N/1325-N LIQUID WASTE DISPOSAL
FACILITY (LWDF) CHARAL..RIZATION DATA

Enclosed for your information you will find one copy each of the following
summaries, "Preliminary Screening of 100-NR-2 Groundwater Strontium-90
Remediation Alternatives" and "Preliminary 1301-N/1325-N LWDF Characterizat- n
Data." These summaries were prepared in support of the recently developed

100 N Area Consolidated Remedial Action Strategy. The information provided in
these summaries are presented to assist the U.S. Department of Energy,
Richland Operations Office, the State of Washington Department of Ecology, and
the U.S. Environmental Protection Agency in making a decision on the future of
the N-Springs Expedited Response Action (ERA).

The Strontium-90 summary (Enclosure 1) identifies and discusses remediation
alternatives suitable for the treatment of Strontium-90 in the N Area
groundwater. It conducts a preliminary screening of these alternatives and
produces a short list of alternatives to be considered in the detailed
analysis performed as part of the NR-1 and NR-2 Corrective Measures Study.
The summary addresses various specific methods to deal with institutional
contrc s, in situ treatment, impermeable barriers, hydraulic controls, and
pump and treat.

The crib characterization summary (Enclosure 2) presents preliminary data for
the activities associated with the limited field investigation (LFI) of the
1301-N and 1325-N LWDFs. The data is considered preliminary, because final
deliverables have not been received nor validated, and interpreted. Data are
presented on the drilling, sampling, and geophysical logging of the three new
characterization boi 10les and the geophysical logging of four existing wells.
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Groundwater Use Restriction

Groundwater use restriction involves legal prohibitions on well construction and use within a
contaminated area or specific aquifer. Use restriction is designed to limit exposure which may
pose a threat to human health and to prohibit offsite extraction of groundwater which could
increase cor  1r tm’ ation.

Regulatory agencies in charge of groundwater quality, well construction, and well registration
are likely to be involved with - oundwa restriction efforts. Such restriction is accomplished
through deed restrictions which prohibit the installation or use of a well and institutional

rest tions administered by a regional groundwater authority. The restrictions may be imposed
for the « mmofagrc dwatercli upormaybepern nt

Advantages of groundwater use restriction are low cost, some human health protection, simple
implementation, and construction does not require contact with contaminated media. A
disadvantage of groundwater use restriction is that it does not effectively achieve any of the
standard measures of performance such as contai 1ent, removal, destruction, or treatment of
contaminants. Continual groundwater monitoring is required to ensure that restrictions continue
to cover the extent of contamination.

1 situ Treatment
Permeable/Treatment Barrier Wali

Sorption technologies rely on attractive forces that exist between fluid phase contaminant
molecules and molecules of a solid sorbent material. These attractive forces bind the
contaminant to the solid phase and reduce the mobility of the contamination. Sorption involves
several mechanisms including physical adsorption, chemisorption, ion exchange, and
hydrophobic bonding. Physical adsorption occurs between the dissolved contaminant and the
sorbent surface due to weak atomic and molecular forces (e.g., Van der Waal forces).
Chemisorption is a chemical reaction between the contaminant and the surface of the sorbent and
is typified by a much stronger adsorption energy than occurs with physical adsorption. Ion
exchange is the exchange of cations and anions in the aqueous phase with counterions on the
sorbent. Hydrophobic bonding results from a substantial incompatibility between the solute ar
the solvent. '

Typical adsorbent material includes activated carbon, agricultural residues, clays, zeolites,
glauconitic greensand, and limestone. Activated carbon is generally used for the removal of
organic compounds, however it may be used to immobilize certain heavy metals such as trivalent
and hexavalent chromium. Clays adsorb cations and thus ' :orb many dissolved metals and a
number of cationic org " materials including certain pesticides and herbicides. Zeolites and
glauconitic greensands are high surface area cat 1 exchange materialsand : edtoremovea
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This technology is currently planned for a treatability test at N-Springs. The purpose of the test
is to demonstrate in a field application the effectiveness of a pi  1eable/treatment barrier wall in
mitigating the ux of strontium-90 into the Columbia i

Electrokinetics

Electrokinetic separation uses a direct current electric field to achieve separation of contaminants
and water from soil and sludge by causing groundwater and contaminants to flow between
electrodes. Electrokinetics includes a number of electrokinetic phenomena associated with the
flow of direct current electricity through a soil-water electrolyte system. These include the
movement of electricity (current flow), ions (ionic drift), charged particles (electrophoresis), and
water (electroosmosis). Hazardous waste applications of the technology center « iondrifti |
electroosmosis to achieve dewatering and the enhanced extraction of contaminants. The term
electroosmosis is most often used to describe the technology.

Electroosmotic flow is made possible because most soil particles acquire a negative surface
charge when in contact with water and other polar liquids.  ssitively-charged ions in the water

" are attracted to soil particles to neutralize the charge, creating an "electric double layer." When
an electric field is applied to the soil, a static force is applied to the double layer causing the
positively-charged layer to migrate toward the cathode. As the layer moves, it drags water that is
farther away from the soil surfaces in the same direction. In addition, the electrical field applies
a force to cations and anions in the water causing them to undergo ionic drift in opposi
directions. Water and cations are collected and removed from the soil at the cathode using an
extraction well. Conversely, anions in the water will migrate toward the anode and may be
extracted. If there are no means for recharging water, the soil becomes dewatered, making
continued ionic separation impossible. However, by providing recharge from either an aquifer or
an injection well, electroosmosis can be used to separate ionic species from unsaturated soil.
One potential advantage of this technology is that less water must be :tracted to achieve
decontamination than required for conventional extraction.

Electrokinetic separation using electroosmosis is applicable to soil and sludge with hydraulic
conductivities less than 10 cm/sec. Often, these low permeability soils are not amenable to
more conventional extraction methods. Specifically, this technology is potentially applicable to
clay soils with hydraulic conductivities from 10 cm/sec to less than 10”7 cm/sec. In soil with
higher hydraulic conductivity, electrokinetic separation may be employed to induce ion
migration to the electrodes and enhance ion extraction in pump-induced extraction well systems.

Electrokinetic separation is at the demon: _ tion sta; of development. Power consumption may
beamajor« iid tion the economic feasibility of the procedure. The technology can cause
significant and potentially undesirable changes  soil ¢cI istry including mineral dissolution,
precipitation of secondary minerals, and a change in soil pH. In addition, electrolysis of water at
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the cathode w  generate hydrogen gas. Further treatment is required for contaminated
groundwater extracted at the electrodes to separate toxic ions from solution prior to disposal.

Phosphate Treatment

Bench-scale studies are presently being performed to evalua the effectiveness of in situ
phosphate treatment and the optimum employment technology. Near the end of bench-scale
studies, enough information should be available to begin detailed project planning in preparatic
for field activities. The feasibility of using phosphate compc  ds for large scale remediation of
heavy metals in soils and groundwater is being evaluated in the bench scale studies. Laboratory
tests indicate that phosphate minerals and compounds efficiently at precipitate * into insoluble
forms. These insoluble complexes are. le i 1obile over a wide range of physical and
chemical conditions.

The potential for use of phosphates for remedial action will be investigated in two phases. Phase
oneistl bench-scale testing program to determine optimum concentration of phosphate
compounds needed to precipitate *Sr and to determine solubility and stability of the precipitated
compounds. Parailel laboratory tests will investigate the effect that phosphate materials have on

_rdraulic conductivity. Phase two includes pilot-scale implementation of phosphate remediation
techniques in the field using knowledge gained from the bench-scale tests. The pilot-scale test
will investigate stabilizing **Sr in situ by precipitating these elements from groundwater. This
will be accomplished by constructing a permeable phosphate "curtain." Injection of phosphatic
materials directly into the aquifer is an alternative option.

The permeable phosphate curtain will be placed into the upper portion of the aquifer with an
augering system. This will minimize local disturbances associated with trenching. The curtain
will be approximately 200 feet long, 4 feet wide, and 60 feet deep. After installation, the
permeable curtain will precipitate heavy minerals from groundwater and retain those minerals in
anonsoluble form. As an option, phosphate materials may be introduced into the aquifer by

injection through wells, where the phosphate will permeate the aquifer and precipitate any heavy
" metals present. If proved effective, either or both of these methods may be used for groundwater
treatment as alternatives to groundwater pump and treat.

Impermeal : Barriers
Barrier Walls

Vertical cutoff walls are a containment technology that places a low permeability barrier in the
groundwater aquifer to control the movement of groundwater and associated contaminants.
These barriers may be constructed downgradient from the grc ~ dwater plume to contain
contaminated groundwater emanating from the site, or upgradient from the plume to divert
groundwater flow away from ' site. In some cases, the entire pit  :n ' be encircled _the
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of solidified material with a diameter approximately equal to the diameter of the original auger.
After completing the column, the auger is moved and a new column is formed adjacent to and
slightly overlapping the previous column. The process is repeated until a wall is constructed.

Jet Grout Barrier

Jet groutt 1ers are constructed by drilling a small diameter hole (approximately 5 cm) to the
design depth using a downward jet of air or water |  1ped through a drill pipe. Slurry material is_
then pumped out laterally through jets located near the bottom of the drill pipe at pressures as
high as 6000 psi. The drill pipe is rotated continuously and drawn up at a predetermined rate.

The solidification agent exiting the jets mixes with the soil and forms a cylindrical column of
solidified soil. The diameter of the column is a function of soil strength, soil composition, jetting
pressure, processing rate, rotation spet jetn< ":d 1eter, and slurry density. Once the
column diameter is determined, placement of subsequent driil holes at a spacing slightly less than
the column radius allows the second column to join the unset material in the previous column.
Continuing this pattern creates the subsurface wall. '

Sheet Pile Cutoff Wall

Sheet pile cutc ‘walls consists of interlocked metal sheet piles 18 to 24 inches wide (typical).
The piles are interlocked at the surface and driven into the ground with vibratory or impact pile
dri- safewfeet atime over the entire length of the wall. This process is repeated until the
piles are driven to the desired depth. Sheet pile systems are available that allow the interlocked
joint to be grouted to provide a low permeability barrier. Rocky or dense soils limit the
applicability of this type of cutoff wall as pile driving is difficult and excessive driving force can
damage the piles.

Cryogenic Barrier

Cryogenic, or frozen soil, barriers are formed by recirculating a chilled brine or refrigerant
through an an ' of closely spaced wells. As the soil surrounding and between the wells cools
and freezes, water in the voids freezes and expands, effectively creating an impermeable barrier.
This process has been marketed at Hanford by RKK, Ltd. of Arlington, Washington.

The CRYOCELL® process, developed by RKK, involves the placement of two rows of steel
pipe into the soil. Within the barrier, a series of perforated pipe ca *~ g are placed at 15 to 20 foot
intervals. These injection pipes are used to optimize soil moisture and to provide a place to
insert temperature monitoring devices. In addition, the pipes enable subsurface sampling (in the
event of contaminant intrusion into the barrier), provide a means to selectivity thaw frozen soil,
and allow for continual real-time air pressure monitoring and verification of barrier formation.

Typically, freeze pipes are standard 6 inch Schedule 40 PVC v | casing within rral 3 inch
return pipes to facilitate a closed loop flow of the refrigerant. Typical refrigerants include
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aqueous ammonia for above-ground systems and | for below-ground systems. All freeze
pipes are connected via a manifold and supplied with a steady flow of refrigeranttou formly
cool the pipes and carry heat out of the ground. The establishment of a complete barrier can be
carried out quickly with large scale temporary refrigeration equipment. After formation, the
cryog: c barrier can be maintained with a modest refrigeration plant.

As : soil temperature reaches the design point of -35°F, compression strength ratings exceed
those of concre  Once fully formed, the barrier reaches its design thickness of 35 to 75 feet.
Barrier temperature is controlled similar to a refrigerator. Sensors monitor the internal
temperature and pr  ure of the wall. Electromagnetic imaging and ground penetrating radar can
provide real-time, full spect 1 monitoring and alysis of a contained site. If required, a
computer software program adjusts refrigerant flow.

y ulic Control

Hydraulic containment is a technology that utilizes extraction wells to control the horizontal
movement of groundwater and associated contaminants. When extraction wells are used in a
purely containment strategy, the goal is to pump the minimum amount of water that will prevent
further migration of the contaminant plume. Hydraulic containment may be used if natural decay
mechanisms (e.g. radioactive decay or natural biodegradation) can reduce the amount of
contamination in reasonable lengths of time.

Containment strategies that use extraction wells attempt to remove enough wa *upgradient from
the waste site to rc  1ce the hydraulic gradient throv i the site to zero. The st zgy is also used
to intercept contaminated water entering an adjacent body of water or aquifer or to maintain
contamination within a site bound: _. Hydraulic control using extraction wells is most often
coupled with pump and treat technology. Treated groundwater is often returned to the .
contar nated plume. This technique, however, may crea unwanted dispersion of
contamination. The amount of water that must be pumped and the number of wells required
depends on the natural gradient at the site, the hydraulic co1 ~ ictivity of the soil, and the
~ dimensions of the plume. Extraction wells used for hydraulic control are frequently used in
combination with vertical cutoff walls or other contaminant or diversion devices to control
groundwater movement. The existing N-Springs Expedited Response Action pumpandt 1itis
effective as a hydraulic control mechanism.

Hydraulic control may also be achieved by pumping uncontaminated water into the ground,
creating a mound of groundwater. The groundwater mound will alter the subsurface flow regime
and will function similar to an impermeable barrier wall.
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moisture content, porosity, bulk density, particle size distribution, and saturated hydraulic
conductivity. Samples from borehole B2539 and the remaining moisture retention samples from
I 137 were shipped to SRI for analyses because the WHC laboratory facility was closed.
However, no data has yet been received from 1. Laboratory results received to date from
WHC e presented in Attachment E.

Again, it is important to state that * : data in the attachments have not been subjectedto
validation, review, or interpretation; therefore, they are preliminary and incon _ ete. Once all
project data have been received, the information will be incorporated in the LFI report.































































ATTACHMENT D

BO"™HOLE ~"OJPHYSICAL LOGS FOR B2536, ™"~537, B2539,
199-N-35, 199-N-45, 199-N-67 and . NNL R_3EARCH WELL #1
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Geophysics - B2536
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Geophysics - B2537
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Geophysics for B2539
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Al .ACHMENT ™

PARTIAL PHYSI ™AL PROPER.. ...3 DATA FOR B2537












































