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300 Ar U(vI) pl
THEME AND GOALS s = eemll | | PROJECT STATUS AND IMPORTANT ISSUES FUTURE PLAN:

" . . > Complete of the hydraulic field and the locations of mass-transfer limited domains (2010).
Overall Scientific Theme: Multi-scale mass transfer controlling contaminant behavior in a 5 Accomplishments: » Conduct temperature and tracer expenmerns to further refine the hydraulic conductivity field in the upper high K zone during the period
subsurface system with complex process coupling 3 \ » Physical and geochemical characterization complete on more than 200 sediment samples. Cutaway view of an estimated hydraulic conductivity of water table rise and fall (Spring 2010).
Goals: a > Field 99"9")/5‘2‘;“ ;*;f"gz:s;‘f)a“"“ completed using down- "‘;:fn‘;;g Sugagzgr“zaf:s’m@'gls hP:g;C;fA% (?Leei:\r\f:\‘ '?g‘eesnfl';asp of distribution at the Hanford 300 Area IFRC well field » Perform water-table monitoring and deuterium release experiment using new wells installed in March to trace chemical changes
» Characterize, understand, and model a complex field-scale biogeochemical system displaying B Hearing compltion. P " ph: prop associaled with waler-table rise and fall (Spring 2010). )
Kinetic processes and dynamic hydrology driven by groundwater-river coupling. =, ph b ity characierizaton porormed with muliple methods: ftcal analysis of data provides mulip P Conductsmalscale pust-pull experiments wilh nor-eactive racers and U n low K zones 1o characterze thei physical mass ransfer
» Develop knowledge about the complex workings of the contaminated system that may be - mie realizations for hydrologic models (right) g . e f‘”“’( & ) ion and ad {65 by injct High K Fall 2010
transferred to the Hanford Site for effective and sustainable remediation » Four field injection campaigns have been completed in the saturated zone; two large-scale non-reacive tracer experiments . P:::f"'ﬁ:‘"eﬂ:n ZSX'JLDH':‘Z:‘”‘D oo e oo iy of adermad ) O o 70ne by isolopic exchange usin
: Provide relevant materials and field-site access to other SESP researchers to maximize impact. e (i ilute Slutss and chiled wate) o rfine the sits ycrologic mode, a nor-reacive tracerexperiment with salny contast p " o s Y isolop! 9e using
Generate a lasting, accessible and high-quality data set that can be used for testing and validation to evaluate the geophysical array, and a preliminary desorption experiment with injection of lower U(VI) concentration water.
of new conceptual and numerical models of reactive contaminant transport, » Acomprehensive monitoring experiment was performed during spring high Columbia River stage that provided the first direct > '”'eg'a'e "“: E‘:’;‘)’; e :2':&3?;"{:,::’r:'::‘";‘fu:?“’c‘fz‘;gn*;f'izgiﬁzﬁ:‘:”:z'&:;zgg‘: :‘fe Jower K zone of the IFRG wel field.
evidence of U(VI) release from the lower vadose zone and origins of groundwater U. » Continue developmemagv site sumulatorsgandJ apply to experimental deslgnpmlegrale site characterization and experimental data,
|| » Colonization substrates and f varied type, and multi-level gas and water samplers were installed '
PRIMARY HYPOTHESES i o oty meronlogc oo o mmon collaborate with the SciDAC modeling project to evaluate plume-scale issues.
— e | b Two flow and ators iterati with physical, hydrol d
o
» Mass transfer processes in the vadose and saturated zones control uranium resupply to groundwater as the water table rises into the capillary and parameters. Models aDD"Ed o smiate el EXDEW“E"W' resuls for Dub"Cﬁ"D" " SCIENCE CONTRIBUTIONS AND OPPORTUNITIES
fringe and lower vadose zone, capturing uranium that was mobilized by infiltrating meteoric water or released locally by mass-transfer » Acomprehensive, project-wide electronic data base established for data sharing, manipulation, and integration.
controlled desorption. ) ) 3D site electrical facies map; properties correlations are » Characterizing, quantifying, and modeling reactive transport pmcesses in a highly dy system. Ti
» Oscillating river s(age creales changes in groundwater flowpaths, directions, and velocity that influence U reaction timescale, under Key Observations: » Evaluating the effects of different he(erogensny types on mu le mass transfer.
extent, and Jro— > Three distinct hydraulic conductivity zones exist (above right and below) with complex spatial distribution. » Hydrologic, ng studios from grain, to core, to field, to plume scales.
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Apaleo-erosional channel runs through the center of the well field that expedites solute transport at the base of the uranium-

» The saturated zone biogeochemical system is oligotrophic and weakly poised with respect to redox state. Lithogenic energy sources are
X contaminated aquifer zone.

significant to in-situ microbiologic activity.

> Isotopic forensics of sources, sinks, ara nelu scale reactive transport processes.
» Understanding the hydraulic, physical, and geochemical controls on microbial commumiy structure, in- s\lu acll\u(y, and biogeochemical

i1

> Field-scale, mass transfer limited physical domains exist, in spite of the high average hydraulic conductivities. function over multiple length Scales in a Wwith different and distinct
f £ > Inl\‘llna(?‘ h{dr:lag\c comrlv;A:‘mcallsn ozb:curs whmr:’ (h‘e Columl';m‘ River; all river-stage changes produce head changes in IFRC » Geophysics based estimation of hydrologic properties through electrical geophysical and hydrologic llme |apse measurements.
SITE DESIGN i wells; the behavior is well described by site hydrologic models. . » Establishing unique field data sets on passive and active flow and transport (heat, solutes) for evaluating coupled electrical geophysical
IFRC areal > Labile, adsorbed nium s ae low,butq in the saturated zone, these increase in the lower and reacive transport models.
»35 wc;lls sw‘xce‘d 10 m‘}c a'llow ?mSS-no\e " i s 121 vadose zone and exhibit magnosuc isotopic signatur
et Exploratonvell gz"m"rﬁ\‘:ﬁox‘ terrogation for inter-well properties 3 » Surface complexation strength is relatively uniform in me Hanford formation with hot spots (left below).
Prmaryinecionwel €708 geen) N > Significant concentrations of dissolved uranium are released from the lower vadose zone to groundwater in the SE quadrant of HANFORD SITE CONTRIBUTIONS

» State of the art monitoring system for continual i the site during spring high water.

monitoring of water levels, temperature, and specific - .
Iniaton source con nductance in wells and in the nearby Columbia i ?:A:’;'S‘.Lﬁ;‘%ﬁér high water. " ones is limited; high uranium remains in the upper aquifer » Understanding a contaminated river corridor site with complex ground water-river linkage, and concepts for remediation.
iver. " @ " . > Integrated multi-scale characterization and modeling approaches,
Seveimoniorngcuster )
Y »> Downhole pumps computer activated at necessary . =z 2 > ?h’:r‘:'c‘::}“i ::;;dsa;x f&'{;’;zﬁgz?’é‘e"lﬁ”e"m”y diverse subsurface microbial community has been observed and > S\gmfcance of long-term site monitoring data in light of hydrolog\c complexity.
Cuemeanas A\ ( times for plume sampling during movement. A L 16 Cobrtaey 1 » Robust multi-p and models for options and
\*) PE—— > m‘;":“'e“;"e' well clusters for characterizing depth Y | Br breakthrough curves at the well cluster 399-2-26
§ - 5 hallow), 399-2-27( d 390-2-28 (middie) sh
Monlodng » 27 wells instrumented with 840 downhole ERT ko (Shaow. :yd,auhc‘dc?""ml"‘vfy 9-2:26 (middle) showing Conceptual model for non-uniform wellbore flows POSTER SESSION

electrodes and thermisters. o 8 - \mgcnsm Issues: | weh Fiow: aiver Rise

> gH wglls Termmeld aT poie‘nllal anecugT points. hl- - > al well-bore flows occur in the lul\y -screened we\ls‘ directions vary 1 tual Model De lopment
interpratation. We-2.27 > \C’:’:';ﬁé;‘gr‘:vgsIsfﬂ%ﬁ;‘&?jﬂ’g‘;"“e‘:s"‘;’"e5 during field experiments, within the IFRC footprint and the 300 Area in general. Efforts have focused on developing a model of the physical heterogeneities at the site

) > Non-reaciive tracer tests have been diffcultto simulate with IFRC site R o e hyd i Sie has been characterized

ated zone hydraulic conductivity model. The

d g tur:
models because observed behaviors arenot fully consistent with erog va\uw mouc\ [t s transport calculations is being developed through sediment

measured hydraulic conductivity values

APPROA R st microcosm
4»“«% multi-level sampler

" b Conchomi et eton o wodiments is diffcult because uranium is analysis and geostatistical analyses. A geochemical reaction model for uranium has been developed from multi-scale laboratory

> Implement a comprehensive, scence based sirategy to esiabish — slow to desorb and difficult to remove from the sediments. This has led to experiments to evaluate the in-situ rates and magnitude of surface complexation. This model is being incorporated into site simulators.
geostausncal relationships for properties controlling w: an inabilty to deve‘op S‘mng p,ed‘c"ve correlations.
transport, chemical migration, mass transfer, and mmmmologlc T T > field apparel
aawmy vncludmg both field and laboratory characterization. o 2 N B [l 10 12 difference between laboratory Ve,sus ﬁek, “scale behaviors. Experimental Program

the of the site in with the Elapsod e (day) e rimental program consists of field measurements and experiments to understan - al workings of the site. Uranium

PG SEAcand devas 18 experiments to identify factors isotope geochemistry has been investigated to define the sources of U within the site and it's movement between different site
controlling in-situ microbiologic activities including the role of c comprehensive mor e S 2000 o
contrling in-s g 9 Spatal distribution of K, in the smear zone, adsorpton Orgams et n ERC el i T e T ) D G e 2 e i L 77

vadose zone and its mixing with the uranium plume in response to seasonal river stage changes. Three major field injection experiments
T A T AT TR R R ST T 2 S A 1 e A 2 £
evaluate the down-hole geophysics monitoring array, and a preliminary U(VI) desorption experiment to enable more detailed planning.
Colonization substrates and biogeochemical microcosms were installed in wells to monitor in-situ microbiologic activities and function.

» Perform injection experiments to evaluate mass transfer strength is relatively uniform with hot spots. packs baited with Fe
influencing uranium adsorption and desorption within the
salursted zone and the overal nfuence of hese processes on
uranium concentrations and plume bel

Perform passive experiments utilizing river- stage induced
changes n walertabe clvalion, groundwatr fiw decton and

Issues Resolution:
1) Vertical well-bore flows. Use inflatable and custom packers to isolate zones.

v

Incrementally add discrete depth wells. ng Int
velocity, and water composition to evaluate mechanisms for 2) Uncertainly in K. Fuly integrate geophysics results and perform additional Asig e and robust site S T I MR, St e
continued uranium supply to and mixing within the 9“’“""'”5‘6' tracer experiments . toc o pproaches, and associate 3 o d to facilitate integration and interpretation of data and
plume. 3) Weak geochemical correlations. Characterize more samples for explicit spatial experimental re~uu~ sWera\ of the modeling activities have focused on coupled pr modeling, including temperature, physical

> Sj;g:’,ﬂi"gﬁ,(:,;'g;ﬁ?ﬂn‘;“,,g 3:;3;;’:?:;::‘;2;:;‘:;52 arameterization property measurements, and geophysics. Two reactive transport simulators are being iteratively parameterized with physical, hydrologic,
ansport simuatr foruranium based on mase-ranser iy 4) Challenging hydrologic and time-scale constraints. Develop best possible and geochemical measurements, parameters, and information from the IFRC site. The models are being used for interpretation of field

that spatial in similators and comprehensively premodel field experiments to optimize experimental results for publication. A significant issue of vertical flow within boreholes during field experiments, and in general, has been

Physical nyerologic, and chomieal properios. conditions. identified and is being addressed through additional characterization and modeling. The IFRC is working in collaboration with a SGiDAC

» Details and sequence to right.

projectto generate plume-scale simulations of 300 Area uranium to put the IFRC site into broader perspective.
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