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Summar y

Over decades of operation, the U.S. Department of Energy (DOE) and its predecessors have released
nearly 2 trillion L (450 billion ga) of liquid into the vadose zone at the Hanford Site. Mafdhis liquid
waste discharge into the vadose zone occurred in the Central Plateau, & 2Zl®rkif) area that

includes approximately 800 waste sites. Some of the inorganic and radionuclide contaminants in the deep
vadose zone at the Hanford Site arelepthavheredirect exposure pathwaysumanhealth or

ecological)are not of concerrbutthe contaminatiomay need to be remediated to protect groundwater
The TriParty Agencies (DOEheU.S. Environmental Protection Agency, ahdWashingtorState
Department of Ecology) established Milestonedib-50, which directed DOE to submit a treatability

test plan for remediation eéchnetiura99 (Tc-99) and uranium in the deep vadose zone. These
contaminants are mobile in the subsurface environmehbave been detected at high concentrations
deep in the vadose zone, aatisome locationfave reached groundwater. Testirigechnologiedo
remedia¢ Tc-99 and uranium will also provide information releveamtemediating other contaminants in
the vadose zone. Th&ranium reactive gas sequestratjoiRGS)test described herein was conducted as
an element of thdeep vadose zoreeatabilitytestplanpublished to meet Milestone-BiL5-50. The

URGS technologyvas tested as a potential remed decrase the mobility of uranium in the vadose

zone as a mechanigim protect groundwaternformation abouURGSobtained from this tess

intended for use in subsequent feasibility studiesitorford Central Plateanaste sites witluranium
contaminatiorin the deep vadose zane

Prior todevelopinghe URGS field tegblan, technology development efforts were applied to identify an
appropriate reactivgas technology to decrease the mobility of uranium in the vadose Based on
theselaboratoryresults, pHmanipulation with ammonia gagas selected as the most promising reactive
gas approach to decredbe mobility ofuranium Additional laboratory efforts were applied to describe
the treatment process and obtain information for scalingltbdigplication The field test plan foURGS
by ammonia treatment identified the 2We3 site for the field testThe 216U-8 crib was selectetbr the
URGS tesbecause (1) historical characterization data indicated that the site contaigeifieant
inventory ofuraniumthat was likely to be in a mobile form, (@) uranium concentration/distribution
was favorable for a test, (3) the test could be conducted with shallow wettser@)were minimal
logistical issues, and (5) suitable sitearactdrationdata were availableThe field test plaspecified

the parallel application dfl) laboratory tests with fieldite sediments to evaluate URGS effectiveness
and(2) installation, operation, and assessment of a field injection of ammonia. Lajpadesting

requires about 1 year from when samples are available, so a parallel effedl@zdsdo reduce the
overall duration of the treatability testing

The URGS technology is based on a series of geochemical reactions that occur when ammasia vapor
injected into uraniuatontaminated vadose zone sediments. Injected ammonia vapor partitions into the
moisture in the sediment anttreaseshe porewater pH from initially around pH 8 to about pH 11.5
Dissolution of sedimerhasess inducedby thehigh pH followed by a reprecipitation process that

intended tacreate uranium precipitates or coatings that render uranium less mobile than before treatment.
Prior development testg with ammoniatreated sedimenfsom other Hanford waste siteeowed

promising resultswith uraniummobile phases reduced bBpaverage of 68%nd mmobile phase

increased by an average of 71%oil columnleachingtests were conducted by flowing simulajete
waterthrough untreated arainmoniatreated sedimentnd measuring the amount of uranium that eluted
from the sediments. These tests showedanium leaching reduction of greater t88fofollowing



ammonia treatmentHowever the initialtesting was limited by two factors. Fireply a few sediment

types could be tested with the soil column leaching method because a sufficient quantity of material was
only available for a few sediment typeSecond, samplesereavailableonly for limited types of waste
disposal chemisesthatdid not include acididisposabecausesampling of this type of waste site was
notbeing conducted as part of HanfordeScharacterization efforts at the time of the technology
development efforts.

The field component of the treatability test was targetelaett6-U-8 crib within the200-WA-1

operable unibn the Central Platead his crib received acidic process condensate from thel22hd

224U buildings along with drainage from the 291 stack While the waste was passed through a lime
tank prior to dischargehe pH was not specifically managethis type of waste is similar to the acidic
waste disposal at about 60% of the Rigthentory uranium disposal sites in the Hanford Central Plateau.
Characterization of the 218-8 crib region indicated uranium andh@r contaminants discharged to the
crib spread laterally in the vadose zone soils surrounding theldrémium contamination presestuth

of the crib at aelatively shallow deptbf approximately 10.60 15 m (35to 50 ft) below ground surface

was tageted for the field test.

Field site efforts included installation of the injection well and monitoring borehole network. During
drilling, samples were collected for use in laboratory testing, as specified in the field test plan. Site work
also includedlesign, construction, and functional testing of the ammonia injection and field test
monitoring systems. Thus, information about the design and construction process and requirements for
application of the URGS technologyasgathered as part of the test.

For the field test sitdaboratorytestswith site sedimentaere conductedoncurrently with the field test
design and constructido evaluate effectiveness laboratoryscaleammoniareatment.In these tests,
almost allammoniatreated samples siweda higher total mass of uranium leached for the same number
of porevolume flushes than was leached for the corresponding untreated sdrhpte the laboratory
resultsfor field-site sedimentdemonstrated that there were interferences that affeatih®nia
treatment.Hypothesizednterferencdactorsincludedthe type of uranium phases present, the presence of
co-contaminant interferences, or sedimenttootaminant properties that lead to the need for higher
ammonia doses for the treatment to be effective. The reason for thpegitéic interferences was

evaluated to assess applicability of the technology to other. SResults suggettat areas below acidic
waste discharge sites (such as the location of theJ28 field test site)where sediment carbonate is
depleted and where the uranium distribufiothe soil is concentrated in small hot spatsuld not be
suitable for use of URGS ammonia treatment. Because the ammonia treatment process was found to be
sensitive to these conditions, there may be other geochemical conditions that interferenvathizam
treatment effectiveness. For this reasonf{itid test was not conducted and theatability test report
includes the recommendations described below.

The URGS treatability test demonstrated that interactions of th@aiarmeatment chemistry drsite
specificgeochemistry are important to the effectiveness of the treatment for decreasing uranium mobility.
Thus, while laboratory experiments during technology development suggested that the technology was
robust with broad applicability, the tredility test effort demonstrated that the technology has limitations
with respect to effectiveness. These limitations must be considered when evaluating potential use of the
technology at other waste sites. If treatment effectiveness at another veastersitrerified, théeld

design andaboratorytesting conducted for the URGS treatability testing thiedjasinjection experience

from another gaphasdield testconducted aan element of thdeep vadose zone treatabiligstplan



published to medtlilestone M01550 provide a basis for design of ammonia injection at prospective
sites. Injection effectiveness is related to the subsurface propantksitespecific ammonia injection
trials may also be necessary prior to full implementation ahansite.

Treatability test information suggests that applicability at acidic discharge sites may la¢ [pcations

in the subsurface where the waste chemistry impacted the sediasobserved in gshallow vadose

zone below the 216-8 test site However effective URGStreatmenimay be possiblat neutral orbasic
discharge sites ateeper in the vadose zone below sitesifsurface geochemistry has not been
significantlyaffectedby the waste discharge chemistiythe URGS technology is deteined to be

potentially applicable at a site in the future, sipecific laboratory testing would be necessary to confirm
treatment effectiveness. As an overall recommendation for the URGS technology, a future feasibility
study would first need to com&r the waste discharge, associated subsurface geochemistry, and uranium
mobility at a site. For sites where uranium mobility is determined to be a risk to groundwater, the URGS
ammonia treatment can be evaluated utiegechnical information for the anonia treatment process in

this report URGS treatmernhay be applicable if1) site information suggests that ammonia treatment

has the potential to reduce uranium mobil{), production of nitrate from the ammonia injection is

within an acceptable rge, and3) ammonia injection appears to be feasible based on injection design
calculations. For sites meeting these criteria, this report recommends thapesifie evaluation of
ammonia treatment effectiveness be conducted using sediments frooméhargeted for treatment.

These tests would include sequential extraction and soil column leaching tests for untreated and
ammoniatreated sediments to quantify the change in uranium mobility. This testing would require about
1 year from the time of sediment sample receipt to the reporting of labaregtingresults. For sites

with positive results, where the decrease in uramnohility will meet groundwater protection needs,
ammonia injection design can be implemented using a phased approach, if the URGS ammonia treatment
technology is included in the remedial alternative selected in the Record of Decision.

This treatabilitytest report compiles the technology information gained from the laboratory testing during
technology development, the laboratory téstsammoniatreatment effectiveness using fiedde
sedimentsand a laboratory study assessing geochemical interferan2&6U-8 thatmay affect

ammonia treatment performance. In additibis treatability test report describes the field injection and
monitoring equipment design and associated design calculations. Collectively, this information will
enable evaluatioof this technology for applicability at other sites. This report documents closeout of the
URGS treatability test aan element of thdeep vadose zone treatabiligstplan published to meet

Milestone M015-50 for the Hanford Central PlateaT'he tretability test effort accomplished the goal of
providing sufficient dat@nthe URGS ammonia treatment process for its consideration in a future
feasibility study.
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1.0 I ntroducti on

Although the depth of somirorganic and radioralide contaminatiorin the vadose zone at theS.
Department of Energy (DOB)anford Siteis beyond the point whedirect exposure pathwagse
relevant, remediatiomaystill be requiredo protect groundwater (DOE 200&8owever,remediation
optionsfor contaminatiordeep in the vadose zone are limited by the physical and hydrogeologic
properties of the vadose zofigresel et al. 2001 In response to the THarty Agreement Milestone M
01550, theDeep VadosZoneTreatability Test Plan for the Héord Central Platea DOE 2008)was
issued in March 2008. Thisverallplan is for a treatability test program to evaluate potential deep
vadose zone remedies for groundwater protectidhe Hanford SiteAs part of this program, evaluation
of auranium reactive gas sequestrati@pRGS)technologywas planned (DOE 2B4,b) andtest
activitieswereimplemented.

Some reactive gases can induce geochemical changes in sedandtitesechanges carender
contaminantssuch as uraniuntess mobile.A range of potential amendments was tested in the
laboratory as describetly Szecsody et a(20103. Theamendments targeted oxidatiduction
reactions, pH manipulatioandphosphate addition to induce precipitation reactthascould make
contaminants less mobil@ased on theelaboratoryresults, pHnanipulation with ammonia gags
selected as the most promising reactias approach to decredke mobility ofuranium Additional
laboratory efforts were applied to describe the treatmpeocesandobtain information foscaling to
field application(Szecsody etl. 2010ab, 2012 Zhong et al. 208; Truex et al. 2014 Thus, ammonia
treatment was selected for treatability testing as the URGS technology.

TheURGStechnology is based anseries of geochemical reactions that occur when ammonia vapor is
injected into uraniuatontaminated vadose zone sedimeihtgected anmonia vapor partitions into the
moisture in the sedimeandincreaseshe pore water pH from initially around pH 8about pH 11.5
Dissolutionof sediment phases is indudeglthe high pHfollowed by are-precipitation procesthatis
intended tareate uranium precipitates or coatings that render uranium leske tialni before treatment.

The field component of thieeatability test was planned for execution in the-208-1 operable unit

(OU) adjacent to the 218-8 crib (DOE 201%,b). The field test was not completed because of the poor
treatment effectivenesiservedn the laboratory for fieleéite sedimentsField-site laboratory results
and interpretation of the sispecific interferences related to the poor observed effectiveness are
presented in this report. In addition, the report incliliesmation gained in the treatability test effort
about technologeffectiveness, implementability, and cost factdrke report is organized following the
guidelines for reporting adComprehensive Environmial Response, Compensation, and Liability Act of
1980(CERCLA) treatability tests (EPA 1992)his introductorysection includes a description of the
technology (Sectiof.1) and information abouhe uranium waste sites at the Hanford Central Plateau
(Sectionl.2). Section2.0provides the conclusions and recommendations for the study. The test
approach is described in Secti8r9, followed by a presentation of the detailed resulSentior4.0.
Quality assurance and the cost and schedule for the project are presented in S0etia 0,
respectively.
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11 Technol ogy Description

The treatment technology being tested is geochemical manipulation via ammonia injEoéiaious
laboratory evaluation of ggshase technologies focused on immobilization of uranfsme¢sody et al.
20103 and recommended pursuing ammonia injection tm#dwas best suited for field implementation
and was effectivatreducing uranium mobility Additional study of the ammonia gas treatment process
andlargescale applicatiohas also been conducted (Szecsody &04l0b,2012; Zhong et al. 2@]
Truexet al. 2014)

The URGS technology is based on a series of geochemical reactions that occur when ammonia vapor is
injected into uraniuatontaminated vadose zone sedimerts.conceptually depicted frigurel.1,

when ammonia gas flows into vadose zone sedimamasge portion of the injected ammonia vapor
partitions into the moisture in the sediment. A 5 vol% ammonia vapor produces an equiitreim

water concentration of about 3 M ammong&eli-dissociation of ammonia at this concentration results in

an increase in the pore water pH from initially around pH 8 to about pH Idn%exchange and mineral
dissolution (including silicate dissolot) is caused by the caustic pH. With high total dissolved solids,
precipitates start to form, especially as the pH is buffered back toward neutral. The precipitates may
incorporate uranium (e.g., uranium silicates) and include aluminosilicates angreitipitates. The

goal of the dissolution and@ecipitation process is to create uranium precipitates or coatings that render
uranium less mobile than before treatmebéecreasinghe fraction of uranium contamination that is
mobilereducests potertial to contaminate groundwater.

Field implementation of the ammonia treatment technology involves injection of an ammonia gas mixture
into a subsurface target zornEhe ammonia partitions into the pore water and approaches-avptee
concentration depglent on the concentration of ammonia in the gas pradtheHe nr y 6 s | aw
coefficientfor ammonia Because partitioning is very rapid and volatility is low, a sharp dissolution front

is observed with nearquilibrium ammonia gas and liquid concentratibakind the front and low
concentrations elsewhergigure1.2); thus, the physical properties of ammonia are favorable for

controlled injection.

Ammonia treatment gailts in uranium surface phases being coated with or incorporabed in
aluminosilicates.In this process, uranium is not chemically reducedhsoxidation statef the uranium
does not affect treatment effectivenemsd the sequestration process israadily reversible in an oxic
vadose zoneUnder postreatmentircumneutral pH conditions, precipitates formed during ammonia
treatment have low solubility and would dissolve slowly over long periods as part of natural weathering
processesTranspot of uranium that is bound or coated by precipitates will be limited, thereby reducing
the migration of uranium to the groundwater.
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Step 1 Step 2 Step 3

injectNH; and increase pH dissolve minerals precipitate and bind U

Almost all NH;
partitions to water
95% N,

5% NH5

Figure 1.1. ConceptuaDepictionof Ammonia Treatment Mechanism

5% NH,
95% carrier gas

Carrier gas

pH manipulation zone

0 NH, partitions into water until
. 5/’ NH3?> the water phase reaches
95% carrier gas NH, near equilibrium concentration
5% NH, vapor gives ~3M NH; in water
and raises the pH > 11.5

Figure 1.2. ConceptuaDepictionof Ammonia Distributionin the Subsurfacérom aninjection Well

During the ammonia treatment process, the increase inyaiex pH releases ions into solution where
they will be n a mobile state until the pH returns to neutral, causing precipitation readtiongst
unsaturatedadose zone conditions, movement of pore water is very slow, and a decrease in pH will
occur before any significant movemei. other words, the redoh processes are rapid compared to

potential contaminant transport.
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The longterm fate of ammonia added to the subsurtageduce uranium treatment, as described in
laboratory testingTruex et al. 2014 is (1) volatilization and upwardmmoniagas migration in the
vadose zond2) microbialconversion of ammonia to nitrate in the pore wadad/or(3) ammonium
sorption orincorporation intaaluminosilicate precipitatesl'o examine the relative importancetbé
second and thirgrocesses, sedent dosed with %, 0.3%, or 0.096 ammonia gas was incubated for
varying lengths of time in closed containers so that volatilization of ammonia was notgossibl
Sacrficial treatments were analyzed for ammonia, nitrate, and nitrite concentratiogitreatments,
minimalincreases in nitrate or nitrite were observed over 3 months of incubationTioted. microbial
populations were also measured before ammonia dosing and duringimculdéith exposure to a%
ammonia gas concentration, represevesof the treatment zone concentration, microbial populations
starting at about ¥ 10’ cells/mL declined to nondetectable leveldicrobial populations exposed to
0.08% and 0.86 ammonia gas concentrations declined by orders of magniftltkemicrobial
populations exposed to 0.85ammonia gas concentrations recovered quickly on exposure to air, whereas
populations exposed to higher concentrations showed minimal recoMegge results suggest that the
nitrification pathway isnsignificantduring ammora injectionbecause microbial populans are
significantly reduced.

The potential for injected ammonia to generate nitrate over time was investigated for the field test
application and for different conceptual scenarios ofdcille applicationThefield test target was
treatment of 700n® of the vadose zone by injectionaifout3000 kg of ammonialf all of this ammonia
was converted to nitrate (through ammonia oxidation by bacteria), it would theoretically produce about
11,000 kg of nitratand his moleper mole conversion to nitrate may be the ultimate fate of the injected
ammonia However, laboratory data show that the agueous ammonia concentration decreases by two
orders of magnitude (81 to about 0.03 M) during the buffering and precipitatieactions that occur

over a duration of about a month after ammonia inje¢figure1.3). Thus, the vast majority of added
ammonia is included in precipitatessmrbed to zeolites that are created during the precipitation
processes. After a month, the observed nitrate concentration was only about 0.1 mM (6vimgiiLis

much lower than the theoretical 3 M (180,000 mg/L) that would have occurred if all of thenganwvere

to be converted to nitrate. If the ammonia concentrdtimonth after treatmerft-0.03 M) were all
converted to nitrate, 110 kg of nitrat®uld be produced from the injection of 3000 kg@ofmonia.

These data do not directly show flage ofammonia over longeriods but if mostof theammonia is
associated with precipitatesniay notbe converted to nitratel he association of ammonia with
sediments and its low volatility will also limit the volatilization pathway, but volatilizatiohlweila slow

and steady process that disperses ammonia away from where it was injected at low concentrations.
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Figure 1.3. Changes iimmonia, Nitrate andNitrite over Time after Sediment Exposur® 5 vol%
Ammonia Note that the y axis is on a log scale. For reference, the red line is the theoretical
concentration from full conversion of ammonia to nitrate. For reference, the black line is a
modeled ammonia decrease over time based on thebtiatl diamonds with connecting
black dashed line) Observed nitrate and nitrate are shown with connecting dashed lines.
(Truex et al. 2014)

Tablesl.1lthrough 1.3 show estimates for tegbne properties and quantities of amendments to apply the
ammonia treatment for uraniuntablel.1 is from the field test plan (DOB0153, describing the
guantities estimated for the current field testing eff@iote: An indication of the gallons of ammonia
required and the estimated mas nitrate produced were added and are not in the table in the field test
plan) This samestimationapproach was then applied to selected scenarios to develop estimates for
amendment quantities. The sizes of the treatment zones used in the s¢ettemidban the current field
test) are rough estimates to examine a range of different targets and may berumdrestimates for a
specific example site. For scaling purposes, several different injection radii and flow rates were
estimateddependng on the scenariolhe estimated radianged from 10 to 20 m and the estimdted/
rateswere100 or 200 scfm. The injection radius and injection flow rates have not been confirmed by
testing yet. All scenarios are for a target treatment thicknestzoot6 m.
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Table 1.1. Estimate fothe 216U-8 Field Test Design

Parameter Value
Water Content (g bD/g total dry sed) 0.04
Porosity 0.2
Particle Density (g/mL) 2.5&5
Dry Bulk Density (g/mL) 2.05
Water Volume Fraction (mL #D/mL dry sed) 0.082
Gas Volume Fraction (mL/mL) 0.118
Equilibrium NH; Concentration (M) 3.192
Calculated Equilibrium pH 11.88
Target Screen Interval (m) 3.1
Target Radius of Injection (m) 6
Target Treatment Volume @n 713
(cylinder + 40% of a sphere)
Total NHs Mass (kg) 3,170
Total NH; Volume (gal) 1,370
NHz Mass/Pore Volume (kg) 3.00
Pore Volumes Needed 1,100
Total Gas Volume Needed (NH carrier) () 92,000
Gas Flow Rate (ftmin) 100
Time for NH; Delivery (d) 23
Potential NOz Generated(kg) 109

Table 1.2.

Estimate for Treating the Cold Creek Unit under th& Crib (20x 80 m)
Parameter Value
Water Content (g kD/g total dry sed) 0.1
Porosity 0.3
Particle Density (g/mL) 2.5625
Dry Bulk Density (g/mL) 1.794
Water Volume Fraction (mL ¥0/mL dry sed) 0.179
Gas Volume Fraction (mL/mL) 0.121
Equilibrium NHs Concentration (M) 3.192
Calculated Equilibrium pH 11.88
Target Screen Interval (m) 3.1
Target Radiusf Injection (m) 10
Number of Injection Wells 4
Target Treatment Volume @n 11.000
(cylinder + 40% of a sphere) '
Total NHs Mass (kg) 107,000
Total NH; Volume (gal) 46,000
NH3; Mass/Pore Volume (kg) 47
Pore Volumes Needed 2,300
Total Gas Volume Needed (NH- carrier) (nd) 3,052,000
Gas Flow Rate per Well ¢fmin) 100
Total Gas Flow Rate min) 400
Time for NH; Delivery (d) 187
Potential NOz Generated (kg) 3,670
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Table 1.3. Estimate for Treating the Ringold Formation under the U1/U2 Cribs @Dm)

Parameter Value
Water Content (g bD/g total dry sed) 0.04
Porosity 0.2
Particle Density (g/mL) 2.5&5
Dry Bulk Density (g/mL) 2.05
Water Volume Fraction (mL H2O/mL dry sed) 0.082
Gas Volume Fraction (mL/mL) 0.118
Equilibrium NH; Concentration (M) 3.192
Calculated Equilibrium pH 11.88
Target Screen Interval (m) 3.1
Target Radius of Injection (m) 20
Number of Injection Wells 4

Target Treatment Volume @n

(cylinder + 40%of a sphere) 69,000
Total NHs Mass (kg) 307,000
Total NH; Volume (gal) 133,000
NH3 Mass/Pore Volume (kg) 291
Pore Volumes Needed 1,100
Total Gas Volume Needed (NH carrier) (i) 8,956,000
Gas Flow Rate per Well ftmin) 200
Total Gas Flow Ratét3/min) 800
Time for NH; Delivery (d) 275
Potential NOz; Generated (kg) 10,500
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1.2 Uranium Waste Sites at t he Hanford

Vadose zone contamination at the Hanford Site results fronugastimandplutoniumextraction
activities and the intended or unintended release of 202,703utgrmatimto the ground surface (Corbin
et al. 2005). A compilation of the majoraniumdischarges at Hanford (Simpson et al. 2006) showed
that 81% of thesraniuminventory is in 10 sitesral 9.7% in the next 10 siteSypes ofuranium
discharge to the natural surface or subsurface vigeld start anduel rod dissolution wastes,

(2) uranium nitrate hexahydrate wastgh poorly defined pH,J) high aciddischarge wasteind

(4) waste vith high base and inorganic complexants ¢§@@d PQ). As theuraniumladen waste
infiltrates, the acidic and alkaline components dissolve some minerals (but eventually the pH is
neutralized) andrraniumprecipitates primarily in carbonates and phosph@esic wastes) and silicates
(alkaline wastes) in the vadose zohdranium is present in vadose zone sediment at medium to high
concentrations as carbonates (liebigite and rutherfordingyrempitated with carbonates, and hydrous
silicates (uranophan[Ca(UQ)(SiOs0H),t5H,0] and Naboltwoodite [Na(UQ)(SiOs)t1.5H:0] (Zachara
et al. 2007; Um et al. 2082 Uranium is also present in more mobile aqueous and adsorbed phases.

A survey ofHanfordCentral Plateawaste siteshat had asubstantialraniuminventorywas conducted

as part of site selection activities for the treatability tégtditional information about site selection and a
map of the sites considered are includedppendix A Tablel.4 summarizeshe waste stream, disposal
site features, and characterization data available (not including data from re&&nt-A00U or

treatability test efforts) Of the 11 high-uraniuminventory sites listed in the tableot including the
uranium solids disposed at thelQ crib), 6 had acidic discharges (including the 216 crib selected for
the field test) an& were neutral to basic discharges (similar to the site samples used for the ammonia
technology development testing).
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Table 1.4. Description ofSelected Uranium Waste Discharge Sites for the Hanford Cé&fatalau

Site Description
216-A-19 Crib Waste Stream(sYhe site received PUREX stapt waste during November and December

1955. Although several references state it also received condenser cooling water from t
241-A-431 building via the 21-8\-34 ditch, drawings daot show the 21-8\-34 ditch
connecting to the 218-19 crib. While the U inventory (~48netric ton3 is the largest
discharged to any Hanford liquid disposal waste site, all but 31 kg U is estimated to hav
discharged as solidSoil Inventory Mode[SIM]).

Cumulative discharge inventory summary (SIM) is:
1 U: 43,444 kg (depleted)
1 Na: 27,671kg

1 Fe: 18,345 kg

7 NOs 10,919 kg

1 COs 5102 kg

1 SO 4604 kg

1 Cs137:0

Description: The crib is a 7.& 7.6 x 4.6 m deep (2% 25 x 15 ft deep) excavation with no
liquid dispersion structure.

CharacterizationThe aly characterization data is from the C3245 borehole drilled throug
the cribin April 2003 Borehole logging indicates uranium att®®0 pCi/g located from 3.0
to0 9.4m (10to 31 ft) below ground surfacér@y. Maximum Cs137 activity level observed
was 560 pCi/g at 2.4 m (8 ft) bgs. Sediment sampling showed 51 pQi38 (max) at 4.4 m
(14.5 ft) bgs.

216-U-1&2 Cribs

Waste Stream(s)The cribs received overflowdm the 241U-361 settling tank which
received cell drainage from tha®6 tanksin 221-U and waste from the 224 building until
theuraniumrecovery process operations shut down in 1950m July 1957 through May
1967, the 218J-1&2 cribs received waste from the 2RAfacility and equipment
decontamination waste and reclamation waste from théJ2@dnyon.

The waste was low in salt and neutral to basic, except for the highly acidic discharge lat
history. Cumulative dischargmventory summary (SIM) is:

U: 3955 kg

C-137: 1.8 Ci

Na: 8467 kg

K: 127,476 kg

NOs: 1,669,917 kg

COs: 6536 kg

PQs: 6633 kg

SO 171,222 kg

=4 =4 =4 -4 -4 -8 -89

Description The cribs include two wooden liquid dispersion structures in adjacent
excavations 27.% 8.5x 4.9 m deep (8% 28 x 16 ft deep) that operated in series.

Characterization DataCharacterization boreho299W19-96 (A9797)was drilled through

the 216U-1 crib in 1995.The highest zone of contamination was found at a depth of 6 to
12m (20 to 401). Maximum contamination levels in this zone included 2,400,000 pCi/g §
90, 1,430,000 pCi/g C$37, and 438 pCi/g Pu239/240.
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Site

Description

Three additional characterization boreholes (2989-95, 299W19-96, and 299W19-97)
were drilled near the 216-1&2 cribs in1995. Borehole sediment samples and surface so
samples were collected and analyzétaniumcontaminated perched water was observed
the Cold Creek UniCCU).

Shallow push holes surround the crib at various distances. Isopleth maps of uranium ar
Cs137 contamination indicate significaateral contamination spread.

There are thought to be two zones of uranium concentratinathatis shallow and another
in the deeper Cold@ek silt and carbonate layer.

Unusual Occurrence 8b7: Unusual Ocurrence 85L7 reports groundwater samples taken
January 1985 from wells 298/19-03 and 299V/19-11, indicating 60,000 and 85,000 pCi/L
of uranium respectively Previous routine samples averaged less than 500 pCi/L.
Investigation revealed that liquidlaste from the 218)-16 crib, located south of the 2118-
1&2 cribs, had migrated north along a subsurface caliche |&pesting groundwater
monitoring wells around the 248-1&2 cribs provided a pathway for the contamination to
reach the groundwater.

216-U-8 Waste Stream(s)The cribs received acidic process condensate from théJ2iid 224U
buildings along with drainage from the 291 stack via an underground vitrified clay pipelin
The waste was acididischarge inventory summary (SIM) is:

1 U: 25,512kg

1 Tc99: 2.7Ci

1 C-137:0.05Ci

1 Am-241: 4.7 Ci

1 Na: 7482 kg

1 K: 3,624,455 kg

1 Ca: 5852kg

1 NOs: 4,556,685 kg

1 PQu 79,023 kg

1 F: 7295 kg

1 CI: 8192 kg
Description The site consists of three wood timber liquid dispersion structures set in ser
within a 48.8x 15.2x 9.7 m deep (168 50 x 32 ft deep) excavationEach structure is 4.9
4.9x 3.0 m deep (1& 16 x 10 ft). The structures were filled with 1¢8n (0.5in.) crushed
stone. There is roughly 2070 #{73,000 f£) of gravel fill in the cribs.
Characterization During the 1995 Limited Field Investigatiomborehole (299N19-94) was
drilled though the crib to a depth of 60.6 m (199 ft) and abandatieaving characterization.
Gamma logging detected-288 831 pCi/gat11.4 m [37.5 ft] bgs and 150 pCi&y56.4 m
[185 ft] bgg in the borehole Soil samples showed high concentrations 6fl@% and S©0
near the undground vitrified clay pipeline.
Isopleth maps of uranium, 189, and Cs137 contamination obtained from boreholes drille
approximately 45 ft deep during 2005 indicate significant lateral spreamhtamination

216-U-12 Crib Waste Stream(s)From April 1960 to May 1967, the site received 2941 stackdrainage,

241-WR vault waste and 224U process condensate via thés@nk Contaminated water
from the 241WR vaultwas discharged to the crib in October 196&ichincluded 3.14g

(6.9 Ib) of thorium. From May 1967 to September 1972, the site received the above wasi
(excluding the 24WWR vaut waste) and occasional waste via th& @rk in the 224U
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Site

Description

building. From September 1972 to November 1981, the site was inaétreen November
1981 to January 1987, the site received acidic process condensate (typical pH rangeava
1.5) from the 224J building. The crib also received miscellaneous storm drain wastes frg
the224-U building. Between April 1960 and September 1972, 6.7E+5itkgte was released
to the crib from theurraniumtri-oxide process.

The waste was acidicCumulative discharge inventory summary (SIM) is:
1 U: 6458 kg
1 Tc-99: 0.7 Ci
1 Cs137:69.6 Ci
T Am-241: 1.4 Ci
1 Na: 3921 kg
1 K: 1,834,294 kg
1 Ca: 2965 kg

1 NOs: 2,279,820 kg

1 PQu 40,049 kg

1 F:. 3707 kg

1 CI: 8192 kg

Description: The 216U-12 crib includes a belovgrade 30cm (12 in.) diametevitrified clay
piperunning horizontallyfor the length of the crib within a 30:63.0x 4.6 m deepX00x 10
x 15 ft deep) excavation that was filled with 264 gravel.

Characterization Limited characterization data are available from a 1994 borehole place
adjacent to the crib footprint, which showed no contaminants above background. Spect
gamma borehole loggingf a borehole through the crib to B8(175ft) bgs indicates G437
from 5to 18m (16 to 59%t) (maximum activity of 16,100 pCi/g atm [23ft]) and U-238 from
5 to 24m (17 to 80ft) (maximum activity of B0 pCi/g at 23n [76ft] bgs).

Isopleth maps fouranium and G437 contamination obtained from boreholes drilled to
approximately 4@o 50 ft deep during 2005 indicate signifitdateral contamination spread.

216B-12

Waste Streans{: The crib originally received 220 and 224U condensate waste transporte
from 200 West Area via thgosssite transferline (line V219). Later, the crib received
cordensate waste from the 2B1Plant.

From November 1952 to December 1957, the site vedahe process condensate waste frg
the tributyl phosphate uranium recovery processes at th&) 221 224U buildings as well as
B Plant condensate=rom December 1957 to May 1967, the site was inactivem May
1967 to November 1967, the site reeelhconstruction waste frothe 221-B building. After
November 1967, the site received process condensatatei?21-B building.

The waste was low in salt and neutt@basic. Cumulative discharge inventory summary
(SIM) is:

U: 15,112 kg

Na: 14,051kg

Ca: 8147 kg

K: 2,286,683 kg
NOs: 2,860,615 kg
COs: 11,676 kg
PQy: 50,066 kg

F: 4743 kg

Sr-90: 120 Ci

=8 =4 =4 -4 -8 -8 _-8_-9_-9
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Site

Description

1 Tc99: 1.6Ci
T Cs137: 326 Ci

Description: The unit consists of a seriestbfeecascading, 4.9 4.9x 3.0m (16x 16 x
10ft) high wooden bxes in a 48.& 15.2x 9.1 m deep (168 50 x 30 ft deep) excavationA
1.3cm (0.5in.) rock backfill lies in the bottom 3.7 m (12 ft) of the excavation and beneath
each box is approximately 1.2 m (4 ft) of this rodke site contains30 n¥ (3800 yd) of
1.3cm(0.5in.) gravel.

Characterization Wells 299E28-9, 299E28-16, 299E28-65, and 29928-66 monitor this
unit.

Characterization borehole C3246, drilled into the crib in June 2003, was drilled to a dept
308 ft. Geophysical logging fouhCs137, U238 and Eul54. The maximum concentration
of Cs137, 121,000 pCi/g, was found at 35 ft b@dgproximately 10 pCi/gf U-238 was
observed at 36.th 36.6 m (1180 120 ft) bgs.

Logging of 299E28-16 (A6794), located approximately 9.1 m (30 ft) south of the crib,
showed ~100 pCi/gf U-238 at 47 m (155 ft) bgs. This hole also indicated ~100,000 p€i/
Cs137 at 30.5 m (100 ft) bgs, which may have magkedoresence df-238.

Logging of 299E28-65 (A6816), located in the crib, showed greater than 10,000 pCi/g
Cs137 from the bottom of the crib to 21 m (70 ft) bgs, with a maximum of approximately
250,000 pCi/g at a depth corresgorg to the bottom of the crib.

241-BX-102
overfill event
(UPR-200-E-5)

Waste Stream(s)in1951, t hi s t ank was r #reaeifromi tmbgmuthh
phosphate plutonium separation process at B Plant.

On March 20, 1951, a cascade outlet became plugged, resulting in theBahk overfilling.
The bismuth phosphate process releapgicximately 348,000 (91,600 gal) of metal waste
containing approximately 10.1 metric tomsuranium.

Description Contamination migrated beyond the 2ZBX/BY fence, to the northeast and
under the rod north of the B Farm with increasing depth to the northeast. Some of this
is contained in the saturated sediments that are perched on the Cold Cregdifiad interval
and is, over time, slowly leaking through and contributmthe groundwater plumes. A
groundwater uranium plume that originates beneath the perched zone has flowed to the
northwest under the B¥ank farm ancribs.

Characterization There is excellent characterization information available for various def
ard locations of holes. Shallow push holes within the tank farm surround the release po
There are several deep boreholes next to the tank and eastward to the point of the proje
release to groundwatef.he depth of the uranium in the vadose zomegases from the sourg
location to the northeasContamination near the CCU is thought to represent the most se
vadose zone threat to groundwater from uranium oitrdord Ste.

Well 299-E33-45 (C3269)located west of the BX.02 tank but insidéhe tank farm fence
revealed silt bands in the upper 51.8 m (170 ft) that exhibit uranium, sodium, nitrafes-ang
99 contamination. Soil pH is elevated from 22.8 to 51.8 m (75 to 1704B38 wagresent
between 21.9 and 60.3 m (72 and 198 ft) witreak value of 240 pCi/g at 41.5 m (136 ft).
Tc-99was noted from 36.6 t60.1 m (12Qo 230 ft) with a maximum of about 30 pCi/g (wat
extraction) at 51.8 m (170 ft).
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Site

Description

Borehole 299E33-343, located at the northwest corner of thieuk farm shows the uranium
contamination has migrated deeper within the vadose zone, and appears to be near the
water zonen theCCU.

Boreholes 2993318 (A4844) and 29%33-345, located approximately 38 m (125 ft) east
299E33-343, also revealedigh uranium contents in the CCU.

Recent wells 29¢33-350 and299-E33-351 had no vadose zone contamination above the
perched water. Well 29833-360 also had no vadose zone contamination above the perg
water zoneindicating the uranium had movedarthis deep zone laterally from near the
leaking tank. However, the uranium concentrations within the saturated perched water i
are consistent with other existing perched water concentrations.

BC Cribs and
Trenches

Waste Stream(s)The BCcribs and trenchesvere active in 1954957. They received waste
produced by the bismuth phosphate separations process that was reprocesséttat 221
recover the uranium from the wastafter the uranium was removed, the-C37 and S©0
contents of the efflent were reduced by precipitatiaith nickel ferrocyanide A total of 6
cribs and 16 unlined trenches received scavenged tank waste frararthenrecovery
process.Trenches 214-53A, 216B-53B, 216B-54, and 216B-58 received laboratory and
Plutonium Recycle Test Reactaraste fronthe 300 Area.

The scavenged tank waste was high in salt and ndathelsic. Cumulative discharge
inventory summary (SIM) to the 248-17 crib (example) is:
U: 104 kg

Na: 279,059 kg

Ca: 503 kg

K: 1984 kg

NOs: 561,917 kg

NO.: 18,709 kg

CGs: 19,658 kg

POy 20,064 kg

SOy 37,363 kg

F: 6111 kg

Cl: 9944 kg

Sr-90: 829 Ci

Tc-99: 9.8 Ci

Cs137: 119.7 Ci

=4 =4 =884 -8_4_4_4_4_4_°9_°-°9

Description: The 216B-17 crib is constructed of a single wood/concrete block/steel plate
liquid dispersion structure measuringt3 x 0.9 m (10x 10 x 3 ft) highthat is set below
grade on a 1.5 (5ft) thick bedof 3-inch gravel. The 216B-26 trenchis an unlined trench
154 m (500 ft) long, 3 m (10 ft) widand 2.4 m (8 ft) deepEarthen dams dividie trench
into three sections.

CharacterizationIn 2005, characterization borehole C4191 was drilled through th 266
trench to groundwaterTwo regions of contamination were found nearsurface region of
Cs137 and SO0 associated with the bottom of the trench and a deeper @gi@9 and
nitrate from 27.4 to 41.1 m (90 85 ft) bgs. Maximum neassurface contamination
concentrationsbserved were C$37: 529,000 pCi/g, £90: 974,000 pCi/g, ArR41.:

41 pCi/g, Pu 195 pCi/g. Spectralgamma logging systefiSGLS logging of boreholes
installed to support a subsequent excavatimused treatability test revealed a highly
contaminated region (~1 ft thick) at a depth of approximately 3.3 to 3.6 m (11 to 12 ft) w
Cs137 concefrations exceeding 1E+06 pCi/g.
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Site

Description

In 2008, borehole C5923 was drilled to groundwater near theB218 crib. No nearsurface
contamination was observed because it was intentionally located outside the footprint of
crib. Peaks of T®9 contamination were observed at approximately 15.2, 38.4, and
68.6m (50, 90, 125and 225t) bgs, indicating significant lateral spread well as deep
mobile contamination. Maximum mobile U contamination observed was g/4.0at
approximately 21.3 m (70 ft) bgs.

216-A-3, and-9
Cribs

216-A-3 Crib

Waste Stream(s)Until November 1967, the site received wastes from the siiida
regeneration in the 208 building, the uranyl nitrate hexahydrate (UNH) storage pit draina
and the liquid waste from the 2@8pump house After November 1967, the site received
UNH storage pitlrainage, liquid drainage, liquid waste from the -20Building enclosure
sumps, and the heating coil condensate from the P1 through P4 UNH Batlkeen 1967
and 1970, the site discontinued receivitischarge from silicgel regeneration waste$he
waste included uraniungs-137,5r-90 andRu-106. The site was taken out of service in Apf
1981.

Description The unit contains a 10 cm {d.) diameter Schedule 10 perforated 304 stainles
steel fpe placed horizontally 2.4 m (8 ft) below grade and twoné.(ROft) lengths of this
pipe placed perpendicularly to the first pipe, forming an H pattern in & ®.1x 4.9 m deep
(20x 20 x 16 ftdeep) excavatianThe site has approximately 2.4 m {Bdf gravel fill with a
volume of 280 rfi(10,000 f) and has been backfilled.

216-A-9 Crib

Waste Stream(s)Until February 1958, the site received acid fractionator condensate and
condenser cooling water from the 282building. In February 1958, the crib was judged to
have reached its capacity and was taken out of serkicapril 1966, the crib was approved
for disposal of liquid N Reactor decontamination waste, which continued to October 196
From October 1966 to August 19&he site was inactivdn August 1969, the site again
received acid fractionator condensate from the-208iilding. The waste was acidic.

Description The site contains a 25 cm (itD) diameter Schedule 30 steel perforated pipe,
placed horizontayl, 2.7 m (9 ft) below grade in a 42020 x 13 ft deep excavationThe site
has B40 n¥ (65,000 ff) of gravel fill and has been backfilled.

Characterization Groundwater wells 29€24-3, E244, E245, and E2463 monitor this unit.
The data indicatéhat no breakthrough to groundwater has occurred at this site.

216-A-4 Crib

Waste Stream(s)The site received the laboratory cell drainage from the&208ilding.
(The site was reported to have also received®4distackdrainage) The 216A-4 crib also
received waste solution from the 2862 waste collection tank, the ¢¢ll U-3 and U4
laboratory waste receiver tanks (located in the acid storage vault), the dissclyas off
scrubbersand the 244A-151diversion box catch tank

The waste was lown salt and neutraio-basic. Cumulative discharge inventory summary
(SIM) is:

1 U: 5388 kg
 K: 75,974 kg

T NOs: 95,373 kg
1 PQg: 1691 kg
1 Cs137:49Ci
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Site

Description

Description Excavation wag0 x 20 x 26 ft deep. Two 6.1m (20ft) lengths of 15cm (6in.)
perforded vitrified clay pipe form a horizontal cross pattanuare located 5.5 m (18 ft)
below grade.The excavation has 2.4 m (8 ft) of coarse rock fill with a volume of 280 m
(10,000 fé) and has been backfilled.

Characterization Characterizatiotorehole C4560 was drilled into the crib in 20@¥illing
was suspended due to an unexpected extremely high zone of radiological contaminatior
encountered. Dose rates of 2.2 R at 6.7 m (22 ft) and 2.4 R at 7.0 m (23 ft) were obsery

Borehole C5301 @3-E24-23), drilled in late 2006/early 2007, was placed south of the
southwest corner of the crib and drilled 109.7 m (360 ft) d&g137 was the@nly manmade
isotope detected.

21651&2

Waste Stream(s)This unit was used as a subsurface liquid ihistion system that received
cell drainage and process condensate from the REDOX facilitg. waste had a pH of 2.1.
The waste was discharged to the cribs in batcki¢ls each batch being approximately
19,000L (4940 gal), and an average of 10 batchitscharged each dayvhen the crib was
abandoned, it had received approximately 750,000 Ci of mixed fission products.

The site received cell drainage from thel Peceiver tankand process condensate from the
D-2 receiver tankn the 202S building.

The waste was acidicCumulative discharge inventory summary (SIM) is:
1 U: 2220 kg

1 Na: 9778 kg

1 NOs: 210,879 kg

1 Sr-90: 959 Ci

T Tc99: 26Ci

1 Cs137: 827 Ci

Description: The excavation includes two opénttomed crib boxes, each measuring>3.7
3.7m (12 ftx 12 ft), made of timber, and placed in a 3.0 m (10 ft) thick gravel bed in a27
12.2x 10.4 m deep (98 40 x 34 ft deep) excavationThe cribs are connected in series whe
overflow from the crib box S1 flows into crib box S2&\dn undergrad pipe.

CharacterizationCore samples from wells drilled in 1956 determined that&&was
contained in the upper strata beneath the cribs, but 480 Bad reached groundwateZore
samples from five additional wells drillegtarthe 216S-1&2 cribs in 1966 indicated that 0
of the Cs137 and less than ¥of the S¥90 was contained in the soil between 4.8 m (16 ft
and 10 m (33 ft) below the crib&eophysical logging performed in 1984 indicated that
Cs137 concentrations were highest jhstow the bottom of the crib and decreased rapidly
with depth. There has been little change in the gamma activity profiles since 1958.

21657

Waste Stream(s)Erom January 12, 1956 April 12, 1959, the unit received REDOX cell
drainage from the E receiver tankprocess condensate from the2Peceiver tankand
condensate from the-Blcondensem the 202 S building. A buildup of beta activity in this
crib prompted the reroutinof H-6 waste material to the underground waste storage tanks
The crib continued to receive waste froriLland D2 vesselauntil July 1965.

The waste was acidicCumulative discharge inventory summary (SIM) is:
7 U: 3411kg
1 Na: 11,760 kg
T NOs: 432,149
1 Sr90: 1471 Ci
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Site

Description

1 Tc99: 25Ci
T Cs137: 979 Ci
1 Pu239/240:83.7 Ci

Description The unit consists of two wooden structures measuring 4.9 m (16.1 ft) squarg
1.6 m (5.2 ft) high.The structures are set 15.2 m (50 ft) apart, center to center, if & Bb.2
x 6.7 m deep (108 50 x 22 ft deep) excavationThe structures were set in gravel and
covered with backfill. The two structures are connected in parallel by a pipe, allowing the
flow to be eqally distributed to both cribs.

CharacterizationCharacterization borehole C4557 was installed in late 2004 and complg
in early 2005.Geophysical logging indicated maximum-C37 of two millionpCi/g at 7.8 m
(25 ft) bgs. No other manmade radionuclides were detected.

SGLS characterization of 298/22-33, located in the crib footprintndicated 300 pCi/g@f Cs
137 at 8.4 m (27.5 ft). No other manmade radionuclides were detected.
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20 Concl usions and Recommendat

This section providesonclusions and recommendatidos the URGS ammonia treatment technology
based on the completed treatability test elements and assessment of implications for consideration of the
technology for remediation implementation.

21 Overal l Concl usi ons

URGS is intended tprotect groundwater byedreasing the mobility of uranium contamination in the
vadose zone. To achieve this objectiine,amendments need to be distributed to contact the targeted
treatment zone arttie technology needs to induce a robust geochemical change that deaaaaises u
mobility. The treatabitly test was designed &valuate the technolodiirough a combination of
laboratory testing and #&fd test at the 218-8 site.

The laboratory testinfpr ammonia technology developmeainducted prior to initiating efforts tte

field test site demonstrated the treatment process and provided information needed to scale the treatment
for field applicationgSzecsody et al. 2010a,b, 2012; Zhong et al520duex et al. 2014 A variety of
vadose zone, lowvatercontent sedimas were treated with ammonia to evaluate the treatment.
Injection of ammonia in the gashase created high dissolvpdaseammoniaconcentrations that

followed equilibrium partitioning behavior. The injection led to an increase in pH from 8.0 to dbbut 1
when the injected gas phase was 5 vol% ammonia. The increase in pore water pH resulted in a large
increase in pore water cations and anions from mimpdrase dissolutionMinerals showing the greatest
dissolution included montmorillonitepuscoviteand kaolinite. Porgvater ion concentrations then
decreased with timeGeochemicalisnulations based on initial pemater ion concentrations indicated

that quartz, chrysotile, calcite, diaspore, hematite, anbdditavoodite & hydrousuraniumsilicate) should
precipitate(Szecsody et al. 2010Qb)

During laboratory testing for ammonia technology development conducted prior to initiating efforts at the
field test site several types of analyses were conducted to evaluate changes in urenility after
ammonia treatmenBgecsody et al. 2010a,b, 2012; Zhong et al5R0These studies usegproaches
similar to those described in Secti®®. Ofthese, the most important for evaluating ammonia treatment
effectiveness were sequential extractions and soil coleauhingtests. Sequential extractionsere

applied to assess how the distribution of uranium among aqueous and sedisoemted phases

changed during treatment. For sequential extracttbessedimenivasfirst contacted with simulated
groundwater and then the groundwatassremoved and analyzed for uranium. This same appnvash
then sequentially applied with an ion exchange smiyth weak acetic acid, a strong acetic acid, and
finally strong acidsee SectioB.0for details) Sequential extractions for prand postreatment
sedimentsamples were compared to quantify the effect of the ammonia treat®eihtolumnleaching
testswere also conducted for some sediments when sufficient sediment was available to quantify the
amount of uranium that eluted from a sediment when exposenltim@l simulated groundwater. The
sedimentwasplaced in a small soil column and simulated groundwagespumped through the column

at a relatively slow rate for about 100 pore volumes. Effluent samelesanalyzed for uraniurwith
comparison of test®r pre- and postreatment sediments

Results of theechnology developmeilfdboratory tests prior to the field test showed good ammonia
treatment performancd.aboratory testing of the ammonia treatment was conducted for a range of
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sediments and assotgd uranium precipitate phasasd sediment samples that were available from the
HanfordSite at the time othetechnology development effortSediments were primarily from beneath
tank farms and from other sites withuiratto-basic waste discharge conditior@ver 80%of the
sequential extraction testhowedgood mobility reduction (125 tests on 18 sedimemigh mobile

phases reduced lanaverage of 68%and mmobile phasgincreased by an average of 71%he soll
columnresultsshowedover80% less uranium leaching due to ammonia treatment (teftsemn
sediments) Other tests also showed good results. However, testing was limited by two factors. First,
only a few sedimertypes could be tested with the soil coluneathing method because a sufficient
quantity of material was only available for a few sediment tygesxond, samples were available only
for limited types of waste disposal chemistries that did not include acidic diggmasaksociated
neutralization ppcessedecause sampling of this type of waste site was not scheduled to include the
technology development effort needs.

Initial activities at the field test site included characterization of site sediments, laboratory dosing and
effectiveness testing afte sediments, and construction of the injection and monitoring system.
Laboratory effectiveness testing with fisdide sedimentffom the 216-U-8 crib includedsediment
characterization, sequential extraction analysis, and soil cdkawhtesting ofpre- and postreated
sediments (SectioB.0). Acidic waste had been discharged atthRGS field sitgthe waste was passed
through a lime tank prior to dischardmit the pH was not specifically managdad)contrast to the sites
providing sediment foprevious laboratory testsSequential extractioresultsfor field test site sediment
sampleshoweda decrease inraniummobility after ammonia treatment for 17 of 18 samples based on
reductions observed mobileuraniumphasse. These results suggested that uranium molikity
decreasetly treatment.However, for many of the sediment samples, thes not a correspondjn
increase in the immobil@harsh acid extraction) phases.

In soil columnleachingtestswith field test site sedimenalmost allammoniatreated samples sheda

higher total mass of uranium leached for the same number of/plume flushes than was kgzed for

the corresponding untreated sam@d®r some samplepartof this difference may be due to differing

starting uranium concentrations between the untreated and treated subsatopleger, looking across

all of the data, this variability doestexplain the consistently greater leaching of uranium from
ammoniatreated sediments. Theikcolumnleachingresultswereinconsistent with sequential

extraction resultfor mobile uranium phasegith respect to total mass leached and the initial urani
concentrations in the column effluerMost ammonigareated samples shega high uranium

concentration eluted from the soil column in the first few pore volumes when only the mobile phase of the
uranium should elute from the column.

Ammonia treatmendat the field test siteas indicated by the sequential extraction ressittsuld have

significantly reduced thiighly mobile phaseandtheinitial eluted uranium concentrations should have

been low Based on previougchnology developmem¢sting, theammonia treatment process requires at

least 20 4 months incubation time to work. However, reaction times used in the currentvitiudye

field test sampleare consistent wittheseprevious studies (all greater tham®nths) and treatment
effectiveness was the same for all of the tested reaction times. Thus, observed ammonia treatment results
are not due to the reactitime that was used in the test.

The laboratory resultsith field test sedimentdemonstrated that there were interferencesaffiatt the
ammonia treatment. Thesderferencdactors may be caused by the tgpéuranium phases present, the
presence of coontaminant interferences, or sedimenttootaminant properties that lead to the need for
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higher ammonia doses for thedment to be effective. The reason for the-specific interferences was
evaluated to assess applicability of the technology to other &tesultswith the field test sediments
suggesthat areas below acidic waste discharge sites (such as the |lafdtier?16U-8 field test site)

where sediment carbonate is depleted and whemaitvescopicuranium distributioron soil particlesis
concentrated itocalizeddeposits rather than more uniformly precipitated at the soil syriezdd not

be suitabldor use of URGS ammonia treatment. Because the ammonia treatment process was found to
be sensitive to these conditions, there may be other geochemical conditions that may interfere with
ammonia treatment effectiveness. For this reason, the treattdslityport includes the

recommendations for sigpecific testingas described in Sectiéh2

Becauselte field test was natonductedecause of the observedagr treatment effectiveness in the
laboratory for fieldsite sediments, the conclusions and recommendations focus on information gained in
the treatability test effort for technology effectiveness, implementability, and cost factors. This
information waglerived from the laboratory testing during technology developrtedratory testing

for the field test siteand from the field test desigand construction activities.

The treatability test report compiles the technology information gained from thatiadyatesting during
technology development, thaboratory testing usinfield-site samplesand a laboratory study assessing
geochemical interferences that affect ammonia treatment performance. In addition, the treatability test
report describes thedlid injection and monitoring equipment design and associated design calculations.
Collectively, this information wilkssist in evaluatinthis technology for applicability at other sites.
Information suggests that applicabilay acidic discharge sitesay be poor at locations in the subsurface
where the waste chemistry impacted the sediments as observed in the shallow vadose zone below the 216
U-8 test site. However, effective URGS treatment may be possible at neutral or basic discharge sites or
deepein the vadose zone below sites if subsurface geochemistry has not been significantly affected by
the waste discharge chemistHowever, if the URGS technology is determined to be potentially
applicable at a site in the future, siigecific laboratory testing would be necessary to confirm treatment
effectivenesgrior to field-scale implementationThe field design and laborayatesting conducted for

the URGS treatability testing and gagection experience from thdanforddesiccation field tegfTruex

et al. 2018), conducted as part of beep Vados@oneTreatability Test Plan for the Hanford Central
Plateau(DOE 2008, provide a basis for design of ammonia injection at prospective Sitesre are also

two anticipated uses of ammonia injection outside Hanford that may also provide relevant information.
One of these tests is follAS. Department of Defense research aggdlion evaluating injection of

ammonia to increase the rate of alkaline hydrolysis of organic contamiRaatstive Gas Process for In

Situ Treatment of 1,2;3richloropropane in Vadose Zone SoiER-201632 https://www.serdp
estcp.org/Programreas/EnvionmentalRestoration/Contaminate@roundwater/Persistent
Contamination/ER01633. For another test, ammonia will be injected to provide an electrical
conductivity increase in the water within subsurface fractures so that electrical resistivity toryograph
(ERT) can be used to identify the location of the fractuRec{fic Northwest National Laboratory

[PNNL] project number 68073 Injection effectiveness is related to the subsurfaipropertieqe.q.,

soil moisture content and gas permeabiligyipotential shortircuit pathways (e.g., pipelinegnd site
specific ammonia injection trials may also be necessary prior to full implementation at another site.

The URGS test demonstrated that interactions of the ammonia treatment chemistry andhstaigegc
are important to the effectiveness of the treatment for decreasing uranium mobility. This report
documents closeout of the URGS treatability test as part di¢bp VadosZoneTreatability Test Plan
for the Hanford Central Platea(DOE 2008 effort. The treatability test effort accomplished the goal of
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providing sufficient data for the URGS ammonia treatment process for its consideration in a future
feasibility study.

211 Effectiveness Considerations

The URGS ammonia treatment technology is basedissolving aluminosilicates, a ubiquitous
component of Hanfor&ite sediments, to create conditions for precipitation ofsmlubility uranium
silicates and r@recipitation of aluminosilicates. These processes are expected to decrease uranium
mobility because lovsolubility materialssuch as uranium silicatese created. While this basic
geochemical process is robushoratoryresultsusingsamples fronthe field test site demonstrated that
the process may not decrease uranium mobility. In essétlee geochemical manipulation of silicate
dissolution and precipitation does not adequately enable uranium silicate precipitateorecipitated
aluminosilicates do not coat uranium, themniummobility will not be reduced. Further, if these
interactions do not occur and the dissolutiomirecipitation process causes uranium to be present in
highersolubility forms than pretreatment conditions, then uranium mobility may be increased by the
ammonia treatment. This tat situation appears teccur for the field test site conditions. Thus,-site
specific information is needed to determine whether the geochemical manipulation induced by ammonia
treatment will decrease uranium mobility.

Laboratory tests wereonductedo evaluate potential causefthe poor ammonia treatment effectiveness
observed with laboratory dosing of ammonia to field site sedim@&its.sediment characterizatiasts
showed low sediment carbondieg., calciteroncentrations, low concentrations of uranium associated
with the alkaline sediment extraction analysis used to identify carbassteiated uranium, and
microscopicuranium distributioron the soil particlesconcentrated itocalizeddeposits rather than more
uniformly precipitated at the soil surfaceow amounts ofcarbonate and carbonadssociated uranium
can affect the uranium compound dissolution that is induced by ammonia treatment, the uranium
complexation in the pore water during ammonia treatmentiheaEH neutralization procegbatoccurs
after amnonia injection is terminated. Havimgicroscopicuraniumconcentrated itocalizeddeposits
rather than more uniformly precipitated at the soil suréaseaffect the uranium compound dissolution
that is induced by ammonia treatment. Rosmoniatreatmeat surface analysis also showedalized
microscopicuraniumdeposits suggesting poor dissolution during ammonia treatment and likely poor
coating by aluminosilicates. Collectively, these conditions, and potentially others, hindered ammonia
treatment dkctivenessn laboratory tests of samples frahe field test site.

Other factors were investigatdalit no evidencewas found that these other factaffected ammonia

treatment. For instance, the field test site did not have high organic carbasphate concentrations

that might indicate presence of tributyl phosphate or other uranium complexing agents. Similarly, tests

for the other hypotheses listed in Sect®p.1.3did notidentify a factorelated to poor ammonia

treatment performance. However, those potential concerns (e.g., presence of organic carbon) could affect
the treatment process at other sitessummary interferenceesting identifiel specific concerns at acidic

waste discharge sites where the discharge has altered the sediment carbonate concentrations and caused
uranium to be deposited in sparse hot spots in the sediment. The overall treatability teshcsdits

these interferese testslead toa recommendation thaite-specific effectiveness testing is needed for
evaluation of this technologprior to selection for application at another fiszaus@&JRGS ammonia

treatment effectiveness can be impacted bysgezificgeochemical factors
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The URGS technology uses ammonia vapor to alter the subsurface pH and induce the targeted
geochemical reactions. To achieve the necessary pH change (from an initial value of about pH 8 to a
treatment value of about pH 11.5), a largamfity of ammonia must be added. The treatment results in a
3 M ammonia concentration in the vadose zone moisture. Thedomgfate of this ammonia is

primarily incorporation into precipitates and biological conversion of ammonia to nitrate. Tdus, th
treat ment adds nireduciagtthe ur@inium mabiktyBécauseqiraie isfalsa a
contaminant of concertthie mass of nitrate added during treatment must be considered as part of
evaluating the suitability of the technology for a sifectionl.1 provides estimates of nitrate mass for
conceptual ammonia treatment scenarios. The largest of these scenarios is treatment of uranium for a
80 x 80 mtarget (69,000 ®), with an estimated 10,500 kg of nitrate produced from the added ammonia.

2.1.2 Implementability and Cost Considerations

The URGSechnologyrequires injection of a sufficient mass of gdsse ammonia into the targeted area

of the vadose zone raise the pore water concentration of ammonia to about 3 M. As shown in Section

1.1, the mass of ammonia estimated for the field test and for potential Hapjolidations ranged from

3000 kg (1300 gadf liquid ammonidto over 300,000 kg (130,000 galliquid ammonid. Thus, a
substantiahmount of ammonia must be handled for injection operations. {saaje ammonia handling

is conducted for other induis (e.g., anhydrous ammonia refrigeration, use of anhydrous ammonia as
agricultural fertilizer)and equipmenfior ammonia is available witammoniacompatible materials.

However, care must be taken in the design to ensure ammonia compagibdigguiment is typically

not off-the-shelf §mplying higher costandlongerleadtimes). There are also construction codes that

must be foll owed because of ammoniads properties
ammoniaat 20 °C is pressurized aboutl14 psg [https://webbook.nist.goly. The fieldtest design

described in Sectio#.0includes information about equipment requirements, although adesgdicated

ammonia delivery system using a single stock tank could be used for a remediaticetiapgh place of

the multipletark design prepared for the field test. Ammonia injection in the gas phase at a low
percentageoncentratiorfi.e., 5vol%) mus use anhydrous gas because of a
Thus, adry liquid nitrogen carrier gas was specified for the field test and would likely be needed for
remediation applications. Estimated volumes for the carrier gas range from 85,0010 %8 (gas

phase). Thus, large quantities of liquid nitrogen are needed and the injection system must be made
compatible with handling of the cryogenic liquid nitrogen and the potential for oxygen dejptetion

enclosed spacemless a large unit for eating dry air is used

Use of ammonia also requires health and safetypmentandplanning The field test design (Section

4.0) is indicative of the type of anwnia monitoring that would be required for health and safety for a
remediation application. Thigalth and safetyonitoring included an ammonia sengothe areas that
leaks were likely to occur (e.g., piping joints, connection points, and valmdgkle ammoniatorageand
injection equipment enclosure, on the pressure reliegadgfstack, and surface monitoring across the area
above the vadose zone injection targeimmonia sensors are readily available, but they are typically
applied in an idustrial setting, not at a field sitehere gnsor application can be more problematic
because of the environmental conditiamghefield versus the controlled environmentan industrial

facility. Because odor and hazard thresholds for ammonia arsémsorgor ambient health and safety
monitoring were operatedt the low end of their rander the planned field test, with an alarm threshold
imposed at 12 ppmvExperience at the field test site showed ammonia sensor drift and sporadic readings
notassociated with ammonia (because no ammonia was present at the test site). These issues are
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problematic because false positive readings require a response aatfaoeyork both for the

remediation operation and for any adjacent unrelated operationstgéncy planning isubstantiatiue

to the hazard and flammability concerns with ammonia. Releases into the atmosphere are of specific
concern due to thepidmovemenbutside of areas controlled by the remediation operation. Field test
planning inclued interactions wittthe fire departmerdand nearbyacilities, such as the 200 West pump
andtreat facility, where a release would have had broad implicafimngersonnel safety and facility
operations. Because of the low odor thresthaidimmonia concerns may also arise if staffnell
ammoniaodorsbelow the alarm thresholhd respond with a stop work and emergency notification.

Thus, future implementation for remediation will need to consider the project risks and health and safety
aspects relatetb use of a hazardous gas.

2.1.3 Technology Resources

Detailed descriptions dhe URGStechnology development effaate available in the following reports
and articles.

Reports

9 DOE. 201%. Field Test Plan for the Uranium Sequestration Pilot T&3DE/RL-2010-87, U.S.
Department of EnergRichlandOperationgOffice, Richland, Véshington

9 DOE. 201%. Sampling and Analysis Plan for the Uranium Sequestration Pilot TROE/RL-
201088, U.S.Department of EnergRichlandOperationgffice, Richland Washington

1 TruexMJ, JE Szecsody, L Zhong, JN Thomle, and TC Johnson. Z&daleUp Information for
GasPhase Ammonia Treatment of Uranium in the Vadose Zone at the Hanford Site Central Plateau
PNNL-23699, Pacific Northwest National Laboratory, Rictda/Vashington

9 Szecsody JE, MJ Truex, L Zhong, MD Williams, and CT Re@fi1.ta. Remediation of Uranium in
the Hanford Vadose Zone Using Gasinsported Reactants: LaborateBcale Experiments
PNNL-18879, Pacific Northwest National Laboratory, RictdaVashington

9 Szecsody JE, MJ Truex, L Zhong, NP Qafoku, MD Williams, JP McKinley, CT Resch, JL Phillips, D
Faurie, and J Barga201M. Remediation of Uranium in the Hanford Vadose Zone Using Ammonia
Gas: FY10 Laboratorgcale ExperimentsPNNL-20004, Pacific Northwest National Laboratory,
Richland,Washington

Articles

1 Zhong L, JE Szecsody, MJ Truex, and MD Williams. 208Ammonia Gas Transport and
Reactions in Unsaturated Sediments: Implications for Use as an Amendment to Immatnigaaim
Contaminant®& Journal of Hazardous Materia89:118 129. doi:10.1016/j.jhazmat.2015.02.025

9 Szecsody JE, MJ Truex, L Zhong, TC Johnson, NP Qafoku, MD Williams, JW Greenwood, EL
Wallin, JD Bargar, and DK Faurie2012. iiGeochemical an@eophysical Changes During NH3 Gas
Treatment of Vadose Zone Sediments for Uranium Remediatadose Zone 11(4).
doi:10.2136/vzj2011.0158

9 Emerson HP, S Di Pietro, Y Katsenovich, and J Szecsdd¥8. fiPotential for U sequestration with
select mineals and sediments via base treatngedt Environmental Managemef23:108114.
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9 Katsenovich YP, C Cardona, J Szecsody, LE Lagos, and W Bai@. AAssessment of calcium
addition on the removal of U(VI) in the alkaline conditions created byddidd Applied
Geochemistr$2:94103.

9 Emerson HP, S Di Pietro, Y Katsenovich, and J Szecsdd¥7. fEffects of ammonium on uranium
partitioning and kaolinite mineral dissolutionJ. Environmental Radioactivity67:150159.

9 Katsenovich YP, C Cardona, R Lapi J Szecsody, and LE Lagd016. iiThe effect of Si and Al
concentrations on the removal of U(VI) in the alkaline conditions created by NHBAyaglied
Geochemistry3:109117.

22 Recommendati ons

Using the information collected from technology devetept and treatability test efforts,
recommendationgere developed with respect to URGS applicability (Se@iarl), lessons learned for
the URGS and other reactive gas technologies (Sezid, and additional efforts that could be applied
to refine the knowledge of URGSfeftiveness, implementability, and limitations (Secizop.3.

As an overall recommendation for the URGS technology, a future feasibility study would firsbneed t
consider the waste discharge, associated subsurface geochemistry, and uranium mobility at a site. For
sites where uranium mobility is determined to be a risk to groundwater, the URGS ammonia treatment
can be evaluated usitige technical information fahe ammonia treatment process in this report and may
be applicable if1) site information suggests that ammonia treatment has the potential to reduce uranium
mobility, (2) production of nitrate from the ammonia injection is within an acceptable ranhe, an

(3) ammonia injection appears to be feasible based on injection design calculations. For sites meeting
these criteria, this report recommends that asgitzific evaluation of ammonia treatment effectiveness

be conducted using sediments from the zangeted for treatment. These tests would include sequential
extraction and soil column leaching tests for untreated and amitneatad sediments to quantify the
change in uranium mobility. This testing would require about 1 year from the time of sedammte

receipt to the reporting of laboratory resulEor sites with positive results, where the decrease in

uranium mobility will meet groundwater protection needs, an ammonia injection design can be
implemented using a phased approach, if the URG8ama treatment technology is included in the
remedial alternative selected in the Record of Decision.

2.2.1 URGS Applicability

FromSectionl.2 of the 11 major uraniumisposal sites in the Hanford Central Plateau (not including the
uranium solids disposed at thelQcrib), 6 were acidiavaste disposal sites where the ammonia
technology may not be applicalllecause¢hey may have thiew sediment carbonate concentrai@nd
microscopicuranium concentrated Incalizeddeposits rather than more uniformly precipitated at the soil
surfacethatwere likely causes of poor ammonia treatment effectiveness at the field test site. For deeper
ammonia treatment applications atdic waste sites, the subsurface conditions may be appropriate for
use of the technology, but sipecific evaluation would be neededf thell majorsites, 5 were
neutralto-alkaline waste disposal and are more similar to the conditions tested during technology
development. These 5 neuttatalkaline sites would potentially be more suitable for application of

URGS, although sitepecific testing fotreatment effectiveness is recommended, with this testing to
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include use of soitolumn leaching tests to evaluate the change in uranium mobility induced by ammonia
treatment.

Uranium disposal sites in the Hanford Central Plateau have a wide rangeostdispventory and
disposal chemistry. As shown by 2D&-1 OU characterization (Truex et al. 2Q5Zecsody et al.
2017 Demirkanli et al. 2018), uranium in the tested sediments was dominantly in sedsreniated
phases that limit uranium mobility. hlis,as a first stegremedial investigation of uranium mobility at
sites is important to determimehetherremediation to decrease uranium mobility is warranted. This
determination for Hanford Central Plateau sites will occur as part of future renmeeistigations and
associted baseline risk assessments.

As a preliminary estimate, Eslinger et al. (2006) used the System Assessment Capability (a simplified
assessment of contaminant transport) anétidnventory Model available at the time of theionk to
evaluate which sites in thdanford Central Plateau may be expecteaftectgroundwater with uranium
concentrations above the drinking water standard. Sites in the U tank farm, REDOX cribs and trenches,
TY cribs, PUREX cribs and trenches, U cribad BComplex tank farms were identified as having a
potential for uranium impact to groundwatdthis information was later interpreted by Truex and Carroll
(2013) as a preliminary estimate of uranium waste sites of concern, adding to the sitesddentif

Eslinger et al. (2006) based on observed uranium concentrations in groundwater beneath some waste
sites. The bulleted list below shows this preliminary list of uranium waste sites of gandmaing

where information is known about the wastectiarge pH (acidic [A]; basic or neutral [B/N]) and

whether neaterm (<100 year) or lonterm (>100 to 1000+ years) arrival of uranium in the groundwater
is expected. Additional sites considered for the URGS treatability test, but not identified in the
preliminary estimateélruex and Carroll 2013are also shown below (denoted withf&g).

Determination of baseline risk for uranium will be finalized in the remedial investigation reports for
vadose zone OUs. The intent of the list below is to praaidestimate of potential waste sites where
remediation of uranium in the vadose zone maseheired This list shows a relatively small number of
sites compared to the total number for which uranium was included in the waste stream or leak. Of these
sites, based on the siselection activities for the URGS treatability tesppendix A, the241-BX-102

and 216B-12 sites are two highranium inventory sites fawhich ammonia treatment may be effective
based on similarity to the sediment conditions used for laboratory test during technology development
activities and based on the site properties relative implementation of the treatment process.

1 241-BX-102 tank (nar term) [B/N]

1 216B-12 (near term) [B/N]

1 216-:A-4 (near term) [B/N]

9 216:U-10 (near term) [B/N]

1 U tank farm(241-U-104) (long term) [B/Nl
9 216 T-26 (long term) B/N]

1 216A-3* [BIN]

1 216:U-1/2 (near term) [A]

1 216U-12 (long term) [A]

1 216S-7 (long term) [A]
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1 216U-8* [A]
1 216A-9* [A]
1 216S-1&2* [A]

Because of the poor effectiveness obsemebe laboratoryfor thesamples from th&eatability test site
(216-:U-8), applicability at these (or other) sites would need to confirmed based-spesiiéc
evaluations, including laboratory testing on site sediments. Of the above si&l-BX-102 site was
included in prefield-test ldboratory evaluations and showed good treatment effectivenes4 TR -
102 site, howeveis related to the BEomplex perched water contamination and ammonia treatment
would only be applicable, if needed, for treatment of contaminated zones withedglidiv moistue
content, not perched water.

Surface infrastructure, contaminant depth, and contaminated sediment properties would also need to be
considered with respect to implementability and cost wieasidering URGS applicability.

9 Surface infrastrucire and other administrative limitations (e.g., tank farm operations) add to the cost
and diffiaulty of any in situ treatment.

1 Contaminant depth is not a direct issue, but ddetcost (e.g., well costs) and may be of concern
related to production ofitnate due to ammonia injection. Adding nitrate closer to the water table
would create higher groundwater concentrations than the same amount of niteatdigther in the
vadose zone.

1 Sediment properties are important for several reasons related tan@@rinjection (in addition to
geochemical considerations for treatment effectiveness).

T Heterogeneity in sediment properties within thwget treatment zone will affect injected gas
distribution, with gases following the highest permeability pathways oraddy tests have
shown that ammonia diffusion and partitioning behavior will help distribute ammonia intc lower
permeability zones adjacent to the hjggrmeability pathways. However, significant
heterogeneities can6ét be overcome by these pro

T Moisture content is important because it is directly proportional to the mass of ammonia required
per volume of treatment zone that must be added to reach the targete@imrreoncentrations
for effective treatment. Comparedatower moisture conteng higher moisture contemesults
in longer ammonia injection time and higher ma&®th increasing the cost of treatment. Higher
injected ammonia mass at the higher moisture content also results in a higher mass of nitrate
produced within the treatmenbrze (although at the same concentration as for low moisture
content).

T Lower permeability zones will also potentially limit the gas injection rate or require higher
pressures to achieve the same injection rate as for higher permeability zones. Lortger injec
times increase costs and higher pressure operations may lead to increased costs or safety
concerns.

2211 URGS Evaluation Needs

Forfull-scaleURGS the following sitespecific informatiorwould be needed to evaluate effectiveness
and any limitations for wsof ammonia treatment.
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9 The uranium contaminant concentration and mobility prior to treatmest be determinetd
evaluate uranium fate and transport and the targeted reduction in mobility that would meet
groundwater protection goals.

9 The uranium distribtion in sediment laye@nd sediment layer physical propert@@eneeded to
assess the ability to deliver sufficient ammonia gas for treatment.

1 The sediment moisture content distribution and geochemical conditions (incediimyent
carbonate concentiah) are needed to determine the ammonia treatment design and assess site
specific interferences for ammoni@atment effectiveness.

1 Laboratory ammonia dosing and evaluation of the effectiveness in decreasing uranium mobility using
soil column leachingnethodsareneeded to determinghetherammonia treatment is applicable for a
site. This testing would require up to 1 year of laboratory work because the dosing component needs
about 4 months of reaction time and the soil column testing requires afoctin®nths to complete.

2.2.1.2 URGS Implementability Requirements and Limitations

To estimatdJRGS designanequilibrium partitioningapproach can be assumed for the ammonia loading
into the targeted treatment area of the vadose zomeasA balance type calation can be used to

estimate the ammonia loading needed for a targeted region of sediment at a specified water content and
ammonia gas concentratiffiruex et al. 2014Zhong et al. 208). Additionally, ammonia dissociation

can be computed based on thedynamic information so that the pH of the pore water can also be
estimated.The tables in Sectioh.1showthe results of tbse calculationfor the field test e and for
conceptual future applications on the Hanford Central Platétile these estimates do not account for

all of the phenomena that can occur, they capture the dominant phendraboeatory testing has

confirmed that these estimates are closehat is observed at the laboratory scale.

Theammonia treatment desigalculations provida basis for estimating the ammonia injection and

other equipment requirements under ideal conditions and include assumptions based on laboratory
experience andrpfessional judgment. Thus, some safety factors may need to be assumed for use of
these calculations for a feasibility study. For instance, the example calculations in $dcgsume

that with anisotropy in the subsurface, the injected gas flow is expected to bkaripoatalthan

vertical. In this casethe volume impacted by ammonia can be approximated as a cylinder with the target
radius and height of the injection well screen (i.e., a radius of 6 m [20 ft] and a height of the injection well
of 3.1 m [10 ft] for the test site) to represent the horidardee of the injection zoneTo account for

some movement vertically (upward and downwardys4® the volume of a sphere with the selected

radius is added to the cylindrical volume in these calculations to account for expected vertical movement
from theinjection well. Gas advection, partitioning, and diffusion processes control the distribution of
ammoniaduring injection Partitioning causes a sharp concentration front in the ammonia gas phase

This front then moves slowly compared to the carrisragvection.The slow advective movement of
ammonian the gas phasandthe high-concentration gradient provide a large driving force and relatively
long periodfor gasphasaliffusion processes to occutntermediatescalelaboratorytests show ammonia
distribution into smalkcale low-permeability zones adjacent to and embedded inggmeability
zoneg(Szecsody et al. 201pbThe gasphasdiffusion rate was shown to be significant with respect to
distributing ammonia to lowegpermeability zonesTfuex et al. 2014Zhong et al. 208). Therelatively

slow advective movement, rapid partitioning process, and contribution of diffusion are expected to
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improve the uniformity of ammonia distribution during injection and improve the chances that use of an
injection-only design will effectively distribute ammonia to the taegiteatment zone.

Recommended anmitoringincludes use of ERT to verify ammonia distribution to the subsurface target
zone(as indicated by the increase in bulk conductivity when ammonia partitions into the poreavwater)
injection flow, pressure, and concentration monitoring. Spacing of ERT electrodes would be modified to
be appropriate for the size and depth of the treatrapplication. The field test design provides a
reasonable template for the type of monitoring needed (Se&tidand4.0). However, use of subsurface
temperature monitoringrould not be necessafgr a remedy implementation.

The recommended aboveground equipment is the same as shown in the field test design except that
single bulk ammonia tank and appropriate sizing for the target application should be considered to
significantly reduce ammonia delivery equipment and control system complexity, and daily manual
handling of ammonia cylinders. A multiple small volumetaimer approach was chosen during this test
to address site specific emergency planning hazardous material volume limitations for individual
containers. This approach resulted in design of a more complicated manifold, equipment and control
system, in addibn to requiring daily handling of ammonia containevghile the field test design was for
treatability test purposesimilar equipment is needed for implementation because of the need for careful
control of gas mixing and injection and handling of therenia and liquid nitrogen stocks.

The injectionoperating periods expected to be as estimated in the tables shown in SéctioHigher

injection flow rateshan listed in this table are not recommended because of the need to have a controlled
injection, dissolution, and diffusion processes that are important for distribution of the ammonia.
Operational concerns and limitatioase described in the Implemenililp and Cost Considerations

section (Sectio2.1.2 and the Lessons Learned section (Se@i@rDd).

2.2.2 Lessons Learned

Several éssons learnedere derived from the treatability test effort and are applicable to conducting
other treatability tests for reactigas technologies and for ftdtale consideration of ammonia treatment.
Laboratory testingtest designfield systemdesign and field gstem functional testingontributed to the
lessons learned.

Laboratory testing included a variety of methods to evaluate treatment effectiveness and suppqgrt scale
to the field. Laboratory methods were based on those described in the literatureli@dd@pgmilar
purposes and for uranium characterization activities. Because of the reasonable correlation observed
between sequential extraction results and soil column leaching across multiple related laboratory
investigations, good correlation forede methods for assessing uranium mobility changes after ammonia
treatment was expected. In addition, good correlation was observed in initial tests of ammonia treatment
that were conducted during technology development efforts (Szecsody et al. 201e7Zhbr2015)

using sediments from other waste sites at Hanford, although there were a limited number of soil column
tests conducted. However, poor correlation was obsémvibe laboratornpetween sequential extraction
results and soil column leachinging samples frorthe field test site. Because these correlations were

not tested prior to initiating field test design and construction efforts, problems with treatment
effectiveness at the test site were not discovered until after the field test syagdunily constructed.

While it is, thereforenecessaryo conduct soil column leaching as part of evaluating the effectiveness of

2.11



ammonia treatment for a specific site, these soil column tests for amtreatied sediments require
about a year from regpt of samples to prade leaching data.

It is difficult to evaluate all possible interferences for treatment effectiveness in laboratory testing. Thus,
technology development focused on understanding the primary mechanism of treatment and evaluated
effectiveness for a moderate number of fielthtaminated sediments. This information demonstrated

that ammonia treatment should be effective and was based on a treatment mechanism that should be
applicable at most sites (i.e., dissolution and precipitati@uoninosilicates). While this approach

provides suitable technology information, consideration of in situ realsisad technologies like

ammonia treatment should consider-specific conditions andn many casesvould need a sitspecific
laboratay test to verify treatment effectivengssor to being selected or implemented

The treatability test design in the field test p{&P, DOE 2015aand sampling and analysis pBAP,

DOE 2015b)ncluded all of the necessary testing and evaluatiotectta treatment effectiveness.

However, the test schedule included parallel efforts of laboratory testing for ammonia treatment
effectiveness and field testing. As demonstrittetie laboratory using samples frahefield test site,
interferences werngresent that resulted in poor treatment effectiveness. Because the ammonia treatment
is sensitive to interferences, future scheduled testing or activities should include demonstration of
effectiveness in the laboratory or by verification of likely effemess through diagnostic

characterization prior to embarking on field activities.

Ammonia is used for industrial processes, thus, equipment and ammonia are available that are suitable for
use in a remediation effort, but are not specifically designed femediation effort. Companies

specifically experienced in ammonia system design and handling should be partnered with to take
advantage of their experience. When applying a reactive gas for remediation, it should be recognized that
there are equipmengquirements and design codes applicable to ammonia that increase the cost and rigor
needed in design and for system construction and acceptance testing. More frequent instrument
calibrations due to the hazardous nature of ammonia should also be @ahsitieere are also health and
safety considerations, specifically emergency preparedness hazardous material volume limitations. that
need to be incorporated into the design and operational procedures that add cost and time to the design,
construction, andcceptance testing process. Secfidhlprovides additional field equipment

information

Health and safety monitoring for ammonia as part of the field tefgfrdieluded both process and area
ammonia sensor deployment. Ammonia area sensors proved to be problematic for monitoring and
providing alarms athelow ammonia health and safety thresholds that were estab(shgghmv) This

alarm point was chosen teduce the time it takes to recognize an exposure risk and initiate protective
actions. However, this low ammonia level is difficult to detect and is well below the level used by
commercial sites. Because the sensors demonstrated drift and seposéige alarms, management of
ammonia injection operations would have been difficult. Ammonia sensor testing in the laboratory did

not reproduce the same type of drift and false alarms observed in the field. Additional evaluation

indicated that field piglems may have been related to the interface of the sensors and the data logging
system. False positives would unnecessarily exercise emergency response and have project and economic
impacts outside the ammonia injection project. Thus, all reactivegasdiogies will need to consider

the project and economic risk of using a hazardous material that has the potential to be readily transported
long distances (e.g., well outside the control boundaries of the injection site).
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2.2.3 Technology Uncertainties

Existing information from tfs treatability test may be sufficient to evaluate URGS ammonia treatment
applicability alone or in combination with sigpecific information. This information is likely suitable to
support the technology screening portion of aibélty study. Because of the uncertainty in technology
effectiveness, it is likely that most sites where URGS is considered beyond the screening portion of a
feasibility study would need to have s#ipecific testing to evaluate effectiveness for thgetzd

treament zone.

Additional informationmay help address uncertainties tiechnologyscreening or for evaluation of a
remediation alternative that includes URGS. Efforts to address uncertainty ianledpanded

knowledge of interferences that cause poor effectiveness and an improved knowledge of implementation
design and performance (e.g., ammonia injection). The following sections describe potential additional
efforts to address thes@acertainties

2.2.3.1 Understanding of Interferences and Effectiveness Limitations

Only minimal emedial investigation activities for théanford Central Platea200-WA-1 and 20€EA-1
OUs have been conductgslich thatimited sediment samples are available to assess uranidmitityn
and ammonia treatment effectiveness across the multiple uranium waste disposal conditions at the
Hanford Central PlateauAt the time of this report, 26DV-1 OU remedial investigation is underway.
Available sediments from 26DV-1 OU characteration activitiesncluded collection of samples from
somelocationspreviously investigated as pafttechnology development (e.g., associated with waste
similarto the241-BX-102samples used in URGS technology developinefibhe observed uranium
concentations and mobility irsediments characterized during #@-DV-1 OU effort werelow in
almost all of these sampléSzecsody et al. 2017; Truex et al. 2017; Demirkanli et al. 2038)iment
samples for acidic waste disposal sites will not becomeadlailintiinew boreholes are installed and
samplesare collectedt waste sites for 200/A-1 OU characterization effortslhus, neaterm
laboratory studies to assess interferences and treatment effectivenesotiesitdsmn the 218-8 field
test sie and the sites used in technology developmemaggossible before additioneémedial
investigation begins.

Based on current data reported herein, URGS ammonia treatment effectiveness is expected to be site
specific, affected by the waste disposalmrstry and resulting geochemical conditions in the zone
targeted for treatment. Because of this-sfiecific performance, technology effectiveness and
identification of interferencearebest addressed as the remedial investigation proceeds. A stepwise
approach to this evaluation is recommendsdiescribed above in the introductiorséztion2.2.

2.2.3.2 URGS Implementation Needs

The implementation of URGS can be estimated using the information in this report, including the field
test design information and the design calculations provided. Laboratoryupaddga are available

(Truex et al. 2014; Zhong et al. 2015) that candmduo assess the viability of ammonia injection for
candidate sites. The field design provides important information on equipment needed to inject and
monitor ammonia for both operational and health and safety needs. Design calculations show the
guantiies of ammonia needed and provide an estimate of the potential mass of nitrate produced from
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injection of ammonia (e.gSectionl.1). This information can be uséa produce a sufficient conceptual
design for a feasibility study evaluation of the URGS ammonia treatment technology. If the URGS
technology is promising for a site, additional implementation detail may be needed.

As a continuation of the phased teclogy evaluation approach recommended in Se&igrsite

specific assessmeaf ammonia injection would be a final step in the evaluation to collect more detailed
implementation information for a specific site. For sites with positive effectiveness results using the steps
in Section2.2, where the decrease in uranium mobiityi meet groundwater protection needs, an

ammonia injection design could be tested within a phased implementation apgribecRGS

ammonia treatment technology is selected as part of the most promising remedial alternative.
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30 Appaoh

This section presentha approach for the treatability test. The field test component was not completed
because of the observed poor treatment effectiveness in the laboratory fsitdiaediments. However,
this section documents the treatabitiggt design and methodad the laboratory components of the
treatability testing This information may be relevant for future treatability studies or for evaluating
implementation of reactive gas technologies.

31 Obj ectives

Test objectives were developed and presented IRTREDOE 205a). These ojectives are summarized
in the bulleted items beloand guided the test design effortdowever, he objectives were not fully
achieved because the test was not completed dhe &ffectiveness issues revealed in the laboratory
testing with fieldsite sediments.

1 Determine the design parameters for applying uraniumesg@tion via ammonia injection to the
study area.Thisincludesdetermining theperational parameters sudraactanflow rates and
properties €.g.,gas compositionand identifyinghetargetarea to achieve acceptable reduction of
mobile uranium

1 Demonstrate fieldcaletreatmenfor targeted areas within the vadose zbyejuantifying the
following:

T Redution of uranium mobility in the field test treatment zone compared to the reduction of
uranium mobility observed in laborateiryduced treatment of site sediments with a goal of
decreasing the mobile uranium fraction in the sediment by Ealent is detrmined by a
decrease in the amount of uranium that can be extracted using a sequential application of
groundwater, an ion exchange solution, and a mild acetic acid solution as the extracting solutions.

i Stability of sequestered uranium in terms of dissatutate of uranium into the pore water.

1 Demonstrate the ability to deploperationalequipment and instrumentation necessary to implement
thetreatmenprocess on a large scale

1 Collect data to support consideration of uranium sequestration via ammiect#on as a remedy in
thefeasibility studyprocess Although the objectives of the treatability test are focused on uranium
sequestration, impacts to expecteecoataminantsTc-99, Sr-90, andCs-137) will also be
guantified.

32 Laboratory Ewahleu aftiiednd fTeerst Sit e

Laboratory evaluation for field site characterization and for ammonia treatment effectiveness for both
laboratory and fielddosed sediments was includedhe £TP and SAFDOE 2015a,h Methods for
sitecharacterizatiomnd laboratondosed ammonia treatment assessment are summarized below and
described in more detail in the FTP and SP®E 2015a,h Methods for fielddosed ammonia

treatment effectiveness are not included because dcsiieswere not conducted. ffer poor ammonia
treatment was observed in the laboratory, additional laboratory testing was also conducted to evaluate the
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potential sitespecific interferences related to the poor effectiveness. The hypotheses and methods for
interference testing ardsa included below.

3.2.1  Site Characterization and Laboratory-Dosed Ammonia Treatment
Effectiveness

Site characterization was conducted usiagples collected frosix boreholes installed at tifield test
site as part of the ammonia injection and monitorysgesn. Four of thboreholesveresampled to
characterize the vadose zone soflbe characterization dataereusedto (1) validate the test site
selection, (2) obtain baseline information for site characterization, (3) detahuieféectiveness of
ammonia on uranium present aetsite, and (4pelectatarget treatment zoné.he boreholesveredrilled
in a manner toetainthe representativeness of vadaeaesoil samples Borehole locations are
conceptually shown oRigure3.1in relation to the 21&J-8 crib, with the NAD83North American
Datum 0f1983 coordinateprovided inTable3.1. Laboratory analyses for site characterization and
laboratorydosed ammonia treatment effectiveness appliehmples collected frothe first borehole
drilled at the site (C9520) were carded using the approach shoinrmable3.2 (additional information
available in the SAP, DOE 2015hb)

9 BoreholeC9520 wadlrilled to a depth of approximately 24.3 m @0bgs. Soil samplesvere
collectedcontinuously startingat approximately9.1 m (30 ft) bgs. Samplingwasperformedusing a
10.2cm (4 in.) diameter0.76m (2.5ft) long splitspoon samplezquipped witHour separate
nonconductive plastiinersthatwere each 15.2m(6in.) long Liners weresealed and shipped to
the laboratory for analysisThe borehole wageophysically logged using downhole neutron, spectral
gamma, total gamma, and temperature technoldgys borehole was installed fiscal year EY)

2015.

9 Samples were analyzed from borehole C95Pfe data fronboreholeC9520showedthaturanium
concentrations and mobile uranium conterihatstudy siteveresuitable for the treatability testo
the remainder of the site boreholegavthen drilled.BoreholesC9515, C9518, and C9519 (injection
well) were drilled, samplednd logged using the same approach as described for borehole C9520.
These boreholes were installed in FY17.

9 BoreholesC9515, C9518, CI®, C9517 andC9583werealso installed in FY17, but no laboratory
analyses were condigdl. These boreholes were logged as described for borehole C9520.
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Note: Uraniumconcentration data is from D&R7783,200-UW-1 Field Summary Report for
Fiscal Years 2004 and 200%ontoursare the estimated uranium sediment concentrations
from previous characterization in the upper 25 m (82 ft) of the vadose zone (not to scale).

Figure 3.1. Location of Borehole§DOE 2015a)

Table 3.1. BoreholeLocation Coordinate§State Plane CoordinategySemi Washington South,

NAD83)
Northing Easting
Location Borehole/Well Identification (m) (m)

1 (Injection) C9519/299W22-121 134662.99 567618.98
2 C9515/299W22-117 134659.96 567619.03
3 C9518/299W22-120 134662.99 567621.01
4 C9520299W22-122 134663 567615.93
5 C9517/299W22-119 134662.99 567624.05
6 C95383/299W22-124 13465700 56761900

NAD83, North America Datum of 1983
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Table 3.2. Sample Design for Borehole C95@@iapted from DOE 2015b)

Sample Depth

Approximately9.1 to 24.3m (30 to 80ft) bgs

Total Depth Approximately24.3m (80 ft) bgs
Media Sample Typé?d Sample Location Analytes
Soil All split-spoon liners Continuous Lithology description

Core photographs
Air permeability screening
Gamma scan

Obtain sample material
from intact splitspoon
liners in positions AB,
or C. Hold splitspoon
liner D in reserve for
additional samplingif
needed.

Select five intervals
for characterization
Select sample

Uranium using sequential chemical extraction iz
grain-size fractions)assayed fouranium, technetium,
cesium, and strontium

intervals (splitspoon
liners A, B, or C)
based on a

Gammaenergy analysis
Total uranium (microwavacid (?)digestion)

combination of
downhole neutron and
spectral gamma
geophysical
measurementsHold
split-spoon liner D in
reserve For each
interval, use one liner
for sequential
extraction, and use
adjacent liners for

Deionizedwater extractior{<4 mm grainsize fractions)
pH
Electrical conductivity

Cations (calcium, sodium, aluminum, silicon,
magnesium, iron, potassium, barium, uranium,
technetiumstrontium, and cesium)

Anions (NQ, NOz, SO, chloride, and bronde)
Carbonate (by total inorganic carbon)
Total alpha/beta

other physical/
chemical analyses.

Acid (8 M HNQs) extraction (<4nm grainsize fractions)

Cations (calcium, sodium, aluminum, silicon,
magnesium, irompotassium, barium, uranium,
technetium, strontium, and cesium)

Total alpha/beta

Moisture content
Grain size (laboratory analysis)
Soil resistivity

Select an intact sphit
spoon liner from the five
separate previously
characterized intervals.

In thelaboratory,
expose sample
material from the five

Uranium using sequential extraction (rn grainsize
fractions) assayed fouranium,technetium, cesium, and
strontium

split-spoon liners
selected for sequential
extraction to ammonia|
treatment After

Uranium leaching in the soil column with both untreate
and treated sediments for these samples(rd
grainsize fractions)assayed fouranium, technetium,
cesium, and strontium in effluent

ammonia treatment,
conduct analyses.

pH analysis

Electrical conductivity

Note: Depths are approximate; field conditions need to be considered for actual collection depth.
(@ Does not include samples fquality assurance/quality control

Because of the phased drilling approack change from use of C9520 as the injection well to the use of

C9519 as the injection wethe approach for borehol@9515, C9518, and C951as modiied in Tri-
Party AgreemenfTPA) Change Notices to the FTP and SARPA-CN-0764 and TPACN-0766. The
specific SAPanalysedo be appliedor boreholesC9515, C9518, and C9518ere determined in a
meeting of theCH2M Hill Plateau Remediation CompaagdPNNL project team.In this meeting, the
existing data from the URGS site boreholeseveviewed andliscussed with respect to selecting the
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next set of laboratory tests to be conduct8dlection of a focused set of analyses and sarigples

consistent with the TPA Change Notice, recognizing that the project teaadjcatsample numbers and
analyses based on the previous results from the C9520 borehole (for which the full suite of SAP analyses
wasconducted).At the time of the meetingiranium sequential extraction analyses (including U99,c

Cs, and Srjor untreatedsampleshad been completed for borehol€9515, C9518, and C9519

The laboratory effortor boreholes C9515, C9518, and C9519 and completion of C9520 analyses
included

1. Saving untreated samples and ammonia dosing of sufficient samples for subsequetiakequen
extraction and leaching test®reconducted for

a. C9519 depths 42.3, 46.5, 48.5, 51.9, and §4gs
b. C9515 depth 47,248.7, and 52.8 bgs
c. C9518 depth 47,448.9, and 52.& bgs

2. Sediment characterization analyses listediatle3.3 (a subset of SAP anags based on C9520
results) for

a. C9519 depths 42.3, 46.5, 48.5, 51.9, and &4@s
b. C9515 depths 47.2 and 48t bgs
c. C9518 depths 47.4 and 48t%gs

3. Soil column leaching tesfsr untreated and ammon@sed samples (dosed as part of previous
lab work) from borehole C952@ith

a. 4-month dosed samples (remainder air) for depths 42.9 andt H2
b. 1-yea dosed samples for depths 42.9 and #/hgs
c. Untreated samples for depths 42.9 and &7gs

Table 3.3. SedimentCharacterization Analyses ConductedBoreholesC9515, C9518, and C9519

Amended Analysis List

Lithology description
Core photographs

Deionized WE (<4nm grainsize fractions)
pH
Electrical conductivity

Cations (calcium, sodium, aluminum, silicon, magnesium, iron, potassium, barium, uranium, technetium, strg
and cesium)

Anions (NG, NO,, SQ,, chloride, and bronde)
Carbonate (by tal inorganic carbon)

Acid (8 M HNGs) extracton (<4mm grainsize fractions)

Cations (calcium, sodium, aluminum, silicon, magnesium, iron, potassium, barium, uranium, technetium, strg
and cesium)

Moisture content
Grain size
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Laboratory method®r constituent and physical characterization of the site sedirmengpecified in the

SAP (DOE 2015b) However, of particular importance are the method¢lfissequential extractioand

soil column leachinghat are used to assgss- and postreatrenturanium mobilityand(2) the

investigation of sitespecific interferences for ammonia treatment effectiveness that were applied after soil
column testing with laboratorgosed sediments showed poor effectiven@$ese methods are

summarized below. fle SAP contains additional information for the sequential extraction and soil

column test methods.

3.2.1.1 Sequential Extractions

As described inthe FTP (DOE 2015and bylaboratory reports (Szecsody et al. 201Qadjuential
extractions are a baseline measurement used to evaluate uranium mdhaisequential extraction
approactdescribedn Szecsody et a{2010b) wasapplied with the extraction solutions listed bejow
wherethe oxalag extractiorfrom Szecsog et al. (2010b) was not applibécause it did not provide
significant value for interpreting the effectiveness of ammonia treatrdanadditional separate
extraction was also included poovide a better comparison to methods used for evaluating sorbed
uranium by otherse(g.,Zachara et aR007). Thesequentiakxtraction solutions aras follows
(Szecsodet al. 2010h)

1 Synthetic groundwater (lokr)

1 0.5M magnesium nitratsolution forion exchangél hour)
9 pH 5 sodiurracetate (1 dur)

9 pH 2.3 aceti acid (1 veek)

9 8 M nitric acid at 95°C (2 hours)

In addition, the following extractiowasconductedn a separate subsample:

1 Carbonate solutio(0.0144 M NaHC@, 0.0028 M NaC0s) for ion exchange (@00hours) (Zachara
et al. 200y

3.2.1.2 Soil Column Tests

Sequential extractions evaluate uranium mobility based on an interpretation of how the extraction relates
to uranium transfer into the pore wat&aturatedoil column leaching tests provide a measure of

uranium mobility based on contact with water owere. Soil column leching testsvereconducted on a
subset of the samples analyzed by sequential extraetisnring that the samples have been tozld

suitable length of time for ammonia sequestratibhese tests provide uranium mobility infornaattithat

can be analyzed both in terms of a comparison to the sequential extracti@ssaadtimateof uranium
transport parameterdVhile these experiments are conducted under saturated conditions, the kinetic
parameters can be translated to unsadriddw conditions.Leaching testsvereperformed on untreated

and laboratorytreatedsamplescollectedduring field site borehole instatlan.

A laboratory test instructiowas usedo guide the soil column testén summary, sediment from the
samplesselected for leaching testmsemptied and sieved to remove particles greater than 4 mm
(0.16in.). Sieved materialvaspacked into soil columngHigh-performance liquid chromatography

3.6



pumpswereused to inject simulated groundwater upward throughdhenn with a residence time of

about 4to 10 hours.Effluentwascollected using a fraction collector, and selected time interval samples

wereanalyzed for uraniumAt selected times, flowasstopped foa period fronsixteento hundredsof
hours to albw kinetically controlled processes and reactions to reach equilibiiiwe difference in
uranium concentrations before and after the-fitmp eventswasused toevaluate the presence of
kinetically controlleduranium release from the sediment.

3.2.1.3

Site-Specific Interference Study

The purpose of thigiork wasto evaluate potential sitgpecific interferences to the ammonia treatment
process fovadose zone sedimeritom the 216-U-8 field test site for th&/RGStest. This workis

related to the effort described the SAP (DOE 2015b, but focuses on specific issues identified for the
laboratory ammonia treatment portion of these tebéstswereconducted using 218-8 site sediments
and sediments that had previously showndga@nium mobility decreases after ammonia treatment.
Table3.4 summarizes the hypothess data collected, and assessment approach for the experiments.

Table 3.4. InterferencelestingApproach

Hypothesis

Data Collected

Anticipated Assessment

Hypothesis = The waste
chemistry at th16-U-8 site
caused uranium distribution i
a way that includes U surface
phasedglifferent from other
previously tested sites or U
contained in microfractures
and when ammonia treatmen
(high pH) is applied, U does
not reprecipitate as silicates
or get coated by alumino
silicates.

For untreated and Nitreated

sediments:

A Whole sedimenK-ray diffraction
(XRD)

A Clay fraction XRD

A X-ray absorption near edge
structuréextended Xray
absorption fine structure
(XANES/EXAFS)

A Laser induced fluorescence
spectroscopy (LIFS)

A Total inorganic carbon (TIC)

A Totd organic carbon (TOC)

A Sedment radiography

A Alkaline U extraction

U surface phases (Naoltwoodite, U in
carbonates, agousadorbedU-
carbonates) present in previous sedime
that showed good treatment will be
compared to phases are presel#U-
8 (untreated and treated).

Radigraphy and electron microprobe
analyses will evaluate U distribution as
discrete high Uprecipitatesand the
potential for U in microfractures, both of
which may be less amenable to NH
treatment than distributed U surface
phases.

The assessment also clesed carbonate
content because |6®O; water results in
different U-precipitates, which are me
mobile upon NH treatment

Waste chemistry for the previously testg
sites and th216-U-8 site will be
considered in conjunction with the
laboratory resultso help interpret
differences between previous sites and
the216-U-8 site.
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Hypothesis

Data Collected

Anticipated Assessment

Hypothesis 2: Constituents
present in th16-U-8
sediment complex with
uranium during the Nk
treatment process such that
uranium does not associate
with silicates and precipitates
as a higksolubility precipitate
instead.

For untreated an8% NHs-treated

sediments, during 20 pore volume

leach, aqueous samples for:

A U, Th, P, Si, Al, Ca, Mg, Fevin,
Na, K

A Anions (including CQ)

A TOC

A U complexes

Sediment extractions:

A Organic extractions

A Phosphate

Lack of aqueous (and solid phase)
carbonate has previoudtgenshown to
result in less effective NHreatment of U
in sediments

Porewater chemistry may have
components that create precipitates tha
are released with carbonaieh synthetic
groundwater For instance, high NBOs
results in weak N@&arbonate complexes
which decreases formation of U
carbonates and U solubility untiltéicial
groundwater is introduced.

An organic or organ® Qs (e.g., tributyl
phosphate) may complex with U,
preventing the formation of ilicates
Waste constituents such as Th may cay

different precipitates to fornwhichmay
relate toHypothesis 1.

Hypothesis 3: Dissolution of
silicates at the pH induced by
5% NHs treatment (~pH 11.5)
is not sufficient to create
uraniumsilicate precipitates
or enough silicate precipitates
to coat uranium surface
phases thus a higher pH
(~pH 12.2) may be needed tg
induce treatment

For 100%NHs-treated sediments,

during 20 pore volume leach,

aqueous samples for:

A U, P, Si, Al, Ca, Mg, Fe, Mn, Na,
K

A Anions (including CQ

A TOC

A Sequential U extractions

The porewater chemistry jst after

ammonia treatment will be evaluated
assess anticipated uranium precipitates
formed and by comparing the U, Si, Al,
Ca, Mg, Fe, Mn, Na, K, P concentration
to the concentrations in sediments whe
ammonia treatment was successful
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Additional detail for the data collected to support each hypothesis is discussed below.
Hypothesis 1:

Solid phase characterizatiorcludedthe following:

1.1 Whole sediment XRD for major minerals: Table 3.5. Sediments for TIC and TOC
216U-8 sediment C9515 47.2' ¢d = 5338
+ 2285ug/g), C9519 46.5' (2886g/g), and Prev.| Prev.
C9520 43 (1718g/g) Depth | Utota # # leach
Borehole | (ft) (ng/g) | extr. exp.
1.2. Clay/mlcg (< _2 mlcro_n)_ XRD tensure _ Cco515 | 472 | 5338 3 2
montmorillonite, kaoliniteand muscovite 528 | 9.86 3 0
are present (prewously |dent|f!ed as major Co519 | 423 | 383 2 5
sources of Si, Al):216:U-8 sediment C9515 465 | 2886 6 2
47.2ft 485 | 400 | 7 2
1.3 XANES/EXAFS of untreated/NHHreated 45| 75| 6 2
sediment:216-U-8 sediment C9520 428 C9520 | 38.0 | 415 4 0
] 429 | 1718 7 4
1.4 LIFS of untreated/NhtHreated sediments: 472 | 728 7 4
C9515 47.2'ad untreated C9520 42ft 50.7 | 67.5 4 0
1.5 Radiography analysis will be conducted to 54.5 | 7.81 4 0
. . 62.0 15.3 4 0
evaluate the spatial heterogeneity of U
surface phases on untreatedNttated BX102 i s 8 2
sediment from C9520 42f@ TX104 69 | 184 | 2 2
1.6. TIC of untreated sediments (i.e., vertical Crilr 32 1.55 8 4

profile to measure change in carbonateyeconducted osediments imable3.5. Thenumber
of extractions and leach expesnts already conducted on specific sediment is indicated in
Table3.5.

1.7. TOC of untreated sediments (i.e., vertical profile to identify presence of orgagimn@iminant)
was assayed fahe sediment samples identifiedTiable3.5.

1.8 Alkaline extraction of U surface phases will be conducted on untreated and selegteeiliéd
sediments listed iffable3.8.

Hypothesis 2:

Using sedientsC9520, 47.2' (728g/g), C9519 54.7' (7.Aag/g), C7117 3683', andT X104 69/110"four
sediments), untreated leach experiments (to 20 pore voluveestonducted with the following effluent
analysis (with details of analysis Trable3.7):

2.1 U byinductively coupld plasma mass spectrometi€P-MS) and selectedamples U(VI) by
kinetic phosphorescence ansiB(KPA)

2.2 Metals byinductively coupled plasma optical emission spectromg@i-OES
2.3 Anions byion chromatographyiC)
2.4. Aqueous TIC and TOC
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2.5, pH

These four untreated sediments will atoanalyzed for:

2.6. Phosphate by extractioif éble3.6)

2.7. Organic extractionsIable3.6)
Using the same four sediments at 4% water coradi®ty NH/95% N> gas treatment (500 pore volumes)
will be conducted ireightseparate -D columns. These experiments are designed to measure an increase
in cations during firstensof hours (i.e., compared with untreated sediment), and a subsequent decrease in
cation concentration ovéaundredof hours. At 24 bhursand 650 burs a deionized water extraction

(Table3.6) will be conducted with aqueous analysis (with details of analyJialite3.7). The 656hour
sample is 330dursof NH;s treatment followed by 320dursof air treatment.

2.8 U by ICPMS and selected samples U(VI) by KPA
2.9. Metals by ICPOES
2.10 Aqueous TIC and TOC

Hypothesis 3:

Using216-U-8 sediment£9520, 47.2' (7289/g) andC9519 54.7' (7.hig/g) at 4% water conteng
100% NH gas treatment (500 pore volumes) will be conductezightseparate -D columns. These
experiments are designed to parallel those in Hypotheg\s &pecified times (24, 100, 300, 656uns,

a deonized water extractioriT@ble3.6) will be conducted with effluent analysis (details of analysis in
Table3.7). The 656hoursample is 330dursof NH; treatment followed by 320dursof air treatment.

3.1 U by ICPMS ard selected samples U(VI) by KPA
3.2 Metals by ICPOES
3.3 Aqueous TIC and @C
Selected sediments from 2188 and previous studies will be used in experiments with geochemical

extraction and leaching of sedimerstdescribed immable3.6, and aalysis inTable3.7. A summary of
the sediments used in these experimental tagksaain Table3.8.
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Table 3.6. Geochemical Extraction and Leaching of Sediments
Required Data Analysis (se€eTable 3.7) Method
Deionized water extraction | Metals by ICPOES, U by ICPMS | Um et al.200%

(1:1 sediment: kD)

or U(VI) by KPA

Zachara et al. 2007

Sequential inorganic
extractions

1. Artificial groundwater
2. lon exchangeable

3. pH 5.0 acetate

4. pH 2.3 acetic acid

5 Oxalate, oxalic acid
6. 8M HNG;, 95°C

U by ICRMS or U(VI) by KPA

Gleyzes et al. 2002
Beckett 1989

Larner et al. 2006
Sutherland and Tack 2002
Mossop and DavisoR003

Alkaline extraction for U

U, Th by ICRMS

Kohler et al.2004

Phosphate extraction of
sediment

PO,

Hach 8178

Sequential organic extractior]
1. Artificial groundwater

2. isopropyl alcohol

3. hexane

Modified from Amin and Narang
1985, based on MIBknd solvent
polarities

Volatile organic compounds lgas
chromatography mass spectrometry
(GC-MS) (EPA 8260b)

1-D column water leach rate
experiment

U by ICRMS or U(VI) by KPA,
metals by ICPOES, anions by IC,
TIC, TOC, pH

Qafoku et al. 2004
Szecsody et al. 2013
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Table 3.7.

Geochemical Analysis Methods

Data and Instrumentation

Constituents Analyzed

Method

Metals by ICPOES

Al, Ba, Ca, Fe, K, Mg, Mn, Na,
Si, P

PNNL-ESL-ICP-OES Rev. 4

U by ICP-MS U, Th PNNL-ESL-ICP-MS, Rev. 4
U(VvIl) by KPA u(vi) Brina and Miller 1992
Anions by ion chromatography PQy? Cl, F, NOs" NOy, SO;?2 | PNNL-ESL-IC, Rev. 1
Aqueous pH by electrode pH PNNL-ESL-pH, Rev. 2
Spectrophotometer POy Hach 8178

Total carbon and inorganic carbon in Total carbon (TC) and TIC EPA 9060A,

water

OP-DVZ-CHPRGO0006

Total carbon and inorganic carbon in
sediment

TCandTIC

OP-DVZ-CHPRGO0006

Volatile organic compounds by GRS

Volatile organic compounds

EPA 8260b

XRD

Sedimentminerals

For information only

XANES/EXAFS U mineral phases For information only
LIFS U mineral phases For information only
Radiography Micron-scale U spatial For information only

distribution
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Table 3.8. SedimentdJsedin Experiments

XANES untr.1-D 5%NH3, | 100%NHs

Depth | Uw | sed., mica| EXAFS, TIC, | ak. leach P, O sed. H20 H20
Borehole | (ft) (Mg/g) XRD LIFS Radiography | TOC® | extr. exp©® | extraction® extr.© extr.®)
C9515 47.2 5338 u,c u u

52.8 9.86 u u
C9519 42.3 383 u u

46.5 2886 u u u u, t

48.5 400 u u

545 7.5 u u u u t t
C9520 38.0 415 u u

42.9 1718 u u, t u, t u u, t u u t t

47.2 728 u u

50.7 67.5 u u

54.5 7.81 u u

62.0 15.3 u u
BX102 131 415 u u, t
TX104 69 18.4 u u,t u u t
Cr117 32 1.55 u u, t u u t

u = untreated < 2mm sediment, t = Nirfeated < 2 mm sediment, ¢ = untreated < 2 um sediment (clay)
(&) Whole sedimenkRD, clay fractionXRD, XANES/EXAFS, LIFS
(b) Total inorganic carbon (TIC), total organic carbon (TOC)

(c) 1-D leach experiment (20 pore volumes), with analysis of U, metals, anions, TIC, TOC, pH
(d) Sediment extraction for phosphate and organics
(e) 5% NHstreatment for 24 and 650 h, then watextraction and analysis of U, metals, TIC, TOC
() 100% NH; treatment for 24, 100h, 300h, and 650, then water extraction and analysis of U, metals, TIC, TOC
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33 Fi el dDdsesgn and Procedures

The experimental design apdocedures are summarized below.

3.3.1 Test Site Background

The DOE Hanford Site is é&617km? (586 mi?) federal facility located in southeastern Washington State
along the Columbia RiverThe location of the test, the 2LB8 crib, is included in the 200VA-1 OU
(Figure3.2). The 206WA-1 OU, established in 2011, includes most waste sites located in the 200 West
Area of theHanfordSite

The 216U-8 crib was selectetbr the URGS tesbecaus€l) historial characterization data indicate
thatthe site contaied a significantinventory ofuraniumthatwas likely to be in a mobile forn{2) the
uranium concentration/distributiomas favorable for a test3) the test ould be conducted with shallow
wells, (4) therewereminimal logistical issues, an@) suitable site dataereavailable Uncertainties for
the test site identified in the site selection process (@@réne uranium contaminant
concentration/distributioat the scale of the field test a(®) the effectiveness of the ammonia treatment
for the sediment mineralogy and uranium phases present at thélsitéull site selection process and
results are provided iAppendix A Previous characterization of the 2We8 crib region indicates
uranium, and other contaminants discharged to the criltsgraad laterally in the vadose zone soils
surrounding the cribUraniumcontamination is present in évdistinct regions at the 246-8 crib (see
Figure3.3). One region is at eelatively shallow deptbf approximately 10.60 15m (35to 50ft) bgsin

the coarsegrained Hanford formationThe second, deeper region is at a deptippfoximagly 58 m
(190ft) bgs in thefine-grained CCU.Thetreatabilitytestfocusedonthe shallowcontaminatiorin the
Hanford formation.The sedimentwerecharacteried prior to conducting the treatability test to confirm
that site conditions are conduciwethe treatment technology
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Figure 3.3. Uranium Concentrations in the Sediments bentet216U-8 Crib (DOE 201%)

3.3.2 Field Test Design Summary

The URGStechnology relies odistribution of a 5 vol% ammonia gas mixture to the target treatment
zone. Distribution requires multiple pore volumes of injection gas to pass through the treatmméat zon
deliver sufficient ammonia mass to reach equilibrium partitioning concentrations of ammonia in the pore
water. To obtain this type dJRGStreatmentizone, the field test design usaditrogen carrier gas
supplied by a liquid nitrogen tank that was mixed with a pure ammonia gas stream supplied by liquid
ammonia tankéFigure3.4). The gas mixtur was to be injected into a well screened betvidah and

16.5 m bgs 44 and 54t bg9 and distributed to a targeted radial distance of 6 m. Progress of the
ammonia injection was to be monitored by instrumented boreholes sensing the temperatutieerise of
ammonia dissolution front ariwy collecting soil gas samples from multiple sampling poAdditionally,
ERT with both surface electrodes and electrodes placed in all of the site bovedmlganned for

tracking the increase in bulk conductivity tdgng from dissolution of ammonia into the pore water.
Monitoring boreholes also includétank casingo provideaccess for conducting periodic neutron
moisture surveys and crebsrehole groungbenetrating radar (GPR) surveys.
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Figure 3.4. BasicComponents of thERGSField Test System

Figure3.5 depicts the lateral layout of monitoring locations. Distances from the injection well to the
monitoring locations are listed iFable3.9 and monitoring borehole/well names are showtriguire3.5.
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Figure 3.5. Location ofTest Site Welland MonitoringBoreholes

Table 3.9. Field Site Monitoring Locations

Distance from

Monitoring Injection Well
Location (m)
C9515 3.03
C9517 5.07
C9518 2.03
C9520 3.05
C9583 5.99

The system also included provisions to conduct a gas tracer test to evaluate gas flow patterns in the
subsurface at the designed gigction flow rate. Ammonia sensors were deployed to monitor at

ambient test site locations, along ammanjaction piping at all joints, and for internal measurement of
ammonia concentrations in the injection system. Oxygen sensors were also included for enclosed spaces
as a safety measure due to the use of gases that could displace atmospheric cdnghititins.and
ammonia/oxygen sensor inputs were configured for automated data collection and processing, including
controls for the injection process and with safety shutdown interlocks.

The following sections provide additional details tloe test systers.

3.3.21  Aboveground Equipment and Overall Data Collection System

Aboveground equipment and the data collection system are specified in thestieldsign drawings
(CHPRC 20184, b,)c
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3.3.2.2 Borehole Monitoring Equipment Descriptions
A suite of monitoring sensors were installed within eadheffive monitoring boreholes.

Borehole gas sampling ports were installefivat discrete depths within each monitoring borehole.
Sampling ports were fabricated by attaching porous stainlesgpeseio3/8-inch polypropylene tubing.

Thermistors (USP8242 encapsulated negative temperature coefficient thermistors, U.S. Sensor, Orange,
California) were used to monitor temperature. To achieve accurate temperature measurements over the
range of integst, a fifthorder polynomial was used to relate resistance to temperature for each of the
thermi stors used in the field test. The manufact
the thermistors in a precision water bath spannin@t@do 40°C temperature rangeith measured

accuracies better than 0.07°C.

Due to the corrosive nature of ammonia gas and ammonia hydroxide solutions, electrical resistivity
electrode cables were fabricated using only chemically compatible mat&iatérodes were made using
stainless steel mesh that was wrapped arounditheghPVVC access tube and the electrical connection to
the surface was accomplished using nydoatedstainless steel stranded wire.

In addition to thermistors, a fiber optic tlibuted temperature sensing cable (Paulsson Inc., Van Nuys,
CA) was installed to provide an alternative means for temperature measuré@meictble utilized a

PVC jacket and was run down and then back up each borehole to provide a continuous temperature
measurement while minimizing the risk of ammonia penetrating any downhole junctions.

3.3.2.3  Neutron Moisture Logging Measurements

Soil moisture content determination using neutron scattering probes has become a standard method over
the past several decades (Higrand Evett 2002). Aeutron probe consists of a highergy neutron

source, a lowenergy or thermal neutron detector, and the electronics required for counting and storing the
measured response. A fast neutron source placed within moist soil develepse cloud of thermal

neutrons around it and a thermal neutron detector placed near the source samples the density of the
generated cloud. The concentration of thermal neutrons is affected by both soil density and elemental
composition. Elements thabsorb neutrons are often in low concentration in the soil solid phase and

when clay content is also low, the neutron probe response is mainly affected by changes in moisture
content (Greacen et dl981; Hignett and Evett 2002).

Neutron moisture loggingasplannedusing a CPN 503DR Hydroprobe (InstroTek Inc., Raleidd).
Neutronprobe measurements weeebeacquired at depth increments of approximately 7.5 cm using a
count time of 30acondsand then converted to count ratiazj®y dividing each mearement by the
standard count
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3.3.2.4  Electrical Resistivity Measurements

ERT is a method of remotely imaging the electrical conductivity (EC) of the subsurface. Electrodes
installed along the ground surface and/or within boreholes are used to strategieellgunjents and
measure the resulting potentials to produce a data set that is used to reconstruct the subsurface EC
structure (Daily and Owen 1991; Johnson et al. 281er and Lesmes 2002

The bulk EC of the subsurface has been widely observetitbfow t he e mpaw(Arcltieal Ar c hi ¢
1942) inclean (i.e., clay free), nanon duct i ve dawisdigenbyEf3xlx hi e 6 s

. % p o I
O 0 — 3.
(:l:)" n Y ( )

where

Q
1]

tortuosity factor

[95)

fluid conductivity

porosity

water saturation
cementation exponent
saturation exponent.

s 3P~

3.3.2.5 Cross-Hole Ground-Penetrating Radar Measurements

GPRmethodsare also commonly used to characterize or monitor subsurface moisture c@Rént.
systems consist of an impulse genertttatrepeatedly sends a particular voltage and frequency source to
a transmitting antennaCrosshole GPRmethods involve lowering a transmitter into a wellbore and
measuring the energy with a receiving antenna that is lowered down another wellbore, and moving the
transmitting and receiving antennas manually to different positions in the wellbores to éacilitat
transmission of the energy through a large fraction of the targeted area.

3.3.2.6  Gas-Phase Tracer Test System

Gas sampling ports were connected to a sampling and analysis system at the surface to magsire soil
concentrations of oxygen and ammonide systen consisted of a diaphragm pump, mass flow

controller (MC series, Alicat Scientific Inc., Tucson AZ), oxygen sensor, and percent level infrared
absorption (IR) ammonia gas sensor (model-EA2R, Analytical Technologies Inc., Collegeville, PA).

Gas fromindividual borehole sampling ports were collected using an array of electrically actuated
solenoid valves that allowed for autonomous, unattended sample ana@lysisystem is suitable for
measuring the decrease in oxygen concentration as an indicatrmvement of injected nitrogen gas in

the subsurface away from the injection well. During ammonia injection, the system was also capable of
tracking ammonia distribution in the soil gas.

3.3.2.7 Ammonia Sensors

Two types of ammonia sensors wetanned foluseat the field test site Percentevel IR ammonia gas
sensors (model E1D5 IR, Analytical Technologies Inc., Collegeville, PA) were used to monitor the
injection process in injection piping and for soil gas measurements. These sensors were also used to
monitoring locations such as the exhaust stack and internal ammonia storage/injection trailer where high
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ammonia concentration could result from a system leak. An array ofpeaurtslilion-level ammonia

sensors were also used for health and safety mamgt@odel 700 series Detcon Inc., Woodlands, TX).
These sensors were deployed at the ground surface to evaluate potential movement of ammonia upward
from the subsurface injection zotwethe grounesurfaceand at selected locations for health and safety.

3.3.3 Equipment and Materials

Primary equipment and materials for the testspecified in the field g2 design drawing(CHPRC
2018a, b, &

3.34 Deviations from Work Plan

The field test plan was followed for the test with thidowing exceptios. The ammonia injection and all
associated monitoring and pdstatment characterization were not completed because of the observed
poor treatment effectiveness in the laboratory for fggtd sediments. Other deviations were apptov
prior to test implementation through the change notice prg€&#sCN-0764 and TPACN-0766)
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40 Detail ed Resul t s

This section presents thesults of the field test. First, the results frimohnology development efforts
and laloratory testing of the field test site sediments are presenfgetitiond.1. The data are then
assessed with respecttezhnology effectiveness, implementatiliand cost factorm Sectiord.2

41 Fi el d Data Summary

This section presents the information collected during treatability test effaitedingtechnology
devdopment datgSectiord.1.]), field site datgSection4.1.2), investigation of sitespecific interferences
(Sectiond.1.3, and field system functional testing (Sectib.4).

4.1.1 URGS Technology Development Data

A series of laboratory testgasconductedo develop andjuantify howammonia treatment of vadose
zone sedimentsandecrease the mobility of uranium contaminati®@etails d these studies are
described in multiple reports and journal manusciipiecsody edl. 2010a,b2012 Zhong et al. 2015;
Truex et al. 201¢ Laboratory evaluation and geochemical modelisgealsoconducted to examine
ammonia treatment mechanisn$&csody et al2010b,2012. In summary, laboratory analysis of pore
water associated with treated sediment and selected mineral compmmmenisnin HanfordSite
sediments shows the predicted elevated pH condjt&oisg with significant increases in at#
concentrations, including those associated with aluminosilicate and other mineral dissolut@n and
exchangerocessesSolute concentrations then decline as precipitation oc€&eechemical modeling
confirms these processeAdditional detailsof these studies and sediment/precipitate analyses are
provided in the uranium sequestration stuiggcsody et ak010b,2012).

Laboratorystudies §zecsody edl. 2010a,b2012 Zhong et al. 2015; Truex et al. 2Q¥avealso

investigated factors impaog distribution of ammonia within the vadose zo®anmonia distribution is

strongly influenced by partitioningtothe porewatdi t h a di mensi onl ess Henryos
(equilibrium vapor concentration/aqueous concentration) of 6 B8, ammona readily partitions to the

aqueous phaselhe partitioning process rapid (within seconds)andanassociatedhitial rapid pore

water pH increase occurs until pH isGreached Partitioning is slower thereaftdyut still relatively rapid

compared tahe expected gas flow rate in the subsurfakable4.1 (Zhong et al. 2015ummarizes the

relationship betwaeammonia gas concentration and pH of water in coniigitthe gas.
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Table 4.1. Ammonia Gas Partitioning to Water and Resulting pH (Zhong et al. 2015)

vol% NH 3 (g NH3s (aqueous) Total pH

100 15.7 mol/L 12.52

30 9.2 mol/L 12.26

10 6.3 mol/L 12.02

3.1 mol/L 11.87

1 0.63 mol/L 11.52

0.3 0.19 mol/L 11.26

0.1 6.3 x 16° mol/L 11.02
0.01 6.3 x 16° mol/L 10.51

The laboratory testing conducted prior to initiating efforts at the field test site demonstrated the treatment
process and provided information neetiedcale the treatment for field applications. A variety of vadose
zone, lowwatercontent sediments were treated with ammonia to evaluate the treéiiaieleid.2).
Sequential extractiolsi Sequent i al U extractionso)
uranium among aqueous and sedirras#ociated phases changed during treatment.

For segential extractionsthe sedimenivasfirst contacted with simulated groundwater and then the
groundwatewasremoved and analyzed for uranium. This same appwasthen sequentially applied
with an ion exchange solution, a weak acetic acid, a stronig acél, and finally strong acidSequential

wer e

applie

extractions for preand postreatment sediment samples were compared to quantify the effect of the

ammonia treatmentSoil columnleachtests i D

¢ o | u mywerk asa cohdacted for some

sediments wheaufficient sediment was available to quantify the amount of uranium that eluted from a
sediment when exposed to flowing simulated groundwater. ddimentwasplaced in a small soil

column and simulated groundwateaspumped through the column at aatélely slow rate for about
100 pore volumes. Effluent samplesreanalyzed for uraniupwith comparison ofesultsfor pre- and

posttreatment sediments

Large laboratory flow cells were also used to evaluate distribution of ammonia in the gasnphasm a

to quantify uranium mobility changes at different locations in the flow cell using sequential extractions.

These large laboratory testeludedsediment packed ial-m-long wedgeshaped flow celandin a20-
ft-long column. Batch laboratory tés were also conductedl A g u e o u s). o thébatthtedtsppre

and postreated sdimens wereplaced in contact with water for a long period of time and the uranium
concentration in the aqueous phasesperiodically measured. The rate of increase in uranium

concentration in the aqueous phase is related to the uranium leachinguideephase analysegere

applied to some sediment samples where uranium concentrations were high enough for instrument
detection. Surface analysis techniquexludingLIFS, XANES andEXAFS were applied to help

identify uranium precipitate forms.
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Table 4.2. PreField-Test Uranium Mobility Experiment&s reported in Szeadp et al. 200b and
Zhong et al. 2015)

Sedimentand Sample
Depth
(ft bgs) Uranium Mobility Experiment
BX-102, 131 (5) sequential U extractions, (2)0Lcolumn leach
BX-102, 152 (5) sequential U extractions, LIFS
TX-104, 69 (16) sequential xtractions, (4) D column leach
TX-104, 110 (2) sequential U extractions
U-105, 51.8(C5602) (2) sequential U extractions
U-105,52.3' (2) sequential U extractions, LIFS, XANES/EXAFS
U-105 67.8' (2) sequential U extractions
U-105, 68.2' (2) sequential U extractions
U-105, 82.8' (2) sequential U extractions
U-105, 83.3' (2) sequential U extractions
U-105 91.8' (2) sequential U extractions
U-105 92.3' (2) sequential U extractions
ERDF pit, 20 (20) aqueous U batch
ERDF pit, 20' (8) sequential U extractiorfsom a m-long wedgeshaped flowcell test
300A, 3633' (C7117) (2) sequential extractions, (6)C1 column leach
IDF pit, 30' (2) sequential U extractions
200BC-1,35(C7540 (2) sequential U extractions
200BC-1,52(C7539 (26) sequential U extractions
200BC-1 (C7540 (7) sequential U extractiorisom a 20ft-long soil column test

Locations: BX102 and TX104i Serne et al. 2008a U-1057 Um et al.2009a;Environmental Restoration
Disposal Facility ERDF) i sediment obtained from excavation for the HadfEnvironmental Restoration
Disposal Facilityjntegrated Disposal Facility[{F) sediment obtained from excavation for the Hanfi@#8:
200BC-17 sediment from the C7534 and C7540 boreholes at thd3200 operable unit; 300A sediment
from south process pond excavation in the-BE€L operable unit

Numbers in parentheses are the number of individual experiments conducted.

In general, resultshowedthat njection of ammonia in the ggghase created high dissolvpdase
ammoniaconcentrations that followed equilibrium partitioning behavior. The injection led to an increase
in pH from 8.0 to about 11.5 when the injected gas phase was 5 vol% ammoniacr&aseiin pore

water pH resulted in a large increase in pore water cations and anions from-ph@eedissolution.

Minerals showing the greatest dissolution included montmorillonite, muscovite, and kaolinite. Pore water
ion concentrations then decredswith time. Simulations based on initial pore water ion concentrations
indicated that quartz, chrysotile, calcite, diaspore, hematite, atalNeoodite (hydrous U silicate)

should precipitate.

Of theevaluationsshown inTable4.2, the most important for evaluating ammonia treatment
effectiveness were sequential extractions and soil coleauhtests. Sequential extractionsere applied

to assess how the distriimn of uranium among aqueous and sedirgssbciated phases changed during
treatment. Soil columleachtestswere also conducted for some sediméwisen sufficient sediment

4.3



was availablgto quantify the amount of uranium that eluted from a sedimeahwbiposed to flowing
simulated groundwater.

Results of theechnology developmeltdboratory tests prior to thesing of field sampleshowed good
ammonia treatment performand®ver 80%of the sequential extraction testsowedgood mobility

reduction (125 tests on 18 sediment@}h mobile phases reduced bypaverage of 68%nd mmobile
phassincreased by an average of 71%hese results are based on information reported by Szecsody et
al. (2010b), with a summary of theiperimental results shown in
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Table4.3. Positive laboratory resultfor theseammonia treatmertests are indicated aydecrease in the
fraction of uraniunfor thethree lastaggressive extractiorfextractions 13), indicating less mobile
uraniumafter ammonia treatmenPositive results are also indicatedébgorresponding increase in the
fraction of uraniunfor the three aggressive extractiqegtractions 46), indicating more immobile
uraniumafter ammonia treatmentn particular,an increase in the uranium fractiéor the most
aggressivextraction(extraction ¢ is positive because it indicates uranium is bound by-hevy

solubility precipitates These tests were conducted using sediments with several types of initial uranium
compounds present in theddment. Figure4.1 (from Szecsody et al. 201 ustraes the decrease in
uranium mobility for different initial uranium compounds. In this figure, the fraction of the most mobile
uranium (shown as the red colors on the bar chart) decreased and the least mobile uranium fraction from
the most aggressive exttam (extraction 6, shown as the dark green color on the bar chart) increased.
When present prior to treatment, the moderately mobile uranium,phdisated by the orange color on

the bar chartalso decreased after ammonia treatment.
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Table 4.3. Summary oSequential Extraction Resuftem Szecsody et a{2010b) Showing Changeis
Uranium Mass PhaségtweernntreatecandAmmoniaTreated Sediment{Green font
shows where favorable results were obtained [a decrease of mobile phases and an increase of
low mobility phases] and red font shows unfavorable results.)

Percent change in extracted U mass from untreateh ammonia-treated
Moderately Low Low
Depth Total U Mobile Mobile Mobile Mobility | Mobility Immobile

Location (ft bgs) (ng/9) Ext. 1 Ext. 2 Ext. 3 Ext. 4 Ext. 5 Ext. 6
BX-102 152 74.3 -1.3 -0.2 -1.8 -0.1 -4.4 7.3
BX-102 152 74.3 -1.3 -1.1 -1.1 0.2 2.4 5.1
TX-104 69+110 27.7 -4 -8.8 -10 0.5 2.6 19.5
TX-104 69.3 18.4 -3.8 -6.1 5.8 -4.1 - 8
TX-104 110.3 55 -0.3 -26.4 235 6.9 -- -4
U-105 51.8 690 -0.2 -0.2 -0.1 -37.5 - 38.8
U-105 52.3 387 0.1 -0.2 -1.5 -28 - 29.8
U-105 67.8 32.1 -2.8 -3 40 -30.6 - 0.4
U-105 68.3 34.4 -2.7 -4 -1 3.8 -- 3.8
U-105 82.8 11 -10.7 -14.1 -3.6 36.6 - -8
U-105 83.3 135 -1 -27.2 21 -14.2 - 21.3
U-105 91.8 0.35 -1 -71.2 47 -1.3 -- 25.1
U-105 92.3 0.186 0.2 -0.5 -9.4 -37 - 46.6
ERDF 20 0.181 -6.1 -6.2 -6.8 -4.8 - -6.6
ERDF 40 0.172 -0.1 -6.1 -0.6 2 - 4.6
IDF 30 3.1 0 0.1 9.1 2.8 - -12
200BC-1 35 0.16 -2.7 -0.9 -9 3.8 - 3.8
200BC-1 52 0.14 0 -4.6 -4.6 5.4 - 13.7
200BC-1 51 0.15 -1.5 4.6 4.6 -20.9 - 18

Extraction details in Sectiagh2.1.1 In summary, Ext. 1 simulated groundwater; Ext.i2ion exchange; Ext. B

pH 5 acetic acid; Ext. # pH 2.3 acetic acid; Ext. oxalic acid; Ext. @ nitric acid

Locations: BX102 andTX-10471 Serne et al. 2008a U-1057 Um et al. 2009sgERDFi sediment obtained from
excavation for the Hanford Environmental Restoration Disposal Facility; IDF sediment obtained from excava
the Hanford IntgratedDisposal Facility: 20BC-11 sediment from the C7534 and C7540 boreholes at thd3ZB0
1 operable unit
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Figure 4.1. SequentiaExtractionof Uranium Phasefsom Contaminated Sedimenigth and without
Ammonia Treatmenia) below the Hanford 105 TankasMainly Na-boltwoodite, b) below
the Hanford TX104 TankasUraniumCarbonatec) below the Hanford 1105 Tankas
Primarily Aqueous/Adsorbed Uraniuffrom Szecsody et a2012)

Thetechrology developmengoil column result@lsoshowedgood ammonia treatment performance.
These results are presented by Szecsody @42 and Zhong et a(2015 (Figure4.2). These tests
were consistent with the associated sequential extraction results, showing lower concentrations of
uranium in the soil column effluent aathout80% lesscumulativeuranium leahingfrom the column
over 100 pore volumedue to ammonia treatmentowever, testing was limited by two factors. First,
becausea limited quantity of sediment was available for some types of sedandrgoil column testing
requires a relatively longnbe to condugtonly a few sediments wetested with the soil column leaching
method. Secondyvailablesamples wer&om limited types of Hanfordwaste disposal chemisttiyatdid
not include acidic disposal, the type of dispasidvant tahe 216U-8 field test site.
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Figure 4.2. CumulativeUranium Leachedrom Soil Columnsby Simulated Groundwaterver Multiple
Pore VolumegPV) from a) Szecsody et al. 2012 and b) Zhong et al. 2013rfveatedand
AmmoniaTreated Sediments

4.1.2 216-U-8 Field Test Site Laboratory Data

Initial activities at the field test site included cheterization of site sediments datboratory dosing and
effectiveness testing of sisedimentsaccording to the SABnd associatetlri-Party Agreement Change
Notice (DOE 201%, TPA-CN-0764). Sedimencharacterization was designed to provide site physical
and geochemical data as context for evaluating the uranium contamination at the site and the treatment
performance. Sediment physical characterization data are stiommwiththe borehole geophysil

logs, sediment sample picturesnd soil resistivity measuremeimsAppendix B Sediment geochemical
and contaminant data are showTable4.4 (water extract contaminant and cation analyses)|e4.5
(water extract anion analyse$pble4.6 (acid extract analyseshable4.7 (microwave digestion
analyses)andTable4.8 (total alpha/beta analyseshir permeability and core sample gamma scan
results argresented iMppendix C Sediment carbon analyses are presentégpendix E For
borehols C9520 and C951Wherefive samples were used to evaluate the vertical prafilnium
concentrations argighest in the30 to50 ft bgs(10 to15 m bg3 zone, withmuch lowerconcentrations
below about0 ft bgs (5 m bg}.
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Table 4.4. Contaminant an@€ation Result$or the WatelExtract for Each &mple

Sam
Borehole | Sample Depfr:e M oisture U Tc-99 | Sr-90 | Cs137| Ca Mg Al Ba Fe K Si Na
ID ID (ft bgs) (wt%) | (ug/g) | (ug/g) | (pCilg) | (pCilg) | (Mg/g) | (Ha/9) | (ug/g) | (O/9) | (HO/9) | (ug/g) | (O/9) | (ug/g)
C9515 | B38XK6 | 47.2i 47.7 4.66 4.41 ND -- -- 9.05 | 0.471 | ND ND ND ND 1.68 2.3
C9515 | B38XK9 | 48.77 49.2 4.85 0.615 | ND -- -- 6.82 | 0.388 | ND ND ND ND 1.65 | 1.49
C9518 | B38Y1l | 47.47 47.9 3.39 0.664 | ND -- -- 5.09 | 0.36 | 0.332| ND ND ND 1.17 ND
C9518 | B38Y17 | 48.9i 49.4 6.47 0.191 | ND -- -- 571 | 0.409 | ND ND ND ND 2 2.24
C9519 | B38YCY | 42.3i 42.8 12.8 0.373 | ND -- -- 1.4 | 0192 | ND ND ND ND 2.92 8.6
C9519 | B38YF8 | 46.5i 47.0 2.8 0.936 | ND -- -- ND | 0.186 | ND ND ND ND | 0.886| 3.18
C9519 | B38YH2 | 48.57 49.0 3.1 0.263 | ND -- -- 2.41 | 0.365 | 0.973| ND ND ND | 0.881| 1.42
C9519 | B38YH9 | 51.9i 52.4 1.68 0.135 | ND -- -- 469 | 0.321 | ND ND ND ND | 0.984| ND
C9519 | B38YKO | 54.7i 55.2 1.66 0.0878| ND -- -- 5 0.531 | 0.432| ND ND ND 0.88 ND
C9520 | B32H62 | 37.5i 38.0 8.41 0.0246| ND -- -- 4,07 | 0514 | 0.178| ND | 0.272| ND 129 | 175
C9520 | B32H70 | 42.47 42.9 2.5 0.322 | ND -- -- 411 | 0.498 | 0.162| ND ND ND 596 | 10.3
C9520 | B32H78 | 46.7i 47.2 4.79 0.197 | ND -- -- 421 | 0.446 | ND ND | 0.183 | ND 8.31 8.9
C9520 | B32H90 | 54.0i 54.5 1.97 0.287 | ND -- -- 12.1 | 1.67 ND ND ND 2.82 | 5.79 4.1
C9520 | B32HB2 | 61.5i 62.0 2.5 0.405 | ND -- -- 18.8 | 1.89 ND ND ND 288 | 6.2 3.57

ND = not detected
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Table 4.5. AnionResuls for theWater Extracfor Each Sample

Borehole | Sample | Sample Depth | Moisture | Bromide | Chloride Nitrate Nitrite Sulfate SpC TIC
ID ID (ft bgs) (Wt%) (Mg/9) (Mg/9) (Mg/9) (Mg/9) (Ho/9) pH (mS/cm) | (ng/9)
C9515 B38XK6 47.21 47.7 4.66 ND ND ND ND ND 7.43 0.0685 ND
C9515 B38XK9 48.71 49.2 4.85 ND ND ND ND ND 7.4 0.056 ND
C9518 B38Y11 47.471 47.9 3.39 ND ND ND ND ND 7.76 0.0314 ND
C9518 B38Y17 48.91 49.4 6.47 ND ND ND ND ND 7.62 0.0964 ND
C9519 B38YC9 42.31 42.8 12.8 ND ND 5.78 ND ND 7.23 0.0681 ND
C9519 B38YF8 46.51 47.0 2.8 ND ND ND ND ND 7.53 0.0291 ND
C9519 B38YH2 48.51 49.0 3.1 ND ND ND ND ND 7.64 0.0136 ND
C9519 B38YH9 51.91 524 1.68 ND ND ND ND ND 7.45 0.0354 ND
C9519 B38YKO 54.71 55.2 1.66 ND ND ND ND ND 8.1 0.0389 ND
C9520 B32H62 37.51 38.0 8.41 ND 1.89 11.6 ND 15.9 6.93 1.18 ND
C9520 B32H70 42.471 42.9 2.5 ND 1.09 2.95 ND 6.13 7.39 0.99 ND
C9520 B32H78 46.71 47.2 4.79 ND 1.98 5.27 ND 8.08 7.16 0.789 ND
C9520 B32H90 54.01 54.5 1.97 ND 1.57 15.3 ND 10.5 7.56 1.61 ND
C9520 B32HB2 61.57 62.0 2.5 41.9 3.07 ND ND 12.1 7.52 1.87 ND

4.10




Table 4.6. Contaminant an@€ation Resultor theAcid Extractfor Each Sample

Sample
Borehole | Sample Depfh Moisture U Tc-99 | Sr-90 | Cs137| Ca Mg Al Ba Fe K Si Na
ID ID (ft bgs) (wt%) | (ng/g) | (Ha/g) | (pCi/g) | (pCilg) | (Wg/9) | (MO/9) | (HO/9) | (ug/g) | (MO/9) | (HO/9) | (Mg/9) | (HO/9)
C9515 B38XK6 | 47.21 47.7 4.66 4480 ND -- -- 3110 | 1850 | 3280 | 194 6330 543 ND ND
C9515 B38XK9 | 48.71 49.2 4.85 245 ND -- -- ND ND ND 45.9 ND ND ND ND
C9518 B38Y11 | 47.41 47.9 3.39 238 ND -- -- 4430 | 1630 | 2630 | 22.3 5220 489 ND ND
C9518 B38Y17 | 48.91 49.4 6.47 13 ND -- -- 8370 | 3110 | 4440 | 56.5 7820 | 1140 ND ND
C9519 B38YC9 | 42.31 42.8 12.8 290 ND -- -- 2240 | 2080 | 5890 | 18.3 8700 708 ND 152
C9519 B38YF8 | 46.51 47.0 2.8 1250 ND - - 1540 1580 | 3420 15.8 7740 438 ND 161
C9519 B38YH2 | 48.51 49.0 3.1 294 ND -- -- 1390 | 1680 | 3810 | 18.7 6940 514 ND 148
C9519 B38YH9 | 51.97 52.4 1.68 10.7 ND -- -- 6590 | 2440 | 2920 | 38.2 6410 562 ND ND
C9519 B38YKO | 54.71 55.2 1.66 5.77 ND -- -- 7020 | 2510 | 2810 | 30.3 6140 642 ND 202
1.65E
C9520 B32H62 | 37.51 38.0 8.41 442 ND 414 +04 4320 | 2860 | 6510 | 27.8 | 17600 | 648 ND 339
7.61E
C9520 B32H70 | 42.471 42.9 2.5 877 ND 286 +03 3650 | 3560 | 5980 | 33.1 | 16500 | 652 ND 253
7.18E
C9520 B32H78 | 46.71 47.2 4.79 1070 ND 437 +03 2800 | 2730 | 5660 | 25.8 | 10600 | 691 ND 174
7.84E
C9520 B32H90 | 54.01 54.5 1.97 8.34 ND 32.3 -01 8550 | 3410 | 3990 | 39.6 | 10100 | 709 ND 148
4.18E
C9520 B32HB2 | 61.51 62.0 2.5 11.6 ND 79.2 -01 8410 | 3870 | 4550 | 43.2 | 11100 | 772 ND 147
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Table 4.7. UraniumResultsfor the Microwave Digesfor Each Sample

Sample Depth Moisture U
Borehole ID Sample ID (ft bgs) (Wt%) (ng/g)
C9520 B32H62 37.51 38.0 8.41 347
C9520 B32H70 42.47 42.9 25 870
C9520 B32H78 46.71 47.2 4.79 853
C9520 B32H90 54.07 54.5 1.97 9.96
C9520 B32HB2 61.57 62.0 25 12

Table 4.8. Acid Extraction Analysis Resulfer Total AlphaandTotal Beta Radiatiofall water extraction results were ndatect)

Sample Depth M oisture Total Alpha Total Beta
Borehole ID Sample ID (ft bgs) (wt%) (pCilg) (pCil/g)
C9520 B32H62 37.51 38.0 8.41 1685 472
C9520 B32H70 42.47 42.9 25 876 238
C9520 B32H78 46.77 47.2 4.79 1243 301
C9520 B32H90 54.01 54.5 1.97 ND ND
C9520 B32HB2 61.57 62.0 25 ND ND
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Laboratory effectiveness testing with fiedde sediments included sediment characterization, sequential
extraction analysis, and soil colur@achtestingof pre and postreated sediments (Secti8r0).
Sequential extractioresults showda decrease inraniummobility after ammonia treatment for 17 of 18

samplesbased omeductions observed mobileuraniumphasesTable4.9). Theseaesults suggeshat
uranium mobilitywasdecreasetly ammoniatreatment.Compared to theechnology development
sequential extraction resulthae was a larger percentage of sedimarthe field test sampleghere
there was not aimcrease in the immolaluranium(harsh acid extraction) phaafter ammonia treatment
An increase in the immobil&raniumphaséds associatewith sequestratiorbased on generation of
silicateprecipitates.Concentrations of 89, Sr90, and Cdl37 were also evaluated in selected
sequential extraction testagpendix D. The T¢99 concentrations were naletect. There were

minimal to no effects of ammonia treatment on the mobility edBand Csl37.

Table 4.9. Summary oSequential Extraction Resuftr Field-TestSite Sediments Showing Changes
Uranium Mass PhaséetweenUntreatedandAmmoniaTreated Sediment§Green font

shows where favorable results were obtained [a decrease of mobile phases and an increase of

low mobility phases] and red font shewnfavorable results.)

Percent change in extracted U mass from untreated to ammonizeated
Moderately Low Low

Borehole Depth Total U Mobile | Mobile Mobile Mobility | Mobility Immobile

ID (ft bgs) (ng/g) Ext.1 | Ext.2 Ext. 3 Ext. 4 Ext. 5 Ext. 6
C9519 42.3-42.8 | 383.3+51.1| 4.553 | -0.783 5.729 0.722 -0.708 -0.643
C9519 42.3-42.8 | 383.3+51.1 | 11.627 | -0.302 5.721 0.321 -0.459 -0.649
C9519 46.5- 47 2886+158 | -0.965 | -0.981 -0.912 -0.355 0.893 3.647
C9519 46.5- 47 2886+158 | -0.777 | -0.923 -0.813 -0.256 2.133 0.875
C9519 48.5-49 | 400.0+68.4 | -0.864 | -0.845 -0.718 0.361 -0.232 -0.009
C9519 48.5- 49 400.0+68.4 | -0.558 | -0.335 -0.647 0.279 0.181 -0.153
C9519 51.9-52.4 | 21.00+7.16 | -0.946 | -0.985 -0.262 0.355 0.089 -0.082
C9519 51.9-52.4 | 21.00+7.16 | -0.778 | -0.917 0.210 0.200 0.430 -0.295
C9519 54.7-55.2 7.49+1.23 | -0.918 | -0.980 -0.014 0.072 1.474 0.596
C9519 54.7-55.2 7.49+1.23 | -0.812 | -0.851 0.138 0.153 1.978 0.106
C9518 47.4-47.9 | 820.4+42.7 | -0.937 | -0.998 -0.474 -0.035 0.365 0.068
C9518 47.4-47.9 | 820.4+42.7 | -0.904 | -0.991 -0.171 -0.055 0.648 -0.116
C9518 48.9-49.4 | 30.99+7.22 | -0.963 | -1.000 -0.078 0.367 0.072 -0.301
C9518 48.9-49.4 | 30.99+7.22 | -0.961 | -0.996 0.471 0.110 0.395 -0.267
C9518 52.9-53.4 | 23.29+2.37 | -0.931 | -0.993 0.441 -0.147 -0.154 0.472
C9518 52.9-53.4 | 23.29+2.37 | 0.449 | -0.862 0.349 -0.033 0.080 -0.228
C9515 47.2-47.7 | 533842285 | -0.973 | -0.995 -0.760 -0.357 0.547 1.432
C9515 47.2-47.7 | 533842285 | -0.972 | -0.991 -0.610 -0.529 1.641 0.058
C9515 48.7-49.2 | 89.884+56.45| -0.986 | -0.999 -0.388 0.328 1.211 -0.612
C9515 48.7-49.2 | 89.88456.45| -0.992 | -0.997 -0.571 -0.039 1.855 -0.423
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Percent change in extracted U mass from untreated to ammontacated
Moderately Low Low

Borehole Depth Total U Mobile | Mobile Mobile Mobility | Mobility Immobile

ID (ft bgs) (ng/9) Ext. 1 | Ext.2 Ext. 3 Ext. 4 Ext. 5 Ext. 6
C9515 52.8-53.3 | 9.86+4.25 | -0.975 | -0.942 -0.510 0.619 1.805 -0.113
C9515 52.8-53.3 | 9.86%4.25 | -0.372 | -0.963 -0.245 0.213 1.587 -0.276
C9520 38-38.5 | 415.2+84.0 | -0.310 | -0.949 2.952 0.142 -0.852 0.173
C9520 38-38.5 | 415.2+84.0| 10.603 | 0.087 1.965 0.053 -0.898 0.218
C9520 42.9-43.4 | 17184693 | -0.789 | -0.986 -0.831 0.764 -0.682 0.098
C9520 42.9-43.4 | 1718+693 | 0.114 | -0.753 -0.838 0.855 -0.689 -0.041
C9520 47.2-47.7 | 728.2+461.0| -0.804 | -0.892 -0.311 1.152 -0.545 -0.255
C9520 47.2-47.7 | 728.2£461.0| -0.505 | -0.770 -0.426 1.077 -0.494 -0.247
C9520 50.7-51.2 | 67.50+£40.79| -0.977 | -0.997 -0.638 0.315 -0.415 0.672
C9520 50.7-51.2 | 67.50£40.79| -0.531 | -0.767 -0.604 0.405 -0.451 0.112
C9520 51.7-52.2 4.64+0.57 0.342 | -0.523 -0.342 0.493 -0.185 -0.149
C9520 51.7-52.2 4.64+0.57 -0.558 | -0.757 -0.344 0.470 -0.022 0.151
C9520 54.5- 55 7.81+1.00 | -0.981 | -0.981 0.488 0.705 -0.479 0.420
C9520 54.5- 55 7.81+£1.00 | -0.738 | -0.745 -0.076 0.674 -0.436 0.542
C9520 62-62.5 15.30£5.50 | -0.863 | -0.956 0.400 0.759 -0.474 0.230
C9520 62-62.5 15.30+5.50 | -0.730 | -0.546 0.086 0.633 -0.570 0.342

Extraction details in Section 3.2.1.1. In summary,
Ext. 37 pH 5 acetic acid; Ext. # pH 2.3 acetic acid; Ext. boxalic acid; Ext. @ nitric acid

Extsimulated groundwater; Ext.i2ion exchange;

In contrast, almost almmoniatreated samples sheda higher total mass of uranium leached for the
same number of porelume flushes than was leached for the corresponding untreated $aaipée
4.10). For some samplepartof this difference may be due to diféamtstarting uranium concentrations
between the untreated and treated subsamplesever, looking across all of the data, this variability
does not explain the consistenthggter leaching of uranium from ammoitiaated sediments. Theils
columnleachresultswereinconsistent with sequential extraction restdtsmobile uranium phasesith

respect to total mass leached and the initial uranium concentrations in the effluemt Most

ammoniatreated samples shegda high uranium concentration eluted from the soil column in the first
few pore volumes when only the mobile phase of the uranium should elute from the.c&omn

example Figure4.3 compares effluent uranium concentrations and cumulative uranium mass eluted from
the column for an untreated and ammetnégated column In this example, untreated uranium
concentrations ithe first 5 pore volumes were less tHa&000ug/L. In contrast, ammoniaeated

uranium concentrations in the effluent in the first 5 pore volumes peaked aRalidug/L.

Concentrations of 89, Sr90, and CsL37 were also evaluated in selected solumn testsAppendix

D). The Te99 concentrations were naetect. There were minimal to no effects of ammonia treatment
on the mobility of S1990 and Csl37. Figuresfor all of the soil column tests are showrAippendix D
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Table 4.10. Summary of 8il Column Leachig Testdor UntreatedandAmmoniaTreated Field
Sediments(Green font shows where favorable results were obtained [a decrease of uranium
mobility after ammonia treatment] and red font shows unfavorable results.)

Ammonia-
Untreated Treated
Sample Depth Ammonia Dose LeachedU LeachedU
ID BoreholelD (ft bgs) (months) (%) (%)
B38YC9 C9519 42.342.8 2 10.4 52.2
B38YF8 C9519 46.547.0 4 0.9 0.9
B38YH2 C9519 48.549.0 4 24 35
B38YH9 C9519 51.952.4 2 24 24
B38YKO C9519 54.7-55.2 4 60 64
B38XK6 C9515 47.247.7 4 0.14 0.28
B38Y11 C9518 47.447.9 4 1.8 1.2
B32H71 C9520 42.943.4 4 1.2 3.7
B32H71 C9520 42.943.4 4 2 1.9
B32H79 C9520 47.247.7 4 9.6 13.7
B32H79 C9520 47.247.7 4 1.3 8.9
C9520 42.9' untreated D10 C9520 42.9' 5%NH3 4 mo, air 1.5 yr, D14
25000 L = —
z 602 4602
20000 iisoém = A s
5 =] oe] & o ﬁ
215000 5 409 Z < 407
vry ¥ ' ® 8 o
%10000 ‘ ')'_v_)',v--vv L B4 30% m 73 E
2y v v202 3 20 5
=) = Z
5000 - g
=103 =
b ¥ Ei . 3
0 i TT T ¥ ‘vl vy r'\“Y 0 = T '\v '\-‘v T 0 b
0 20 40 60 80 100 s 60 80 100
pore volumes a) pore volumes b)

Figure 4.3. ExampleSoil Column Resultfor a) Untreatedand b)AmmoniaTreatedField Sediments
Showing Higher Initial Effluent Uranium ConcentraticasdHigh Cumulative Uranium
Leached Mas#r theAmmoniaTreated Sediment

Ammonia teatment, as indicated by the sequential extraction reshitiald have significantlgecreased

the highly mobile uraniumphasesndtheinitial eluted uranium concentrations should have been low
Based on previous testing, the ammonia treatment proegsises at least ® 4 monthsof incubation

time to work. However, reaction times useddnthe laboratory tests with the field site sedimemes
consistent with previous studies (all greater thamohths) and treatment effectiveness was the same fo
all of the tested reaction timéSigure4.4). Thus, observed ammonia treatment results are not due to the
reaction time that was used in the test.
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Reaction Time in 1-D Columns
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Figure 4.4. Summary ofSoil Column Leaching Results Showitige Ratioof Leached Masfor
UntreatedandAmmoniaTreated Sedimerior Different Ammonia Reaction Times

The fieldtest laboratory results demonstratidttthere were sitepecific interferences that affect the
ammonia treatmergffectiveness These sitespecific factors may be caused by the type of uranium
phases present, the presence ef@ataminant interferences, or sedimentoataminant propertsethat
lead to the need for higher ammonia doses for the treatment to be effective, as described in. $&ction

4.1.3 216-U-8 Site-Specific Interference Evaluation

Laboratory tests were applied to evaluate potential causes of the poor ammonia treatment effectiveness
observed with laboratory dosing of ammonia to field site sedimé&ata are provided iAppendix E
Tests showed low sediment carbon@se., calciteoncentrationandlow concentrations of uranium
associated with the alkaline sediment extraction analysis used to identify carfes@timted uranium
Sedimet carbonate concentrations for 208 site werein many casedess than 250 ug/g inorganic
carbon compared to more typical Hanford sedimesatsh as those evaluated for ##-BX-102 and
241-TX-104 siteswith greater than 1500 pg/g inorganic carbdmcontrast to sediments from basic to
neutral waste sites (i.241-BX-102 and241-TX-104), alkaline extraction of uranium only removed a
few percent of the total sediment uranium from untreated field sedimemther evidence of low
uranium carborte concentrations was obtained in radiography analysistodatedsediment where
uranium hot spots were in locations of low calciubow carbonate and carbonassociated uranium

can affect the uranium compound dissolution that is induced by ammeaianént, the uranium
complexation in the pore water during ammonia treatmenttreEH neutralization procedbatoccurs
after ammonia injection is terminateth tests of ammonia treatment for individual sediment minerals
(kaolinite, illite, etc.), Emarson et al. (2018) shows@nificantlybetter ammonia treatment effectiveness
for tests where carbonate was present in the agueous solution than for tests with aisladiden

solution as the aqueous phase. While these tests are not a direct evaludtiaford sediment
carbonate concentration impacts, the results are consistent with the hypothesis that low carbonate
concentrations hinder ammonia treatment effectiveness.
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Another factor potentially related to poor ammonia treatment effectivenessweaded fronX-ray
fluorescenceéwo-dimensionabkurface analysis of untreated sediment wherenikbeoscopicuranium
distributionon the soil particles was found to lmncentrated itocalizeddeposits rather than more

uniformly precipitated at the soiigace Having uranium distributed in sparse bpots rather than more

evenly distributed can affect the uranium compound dissolution that is induced by ammonia tre&tment.
relatively large deposit would be slower to dissolve than @irepersed depds of uranium. If uranium

is not well dissolved during the treatment process, it may not interact with othewgi@reconstituents

to form low-solubility precipitates. In additionpgtammoniatreatment surface analysis also showed

uranium distributd in sparse hot spots, suggesting poor dissolution during ammonia treatment and likely
poor coating by aluminosilicate§equential liquid extraction data for uranium showing significant

variability for sediments with high uranium concentrations wasaissistent with the hetpots of

uranium phases observedXnray fluorescence data. Laser induced fluorescence spectroscopy identified
that uranium was predominantly present as uranopl@a@[)2(SiOsOH)2(H20)s] with some

boltwoodite Na(UQ,)(Si0O,)*1.5H,Q] with very little uranium in other phases. This result is unusual

because most Hanford sediments contain a variety of agueous/adsorbed uranium, uranium associated with
carbonates, and uranium in hydrous silicates (i.e., uranophane and boltyvoeditastance, in a

sediment with high uranium beneath #-U-105 tank with 69Qug/g uraniumboltwoodite was

identified as a dominant uranium phase, but the sediment also contained other U phases comprising about
20% of the uranium content (Um et 2D09a). This 241-U-105 tank sediment did show effective
ammoniareatment in laboratory studies (Szecsody et al. 2012).

Collectively, these conditions, and potentially others, hindered ammonia treatment effecfivéiness
laboratory tests usinfigld test sitesediments However, he field test site did not have high organic

carbon or phosphate concentrations that might indicate presence of tributyl phosphate or other uranium
complexing agentsOther factors were investigatesith some minoevidene that these other factors
affected ammonia treatmesitfectiveness in laboratory tests usfigd test sitessamplegAppendix B.
Although some potential interference indicators were identified for theJ28 8ite, other factors such as
those listed inheinterferencenypothese¢Section3.2.1.3 could affect the treatment process at other
sites. In summary interference testing identifisspecific concerns at acidic waste discharge sites where
the discharge has altered the sediment carbonate concentrations and caused uranium to béndeposited
sparse hot spots in the sediment. The overall treatability test rasullising these interference tests

leads toa recommendation thaite-specific effectiveness testing is needed f@leation of this
technologyprior to selection for applicain at another sitbecaus&JRGS ammonia treatment

effectiveness can be impacted by -sipecific geochemical factars

4.1.4  Field System Functional Testing

To ensure proper performance prior to injection of ammonia gas, both the gas delivery and monitoring
sysems underwent extensive functional testikgeld leak and pressure testing were performed on all
mechanical systems and pipinghe response of each low level (ppm) ammonia sensor was tested by
introducing a known concentration of gas and observingdhect responseThe system was designed

to automatically shut down gas injection and send out notifications in the event that ammonia gas was
detected above defined threshol@&hut down/notifications were included as part of the system

functional teghg. Introducing ammonia gas into the subsurface to functionally test borehole sensors was
not performed but sensor readings were veriftdae within expected ranges under ambient conditions.
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42 Data Assessment

Treatability testlata and associated labtory and numerical modeling results are interpreted with
respect to each of the field test objectives.

42.1 Effectiveness Assessment

The change in uranium mobility with URGS ammonia treatment was favorable in some laboratory
experiments (Sectiofh.1.]). The URGS treatment mechanism is based on producing a stable robust
precipitated phase that, when produced, would be diatleng time periods. Thushére is a potential

for the URGS ammonia treatment technology to be effective in decreasing uranium mobility in the vadose
zone. However, the treatability tegighe laboratorglemonstrated that the technology will only be

effective under specific cortitins.

The URGS treatability testin the laboratordemonstrated that interactions of the ammonia treatment
chemistry and site geochemistry are important with respect to the effectiveness of the treatment for
decreasing uranium mobility. Treatability tésformation suggests that applicability at acidic discharge
sites such as the 2168 crib field test site may be poor. Use at basic or neutral dischargesitdgere
subsurface geochemistry has not been significaffégted by the waste dischargeemistry may be
possible. Evaluation of the URGS technology for a future application must consider potential
effectiveness issugas observeth the laboratory using samples frahe treatability tedield site. It is
expected that sitepecific laboatory testing would be necessary to confirm treatment effectiveness. An
initial step in the evaluation of effectiveness would be to consider the waste discharge, associated
subsurface geochemistry, and uranium mobility at a site in comparison to tlablavaboratory data

and information herein. SHepecific effectiveness tests would include sequential extraction and soil
column leaching tests for untreated and ammonia treated sediments to quantify the change in uranium
mobility. This testing wouldequire about 1 year from the time of sediment sample receipt to the
reporting of laboratory results.

As described in Sectioh 1.3 the ammonia technology magtrbe applicable for acidiwaste disposal

sites because low sediment carbonate concentrationsiarascopicuranium concentrated incalized

deposits rather than more uniformly precipitated at the soil surfaxelikely causes of poor ammonia
treatmet effectiveness laboratory tests usinfgeld test sitesamples For deeper ammonia treatment
applications at acidic waste sites, the subsurface conditions may be appropriate for use of the technology,
but sitespecific evaluation wouldéoneeded. O#r factors affecting ammonia treatment effectiveness

were investigated but evidence that they affected ammonia treatment was notFouimstance, the

field testsite did not have high organic carbon or phosphate concentrations that might indicategores

of tributyl phosphate or other uranium complexing agents. Similarly, tests for the other hypotheses listed
in Section3.2.1.3did not result in an indicatoelated to poor ammonia treatment performance.

However, those potential concerns (e.g., presence of organic carbon) could affect the treatment process at
other sites and sigpecific effectiveness evaluation is warranted.

4.2.2 Implementability Assessment

Thefield design and laboratory testing conducted for the URGS treatability testing aimjegtion
experience from thelanford desiccation field test (Truex et al. 2018), conducted as partDééye
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VadoseZoneTreatability Test Plan for the Hanfoidentral Plateay DOE 2008, provide a basis for

design of ammonia injection at prospective sites. This information suggests that ammonia injection
should be a controllable process able to accommodate moderate subsurface heteroJdrestiase

also two anticipated uses of ammonia injection outside Hanford that may also provide relevant
information. One of these tests is for a Department of Defense research application evaluating injection
of ammonia to increase the rate of alkaline hydrolysis of agamtaminantsReactive Gas Process for

In Situ Treatment of 1,2;3richloropropane in Vadose Zone SoiER-201632 https://www.serdp
estcp.org/Programreas/EnvironmentaRestoration/Contaminate@roundwater/Persistent
Contamination/ERR01633. For amther test, ammonia will be injected to provide an electrical

conductivity increase in the water within subsurface fractures s&RBtan be used to identify the

location of the fracturePNNL project number 68073 Injection effectiveness is relatéal the

subsurface properties and s#gecific ammonia injection trials may also be necessary prior to full
implementation at another site. For candidate technology application sites, an ammonia injection design
can either be tested as a sipecific tratability study or potentially within a phased implementation
approach if the URGS ammonia treatment technology is selected as part of the most promising remedial
alternative.

Implementation must also consider the operational and health and safety megqgidying ammonia
injection as part of a treatment process. Ammonia is routinely handled for industrial processes and
agriculture. Thus, equipment and monitors are available for its use. However, its use requires strict
protocols associated with healthd safety and engineering rigor with respect to ammonia compatibility
and liquid/gas properties. These factors increase the cost of implementation compared to use of non
hazardous amendments and create some project risk associated with potentiahdesdfhty issues at

the treatment site or at surrounding facilities or sites.

A key project risk is monitoring of ammonia and any potential health and safety incident. One example
of a project risk occurred during the treatability test. During fundti@ssing, when there was no

ammonia on site, several of the kewvel (ppm) ammonia sensors produced readings of ammonia above
the natification threshold (12 ppi Thus, the ammonia sensor system was sensitive to potential false
positive readings, witpotential interferencasentified by the manufacturarcluding humidity and

electrical noise. False positive readings are a project risk for use of ammonia because notifications of an
ammonia detection above the threshold would trigger an expensiamsespAdditional investigation of
sensor sensitivities or other sensor options may be needed prior to use on a field application with the
notification thresholds selected for the field test.

4.2.3 Assessment with Respect to CERCLA Feasibility Study Criteria

Thefollowing section summarizes the information collected durinddR&Streatability test and how
they relate to th€ ERCLA feasibility study evaluatioariteria.

4231 Threshold Criteria: Protectiveness and ARARs

TheURGS ammonia treatment may only meet prioteaess andpplicable or relevant and appropriate
requiremenfARAR) criteria forsites where there are not s#igecific interferences that decrease the
effectiveness of the treatment proceas sites like the 214J-8 crib, the URGS ammonia treatment
would not meet these threshold criteria.
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In addition to consideration of ammonia treatment effectiveness in decreasing uranium mobility to meet
protectiveness and ARAR criteria, nitrate production must also be considered for future remediation
applications As shown in Sectiofh.1, nitrate mass produced from ammonia injection was estimated to
range from about 100 kg for the field test up to 10,000 kg for treatrhant3® x 80m target zone.

Thus, evaluation of the protectiveness and ARAR criteria would need to consider whether groundwater
protection objectives associated with nitrate would be negatively affected by ammonia treatment. This
evaluation would includan assessment of the total mass of nitrate procatthd location of the

treatment zonésee estimates and discussion in Sectid)) and the predicted flux drassociated
groundwater concentration of nitrate that would be produced.

4.2.3.2 Long-Term Effectiveness and Permanence

For sitessuch as those tested during technology development (Sdctid)) where the URGS ammonia
treatment creates legolubility precipitates that decrease uranium mobility, the treatment would be
expected to have good lotgrm effectiveness and permanence sifds like the 214J-8 crib, the URGS
ammonia treatment would not meet letlegm effectiveness and permanence criteria.

42.3.3 Reduction of Volume, Mobility, or Toxicity

For sites such as those tested during technology development (Settipnwvhere the URGS ammonia
treatment creates legolubility precipitates that decrease uranium mobility, the treatment would be
expected to meet criteria for mobility reduction. Aesilikethe 216U-8 crib, the URGS ammonia
treatment would not me#te mobility reduction criteria.

In addition to consideration of ammonia treatment effectiveness in decreasing uranium mobility, nitrate
production must also be considered for future remediatiphications as mobile sigeroduct of
ammonia treatment (see discussubthreshold criteria in Sectioh2.3.).

4234 Short-Term Effectiveness

Shortterm effectiveness considers potential effects on human health and the environment during the
implementation phase of the remedy, and the time requiredhievache remedial action objectives.
Ammonia handling has several health and safety issues that would need to be addressed to ensure short
term effectiveness. Thuthere is a risk that ammonia treatment would have poor-siront

effectiveness

4.2.3.5 Implementability

Implementability includes technical and administrative feasibility, and availability of services and
materials. The field test design demonstrated that ammonia injection equipment is available for
implementation of the technology and that thieran availability of services and materials for the
technology. Administrative issues, however, inclpdeential project risks as described in the Lessons
Learned section (Sectidh2.2).
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4.2.3.6 Cost

Cost elements inctierigorousdesign needs to accommodate hazards and codes, arrocompatible
equipmentrigorous health and safetyonitoring,andemergency planningHigh costs for the field test
design and constructiasee Sectiof.0) were driven by these factors, as would a remediation
implementation of the ammonia treatment technologyeasibility study author could uske

information in this report and the field test design referenced herein to develop a feasibility study cost
estimate within the required +50%0% range.
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50 Quality Assurance Resul

A data quality objectives (DQOSs) process, as describ&liidance on Systematic Planning Using the
Data Quality Objectives Proce$EPA 2006, was used to develop the sampling and analytical design to
support the treatability tesThe DQO procesis documented ibata Quality Objectives Summary

Report for thdJranium Sequestration Pilot T6@&EHPRC 2010)

Principal study questions (PSQs) for the treatability test are listed below along with a discussion of
associated treatability test results.

PSQ #1:Does the planned test interval contain sufficient mob#éaiwm and have characteristics
suitable to evaluate potential treatment effectiveness?

Untreated samples frothetest site were analyzed for uranium concentration and for mobile uranium
content using the sequential extraction method. The test sitear@itdria listed in th&TP (DOE

201%5), with pore water concentrations greater tham@, samples with a uranium mobile fraction
(aqueous, sorbed, and rind carbonate&20the total, and a uranium concentration rangetgrea

than from 10 to 1000 rvkg.

PSQ #2:Does laboratory testing of sediments obtained from the planned test interval show reduction in
mobile uranium content due to ammonia treatment?

Laboratory testing of sediments dosed and incubated for 4 months to 1.5 year did not shovsa decrea
in uranium mobility in soil column leaching tests. Almost all of the 22 leaching experiments showed
more uranium leached and higher uranium concentrations in the effluent than for the untreated
sediments. This information resulted in additional latmpyetests to determine the interference

related to the poor effectiveness and the field test was terminated.

PSQ #3:Does laboratory testing of sediments obtained from the planned test interval show reduction in
mobile TC-99 content due to ammonia treatmt’?

Tc-99 concentrations were below detection at the field test site, so this evaluation could not be
completed.

PSQ #4:Will vadose zone geochemical manipulation via ammonia injection result in a reduction of
uranium and/oif C-99 mobility?

This PSQ wasor considering the treatability test data with respect to futureséalle applications.

Data and interpretation in the treatability test report discuss the challenges for use of ammonia as a
treatment technology based on the poor effectiveness obsertred218J-8 test site and
implementation issues identified during the field tests design and construction activities.

Data collection and evaluation, and laboratory sample analysie conducted in accordance with the
methods and specifications described inSA€ (DOE 20L5b). A datausabilityassessment reparas
prepared CHPRC 2018).
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In addition,work wasgoverned by th®VZ-AFRI Quality Assurance PlaiDVZ-QAP). The DVZQAP
implements the requirements of the United States Department of Energy Order 414alify,
Assurancend 10CFR830 Subpart AQuality Assurance Requiremernifie DVZQAP uses ASME
NQA-1-2000,Quality Assurance Requirements for Mac Facility Applicationsas its consensus
standard and NQA-2000 Subpart 4.2 as the basis for its graded approach to qUiaétyvork controls
were graded a&pplied Research
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6.0 Cost and Schedul e

Overall cost of th&JRGStestwasabou $8 million. Major cost elements and associated expenditures are
shown inTable6.1.

Table 6.1. Costs for Treatability Test Activities

Treatability Test Activity $ (K)
FTP and SAP 300,000
Site characterization 250,000
Laboratory testingf treatment effectiveness (e.g., sequential extractions and soil column tests) 350,000
Borehole drillingand injection well/monitoring borehole construction 1,422,000
Test site preparation 2,250,000
Equipment/instrument desigprocurement and installation 3,000,000
Final treatability test report 300,000
Total 7,872,000

Costs shown above are mmcessarilyepresentative adhecost to implement BIRGSremedybecause
conducting a treatability test required activities needed to collect detailed technology information in

support of future feasibility studies
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Site Smelectio

Al Deep Vadose ZonEesltrreat@mandniium Tr eat me
Test Site Selection

A.1.1 Introduction

TheDeep Vadose Zone Treatability Test Plan for the Hanford Central PléiEak 2008) provides a

strategy and framework for evaluating specific vadose zone remediation technoldugeasesdbility
approachincludes laboratory, modeling, and field tests. Testing of reactive gas technology is one
component of the overall treatability test plan, with an initial emphasis on uranium contamination. As
discussed in the treatability test plan ([©@008), there are several potential technologies for vadose zone
treatment of uranium. In previous studies associated with evaluating technologies for application to the
200 Area vadose zone at the Hanford Site, technologies requiring the additiamfafasigamounts of

water to the vadose zone were less preferred because of the potential for inducing uncontrolled migration
of contaminants, and difficulties in controlling how added water moves through the vadose zone. Thus,
treatability testing effod for uranium are focused on giaansported reactants.

A range of candidate technologies were identified in the treatability test plan (DOE 2008) and through
additional review of current technology information. In fiscal year 2009, for each of the ltagibapthe
potential changes in uranium mobility in the sediment were evaluated based on current knowledge of the
reaction mechanism and through probfprinciple experiments, as appropriate (Szecsody et al. 2010a).
This effort identified reactive gaseatment using ammonia gas as a promising candidate for field testing.
In summary, when ammonia gas is introduced to the vadoseizpasitions into the pore water as
ammonium ion. This process increases the pH of the pore water and thereby déssob/esineral

phases, notably aluminosilicates. The pH can then be lowered by flushing inert gas through the vadose
zone to remove ammonia or through natural buffering capacity. When the pH of the pore water
decreases, aluminosilicate minerals precigjtahich, in laboratory tests, rendered the uranium more
difficult to extract from the sediment/pore water and thereby less mobile. Additional development of the
ammonia technology has been conducted in laboratory and modeling studies (Szecs@0yQi,al.

2012; Truex et al. 2014a; Zhong et al. 30ih support of design and interpretation of the planned field

test.

Current plans are to proceed with field testing of the ammonia technology for treatment of uranium in the
vadose zone. A key first steppreparing for the field test is selection of a suitable field test site. The
following sections provide an overview of the field test concept, criteria developed for the field site
selection, a review of the site selection approach, and the resultssitthelection process.
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A.1.2 Field Test Concept

The field test will be designed to collect data that quantify the performance of the ammonia technology
and support the treatability test goal of providing information useful for inclusion of the technology in
subsequent feasibility studies. Currently, it is envisioned that the test would be conducted using a single
vadose zone well for injection of an ammonia gas mixture with monitoring locations surrounding the
injection location to monitor the injection prosesThe primary performance measure will be comparison

of uranium in sediment and pore water before and after the treatment. Baseline sediment samples from
the test site will also be subjected to ammonia treatment in the laboratory for comparison to field
treatment results.

A.1.3 Field Site Selection Criteria

Criteria for selection of the field test site were developed for use in evaluating candidate field sites. These
criteria take into account technical and logistical aspects of conducting the test anenthedmse of the
data to support future feasibility studies. The criteria are listed below in order of importance.

1. Do the data indicate that the site is appropriate for testing the technology based on the uranium
concentration, chemistry, and physicebperties?

a. Applicability for treatmenwill be based on estimates of uranium concentration/sediment
chemistry (mobility), waste disposal stream information, and sediment particle size
distribution

1. Essentiato havea contaminated zone where a component of the uranium is
present in a mobile phase

2. Prefersite with both coarse and fine grain sediment lenses within contaminated
zone

3. Consider potential impact of waste disposal chemistry (Truex et al. 2014b)
4. Considerpresence of cgontaminants (positive and negative)

b. Adequacy of existing information, including confirmation by geophysical logging and
sample analysis, proximity of boreholes to waste site, depth of drilling and pushes

1. Absenceof characterization datascreened out

2. Conflicting data (e.g., inventory estimate vs. borehole sample analysis)
screened out

c. Relation to data from laboratory tests (Szecsody et al. 2010a,b, 2012)

1. Similarity to uranium concentration in laboratory tesenéto hundreds g-U/g-
sedment)

2. Mineralogysimilar to sediments used in lab tests
3. Considerpotential for nomeutral pH
4. Considemoisture content in the target zone
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2. Are the size and configuration of the vadose zone contamination suitable for a test location?
a. Ability to locate asuitable test interval (knowledge of contaminant location)

b. Depth to suitable test location (shallow but beyond the extent of direct surface flow paths
for injected gases is preferred)

Total thickness of contaminated zone (thicker is better)
Areal extent @rger is better)

Uranium inventory (larger is better)

Contamination outside footprint of disposal structures

@ -~ o 2o

Consider presence of metallic infrastructure with respect to use of electrical resistivity
tomography(ERT)
h. Consider surface accessibility

3. Arethere operational issues that would make testing difficult and/or costly or that would
significantly delay initiating the test?
a. Cost factors

b. Administrative controls, processes, and restrictions (safety basis, fence lines, potential
lead time, etc.), cribgs. tank farm releases

1. Inside tank farni screened out
2. Restricted area (e.g., caireissues) screened out

c. ALARA (as low as reasonably achievabldistribution of contaminants within and
surrounding the target test interval

d. No administrative issues wiurface modifications for test infrastructure

4. s the site representative of other sites where the technology may be applied for remediation?
a. Tank farm or disposal site
b. Type of waste discharge (e.qg., source of waste)

c. Site geology considering presence adige and fia grain sediments and Hanford/
CCURingold materials (evaluate ability obtain sediment samples of CCU and Ringold
if field test is in the Hanford formation)

5. Does the site vadose zone contamination pose aemarisk forthe groundwater?
a. Is the site a negerm target for remediation?
b. Is there a priority for activity at the site?

A.1.4  Site Selection Approach

The site selection process was initiated by identifying candidate sites based on information in the
treatability tesplan (DOE2008) and knowledge of potentially suitable sites where uranium was
disposed. Data and information from reports and interviews of site staff for each candidate site were
compiled, as available, to provide input to each of the selection crifesaries of meetings was

convened in 2010 to review the information and evaluate each site with respect to the selection criteria.
Attendees of these meetings are liste@iableA.1. Site staff contacted to discuss candidate sites are
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listed inTableA.2. The results of the 2010 site selection were reviewed in 20CHBM Hill Plateau
Remediation CompanyCHPRQ andPacific Northwest National Laboratorl? INL) project staff Table
A.3). Refinements to the site selection process have been incorporated into this document.
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TableA.4 sunmarizes general information for candidate sites. Results of the evalasgaocumented
in TableA.5. A final evaluation of this information was then used to selectarget field test site.

Table A.1. Attendees for Site Evaluation Meetings

Attendee Organization
Glen Chronister | CHPRC
Mark Benecke CHPRC

Scot Adams CHPRC
Jeff Serne PNNL
Mike Truex PNNL
WooyongUm PNNL

Jim Szecsody PNNL
Mart Oostrom PNNL
Chris Strickland | PNNL

Table A.2. Contributing Site Staff

Contributor Organization

Jim Hoover CHPRC

Bill McMahon CHPRC

Charles Miller CHPRC

Jon Lindberg CHPRC

Dave Erb CHPRC

Greg Thomas CHPRC

John McDonald CHPRC

Dave Ottley CHPRC

Scott Worley CHPRC

Bonnie Howard CHPRC

Les Walker CHPRC

Scott Petersen CHPRC

Dave Weekes CHPRC

William Webber CHPRC

Carl Connell CHPRC

Al Rizzo CHPRC

Rick McCain Stoller

Paul Henwood Stoller

Sunil Mehta Intera

Dave Meyers Washington River Protection Solutions
Marek H. Zaluski MSE -Technology Applications
Chris Haas Freestone Environmental

Table A.3. Attendees for 2014 Site Evaluation Meeting

Attendee Organization
Glen Chronister | CHPRC
Bruce Williams CHPRC
Virginia Rohay CHPRC
Mike Truex PNNL

Jim Szecsody PNNL

Chris Strickland PNNL
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A.1.5 Site Selection Results

The following sections describe each stéphe site selection process.

A.1.5.1 Site Identification
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TableA 4 lists the candidate sites considered in the selection prothesgeneral location of these sites

on the Hanford Central Plateau is showrFigureA.1. This site information was reviewed in 2014 with
consideration of vadose zone characterization activities thatdcauered between 2010 and 2014. The
characterization activities in this period incldder wells installed in the BComplex area, reversion

of the BComplex ERT data for vadose zone contamination, wells installed at%fen@ S13 sites, and
wells installed near U Plant as part of W@perable unit@U) drilling. In reviewing this characterization
information no changes were identified that impact evaluation of the suitability of a site for the uranium
field test. In summary, the UPOU drillingand wells at © and S13 are not near a candidate test site.
The BComplex well information did not show additional areas of vadose zone uranium contamination.
The BComplex ERT ranversion did not identify new vadose zone target areas for the test.

B Cribs B-BX-BY Tank Farms

216-B-12Crib 241-BX-102 Tank

B-BX-BY and
Surroundings

/- C Tank Farm
A-AX

Tank
Farms

I 200 PW-1/3/6 & 200 CW-5
[ 200 West (200-WA-1)
I 200 East / IS-1 (200-EA-1)

-
L [C] Canyons & Associated Waste Sites

Tx-TyTank— [ 200 sw-2

Farms [ Deep Vadose Zone (200-DV-1)
I Approved Waste Disposal Sites
[ Tank Farms

U Tank _

Farm
" |nner Area PUREX Cribs
S-SX and =X :
Surroundings S ' 216-A-3,-4,-9, and -19

Cribs
REDOX Cribs

U Cribs

216-U-1&2,-8,and -12
Cribs

BC Cribs & Trenches

Multiple Cribs and

216-51/2 and -7 Cribs Trenches

Figure A.1. Location ofHigh Uranium Inventory Sites Consider@cdthe Site Selection Process
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Table A.4. Description of Candidate Test Sites

Site Description
216-A-19 Crib Waste Stream(sYhe site received PUREX stapt waste during November and December

1955. Although several references state it also received condenser cooling water from t
241-A-431 building via the 21-8\-34 ditch, drawings do not show the 22634 ditch
connecting to the 218-19 crib. While the U inventory{~43 metric ton3 is the largest
discharged to any Hanford liquid disposal waste site, all but 31 kg U is estimated to hav
discharged as solids|{3).

Cumulative discharge inventory summary (SIM) is:
1 U: 43,444 kg (depleted)
1 Na: 27,671kg

1 Fe: 18,345 kg

7 NOs 10,919 kg

1 COs 5102 kg

1 SO 4604 kg

1 Cs137:0

Description: The crib is a 7.& 7.6 x 4.6 m deep (2% 25 x 15 ft deep) excavation with no
liquid dispersion structure.

CharacterizationThe aly characterization da&efrom the C3245 borehole drilled through
the cribin April 2003 Borehole logging indicates uranium att®®0 pCi/g located from 3.0
t0 9.4 m (10to 31 ft) below ground surfacér@y. Maximum Cs137 activity level observed
was 560 pCi/g at 2.4 m (8 ft) bgs. Sediment sampling showed 51 pQi38 (max) at 4.4 m
(14.5 ft) bgs.

216-U-1&2 Cribs

Waste Stream(s)The cribs received overflofvom the 241U-361 settling tank, which
received cell drainage from the®6 tanksin 221-U and waste from the 224 building until
theuraniumrecovery process operations shut down in 1950m July 1957 through May
1967, the 218J-1&2 cribs receivedvaste from the 224 facility and equipment
decontamination waste and reclamation waste from théJ2@dnyon.

The waste was low in salt and neutral to basic, except for the highly acidic discharge lat
history. Cumulative discharge inventory sumary (SIM) is:

U: 3955 kg

C-137: 1.8 Ci

Na: 8467 kg

K: 127,476 kg

NOs: 1,669,917 kg

COs: 6536 kg

PQs: 6633 kg

SO 171,222 kg

=4 =4 =4 -4 -4 -8 -89

Description The cribs include two wooden liquid dispersion structures in adjacent
excavations 27.% 8.5x 4.9 m deep (8% 28 x 16 ft deep) that operated in series.

Characterization DataCharacterization boreho299W19-96 (A9797)was drilled through

the 216U-1 crib in 1995.The highest zone of contamination was found at a depth of 6 to
12m (20 to 40 ft). Maximum contamination levels in this zone included 2,400,000 pCi/g §
90, 1,430,000 pCi/g C$37, and 438 pCi/g Pu239/240.
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Site

Description

Three additional characterization boreholes (2989-95, 299W19-96, and 299W19-97)
were drilled near the 216-1&2 cribs in 1995.Borehole sediment samples and surface so
samples were collected and analyzétaniumcontaminated perched water was observed
the CCU.

Shallow push holes surround the crib at various distances. Isopleth maps of uranium ar
Cs137 contamination indicate significalateral contamination spread.

There are thought to be two zones of uranium concentratinathatis shallow and another
in the deeper Cold@ek silt and carbonate layer.

Unusual Occurrence 8b7: Unusual Occurnece 8517 reports groundwater samples taken
January 1985 from wells 298/19-03 and 299V/19-11, indicating 60,000 and 85,000 pCi/L
of uranium respectively Previous routine samples averaged less than 500 pCi/L.
Investigation revealed that liquid wa$tem the 216U-16 crib, located south of the 216
1&2 cribs, had migrated north along a subsurface caliche |&pesting groundwater
monitoring wells around the 248-1&2 cribs provided a pathway for the contamination to
reach the groundwater.

216-U-8 Waste Stream(s)The cribs received acidic process condensate from théJ2iid 224U
buildings along with drainage from the 291 stack via an underground vitrified clay pipelin
The waste was acididischarge inventory summary (SIM) is:

1 U: 25,512kg

1 Tc99: 2.7Ci

1 C-137:0.05Ci

1 Am-241: 4.7 Ci

1 Na: 7482 kg

1 K: 3,624,455 kg

1 Ca: 5852kg

1 NOs: 4,556,685 kg

1 PQu 79,023 kg

1 F: 7295 kg

1 CI: 8192 kg
Description The site consists of three wood timber liquid dispersion structures setda ser
within a 48.8x 15.2x 9.7 m deep (168 50 x 32 ft deep) excavationEach structure is 4.9
4.9x 3.0 m deep (1& 16 x 10 ft). The structures were filled with 1¢8n (0.5in.) crushed
stone. There is roughly 2070 #{73,000 f£) of gravel fill inthe cribs.
Characterization During the 1995 Limited Field Investigatiomborehole (299N19-94) was
drilled though the crib to a depth of 60.6 m (199 ft) and abandoned following characteriz
Gamma logging detected-288 831 pCi/gat11.4 m [37.5t] bgs and 150 pCi/gt56.4 m
[185 ft] bgg in the borehole Soil samples showed high concentrations 6fl@% and S©0
near the undground vitrified clay pipeline.
Isopleth maps of uranium, T29, and Cs137 contamination obtained from boreholeiflett to
approximately 45 ft deep during 2005 indicate significant lateral smree@htamination.

216-U-12 Crib Waste Stream(s)From April 1960 to May 1967, the site received 291 stack drainage,

241-WR vault waste and 224 process condensate via thé&@ank. Contaminated water
from the 241WR vault was discharged to the crib in October 19@%chincluded 3.14 §
(6.9 Ib) d thorium. From May 1967 to September 1972, the site received the above wasi
(excluding the 24WWR vault waste) and occasional waste via thétank in the 224J
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Site

Description

building. From September 1972 to November 1981, the site was inaétreen November
1981 to January 1987, the site received acidic process condensate (typical pH rangetoval
1.5) from the 224J building. The crib also received miscellaneous storm drain wastes frg
the224-U building. Between April 1960 and September 1972, 6.7E+5 kg nitrate was rele
to the crib from theurraniumtri-oxide process.

The waste was acidicCumulative discharge inventory summary (SIM) is:
1 U: 6458 kg

1 Tc-99: 0.7 Ci

1 Cs137:69.6 Ci

T Am-241: 1.4 Ci

1 Na: 3921 kg

1 K: 1,834,294 kg

1 Ca: 2965 kg

1 NOs: 2,279,820 kg

1 PQu 40,049 kg

1 F:. 3707 kg

1 CI: 8192 kg

Description: The 216U-12 crib includes a beloygrade 30cm (12 in.) diametevitrified clay
piperunning horizontallyfor the length of the crib within a 30:63.0x 4.6 m deepX00x 10
x 15 ft deep) excavation that was filled with 264 gnavel.

Characterization Limited characterization data are available from a 1994 borehole place
adjacent to the crib footprintyhich showed no contaminants above background. Spectra
gamma borehole logging of a borehole through the crib tm §B75ft) bgs indicates G437
from 5to 18m (16 to 59%t) (maximum activity of 16,100 pCi/g atm [23ft]) and U-238 from
5 to 24m (17to 80ft) (maximum activity of B0 pCi/g at 23n [76ft] bgs).

Isopleth maps of uranium and-@87 contamination obtained from boreholes drilled to
approximately 4@o 50 ft deep during 2005 indicate signifitdateral contamination spread.

216B-12

Waste Streand): The crib originally received 2200 and 224U condensate waste transporte
from 200 West Area via thgosssite transferline (line V219). Later, the crib received
cordensate waste from the 2B1Plant.

From November 1952 to December 198 site received the process condensate waste f
the tributyl phosphate uranium recovery processes at th&) 221 224U buildings as well as
B Plant condensate=rom December 1957 to May 1967, the site was inactivem May
1967 to November 196te site received construction waste fritv@221-B building. After
November 1967, the site received process condensatatfe1-B building.

The waste was low in salt and neutt@basic. Cumulative discharge inventory summary
(SIM) is:

U: 15,112kg

Na: 14,051 kg

Ca: 8147 kg

K: 2,286,683 kg
NOs: 2,860,615 kg
COs: 11,676 kg
PQy: 50,066 kg

F: 4743 kg

Sr-90: 120 Ci

=8 =4 =4 -4 -8 -8 _-8_-9_-9
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Site

Description

1 Tc99: 1.6Ci
T Cs137: 326 Ci

Description: The unit consists of a seriestbfeecascading, 4.9 4.9x 3.0m (16x 16 x

10ft) high wooden boxes in a 48x815.2x 9.1 m deep (168 50 x 30 ft deep) excavationA
1.3cm (0.5in.) rock backfill lies in the bottom 3.7 m (12 ft) of the excavation and beneath
each box is approximately 1.2 m (4 ft) of this rodke site contain900 n¥ (3800 yd) of
1.3cm(0.5in.) gravel.

Characterization Wells 299E28-9, 299E28 16, 299E2865, and 2992866 monitor this
unit. Data indicate breakthrough to groundwater has not occurred at this site.

Characterization borehole C3246, drilled into the crib in June 2003, was drilled to a dept
308 ft. Geophysical logging found €837, U238 and Eul54. The maximum concentration
of Cs137, 121,000 pCi/g, was found at 35 ft b@gproximately 10 pCg of U-238 was
observed at 36.th 36.6 m (1180 120 ft) bgs.

Logging of 299E28-16 (A6794), located approximately 9.1 m (30 ft) south of the crib,
showed ~100 pCi/gf U-238 at 47 m (155 ft) bgs. This hole also indicated ~100,000 p€i/
Cs137 at 36 m (100 ft) bgs, which may have maskbd presence df-238.

Logging of 299E28-65 (A6816), located in the crib, showed greater than 10,000 pCi/g
Cs137 from the bottom of the crib to 21 m (70 ft) bgs, with a maximum of approximately
250,000 pCi/g aa depth correspaling to the bottom of the crib.

241-BX-102
overfill event
(UPR-200-E-5)

Waste Stream(s)in1951, t hi s t ank was r #reaeifromi tmbgmuthh
phosphate plutonium separation process at B Plant.

On March 20, 1951, a cascade outlet became plugged, resulting in theZBtAnk overfilling.
The bismuth phosphate process releapgicximately 348,000 (91,600 gal) of metal waste
containing approximately 10.1 metric tomsuranium.

Description Contamination migrated beyond the 2ZBX/BY fence, to the northeast and
under the road north of the B Farm with increasing depth to the northeast. Some of this
is contained in the saturated sediments that are perched on the Cold Cregé&ifiad nterval
and is, over time, slowly leaking through and contributmthe groundwater plumes. A
groundwater uranium plume that originates beneath the perched zone has flowed to the
northwest under the BY cribs.

Characterization There is excellent chacterization information available for various depth
and locations of holes. Shallow push holes within the tank farm surround the release pg
There are several deep boreholes next to the tank and eastward to the point of the proje
release to groudwater. The depth of the uranium in the vadose zone increases from the s
location to the northeasContamination near the CCU is thought to represent the most se
vadose zone threat to groundwater from uranium oitrdord Ste.

Well 299-E3345 (C3269)located west of the BX02 tank but inside the tank farm fence
revealed silt bands in the upper 51.8 m (170 ft) that exhibit uranium, sodium, nitrafes-ang
99 contamination. Soil pH is elevated from 22.8 to 51.8 m (75 to 1704B38 wagresent
between 21.9 and 60.3 m (72 and 198Wi}h a peak value of 240 pCi/g at 41.5 m (136 ft).
Tc-99was noted from 36.6 t60.1 m (12Qo 230 ft), with a maximum of about 30 pCi/g
(water extraction) at 51.8 m (170 ft).
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Site

Description

Borehole 299E33-343, locatd at the northwest corner of thet@k farm shows the uranium
contamination has migrated deeper within the vadose zone, and appears to be near the
water zonen theCCU.

Boreholes 2993318 (A4844) and 29%¥33-345, located approximately 38 (1h25 ft) east of
299E33-343, also revealed high uranium contents in the CCU.

Recent wells 29¢33-350 and 29933-351 had no vadose zone contamination above the
perched water. Well 29833-360 also had no vadose zone contamination above the perg
wate zone indicating the uranium had moved into this deep zone laterally from near the
leaking tank. However, the uranium concentrations within the saturated perched water i
are consistent with other existing perched water concentrations.

BC Cribs ad
Trenches

Waste Stream(s)The BC cribs and trenches were active in 22967. They received waste
produced by the bismuth phosphate separations process that was reprocesséttat 221
recover the uranium from the wastafter the uranium was removed, the-C37 and S©0
contents of the effluent were reduced by precipitatiariotal of 6 cribs and 16 unlined
trenches received scavenged tank waste fromardr@umrecoveryprocess. Trenches 214B-
53A, 216B-53B, 216B-54, and 216B-58 received laboratory alutonium Recycle Test
Reactomwaste fronthe 300 Area.

The scavenged tank waste was high in salt and ndathelsic. Cumulative discharge
inventory summary (SIM) to the 248-17 crib (example) is:
U: 104 kg

Na: 279,059 kg

Ca: 503 kg

K: 1984 kg

NOs: 561,917 kg

NO.: 18,709 kg

CGs: 19,658 kg

POy 20,064 kg

SOy 37,363 kg

F: 6111 kg

Cl: 9944 kg

Sr-90: 829 Ci

Tc-99: 9.8 Ci

Cs137: 119.7 Ci

=4 =4 =884 -8_4_4_4_4_4_°9_°-°9

Description: The 216B-17 crib is constructed of a single wood/concrete block/steel plate
liquid dispersion structure measuringg3 x 0.9 m (10 x 10 x 3 ft) higthat is set below
grade on a 1.5 (5ft) thick bedof 3-inch gravel. The 216B-26 trench is an unlinetlench
154 m (500 ft) long, 3 m (10 ft) widand 2.4 m (8 ft) deepEarthen dams dividie trench
into three sections.

CharacterizationIn 2005, characterization borehole C4191 was drilled through th 266
trench to groundwaterTwo regions of ontamination were founda nearsurface region of
Cs137 and SO0 associated with the bottom of the trench and a deeper @gi@9 and
nitrate from 27.4 to 41.1 m (90 85 ft) bgs. Maximum neassurface contamination
concentrations observed wers-€37: 529,000 pCi/g,$00: 974,000 pCi/g,
Am-241:41pCilg, Pu 95 pCi/g. Spectralgamma logging systef®GLS logging of
boreholes installed to support a subsequent excaviatimsed treatability test revealed a
highly contaminated region (~1 ft thick) at a depth of approximately 3.3t0 3.6 m (11to 1
with Cs137 concetrations exceeding 1E+06 pCi/g.
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Site

Description

In 2008, borehole C5923 was drilled to groundwater near theB218 crib. No neasurface
contamination was observed because it was intentionally located outside the footprint of
crib. Peaks of T®9 contamination were observed at approximately 15.2, 38.4, and
68.6m (50, 90, 125and 225t) bgs, indicating significant lateral spread well as deep
mobile contamination. Maximum mobile U contamination observed was g/4.0at
approximately 21.3 m (70 ft) bgs.

216-A-3, and-9
Cribs

216-A-3 Crib

Waste Stream(s)Until November 1967, the site received wastes from the siiida
regeneration in the 208 building, the UNH storage pit drainage, and the liquid waste fron
the 203A pump house After November 1967, the site received UNH storage pitndige,
liquid drainage, liquid waste from the 2@3building enclosure sumps, and the heating coil
condensate from the P1 through P4 UNH tarB8stween 1967 and 1970, the site discontiny
receiving discharge from siliegel regeneration waste3he wase included uraniunCs137,
Sr-90 andRw-106. The site was taken out of service in April 1981.

Description The unit contains a 10 cm {d.) diameter Schedule 10 perforated 304 stainles
steel pipe placed horizontally 2.4 m (8 ft) below grade andétdian (20ft) lengths of this
pipe placed perpendicularly to the first pipe, forming an H pattern in & ®.1x 4.9 m deep
(20 x 20 x 16 ft deep) excavatianThe site has approximately 2.4 m (8 ft) of gravel fill with
volume of 280 ri(10,000 f€) ard has been backfilled.

216-A-9 Crib

Waste Stream(s)Until February 1958, the site received acid fractionator condensate and
condenser cooling water from the 282uilding. In February 1958, the crib was judged to
have reached its capacity and wastakut of serviceln April 1966, the crib was approved
for disposal of liquid N Reactor decontamination waste, which continued to October 196
From October 1966 to August 1969, the site was inactivugust 1969, the site again
received acid fraabinator condensate from the 2B82building. The waste was acidic.

Description The site contains a 25 cm (itD) diameter Schedule 30 steel perforated pipe,
placed horizontally, 2.7 m (9 ft) below grade in a 4280 x 13 ft deep excavationThe site
has B40 n# (65,000 ff) of gravel fill and has been backfilled.

Characterization Groundwater wells 29€24-3, E244, E245, and E2463 monitor this unit.
The data indicate that no breakthrough to groundwater has occurred at this site.

216-A-4 Crib

Waste Stream(s)The site received the laboratory cell drainage from the&268ilding.
(The site was reported to have also received®4d1stack drainage The 216A-4 crib also
received waste solution from the 2862 waste collection tank, the Ulte-3 and U4
laboratory waste receiver tanks (located in the acid storage vault), the dissclyas off
scrubbersand the 244A-151 diversion box catch tank.

The waste was low in salt and neut@basic. Cumulative discharge inventory summary
(SIM) is:

1 U: 5388 kg

1 K: 75,974 kg

T NOs: 95,373 kg
1 PQg: 1691 kg
1 Cs137:4.9Ci
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Site

Description

Description Excavation wag0 x 20 x 26 ft deep. Two 6.1m (20ft) lengths of 15cm (6in.)
perforated vitrified clay pipe form a horizontal cross patterdare located 5.5 m (18 ft)
below grade.The excavation has 2.4 m (8 ft) of coarse rock fill with a volume of 280 m
(10,000 fé) and has been backfilled.

Characterization Characterization borehole C4560 was drilled into the crib in 2@04ling
was sispended due to an unexpected extremely high zone of radiological contamination
encountered. Dose rates of 2.2 R at 6.7 m (22 ft) and 2.4 R at 7.0 m (23 ft) were obsery

Borehole C5301 (29824-23), drilled in late 2006/early 2007, was placed soutihef
southwest corner of the crib and drilled 109.7 m (360 ft) d&gp137 was th@nly manmade
isotope detected.

21651&2

Waste Stream(s)This unit was used as a subsurface liquid distribution system that recei
cell drainage and process condens$am the REDOX facility. The waste had a pH of 2.1.
The waste was discharged to the cribs in batcki¢ls each batch being approximately
19,000L (4940 gal), and an average of 10 batches discharged each/dagn the crib was
abandoned, it hakceived approximately 750,000 Ci of mixed fission products.

The site received cell drainage from thel Deceiver tank and process condensate from the
D-2 receiver tank in the 203 building

The waste was acidicCumulative discharge inventory summé#8IM) is:
1 U: 2220 kg
1 Na: 9778 kg

1 NOs: 210,879 kg

1 Sr90: 959 Ci

T Tc-99: 2.6 Ci

1 Cs137: 827 Ci

Description: The excavation includes two opénttomed crib boxes, each measuring>3.7
3.7m (12 ftx 12 ft), made of timber, and placed in a 3.0 m ()@hick gravel bed in a 274
12.2x 10.4 m deep (98 40 x 34 ft deep) excavationThe cribs are connected in series whe
overflow from the crib box S1 flows into crib box SZ&\dn underground pipe.

CharacterizationCore samples from wells drilléd 1956 determined that €187 was
contained in the upper strata beneath the cribs, but 480 Bad reached groundwateZore
samples from five additional wells drilledarthe 216S-1&2 cribs in 1966 indicated that 90
of the Cs137 and less than ¥of the S¥90 was contained in the soil between 4.8 m (16 ft
and 10 m (33 ft) below the crib&eophysical logging performed in 1984 indicated that Cs
137 concentrations were highest just below the bottom of the crib and decreased rapidly
depth. There has been little change in the gamma activity profiles since 1958.

21657

Waste Stream(s)Erom January 12, 1956 April 12, 1959, the unit received REDOX cell
drainage from the £ receiver tank, process condensate from ti#rBceiver tank, and
condensate from the-Bl condenser ithe 202-S building. A buildup of beta activity in this
crib prompted the rerouting of-Bl waste material to the underground waste storage tanks
The crib continued to receive waste frorilland D2 vessels until Jul§965.

The waste was acidicCumulative discharge inventory summary (SIM) is:
7 U: 3411kg
1 Na: 11,760 kg
T NOs: 432,149
1 Sr90: 1471 Ci
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Site

Description

1 Tc99: 25Ci
T Cs137: 979 Ci
1 Pu239/240:83.7 Ci

Description The unit consists of two wooden structures measutiign (16.1 ft) square and
1.6 m (5.2 ft) high.The structures are set 15.2 m (50 ft) apart, center to center, in a BB.5
x 6.7 m deep (108 50 x 22 ft deep) excavationThe structures were set in gravel and
covered with backfill. The two struaires are connected in parallel by a pipe, allowing the
flow to be eqally distributed to both cribs.

CharacterizationCharacterization borehole C4557 was installed in late 2004 and complg
in early 2005.Geophysical logging indicated maximum-C37 of two millionpCi/g at 7.8 m
(25 ft) bgs. No other manmade radionuclides were detected.

SGLS characterization of 298/22-33, located in the crib footprintndicated 300 pCi/g@f Cs
137 at 8.4 m (27.5 ft). dlother manmade radionuclides were detected.

A.15.2

Site Evaluation

Evaluation of each candidate site with respect to the selection criteria was conducted in technical
meetings. A summary of the evaluation findings is document&dbiteA.5.
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Table A.5. Summary of Candidate Site Evaluation

Do the data indicate that the site is
appropriate for testing the technology

Are the size and
configuration of the
vadose zone
contamination

Are there administrative,
operational, or ALARA
issues that would make

testing difficult and/or costly

Is the site representative of
other sites where the

Does the site
vadose zone
contamination pose
a nearterm risk

based onthe uranium concentration, suitable for a test or that would significantly technology may be applied for the
Site chemistry, and physical properties? location? delay initiating the test? for remediation? groundwater?
216-U-8/12 1 Uranium in preferred range for-8 and | 1 Large inventory 1 Good access and logistics| { Representative of acidic 1 Yes
low for U-12 outside of crib 1 Likely have a zone| 1 Cs low outside crib in waste
- Sedimendata available and have in the 15 to likely target test area
concentration contours to guide site 1000mg/kgrange
selection {1 Uranium in 45t0
- Limited set of sediment analytical dat 70ft depth interval
available 1 3-D data
1 Chemistry may be different than lab tes interpretation
(acidicdisposal) available
1 Hanford formation but fines present
1 Sediment samples are available from
boreholes through cribs and laterally
outside
216-U-1/2 9 Uranium in preferred range for-Wand 9 Moderately large 1 Moderately good access | May not be representative of| { Yes

low for U-2 outside of crib
- Outsidecrib there are reasonable
concentrations, butsk being on the
high side of lab tests
- May be beneficial to have both high
and low concentrations indezone
- Sedimendata available and have
concentration contours to guide site
selection
- Limited set of sediment analytical dat
available
1 Chemstry may be different than lab tes
1 Hanford formation but fines present
1 Sediment samples are available from
boreholes through cribs and laterally
outside

inventory

1 Likely have a zone
in the 15 to
5000mg/kgrange

9 Uranium in 40 to
60 ftdepth interval

9 3-D data
interpretation
available

and logistics
- Limited space between
crib exclusion area and
the street
- Close to other work sites
and roadways
9 Cs low outside crib in
likely target test area

acidic waste becaus¥aste

Information Data System say

neutral/basichowever likely

followed by acidic waste

1 May have some organic
constituents that were
added in some waste
streams, but not all

9 Higher uranium
concentrationn the crib
than anywhere else based
on SGLS

9 Has both shallow and dee
test opportunities for
Hanford and CCU targets
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Do the data indicate that the site is
appropriate for testing the technology

Are the size and
configuration of the
vadose zone
contamination

Are there administrative,
operational, or ALARA
issues that would make

testing difficult and/or costly

Is the site representative of
other sites where the

Does the site
vadose zone
contamination pose
a nearterm risk

based onthe uranium concentration, suitable for a test or that would significantly technology may be applied for the
Site chemistry, and physical properties? location? delay initiating the test? for remediation? groundwater?
241-BX-102 9 Uranium in preferred range 1 Large inventory 9 Poor access and logistics,| 1 Representative of basic 1 Yes, previous
(UPR-200-E-5) - Primary contaminant issue is the CC| 9§ Non-CCU wanium especially for Hanford waste except it contained documented
(just above water table) in 120to 200 ft formation test some inorganic complexin releases
- Excellentsediment data available depth interval 1 Marginal access and ligands (bismuth phosphat
9 Chemistry similar to lab tests relatively deep test logistics for CCU test, but process waste example)
1 Gas treatment to large silt zones (CCU location deep(different location for - Perceived as worst case
not yet tested in lab 9 Prefer notto test in CCU test than Hanford scenario
1 Hanford formation but fines preseint CCU due to formation test)
except for portion of contaminants in sediment particle 1 Multiple contractor
CCU (silt) size anddepth interfaces required
1 Sediment samples available - Adjacent to tank farms,
bad logistics shallow,
better logistics for deepe
plume but still need to
interact withtank farm
9 Low co-contaminant
concentrations
216B-12 9 Uranium in preferred range only small | 9§ Large inventory 1 Good access and logistics| 1 Representative of basic 1 Maybe

bands
- Limited sediment data available
- Limited set of sediment analytical daj
available
9 Chemistry similar to lab tests
1 Hanford formation but fines present
1 Sediment samples likely available (nev
borehole being installed)

9 Deep
contamination

9 Uncertainty on
vadose zonplume
compared to large
inventory (borehole
drilled through crib
showed low
uranium
concentration)

waste
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Do the data indicate that the site is
appropriate for testing the technology

Are the size and
configuration of the
vadose zone
contamination

Are there administrative,
operational, or ALARA
issues that would make

testing difficult and/or costly

Is the site representative of
other sites where the

Does the site
vadose zone
contamination pose
a nearterm risk

based onthe uranium concentration, suitable for a test or that would significantly technology may be applied for the
Site chemistry, and physical properties? location? delay initiating the test? for remediation? groundwater?
216:A-19 1 Uranium in preferred range but may or] { Concentration and | { Minimal co-contaminants, | 1 Not representative due to | {1 Maybe
beso in a small area extent of mobile so can test directly in wast,  solids and startup waste
- Limited sediment data available uranium may be site (25x 25ft) 1 Waste was startup waste
- Limited set of sediment analytical daj  low 1 Easy access and therefore could be
available - Only 31 kg 1 Good logistics atypical (e.g.high
1 Likely similar chemistry to lab tests dissolved suspended solids
except for presence of solids uranium in component of uranium)
1 Hanford formation but fines present inventory per
1 Archive sediment likely not available SIM; the
remainder is
listed as solids
1 Shallow, 20 ta®30 ft
depth for testing
1 Solid uranium is an
interference in
testing and not
representative of
uranum carried
into vadose zone in
pore water
BC Cribs and 9 Low uranium concentration 9 Low uranium 1 Good access and logistics| 1 Not applicable for uranium{  No, uranium
Trenches 1 Good data set inventory 1 Representative for 789 1 Yes, Tc-99
1 Tc-99 site candidate
216-A-4 9 Low uranium concentrationC5301 9 High uranium 1 Uranium associated with | No data No data
borehole to groundwater, uranium very  inventory Cs, Am
low, similar to background 9 Small lateral spreaq { Borehole in the crib shows
area ishighly radioactive
216-5-1&2 1 Uranium in preferred range only in smg 1 Moderate uranium | { Cavein potential 1 Very high acid site No data

bands
- Deep data sparseitiv low-to-medium
confidence on data

inventory

1 Cs, Sr hit groundwater
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Do the data indicate that the site is
appropriate for testing the technology

Are the size and
configuration of the
vadose zone
contamination

Are there administrative,
operational, or ALARA
issues that would make

testing difficult and/or costly

Is the site representative of
other sites where the

Does the site
vadose zone
contamination pose
a nearterm risk

based onthe uranium concentration, suitable for a test or that would significantly technology may be applied for the
Site chemistry, and physical properties? location? delay initiating the test? for remediation? groundwater?
21657 1 Low uranium concentration 9 Uranium inventory |  Uranium associated with | 9 Acidic waste No data
uncertain Cs, Am
1 Cavein potential
1 Cs, Sr hit groundwater
216-A-3 and-9 | No data 9 Low uranium No data No data No data
inventory
216:B-43 1 Low uranium concentration 1 Same waste as BC| No data 1 Not applicable for uranium| No data
through 49 {1 Thin bands of contamination cribs
(BY Cribs) 1 Low uranium
inventory
216-B- 50 1 Same location as B¥ribs, but different | 1 Same waste as BC| No data 1 Not applicable for uranium| No data

waste stream. Not a uranium site for
vadose zoneontamination

cribs
9 Low uranium
inventory
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A.1.6 Site Selection

Based on the evaluation presented in the previous section,dfileslin particular the 228-8 crib, best
meet the criteria for a field test site. dammary, this site is best suited for the treatability test because of
the favorable uranium concentration/distribution, ability to conduct the test with shallow wells, minimal
logistical issues, and the availability of suitable data. In contresBX-102 overfill event site is less
favorable because of the depth of contamination, proximity to a tank farm, and uncertainty regarding
potential for unintended consequences with the contaminated perched water zo@(b tiear the

water table. Other sigeevaluated have more significant issues with respect to the selection criteria.

As with all of the sites evaluated, there are still technical uncertainties, and therefore technical risks, with
the 216U-8 site with respect to its suitability for the fidlkt. The primary uncertainties 4i¢ the

uranium contaminant concentration/distribution at the scale of the field te@)ahé effectiveness of

the ammonia treatment for the sediment mineralogy and uranium phases present at the site. These
uncerainties need to be addressed through the initial field test site characterization whereby the uranium
concentration/distribution is assessed and sediments are collected for use in laboratory verification that
the ammonia treatment will be effective.

The 25-U-8 crib is the preferred field test site.
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Appendix B

Geologic Logs, Core Photographs,
Particle Size Distribution, and Soil Resistivity



Appendi x B

Geol ogic Logs, Core Photogra
Particle Size dDndtPoiblutReENi st i

FigureB.1 shows the location of the boreholes. The combination borehole geophysical logs for boreholes
C9515, C9518, C9519, and C9520 are showkrignreB.2 to FigureB.5 with selected sample locations
shown on the log.

N .
1 216-U-8 Crib
Injection Well
o520 ceste Ces18 €917 Instrumented boreholes
C9515
. ® Target Continuous core of samples
Target interval 0 e collected 30-80 ft bgs, from
44-54 ft bgs which samples were selected
® Zone for analysis
C9583

\

Figure B.1. Borehde Layout and Sampling Interval

Pre-test soil samples
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Figure B.4. C9519 Combinatiohog with Annotationsfor Samples Selected for Analyses
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Figure B.5. C9520 Combinatiohog with Annotationsfor Samples Selected for Analyses
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B.1 Geol ogi c Logs

Geologic logs were prepared for each of the core sections used for analysis. Geologic logs are provided
below for the selected samples from boreholes C9515, C9518, C9519, and C9520.
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