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For investigation and cleanup purposes, the 300 Area was divided into the 300-FF-1 and
300-FF-2 source OUs and the 300-FF-5 groundwater OU (Figure ES-2). The 300-FF-1
OU contains contaminant sources associated with facilities and waste sites mainly
represented by the former North Process Pond (316-1), South Process Pond (316-2), and
300 Area Process Trenches (316-5), where large volumes of liquid waste containing
uranium were discharged. The 300-FF-2 OU contains contaminant source areas
associated with facil es and wastc sites within the 300 Area Industrial Complex, the
400 Area, the 618-10 Burial Ground Subregion, and the 618-11 Burial Ground
Subregion. Contaminant releases from thesc waste sites res  te  in several groundwater

contaminant plumes that lie within the 300-FF-5 groundwater +  J.

Remedial Investigations (RIs) and Limited Field Investigations (LFIs) were initiated in
the early 1990s for the 300-FF-1, 300-FF-2, and 300-FF-5 OUs. These investigations
provided information on the nature and extent of contaminants present in vadose zone
soil and groundwater and the threat that : contamin ts posed to HHE. A
comprchensive summary of 300 Area previous investigations and their findings are

included in this RI/FS.

e findings from these investigations resulted in the sclection of actions to remediate
source and groundwater contamination within the 300-FF-1, 300-FF-2, and 300-FF-5
OUs under the following ROD and interim RODs and three explanations of significant
difference (ESD) documents:

e Record of Decision for the 300-FF-1 and 300-FF-5 Operable Units, Hanford Site,
Benton County, Washingtond (300-FF-1 and 300-FF-5 ROD) describes remediation
activities for 300-FF-1 OU waste sites and interim remedial actions for 300-FF-5 OU

groundwater.

S EPA/ROD/R10-96/143, 1, Record of Decision for the 300-FF-1 and 300-1 5 Operable Units, Hanford Site,
Benton County, Washington, U.S. Environmental Protection Agency, Washington State Department of Ecology, and
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groundwater, and the risks posed by the contaminants via exposure pathways at the site.
The contamination observed currently in the subsurface has resulted from activities that
occurred in the past; especially during the peak nuclear fuels and plutonium production
years of the 1950s and 1960s. High volume waste effluents resulting from fabrication of
nuclear fuel assemblies were sent to ponds and trenches for infiltration into the soil
column. Effluents were typically acidic, which promoted movement through

environme: 1l pathways, and contained significant quantities of uranium and other
metals, such as copper. Volatile organic compounds (VOCs), such as trichloroethene

(TCE), were used extensively and included in the effluent mix.

Other chemicals and radionuclides resulting from fuels processing research were also
disposed to ponds and trenches, but in  sser volumes. Solid wastes from 300 Area
activities were buried at locations within the 300 Arca, or sent to outlying burial grounds

when radiation levels of the waste were too high for densely occupied areas.

The preponderance of contamination in liquid effluent sent to ponds and trenches is no
longer present in the 300 Area, having moved through the vadose zone and aquifer and
discharged into the Columbia River. Contaminants retained on sediment at the dispr 1
facilities, or at solid waste burial grounds, are currently being removed by removal,
treatment, and disposal (RTD) remedial actions. Contamination currently observed in the
soils and groundwater beneath the 300 Area is residual amounts that persist for a variety
of reasons. Attenuation of these contaminants, to greater and lesser degrees dependent on
contaminant properties, continues to occur by natural processes along environmental
pathways away from the source locations. Contamination that has entered the
groundwater pathway ultimately discharges to the Columbia River via upwelling through
the riverbed sediment and occasionally through riverbank springs. Groundwater
contamination today is residual and will attenuate more slowly than when higher levels

were present during operations.

Discharge of liquid wastc during operations formed groundwater mounds beneath the
disposal waste sites. Mobile contaminants, including volatile organic solvents such as
tetrachloroethene (PCE), migrated with the flow of liquid, while less mobile
contaminants such as uranium migrated at slower ratcs. The mounds dissipated after

discharge ceased, with a portion of the contaminants dispersed inland.
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Contaminants can remain in the vadose zone following active liquid waste discharge as
dissolved fractions within pore water or sorbed to soil w1 :ss sufficient moisture is
available for transport. This residual contamination remains as secondary sources that
potentially retain sufficient levels of contaminants to provide continu' sources of
contamination entering soil, surface water, groundwater, or air. Only secondary sources

are currently found in the 300 Area.

Uranium is present as a sccondary so1 e in the lower vadose zone. T - form uranium
takes in solution is influence oy alkalinity which, in turn, affects uranium mobility.
Uranium tends to sorb to aquifer matrix mineral surfaces and be less  bile when
alkalinity in the aquifer is lowered. Columbia River watcr is low in alkalinity. At high
river levels, river water infiltrates inland from the shore into the aquifer to some distance
dependent on aquifer properties. Portions of the lower vadose zone become periodically
rewetted (the PRZ) by a mix of grour vater and river water that is lower in alkalinity
than purc groundwater. As a result, uranium in this zone of mixed 1 :r water/
groundwater is sorbed to a large degree on the matrix mineral surfaces. The combination
of uranium sorption and dilution results in diminished uranium concentrations in the river

water/groundwater mixing zone during high river levels.

Further inland from the river water/groundwater mixing z« :, the river stage creates an
interruption of the natural groundwater gradient towards the river, ¢ 1sing groundwater
levels to rise into the PRZ. In these inland areas, the rela ’ely high-alkalinity
groundwater comes in contact with uranium in the PRZ (in the form of both entrained
vadose zonc water and sorbed fc ). nder these conditions, the uranium takes the form
of a ncgative ion carbonate complex, which has less tendency to sorb. The overall effect
is that in the inland areas, uranium concentrations risc in groundwater as the water table
rises during high river stages. The effects of high and low river stage on uranium mobility

are illustrated in Figure ES-4.
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in wells and at shoreline sites as the nitrate-laden groundwater migrates into the
300 Area. Nitrate also migrates into the 300 Area from the northwest as part of the
site-wide plume that originates in the 200 East Area. The nitrate concentrations from
the 200 Area are below the DWS (45,000 mg/L) when that water arrives in the
northwest portion of the 300 Area (25 to mg/L).

During the development of the 300 Area RI/FS Work Plan (DOE/RL-2009-30), an initial
list of contaminants of potential concern (COPCs) is identified to guide data collection as
well as the evaluation and analysis in the RI/FS report. In the RI/FS process, the results of
the risk asses mtand f :and transport evaluations are used to identify final vadose
zoneanc 01 water COPCs. Table - 1 lists the initial COPCs and highlights the
final COPCs that have been identified in the human health and ecological risk assessment
evaluations as well as the fate and transport evaluations for the vadose zonc and

groundwater.

The DOE Public Safety and Resource Protection Program monitors the radiological and
chemical characteristics of the Columbia River adjacent to the 300 Area and downstream
to the city of Richland water intake structure. Contaminants introduced at the 300 Area
via groundwater discharge have no discernible impact on the river water quality away
from the immediate vicinity of the 300 Area shoreline. Monitoring at a cross-river
transect just upstream from the Richland intake structure, and at the structure itself,
reveals no Hanford Site contaminants at levels reaching relevant standards. City of
Richland monito 3 of intake river water confirms that anford Site contaminants, along
with contaminants carried by the river from muli le other sources, are not entering the

water supply at levels of concern.
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e Phased implementation of uranium scquestration using a combination of both surface
and deep application tcchniques for the waste sites with deeper (greater than 4.6 m
[15 ft] bgs) uranium contamination. Uranium sequestration in the vadose zone and
PRZ will target the waste sites hav  ; the largest mass of residual contamination
based on waste disposal history, sample data, and groundwater monitoring data.

Groundwater monitoring for uranium is also a component of this alternative.

Uranium sequestration Phasc 1 will determine the ability to reduce the amount of
mobile uranium in the vadose zone sediments that could cnter the groundwater. If
Phase I is not successful in demonstrating the effectiveness of uranium sequestration
by evaluating : pre- and post-remediation soil core samples collected in the hase |
area, then the approach to restore the groundwater under Alternative 2 will be
implemented. Alternative 2 is appropriatc because the groundwater cleanup levels
will be achieved in 38 years (a reasonable time frame), there wi  be minimal impacts
to the Columbia River, and the area will be maintained under ICs that restrict

groundwater use.
e MNA for tritium in grour vater.
*  Groundwater monitoring for nitrate, TCE, cis-1,2-DCE, and chromium.

e ]Cs designed to achieve the substantive restrictions needed during the period of
remedial actions to achieve cleanup objectives. ICs that arc in place to prevent
exposure to contamination will remain in place until all waste sites are remediated.
ICs will be im; mented on the entire River Corridor, and not independently for each

waste site or groundwater plume.

Temporary surface caps will be installed over the waste sites that are adjacent to the

3 Area facilities and utilities that will remain in operation through at least 2027
(long-t n facilities). In addition, pipelines associated with long-term facilities will be
interim void filled, as necessary for groundwater protection. When : long-term
facilities are no longer in use and removed, the waste sites and pipelines wil

remediated as described above.

XXXiX
























O 00 &N bk LN

[ —
- O

12
13
14
15

16
17

18
19
20

2]
22

23
24

25

26
27

28
29

30
31
32
33
34
35
36

37
38

39
40

4.5

4.6
4.7

4.8

Con
5.1

5.2
53
5.4
5.5
5.6
5.7

DOE/RL-2010-99, DRAFT A

DECEMBER 2011

4.4.5 618-11 Burial Ground SUbIEZION..........c.cccvvrevirereirienieniienieieieeie e 4-216
4.4.6 618-10 Burial Ground/316-4 Cribs SUDICEION.....cc.cocveiieriieirieceicciricereiesitere s 4-229
Nature and Extent of Contamination in the Columbia River ... 4-235
451 C sia River Surface Water and Sediment Investigations under the

R B PTOZIAM L.ttt ettt et e nr e e s re s 4-236
4.5.2 Groundwater Upwelling Investigation at 300 Area .........coccecvvvveeveireiinencncinenens 4-237
4.5.3 Columbia River Water and Sediment Monitoring Conducted Under the Public

Safety and Resource Protection Program...........ccccoceevinieniiniiniiionininicnccenean 4-240
4.54 Fish TisSue SaAmMPLIN.......ccociiiiiiiiiiiiiiieeiie et st ansee e e saessssnsas 4-244
B.5.5  BHOtAuicciiitiiie it b ettt b et eer e re et st a e et teennes 4-246
4.5.6 Risk Conclusions for Columbia River Relative to 300 Area.........ccccooovieinieennn 4-267
| U T OSSO U OO U URT PR UU O PRSPPSO PPRRPON 4-275
Summary of Nature and  XEENT......c.ccoiiiiriiiiiiiiiirir e sreee e s sveeesaaresanre s 4-276
471 VAdOSE ZOMNE ..c.eiieieinie ittt et st bbb sttt ene e 4-276
4.7.2  Unconfined AQUITET ......cccoiiiiioie it 4-279
Conceptual Site Models for Groundwater Contamination, 300 Area RI/FS
TIEETESE ATCA ..euviiiiiiiie ettt ettt et ettt st eeeane e 4-283
4.8.1 Overview of Current SHUBHON ........ocoiiiiiirreirireerie et reer et 4-284
4.8.2 HistC 8l PEISPECHIVE ..oovviiiiiiiiiieii ettt ettt 4-286
4.8.3 300 Area: Conceptual Site Model for Uranium Contamination ............c.ccccecevenene 4-291
4.8.4 300 Area: Conceptual Site Model for Contamination by Volatile Organic

COMPOUNGS ....vieiiiiiieiieeieeiee ettt e et cbe e eteesbeees s e s e s s eesebeestbeastsaastaesbaenseenseesseesseas 4-307
4.8.5 618-11 Subregion: Conceptual Site Model for Tritium Contamination ................. 4-310

ninz ite 1d Transport..

Identification of Contaminants of Interest for Fate and Transport Analysis.........ccocecvevennne 5-2
5.1.1 Soil Contaminants Retained for Protection of Groundwater and Surface Water

ANALYSIS L1iiiitiiiitet ettt st e b e bt e ekt e e st e e bt e tr e ttearbearreaseesteerieens 5-2
5.1.2  Groundwater Contaminants Retained for Groundwater Fate and Transport

ANALYSIS <ot ettt ste s eante e 5-3
Overview of the Fate and Transport Elements of the 300 Area Conceptual Site Model ....... 5-3
CONtAMINATION SOUICES. ... eciiiieitititeiietiate ettt st ebe ettt abe s e testesaessessesbenseseeseesensessenes 5-7
R« PIMECRIANISINS ...ttt ettt e et et eae e en e 5-8
Potential Routes of MIZration ........cocciviiiiiiiiiiiiniiecieese sttt 5-9
Contaminant PErSIStENCE ......cciiiriiiiiiiieieit ettt et et e e et eve et b erens 5-13
Contaminant Migration ASSESSITIENL..........c.eviuiereiriereeeriereeeensenteeteeeenressessestessensessaseesesseens 5-14
5.7.1 Factors Affecting Contaminant Migration in the Vadose Zone................ccoceveeennnn, 5-15
5.7.2 Groundwater and Surface Water Protection Screening Level and PRG

DEVEIOPIMENT ...ttt ettt et e et et eete s ereeeatesaerereeeree s 5-32
5.7.3 Factors Affecting Uranium Migration in Soil and Groundwater....................ceeeee. £33
5.7.4 Tritium Fate and Transport in the 618-11 AT€a ....ccccooevvieiiiiriiiiiececcceeeena, 5-60

xlvii






00 ~1 SNn bk W —

S S —
EERV S S = =]

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

DOE/RL-2010-99, DRAFT A

DECEMBER 2011
6.3.6 Risk Characterization Results Using Chemical-Specific ARARS ... 6-178
6.3.7 Risk Characterization Results of the Sup; mental Native American Risk
EVAIUALIONS ....coviiiieiie ittt ettt e e e e e et e st e e nbbe e e s ambeeaabeeeseneesabeesies 6-182
6.3.8 Risk Characterization Results of the EPA Tap Water Scenario..........c.ceeeeveeincnnne 6-191
6.3.9 Comparison of Native American and EPA Tap Water Risk Characterization
RESUIES ..ottt s r e b e et sreshe et 6-192
6.3.10 Uncertainties in the Supplemental Groundwater Risk Evaluation.........c...cccceeeenee 6-194
6.4 Risk Assessment Conclusions of the Riparian and Near-Shore Environment from
RCBRA and the Columbia River COmponent.............cccveeerieriiiiniiinieiieenie e 6-203
6.4.1 Risk Assessment Conclusions from the Columbia River Component................... 6-2
6.5  Summary and CONCIUSIONS ....c.evviiiiiiiie ettt ettt ettt ettt e e e reeeeneesrneeens 6-205
5.1 Conclusions for the Supplement. Soil Risk Evaluation .............ccoccoooiiiniene. 6-206
6.5.2 Conclusions for the Supplemental Groundwater Risk Evaluation.........................
ipplem al Ecological Risk Evaluation 7-1
7.1  Identification of Contaminants of Potential CONCEmM ........ccceiiiniriiriceiiiee e 7-3
7101 Data SUMIMATY .ooeeiiiiiiiiitiie et ettt sttt et ae e bt et e et eseneennes 7-3
7.1.2  Data Quality EValuation..........cccccoviiriniinieriniiicieesecene et eee s 7-4
7.1.3  Identification 0f COPCS......ccoiiiiiiiie ettt e 7-5
7.2 Problem FOrmulation.........c.ccoiiiiiiiiiiei e cir ettt esebe e b e sbeesenesave e e sareanees 7-6
T2 1 SHE SEUINEZ .ceeiiiieieeee ettt et sr s sre e eras s 7-6
7.2.2 Simplified Ecological Exposure Model ............ccccoviiiiniiiiiiiiiiee e 7-8
7 3 Asscssment ENAPOINTS .....c.cociiiiiiiiiiiiiiiecrtene ettt 7-11
7.2.4 Measures of Exposure and Effects.........cccooiiiiieiieiiiiiii e 7-11
7.3 Effects and EXposSure ASSESSINENT ......cviiieiiieiiiieiieicinectesrrerersinesveesseessveessesereeeresssnesseese 7-12
7.3.1  EffectS ASSESSIMICIIL ....coiuiiieiiitiitiiietesiesieeceie e re st s e e sb e neee b e sbs e b saneneesreseneneas 7-12
7.3.2 EXPOSUIE ASSCSSIMENL....c.oiuiiiiiiiiiriiiiriinreririe ettt sie et et sttt snesa e e eone e sanene 7-29
7.3.3  PRGS oot et h et ettt ae et e 7-34
7.3.4 Estimation of Exposure Point Concentrations in Waste Sites ...........c.occoovvrecrnenne. 7-38
7.4 RiSK CharacteriZaAtION .......coveiuieiiriiiieieee e sieetteieveete ettt teseeateeaeeraessssasassasasmseseeens 7-38
7.4.1 Screcning Evaluation Results..........cocoviiiiiiiiic et 7-40
7 2 Background Evaluation..........c.ocoiveiiiiiieiieie ettt e 7-48
7.4.3 PRG Evaluation ReSUltS.......cccocoiiiiiiiiiiece et e 7-48
7.4.4 Uncertainti€S ASSESSITICIIL ..ecuuiitiiieitiertieetiariierresteeeiteeeteesieeesee e reesseessseassasssesseeasnens 7-52
7.5  SMDP CONSIAETALIONS .....eoueiivierrerieitiaiestere st sieaesesetste et cereseee et aseaneeseeentessaersasseesserseensenees 7-55
7.6 Assessment of Risks in Riparian, Nearshore Media, and Columbia River...............cco........ 7-57
7.6.1  esults and Conclusions of RCBRA ... 57
7.6.2 Results and Conclusions of CRC ..o 7-58
7.6.3  RIPArIAN SO0S ..ottt ettt s 7-58
7.6.4 Nearshore and Columbia RIVET........cccoiiiiiiiiiiiiieee e e 7-74

xlix





































































S v 00 NN N N A

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

27
28

29
30

IEUBK
IFRC
IRIS
ISCO
ISGR

LDR
LFI
LHWSA
LIDAR
LLW
LOAEC
LOAEL
LOEC
LSLDF
MASF
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MCL
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NA
NAVD 1988
NCP

ND
NEPA
NESHAP

Integrated Exposure Uptake Biokinetic (EPA model)
Integrated Field Research Challenge
Integrated Risk Information System

in situ chemical oxidation

in situ gascous reduction

distribution coefficient

land disposal restriction

Limited Field Investigation

Laydown Hazardous Waste Storage Arca
Light Detection and Ranging

low-level waste

lowest observed adverse effects concentration
lowest observed adverse effects level
lowest observed effect concentration

Life Sciences Laboratory Drainfield
Maintenance and Storage Facility
maximum acceptable toxicant concentration
maximum contaminant level

maximum contaminant limit goal

method detection limit

monitored natural attenuation

mass spectroscopy

Mission Support Alliance

Model Toxics Control Act

not applicable

North American Vertical Datum of 1988
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National Oil and Hazardous Substances Pollution Contingency Plan or National

Contingency Plan
no data

National Environmental Policy Act of 1969

National Emission Standards for Hazardous Air Pollutants
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Waste Acid Treatment System
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