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4 Nature and Extent of Contamination

Evaluation of the nature and extent of contamination
describes contaminant concentrations found in the
environmental media in the study area. Contamination
is determined from recently collected Rl and RPO
data, data from the Columbia River Rl Work Plan
(DOE/RL-2008-11), data from the RCBRA
(DOE/RL-2007-21, Volume I), data available from
previous LFIs, ongoing air and water monitoring,
completed interim remediation (that is, CVP data), and
historical operational process information. Reported
concentrations of the various analytes are compared to
vadose zone background concentrations as an initial
screening tool to identify contaminants of potential
concern (COPCs) associated with 19 sites within
100-D/H.

Following the comparison to background levels, the
contaminants are described in relation to their nature
and extent. As such, this chapter focuses principally on
vadose zone and groundwater COPCs. Uncertainties
associated with the data, as they relate to the nature
and extent of contamination, also are described. These
contaminants (also referred to as COPCs) are
evaluated in Chapters 5, 6, and 7 to determine if their
concentrations exceed soil screening levels or
preliminary remediation goals developed for the
protection of groundwater, surface water, human
health and ecological receptors. Contaminants that are
determined to exceed these PRGs warrant further
evaluation in the feasibility study and are referred to as
a contaminant of concern (COC).

Highlights

Analytes detected in the vadose zone were
compared to background concentrations. Initial
screening identified more than 70 analytes above
background concentrations (see Table 4-6).

COPC concentrations in the vadose zone vary with
depth. However, most contaminant concentrations
generally decrease with depth. Higher concentrations
are typically in the upper half of the vadose zone.

Cr(VI) plumes in groundwater are associated with
past reactor operations at 100-D and 100-H.
Migration from 100-D across the Horn toward 100-H
has resulted in a large connected Cr(VI) plume within
D/H with an area greater than 10 km2(3.86 mi2).

Cr(VI) contamination has been identified in the first
water-bearing unit within the RUM at 100-H near the
river, and in one well in the Horn.

Nitrate plumes are present primarily in 100-D
coincident with the Cr(V1) plume with elevated nitrate
at selected wells in 100-H.

Strontium-90 is present in a small plume in 100-H
east of the reactor and in one well in 100-D. These
localized areas are associated with the fuel
storage basins.

Several likely continuing sources of Cr(VI) to
groundwater contamination are identified at waste
sites (for example,100-D-100, 100-D-104, and
100-D-30) undergoing active remediation.

Chapter 4 of the 100-D/H Work Plan (DOE/RL-2008-46-ADD1) described the major features of the
CSM. These concepts provide the basic framework for interpreting the data collected under the RI to
fulfill the data gaps and data needs developed in the 100-D/H Work Plan (DOE/RL-2008-46-ADD1).
Section 4.7 of this RI report presents refinement and discussion of the CSM in the context of the results.
This chapter continues to develop the CSM with nature and extent information regarding 100-D/H media

(soil, groundwater, air, biota, and surface water/sediment).

Contaminants in the vadose zone, periodically rewetted zone (PRZ), and groundwater resulted from
various activities during reactor operations. Under current conditions, the primary contributor to
groundwater contamination at 100-D/H is vadose zone contamination from unremediated waste sites

(for example, Cr(VI1) from 100-D-100, 100-D-30, and 100-D-104). Contaminants from waste sites and
facilities were transported through the vadose zone, into the PRZ, and then into the groundwater. Less
mobile contaminants tend to stay bound to soil particles in the vadose zone and PRZ, while more mobile
contaminants tend to move through the vadose zone and PRZ into the groundwater, due to infiltration and
changing groundwater elevations caused by Columbia River stage changes.

Much of the data collected during implementation of interim remedial actions has been documented in
CVPs and LFls, which are incorporated into the discussion of the nature and extent of contamination.
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Information is also presented to describe the current understanding of contamination attributed to
100-D/H in the Columbia River, biota, and air, and is summarized from the Hanford Site Releases Data
Summary (WCH-398), RCBRA (DOE/RL-2007-21, Volume I), and Hanford Site Environmental Report
for Calendar Year 2011 (DOE/RL-2011-119). Section 4.3 describes vadose zone contamination
associated with locations selected for new boreholes/wells under the RI. Section 4.4 describes
groundwater contamination. Sections 4.4.5, 4.5, and 4.6 discuss Columbia River surface water/sediments,
biota, and air, respectively.

4.1 Background Concentrations

Background substances are usually naturally occurring (present in the environment in forms not
influenced by human activity) or anthropogenic (natural and/or artificial forms present in the environment
due to human activities not related to the CERCLA site(s) under consideration). Some chemicals may be
present in background because of both natural and artificial conditions, such as naturally occurring
arsenic and arsenic from historical agricultural pesticide applications (Guidance for Comparing
Background and Chemical Concentrations in Soil for CERCLA Sites [EPA 540-R-01-003]).

The identification of background concentrations of substances in soil is one step in determining if
potential waste sites require remedial action. These concentrations are also important because in some
instances, calculated risk-based benchmarks (substance concentrations that may have the potential to
present risk to human or ecological receptors) are less than background levels. Where benchmarks are less
than background levels, cleanup goals generally default to background (rather than the calculated values)
because CERCLA typically does not require cleanup to concentrations below background levels.

The background concentrations used in this section represent 90" percentile values that are determined
from a range of Hanford Site background sample concentrations. For example, the 104 total chromium
background sample concentrations used to calculate the 90™ percentile soil value (18.5 mg/kg) ranged
from 2.9 to 30.6 mg/kg. Similarly, the 104 lead background sample concentrations used to calculate the
90™ percentile soil value (10.2 mg/kg) ranged from 1.1 to 26.6 mg/kg. As such, contaminant
concentrations may exceed the 90" percentile background value and remain within the range of natural
Hanford Site background. As part of the RI, supplemental investigations developed River Corridor
background soil values for antimony, boron, cadmium, lithium, mercury, molybdenum, selenium, silver,
and thallium. The investigation results are in Soil Background Data for Interim Use at the Hanford Site
(ECF-HANFORD-11-0038), with sample results found in Appendix D (Table D-69).

In addition to background concentrations of metals, orchard lands are potential contributors of arsenic and
lead to the soil. Collocated within the historical orchard land areas are waste sites related to releases from
Hanford Site operations (Figure 4-1). The 100-OL-1 OU has been established in the 100 Area and
sections of 100-DH to address residual lead and arsenic contamination in the soil from pre-Hanford
agricultural pesticide use. The contaminants associated with these waste sites will continue to be
evaluated and addressed through the RI/FS process for the various areas (100-BC, 100-K, 100-N,
100-D/H, or 100-F/1U) where the individual waste sites are geographically located. During
implementation of the selected remedy at these waste sites, contaminants present will be remediated as
needed to meet the cleanup levels prescribed in the applicable ROD. Should contaminants associated with
historical orchard lands (for example, lead, and arsenic) be present at any particular waste site, that
contamination will not be remediated beyond the waste site footprint as part of the ROD. Any
contaminants remaining outside the waste site footprint will be addressed as part of the remedial
investigation for the 100-OL-1 OU. This approach will allow reclassification of individual waste sites that
meet the cleanup standards (for non-orchard lands related contaminants) of the applicable decision area
ROD while supporting the broad area investigation of historical orchard lands as part of the

100-OL-1 OU.
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Details for the handoff of actions between the decision area RODs and the 100-OL-1 OU
investigations will be established in the remedial design report/remedial action work plan
(RDR/RAWP) documents associated with each decision area ROD. An example of this approach
as implemented for the interim action RODs is provided by Federal Facility Agreement and
Consent Order, Modify Remedial Design Report/Remedial Action Work Plan for the 100 Area
(DOE/RL-96-17, Rev. 6) to Add Section 3.6.10 Residual Pesticides from Agriculture Use
(TPA-CN-401).

Soil background values are benchmarks to define contamination, as well as identify preliminary
COPCs. Soil analytes that do not have established background concentrations, but are detected at
concentrations greater than method detection limits are also considered preliminary COPCs and
are further evaluated in Chapters 5, 6, and 7. The groundwater background values are primarily

reference points and are not applied to the discussion of groundwater contamination. This is
because filtered samples were used to develop groundwater background values due to the
variability of geochemical conditions across 100-D/H. Tables 4-1 and 4-2 present background
soil and groundwater concentrations, respectively, derived for the Hanford Site.

Table 4-1. Background Concentrations in Hanford Site Soil

Radionuclides (pCi/g)

th
Analyte CAS Number | Abbreviation | Half-life (yrs) Pergcgntile Reference

Americium-241 14596-10-2 Am-241 458 -- --
Carbon-14 14762-75-5 C-14 5,730 -- --
Cesium-137° 10045-97-3 Cs-137 30 1.05 DOE/RL-96-12
Cobalt-60 10198-40-0 Co-60 53 0.00842 DOE/RL-96-12
Europium-152 14683-23-9 Eu-152 12.7 --

Europium-154 15585-10-1 Eu-154 16 0.0334 DOE/RL-96-12
Europium-155 14391-16-3 Eu-155 1.8 0.0539 DOE/RL-96-12
Neptunium-237 13994-20-2 Np-237 2.1 million -- --
Nickel-63 13981-37-8 Ni-63 92 -- --
Plutonium-238 13981-16-3 Pu-238 86.4 0.00378 DOE/RL-96-12
Plutonium-239/240? 15117-48-3 Pu-239/240 24,000 0.0248 DOE/RL-96-12
Strontium-90? 10098-97-2 Sr-90 29.1 0.178 DOE/RL-96-12
Technetium-99 14133-76-7 Tc-99 211,000 -- --
Tritium 10028-17-8 H-3 12.3 -- --
Uranium-233/234 13966-29-5 U-233/234 160,000 1.10 DOE/RL-96-12
Uranium-235 15117-96-1 U-235 710 million 0.109 DOE/RL-96-12
Uranium-238 7440-61-1 U-238 4.5 billion 1.06 DOE/RL-96-12
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Table 4-1. Background Concentrations in Hanford Site Soil

Nonradionuclides (mg/kg)

goth
Analyte CAS Number Abbreviation | Percentile Reference
Aluminum 7429-90-5 Al 11,800 DOE/RL-92-24
Antimony 7440-36-0 Sb 0.13 ECF-HANFORD-11-
0038
Arsenic 7440-38-2 As 6.47 DOE/RL-92-24
Barium 7440-39-3 Ba 132 DOE/RL-92-24
Beryllium 7440-41-7 Be 151 DOE/RL-92-24
Boron 7440-42-8 B 3.89 ECF-HANFORD-11-
0038
Cadmium 7440-43-9 Cd 0.56 ECF-HANFORD-11-
0038
Chromium (total) (filtered) 7440-47-3 Cr 185 DOE/RL-92-24
Chromium (Hexavalent) 18540-29-9 Cr(VI) -- --
Cobalt 7440-48-4 Co 15.7 DOE/RL-92-24
Copper 7440-50-8 Cu 22.0 DOE/RL-92-24
Lead 7439-92-1 Pb 10.2 DOE/RL-92-24
Lithium 7439-93-2 Li 13.3 ECF-HANFORD-11-
0038
Manganese 7439-96-5 Mn 512 DOE/RL-92-24
Mercury 7439-97-6 Hg 0.01 ECF-HANFORD-11-
0038
Molybdenum 7439-98-7 Mo 0.47 ECF-HANFORD-11-
0038
Nickel 7440-02-0 Ni 19.1 DOE/RL-92-24
Selenium 7782-49-2 Se 0.78 ECF-HANFORD-11-
0038
Silver 7440-22-4 Ag 0.167 ECF-HANFORD-11-
0038
Strontium metal (strontium) | 7440-24-6 Sr -- --
Thallium 7440-28-0 TI 0.18 ECF-HANFORD-11-
0038
Vanadium 7440-62-2 \ 85.1 DOE/RL-92-24
Zinc 7440-66-6 Zn 67.8 DOE/RL-92-24
Fluoride 16984-48-8 F 2.81 DOE/RL-92-24
Nitrate 14797-55-8 NO;’ 52 DOE/RL-92-24
Nitrite 14797-65-0 NO, b DOE/RL-92-24
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Table 4-1. Background Concentrations in Hanford Site Soil

Nonradionuclides (mg/kg)

th
Analyte CAS Number Abbreviation Per?:gntile Reference
1,1-Dichloroethene 75-35-4 - - -
1,4-Dichlorobenzene 106-46-7 - - -
Acenaphthene 83-32-9 -- - -
Anthracene 120-12-7 - - -
Aroclor-1016 12674-11-2 - - .
Aroclor-1221 11104-28-2 - - .
Aroclor-1232 11141-16-5 - - .
Aroclor-1242 53469-21-9 -- -- -
Aroclor-1248 12672-29-6 -- -- -
Aroclor-1254 11097-69-1 -- -- -
Aroclor-1260 11096-82-5 -- -- -
Benzene 71-43-2 - - -
Benzo(a)anthracene 56-55-3 -- -- -
Benzo(a)pyrene 50-32-8 -- -- -
Benzo(b)fluoranthene 205-99-2 -- -- -
Benzo(k)fluoranthene 207-08-9 -- -- -
Benzo(ghi)perylene 191-24-2 -- - -
Bis(2-ethylhexyl)phthalate 117-81-7 -- - -
Carbazole 86-74-8 -- - -
Carbon tetrachloride 56-23-5 CCl, -- --
Chloroform 67-66-3 CHCl; -- --
Chrysene 218-01-9 -- -- -
Dibenz[a,h]anthracene 53-70-3 -- - -
Di-n-butylphthalate 84-74-2 -- - -
Ethylene Glycol 107-21-1 -- - -
Fluoranthene 206-44-0 - - .
Indeno(1,2,3-cd)pyrene 193-39-5 -- - -
Methylene Chloride 75-09-2 CH,CI, -- --
Pentachlorophenol 87-86-5 -- - -
Phenanthrene 85-01-8 -- - -
Pyrene 129-00-0 -- -- --
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Table 4-1. Background Concentrations in Hanford Site Soil

Nonradionuclides (mg/kg)

th
Analyte CAS Number Abbreviation Per?:gntile Reference
Tetrachloroethene 127-18-4 PCE - --
Trichloroethylene 79-01-6 TCE -- --
Toluene 108-88-3 - - --
Total Petroleum 68334-30-5 TPH - --

Hydrocarbons

Sources: Hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes
(DOE/RL-92-24).

Hanford Site Background: Part 2, Soil Background for Radionuclides (DOE/RL-96-12).
Soil Background Data for Interim Use at the Hanford Site (ECF-HANFORD-11-0038).

a. Cesium-137, strontium-90, and plutonium-239/240 are anthropogenic radionuclides whose background
values only apply to surface soil samples.

b. Insufficient data above the reporting limit to provide for a distribution fit.

-- = either a background study has not been performed for this analyte (i.e., strontium) or the constituent
does not occur naturally in the environment (i.e., the organic constituents).

Table 4-2. Hanford Site Groundwater Background Concentrations for COPCs in

100-D/H Groundwater
Constituent Units 90™ Percentile
Nonradionuclides
Antimony (filtered) Mg/l 55.1
Arsenic (filtered) Mg/l 7.85
Barium (filtered) Mg/l 105
Beryllium (filtered) Mg/l 2.29
Cadmium (filtered) Mg/l 0.916
Chloride (unfiltered) Mg/l 15,630
Chromium (total) (filtered) Mg/l 2.4
Cobalt (filtered) Mg/l 0.916
Copper (filtered) Mg/l 0.81
Cyanide pg/L 8.41
Fluoride pg/L 1,047
Lead (filtered) pg/L 0.917
Manganese (filtered) pg/L 38.5
Mercury (filtered) pg/L 0.003
Nickel (filtered) pa/L 1.56
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Table 4-2. Hanford Site Groundwater Background Concentrations for COPCs in

100-D/H Groundwater

Constituent Units 90™ Percentile
Nitrate (unfiltered) po/L 26,871
Nitrite (unfiltered) po/L 93.7
Selenium (filtered) po/L 10.5
Sulfate (unfiltered) po/L 47,014
Thallium (filtered) po/L 1.67
Uranium pg/L 9.85
Vanadium (filtered) pg/L 11.5
Zinc (filtered) pa/L 21.8
Radionuclides
Strontium-90 pCi/L 0.0146
Tritium pCi/L 119

Source: Hanford Site Background: Part 3, Groundwater Background (DOE/RL-96-61).

Note: The organic COPCs 1,1-dichloroethene, 1,1,2-trichloroethane, benzene, carbon tetrachloride, chloroform,
tetrachloroethene, TCE, and vinyl chloride are assumed to have natural background concentrations of zero.

COPC = contaminant of potential concern

Filtered and unfiltered samples were used to develop Table 4-2, as described in detail in
Chapter 6 of Hanford Site Background: Part 3, Groundwater Background (DOE/RL-96-61).
Use of filtered or unfiltered samples was evaluated based on the sample size and distribution.
All samples were evaluated on a statistical basis, and where values were similar, the filtered
status was not specified.

4.2 Sources

Section 1.2.2 discusses the site history of 100-D/H. The primary sources of contamination in
100-D/H are liquid and solid wastes generated and released during the operation of the reactors
and support facilities, and from unplanned releases. The reactor operations responsible for
generating and releasing contaminants to the environment have all been discontinued. Secondary
sources are contaminants remaining in the vadose zone and within the aquifer matrix.

This section discusses what is considered a primary source and what is considered a secondary
source (Figure 4-2), and highlights certain COPCs because of their observed distribution or
persistence in the environment at 100-D/H. The same individual contaminants may be found in
both the original primary source material that was released (for example, liquid and solid waste
streams discharged to the environment), and in the secondary sources that remain (for example,
contaminated vadose zone soil). Contaminants that are currently present in secondary sources
were typically released as primary source material. Limited primary source material may be
encountered during the implementation of remedial activities in structures, pipelines, and other
process components. Residual material remaining in piping is typically found as pipe scaling and
has a limited potential to be released as a secondary source to the vadose zone. Assessment of the
potential for continuing releases from remaining secondary sources is an element of the remedial
investigation.
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Liquid waste sources can be classified into two types: high volume/low concentration liquid
wastes and low volume/high concentration liquid wastes. The volumes of liquid effluent waste
streams varied over orders of magnitude. The largest volume streams were generated as steam
condensate, cooling water, and unplanned releases. To generate the cooling water solutions for
the 105-D, 105-DR, and 105-H Reactors, concentrated sodium dichromate solid and liquid feed
solutions were mixed in the cooling water system to achieve the required coolant concentration.
As discussed in Chapter 1, the primary contaminants related to the cooling water include Cr(V1),
tritium, strontium-90, and various radionuclides, with the radionuclides being a result of the
cooling water passing through the reactors.

Solid wastes in 100-D/H were generated in facilities and managed mainly in burial grounds.
According to WIDS, the burial grounds consist of numerous trenches of various sizes that contain
radioactive solid waste from the 105-D, 105-DR, and 105-H Reactors. Solid wastes were also
disposed into burn pits and dumping areas, and as unplanned releases. Section 1.2.2.2 describes
the various types of waste disposal areas, such as trenches.

421 Primary Sources

The primary sources of contamination in 100-D/H are three water-cooled nuclear reactors
(105-D, 105-DR, and 105-H [Figurel-2]), and the structures (for example, fuel storage basins)
and processes (for example, sodium dichromate process) associated with reactor operations.

The three reactor buildings remain intact today in a safe storage enclosure. Most of the associated
structures and facilities near the reactor have been demolished or removed. The reactors were
built to irradiate uranium-enriched fuel rods from which plutonium and other special nuclear
materials could be extracted. The reactors and processes associated with operations generated
large quantities of liquid and solid wastes. Effluent generated during operations consisted
primarily of contaminated reactor cooling water, fuel storage basin water, and decontamination
solutions. Cooling water consisted of river water treated to remove dissolved solids and enhanced
with chemicals to reduce corrosion. Cooling water contaminants consisted of fuel materials,
fission and irradiation byproducts, and Cr(V1) (used as a corrosion inhibitor). Solid wastes
consisted of sludge, reactor components, and various other contaminated items. Waste generated
from reactor operations was contaminated with radionuclides, hazardous chemicals, or both.

The target analyte list for contaminants in soil was based on process knowledge, as described in
the 100-D/H SAP (DOE/RL-2009-40)). COPCs in groundwater were developed for the 100-D/H
SAP (DOE/RL-2009-40) as described in Identification of Contaminants of Potential Concern for
Groundwater Risk Assessment at the 100-HR-3 Groundwater Operable Unit (ECF-100HR3-10-
0469). Tables 2-3 through 2-18 of the 100-D/H SAP (DOE/RL-2009-40) present the waste
site-specific target analytes and analytical methods for determination of the analytes.

Liquid Effluent Waste Sources. The volumes of liquid effluent waste streams discharged to
specific waste sites varied over several orders of magnitude. The largest volume streams were
generated as steam condensate, cooling water, and unplanned releases of cooling water.

The primary contaminants related to the cooling water include Cr(V1), carbon-14, tritium,
strontium-90, and various other radionuclides.

Concentrated Water Treatment Chemical Waste Sources. Substantial volumes of chemicals were
used to condition the cooling water used by the reactors. These include chlorine, sulfuric acid,
alum, sodium chloride, sodium hydroxide, and sodium dichromate dihydrate. These chemicals
were stored in bulk at the water treatment head houses for each reactor (183-D and 183-H) and
were metered into the cooling water stream at various points ultimately to provide a continuous
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stream of cooling water with low solids and conditioned for corrosion resistance. Over the course
of operations, varying volumes of these chemicals were released to the environment, either
routinely or episodically, in the vicinity of the chemical storage and handling areas. The sources
consisted of low-volume, high-concentration sodium dichromate and variable volumes of
low-concentration sodium dichromate in liquid effluent. To generate the cooling water solutions
for the 105-D, 105-DR, and 105-H Reactors, concentrated sodium dichromate feed solutions were
processed through an infrastructure system that diluted the higher-strength source materials to
achieve the required coolant composition. Reactor operations at 100-D/H used both concentrated
sodium dichromate solution and granular sodium dichromate (see Figures 1-14 and 1-15).

Solid Waste Primary Sources. The primary solid waste source area types are buildings, burial sites,
and solid waste sites. The 118-D-3 and 118-D-4 Burial Grounds were the primary disposal sites
for radioactive solid wastes at 100-D. The primary disposal site for radioactive solid waste from
the 105-H Reactor was the 118-H-1 Burial Ground. However, numerous other burial grounds
received radioactive waste at 100-D/H. Solid wastes disposed to these waste sites include

a variety of radiologically contaminated and irradiated materials consisting of reactor hardware
including irradiated dummy fuel elements, splines, rods, thimbles, and various other solid, and
potentially liquid, waste in containers. These waste sites consist of numerous trenches and
vertical steel pipes of various sizes that contain radioactive solid waste from 105-D, 105-DR, and
105-H Reactors. Waste from the 105-N Reactor was also disposed at 100-D. Occasional fires at
burial grounds were the source of unplanned releases.

Coal Ash Sites. Coal-fired power plants were associated with the D and H reactors. Coal ash is
considered a solid waste issue at 100-D/H. There are two coal ash waste sites in 100-D/H,
including two sites that are classified as “rejected” waste sites—126-D-1 and 126-H-1. Coal ash
sites are not considered to constitute hazardous wastes; therefore, these sites are not considered
further under CERCLA. If debris is removed from these sites in the 100-D/H area, it will be
disposed of in approved solid waste disposal facilities.

Nonoperational Areas and Orphan Sites. The nonoperational areas at 100-D/H have been evaluated
through the OSE process described in Appendix K. This evaluation includes not only the
potential for anthropogenic disposal activities but also considers windblown dust emissions, stack
emissions, overland flow, and possible contaminant placement because of biointrusion by
potential carriers such as wasps. An historical evaluation was performed inside the exclusion area
and walk-downs conducted outside the exclusion area. New discoveries of waste sites not
associated with existing waste sites is unlikely.

Secondary Sources. Contaminants released to the environment during reactor operations
contaminated the vadose zone beneath facilities and waste sites. These secondary sources of
contamination pose potential human health and the environment exposures through numerous
pathways (for example, direct contact, inhalation, and/or ingestion of contaminated soil,
groundwater, and/or surface water). Contaminants from waste sites and facilities were transported
through the vadose zone, into the periodically rewetted zone (PRZ), and then into the
groundwater. Less mobile contaminants tend to stay bound to soil particles in the vadose zone
and PRZ, while more mobile contaminants tend to move through the vadose zone and PRZ into
the groundwater due to driving forces (during reactor operations and under natural rainfall
conditions). As groundwater elevations rise and fall across the PRZ due to Columbia River stage
changes, contaminants that are more mobile have the potential to leach into the groundwater.
This includes contaminated soil in the PRZ, which is the lower portion of the vadose zone that is
contacted by groundwater during periods of high groundwater elevation.
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Chapter 1 presents the operational periods of the facilities and reactors. The reactor processes
responsible for generating and releasing primary sources to the environment have all been
discontinued. Contaminants remaining as secondary sources may continue to migrate through the
environment, depending on environmental conditions, and the individual constituent properties.
Section 4.2.3 lists the constituents detected in 100-D/H groundwater samples collected

since 2005.

Chapters 6 and 7, respectively, discuss the evaluation of risks posed by the identified secondary
sources to human health and the environment through direct exposure. Interim actions continue to
address the risks posed by contaminants.. The potential for secondary sources to provide a
significant ongoing source of contamination to groundwater is evaluated through the comparison
of post remedial action contaminant concentrations to the screening levels for groundwater and
surface water protection in Chapter 5.

The following sections briefly discuss contaminants seen in the vadose zone and in groundwater.
Contaminants present in the vadose zone have the potential to affect human health and the
environment through direct exposure, and are identified in Chapter 8, Tables 8-2 and 8-3. Four of
these contaminants are shown to have affected groundwater at 100-D/H—Cr(V1), total
chromium, nitrate, and Sr-90. The RI results and pertinent historical data for the vadose zone and
groundwater are presented in more detail in Sections 4.3 and 4.4, respectively.

4.2.2 Sources of Specific Contaminants at 100-D/H

The major contaminants of interest at 100-D/H originated from chemical materials used during
reactor operations. The following paragraphs discuss the processes that contributed these
contaminants to the environment.

4.2.2.1 Hexavalent Chromium

In the hexavalent state (Cr(V1)), chromium is present as a soluble oxyanion and because of its
mobility and widespread presence, has a potential effect on human health and the environment
(100-HR-3 and 100-KR-4 Interim ROD [EPA/ROD/R10-96/134]; 100-D/H Work Plan
[DOE/RL-2008-46-ADD1]). Cr(V1) is present in the groundwater at 100-D/H at concentrations
exceeding aquatic (“Toxics Criteria for Those States Not Complying with Clean Water Act
Section 303(c)(2)(B)” [40 CFR 131.36]) and 2007 MTCA (WAC 173-340) B levels.

During operation of the D, DR, and H Reactors and associated facilities, numerous locations
received highly concentrated sodium dichromate solutions. This stock solution was fed into the
cooling water treatment system for mixing and dilution before entering the reactors. After passing
through each reactor, the low-concentration sodium dichromate solutions were discharged to
retention basins and selected trenches and cribs. After operations, reactor decontamination wastes
were discharged to the 116-DR-1&2 Trench. Figures 1-15 and 1-16 show facilities where sodium
dichromate was handled.

Sodium dichromate dihydrate (Na,Cr,O;-2H,0), the chemical form of the treatment product
containing Cr(V1), was delivered as a solid and concentrated 70 wt % liquid by rail tanker cars
and was transferred to aboveground bulk storage tanks. It was added to the reactor cooling water
to inhibit corrosion (100-D Area Technical Baseline Report [WHC-SD-EN-TI-181]). Figure 1-12
shows the general flow path of the sodium dichromate. Solid sodium dichromate was stored and
mixed with water at the 108-D Building Chemical Pump House and the 185-D Deaerating Plant
from 1955 until 1959. The concentrated solution, containing about 700 g/L sodium dichromate
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dihydrate, was metered into the cooling water feed stream to achieve a working concentration of
to 2,000 pg/L. By 1964, that amount was reduced to 1,000 pg/L (see Section 1.2.2.5.).

The quantities of sodium dichromate received, handled, and processed each month in 100-D/H
were essentially the amount needed to provide the 2,000 pg/L (ppb) concentration of sodium
dichromate in the reactor cooling water. At an average cooling water usage rate of approximately
30,000 gal/min at each at the three reactors (105-D, 105-DR, and 100-H), consumption was
approximately 0.23 kg of sodium dichromate from 0.32 L (0.085 gal) of stock solution per minute
per reactor. This led to approximately 467 L (123.4 gal) per day of stock solution, which required
one 19,000 L (5,000 gal) railcar every 41 days per reactor. With the presence of two operating
reactors at 100-D, more than one railcar per month was required.

Because of the volume of solution transferred, spills and leaks of concentrated liquid solutions of
sodium dichromate materials during receiving, handling, and processing activities near the
100-D-12 waste site, 108-D Building, 185-D Building, and the 100-D-56 pipeline likely occurred
on a regular basis. Spills and leaks in these areas upstream from the 190 Building are the most
likely source of observed Cr(V1) groundwater contamination. Spills of sodium dichromate at
cooling water support facilities had the greatest potential for environmental contamination.
Decontamination wastes produced in 100-D/H from the reactor were commingled with other
liquids and were routed for disposal in various trenches.

Much of the cooling water was discharged directly to the Columbia River through the outfall pipe
system. Discharges of cooling water to the ground downstream from the reactor through leaks in
retention basins and trenches and cribs typically infiltrated through the vadose zone into the
aquifer and eventually discharged to the Columbia River through the groundwater flow system.
Figure 1-11 depicts the relative location of the outfall piping.

4.2.2.2 Radionuclides

The principal radionuclides associated with reactor operations that resulted in vadose zone and/or
groundwater concerns at 100-D/H are fission/activation products. These products resulted from
reactions occurring within the reactor fuel elements and are tritium, uranium-233/234, uranium-
235, and uranium-238.

Fission/activation products. Fission/activation products associated with reactor operations include
strontium-90, cesium-137, europium-152/154/155, nickel-63, plutonium-239/240, and
technetium-99. Other radionuclides associated with reactor operations include americium-241,
carbon-14, cesium-134, cobalt-60, neptunium-237, and plutonium-238. All these
fission/activation products commonly entered the environment in reactor cooling water
contaminated during episodic fuel cladding failures. The post-reactor cooling water system was
monitored for signs of failures and contaminated cooling water was redirected to one of the
107-D, 107-DR, or 107-H Retention Basins reserved for this purpose. During routine reactor
operations, no single basin was designated to receive the contaminated cooling water, so all
three basins received this waste stream, along with discharges to the 116-DR-1&2 trench during
the 1967 infiltration test (BNWL-CC-1352). These contaminants were also discharged to the
vadose zone at the 105-D, 105-DR, and 105-H Fuel Storage Basins and related cribs during
reactor operations.

Tritium. Tritium was formed primarily by neutron activation of lithium during reactor operations.
Tritium in the southern portion of 100-D is believed to be related to historical releases of tritium
at 100-N. Isolated detections of elevated tritium near the 105-D and 105-DR retention basins is
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consistent with the expected release of tritium in the contaminated cooling water following fuel
cladding failure events.

Uranium. The main source of uranium isotopes (uranium-233/234, -235, and -238) is reactor fuel.
During fuel failures, uranium entered the cooling water stream. Uranium is also associated with
the spent fuel in the fuel storage basins and neutralized, spent acid etch solutions from the 300
Avrea that was treated at the 183-H Solar Evaporation Basins.

4.2.2.3 Other Contaminants

Other contaminants were identified with various 100-D/H reactor activities and general plant
operations. These contaminants are discussed in the following subsections.

Nitrate, Lead, and Arsenic. Lead and arsenic are present in the soil largely as a result of
pre-Hanford Site agricultural pesticides (i.e. lead arsenate, discussed in Section 4.1). During
Hanford operations, the important arsenic sources continued to be pesticides (insect and rat
poisons), while the lead sources included shielding, plumbing/solders, and paint. Nitrate may be
associated with former agricultural activities, discharge of nitric acid washes/rinses during reactor
and support facility decontamination, and human waste discharged to septic systems.

Total Chromium. Chromium occurs naturally in the environment and is typically precipitated as
a low-solubility hydroxide molecule, Cr(OH); As such, chromium is not mobile. Elevated levels
of chromium in 100-DH is associated with the discharge of sodium dichromate dihydrate
(Na,Cr,0-2H,0), which contains Cr(VI). Cr(VI) ions can also be subject to chemical reduction
under moderately reducing conditions, or by reaction with reducing agents such as ferrous iron.
Ferrous iron is very effective at reducing Cr(V1) to Cr(llI).

Chloroform. Chloroform was detected during the spatial and temporal sampling events.

The chloroform is generally coincident with the Cr(\V1) plumes at low concentrations of several
micrograms per liter. No specific source has been identified, but it is a known degradation
product of organic compounds. Chloroform most likely originated as a residue from chlorination
of cooling water to control microbial growth.

Decontamination solutions. During operations and reactor shutdowns, decontamination solutions
were used to remove radionuclides from facility equipment and surfaces. These solutions
included chromic, citric, oxalic, nitric, sulfamic, and sulfuric acids, sodium carbonate, sodium
fluoride and various commercial organic solvents. The spent solutions were typically discharged
to trenches, cribs and French drains. They were also occasionally added to cooling water and
discharged to the river.

Water treatment chemicals. The following chemicals were used during raw water treatment prior
to use in reactor and other plant operations: sodium dichromate, alum, sulfuric acid, and chloride.

General plant operations. General plant operations involved the use of PCBs, coal ash, sodium
sulfate, tri-sodium phosphate, chromates, gasoline, diesel, commercial organic solvents, oils,
and paint.

4.3 Vadose Zone Contamination

This section describes the nature (type and concentration) and extent (distribution) of
contamination in the vadose zone due to industrial activities related to the operation of three
100-D/H nuclear reactors. The descriptions of soil contamination represent data collected during
previous limited field investigations (Limited Field Investigation Report for the
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100-DR-1 Operable Unit [DOE/RL-93-29], Limited Field Investigation Report for the
100-DR-2 Operable Unit [DOE/RL-94-73], Limited Field Investigation Report for the
100-HR-1 Operable Unit [DOE/RL-93-51], and Limited Field Investigation Report for the
100-HR-2 Operable Unit [DOE/RL-94-53]), site closeout sampling, ongoing interim waste site
remediation, and the current RI for constituents with concentrations that exceed background soil
concentrations.

Vertical profile figures for the RI boreholes and test pits, plus applicable LFI boreholes, show the
distribution of contamination in the vadose zone. Only depth discrete soil analytical results are
used to illustrate the nature and extent of the preliminary COPCs in these profiles. The profiles
provide visual depictions of the analytes relative to background concentrations (if available),
sample depths, waste site structures, depths of remedial action, lithology, stratigraphy, and water
table depths (if encountered). Within each profile, data collected below the depth of the interim
action excavation defines existing conditions at the 17 interim closed-out waste sites identified
for additional characterization in the 100-D/H Work Plan (DOE/RL-2008-46-ADD1).
Radiological data decayed through year 2012 are presented to provide a more direct comparison
to data obtained at multiple sampling events. Undetected values are plotted at minimum
detectable activity (MDA) for radionuclides or practical quantitation limit (PQL) for chemicals.
Figures 2-1 and 2-2 show the locations of the RI boreholes, test pits, and wells. Figure 4-3 shows
the groundwater plumes for Cr(V1), nitrate and strontium-90 in the vicinity of the RI waste sites.

Appendix D (Tables 71-100) provides the analytical results for residual contamination at the 17
RI characterization sites. Appendix E summarizes the analytical results for residual contamination
at the other 100-D/H closed-out, interim closed-out, and no action waste sites. The closeout
verification data reflect soil concentrations used to closeout waste sites according to the interim
action RODs. The data presented are from the shallow zone (0 to 4.6 m [0 to 15 ft] bgs) and/or
the deep zone >4.6 m (>15 ft) bgs soil concentrations from CVP or RSVP documents.

The concentrations typically represent the 95 percent upper confidence limit (UCL) based on the
arithmetic mean of the data obtained from statistical sampling. The lateral extent of
contamination at waste sites is generally defined by the boundary of the excavated footprint
associated with soil remediation (for example, RTD).

Batch leach testing results for the determination of vadose zone K4 values to support modeling
are presented in Chapter 5 and Appendix C (section C.2)and are not included in the vertical
profiles. The batch leach testing results obtained from RI boreholes are from the same sample
depth intervals as the vertical profiles reported in this chapter.

The following subsections of Section 4.3 present: the soil analyte exclusion process (4.3.1), the
waste site vadose zone profiles (4.3.2 to 4.3.18), the Rl well soil and sediment results (4.3.19), a
discussion of key waste sites currently undergoing interim action (4.3.20), an RPO well soil
sampling summary (4.3.21), an evaluation of water addition to wells and boreholes/uncertainty
(4.3.22), and a summary of vadose zone nature and extent (4.3.23).
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Soil Analytes Excluded

The soil analytical data sets applicable to RI waste site sampling include constituents
characterized as having short half-lives (for example, <3 years), common laboratory
contaminants, essential nutrients, and essentially nontoxic substances. These constituents are
commonly not discussed as detections and are primarily an artifact of the sampling and analysis
process, not observed above background concentrations, or not a human health concern (that

is, nontoxic) per Risk Assessment Guidance for Superfund Volume | Human Health Evaluation
Manual (Part A): Interim Final (EPA/540/1-89/002), hereinafter called the risk assessment guide.
Table 4-3 lists the 100-D/H soil target analytes excluded from further consideration in this

document.
Table 4-3. 100-D/H Soil Analytes Excluded from Further Consideration*
Daughters

Analyte Exclusion Rationale (Half Life)

Cerium-144 Half-life less than 3 years (284.91 days) | Pr-144m (1.2 min), Pr-144
(17.28 min), and Nd-144 (stable)

Cesium-134 Half-life less than 3 years (2.065 years) Ba-134 (stable)
Cobalt-58 Half-life less than 3 years (70.86 days) Ni-58 (stable)
Iron-59 Half-life less than 3 years (44.495 days) | Co-59 (stable)

Manganese-54

Half-life less than 3 years (312.03 days)

Fe-54 (stable)

Ruthenium-103

Half-life less than 3 years (39.26 days)

Rh-103m (56.12 min), and Rh-103
(stable)

Ruthenium-106

Half-life less than 3 years (373.59 days)

Rh-106 (29.9 sec) and Pd-106
(stable)

Radium-228; in equilibrium with parent

wn
é Sodium-22 Half-life less than 3 years (2.6019 years) | Ne-22 (stable)
2}
E Tin-113 Half-life less than 3 years (115.09 days) | In-113m (1.658 hours) and In-113
= (stable)
&
Uranium-240 Half-life less than 3 years (14.1 hours) Np-240 (7.22 min), and Np-240
(1.03 hours)
Analyte Exclusion Rationale Half Life
Radium-224 Decay daughter of Thorium-232/ 3.66 days
Radium-228; in equilibrium with parent
Thorium-234 Decay daughter of Uranium-238; in 24.1 days
equilibrium with parent
Actinium-228 Decay daughter of Thorium-232/ 6.15 hours
Radium-228; in equilibrium with parent
Lead-212 Decay daughter of Thorium-232/ 10.64 hours
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Table 4-3. 100-D/H Soil Analytes Excluded from Further Consideration*

Daughters
Analyte Exclusion Rationale (Half Life)
Lead-214 Decay daughter of Radium-226; in 26.8 minutes
equilibrium with parent
Thorium-228 Decay daughter of Th-232/Radium-228; | 1.91 years
in equilibrium with parent
Potassium-40 Naturally occurring background 1.25 billion years
radiation
Thorium-230 Only potential source from naturally 75.38 thousand years
occurring background radiation
(insufficient in growth time for the
Hanford Site introduced uranium as
decay daughter of Uranium-234)
Radium-226 Only potential source from naturally 1.6 thousand years
occurring background radiation
(insufficient in growth time for the
Hanford Site introduced uranium as
decay daughter of
Uranium-234/Thorium-230)
Radium-228 Decay daughter of Thorium-232. Will be | 5.75 years
in equilibrium with parent
Thorium-232 Naturally occurring background 14 billion years
radiation
Analyte Exclusion Rationale Half Life
Calcium Essential nutrient NA
Chloride Essential nutrient NA
S | Iron Essential nutrient NA
E Magnesium Essential nutrient NA
(=]
g Sodium Essential nutrient NA
=
> | Potassium Essential nutrient NA
Phosphate Essential nutrient NA
Ammonia No soil toxicity information available NA
Zirconium No soil toxicity information available NA

Note: Half-life information was taken from the Radiochemistry Society website (RS, 2011).
*List is from 100-D/100-H Decision Unit Target Analyte List Development for Soil (WCH-322).
NA = not applicable
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4.3.2 100-D-4 Trench Characterization

The 100-D-4 Trench received sludge and effluent in 1953 from the 107-D/DR retention basins.
The interim remedial action excavation was to 2.9 m (9.5 ft) bgs, possibly less than the depth of
the original bottom of the trench. Because this site only received sludge and effluent over a short
time, it is not considered a high-volume liquid waste site, and may not have affected groundwater
during operations. The residual contaminants detected during CVP interim close-out sampling
included cesium-137, europium-152, strontium-90, uranium-238, Cr(VI1), and PCBs
(Aroclor-1254 and -1260).

A test pit was excavated through it during the RI (Figure 4-4) to characterize the trench. The soil
samples were analyzed to evaluate the vertical extent of contamination in the vadose zone to

a depth of 5.8 m (19 ft) bgs. The results of these Rl samples and the CVP sample results are
presented in Appendix D (Table D-71). The RI test pit results for contaminants detected above
background levels and for contaminants detected that do not have background values are
presented in Figure 4-5.
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Figure 4-4. 100-D-4, 116-D-7, 116-DR-1 & 2, and 116-DR-9 Location Map

Of the 18 radioactive and 56 non-radioactive contaminants analyzed-for in the RI test pit samples,
four were detected or were present above background (see Figure 4-5). Between the CVVP and RI
results, 11 contaminants were detected above background concentrations in the vadose zone
beneath the trench. The detected contaminant concentrations generally decreased with depth, with
the exception of strontium (metal) and tin. Only concentrations of Cr(VI) and nitrate reported in
nearby groundwater monitoring wells exceeded water quality standards (see Figure 4-3 for
groundwater contaminant plume locations). Soil concentrations detected or present above
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background levels are compared to soil concentrations protective of groundwater and surface
water (i.e., PRGs and soil screening levels [SSLs]) in Chapter 5. The CVP and RI data are also
used in Chapter 6 for the human health risk evaluation.

4.3.3 116-D-7 Retention Basin Characterization

The 116-D-7 Retention Basin received 105-D Reactor cooling water from 1944-1967. After
radioactive decay and thermal cooling, the effluent was discharged to the Columbia River. Due to
cooling water leaks and spills, the radionuclide inventory near the basin ranged from 5 to 400 Ci
during operations. The basin contamination extended beyond the depth of the interim remedial
excavation (7.4 m [24.3 ft]) and reached the water table during operations.

RI borehole C7851 was drilled (Figure 4-4) and soil samples were collected and analyzed to
evaluate contamination in the vadose zone to the depth of the water table (19 m [62.3 ft]) bgs.
The 116-D-7 Rl borehole C7851, 1992 LFI borehole A5631 (which extended to 11.2 m

[36.6 ft] bgs), and the interim closeout CVP data are summarized in Appendix D (Tables D-79,
D-80, and D-81). The Rl and LFI borehole data for contaminants detected or present above
background levels are presented in Figures 4-6, 4-7, and 4-8.

Between the CVP, LFI, and RI sample results for 116-D-7, 21 contaminants were detected or
were present in the vadose zone above background levels. The profiles show that higher
contaminant concentrations are typically in the upper half of the vadose zone and contaminant
concentrations generally decreased with depth, except for tritium and barium. Only
concentrations of Cr(V1) and nitrate reported in nearby groundwater monitoring wells exceeded
water quality standards (see Figure 4-3 for groundwater contaminant plume locations). Soil
concentrations detected or present above background are compared to soil concentrations
protective of groundwater and surface water (i.e., PRG, SSL) in Chapter 5. The CVP, LFI, and RI
data are also used in Chapter 6 for the human health risk evaluation.

434 116-DR-1&2 Trench Characterization

The 116-DR-1&2 Trench received 40 million L (10.5 million gal) of effluent, 40 kg (88 Ib) of
sodium dichromate, and a 3.1-curie radiological inventory from 1950-1967. The trench
contamination extended beyond the depth of the interim remedial excavation [5.0 m (16.4 ft)] and
reached the water table during operations.

An RI borehole C7852 (Well 199-D8-101) was drilled (Figure 4-4) and soil samples were
collected and analyzed to evaluate contamination through the vadose zone to the depth of the
water table (19.6 m [64.2 ft]) bgs. Previous investigations for this site included three LFI
boreholes (A5632, A5633, and B8786) and interim closeout CVP samples. The 116-DR-1&2
Trench RI borehole, previous LFI boreholes, and the CVP data are summarized in Appendix D
(Tables D-82 and D-83). Vertical profiles of the Rl and LFI borehole results for contaminants
detected or present above background levels are presented in Figures 4-9, 4-10, 4-11, 4-12, and
4-13.

An evaluation of the CVP, LFI, and Rl sample results for 116-DR-1&2 indicate that 26
contaminants were detected or were present in the vadose zone above background levels.
Contaminant concentrations generally decreased with depth. Only concentrations of Cr(VI) and
nitrate reported in nearby groundwater monitoring wells exceeded water quality standards (see
Figure 4-3 for groundwater contaminant plume locations). Soil concentrations detected or present
above background are compared to soil concentrations protective of groundwater and surface
water (i.e., PRG, SSL) in Chapter 5. The CVP, LFI, and RI data are also used in Chapter 6 for the
human health risk evaluation.
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4.3.5 116-DR-9 Retention Basin Characterization

The 116-DR-9 Retention Basin received 105-DR Reactor cooling water from 1950 to 1967. After
radioactive decay and thermal cooling the effluent was discharged to the Columbia River. Due to
cooling water leaks and spills, the radionuclide inventory near the basin ranged from 5 to 400 Ci
during operations. The basin contamination extended beyond the depth of the interim remedial
excavation (4.75 m [15.6 ft]) and reached the water table during operations.

An RI borehole C7850 was drilled (Figure 4-4) and soil samples were collected and analyzed to
evaluate contamination in the vadose zone to the depth of the water table (19.6 m [64.2 ft]) bgs.
The 116-D-9 RI borehole C7850, three previous LFI boreholes (A5635, A5636, and A5637), and
the interim closeout CVP data are summarized in Appendix D (Tables D-84 and D-85). The Rl
and LFI borehole data for contaminants detected or present above background levels are
presented in Figures 4-14, 4-15, 4-16, 4-17, and 4-18.

Between the CVP, LFI, and RI sample results for this retention basin, 27 contaminants were
detected or were present in the vadose zone above background levels. Contaminant
concentrations generally decreased with depth, except for carbon-14 and tin (their concentrations
generally increased with depth to the water table). Only concentrations of Cr(VI) and nitrate
reported in nearby groundwater monitoring wells exceeded water quality standards (see

Figure 4-3 for groundwater contaminant plume locations). Soil concentrations detected or present
above background are compared to soil concentrations protective of groundwater and surface
water (i.e., PRG, SSL) in Chapter 5. The CVP, LFI, and RI data are also used in Chapter 6 for the
human health risk evaluation.

4.3.6 100-D-12 French Drain Characterization

The 100-D-12 Pumping Station/French Drain received concentrated sodium dichromate (70%)
and sulfuric acid solutions during operations. The volume of liquid received and the dates of
operation are not well documented for this site; however, it is suspected of being a major source
of Cr(VI) for the 100-D south groundwater plume. The interim remedial action excavation was to
2.4 m (7.9 ft), potentially less than the depth of the French Drain structure. The CVP interim
closeout sample analysis for 100-D-12 only included Cr(VI).

To ensure the proper placement of the borehole C8668 (Well 199-D5-144), which was prescribed
for this site, a test pit was first completed to about 7.6 m (25 ft) bgs to sample the soil and
visually inspect the subsurface soils for sodium dichromate staining (Figure 4-19). After
establishing the borehole location, the test pit was backfilled and a borehole was drilled to
evaluate the vertical extent of contamination in the vadose zone to the water table at 25.9 m

(85.1 ft) bgs. The results of the test pit, borehole, and CVP sample results are presented in
Appendix D (Tables D-72 and D-73). The Rl test pit and borehole results for contaminants
detected above background levels and for contaminants detected that do not have background
values are also presented in Figure 4-20.
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. Detected
Undetected

T.D. Total Depth

bgs  Below Ground Surface

amsl

Above Mean Sea Level

Background - 90™" Percentile

! Water Table (December 29, 2010)
18.99 m (62.3 ft) bgs
116.89 m (383.5 ft) amsl
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