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I :ase provide comments to the U.S. Department of Energy Richland Operations Office within
60 days of receipt of this letter, as describe in Section 9.2, of the Tri-Party Agreement Action
lan.

If you have any questions, please con tme, or your staff may contact Briant Charboneau, of my
staff, on (509) 373-6137, or Joe Fr  co, Assistant Manager for the River Corridor, on
(509) 376-6628.
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Executive Summary

This document is Addendum 5 of the Integrated 100 Area Remedial Investigation/
Feasibility Study Work Plan'. The purpose of a work plan is to explain the Remedial
Investigation/ Feasibility Study (RVFS) project background and rationale, and to present
detailed plans for investigation of a contaminated site under Comprehensive
Environmental Response, Compensation, and Liability Act of 1980° (CERCLA). It should
be noted that the CERCLA/RI/FS results are intended to address Resource Conservation
and Recovery Act (RCRA) corrective action requirements for areas of RCRA concern.
This document supports final remedy selection under the CERCLA for the

100-N Decision Unit at the Hanford Site. Five 100 Area Decision Units (Figure ES-1)
have been defined for the River Corridor:” 100-B/C Area, 100-K Area, 100-D and

100-H Areas, 100-N Area, and 100-F Area combined with 100-1U-2/6 Areas. An additional
decision unit is defined for the 300 Area. Planning for the 300 Area Decision Unit will be
addressed separately. These Decision Units combine groundwater contamination, soil
contamination sites, and facilities in geographic areas that encompass the 100 Area

National Priorities List”sites.

The work plan implements an approach designed to reach final remediation decisions,
describes key features of the planning process to support implementation of this
approach, and provides important key regulatory and risk assessment assumptions
common to the 100 Area Decision Units. This document, Addendum § ) the work plan,
provides information for the 100-N Decision Unit. The 100-N Decision Unit includes the
100-NR-1 Source Operable Unit (OU), and the 100-NR-2 Groundwater OU. The location
of the 100-N Decision Unit and proximity to other Decision Units is provided in

Figure ES-1.

1 DOE/RL-2008-46, Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan, U.S. Department of Energy, Richland
Operations Office, Richland, Washington.

2 Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601, et seq.
http://'www4.law.cornell.edu/uscode/42/usc_sec 42 00009601 ----000-.html.

3 Decision unit” is a term developed as part of this cleanup strategy to enable coordinated decisions for contiguous source and
groundwater operable units.

4 40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan,” Title 40, Code of Federal Regulations, Part 300.
http://www.access.gpo.gov/nara/cfr/waisidx_08/40cfr300 08.html.
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the past decade s planned over the next few years. Results of these activities
provide the basis for ide: fying e remaining uncertainties needed to make final
rem« ation decisic  The completed and planned work for the 100-N Decision Unit

is provided in Sec mn 1.2.
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permeable-reactive barrier

preliminary remedial goal

quality assurance

quality assurance project plan

quality control

qualitative risk assessment

Remedial Action Goal

remedial action objective

River Corridor Baseline Risk Assessment

Resource Conservation and Recovery Act of 1976
emedial Design/Remedial Action Work Plan

remedial investigation

U.S. Department of Energy, Richland Operations Office

record of decision

removal, treatment, and disposal

Ringold Upper Mud

sampling and analysis plan

suspected diesel contaminated area

Stewardship Information System

subject matter expert

strontium plume area

Strontium-90

semivolatile organic compound

solid waste manag  :nt unit

Technical Advisory Group

to be determined

trichloroethylene

Toxicity Characteristic Leaching Procedure

total petroleum hydrocarbons

total petroleum hydrocarbons — diesel range
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location, and quantity of data needed to reduce or eliminate the identified uncertainties. A key component
ol 1e planning process involved developing “plates” (see Appendix A) that present the CSM components
needed to help identify principal study questions, supporting information, and resulting data gaps that
may require further evaluatic . These plates were provided to DOE/RL and Ecology for review and
comment. A working session was held to discuss and resolve comments, and initiate CSM plate updates.
Upon completion of the CS! plates, the contractors developed the data needs and proposed sampling
approaches outlined in this addendum.

1.1 Scope

This addendum addresses the data and information needed to support groundwater and waste site
remediation investigations associated with the 100-N Decision Unit. Geographically, the 100-N Decision
Unit consists of the 100-N Reactor Area, portions of the adjacent 600 Areas, and associated waste sites.
Figure 1-2 shows the location of the 100-N Decision Unit and its proximity to other decision units.

This addendum identifies data gaps and a process to address the gaps whose resolution is significant to
making informed remediation decisions. The CSM is a useful tool to guide characterization and identify
effective remediation gaps. A CSM is a representation of the site that organizes the information available
and provides a ' of the site conditions. More importantly, a CSM can identify data gaps and
establish programmatic priorities for sampling and testing hypotheses.

Additional data collection and other investigations address data gaps significant to making remediation
decisions. The CSM addresses contaminant sources, nature and extent of contamination, fate and
transport, and exposure assessment (River Corridor Baseline Risk Assessment, [RCBRAY]); it supports
risk characterization, remedial action selection, performance monitoring, and site closure. Chapter 2
provides the background and environmental setting information necessary to support the development of
the 100-N Decision Unit CSI

During multiple workshops, presentations, and meetings, the use of CSM component summaries
identified and fostered discussion of issues of concern to the participants. This information was used to
solicit input from regulators. agencies, and subject matter experts (SMEs) (provided in Appendix A).
Chapter 4 presents the CS! and data gaps/needs table for the 100-N Decision Unit.

Most importantly, data needs identification led to development of a sampling and analysis plan (SAP) that
establishes characterization activities specific to the 100-N Decision Unit. The SAP (DOE/RL-2009-42,
Sampling and Analysis Plan for the 100-N Decision Unit Remedial Investigation/Feasibility Study)
includes a field sampling plan with the sampling strategy and techniques to obtain the data required for
the RI/FS. The SAP provides a quality assurance project plan (QAPjP) to ensure data collected meet the
appropriate quality assurance (QA) and quality control (QC) requirements.

1.2 100-N Remediat n Accomplishments

A considerable amount of environmental remediation and restoration 1s already completed or planned at
the Hanford Site. These remediation activities, many of which are ongoing, have achieved significant
cleanup progress across the site. These activities include characterizing groundwater plumes and their
potential sources, cleaning up the groundwater and soil, and testing new and alternative treatment
methods specific to the issues and contaminants on the Hanford Site.

The following subsections provide information on the cleanup progress already undertaken in the
)0-N Decision Unit.

1-2
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In January 1994, RL submitted to EPA and Ecology an engineering evaluation/cost analysis entitled the
N-Springs ERA Proposal, DOE\RL-93-23. The ERA Proposal evaluated mu iple alternatives (reviewed
and screened 5 technologies and 20 process options) to reduce the Sr-90 flux to the Columbia River. The
ERA proposal recommended a vertical barrier composed of a slurry wall 853.4 m (2,800 ft long)
constructed by a deep soil mixing method, to cut off Sr-90 contamination flux to the river. The ERA
Proposal established a primary objective of eliminating, or significantly reducing, the flux of Sr-90 to the
Columbia River through the N-Springs.

On February 22, 1994, an Independent Technical Review Report was made available for review and
comment as part of the ongoing public comment period on the ERA Proposal (AS1, 1994). This report
presented the conclusions of the panel of independent third-party technical experts regarding the technical
adequacy and conclusions of the N-Springs ERA Proposal. The independent review board expressed
concern with many of the findings an conclusions in ERA Proposal, including the assumed effectiveness
of the pump-and-treat remedy, and noted uncertainties in the ability of the methods to achieve the
estimated Sr-90 removal levels. A recommendation was made to reassess the potential const ity of
a grouted, interlocked sheet pile wall, and the feasibility of constructing a barrier within 15.24 m (50 ft) of
the Columbia River. These discussions were followed by an Action Memorandum.

The Action Memorandum, (Action Memorandum: N-Springs Expedited Response Action Cleanup Plan,
Ecology and EPA, 1994) dated Septer er 23, 1994, required installing and operating a 189 L/min

(50 gpm) pump-and-treat system by September 1995 and a grouted-hinge sheet pile wall at the

river’s edge.

The Action Memorandum presented a new alternative that was adopted based on the combination of
public comments, the conclusions reached in the Independent Technical Review, and the information in
the historical documents. In correspondence dated March 23, 1995, Ecology and EPA concurred with RL
that installing the eet pile wall could not be achieved in the manner specific Ecology and EPA
subsequently directed RL to proceed with installing a pump-and-treat system as an ERA. The N-Springs
pump-and-treat system was completed by August 1995 and in full operation by September 1995, meeting
the Tri-Party Agreement Milestone M-16-12D. Based on recommendations it 1 N-Springs Expedited
Response Action Performance Evaluation Report (DOE/RL-95-110) and the N-Springs Pump-and-treat
Optimization Study (DOE-RL-1997), the system was upgraded to operate at 227 L/min (60 gpm)
beginning on December 17, 1996. Under this configuration, the network consisted of four extraction wells
(199-N-75,199-N-103A, 199-N-105A, 199-N-106A) and two injection wells (199-N-29 and
199-N-104A), as depicted in Figure 1-9. The optimized extraction wells were located to reduce the flux of
Sr-90 to the Columbia River along this seepage face. The Sr-90 was removed from groundwater by
passage through vertical tanks containing clinoptilolite, which was later disposed in ERDF.

The pump-and-treat system captured water along the entire length of the 1301 N trench and performed as
designed during the optimization study. However, the system demonstrated a limited capability to remove
Sr-90 from the aquifer and was terminated in March 2006.

From September 1996 through March 2006, the pump-and-treat system in the  0-N Decision Unit
treated more than 1.1 billion L (305 million gal) of groundwater and removed approximately 1.8 Ci of
Sr-90 from the aquifer in the 100-NR-2 OU (DOE/RL-2008-66, Hanford Site Groundwater Monitoring
Report for Fiscal Year 2008, Rev. 0). In the 100-N Area, between 72 and 85 Ci of Sr-90 remain in the
saturated sediment and 0.8 Ci in groundwater (PNNL-17429; EPA/ROD/R10-99/112).
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(10 to 20 ft) short of the target depth objective clay unit. Adequate testing was performed to demonstrate
that interlocking piling could not be driven to the clay layer and severe damage occurred at lesser depths.
It was concluded that the Ringold Formation was not penetrable with standard sheet piling installation
methods and a sheet pile barrier could only be installed after the in situ material was br  2n up and
loosened prior to pile driving.

1.2.6 In Situ Treatability Te: Planning Workshop Report

The following text is paraphrased from the “In Situ Treatability Test Planning Workshop
Report.” (BHI-00787).

“On May 1 and May 2, 1996, the U.S. De;  ment of Energy (DOE), Richland Operations Office
(RL) conducted a planning workshop for the In Situ Treatment Zone (ISTZ) treatability test. The
proposed ISTZ was a 9m 30 (ft) deep by 1m (3ft) wide by 30m (100ft) long trench filled with
clinoptilolite, a naturally occurring zeolite mineral. The proposed location of the treatability test was
along an access road, proximately parallel to the Columbia River at the shoreline. The ISTZ
would be  istructed by either conventional trench excavation with shoring systems, or by auger
drilling with steel casir  to provide the excavation and earth-support systems. The purpose of the
IS . _ lest was to provide an innovative, long-term remedial treatment for groundwater
contaminated with _. -

The objectives of the treatability test were to demonstrate the feasibility of using ISTZ to
accomplish the follow .

e Cause the Sr-90 to be adsorbed from the groundwater that passes through the zone
e Delay Sr-90 from reaching the Columbia River.

The objective of the groundwater remediation alternative was to reduce the flux of Sr-90 to the
Columbia River. In the short term, Sr-90 concentrations would be reduced as groundwater leaves
the ISTZ and enters the Columbia River. In the long term, the delay would be sufficient for natural
decay to occur so that the concentration levels would be below regulatory concern when the Sr-90
finally breaks through the ISTZ.

Secondary objectives of the treatability test were to demonstrate:
e  Constructability

e That the ISTZ test can be accomplished while preserving Native American cultural and
religious values

The workshop was attended by regulators, stakeholders, and several Native American tribes.
Concerns centered on the following:

o Constructability of the ISTZ
e ISTZ performance in preventing migration of Sr-90 to the Columbia River
o Native American Tribal cultural and religious values

e Applicability of an ISTZ in the 100-N Area
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The TAG developed screening criteria and decision processes to evaluate technologies

appro] te for site characterization and remediation. Remediation technologies developed by
domes and foreign industries, EPA, and DOE were evaluated for applicability to site-specific
needs for the Hanford 100-N Site. The TAG began by reviewing historical and operational
documents, contaminant inventory and sampling data, treatability studies, pump-and-treat efforts,
and regulatory clean-up goals. Technologies were accepted or rejected based upon the following
four major assessment criteria developed by the TAG:

1. Cost
2. Performance Attributes (such as)
Treatment rate (relative to no-action or to current pump-and-treat)
Required treatment period {depending on final remediation goals)
3. Attributes of Deploymen  cation, (such as)
a. Environmental impacts (e.g., cultural sensitivity at the point of deployment)
Geolc :impacts: instability/erosion at the point of deployment
4. Other Attributes of New Te  10logies (such as)
a. Cumulative health/wor  risk
Ability to reach clean-up standards/goals

Following the screening criteria assessment, the TAG identified areas requiring further
investigation before remediation scenarios or technology recommendations could be addressed.
The TAG identified the general areas where more information was needed: aquifer geochemistry,
desorption distribution coefficient (Kq), and fluctuating Columbia River stage impacts on
contaminant flux to the river. The results of these studies can be found in the following reports:

e Bank Stability Evaluation (BHI—01324)

e Groundwater-River Interaction in the Near River Environment at the 100  Area
(Hy oGeoLogic, Inc., 1999)

e Use of Phosphatic Materials for Sr-90 Stabilization (Moody, 1999)
e  Strontium Mobilization using Chemical Lixivants (MSE-49, 1999)

The treatment technologies evaluations led to the development of five remediation scenarios.
Scenarios involving combinations of the candidate technologies for remediation of the 100-N
Area were formulated. Preliminary engineering cost analyses (PECA) of the remedial
scenarios were conducted (Studer, 2001). All but one of the remediation scenarios refies on a
combination of two or more technologies to create a complete system. In general, the TAG
concluded that the near-river environment is an area in which remediation will be difficult due
to the presence of cultural resources and the effect on groundwater movement of the highly
fluctuating near-river flow dynamics. The five possit  emediation scenarios developed
included the following:

1. Monitored Natural Attenuation.
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Phytoremediation - the technology did not receive a detailed analysis in this study. However, it may
betheb  option for controlling current releases of Sr-90 at the river. Leaf litter control may be an
issue: however, it may be suitable for a 30-year period to control the niparian zone while MNA or
stabilization is used to control those portions of the plume further from the river.

Stabilization of Sr-90 by phosphate injection was examined in this study but removed from further
consideration by a subcommittee  he TAG. The work done at the time (under contract to ITRD)
to design a stabilization system was insufficient to support recommendation of this option.
Phosphate solid injection and co-precipitation were found to remove Sr-90; however, the vendor
did not provide sufficient design information or explain inconsistent results for contrasting behavior
of radiogenic and stable strontium.

The Technical Advisory Group (TAG) did not conclude the method should be abandoned. it was
recognized that it might be possible to create a long-term barrier in arcas of the plume using phosphate
stabilizatic  Current work in the DOE Tanks Focus Area provided new data that encour d
re-examination of this option, which occurred and is described below.

1.3 Current Groundwater Remediation Approach

Since the completion of the ITRD Report, several important developments have occurred (Evaluation of
Strontium-90 Treatment Technologies for the 100-NR-2 Groundwater Operable Unit, CH2M HILL,
2004). The TAG determined that soil flushing was not a feasible option, primarily because of the massive
volumes of lixiviant required for injection and removal, and the problems inherent in treating and
disposing large volumes of radioactive wastewater.

Interest was renewed in strontium stabilization by phosphate injection (chemical injection) based on
reports of successful bench testing at Sandia National Laboratory. The merits of apatite sequestration and
phytoremediation were presented at a workshop in August 2003 by Pacific Northwest National
Laboratory (PNNL) and Sandia National Laboratory scientists. Because of the potential for these
technologies to remove or sequester Sr-90 from the riverbank sediments, DOE funded two laboratory
studies at PNNL in fiscal year (FY) 2004 to determine their appropriateness for the 100-NR-2 OU:

e Phytoremediation of Sr-90 at the inford 100N Area
e Sr-90 Sequestration by Apatite at e Hanford 100N Area

Currently, a chemical barrier composed of apatite is being tested as a primary treatment technology and
phytoremediation as a secondary treat nt or “polishing” step.

1.3.1  Apatite Barrier Installation

At the 100-N Decision Unit, innovative technology is being tested to fix mobile Sr-90 in a chemical
barrier injected into the aquifer. The description of the apatite barrier provided is from PNNL-16891,
Hanford 100-N Area Apatite Emplacement: Laboratory Results of Ca-Citrate-PO4 Solution Injection and
Sr-90 Immobilization in 100-N Sediments). This technology reduces disruption to areas that would be
caused by installing slurry or clinoptilolite barriers. The method creates a chemical filter allowing
groundwater to pass unimpeded while providing dissolved Sr-90 access to the mineral apatite. Apatite

(a stable mineral found in rocks, teeth, and bone) contains calcium and phosph :and has a strong affinity
for substituting strontium into its mineral structure. Scientists proposed injecting apatite-forming elements
directly in groundwater (DOE/RL-2005-96, Strontium-90 Treatability Test Plan for 100-NR-2
Groundwater OU, Rev. 0). The apatite i orporates the Sr-90 in the mineral matrix, thereby preventing
further migration. Figure 1-10 shows the 100-N Decision Unit test site where the Apatite Barrier
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The key to using phytoremediation as part of the treatment, besides the volume of sediment to be treated,
is biomass production, the focus was to determine whether the technology is usable. The study involved
two major objectives:

1. Determine the most efficient fertilization method for coyote willow to generate the greatest biomass
possible while protecting the Columbia River from excess nutrient runoff.

2. Demonstrate the efficacy of using coyote willow as a phytoremediation tool along the riparian zone
associated with the 100-N Decision Unit.

The study began in late spring 2007, with 50 coyote willow starts planted in a fenced area at the

100-K Area. This part of the study targeted plant growth rather than phytoremediation capabilities, so the
100-K Area, which was not contaminated with Sr-90, was well suited as a host location. Often flooded by
the annual high Columbia River stage well into June, this site is a severe test for the ability of the willow

shrubs to survive realistic field conditions.

During the it year of the atively little growth occurred while the plants became established and
developed root systems. In October 2007, the plants were pruned down to e trunk plus primary
branches. orty-nine of the 50 plants survived the winter. In May and June 2008, the site was once again
flooded and serious growth began in July. The second year harvest was completed in October 2008. The
average biomass was 369 percent greater than the first year at about 340 kg (750 Ib) per acre, w*~h was
in line wi  aredictions.

The stem and foliage of coyote willows accumulating Sr-90 will present not only a mechanism to remove

the contaminant 1t also will be viewed as a source of nutrition for natural herbivores and, therefore,

a potential pathway for the isotope to enter the riparian food chain. Management of the willows will

inclu  a series of engineered barriers: large and small animal fencing will control intrusion of herbivores

such as deer and rodents, bird intrusion would be minimized by placing nett g over the top of the

enclosure, and detritus (leaves and twigs) would be retained by fencing and removed on a regular basis.

A recent study concluded the risk for detectable transfer of Sr-90 from willow trees growing in the

contaminated soil along the 100-N shoreline through the food chain of herbivorous insects is slight to
nexistent (PNNL-18294, 100-N Area Stontium-90 Treatability Demonstration Project: Food Chain

Transfer Studies for Phytoremediation along the 100-N Columbia River Riparian Zone).

If the coyote willow continues to perform over the coming year, the next step will be testing at the
100-N Decision Unit in actual Sr-90 contaminated soil. Methods for safely planting, tending, and
harvesting the willows along the rip-rap covering the 100-N Decision Unit shoreline will need to be
veloped; however, the 100-N Decision Unit tests proved successful and phytoextraction will be
incorporated as part of the treatment protecting the Columbia River from Sr-90 contamination.

3.3 Petroleum Removal

Soil and groundwater petroleum contaminant removal in the 100-N Decision Unit is being performed to
protect the Columbia River, currently within a limited scope, with the majority of petroleum removal
slated to start next year. Petroleum in the vadose zone and groundwater is primarily from a 1966 diesel
fuel leak of more than 302,833 L (80,000 gal) (DOE/RL-95-111) associated with the 166-N Tank Farm
(Figures 1-13 and 1-14). Other petroleum releases consisting of significantly smaller volumes occurred
over time. Because of these leaks, petroleum is present in soil and groundwater as free-product. Free
product petroleum contamination consists of a fraction that floats on groundwater in addition to

a dissolved fraction.

1-23
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The cylinders are ¢t ged every two months, after which the cylinders are removed, weighed, and
replaced with a new pre-weighed bundle. Experience indicates that two months are generally sufficient
for the cylinders to become saturated with oil.

Additional characterization of petroleum in the 100 Area is ongoing, including a well installation between
the tank farm and the river in March 2009. The results of the additional characterization will support
ecological risk assessments and provide data to support assessment of other remedial technologies.

1.3.4 Aquatic and Riparian pact Assessment

An initial assessment of the cu  nt impacts « contaminated groundwater plumes on aquatic and riparian
zones within the 10-NR-2 Operable Unit was conducted in 2005. This summary is based on information
described in DOE/RL-2006-26, Aquatic and Riparian Receptor Impact Information for the

100-NR-2 Groundwater Operable Unit).

This assessment was one component of the selected remedy described in the Interim Remedial Action
RO for the 100-NR-1 and 100-NR-2 Operable Units, Hanford Site, Benton County, Washington
(EPA/541/R-99/112, Interim >medial Action Record of Decision for the 100-NR-1 and

100-NR-2 Operable Units, Hanford Site, Benton County, Washington). Historical data and new data
obtained during 2005 were used for this © iact asse:  :nt. For the evaluation, water, sediment, soil, and
aquatic and terrestrial biota were collected during calendar year 2005 and analyzed for contaminants of
potential ecological concern (COPECs), including Sr-90, uranium, te netium-99 (Tc-99), heavy metals,
polychlorinated biphenyls (PCBs), and petroleum hydrocarbons.

The impact assessment parameters and data used during the assessment consisted of the following:
e  Whole-body and tissuec dose calculations for radionuclides (primarily Sr-90).

e Chemical effects modeling (Ecological Contaminant Exposure Model) for tissue and
environmental media.

e Visual and microscopic examination of whole animal and tissue samples for abnormalities.
e Presence (or absence) and abundance of key species.
s Habitat evaluations.

e Comparisons with upstream reference area (Vemita), background concentrations of COPECs, and
state and federal criteria for the protection of aquatic and terrestrial organisms.

Table 1-3 presents a summary of findings for the assessment.

1-26
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Weight-of-Evidence Information. In addition to contaminant concentrations and histological data,
general habitat conditions were evaluated. This information is intended for use by key decision makers in
a weight-of-evidence approach in evaluating the acceptability of apparent risks. A principal finding of thc
present study was a normal distribution of aquatic mollusk species indicative of high water quality
conditions in the 100-NR-2 OU contaminant plume study areas. In addition, a normal age distribution of
Asiatic clams was noted throughout the study area, indicating favorable habitat conditions. A survey of
aquatic invertebrates con:  :ted in September and October 2005 indicated a normal distribution of aquatic
insects and other invertebrates in the study area. Evaluations of terrestrial or riparian habitat i1 cators
were less clear. This was primarily a result of prior large physical disturbances in the study area and the
use of herbicides to prevent the growth of mulberry and other nuisance vegetation in the SPA. However,
the small mammal population was found to be reproductively active in the study area.

1-29
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From 1965 to 1967, a “co-product” demonstration campaign took place, in which tritium was produced in
the reactor from special lithium aluminate fuel elements. Beginning in 1966, N Reactor steam for
electrical production was harnessed at the HGP, which was constructed west of the N Reactor facilities by
the Washington Public Power Supply System.

The Atomic Energy Commission (AEC) order issued in 1971 to close the KE Reactor included closure of
N Reactor. An agrecement reached later in 1971 allowed the N Reactor to continue operations to produce
steam for the HGP and to pre-produce fuel-grade (not weapons-grade) plutonium for the breeder reactor
program. The spent fuel produced at the N Reactor was never used by the breeder reactor program and
was stored at the 100-K Basins (DOE/RL-97-1047). The continued operation of N Reactor resulted in
modifications and upgrades to waste management/treatment systems at these facilitiecs (WHC-MR-0521).

2.1.3 Waste Sites Description and History

The two primary liquid waste disposal sites in the 100-N Area include the 116-N-1 and 116-N-3 Crib and
Trenches, also known as the 1301-N and 1325-N Liquid Waste Disposal Facilities (LWDF), respectively.
The oldest is the 116-N-1 Crib, used from the time the reactor went online in 1963 until September 1985.
The trench was extended in 1965 because the wastewater volume exceeded the capacity of the crib. The
116-N-3 Crib, built in 1983, was to augment the original 116-N-1 Crib (1301-N LWDF). In 1985,

a covered extension trench was added to the 116-N-3 Crib (1325-N LWDF) to increase the capacity of
that facility. To enhance percolation, the 116-N-3 Crib and Trench were sited where borehole geophysical
logs indic ed relatively high permeability. The newer facility was located approximately twice the
distance from the river as the old facility, and was completely covered (WHC-SP-0377). Remedial action
goals were achieved during remediation of the 116-N-1 and 116-N-3 Cribs and Trenches
(CVP-2002-00002; CVP-2006-00004). Both waste sites were classified as “interim closed out” in
accordance with the waste site reclassification guideline TPA-MP-14 (RL-TPA-90-0001).

As of April 29, 2009, 151 waste sites (including four discovery sites) are located within the
100-N Decision Unit (Table 2-3). These waste sites are inactive, past-practice disposal sites described as
trenches, ditches, cribs, ponds, aquifers, and unplanned releases.

As of 2009, approximately 473,798 m tons (522,231 U.S. tons) of contaminated soil and debris have been
removed from the 100-N Area to mitigate and reduce impacts to human health and the environment.

Of this, 97,775 m tons (107,777 tons) are from waste site remediation. A total of 90 accepted waste sites
and four discovery sites remain in the 100-N Decision Unit to be cleaned up/evaluated and are tentatively
on the path for interim remedial action as of April 29, 2009. Table 2-3 summarizes the individual waste
sitc classifications in the 100-N Area. These WIDS classifications are defined in the work plan.
Appendix C provides a description and history for each waste site, and lists the contaminants of concern
(COCs) for each waste site. Appendix B provides the locations of the 100-N Decision Unit waste sites,
including key waste sites, and distinguishes those that received Sr-90.

The use and evolution of onsite facilities and their roles in waste management operations is described in
other technical documents (WHC-SD-EN-TI-251, DOE/RL-95-111). The uses and/or evolution of
facilities and waste sites impacted their D4 actions (e.g., implementation of the ENU, rather than use of
120-N-1 and 120-N-2 for waste management or the segregation of the HGP outfall (1908-NE) from the
other N Reactor discharge facilities). Facility remnants (e.g., foundations, pads, and subgrade piping) may
become classified as waste sites as D4 activities progress. If residual waste remains at a facility location
after the completion of D4, that location is reclassified as a waste site. However, in some cases, facilities
are completely removed and no residual waste remains, thus no corresponding waste site remains at the
end of D4. Specific site information obtained from contemporary characterization and remediation
activities are available from WIDS.
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In addition to the previously described waste sites, other locations are categorized as “‘remaining sites”
and “orphan sites.” Remaining sites include various locations 1at generally were believed to have
received small discharge volumes and/or low levels of contaminated materials. Radioactive liquid effluent
waste sites are the primary source of contamination in groundwater. Past stack emissions are not
identified as sources of groundwater contamination (DOE/RL-2005-49).

Orphan sites are considered human-made features, items, or activity areas within the river corridor that:
e Meet the TPA-MP-14 criteria for waste site identification.

e Arc not identified for characterization or cleanup within the regulatory decision documents
(e.g., Interim Action ROD).

e Have been presented to and accepted by the WCH Field Remediation Closure Project,
U.S. Department of Energy, Richland Operations Office and the regulators (WCH-218, Orphan Sites
Evaluation Project Execution Plan).

The OSE process is a systematic approach to review land parcels and identify potential waste sites in the
river corridor that are not currently listed in existing CERCLA decision documents. The orphan site
evaluation of the 100-NR-1 OU was conducted between August 2006 and March 2007. Documentation of
this investigation of the 100-N-1 Area is currently being completed (/00-NR-1 Area Orphan Sites
Evaluation Report, OSR-2009-0001 Draft A) and anticipated issued in late FY 2009. The scope covered
an area of approximately 761.62 he (1,882 ac). Twenty-three orphan sites were identified during the
evaluation process. These discovery sites will be incorporated into the decision unit according to the
TPA-MP-14 process and addressed according to Interim Action RODs or ROD amendments.

The “remaining sites” category includes a diversity of sites such as septic systems from contaminated
facilities, burn pits, French drains, pre-Hanford and Hanford-era waste dumps, small oil spills, landfills,
outfalls, ponds, process facilities, retention basins, storage tanks, sumps, unplanned releases, and
non-reactor effluent pipelines, and sub-sites of the two reactors. Remediation of these waste sites began in
the 100-N Decision Unit in 2005 (DOE/RL-2005-40).

Some remaining sites have been investigated and designated for removal action (i.e., RTD). However, the
presence of contamination in many of these sites is uncertain, so the remedial alternative chosen in the
interim action ROD is confirmatory sampling, with removal of discovere waste that exceeds the

100 Area cleanup criteria. Because of the lower contaminant levels expected, vegetation is not cleared
from many of these sites.

Remaining sites and orphan sites are considered known or suspected sources of contamination. These
sites are newly discovered potential waste sites that will be evaluated to determine their impact (if any) to
the environment, with potential changes to work planning and execution administered through established
project management channels.

2.1.5 Decommissioning Activities

In April 1986, an accident at the Chernobyl nuclear plant in Soviet Russia initiated a stand down for
safety evaluations at the N Reactor. £ er the stand down, DOE ordered the N Reactor to cold standby in
February 1988, and a large decontamination and decommissioning (D&D) project that led to its final
disposition began in 1994 (WHC-SP-0615, N Reactor Deactivation Program Plan). Figure 2-6 shows the
D-4 success through 2002,
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2.2 Environmental Setting

The 100 Area envirc mental setting is provided in detail in the work plan (DOE/RL-2008-46,
Section 2.3), with specific 100-N Decision Unit information included here.

221 Topography

The 100-N Decision Unit topography is relatively flat inland from the Columbia River (Figure 2-3). The
area has been graded extensively since reactor construction began in the 1960s through present-day waste
site remedial activities. The elevation of the 100-N Area ranges from approximately 120 m (390 ft) above
mean sea level (msl) at the Columbia River to approximately 1 ) m (459 ft) above msl on the east side of
the decision unit (DOE/RL-93-81, Limited Field Investigation Report for the 100-NR-2 Operable Unit).
The slope along the riverbank has gradients of at least 15 percent. Bluff heights above the river surface
range to approximately 21 m (70 ft) at the 100-N Area. The surrounding terrain is the result of
catastrophic flooding associated with Pleistocene glaciation (DOE/RL-93-81), and is characterized by low
hills and mounds. Several geologic terraces and levees are located along both sides of the river channel in
the 1 -N Arca. Geological carbon-14 dating of organic material contained in soil samples taken from an
older terrace near the N-Springs area and several other locations along this section of the river indicate
that this section of the river has been in its present position for several thousand years (BHI-01324).

In addition, an archeological study excavated into the second terrace/levee above the river immediately
north of the HGP and mussel shells found in the sands near the base of the terrace were collected for
radioca on analysis. The radiocarbon date calculated for the shells was 7,880 +/- 110 years. This terrace
is present under the fill at the HGP based on aerial photographs taken prior to construction at the

100-N Area. Based on the system of terraces and levees correlative to the second terrace

(discussed above), the Columbia River has occupied the same channel from 100-B/C Area to 100-D Area
for at least the past ~8,000 years (BHI-016428 and WCH-46). Therefore, despite the tremendous volumes -
of water flowing past the 100-N Shoreline, the shoreline itself is stable and has been so for several
thousand years.

The landscape is a semiarid (steppe) environment with a sparse covering of cold desert shrubs and
drought-resistant grasses. This landscape supports occasional small, wetland-like features affected by
infrastructure drainage, facilities, and past development. Numerous infrastructure features are present and
include pipelines, reactor buildings, former waste sites, and groundwater remediation systems

and equipment.

222 Geology

An overview of the regional geology of the 100 Area is provided in the integrated work plan. Additional
information specific to the 100-N Decision Unit is provided in this section.

The 100-N Decision Unit is underlain by the Miocene-age (approximately 17 to 8.5 million years)
Columbia River Basalt Group and late Miocene to Pleistocene-age sediments (approximately 10.5 million
to 12,000 years) that overlie the basalts.

The sediments are divided into two main units: the Ringold Formation of late-Miocene to
middle-Pliocene age (approximately 10.5 to 3 million years) and the Hanford formation of Pleistocene
age (approximately 1 million to 12,000 years). Holocene deposits of silt, sand, and gravel form
ar  tive thin veneer at the surface. The water table is in the Ringold Formation Unit E, as is the
unconfined aquifer within the Decision Unit. Based on limited borehole information, the Ringold Upper
Mud (RUM) underlies the entire decision unit, is a relatively low-permeability unit, and forms the base of
the uncon ed aquifer. Table 2-5 shows the elevations and thicknesses of the Ringold Formation and
nford formation in the 100-N Area.
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2.2.2.1 Ringold Formation

The Ringold Formation unconformably overlies the Columbia River Basalt Group. The Ringold Units
identified from oldest to youngest in the 100-N Decision Unit include Unit A, Ringold lower Mud,

Unit B, paleosol-overbank interval, L t C, RUM, and Unit E. Within the 100-N Decision Unit, the top of
the Ringold Fornr  ion ranges from 6 m (19 ft) to approximately 23 m (77 ft) below ground surface (bgs).
It was deposited by fluvial-lacustrine (stream-lake) processes, and is composed of a mix of fluvial
gravels, fluvial sands, overbank deposits, paleosols, and lake deposits (WHC-SD-EN-EE-004,
WHC-SD-EN-TI-011). The Ringold Formation ranges from 137.2 to 150.5 m (450 to 494 ft) in thickness
in the 100-N Area, based on two wells drilled to the top of basalt (WHC-SD-EN-EV-027).

The Ringold Unit A consists of fluvial gravel-dominated deposits. The lower mud consists of a lower
paleosol-dominated interval and an upper lake deposit-dominated interval. Units B and C are
characterized by fluvial sands with lesser, but still common overbank deposits and minor fluvial gravels.
The paleosol-overbank interval between Units B and C is a silt-rich deposit that locally contains abundant
pedogenic carbonate development and minor sand interbeds (generally less than 3 m [10 ft)] thick). The
Upper Mud consists of fine-grained deposits of typical overbank and paleosol facies, Unit E is comprised
of pebble to cobble fluvial gravels, in a fine to coarse grained sand matrix, with localized, discontinuous
cementation. Figure 2-15 shows the top of the ingold Unit E. The base of the unconfined aquifer is
defined by the top of the RUM, which is considered an aquitard rather than a completely impermeable
unit. The hydraulic conductivity of the RUM within the 100-N Decision Unit is not known. Channels
were eroded into the top of the RUM, which established an undulating surface throughout the 100 Area.
Figure 2-16 shows RUM elevations within the 100-N Decision Unit. The Ringold Unit E overlies the
RUM and typically consists of fluvial gravels with lesser amounts of sand, silt, and clay, with variable
and locally discontinuous cementation. The unconfined aquifer in the 100-N Decision Unit is primarily
within the Ringold Unit E except during high-river stage when the water table is within the Hanford
formation near the river. The Ringold Unit E ranges in thickness from 5 m (17 ft) to 20 m (65 ft) in the
100-N Decision Unit (WHC-SD-EN-EV-027, BHI-00135), and is overlain by the Hanford formation.

2.2.2.2 Hanford Formation

In the 100-N Decision Unit, the Hanford formation is present to depths of approximately 23 m (77 ft) bgs.
It is an open framework boulder-cobble gravel, sand, and silt deposited by cataclysmic flood waters from
glacial Lake Missoula during the Pleistocene epoch (DOE/RW-0017, Draft Environmental Assessment:
Reference Repository Location, Hanford Site). The Hanford formation is divided into three facies:

(1) gravel-dominated, (2) sand-dominate and (3) silt-dominated (DOE/RL-2002-39, Standardized
Stratigraphic Nomenclature for the Post-Ringold-Formation Sediments within the Central Pasco Basin).
The grains typically are sub-round to round gravel and sub-angular to round in the sand grain fraction.
The gravel-dominated facie typically is well stratified and contains little to no cementation
(WHC-SD-EN-EV-027; WHC-SD-EN-TI-132, Geologic Setting of 100-HR-3), but may contain discreet
sand lenses.
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Most of 2 monitoring wells in the 100-N Area are screened in the top 6 m (20 ft) of the unconfined
aquifer. A few wells (e.g., 199-N-69, 199-N-70, 199-N-77, 199-N-121) are screened at the bottom of the
aquifer, immediately above the RUM unit. Former extraction wells (199-N-103A, 199-N-105A, and
199-N-106A) are screened across the entire thickness of the aquifer.

Transmissivity of the unconfined aquifer ranges from 93 to 560 m*/d (1,000 to 6,000ft*/day) throughout
most of the 100-N Area (WHC-SD-EN-EV-027). Wells in the northwest seem to show a higher
transmissivity (up to 1,900 m*d 20,000ft’/day]). These values correspond to horizontal hydraulic
conductivity of 15 to 91 m/d (50 to 300ft/day), and 300 m/d (1000ft/d) in the northwest. Vertical
hydraulic conductivity is 0.03 to 21 m/d (0.1 to 70fv/d).

In 2006, as part the permeable reactive barrier siting investigations, DOE conducted a tracer injection test
and two pilot injection tests in wells on the 100-N Area shoreline (PNNL-17429, 100-NR-2 Apatite
Treatability Test: Low-Concentration Calcium-Citrate-Phosphate Solution Injection for In Situ
Strontium-90 Immobilization). Hydraulic and transport response data were evaluated at two pilot test
sites. Researchers determined that there was a greater contrast in permeability between the Hanford and
Ringold fc  ations at the downstream site (necar Well 199-N-137) than at the upstream site

(near Well  9-N-138). Permeability of the Hanford formation was more variable than that of the
Ringold Formation.

Deeper, confined aquifers occur within the Ringold Formation and in the basalt/interbed system

(Figure 2-7). Wells 199-N-80 and 199-N-8P are screened in sandy layers within the RUM unit. No wells
in the 100-N Decision Unit are screened in the basalt-confined aquifers. The confined aquifers are
isolated from the overlying aquifers by low-permeability strata.

2.2.3.2 Groundwater Flow ana ‘roundwater River Interaction

Both natural and artificial hydrologic rocesses have influenced subsurface contaminant distribution.
Ongoing natural processes include natural recharge and river stage changes. Artificial recharge from
liquid waste discharged to cribs and ponds in the 1960s through 1980s influenced groundwater flow and
contaminant distribution.

Beneath the 100-N Area, groundwater flows primarily toward the northwest, toward the Cotumbia River
(Figure 2-17 [DOE/RL-2008-66]). Groundwater discharges to the river primarily below the low water
line. There are currently two riverbank springs discharging above the low water line.
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In 2007 a series of three-point problems were solved to calculate gradient in various well triangles in the
100-N Area (DOE/RL-2008-05). For selected wells equipped with transducers, net annual gradient and
flow were calculated. The following are general observations:

e Net groundwater flow during the year was northwest beneath the overall 100-N Area. Net flow was
north-northwest beneath 116-N-1 and toward the northwest farther inland.

e Net flow velocity during calendar year (CY) 2007 was approximately 0.04 m/day (0. 13ft/day) or
approximately 15 m/year [49ft/year].

o  When the river stage was low, groundwatcr flow dircction was toward the river (northwest), which
was also the net flow direction.

e  When the river stage was high, groundwater flow direction was away from the river (southeast)
overall, and east-northeast in inland areas.

e The water table gradient and velocity are as much as an order of magnitude larger during low river
stage than during high river stage.

During the 1960s through 1980s, effluent discharged to liquid waste disposal facilities created
groundwater mounds that influenced groundwater flow and the distribution of contaminants. The 116-N-1
site (former 1301-N liquid waste disposal facility) operated 1963 through 1985. The 116-N-3 site
(former 1325-N liquid waste disposal facility) operated from 1983 through 1991. The 120-N-1 site
(former 1324-NA percolation pond) operated from 1977 to 1991. The long-term discharges created
groundwater mounds under the discharge facilities. These mounds had substantial impacts on
contaminant migration patterns in the unconfined aquifer, which are discussed further in Chapter 4.
Simil mounds in the each of the 100 Areas raised the water table regionally through the entire northern
portion of the Hanford Site (W( -SD-EN-TI-023). While the groundwater mounds existed, the water
table was in the Hanford formation in some parts of the 100-N Decision Unit. At that time, groundwater
discharged to the Columbia River through a series of riverbank springs above the water line, known as
“N Springs.”

Figure 2-18 shows the trends in water levels in four wells in the 100-N Decision Unit. The elevated water
table was evident 1.7 km (1.1 mi) inland at upgradient well 699-81-58. The groundwater mounds in the
100-N Area dissipated rapidly in the early 1990s after liquid effluent disposal ceased. The regional water
table (699-81-5¢ appears to be still declining in 2009. The “bump” in watcr levels in the mid-1990s was
caused by higher-than-average river stage.
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Table 2-7. Closed Out and Interim Closed Out Waste Sites in the 100-N Decision Unit

100-N-518B, HGP

N Building Floor Interim Closed HGP-CVP-SWMUs
100-N-518 Sump 100-NR-1 b ains and Sumps,  Out 1,2,3,84,Rev. 0.
HGP SWMU #3

100-N-52, HGP . HGP-CVP-SWMUs
100-N-52 Storage Tank ~ 100-NR-1  Gasoline Storage 9.0 ©°%*  5,6,7,8,9,810,
Tank Rev. 0.

100-N-58, South
Pond, 120-N South
100-N-58 Po 100-NR-1 Settling Pond, Closed Out CVP-2001-00021
1324-N South
Settling Pond

100-N-63:1, Pipeline
Section From

Radioactive 116-N-1 to 116-N-3 Interim Closed
100-N-63:1 Process 100-NR-1  Crib Including o CVP-2002-00002
ut
Sewer Concrete Encased
Pipe Bypass
Structure
100-N-78, 1716-NE
. . ! . HGP-CVP-SWMUs
100-N-78 Maintenance 100-NR-1 Maintenance Interim Closed 56789 &10,
Shop Garage, HGP Out Rev. 0
SWMU #8 T
116-N-1, 1301-N
Liquid Waste .
116-N-1 Crib 100-NR-1  Disposal Facility, '(')‘Iﬁ”m Closed  (\/p_2006-00004
1301-N Crib and
Trench
116-N-3, 1325-N
Liquid Waste .
116-N-3 Crib 100-NR-1  Disposal Fadility, prerim Closed  cyp-2002-00002
1325-N Crib and
Trench
1908-NE, HGP
’ . HGP-CVP-SWMUs
1908-NE Outfall 100-NR-1  Qutfall, 1908-NE Interim Closed 57 78 9, & 10,
Building, Out Rev. 0
HGP-SWMU #7 e
UPR-100-N-37,
Unplanned HGP Transformer Interim Closed HGP-CVP-SWMUs
UPR-100-N-37 Release 100-NR1 vard oil Stained Out 1,2,3, &4, Rev. 0.
Gravel (SWMU #1)
CVP =  cleanup verification package
HGP = Hanford Generating Project
SWMU = solid waste management unit
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116-N-1 Crib and Trench
(1301-N)

Depth: 3.66 m (12 ft)
Number of boreholes: 2

Crib borehole 199-N 107A: 22.8 m

(75 ft) depth

Trench borehole 199-N-108A:

22 m (72 ft) depth

Am-241
Cs-134
Cs-137
Co-58
Co-60
Eu-154
Eu-155
manganese-54
Pu-238
Pu-239/240
K-40
Ra-226
Ra-228
Sr-90
Th-228
Th-232
U-234
U-238

cadmium
chromium
lead

acetone

carbon disulfide
methylene chloride
toluene

4-methyl 2- pentanone
2-butanone
bis(2-ethylhexyl) phthalate
di-n butylphthalate
n-nitrosodiphenylamine

fluoride
sulfate
nitrate

Radiological and metal contaminants
were obtained from two boreholes within
the waste site in 1995 (1301-N and
1325-N LFI). Organic analyses were not
performed on these samples. Reported
organic contaminants were from the three
boreholes (199-N-75, 199-N-76, and
199-N-80) located more than 91.5 m

(300 ft) away from the 1301-N, toward the
Columbia River. The boreholes support
the 100-NR-2 LFI. Chemical analyses
from these three wells were part of the
100-NR-1 LFI scope.

No pesticides or PCBs were detected.

VOAs were found with the highest
concentration at depths greater than
15 m (50 ft).

The highest levels of phthalate
compounds were detected at depths
greater than 4.6 m (15 ft).

The highest concentrations of
radionuclide contaminations occur at the
crib base to a few feet below the crib
base. This interval is referred to as the
concentrated layer. Sr-90 has been
detected throughout the soil column from
the crib base to the water table.

The concentrated layer also contains
chromium and lead at above background
concentration.
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S-¢

120-N-2 Surface Impoundment NA copper 2-butanone (MEK) Radionuclide contamination was not
(1324-N) 2-hexanone expected at this waste site, nor was it
Depth: 4.6 15 ft acetone foL except for one elevated
Bgfehole dtreT:)t(h' 23)5 m (77 ft) chloroform beta-gamma detection from the 12.2 m to
T methylene chloride 14 m (40ft to 46 ft) interval. Laboratory
toluene analyses for radionuclides were not
xylene performed.
bis(2-ethylhexyi) phthalate No pesticides or PCBs were detected.
di-n butylphthalate
diethylphthalate
fluoride
sulfate
South Settling Pond NA manganese acetone Radionuclide contamination was not
Depth: 4.6 m (15 ft) methylene chioride expected at this waste site. Field
Number of borehole: 1 toluene screening showed radioactivity levels to
Borehole depth: 24 m (78 ft) bis(2-ethylhexyl) phthalate be either non-detected or below
di-n butylphthalate background. Laboratory analyses for
diethylphthalate radionuclides were not performed.
fluoride No pesticides or PCBs were detected.
sulfate
1322-N and 1322-NA Sampling Am-241 copper methylene chloride No pesticides were detected.
Buildings gs-137 Ie_ad toluene SVOCs were detected in one surface
Number of boreholes: 1 Po-gggl240 Zinc aroclor-1260 sample, and may be associated with
Borehole depth: 7.5 m (24.5 ft) u- 0 benzo(a)anthracene creosote, a wood preservative.
K-4 benzo(b)fluoranthene
Ra-226 bis(2-ethylhexyl) phthalate
Sr-90 chrysene
Th-228/232 ;
din ylphthalate
U-233/234 di-n butylphthalate
U-238 fl  -anthene
phenanthrene
e
fluoride
sulfate
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166-N Tank Farm
Number of borehole: 1

Borehole depth: 22.8 m (75 ft)

Co-60
K-40
Ra-226
Sr-90
Th-228
Th-232
U-228
U-233/234

2-butanone
acetone

benzene
ethylbenzene
toluene

X

2 yinaphthalene
anthracene
di-n-butylphthalate
fluorene
naphthalene
phenanthrene
pyrene

fluoride

sulfate

nitrate

The highest VOA concentration(s) were
found at depths from 16.5 m to 21.6 m
(54ft to 71 ft). The source of these
potential contaminants is likely related to
the UN-100-N-17 unplanned release.

No pesticides or PCBs were detected.

No inorganic compounds were detected
above background.

All radionuclides were detected at greater
than 4.6 m (15-ft) depth.
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Post rem¢  ation sample results are shown in the following figures. Strontium-90 was sampled from

23 boreholes in the 100-N Decision Unit (Figure 2-19) and soil samples collected during waste site
interim action remedial activities (Figures 2-20 and 2-21). The following are key observations about the
nature and extent of Sr-90 in the vadose zone.

e First, the highest Sr-90 concentrations occur closest to the point of entry into the waste site that
received the Sr-90 waste (primarily liquids to 1301-N and 1325-N), at pipe outlets and along the
trenches. In the LFI boreholes drilled directly into the 1301-N Crib (199-N-107A), and the
1301-N Trench (199-N-108A) Sr-90 concentrations in soils were highest immediately below the
bottom of the waste site or within a few fect of the bottom (Figure 2-20). In the LFI borehole
(199-N-109A) drilled through 1325-N, Sr-90 concentrations were highest just below the bottom of
the waste site (Figure 2-23).

e Second, Sr-90 concentration levels drop at least one order of magnitude within 6.1 m (20 ft) of the
points of entry in all directions. This characteristic is best observed in sediment analyses near 1301-N
where the most data has been collected. An evaluation of the Sr-90 soil analytical data shows
relatively high Sr-90 concentrations present only in soils near the bottom or next to the waste site
structure are less than 2,000 pCi/g at any depth more than a few feet below the crib bottom
(Figure 2-20).

e Third, with distance from the 1301-N Crib, concentrations decrease within the vadose zone, and there
is a secondary zone of relatively elevated Sr-90 concentrations near the bottom of the current vadose
zone (Figures 2-22 and 2-24). This zone is coincident with the range of water table depth fluctuations
(the mound) underneath 1301-N because of startup, maintenance, and cessation of discharge to
the facility.

2.3.2.2 Other Contaminants

Metals were detected in soil samples associated with the 100-N-1, 100-N-58 (South Settling Pond),
»-N-1, 116-N-2, 116-N-3, 120-N-1, and 120-N-2 waste sites, and the 1322-N Facility. Metals detected
e the Hanford site background value (95 percent UCL, DOE/RL-92-24, Rev. 4) were barium

(2 samples), chromium (7 samples), copper (10 samples), iron (3 samples), manganese (1 sample), lead

(13 samples), nickel (8 samples), silicon (2 samples), silver (4 samples), sodium (6 samples), and zinc

(8 samples). In addition, the following metals were detected in select soil samples for which no Hanford

background value has been published: antimony, boron, cadmium, selenium, and thallium. Additional

discussion of metals contamination in the vadose zone is provided in Chapter 4.

Petroleum contamination was primarily investigated by collecting soil samples from one well, 199-N-85,
drilled to evaluate the subsurface contamination caused by the diesel fuel line leak 302,833 L (80,000 gal)
on the west side of the 166-N tank farm in 1966. Characterization Well 199-N-85 is located a proximal to
the leak location. Ten sar les were collected over the vadose zone between 4.6 and 22.5 m (15 and

74 ft) bgs. A suite of volatile and semi-volatile compounds were analyzed (DOE/RL-93-80) that are
considered species present in diesel fuel or degradation products (e.g., xylene, anthracene,
2-methylnaphthalene). These contaminants identified between 18 and 22.5 m (59 and 74 ft) bgs.

A passive bioremediation technology is being installed to remediate petroleum hydrocarbons in the
vadose zone (WCH-323). Details of petroleum contamination in the 100-N Decision Unit are discussed

in Chapter 4.

VOCs, SVOCs, and PCBs (arochlor-1254 and aroclor-1260) were detected in subsurface samples but
generally at low concentrations, often below quantitation limits, and in a relatively few samples.
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2.3.3 Nature and Extent of Contamination in the Groundwater

This section describes the nature and extent of groundwater contamination (100-NR-2 Groundwater OU)
within the 100-N Decision Units. The detailed groundwater information within the 100-N Decision Unit
is included in found in the Annual Hanford Site Groundwater Monitoring Reports

(c.g., DOE/RL-2008-01, Hanford Site Groundwater Monitoring for Fiscal Year 2007) and the annual
groundwater pump-and-treat reports (e.g., DOE/RL-2008-05, Calendar Year [CY] 2007 Annual Summary
Report for 100-HR-3, 100-KR-4, and 100-NR-2 Operable Unit [OU] Pump and Treat Operation).

100-N Decision Unit groundwater-monitoring wells locations are included in Appendix B.

2.3.3.1 Strontium-90

The primary groundwater contaminant is Sr-90. The area where the highest concentrations of Sr-90 reach
the Columbia River is of special concern for remediation and monitoring. As of 2008, an estimated 72 Ci
of Sr-90 are contained in the saturated sediments, and approximately 0.8 Ci are retained in the
groundwater; this equates to a Sr-90 retardation factor of approximately 100 (PNNL-17429). Because
Sr-90 has a much greater affinity for sediment than for water (high K,), its rate of transport in
groundwater to the river is considerably slower than the actual groundwater flow rate. The relative
velocity of Sr-90 transport to groundwater flow is approximately 1:100 (PNNL Draft High-Conc. Report).
In FY 2008, Sr-90 concentrations above the 8 pCi/L maximum contamination limit (MCL) extend inland
from the river approximately 1.2 km (4,000 ft) in the 100-N Area (DOE/RL-2008-66). The overall plume
area is estimated at 0.58 km® (0.22mi”) (Figure 2-25).

Strontium-90 is found primarily adsorbed to sediments by ion exchange (99 percent adsorbed, less than

1 percent in groundwater) in the upper portion of the unconfined aquifer and lower vadose zone
(CHPRC-00067-FP, An Innovative Approach for Construction an In-Situ Barrier for Strontium-90 at the
Hanford Site, Washington). Strontium-90 is limited to the upper portion of the unconfined aquifer.
Strontium-90 is not detected in Wells 199-N-69 and 199-N-70, which are screened at the bottom of the
unconfined aquifer, while relatively high concentrations are noted for adjacent, shallow Wells 199-N-67
and 199-N-81.

In FY 2008, maximum Sr-90 concentrations were measured between 115.7 m and 116.3 m (379.6ft and
381.5 ft) elevation in the Ringold Formation within aquifer tubes, while lower concentrations were
reported for the deeper tubes. Concentrations were much lower in the shallowest aquifer tubes, which
monitor the Hanford formation (DOE/RL-2008-66).

The extent and magnitude of the Sr-90 plume at the 8 pCi/L (maximum contamination limit [MCI  has
not changed in many years.

The only flowing 100-N Area seep is located downgradient of the Sr-90 plume (DOE/RL-2008-66).
Strontium-90 has been detected in seeps and aquifer tubes at concentrations greater than the MCL along
the length of the approximately 670 m (2,200 ft) 100-N shoreline. The highest Sr-90 concentration at the
shoreline was 75,000 pCi/L in aquifer tube NVP2-116.0 (calculated from gross beta measurement). This
represented a spike in concentration caused by injections into the apatite barrier (DOE/RL-2008-66).
Baseline concentrations (pre-treatment) at the injection well locations ranged from approximately 400 to
2,800 pCi/L (PNNL-17429).
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Total chromium sar. les have been collected from wells in the unconfined aquifer in the 100-N Area
since 1985. The state and federal DWSs (100 pg/L) were exceeded in several wells. Some wells that
revealed exceedances in the mid-1990s have not been sampled for since that  ne (c.g., Well 199-N-17).
In 2008, total chromium in filtered samples (assumed representative of CrVI ) exceeded the 20 ug/L in
seven wells. Six wells are part of the apatite barrier, and the clevated concentrations observed were an
artifact of ABT performed in this arca. © > chemicals used to foster the creation of the apatite matrix
temporarily change the geochemical environment and allow previously sorbed species to move through
groundwater. This effect is short-lived; the liberated species are re-sorbed and the apatite barrier

traps Sr-90.

DWS for total chromium were exceeded in samples from six wells during FY 2008, four are part of the
apatite barrier and consi red artifacts related to the barrier performance. In addition, total chromium
exceeded the DWS in several wells in the early 1990s, but has not been an analyte since that time.

In one well completed beneath the unconfined aquifer (Well 199-N-80, completed in an approximately
1.5 m (5 ft) thick sandy interval within the RUM), the federal DWS has been exceeded for total chromium
since 1992, with concentrations ranging from 130 to 234 ug/L.

2.3.3.6 Other Contaminants

Additional contaminants were detected in groundwater in the unconfined aquifer above the DWSs within
the 100-N Decision Unit, generally withir e area of the Sr-90 plume. Contaminants such as iron,
manganese, and sulfate exceed the second + DWS. The secondary DWS were cstablished as guidelines
by EPA to assist in managing drinking water for aesthetic considerations, such as taste, color, and odor,
These contaminants are not considered to  :sent a risk to human health.

These other contaminants did not necessarily originate from the same primary sources as the Sr-90.
Radiological contaminants (other than Sr-S  have been detected in groundwater near former reactor
buildings and associated structures, but at concentrations less than DWSs (except tritium, as discussed
in Chapter 2).

Manganese concentrations cor  1ued to exceed the secondary DWS (50 ug/L) in filtered samples from
two wells affected by petroleum contamination: 199-N-16 (371 ug/L) and 199-N-18 (4,570 pg/L). Iron
concentrations also exceeded the secondary DWS (300 pg/L) in well 199-N-18 (20,500 pg/L).

The former 120-N-1 Percolation Pond intrc  ced sulfate and sodium to 100-N Area groundwater. The
highest sulfate concentration in FY 2008 was 251 mg/L in we  199-N-59, adjacent to the 120-N-1
Percolation Pond. This was the only well wi  a concentration above the 250 mg/L secondary DWS.

2-67



W N

SO NDO X NN n A

11

DOE/RL-2008-46-ADDS5, DRAFT A
DECEMBER 10, 2009

3 Identificc on of Investigation Requireme s

This chapter is included in the addendum to indentify and discuss 100-N Decision Unit I to the following
sections of the work plan (DOE/RL-2008-046):

Preliminary Remedial Action Objectives (Scction 3.6)

Preliminary Remediation Goals (Section 4.1)

Potential Applicable or Relevant and Appropriate Requirements (Section 4.2)
Assessment of Baseline and Residential Risk in the 100 Area (Section 4.3)
Preliminary Remedial Actions (Section 4.5)

Because there are no exceptions to the work plan information, all the bulleted items refer to text provided
in Chapter 4 of the work plan.
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4 Conceptual Site Model

This chapter describes the CSM for the 100-N Decision Unit. The CSM expresses the current
understanding of site conditions in the decision unit and makes possible the identification of data gaps
and data needs in conjunction with the planning process described in Section 4.5 of this Work Plan. The
CSM identifies waste sitc key features, distills the information that is already known, and captures
decision to be made. It describes sources and receptors, interactions linking 2m, and identifies
uncertainties and provides a framework for data and information needed to resolve each uncertainty. The
CSM will evolve as new data and information are developed. The goal of the CSM is the synthesis of
decision unit knowledge in a manner 1at supports project needs, and addresses decision-making
requirements (including the design of remedial actions). The CS] is presente acre as a discussion of
known and potential contaminant sources (including release mechanisms), contaminant migration and
distribution in the vadose zone, contaminant migration and distribution in the unconfined aquifer, and
exposure pathways and receptors.

This discussion focuses primarily on Sr- | the contaminant for which the bulk of remediation efforts
have been directed at the 100-N Decision Unit. Some specific discussion is provided for petroleum
species, tritium, and nitrate, which have been observed in the unconfined aquifer. In addition, some
discussion is provided for sodium dichromate which is a prominent contaminant « concern at other

100 Area reactor sites (particula ' 100 D and K Areas), but is not widely distributed in the 100-N Area.
In this evaluation, the CSM model is used primarily to indicate why chromium is not a significant
environmental contaminant in the 100-N Decision Unit.

41 Contaminant Inventory and Release Characteristics

At the 100-N Decision Unit, the N Reactor  05-N) operated for the better part of 23 years from late 1963
through late 1986. In support of its « ration to produce special nuclear materials through irradiation of
uranium-enriched fuels and to generate commercial power, large quantities of contaminated fluids and
solids were generated routinely and discharged to the surrounding environment. The majority of
contaminant mass released to the environment was dissolved or suspended as particulates in various fluids
discharged to LWDFs near the reactor, primarily 1301-N LWDF and 1325-N8 LWDF. Throughout the
reactor operations period and for some time afterward, these facilities received liquid waste. The majority
of the discharge volume went to 1301-N  WDF from 1964 to late 1985 and the remainder went to
1325-N LWDF from 1983 into 1993. The major types of fluids included:

e Reactor coolant and periphery cooling systems bleed off

e Reactor primary coolant loop decontamir  on rinse solution
e Spent fuel storage basin cooling water overflow

¢ Building drains where radioactive solutions were generated

6 1301-N is also known as 116-N-1; 1325-N is also known as 116-N-3.
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UPR-100-N-  118-N-1, see Table 4-2) which released an estimated 80 and 120 uCi respectively.
Clearly, these releases are relatively insignificant compared to the intentional discharges to 1301-N
and 1325-N LWDFs.

4.1.1.1  100-N Area Skyshine Dose Evaluation

100-N Arca facilities and waste sites with inventorics of gamma emitting radionuclides can create a
phenomenon known as "skyshine.” Skyshine is produced by the interaction of gamma rays with the
atmosphere and the subsequent downward scatter of the gamma rays. Skyshine was first observed in 1980
by 100-N Area operators who were able to correlate elevated radiation rcadings with the amount of
shielding (i.e., depth of water) over the 116-N-1 and 116-N-3 Cribs. Skyshine is known to increase
radiation exposure to uscrs of the Columbia River and its shoreline adjacent to the 100-N Area.
Decommissioning, deactivation, and interim remedial action (e.g., removal of shielding, excavation)
temporarily contributes to skyshine.

BHI-01204, 1998, N Area Skyshine Dose Evaluation, Bechtel Hanford Inc, Richland Washington, showed
that skyshine results in an increase in a  ient radiation over background conditions in the 100-N Area.
As a result of cleanup efforts at 105-N Basin, the rcport indicates the average dose rate calculated for

13 skyshinc exposure points is 1.2 mrem over an 888-hour period. Although the average dose rate was
twice the original calculated value prior to cleanup, it was still less than 2 mrem over an 888-hour period
(BHI-1998). Ecology and DOE have established a deactivation cleanup criteria along the shoreline of an
average dose rate of no more than 2 mrem increase over 888 hours (CCN-055080, 1998, N Basin Cleanup
Criteria, letter from T.E. Logan/BHIto P . Pak/DOE/RL, Bechtel Hanford, Inc., Richland,
Washington). The maximum dose rate for the 13 skyshine exposure points after cleanup of 100-N Area
deactivation buildings was 11.2 mrem over 888-hours. The minimum skyshine dose rate was 5.5 mrem
over 888 hours. The total skyshine dose rate from the 100-N Area deactivation of buildings was well
below the total 100-N Reactor allowable ¢ ribution of 25  em over an 888-hour period (BHI-01204).

Since 1980, measures were taken to minimize impact from skyshine, including placing concrete panels
over the 116-N-1 and 116-N-3 Cribs and cleanup of waste sites and facilities. Skyshine has been
minimized or eliminated after cleanup (i.e., interim remedial actions) as contaminants are effectively
removed and waste sites are backfilled. At the 116-N-1 and 116-N-3 Cribs, which werc known historical
contributors of skyshine, contaminated soils were removed to a maximum depth of 6.5 m (21.3 ft). The
skyshine effect was fur r minimized or eliminated by placing backfill over remaining

residual contamination.

4.1.2 Petroleum Releases

Petroleum product releases occurred at fuel storage facilities (notably the 166-N Tank Farm and the
184-N Day Tanks) and connecting undergrour transfer lines on several occasions (see Appendix C). The
166-N Tank Farm (Figure 4-3) consisted of one large fuel oil storage tank (5,204,941 L 1,375,000 gal})

1 four smaller diesel oil storage tanks (397,468 L [105,000 gal]). From the 166-N Tank Farm,
underground pipelines transferred fuel to the 184-N Day Tanks, which then supplied fuel to the N Reactor
(105-N).

Beginning in 1966, a number of mechanic. ¢ . operational failures (pipe systems failures of transport
sel and fuel oils, storage facilities overfilling, and spills during fuel transfers [WCH-323}) at these
ilities rest  zd in releasing petroleum hydrocarbon contamination into the subsurface. The first and

largest known leak occurred in August 1966 when a 4 in. diameter diesel fuel line leaked, because of

corrosion, releasing an estimated 301,832 L (80,000 gal) of fuel. The leak (UPR-100-N-17) was detected
r gh an observed discrepancy in the fuel inventory. The line was excavated and repaire
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Second, Sr-90 concentration levels drop at least one order of magnitude within 6.1 m (20 ft) of the points
of entry in all directions. This characteristic is best observed in sediment analyses near 1301-N LWDF
where more data has been collected. Examination of the data shows that Sr-90 concentrations are
consistently present only at borehole 199-N-107A and borehole 199-N-108A in or adjacent to the crib and
are less than 2,000 pCi/g at any dep  more than 0.6 m (2 ft) below the crib bottom.

Third, with distance from the 1301-N Crib, a secondary zone of relatively elevated Sr-90 concentrations
occurs near the bottom of the current vadose zone around 122 m (400 ft) above mean sea level (amsl).
This zone is coincident with the range of water table depths that have fluctuated underneath 1301-N
LWDF because of startup, maintenance, & . cessation of discharge to the facility. Wells shown in
Figures 4-5 and 4-6 demonstrate this characteristic.

The key observations summarized above suggest the following conceptual model for Sr-90 migration
through the subsurface, a model that is essentially the same as the one described in previous documents
(BHI1-00368 and DOE/RL-96-11). Once discharged into the cribs and trenches, Sr-90 migration was
retarded at the crib and trench floors to the extent that the majority of released Sr-90 did not migrate
farther than a few feet below this depth. For example, in a previous calculation assuming average Sr-90
concentration estimates (BHI-00368),a 1: 3.3 ft) thickness of soil underneath the 1301-N Crib
footprint was estimated to contain over 500 Ci of Sr-90, about 25 percent of the total mass released into
crib. This estimate could easily be low ift  : density and average Sr-90 were unrealistically low. Recent
remediation efforts to remove contaminate .oils at 1301-N and 1325-N have removed essentially : of
this source term (Section 2.3.1).

¢ high level of Sr-90 capture near the crib and trench floors is assumed due to a combination of
chemical and physical processes. Sr-90 is known to be moderately sorptive (e.g., a K4 of 15 ml/g) and
sorption reactions no doubt occurred. However, given the extremely high wastewater discharge rates
during the reactor operations period, a modest sorption reaction is insufficient to retain the majority of
Sr-90 inventory near the crib and trench Hor. In two early modeling studies whose purpose was to
simulate the Sr-90 migration to N Springs seepage water (WHC-EP-0369 and WHC-SD-ER-TA-001), the
authors found it necessary to assign Ky values greater than 1,500 ml/g in the crib/trench floor layer to get
relevant retardation estimates and good correlation with N Springs Sr-90 concentration time profiles. The
authors concluded that these K, values were not true indications of chemical behavior but evidence of
some type of physical capture such as filtr  n of Sr-90-bearing particulates. The most obvious
mechanism was concluded to be filtration  5r-90-bearing particulates. The K4 application was therefore
a crude and non-realistic, but successful approach for simulating the observed Sr-90 migration rate.
Regardless of the real capture mechanisms, no significant lateral movement of Sr-90 movement occurred,
although there are indications of substantial wastewater lateral movement (see chromium discussion in
the next section).

The fraction of Sr-90 that did penetrate below this capture zone proceeded to migrate at a more rapid rate
because only the modest normal chemical sorption processes would have retarded Sr-90 transport in this
region. Historical sorption experiments on Hanford Site soils (e.g., EPA 520/6-78-007) report K, values
between 10 and 20 ml/g for normal vadose zone conditions (moderate pH values about 8 and moderate
lev: . of dissolved species) with naturally present calcium being the primary competitor for sorption sites.
Significant perturbation of natural vadose zone groundwater conditions from interactions with wastewater
seems unlikely given the lack of high salt concentrations and extreme pH characteristics in the discharged
wastewater. The early modeling transport studies (WHC-EP-0369 and WHC-SD-ER-TA-001) suggest
that a moderate K4 value is correct. In these  alyses, assumed Ky values of 10 and 15 ml/g resulted in a
good match between measured and modeled concentration versus time profiles at N Springs.
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Considered collectively, these experimental results suggest that after CrV1is discharged to the soil
column, two primary phases of chromium reactivity occur that influence its transport characteristics. First,
the majority of CrVI remains mobile and transports readily through the vadose zone. Second, the
remaining CrVI is fixed by a variety of mechanisms that retard further migration rates and reduce
groundwater concentrations. The effectiveness of these processes increase over time. In the retention
basin soils (CVP-99-00007 and CVP-2000-00027), it appears the initial highly mobile component of
discharged CrVI had already been flushed from the sampled soils because of repeated leaching from
chronic leakage. This situation is analogous to 1301-N LWDF conditions where even more extensive
exposure to wastewater throughput occurred. The effectiveness of chromium leaching would have been
enhanced by the more than 10 years of leaching by chromium-free wastewater discharged into

1301-N LWDF after sodium dichromate used was discontinued at the N Reactor (105-N) in the

early 1970s.

Once chromium penetrated deeper into the vadose zone, physical entrapment processes would have been
insignificant, but the same chemical reactions would continue, allowing the majority of chromium to
move with wastewater and a small fraction to be sequestered by the chemical reactions discussed above.
Given the high solubility of most chromium and its limited point of entry into the vadose zone under the
1301-N LWDF footprint, its apparent widespread but sporadic presence in the vadose zone (Figures 4-8
and 4-9) suggests some lateral migration of wastewater in the vadose zone. This lateral spreading is
attributed to the inability of e soil column to process the high volume discharge efficiently. The
potential for surface overflow was a matter of concern during the operations period, requiring
construction and use of discharge facilities with expanded capacity, beginning in 1964 with the
construction and use of the 1301-N Crib followed by the 1301-N Trench (1965), the 1325-N Crib (1983)
and the 1325-N Trench (1985). The lateral movement of discharge water apparently began near the
crib/trench floor depth given the existence of chromium contamination at depths of about 3 m (10 ft) bgs
at various well locations (e.g., at Well 199-N-109A at the side of the 1325-N Crib). Assuming this
chromium emanated from 1301-N, lateral migration extended at least 500 m (1,640 ft) inland.

Currently, total chromium appears widespread in the vadose zone at low concentrations. Near surface
chromium (e.g., underneath 1301-N and 1325-N LWDFs) has been removed while deeper contamination
remains. Because of the e :nsive wastewater scharge history, ample soil washing has occurred, leaving
behind only the chromium strongly bound to the soil by various reactions. This characteristic, along with
reduced recharge rates, apparently limits the chromium migration within the vadose zone and provides a
source term to the unconfined aquifer insufficient to generate or sustain chromium concentrations above
acceptable levels.

4.24 Tritium and Nitrate Migration and Distribution in the Vadose Zone

Both tritium and nitrate are essentially nonreactive with subsurface sediments. Therefore, the tritium in
the 1301-N and 1325-N LWDFs wastewater migrated quickly through the vadose zone with no residuals
in the vadose zone. Because the source of nitrate is unknown, its migration rate and remaining vadose
zone contamination cannot be determined. However, the generally high recharge rates in the 100-N Area
imposed by the 1301-N and 1325-N LWDFs, combined with a highly permeable and relatively thin
vadose zone, suggests nitrate has been essentially flushed from the vadose zone.

4.3 Contaminant Migration and Distribution in the Unconfined Aquifer

Following contaminant migration through the vadose zone, discharge into the unconfined aquifer
commenced. The rate of migration and subsequent distribution within the unconfined aquifer was
dependent on several dominant factors including the recharge history, the contaminant-specific reactivity
with unconfined aquifer soils, and the physic. properties of unconfined aquifer stratigraphy
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(e.g., thickness and permeability). At the 100-N Area, critical characteristics were the perturbation to the
nature hydrologic system imposed by the long-term high volume discharges through the 1301-N and
1325-N LWI , an unconfined aquifer stratigraphy composed largely of the Ringold E Formation and
bounded by the RUM unit, and contaminant reactivity ranging from essentially inert to highly reactive.

Given the importance of the evolution of groundwater flow in the unconfined aquifer at the

100-N Decision Unit for all contaminants, This Chapter addresses this topic. In subsequent sections, the
unconfined aquifer data for Sr-90, sodium dichromate, and petroleum are described and interpreted in the
context of the dominant environmental characteristics described above.

4.31 Summary of Groundwater Flow History

Prior to the startup of 100-N Area operations, the unconfined aquifer properties are presumed to have
been essentially the same as pre Hanford Site conditions. Although very little data are available to
quantify those conditions, a well accepted hypothesis is that pre Hanford Site conditions are generally
similar to those being observed currently, and that groundwater flow is generally to the north-northwest
under a low hydraulic gradient, primarily in the Ringold E Formation unit. In addition, daily, weekly, and
seasonal changes in river elevations caused water table fluctuations throughout the 100-N Arca. At peak
river stage levels in midsw er, hydraulic gradients were reversed and river water flowed inland.

The startup of reactor operations and simultaneous initiation of high volume discharges to the

1301-N Crib in 1963 quickly created a groundwater mound underneath the crib. In Well 699-86-60,
located approximately 200 m (656 ft)southeast of the 1301-N Crib, the water table rose about 4 m (13 ft)
between carly 1964 and late 1966 (Figure 4-10). The majority of the water table rise occurred in the first 6
months of operation and reflects the rapid vertical migration rates imposed by high volume discharges.
The rapidity of mound formation was also facilitated by highly permeable vadose zone sediments (sandy
gravels primarily) 1 moderate vadose zone thickness of about 21.3 m (70 ft). A map view of the
groundwater mour derneath 1301 is shown in Figure 4-11 as it existed in 1965; during this time water
flowed in all directions away from the mound center.
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Regional changes in water table elevations occurred seasonally during the reactor operations period as
indicated by measured water table fluctuations in monitoring during that time. However, well data are too
sparse to indicate the specific changes in these contours to allow comparison with post operations
characteristics shown in Figure 4-13. However, the additional hydraulic head (energy) imposed by the
1301-N and 1325-N LWDFs discharges greatly increased the aquifer gradient and would have caused
increased flux into the river. It is reasonable to assume the general direction of preferential flow during
inland flux was maintained to some degree. A geophysical investigation (Investigation of Preferential
Groundwater Flow Pathways in the 100-NR-2 Area Hanford Site) was conducted by the Confederated
Tribes of the Umati . Indian Reservation for the U.S. DOE during June 2006, yielded results that
compare favorably with the June water table map (Figure 4-14a). The preferential groundwater pathway
was identified in the same general area.

4,3.2 Strontium-90 Migration and Distribution in the Unconfined Aquifer

The majority of Sr-90 that entered the unconfined aquifer originated in the 1301-N LWDF and probably
from the early releases, particularly prior to 1970 when approximately one-third the total inventory
(about 1,100 Ci) was discharged. This hypothesis is supported by the combination of discharge rate
history and Sr-90 concentration levels measurements over time in monitoring wells.

The time at which initial fluxes of Sr-90 from the 1301-N LWDF into the unconfined aquifer began is not
known because of insufficient monitoring data. A rough approximation can be derived from monitoring
data around 1325-N LWDF where more data were collected and discharge rates were similar although
smaller and shorter in duration. At 1325-N LWDF, about two-thirds of the Sr-90 in wastewater was
discharged between 1983 and 1985 (Table 4-1). Strontium-90 measurements at monitoring

Well 199-N-36, at the edge of the 1325-N Crib, shows a steady rise in Sr-90 concentrations beginning in
early 1987 and peaking in late 1988 and perhaps beyond. These data suggest a travel time of about 5 years
in the vadose zone for the majority of mobile Sr-90. The comparison with 1301-N LWDF migration
characteristics is only approximate because the retarding processes at the crib/vadose zone interface were
not necessarily the same and lower discharge rates occurred at the 1325-N LWDF. Nevertheless, an
estimate of a few years for significant entry into the unconfined aquifer is reasonable.

Assuming the beginning of major releases into the unconfined aquifer around 1970, transport through the
unconfined aquifer was largely controlled by the groundwater mound under the 1301-N LWDF that was
fully established by then. This condition accelerated migration rates compared to unperturbed conditions,
and spread contamination in all directions although preferential distribution is clearly indicated by soil
and groundwater sampling data.

Because of these discharges, Sr-90 appeared at the N springs (seepage locations that developed along the
riverbank because of crib discharges) and routine monitoring practices tracked changes in concentration
levels, which were documented in annual effluent release reports. The first reported Sr-90 contamination
measurements were r  orted in 1973 (UNI-158) as an annual average value of periodic measurements
taken at several shoreline locations. The average concentration rose steadily through 1988 (Figure 4-15)
and are interpreted as indicators of the leading edge of the Sr-90 plume migrating through the unconfined
aquifer during the operations period. The annual inventory flux into the Columbia River during this time
was simply estimated as the product of half the annual discharge volume to the cribs and the average
concentration. Using these assumptions a cumulative loss of 45 Ci, between 1973 and 1990, was
estimated. This estimate may be substantially in error because it did not take into account the influence of
river stage fluctuations on contaminant migration and the Sr-90 releases further inland beginning in 1983.
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e Strontium-90 mass inventory for a given soil volume within the contamination levels tends to
diminish gradually and, for the most part, evenly away from the 1301-N LWDF with soil s ple
measurements frequently above 100 pCi/g within 150 m of 1301-N LWDF (see Figures 4-5 and 4-6)
and dropping below 100 pCi/g near the shoreline.

e Some spatial anomalies in contamination levels are apparent. First, a groundwater hot spot persists
next to the crib at Well 199-N-67 (about 15,000 pCi/L), indicating a remnant maximum concentration
zone. Second, a :ss contaminated zone appears downgradient of the middle of the trench around
Well 199-N-80, where the maximum soil concentration was 52 pCi/g, about three times less
concentrated than soil measured at adjacent wells. This contrast extends to well 199-N-121 straight
downgradient of Well 199-N-80 and within 15 m (50 ft) of the Columbia River. Third, soil and
groundwater contamination hot spots exist. A more contaminated zone is present at the northern end
of the trench (near Wells 199-N-105A, 199-N-106A and 199-N-14). Another hot zone exists at the
shoreline around Wells 199-N-46 and 199-N-122 located in the middle of the apatite barrier. This hot
spot extends un rneath the river to a cluster of aquifer tubes, including NVP1-5, NVP2 and NS-3A.

These observations suggest a logical and relatively uncomplicated evolution of Sr-90 spatial distribution
in the unconfined aquifer developed during the reactor operations period. Sr-90 discharged into the

C 1 N e 7 e che 1301-N LV ' footprint. At the 1301-N LWDF,
a somewhat larger release of Sr-90 occurred at the crib because it was the initial point of entry into the
subsurface. Thus, the apparent remnant hot spot nearby is reasonable. The dominant directions of flow
ranged from north-northwesterly to northerly, flow directions common as imposed by both the
groundwater mound and the regional gradient. This commonality may explain why there appears to have
been less migration to the west, south, and east. Strontium-90 did not migrate deeply into the unconfined
aquifer because of its chemical reactivity, and more transport in the more permeable Hanford formation.
Finally, within the downgradient subsurface soils, there may be preferential flow paths, particularly one
leading from the 1301-N Crib toward Wells 199-N-46 and 199-N-122 at the river shore and the nearby
aquifer tubes. This particular flow path has been described at least since 1969 by N Springs monitoring
activities (BNWL-CC-2326).

An elevatr  zone of Sr-90 mass is present under the 1325-N LWDF, but soil and groundwater data
indicate it is less widely distributed and contains less Sr-90 mass. or example, Sr-90 soil concentrations
in Well 199-N-109A (near the point of wastewater entry in the crib) are about 15 pCi/g in the deep vadose
zone, approximately 10 times less than soil concentrations around 1301-N. Groundwater concentrations
around 1325-N have generally been less than a few hundred pCi/L with occasional brief spikes
approaching 2000 pCi/L. Overall, these concentrations are several times lower than those measured in
wells downgradient of the 1301-N LWDF. These measurements are consistent with the historical
evidence that significantly less wastewater and Sr-90 were discharged at the 1325-N LWDF.

While regional Sr-90 immobility in the 100-N Decision Unit or Area subsurface has been demonstrated
over the st 20 years, local periodic oscillations in Sr-90 groundwater concentrations are ubiquitous at
inland monitoring wells which correlate with seasonal river stage changes (Figure 4-16). From this
correlation, a cause and effect hypothesis is indicated. During high river stage, uncontaminated river
water moves inland and raises the water table, thereby periodically rewetting the lower few feet of the
vadose zone. This water then desorbs contamination in the rewetted zone and, because the sorbed
contamination tends to be more concentrated in the rewetted zone, the dissolved concentrations are
higher. Conversely, when the river stage is low, aquifer water equilibrates with less contaminated
sediments and mea red Sr-90 concentrations decrease.
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In contrast to monitoring well groundwater data inland, fluctuations in Sr-90 concentrations in concert
with river stages are not clearly indicated in samples taken from aquifer tubes located in the

Columbia River since 2005. These tubes allow collection of groundwater below the riverbed at various
depths. A comparison of gross beta measurements (a proxy for Sr-90) with river stage elevations is shown
in Figure 4-18 for some of the aquifer tube locations.

Figure 4-18. Comparison of Aquifer Tube Gross Beta Measurements with
River Stage Elevations (PNNL-16346)

Fluctuations in Sr-90 concentrations in the aquifer tubes have occurred as a result of tests being conducted
to develop an apatite barrier being designed to immobilize Sr-90 near the Columbia River. On several
occasions (2006, 2007, and 2008) solutions have been injected into the subsurface through a row of
injection wells about 50 ft inland from and parallel to the river shore (PNNL-17429, DOE/RL-2008-66).
The hot spot wells 199-N-122 and 199-N-46 are located in the middle of this row. Both calcium-rich and
phosphate-rich solutions have been injected to precipitate in situ apatite, which both sorbs and
incorporates Sr-90 into its mineral structure. The apatite formation process has not been entirely efficient,
leaving excess calcium and phosphate in solution, which has migrated toward the Columbia River under
the influence of the injected solution volumes. During these transient events, the added calcium replaced
preexisting Sr-90 sorbed onto sediments, thereby liberating a fraction of the Sr-90 along the flow path.
The mobilized Sr-90 and calcium traveled as far as some of the aquifer tubes in the riverbed and caused
observable concentration spikes in groundwater sampled just below the riverbed. This supports the
reasonable supposition that Sr-90 discharge to the Columbia River occurs through upwelling of
groundwater through the riverbed.

Given the discussion presented above, current and future discharges into the Columbia River are and will
be strongly influenced by the lack of Sr-90 mobility. Most importantly, Sr-90 immobility implies that the
source of Sr-90 currently discharging into the Columbia River must be limited and most likely close to
the shoreline, underneath the riverbed, and a short distance inland. By extension, the inland mass and
larger fraction of Sr-90 in the subsurface cannot reach the region near the Columbia River and will not be
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a source of future Sr-90 discharge into the river. Critical factors preventing significant migration are
chemical retardation, low hydraulic gradient, and radioactive decay. The slow movement of Sr-90 toward
the river allows radioactive decay of the contaminant to occur before it is discharged into the river in all
but the narrow area near and under the river.

To better underst  d the dynamics of Sr-90 plume behavior and improve confidence in this hypothesis,

a complex modeling analysis was completed in 2004 (Connelly, 2004). In this analysis, a two half-life
projection was c¢ pleted from 1995 forward on regional Sr-90 contamination levels along a cross section
perpendicular to the Columbia River and parallel to the general direction of hydrologic flow. The model
considered hydraulic processes including river stage effects, the existing Sr-90 distribution in the
subsurface, chemical retardation effects, radioactive decay, and recharge conditions similar to

current levels.

Two significant results were derived from this analysis. First, no significant movement of the center of
mass of the Sr-90 plume toward the Columbia River occurred during the 57-yr simulation. The contour
lines changed because of radioactive decay. This result was entirely consistent with the past decade of
observations and was expected because none of the major plume controlling factors was modeled
differently from existing conditions. Another implication of this result is that the available source term for
Columbia River discharge must not extend very far inland fr  therir  shore.

The analysis provided several informative results. First, no significant movement of the center of mass of
the Sr-90 plume toward the Columbia River occurred during the 57-yr simulation. This result, entirely
consistent with the past decade of observations, was expected because none of the major plume
controlling factors was modeled differently from existing conditions. The implication is that the available
source term for Columbia River discharge is unlikely to increase significantly and must not extend very
far inland from the river shore. A quantitative determination of the size of the source term area has not
been estimated. Second, despite the large fluxes of water across the river shore boundary, the net annual
flux into the river is quite small, about 0.35 m’ per meter (12.36 ft* per foot) of flux plane width parallel
to the river shore. Third, the flux into the Columbia River occurs primarily through the lower part of the
unconfined aquifer, and Sr-90 concentrations in these fluids are largely unatfected by river stage effects
such as those noted at inland wells. Results imply aquifer concentrations in discharged groundwater
should be relatively constant. Over the 57-year projection, annual fluxes did remain constant (estimated to
be 0.14 to 0.19 Ci/yr) but decreased gradually because of source term decay. The aquifer tube data to
date, being relatively constant except when affected by injection tests, support this result. Continued
monitoring will provide additional information.

Efforts to hasten the reduction of the Sr-90 source term with the development of the apatite barrier and
potenti: use of phytoremediation treatments are ongoing for purposes of accelerating the removal of the
Sr-90 source. If successful, Sr-90 flux into the Columbia River could be reduced more quickly.

4.3.3 Petroleum roduct Migration and Distribution in the Unconfined Aquifer

The discharge of leaked diesel fuel into the unconfined aquifer occurred over a small area underneath the
166-N Tank Farm. Assuming little interaction with vadose zone soils, and migration as a NAPL,
complete discharge into the unconfined aquifer occurred well before the end of the reactor operations
period. Given the generally low solubility of petroleum products and their tendency to persist as an
immiscible fluid, migration rates and dispersion through the unconfined aquifer are difficult to understand
and predict. Petrc 'um products were found as fluids floating at the water table in well 199-N-18 in the
1980s, then disappeared until 2003 (PNNL-14548, Hanford Site Groundwater Monitoring for Fiscal

Year 2003). An existing trench along the Columbia River was used to burn petroleum products as they
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During the reactor operations period, the large hydraulic gradients imposed and maintained by crib
discharges forced very rap. migration of non-sorbing contaminants to the river shore. In 1969,

I-131 migration was tracked from the 1301-N LWDF to the N Springs by noting the timing between the
discharge of more concentrated solutions into the 1301-N LWDFEF, and then the occurrence of an I-131
concentration peak at N Springs sampling locations. This study showed that transport to N Springs took
about two weeks. Given the high discharge rates that occurred continuously while chromium was
delivered to 1301-N and then continued for another ten years after sodium dichromate ceased, the mobile
portion of discharged chromium was thoroughly flushed into the Columbia River by the end of the reactor
operations period.

Since the early 1990s, total chromium has been measured, for the most part, at low levels (less than

20 pg/l) in numerous groundwater monitoring wells. 1e well data do not indicate a plume, but rather
somewhat random occurrences in the unconfined aquifer under the 100-N Area. The continuing presence
of chromium in the unconfined aquifer is attributed to leaching the sorbed or precipitated chromium in
soils in the lower vadose zone and more resistant to leaching.

One exception to these observations was the occurrence of higher concentration levels in the early 1990s
at numerous wells. These data show a repeated pattern with respect to water table elevations. Following
the water table spike in 1989 that occurred in wells around the 1301-N and 1325-N LWDFs, a spike in
chromium concentration appeared about three years later in those wells. An example of this pattern is
shown in Figure 4-21 at Well 199-N-67 near the 1301-N Crib. This relationship suggests that the rising
water table caused a temporary resumption of chromium-contaminated sediment leaching in the rewetted
zone that had stopped with the cessation of crib discharges several years previously. Because chromium
was present in a more leach resistant condition, leach rates were slow and vertical migration rates of the
leached chromium were retarded relative to the subsequent drop in the water table elevation. Therefore,
appearance of the spike occurred afterwards. The higher chromium concentrations are attributed to
leaching of more contaminated sediments in the rewetted zone where less leaching had occurred since
cessation of high volume crib discharge.

If this hypothesis is correct, future spikes in contamination levels may occur if significant water table
elevations occur again. Given that reactor operations will not resume, this event seems unlikely.
Otherwise, no plausible mechanism would permit future increases in chromium contamination in the
unconfined aquifer. Currently, only Well 199-N-80, downgradient of the 1301-N LWDF, shows elevated
chromium concentrations above the drinking water standard (about 175 pg/l). This anomalous behavior is
thought to be the result of well screen corrosion and will continue to be monitored.
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Figure 4-21. Comparison of Water Table Elevations and Chromium Concentrations
over Time at Well 199-N-67.

4.3.5 Tritium and Nitrate Migration and Distribution in the Unconfined Aquifer

Essentially complete solubility of tritium and nitrate causes these contaminants to move as water does in
the subsurface. Given the strong influence of crib discharges on groundwater movement during reactor
operations and a good understanding of the tritium source term, the major characteristics of tritium
migration and contaminant level changes over time at 100-N Area are easily explained. Unfortunately,
ambiguity about nitrate source terms makes interpretation of its migration patterns in the unconfined
aquifer equally ambiguous. Each is described below.

At groundwater monitoring wells near 1301-N and 1325-N, two periods of peak activity were observed,
the first occurring in the early 1970s and the second in the late 1980s. Tritium contamination level peaks
are shown in Figure 4-22 for groundwater monitoring Well 199-N-4, located between 1301-N and
1325-N. The early peak occurs in the early 1970s and is attributed to tritium contaminated discharge
through 301-N, a period when a substantial inventory (approximately 1200 Ci) was reported in the
wastewater. The second peak occurs in the late 1980s when 1325-N was the only operating crib. The end
of this peak period is coincident the cessation of high volume discharges in 1991. Annual Effluent release
reports documented tritium concentrations at N Springs between 1973 and 1989. The annual average
concentrations (Figure 4-23) show essentially the same tritium level occurring in essentially the same
time interval again showing how rapidly discharged wastewater moved downgradient during reactor
operations and how little dispersion occurred prior to arrival at the river shore.
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o Since about 1990, a general increase in nitrate concentration began and has continued in contrast to
water table elevations, whict  ave decreased. This pattern occurs in numerous wells throughout the
area. Highest concentrations are again generally between 100,000 and 200,000 pg/L around 1301-N
and between 105-N and the river shore. One exception is a hot spot at 199-N-67, next to 1301-N,
where concentrations have frequently exceeded 3,000,000 pg/L. Concentrations in other parts of the
100 Area are lower. Farther north along the river shore concentrations are generally less than
50,000 pg/L. Underneath the Columbia River, just off shore, aquifer tube data show concentration
levels less than 10,000 pg/L.

199-N-3
Ur .ered Nitrate (ug/L) vs. Head (m)
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Figure 4-24. Nitrate and Head Measurements at Groundwater Monitoring Well 199-N-3
Between 1970 and the Present

These data strongly indicate the primary sources of nitrate have been, and continue to be upgradient of
100-N Area. If the primary sources of nitrate were in the 100-N Area, then nitrate migration patterns
should have mimicked the tritium pattern (see Figure 4-21). If so, nitrate should have been effectively
flushed into the Columbia River during the operations period leaving behind a dwindling plume. Instead,
nitrate contamination levels began to increase after the high discharge period ended. Given that nitrate is
highly mobile, its migration trend in the 1990s has reflected the prevailing hydraulic gradient imposed by
regional hydrologic flow to the northwest and north. The fact that the pattern shown in Figure 4-23 is
repeated almost simultancously in multiple areas suggests a broad contaminant plume over much of the
100-N Arca at the same time. If so, perhaps two plumes have entered the area, one in the early 1980s and
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If the nitrate source is upgradient as proposed, the source term inventory and current distribution is
ambiguous. One possibility is that nitrate releases in the 200 Areas migrated through Gable Gap and are
reaching the 100 Areas. Given these uncertainties, future nitrate contamination levels are difficult to
predict. Recent data suggest the center of the plume is generally between 1301-N and the river shore. It is
likely the condition will persist for some time if the estimates of net flux (HydroGeoLogic 2004) are
generally correct.

4.4 Identification a 1 Resolution of Data Needs

During planning workshops for the 100-N Decision Unit, discussions were held to identify the extent of
new information needed to support the redu on of existing uncertainties needed for refinement of the
CSM and final decision making in a final ROD. Appendix A, attached to this report, presents the results
of those discussions. The data gaps and needs discussed herein resulted from the planning process, and
w - further refined during preparation of this addendum.

The evaluation of site-specific conditions at the 100-N Decision Unit indicates that not all data gaps are
applicable but all have been kept in the discussion to maintain consistency with the other addendum and
to indicate a level of comprehensiveness not achievable if left out. The justification used to indicate a data
gap was “not applicable” is provided and considered an important part of the overall planning process.

Table 4-4 lists the data gaps and associated data necds, and summarizes the required scope of work
planned to address each. Data gaps are general statements indicating insufficient information to support
decision making is available. Data needs are analytical (e.g., laboratory sample results), quantitative
(e.g., sample geographical coordinates), and process-related (e.g., fate and transport calculations) that
would fill the data gap. Data gaps are presented in the Executive Summary. Data needs are

discussed below.

Implementation details are found in the sampling and analysis plan in DOE/RL-2009-42. Tables 4-5 and
4-6 summarize the field program necessary to fill the data gaps.

4.41 100-N Decision Unit Data Needs - Source Areas

Data needs specific to sources (soils) are identified and described in this section.

Data Need #1: Characterize unremediated waste sites to assess nature and extent of contamination in the
vadose zone.

Data Need Description: Soil sampling associated with interim remedial actions efficiently obtains
necessary data defining levels of residual contamination.

Remediation in the 100-N Areas began in 1999 under remedial authority of an interim action ROD and
continues to the present day. Ongoing soil remedial action efforts include remedial action planning,
implementation, site verification and interim closeout, backfill, and revegetation. Remedial action
schedules are driven by enforceable milestones established as part of the Tri-Party Agreement (Ecology et
al., 1989a) and a CERCLA statutory requirement(s).

Ninety-three unremediated waste sites (89 accepted and 4 discoveries) remain in the decision unit that
will be addressed according to the interim action ROD (EPA/541/R-99/112) and associated with this data
need. Data needs associated with soil remedial actions in the 100-N Decision Unit will be met by
planning and scheduling the remedial actions, collecting data to verify waste sites cleanup, and obtaining
regulators’ concurrence on the achievement of remedial action goals for direct exposure, protection of
groundwater and surface waters.
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The implementation « interim remedial actions for the 93 unremediated sites is described and directed by
DC RL-2000-16, Remedial Design Report/Remedial Action Work Plan for the 100-NR-1 Treatment,
Storage, and Disposal Units, and DOE/RL-2005-93, Remedial Design Report/Remedial Action Work
Plan for the 100-N Area. This addendum recognizes these data are an important source of information for
assessing contaminant distribution, direct exposure, and protection of groundwater and the Columbia
River. After the unremediated sites are addressed according ) the interim action ROD, additional
characterization will be considered. Additional characterization may be phased through interim action
RODs in a Phase 2 RI work plan, sampling and analysis plan, or as directed by the final ROD. As these
sites are interim closed, additional discussion with the agencies may be needed to address potential
characterization needs at these waste sites. Remedial actions and site evaluations are being planned and
scheduled at the remaining 93 unremediated sites.

Accepted and discovery waste sites within this data need are identified in Section 2.1.3 of this document.
Appendix C provides the description and history for each waste site. Locations of the 100-N Area waste
sites are shown in Appendix B.
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4.4.2 100-N Area Data Needs — Groundwater

Data needs specific » groundwater are identified and described in this section.
Data Need #5: Define additional groundwater needs to support groundwater remediation decisions.

Data Need Descrij on: Drill and sample two new groundwater monitoring wells to determine the nature
and extent of contamination and rate of movement at the Sr-90 hot spot and characterize petroleum
contamination near the 166-N Facility. Eighteen existing groundwater monitoring wells shall also be
sampled to assess the nature and extent of groundwater contamination. (See Gap #13).

Groundwater monitoring Well 1 (Figure 4-26) will be installed and used to define the extent of the Sr-90
“hot spot™ (concentration of Sr-90 in groundwater greater than 1000 times the MCL) adjacent to and
downgradient of 116-N-1. This well would also provide information on the rate of movement of this hot
spot that may provide information important to potential remediation decisions.

Groundwater monitoring Well 2 (Figure 4-26) is planned to define the nature and extent of contamination
relating to diesel fuel spills.

Eighteen existing wells will be sampled for three rounds and analyzed to assess COCs not sufficiently
sampled during past sampling events.

Justification: Well 1 is needed to define the extent of Sr-90 “hot spot” in the direction of the groundwater
flow and verify the assumption the plume is not moving. Its planned location is adjacent to and
downgradient of the existing116-N-1 Wells (199-N-67 and 199-N-69). These existing wells currently
exhibit elevated Sr-90 concentrations (greater than 8,000 pCi/L or more than 1,000 times the MCL).

Well 2 will be downgradient of the petroleum leak site (166-N Tank Farm) and will define the scope and
support potential remediation for the petroleum plume. Existing wells in the decision unit have not been
consistently sampled for hexavalent chrome, petroleum, and tritium. Additional data are needed from
existing and planned wells to define the extent of these contaminants in groundwater.

Data Need #6: Estimate the level of groundwater contamination entering the river.

Data Need Description: Groundwater contamination at N Springs and the N Area has been studied and
modeled (Connelly et al) since the beginning of N Reactor Operations. More recently, aquifer tubes have
been added to support estimates of the level of groundwater contamination entering the river. Sampling
should be continued and performed monthly to address changes over time and the effect of changes in
river stage. Direct measurement of groundwater upwelling is recommended and planned under programs
outside this addendum. Upwelling studies are currently scheduled to be completed in FY 2010. The scope
of these activities are documented in the upwelling study report (DOE/RL-2008-11, 2008, Draft A,
Remedial Investigation Work Plan for Hanford Site Releases to the Columbia River).

Data Need #7: Cor rm the RUM is an aquitard and that flow and contaminant transport is minimal as
expected by the CSM.

Data Need Description: Data from one existing well indicates there is contamination in a sand layer of
the RUM above DWS (total chromium in Well 199-N-80). The nearly 70 ft thick silt unit is generally
considered to possess low transmissivity. However, sand lenses/pockets are known to exist and can be
highly transmissive. Very limited information is available to assess the lithology, soil properties, and
vertical extent of contamination in this unit.
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One split-spoon sam] s will be collected from each of the monitoring wells proposed in Data Need #4,
from the upper 1.5 m (5 ft) of the RUM, to address spatial variability of hydraulic properties of the RUM.

Data Need #8: The information needed to address data gap # 8 is addressed in data need #7.
Data Need #9: This was determined as not applicable for the 100-N Decision Unit.

Data Need #10: The distribution of petroleum contamination in the vadose and groundwater is
insufficiently known to support final remedial decisions at the N Tank.

Data Need Description: A single new groundwater well is planned to be drilled with samples collected
during drilling (Well 2, Figure 4-26). Details of the data collection and sampling are presented in the
SAP, DOE/RL-2009-42.

Data Needs #11 and #12: These were determined as not applicable for the 100-N Decision Unit.

Data Need #13: Collect and analyze groundwater samples from 4 planned and 18 existing groundwater
monitoring wells.

Data Need Desc tion: Additional groundwater data are needed as spatially representative of the
decision unit, reflects river stage influence, and includes groundwater COPCs.

Collect and analyze groundwater samples from 18 monitoring wells to characterize the spatial, temporal,
and chemical extent of groundwater contamination. Wells are shown in Figure 4-27. Sampling details are
found in the SAP (DOE/RL-2009-42).
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5 Project Schedule

The project schedule for activities discussed in this addendum is shown in Figure 5-1. This schedule will
serve as the baseline for the work planning process and used to measure the implementation progress.
Milestones associated with the activities described in this addendum are provided in the work plan
(DOE/RL-2008-46). Updates to the project schedule will be reflected in the annual work planning process
and are not anticipated to require a revision to this addendum.
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Appendix A

100-N Decision Unit Conceptual
Site Model Component Plates
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A1 Introduction

During workshops, presentations, and meetings, CSM component summaries were displayed as
wall-mounted plates used to identify and foster issues of concern discussions with the participants. Copies
of the plates for the 100-N Decision Unit, used to solicit input from regulators, agencies, and SME-s, are
provid here.

A2 References
Atomic Energv Act of 1954.42 USC 2011. et sea. Available at:

CCN 119850, 2005, 105-N Reactor Building and 109-N Heat Exchanger Building Action Memorandum,
Washington State Department of Ecologv and U.S. Department of Energv. Richland.
Washington. Available at

Comprehensive Environmental Response. Compensation. and Liabilitv Act of 1980. 42 USC 9601. et sea.
Available at

DOE/RL-2001-68, 2002, Removal Action Work Plan and Surveillance and Maintenance Plan for the
105-B Reactor Facilitv. Draft A. U.S. Department of Enerev. Richland. Washington.
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DOE/RL-2005-96, 2006, Strontium-90 Treatability Test Plan for 100-NR-2 Groundwater QU, Rev. 0,
Reissue, U.S. Department of Energv. Richland Operations Office. Richland. Washington.
Available at

DOE/RL-2008-66, 2009, Hanford Site Groundwater Monitoring Report for Fiscal Year 2008, Rev. 0,
U.S. Department of Enerev. Richland Onerations Office, Richland, Washington. Available at:

DOE/RL-96-39, 2002, 100-NR-1 TSD Units Corrective Measures Study/Closure Plan, Rev. 1,
U.S. Department of Energv. Richland Operations Office. Richland. Washington. Available at:

Ecology, EPA, and DOE, 1989, Hanford Federal Facility Agreement and Consent Order, 2 vols., as
amended. Washington State Department of Ecology, U.S. Environmental Protection Agency,
shington. Available at:

RL-TPA-90-0001, Tri-Party Agreement Handbook Management Procedures, RL-TPA-90-0001,
Guideline Number TPA-MP-14, “Maintenance of the Waste Information Data System
(WIDS),” Rev. 1, U.S. Department of Energv. Richland Onerations Office. Richland,
Wa ington. Available at
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Appendix B

1 )-N Area Maps
(provided on CD)
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100-N Decision Ur \ 1ste Sites Description and History
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C1 Introduction

Table C-1 provides a summary of 1 codes, types, and status of waste sites in the 100-N Decision Unit of
the Hanford Site. Table C-1 also provides physical dimensions, dates of operation, a brief history for each
site, and relevant decision/remedial action information, if available.

C2 References

40 CFR 144.82, “Underground Injection Control Program,” “What Must I Do to Protect Underground
iilable at:

WHC-SD-EN-TI-251, 1994, 100-N Area Technical Baseline Report, Rev. 0, Westinghouse Hanford
Company, Richland, Washingt:

CVP-2001-00021, 2002, Cleanup Verification Package/Clean Closure Report for the Soil Column of the
120-N-1 and 120-N2 Dangerous Waste Treatment and Disposal Sites and the 100-N-58 Site,
Rev. 0. Bechtel Hanford. Inc.. Richland. Washington. Available at:

CVP-2002-00002, 2002, Cleanup Verification Package/Clean Closure Report for the Soil Column of the
116-N-3 Trench, Crib, and 100-N-63:1 Pipeline, Rev. 0, Bechtel Hanford, Inc., Richland,
Washington. Available at:

DOE/RL-88-30, 1991, Hanford Site Waste Management Units Report: Waste Management Technology,
2 vols., U.S. Department of Energy, Rev. 1, Richland Operations Office, Richland,
Washineton. Available at:

ind

Ecology, 1999. 100 N Area Ancillary Facii  »s Action Memorandum, State of Washington, Department
of Ecologv. Kennewick. Washington. Available at:

HGP-CVP-SWMUs 1, 2,3, & 2004, Cleanup Verification Package for the Hanford Generating Plant
UPR-100-N-37 Transformer Yard (SWMU #1), 100-N-51 Oil Storage Area (SWMU #2),
185-N Building Drains ¢ Sumps (SWMU #3), and 100-N-50 Turbine Oil Filter Unit (SWMU
#4). Rev. 0. Energv Northwest. Inc.. Richland. Washington. Available at:
and

HGP-CVP-SWMUs 5, 6, 7, 8, 9, & 10, 2004, Cleanup Verification Package for the Hanford Generating
Plant 100-N-4 Tile Field (SB U #5); 100-N-1 Settling Pond (SWMU #6),; 1908-NE Outfall
(SWMU #7); 1716-NE Maint  wce Garage (SWMU #8) and 100-N-52 Underground Storage
Tank; 100-N-3 Maintenance  rage French Drain, 100-N-41 Gate House Septic Tank, and
100-N-45 Office Building Septic Tank (SWMU #9); 100-N-5 Bone Yard (SWMU #10); and
1ishington.
ind
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PNL-6456, 1988, Hazard Ranking System Evaluation of CERCLA Inactive Waste Sites at Hanford,
3 vols.. Pacific Northwest Laboratorv. Richland. Washington. Available at:

RL-TPA-90-0001, 2007, Tri-Party Agreement Handbook Management Procedures, Guideline Number
Jata System (WIDS),” U.S. Department
1ngton. Available at;

WAC 173 Characteristics,” Washington
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woriaminate
d Soil Solid
Waste Site 2

Area

identified the presence of
cesium-137 at the site. The site
is posted at four corners with
"Underground Radioactive
Material" signs. Approximately
0.3t0 0.6 m (1 to 2 ft) of soil has
been placed on top of the site.

Documented

100-N-16

100-N-16,
Burn Pit 1,
128N-FS-2

Burn Pit

100-NR-1

349.32sq. m

The site (Burn Pit 1, 128N-FS-2)
appears as a 18 m (20 yd) by 18
m (20 yd) semi-cleared circular
area. Nonhazardous waste
(paper, wood, trash) generated at
100-N were burned here. Ash is
evident on the surface and the
area is covered with glass, wire,
coil, pipe, tin cans, metal, and
other burned debris. Two other
burn pits are physically located in
the general area of this site and
were used for similar purposes.
In 1992 soil samples were
collected and analyzed for the
100-NR-1 RI/CMS. Field
screening samples were less
than detectable for VOCs and
TPH. Heavy metals and metal-
complexed compounds did not
differ from background. The site
tested positive for PCBs.

Accepted

Not
Documented

N/A

100-N-17

100-N-17,
Burn Pit 2,
128N-FS-1

Bum Pit

100-NR-1

92.90sg. m

The site (Burn Pit 2, 128N-FS-1)
is covered with gravel, cobbles,
and dead tumbleweeds. Much of
the site has been backfilled with
fill material. Two other burn pits
are located in the general area of
this site and were used for similar
purposes. Nonhazardous waste
(paper, wood, trash) generated at
100-N were burned here. Other
combustible materials such as
vegetation, office wastes, tools,
hardware, and possibly paints
and solvents have been burned
at this site. In 1992, soil samples
were collected and analyzed for
the 100-NR-1 RI/CMS. Field
screening samples were less
than detectable for VOCs, TPH,
and PCBs. Heavy metals and
metal-complexed compounds did
not differ from background.
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EPA/240/B-06/002, Data Qualitv Assessme A Reviewer s Guide, d EPA/240-B-06/003, Data Quality
Assessment: Statistical Methods for Practitioners.

244 Corrective Actions

The responses to data quality defects identified through the DQA process will vary and may be data- or
measurement-specific. Some pre-identific corrective actions are identified in Table 2-1.

2-37



This

age in

mally lef

lank.

JE/RL-Z
I

v A

2009









N —

o0~ N bk W

DOE/RL-2009-42, RAFTA

NOVEMBER 2009
assist in determining sample shipping ents, and support worker calth and safety monitoring.
Section 3.6.3 describes radiological fi ing rr  10ds.
3.5.1.2 ( physic. Logging
The planned boreholes and groundwate; yring wells will be geophysic  y logged with the
high-resolution, spectral gamma-ray logging svstem to determine the vertical distribution and
concentration of gamma-emitting ra . Soil moisture will be determined using a neutron

1g tool. The groundwater mor S wi ed before the casii s telescoped. The
starting point r logging will be rec is us 1e ground surface or the top of the casing.
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nents. 2 litionally, work control documents will be

a2ty documentation will include an activity hazard analysis
T'he sampling procedures  1assoc: :d activities will
adiation exposure to the pling team, consistent with
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