Department of Energy

Richland Operations Office
P.O. Box 550
Richland, Washington 99352

10-AMCP-0055 DEC 22 7009

Ms. J. A. Hedges, Program Manager
Nuclear Waste Program

State of Washington

Department of Ecology

3100 Port of Benton

Richland, Washington 99354

Dear Ms. Hedges:

INTEGRATED 100 AREA REMEDIAL INVESTIGATION/FEASIBILITY STUDY WORK
PLAN, ADDENDUM 5: 100-N DECISION UNIT, DOE/RL-2008-46-ADDS5, DRAFT A, AND
SAMPLING AND ANALYSIS PLAN FOR THE 100-N DECISION UNIT REMEDIAL
INVESTIGATION/FEASIBILITY STUDY, DOE/RL-2009-42, DRAFT A

This letter transmits the Integrated 100 Area Remedial Investigation/Feasibility Study Work
Plan, Addendum 5: 100-N Decision Unit, DOERL-2008-46-ADDS, Draft A, and Sampling and
Analysis Plan for the 100-N Decision Unit Remedial Investigation/Feasibility Study,
DOE/RL-2009-42, Draft A, and for your review and comment.

This Work Plan is submitted in accordance with Tri-Party Agreement Milestone M-016-61,
“Submit Remedial Investigation/Feasibility Study Work Plan for the 100-NR-1 and 100-NR-2
Operable Units,” by December 31, 2009.

The Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan, DOE/RL-2008-46,
Draft A, previously submitted on May 28, 2009, (09-AMCP-0134) contains the planning
elements common to the Hanford Site 100 Area source and groundwater Operable Units and a
summary of the Remedial Investigation/Feasibility Study tasks.

The Work Plan describes the 100-N Decision Unit and planned efforts to conduct a Remedial
Investigation/Feasibility Study in support of a final Record of Decision. The 100-N Decision
Unit includes the 100-NR-1 Source Operable Unit and the 100-NR-2 Groundwater Operable
Unit. The scope described in this document and the supporting sampling and analysis plan are
designed to meet the Tri-Party Agreement Target (M-015-62-T01) “Submit a Feasibility Study
Report and Proposed Plan for the 100-NR-1 and 100-NR-2 Operable Units including
Groundwater and Soil,” by December 31, 2011.
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Please provide comments to the U.S. Department of Energy Richland Operations Office within
60 days of receipt of this letter, as described in Section 9.2, of the Tri-Party Agreement Action
Plan.

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

Sincerely,

_ Labisik
AMCP:KMT - for the Central Plateau

Attachments

cc w/attachs:

G. Bohnee, NPT

A. Boyd, Ecology

L. Buck, Wanapum
L. Buelow, EPA

D. A. Faulk, EPA

S. Harris, CTUIR

R. Jim, YN

S. L. Leckband, HAB
K. Niles, ODOE

J. B. Price, Ecology
Administrative Record
Environmental Portal

cc w/o attachs:

D. G. Black, CHPRC

J. V. Borghese, CHPRC
J. G. Vance, FFS
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Executive Summary

This document is Addendum S 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 (RI/FS) 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-IU-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 5 to 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.comell.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_08/40¢fr300_08.html.
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B 100-Arca BC Waste Sites
100-Arca K Waste Sites
N 100-Area N Waste Sites
NN 100-Area D Waste Sites
I 100-Area H Waste Sites
BN 100-Area P Waste Sites
N 400 Area Waste Sites
I 300 Area Waste Sites
B 600 Area Waste Sites (IU-2/TU-6)
Paved Road (Primary)
Paved Road (Secondary)
Unpaved Road Trail
Railroad
/A Decision Unit Boundary

Decision Units

Decision | Hectares | Acres
Units

100-BC 1200 2900

100-D/H | 2000 S000
100/ syo00 | 93000

1U2/1U6 )
100-K 900 2200
100-N 900 2200

300 15000 36000

Figure ES-1. River Corridor Decision Unit Boundaries

A planning process was conducted to identify data collection and analysis needs to

support final remediation decisions at the 100-N Decision Unit. The following key

elements were identified during this planning process:

e Information was identified and collected on the existing site conditions.

Information includes the facilities operational history (with an emphasis on disposal

operations), the nature and extent of groundwater and soil contamination,

Vi
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geohydrologic information, source and groundwater remedial actions and their

effectiveness, and the results of treatability and characterization studies.

Strontium-90 (Sr-90) contamination is the primary risk driver at the 100-N Decision
Unit; however, other groundwater plumes exist. Appendix B presents maps of the
facilities source sites, and the Sr-90 groundwater plume. To date, 20 source sites have
been remediated, including the major Sr-90 disposal sites (116-N-1 and 116-N-30

Cribs and Trenches). Ninety-three source sites remain for remedial action.
A conceptual site model was developed.

The conceptual site model (CSM) examined the known contamination levels and
location(s), and information needed to support remediation decisions. A CSM is a
description of a site representation that organizes the information available and
provides a summary of the site conditions. The CSM was used to identify data and
information gaps, establish data needs, and design a field program to address the data

needs.

An important feature of the CSM was identifying potential sources of Sr-90, and
providing explanations regarding Sr-90 plume persistence and mass distribution in
soil. Based on reactor operations process knowledge, reactor process water
discharges contained levels of Sr-90 in excess of 600 pCi/L (Table 4-1). The effluent
infiltration and migration to groundwater in the 100 N Area produced Sr-90
concentrations about 6,000 pCi/L in a monitoring well during the mid-1980s
(WHC-SR-0377, 1988). As of 2008, Sr-90 concentrations above the maximum
contaminant level (MCL) extend inland from the river approximately 1.2 km

(4,000 ft) in the 100 N Area with an overall plume area estimated as 0.58 km’

(0.22 mi®) (N-Area Map, Appendix B).

Data gaps, or uncertainties, were identified as part of the conceptual site model

development process.

A list of data gaps, or statements of uncertainty, was identified as part of the planning
process. These data gaps included recognition of the need for additional information to

better define the following:

— Assess risk for direct exposure, protection of groundwater, and protection of the
Columbia River at unremediated waste sites

vii
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— Potential effects of residual soil contamination following remedial action on human health,
groundwater, and the environment

— Extent of contamination in the unconfined aquifer
— Extent of contamination in the Ringold Upper Mud (RUM) Unit

— Continued persistence of strontium-90 contamination in the groundwater in areas of the
Decision Unit

— Hydraulic properties of the RUM Unit
— Potential adverse effects from remaining undiscovered sites

Chapter 4 presents the data gaps defined during the planning process.
Data needs were defined to address each of the data gaps or uncertainties.

Each of the gaps are defined by a data need that, when filled, provides information to
reduce or eliminate the associated uncertainty. Table 4-4 and DOE/RL-2009-42,
Sampling and Analysis Plan for the 100-N Decision Unit, present the data needs and
describe how they will be filled for the 100-N Decision Unit. An important
consideration in Table 4-4 is that several ongoing programs (e.g., facility demolition,
waste site remediation, and treatability testing) will provide data and may resolve many
of the uncertainties identified for the 100-N Decision Unit. The sampling and analysis
plan (DOE/RL-2009-42) identifies only those data collection activities the ongoing
programs will not address. The RI/FS study report prepared for the 100-N Decision
Unit will use data and information obtained from ongoing remediation programs that
become available during development of the report. The results of ongoing
deactivation, decontamination, decommissioning, and demolition, and from waste site
and groundwater interim remediation actions plus the proposed investigations will be
used in the selection of final remedies and be incorporated into a proposed plan leading
to a final record of decision. Table ES-1 summarizes the characterization field program
proposed under this addendum. Table ES-2 presents the number of field samples and

analytes that would be collected.

viii
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Table ES-1. Proposed 100-N Decision Unit Characterization
| CType e 100-N Area

Source sites scheduled for evaluation, characterization and

or remediation” 93
New boreholes (vadose zone) 0
New wells (unconfined aquifer) 2
New wells into Ringold Upper Mud Unit 2
Sampling of monitoring wells (to support groundwater 18

spatial/temporal uncertainty)

* This task is not within the scope of the SAP. Source sites are being addressed
according to DOE/RL-96-17 Remedial Design Report/Remedial Action Work Plan.

Table ES-2. Number of Field Samples and Analytes proposed
for the 100-N Decision Unit

New boreholes (vadose zone)
New wells (unconfined aquifer) 30 11 1404
New wells into Ringold B unit 20 16 1204

Sampling of monitoring wells
(to support groundwater 0 54 2268
spatial/temporal uncertainty)

NOTE: Table does not include field quality control or archive samples.

*

Includes both chemical and physical property analyses.

2 e A sampling and analysis plan was developed as the implementing document for

(V8]

the field program.

The sampling and analysis plan contains a list of target analytes for use with soil
samples and a list of contaminants of potential concern for use with groundwater
samples. The current methodology defines analyses for soil characterization and for
groundwater samples to address River Corridor Baseline Risk Assessment

groundwater risk uncertainty. This addendum is based on the premise and

O 0 N N s

observation that after 13 years of active remediation and study, a limited number of

10 uncertainties remain that should be addressed to support final remediation decisions.

11 In the 100-N Decision Unit, substantive work remediating groundwater

12 contamination, removing facilities and contaminated soils has been completed over

iX
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the past decade or is planned over the next few years. Results of these activities
provide the basis for identifying the remaining uncertainties needed to make final
remediation decisions. The completed and planned work for the 100-N Decision Unit

is provided in Section 1.2.
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1 Introduction

This document is Addendum 5 to DOE/RL-2008-46, Integrated 100 Area Remedial Investigation/
Feasibility Study Work Plan. This addendum describes the 100-N Decision Unit and planned efforts to
conduct a remedial investigation (RI) in support of a final record of decision (ROD). The 100-N Decision
Unit includes the 100-NR-1 Source Operable Unit (OU) and the 100-NR-2 Groundwater OU. The
integrated work plan contains the planning elements common to the Hanford Site 100 Area source and
groundwater OUs and a summary of the RI/feasibility study (FS) tasks. Figure 1-1 shows the relationship
between the RI/FS work plan and this addendum.

- Scope and Objectives

: - t iew - imi Rs
 Fhanford Site Strateay Hanford Si e Overyl Prelunm:yy ARA.
: - Implementation History - Community Relations
- Integration of RCRA - : = ;

: S - Decision Unit Descriptions - Data Evaluation
Corrective Action into S : 3 >
CERCLA - Preliminary Remedial Action - Assessment of Risk

Objectives - Feasibility Study Process

- Systematic Planning Process

100 AREA
WORK PLAN

l l ' ' l

100-D/H 100-K 100-BC 100-F/AU-2/1U-6 100-N
Addendum 1 Addendum 2 Addendum 3 Addendum 4
Addendum 5
- Conceptual Site Model - Data Needs - Project Schedule
- Environmental Setting - Treatability Studies - Vadose Zone Target Analytes
- History of Operations - Groundwater COPCs

ARAR applicable or relevant and appropriate requirement

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act of 1980
COPC contaminant of potential concern

RCRA Resource Conservation and Recovery Act of 1976

Figure 1-1. Relationship between the Work Plan and Addenda

This addendum describes key data collection and analysis elements that will support final remediation
decisions for the 100-N Decision Unit. The planning process followed to develop this addendum included
evaluating the results of past and ongoing remediation activities; describing the remaining uncertainties in
the context of a conceptual site model (CSM)? to support remedial decisions; and justifying the type,

5 A conceptual site model is a set of hypotheses and assumptions about the physical characteristics (e.g., media
properties) and phenomena (e.g., model of fluid flow) that describe and postulate the behavior of contamination.
The conceptual site model describes contaminant sources and receptors, and the interactions linking them; and is
used to identify uncertainties and provide a framework to identify data and information needed to resolve each
uncertainty. Conceptual site models evolve as new data and information are developed.

1-1
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location, and quantity of data needed to reduce or eliminate the identified uncertainties. A key component
of the 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 evaluation. 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 CSM 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 summary 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 CSM.

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 CSM 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 Remediation Accomplishments

A considerable amount of environmental remediation and restoration is 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
100-N Decision Unit.
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Figure 1-2. River Corridor Decision Unit Boundaries
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1.21  100-N Decision Unit Deactivation, Decommissioning, Decontamination,
and Demolition Actions

The 100-N Decision Unit includes 234 former and remaining facilities, including the reactor, water
treatment plants, a generating plant, storage buildings, offices, maintenance shops, process plants, an
electric substation, storage tanks, pump stations, and outfall structures. The definition of facility

(as applied to the Facility Decommissioning Process) is “a freestanding building, plant, laboratory, or
other enclosure and associate buildings that fulfills, or fulfilled, a specific purpose, and is owned by or
otherwise under the responsibility of the DOE.” (Note: this usage differs substantially from that in the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 [CERCLA] and
Resource Conservation and Recovery Act of 1976 [RCRAY). Until the structures that are located over
a source site are removed, soil remediation cannot be completed. The facilities are—and have been—
undergoing removal to clear the way for remedial work focusing on underlying soil contamination.
Table 1-1 shows the status of the 234 100-N Decision Unit facilities.

Table 1-1. Summary of Facility Status in the 100-N Decision Unit (April 2009)

Total Number

Area of Facilities Demolished Removed Active Inactive
100-N Decision 234 96 82 27 29
Unit Total

Active: Facility is occupied and in use (supports Hanford Site missions).

Removed: Facility foundation has been removed along with any substructure 0.3 to 0.9 m (1 to 3 ft) below grade.
Inactive: Facility is no longer in use and is waiting decommissioning and demolition.

Demolished: Facility has been removed to grade (slab or foundation remains).

Since April 2009, the N Reactor began undergoing the final stage of stabilizing and enclosing the highly
radioactive reactor core in an upgraded, weather-resistant shell for potentially 75 years. This stabilization,
interim safe storage (ISS), will prevent environmental degradation of the structure and prevent the spread
of contamination. The ISS shell also will serve to minimize the spread of any potential contamination
from and beneath the reactor. ISS completion is scheduled for September 2011. These actions minimize
the facility footprint by removing peripheral reactor buildings and equipment and disposing of the debris.
The principal structures remaining are the Reactor (105-N) and the Heat Exchanger Building (109-N).

Along with ISS activities, the 100-N Area is undergoing continued deactivation, decommissioning,
decontamination, and demolition (D4). Figures 1-3, 1-4 and 1-5 provide illustrations of the 100-N Area
D4 actions and progress. A complete status of facilities in the 100-N Decision Unit is provided in
Appendix D.

1-4
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Note: Does not include status for all facilities in the 100-N Decision Unit.

Figure 1-3. 100-N Area D4 Progress Demolition as of July 2009
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Figure 1-4. Aerial Photos of 100-N in 1962

Figure 1-5. Aerial Photos of 100-N in 2008 Displaying D4 Progress

1.2.2 100-N Decision Unit Waste Site Remediation

In 1996, the overall pace of the Hanford Site cleanup along the river accelerated. An expedited response
action to address Strontium-90 (Sr-90) groundwater contamination was implemented at N-Springs
(Action Memorandum: N-Springs Expedited Response Action Cleanup Plan, U. S. Department of Energy
Hanford Site, Richland, WA, Ecology and EPA, 1994) and several interim action RODs were adopted for
source and groundwater OUs in the various reactor areas. The primary focus for source OUs was former
liquid effluent sites for which removal, treatment (as necessary), and disposal (RTD) is the standard
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remedy. The RTD was designed to achieve the remedial action objectives (RAOs) and goals specified in
interim action RODs for direct exposure 0-4.6 m (0-15 ft) below groundwater surface and protection of
groundwater and the Columbia River. However, the interim action RODs for the OUs located at the
100-N Area were not adopted until 1999 and after (EPA/ROD/R10-99/112, Interim Remedial Action
Record of Decision for the 100-NR-1 and -NR-2 Operable Units of the Hanford 100-N Area, Washington
State Department of Ecology, Olympia, Washington; EPA/ROD/R10-00/120, Interim Remedial Action
Record of Decision for the 100-NR-1 Operable Unit of the Hanford 100-N Area, Hanford Site, Benton
County, Washington, U.S. Environmental Protection Agency, Washington State Department of Ecology;
EPA/ESD/R10-03/605, Explanation of Significant Difference for the 100-NR-1 Operable Unit Treatment,
Storage, and Disposal Interim Action Record of Decision and 100-NR-1/NR-2 Operable Unit Interim
Action Record of Decision, May 2003, Washington State Department of Ecology, and U.S. Department
of Energy).

Each excavation is soil sampled and modeled (if needed) to assess the potential impact to human health,
groundwater, and the Columbia River from residual contamination. Every remediated waste site is
sampled and analyzed as part of cleanup verification to demonstrate that remedial actions achieved the
RAOs. Where remedial action goals and objectives are achieved, the waste site is considered

interim closed.

Through 2009, roughly 97,775 metric tons (107,777 tons) of contaminated soil and debris have been
removed from 100-N Area waste sites and more than 650 soil samples have been collected to verify
cleanup and document interim closure status. Figures 1-6 and 1-7 show the excavations for two sites—the
116-N-1 (1301-N) and 116-N-3 (1325-N) Cribs and Trenches. These two liquid disposal facilities were
the major sources of contamination to the groundwater.

"\ v «‘.*5",/

Figure 1-6. Excavation to Remove Contaminated Soil at 116-N-1 Crib and Trench

1-8
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Figure 1-7. Excavation of Contaminated Soil at 116-N-3 Crib and Trench

Of the 175 waste sites identified in the 100-N Decision Unit through April 2009, 18 have been closed or
interim closed, and 38 have been assigned a no action or not accepted status (Chapter 2, Table 2-3). These
status categories generally indicate whether a site meets the cleanup goals and objectives of the interim
action RODs. At present, 92 accepted waste sites remain to be cleaned up in the 100-N Decision Unit, and
27 discovery sites remain to be dispositioned. Interim remedial actions are scheduled for completion by
the end of 2011.

1.2.3  100-N Decision Unit Orphan Site Evaluation

An orphan site evaluation (OSE) was conducted on the highest potential impact areas of the

100-N Decision Unit to identify unknown waste sites potentially requiring additional characterization
and possibly remediation (OSR-2009-0001, /00-NR-1 Area Orphan Sites Evaluation Report, Draft A).
The orphan site evaluation in the 100-NR-1 OU was conducted between August 2006 and March 2007.
A detailed description of the orphan site evaluation process is provided in Chapter 2. The scope, shown
in Figure 1-8, covered a total area of approximately 7.62 km’ (2.94 mi’) (761 ha [1,882 ac]). A total of
23 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 (RL-TPA-90-0001, Tri-Party Agreement
Handbook Management Procedures, Guideline Number TPA-MP-14, *‘Maintenance of the Waste
Information Data System (WIDS),” U.S. Department of Energy, Richland Operations Office, Richland,

1-9
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Washington, 2007) and addressed according to interim action RODs or ROD amendments. The 23 orphan
waste sites are included in the decision unit waste site count of 175.

100-D/DR Area

100-N Orphans Area

Orphans Walkdown Area
B 100-N Area

RI 2 Nurth I

74743 Acres
705 Hectares -

100-K Area '\

G
N (&
138 Acres
56 Hectares |
A ; L1
0 028 05 1 Miles
| I 1 = | 1 1 - |
T T T T T T Y Y 1
0 05 1 2 Kilometers

Figure 1-8. Area Addressed by 100-N Area Orphan Sites Evaluation Process

1.2.4  100-N Decision Unit Pump-and-Treat System

The widespread Sr-90 plume was derived from two liquid waste disposal facilities (1301-N and 1325 N).
The discharges to these two facilities resulted in establishing riverbank seeps almost immediately after
N Reactor operations began; the seeps were called N-Springs. The effect of releases at N-Springs to the
Columbia River was initially monitored using 13 short, perforated, carbon steel casings located at the
edge of the riverbank below the seepage face. Sr-90 levels as high as 9,100 pCi/L were recorded at
N-Springs-3 in 1988, with the majority of the releases found between locations N-Springs-1 and
N-Springs-6. BHI-00185 presents the groundwater conditions at N-Springs (circa 1994) that required the
Expedited Response Action (ERA) described below.




O 0 NN AW~

e e e
(= IR R S

[ I
S O 00

W L LW WNNDNDNDDNNDNDDNIND
APLWN~,OOXXIANNIEWN ~—~

W W W
~ N W

S AW
N~ O O

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

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 multiple 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 and 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 constructability 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 September 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 sheet pile wall could not be achieved in the manner specified. 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 in the 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 100-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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Figure 1-9. Location of the 100-NR-2 Pump-and-Treat System Wells (2008)

Despite the hydraulic containment provided by the pump-and-treat system, elevated Sr-90 concentrations
near the shoreline have persisted since the beginning of pump-and-treat operations. Figure 1-10 illustrates
the impact of the pump-and-treat system on Sr-90 concentrations in the groundwater at the riverbank. The
green line shows that discharge to the cribs discontinued in 1991. The red line shows annual average
concentrations of Sr-90 in porewater at Well N-46, which is located at the road along the riverbank within
the Sr-90 plume. Concentrations steadily increased from 1980 until about 1989. Since that time,
concentrations have fluctuated widely, presumably in response to river stage and sampling date relative to
water level. Nevertheless, near-shore pore fluid Sr-90 concentrations have remained elevated. This
observation confirms modeling results indicating that Sr-90 in the near-shore aquifer or stream bank
storage zone will decline primarily by radioactive decay. In marked contrast, tritium (a non-adsorbing,
100-NR-2 co-contaminant) declined rapidly after the beginning of pump and treat operations and is .
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currently at or below the detection limit (~200 pCi/L) in near-shore groundwater samples, but remains
elevated (average of about 20,000 pCi/L) in the pump-and-treat capture zone (DOE-RL 2006-08,
Calendar Year 2005 Summary of 100-Area Pump and Treat Operations). This observation provides
evidence that the predicted hydraulic containment functioned as designed. Although the pump-and-treat
system may have met the objective of reducing the flow of groundwater (and non-adsorbing
co-contaminants) in the sSr-90 plume area to the river, it has not met the objective of reducing Sr-90
concentrations in aquifer pore fluid at the shoreline or in the stream bank storage zone. Minimizing
exposure of eco-receptors in the near-shore aquatic and riparian zone to Sr-90, the primary 100-NR-2
contaminant of potential ecological concern (DOE-RL 2005-96, Rev. 0, Reissue, Strontium-90
Treatability Test Plan for 100-NR-2 Groundwater Operable Unit), requires a different approach.

Figure 1-10. Apatite Barrier Technology Test Site Adjacent to the
Columbia River at the 100-N Area

1.2.5 Hanford N-Springs Sheet Pile Program Summary

Between December 2 and December 30, 1994, DOE-RL conducted a sheet pile installation test program.
The objective was to evaluate the ability to drive sheet pile to a depth of 15 m (50 ft) along the proposed
914.4 m (3,000 ft) barrier wall alignment. Initial subcontractor attempts used vibratory hammers to install
piling. After several failed efforts, a diesel impact hammer was attempted without success. It became
obvious that larger hammers would be required if the dense soil was to be penetrated. Test pits confirmed
that dense soil and medium-sized obstructions prevented penetration. A more powerful, variable energy
hydraulic hammer was obtained and tested. Early indications appeared successful; however, after
extraction, it was determined that the pile had reached only ~9 m (~30 ft) below ground surface. The
high-energy impact hammer resulted in destroying the bottoms of the test piles. Three drive tests were
completed with similar results: sheet pile destruction after penetrating ~9 m (~30 ft), yet 3 to 6 m
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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 broken up and
loosened prior to pile driving.

1.2.6 Ih Situ Treatability Test 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. Department 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, approximately parallel to the Columbia River at the shoreline. The ISTZ
would be constructed by either conventional trench excavation with shoring systems, or by auger
drilling with steel casings to provide the excavation and earth-support systems. The purpose of the
ISTZ test was to provide an innovative, long-term remedial treatment for groundwater
contaminated with Sr-90.

The objectives of the treatability test were to demonstrate the feasibility of using ISTZ to
accomplish the following:

o Cause the Sr-90 to be adsorbed from the groundwater that passes through the zone
o 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
¢ Native American Tribal cultural and religious values

o Applicability of an ISTZ in the 100-N Area
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1 Agreements reached and documented at the conclusion of the workshop included: |
|

2 o All parties agreed that the ISTZ could be constructed.

3 o All parties agreed that improved shoring will not be needed for the short-term ISTZ test.

4 o No riprap will be left along the Columbia River bank after the test.

5 e Al parties agreed that the treatability test plan would be updated to reflect the results of the

6 discussions associated with concerns noted during the workshop and in an earlier

7 questionnaire.

8 o All parties agreed that a proposed upcoming CMS will address specific issues related to

9 long-term implementation of the ISTZ, which are outlined in the concerns.

10 o All parties agreed that the ISTZ will be removed at the end of the test.”

11 1.2.7 Innovative Treatment and Remediation Demonstration Program

12 The Innovative Treatment and Remediation Demonstration (ITRD) Program was initiated in 1993 by
13 DOE in cooperation with EPA’s Technology Innovation Office. The following text describing the results
14 of that effort is paraphrased from the summary ITRD final report.

15 In January 1998, the DOE Hanford Field Office requested ITRD technical assistance to evaluate
16 innovative technologies to address strontium-90 (90Sr) contamination in the vadose zone and in
17 the groundwater at the 100-N site. The Hanford Environmental Restoration program asked that the
18 ITRD project focus on identification of technologies for long-term implementation to enhance or

19 improve the baseline design for groundwater remediation (pump-and-treat), and support the

20 assessment of innovative approaches needing further evaluation for site-specific implementation.
21 The ITRD formed and coordinated a Technical Advisory Group (TAG) with technology experts and
22 participants from site-specific government, industry, and regulatory groups. At the beginning of the
23 ITRD, contaminated soil had been removed to 4.6 m (15 ft) below average grade in the 1301-N
24 and 1325 N liquid waste disposal facilities and disposed at ERDF, the pump-and-treat system at
25 N-Springs was operational, and groundwater monitoring was continuing.

26 The strength of the ITRD process rested in its review and evaluation of approximately 40

27 technologies, as shown in Table 1.

Table 1. Technologies Considered for 100-N Area through the ITRD Process

Technology Type or Source
Electrokinetic shoreline w/surfactant In situ
Soil flushing — aquifer/shoreline w/amendments In situ
Permeable treatment wall — funnel and gate In situ
Permeable treatment wall — zeolite/CaSOa4/phosphate/apatite In situ
Permeable treatment wall — Fe’ In situ
Chemical Fixation — Apatite/Phosphate/Sulfite/Carbonate In situ
Chemical Fixation - Modification of aquifer materials In situ
Natural Attenuation In situ
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Table 1. Technologies Considered for 100-N Area through the ITRD Process

Technology Type or Source
Pump-and-treat In situ
Passive hydraulic — barrier/hydraulic control In situ
Contaminated zone — freezing with excavation In situ
Phytoremediation In situ
In situ vitrification In situ
Oxidation of Manganese In situ
Injectable barrier — 300 year flowpath In situ
Bioaccumulation (shellfish, oysters, etc) in situ
Impermeable barrier (chromium, sulfite, nitrate) In situ
Chemical Process In situ
Recirculation wells In situ
Jet Grouting In situ
Gel technology to form impermeable barrier In situ
Slurry walls/grout curtains/sheet pile In situ
Cryogenic barrier In situ
Biologic barrier In situ
Cryosweep In situ
Total Excavation In situ
Mandrel In situ
Jet grouting with reactive materials In situ
Vibratory Membrane filtration Ex situ
Chemic Process Ex situ
Reverse Osmosis/electrodialysis Ex situ
Electrically- switched ion exchange Ex situ
3M Filters Ex situ

Hydrofracturing/pneumatic fracturing
Cassette emplacement for barrier material
Horizontal Wells

Cryogenic removal

Monitored Natural Attenuation
Phytoremediation

Permeable Clinoptilolite Barrier

Impermeable Sheet Pile/Cryogenic Barrier

Enabling Technologies
Enabling Technologies
Enabling Technologies
Enabling Technologies
Identified by TAG members
Identified by TAG members
Identified by TAG members
Identified by TAG members
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The TAG developed screening criteria and decision processes to evaluate technologies
appropriate for site characterization and remediation. Remediation technologies developed by
domestic 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 Deployment Location, (such as)
a. Environmental impacts (e.g., cultural sensitivity at the point of deployment)
Geologic impacts: instability/erosion at the point of deployment
4. Other Attributes of New Technologies (such as)
a. Cumulative health/worker 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 (K4), 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-N Area
(HydroGeoLogic, Inc., 1999)

¢ Use of Phosphatic Materials for Sr-90 Stabilization (Moody, 1999)
¢ 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 relies 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 possible remediation scenarios developed
included the following:

1. Monitored Natural Attenuation.
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2. Permeable Clinoptilolite Barrier.
3. Monitored natural attenuation on the river side of the barrier.
a. Monitored natural attenuation and phytoremediation on the river side of the barrier.

4. Apatite Seeds/Liquid Phosphate Stabilization with impermeable barrier. Apatite on the
river side of barrier, phosphate on inland side of barrier.

5. Soil Flushing with impermeable barrier, phytoremediation on the river side of barrier,
phosphate stabilization, and soil flushing on inland side of barrier.

a. Soil Flushing with impermeable barrier, natural attenuation on the river side of barrier,
liquid phosphate stabilization, and soil flushing on inland side of barrier.

The evaluation process narrowed the field to five potentially useful technologies: a Clinoptilolite
Permeable Barrier, a Sheet Pile/Cryogenic Impermeable Barrier, Monitored Natural Attenuation,
Phytoremediation, and Soil Flushing. The suggested technologies are generally lower in cost,
generate less waste, or possess a greater maturity than competing technologies for site-specific
contaminants.

The two barrier technologies would be constructed along the riverbank and used in conjunction
with the other three technologies. The historical stability and the information obtained from the river
model indicate that river velocity erosion potential resulting in impact to the performance of
subsurface barrier elements is considered negligible. Similarly, erosion potential associated with
proposed barriers construction is considered negligible under construction industry standard of
care practices and mitigation measures. Limiting access to the roadway and minimizing vibrations
during barrier installation activities would significantly reduce potential damage to the environment
that could be caused during construction.

The TAG evaluated the other three technologies in detail and made the following conclusions
and recommendations:

Monitored Natural Attenuation - the short half-life and strong sorption of Sr-80 make this an
attractive option. Hydrogeologic modeling provides the basis for predicting that movement of Sr-90
is slow and flushing by interaction with fluctuating river stages will not remove substantial amounts
of Sr-90 from the riverbank. This remediation method may be appropriate for the portion of the
plume far from the river but will do little to limit the current discharges of Sr-90 at the N-Springs that
are currently in excess of the regulatory limit. Long-term monitoring strategies are needed; these
may emerge as part of DOE efforts to establish protocols for Long-Term Stewardship (LTS). The
site meets the criteria established by DOE for monitored natural attenuation (MNA). We
recommend that, when LTS protocols are established, this option should be examined in more
detail.

Soil Flushing - this remediation option is likely to be effective in removing both radioactive and
non-radioactive Sr-90 from the site in the least amount of time. Modeling calculations indicate it is
possible to build a wellfield, then detect and control potential excursions. Long-term monitoring
may still be required after the flushing is nominally completed; it is recommended that this issue be
examined in more detail in consultation with regulators.

1-18
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Phytoremediation - the technology did not receive a detailed analysis in this study. However, it may
be the best 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 riparian 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 of the 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 areas of the plume using phosphate
stabilization. Current work in the DOE Tanks Focus Area provided new data that encouraged
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 Hanford 100N Area
e Sr-90 Sequestration by Apatite at the Hanford 100N Area

Currently, a chemical barrier composed of apatite is being tested as a primary treatment technology and
phytoremediation as a secondary treatment 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 phosphate 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 incorporates 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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Technology is being developed. If the technology proves successful, the test site will expand into
a full-sized barrier to protect the Columbia River along the length of the Sr-90 groundwater plume.

The method of constructing an apatite barrier in subsurface sediments at the 100-N Area is injecting an
aqueous solution containing a Ca-citrate complex and Na-phosphate into the groundwater. Citrate is
needed to keep Ca in solution long enough (days) to allow the injected solution to spread through the
Sr-90 contaminated aquifer. The relatively slow biodegradation of the Ca-citrate complex (days) allows
sufficient time to disperse the reagents through the aquifer where treatment is required. As Ca-citrate
degrades, the free Ca and phosphate ions combine to form amorphous apatite, as shown in Figure 1-11.
Amorphous apatite formation occurs within one week and crystalline apatite within a few weeks. Apatite
minerals are very stable and practically insoluble in water. The Sr-90 rapidly adsorbs onto the mineral
surfaces and then slowly substitutes for Ca in the mineral matrix over a period of months.

The timing of injections is very important to achieving the residence times needed for apatite formation in
the aquifer. The rate of water movement in the Hanford formation can be up to 10 times faster than
observed in the Ringold Formation, and flow in both formations respond to water elevations related to
Columbia River stage. To address this problem, the current plan is to inject the Ca-citrate-phosphate
solution separately into the Hanford formation and Ringold Formation, Unit E sediments. Simulations of
injections into the lower (less transmissive) Ringold Formation at sustained low and high river stage
reveal the river stage does not move the Ca-citrate-phosphate injection plume a significant distance before
apatite is precipitated. Therefore, injections into the Ringold Formation, Unit E, is best at lower river
stages (late fall) to get apatite movement toward the river, but the effort is not time dependent.

In contrast, apatite-forming solution injection into the Hanford formation rewetted zone needs to be done
during high river stage so the formation is water saturated (late spring). In addition, because solution
movement toward the river is desired, it would be advantageous for the injection at a high river stage
(saturating the formation) followed by a moderate river stage, to get slow flow toward the river.

In July 2005, the plan to inject apatite-forming chemicals into the soils beneath selected closed waste sites
was completed. The plan focused on soil and groundwater along approximately 91 m (300 ft) of the
Columbia River bank where Sr-90 concentrations are highest; testing was launched in 2006.

Throughout 2006 and 2007, a low-concentration, apatite-forming solution was injected through 10 wells
into the test area shallow groundwater. The objective of the low-concentration, calcium-citrate-phosphate
injections was to stabilize Sr-90 in the aquifer at the test site. The results and experience from the
low-concentration injections led to the design for higher concentration injections. During summer 2008,
16 wells were injected using adjusted techniques and chemical mixes. Apatite is slow to incorporate Sr-90
under field conditions, and it may take 1 year before results are collated and defined. The high chemical
mixture concentration has been decreasing slowly in some areas.

Despite these challenges, the monitoring data are encouraging and reveal apatite is forming, and Sr-90 is
being adsorbed as designed. Sr-90 concentrations, based on gross beta, fell below baseline levels in 19 of
20 wells. Data indicate Sr-90 in the remaining well, while exhibiting levels above baseline minimum
values, is on a downward trend.
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The average reduction in Sr-90 concentrations at four compliance monitoring wells was 95 percent
relative to the high end baseline range, and 84 percent relative to the low end, indicating the performance
objective specified in the treatability test plan (90 percent reduction in Sr-90 concentration) after one year
of treatment (PNNL, 2009, /00-NR-2 Apatite Treatability Test FY09 Status: High concentrations
Calcium-Citrate-Phosphate Solution Injection for In Situ Strontium-90 Immobilization, Draft

Letter Report).

Apatite technology is showing great promise as a remediation option. If the results remain positive, a plan
to expand the method to a full-scale treatment option will move forward.
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11 1.3.2 Phytoremediation

12 Phytoremediation (or more specifically phytoextraction) is a managed remediation technology in which
13 plants are used to extract or fix soil contaminants. The coyote willow (a common plant growing along the
14 banks of the Columbia River) was tested to become part of a treatment to stop Sr-90 from entering the

15  water. Early testing confirmed its effectiveness; these shrubs (Figure 1-12) will help restore the

16  environment by removing Sr-90 from groundwater and the vadose zone along the riparian zone. The

17 riparian zone or riparian area is the interface between land and a stream.
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Figure 1-12. Coyote Willows Growing in the Test Plot in the 100-K Area

Phytoremediation technology uses plants to extract and/or fix soil contaminants (DOE/RL-2008-66). The
coyote willow is considered the most suitable plant for use along the Columbia River shore. Known for
its rapid and robust regrowth abilities, coyote willow is already used extensively along the Columbia and
Yakima Rivers for bank stabilization and revegetation purposes. As part of a chain of remedial
technologies aimed at treating Sr-90, phytoremediation using coyote willow is a polishing step in multiple
processes protecting the river.

In the proposed configuration, the treatment system would first incorporate an apatite barrier
(previously described) designed to extract Sr-90 either present near the river now or expected to move
toward the river over the next 300 years. The phytoremediation treatment, designed as an extraction
system along the riparian zone of the Columbia River, would be constructed to address Sr-90 in the
vadose and saturated zones associated with the Columbia River riparian zone. Once the apatite barrier
was fully functional and the coyote willow had extracted the Sr-90 from the riparian zone, the
phytoremediation component will be discontinued.
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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 first year of the test, relatively little growth occurred while the plants became established and
developed root systems. In October 2007, the plants were pruned down to the trunk plus primary
branches. Forty-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, which was
in line with predictions.

The stem and foliage of coyote willows accumulating Sr-90 will present not only a mechanism to remove
the contaminant but 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
include 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 netting 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
nonexistent (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
developed; 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.

1.3.3 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



DOE/RL-2008-46-ADD5, DRAFT A
DECEMBER 10, 2009

1-24

166-N
Tank Farm




DOE/RL-2008-46-ADD5, DRAFT A
DECEMBER 10, 2009

A Phase 1 Bioremediation pilot system, which was installed in FY 2009 to address petroleum in the soil,
is operational in the 100-N Decision Unit. Bioremediation is the breakdown of petroleum to innocuous
byproducts by naturally occurring bacteria in the environment, a well-established remedial method for
petroleum. The form of bioremediation elected for this pilot testing is bioventing, injecting air into the
vadose zone to facilitate bioremediation by native biota. Bioventing increases oxygen in the subsurface,
which stimulates the growth of bacteria that survive in an oxygen-rich environment. These bacteria are
highly effective in breaking down the petroleum compounds into innocuous byproducts.

The pilot study includes seven bioremediation vadose wells conducting bioventing tests. Data collected
from this study will be used to evaluate the potential applicability of bioremediation to meet cleanup goals
for the petroleum waste sites at the 100-N Area and support design of a possible large-scale bioventing
system to address vadose zone petroleum.

Free-phase petroleum (diesel) was detected on the water table in Well 199-N-18, the well closest to the
1960s leak area (DOE/RL-95-111). A passive treatment method has been used in the well since

October 2003 to remove residual amounts of the free-phase diesel because it was too thin (less than 2 cm
[0.8 in.]) for removal by active remediation methods. The passive method uses a polymer with a
molecular structure that selectively absorbs petroleum from the surface of the water (that is, acting as

a sponge) while the device floats at the air/hydrocarbon/water interface (PNNL-14548, Hanford Site
Groundwater Monitoring for Fiscal Year 2003). A bundle of four cylinders are lowered into the well.

1-25




N W b W N =

10
11

12
13
14
15
16
17
18
19

20
21

22
23

24
25
26

27
28

29

DOE/RL-2008-46-ADD5, DRAFT A
DECEMBER 10, 2009

The cylinders are changed 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 Impact Assessment

An initial assessment of the current impacts of 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
ROD for the 100-NR-1 and 100-NR-2 Operable Units, Hanford Site, Benton County, Washington
(EPA/541/R-99/112, Interim Remedial 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 impact assessment. 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, technetium-99 (T¢c-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 tissue dose calculations for radionuclides (pﬁmarily 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.
e Habitat evaluations.

e Comparisons with upstream reference area (Vernita), 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




0NNV AW

et
[ o)

e e S R e e S N
O 00NN bW -

DOE/RL-2008-46-ADD5, DRAFT A
DECEMBER 10, 2009

Table 1-3. Summary of Preliminary Findings for the 100-NR-2 Ecological Impact Assessment

Health Status Indicators

Dose or
Guild Contaminant Evidence of Media

Plume Species Exposure Contamination Concentration Body Population/

Area Present? Pathway? in Biota? Exceeded?® Condition Histology Community
SPA Yes Yes Yes Yes Normal  Abnormal® Normal®
SDA Yes Yes No Yes Normal Not Normal®

Available
EMA Yes Yes Yes Yes Normal Normal Normal®

Source: DOE/RL-2006-26 Revision 1

a. Refers to dose calculations based on soil, sediment, or water and related exposure pathways and tissue
concentrations or threshold concentrations for soil, sediment, or water protective of aquatic and riparian biota.

b. A greater percentage of abnormal oocytes and cell shapes was reported for clam tissue than at the reference area.
However, the sample size may be too small to make a definitive conclusion.

c. Higher river stage during the survey and presence of riprap prevented access to the central portion of the SPA;
overlap from the EMA and SDA covered the sides of the SPA.

d. Population/community indicators primarily based on mollusk survey indicating a normal age class structure of
Corbicula in the study areas and presence of snail species indicative of north temperature streams with high water
quality.

EMA = elevated-metals areas
SDA
SPA

suspected diesel-contaminated area

strontium plume area

Strontium Plume Area. Levels of Sr-90 were elevated in Asiatic clams compared with Vernita;
however, estimated radiological doses for all biota evaluated were well below U.S. and international
thresholds. Minimal indication of adverse effects of Sr-90 contamination was found in health-status
indicators surveyed in these sampling efforts. The exception was a slightly higher frequency of abnormal
oocytes and an apparent increase in the frequency of digestive tract cellular abnormalities and digestive
gland hemocytosis in clam tissue samples from the strontium plume area compared to the reference area.
The zone with the highest clam tissue concentrations (N-Springs-3, near well 199-N-46 [Figure 1-15])
should be the target of alternative treatment methods to reduce Sr-90 exposures in the near-shore aquatic
zone (DOE/RL-2006-26). In addition, barium, cadmium, nickel, vanadium, and zinc were detected at
levels above ecological benchmarks in the strontium plume area.

Suspected Diesel-Contaminated Area. Indications of potential adverse effects were identified for the
section of shoreline (approximately 150 m [492 ft]) in the vicinity of the suspected diesel contaminated
area (SDA) from a spill that occurred in the 1960s. Data for shallow aquifer tubes (10 cm [3.9 in.] beneath
the riverbed) indicate the impacted area is anoxic with elevated dissolved iron and manganese
concentrations that exceed water quality benchmarks for the protection of aquatic life. The occurrence of
elevated iron and manganese concentrations is consistent with anaerobic microbial decomposition of
petroleum hydrocarbons, suggesting that this diesel-related contaminant plume will decline by natural
biodegradation processes. Additional follow-up sampling is warranted to better delineate the extent of the
impacted area.
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Figure 1-15. Sampling Regions Located Along the Shoreline at the
100-NR-2 Groundwater Operable Unit Study Area

Elevated-Metals Area. Barium, manganese, lead, and zinc in water; arsenic, barium, cadmium, lead, and
nickel in soil; and cadmium and zinc in biota exceed benchmarks for wildlife in the elevated metals area
(EMA), SDA, and the strontium plume area (SPA). Threshold exceedances of some of these metals may
not be attributable to 100-N Area operations. For example, metals from upstream sources (lead/zinc
mining and refinery operations in Canada and Idaho, and uranium mining near Spokane, Washington)
may account for above-background concentrations of lead, cadmium, and zinc (and possibly barium and
other metals) in environmental media and selected biota. Chromium was detected in clam tissue in the
EMA and SPA, but pore fluid concentrations of hexavalent chromium (CrVI) for springs and aquifer
tubes did not exceed the aquatic standard for chromium, a ubiquitous contaminant in the plutonium
production reactor areas. Lead was detected at elevated levels in two of the deer mice sampled in this
area, and maximum lead concentrations in soil in the EMA were above the most relevant screening
criteria for birds and mammals. Further sampling would be needed to better identify the exposure
pathway for lead and the extent of elevated lead in the riparian zone. Maximum concentrations of arsenic,
chromium, and uranium are also slightly greater in the EMA than the soil-screening criteria. The highest
concentrations of soil uranium were found at Vernita. The assessments are based on maximum observed
values compared against the most sensitive benchmarks. Modeling using the Ecological Contaminant
Exposure Model (based on median soil, water, and sediment concentrations of metals) did not indicate
unacceptable risk for these metals.

Polychlorinated Biphenyls. Some congeners of PCBS were detected in samples at the 100-NR-2 study
area, but concentrations were well below current ecological benchmarks and were comparable to
concentrations observed at Vernita.
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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 the
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 conducted 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 indicators
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.
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2 Site Background and Environmental Setting

Between 1943 and 1963, nine nuclear reactors were built along the Columbia River with the core function
of producing special nuclear materials for national defense. The 100-N Decision Unit includes the

N Reactor and its ancillary production and waste disposal facilities. This section describes the
background, history, and environmental setting of the 100-N Decision Unit and includes information on
the waste generated and known soil and groundwater contamination.

2.1 100-N Decision Unit Overview

The 100 Area(s) are located in the northern part of the Hanford Site along the south shore of the
Columbia River (Figure 2-1). The five decision units identified within the 100 Area(s) are composed of
source OUs and groundwater OUs (Chapter | and Figure 2-1). Source OUs address liquid, solid, and
radioactive waste disposal sites; groundwater OU’s address groundwater conditions found within the
decision unit. The 100-N Area source OU is 100-NR-1; the groundwater OU is 100-NR-2. The

100-N Decision Unit site information summary is in Table 2-1.

Table 2-1. 100-N Decision Unit Site Location Information

Decision Unit
Sub-Area Site iInformation

100-N Area is located upstream of the northwest bend of the Columbia River, between
100-N the 100-D/H and 100-K Decision Units. There is one production reactor, 105-N and its
associated infrastructure. The source area OU is 100-NR-1.

Groundwater The 100-NR-2 OU encompasses the groundwater beneath the100-N Decision Unit.

OU = operable unit
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D4 activities are ongoing at the 100-N Decision Unit, and ISS activities are in progress for the
105-N Reactor Building. The ISS of the N Reactor is scheduled for completion by 2012. Figures 2-2
and 2-3 provide aerial views of the 100-N Area before the start of ISS activities.

Figure 2-2. Aerial View of 100-N Area (1968; Source: DOE)
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Figure 2-3. Aerial View of 100-N Area and the Hanford Generating Plant, 1983

21.1 Process History Description

The Hanford site’s ninth defense materials production reactor, N Reactor, operated from 1964 to 1986.
Although there were many differences between this last reactor and the previous eight, the primary
difference was N Reactor had two separate cooling loops: the primary loop providing cooling to the fuel
elements, and the secondary loop providing water to remove heat from the primary system and release
heated water to the Columbia River. This two loop cooling system released significantly less radioactive
effluent (waste water) on a daily basis as compared to the 8 previous reactors. N Reactor’s primary
coolant system used from 378.54 to 5 678.12 liters (100 to 1,500 gals) per minute of fresh, treated water,
a vast decrease from the 132 489.42 to 397 468.25 liters (35,000 to 105,000 gals) per minute consumed
by Hanford’s single pass reactors (WHC-MR-0521). Table 2-2 summarizes significant milestones in

N Reactor Operations

Table 2-2. Significant Dates for 100-N Area Operation (from DOE/RL-90-22)

Date Milestones
May 13, 1959 Construction of N Reactor Began
September 1963 Construction of the Hanford Generating Plant began
December 1963 N Reactor went into production
March 1964 Construction of N Reactor was completed
November 1964 N Reactor reached 4,000 MW (thermal)
April 1966 HGP construction was completed
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Table 2-2. Significant Dates for 100-N Area Operation (from DOE/RL-90-22)

Date Milestones

December 1966 N Reactor reached 800 MW (electrical) (combined with
HGP output)

1975 N Reactor irradiated fuel storage began in KE Reactor
fuel storage basin

1981 N Reactor irradiated fuel storage began in KW Reactor
fuel storage basin

December 12, 1986 N Reactor placed in stand-down status

February 1988 N Reactor placed in cold standby

1989 Shipment of N Reactor irradiated fuel to 100-K Area was
completed

1990 N Reactor dewatered

October 1991 N Reactor ordered shut-down

Source: DOE/RL-90-22
HGP = Hanford Generating Project
MW = mixed waste

Materials that passed through the reactor for the manufacturing of special nuclear materials or contacted
items passing through the reactor were considered radiologically contaminated and represented the
majority of the wastes produced. Contaminant categories from the manufacturing process include

the following:

e Process inputs
— Raw materials to be processed through the reactor, such as uranium fuel and cooling water

— Process chemicals for water conditioning and inhibiting corrosion (hydrazine, and sodium
dichromate in the first years of operations) because water management was crucial to reactor
operations and represented a major input subsystem

— Materials used for reactor maintenance (acids, solvents, and heavy metals)

e Process outputs
— Isotopes and byproducts, such as Plutonium-239 (Pu-239), Sr-90
— Radioactive and chemically contaminated materials (solid and liquid wastes)
— Radioactive and chemically contaminated cooling water
— Uncontaminated waste materials

The irradiated fuel elements were shipped to the 200 Area for chemical processing. Unlike the single-pass
reactors, N Reactor decontamination solutions were often piped to storage facilities before being
transported to the 200 Area for disposal. During production, fuel element failures and infrastructure
failures (e.g., pipe leaks) resulted in contaminated materials released to the environment.
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Burial grounds at the 100-B/C, 100-K, and 100-D Areas were used to dispose contaminated solid wastes
generated at 100-N (DOE/RL-95-111; WHC-SD-EN-TI-239, /00-K Area Technical Baseline Report;
DUN-3063, Underground Radioactive materials at 100-D Plant); K Basins were used for long-term

N Reactor spent fuel storage (WHC-MR-0521). Wastes resulting from supporting reactor operations were
similarly disposed in each area according to phase, quantity, radioactivity, and composition (liquids,
solids; high/low mass or volume; high-level, low-level; strictly chemical; septic, and so forth).

2.1.1.1 Liquid Discharges

The 100-NR-1 OU includes liquid and solid waste disposal sites and unplanned release sites related to
operations associated with the 100-N Reactor.

Liquid wastes were disposed to the 100-N Area soil column and to the Columbia River through a variety
of disposal facilities including outfalls, spillways, cribs, ponds, pits, French drains, and septic systems.
Two Columbia River outfall structures were constructed in the 100-N Area: the 1908-N and

1908-NE Outfall Structures. The 1908-N Outfall (Figure 2-4 and Figure 2-5) was designed primarily for
the return of raw river water used to remove heat from the secondary cooling system. It also provided an
emergency disposal method for primary cooling water and fuel storage basin water should it be needed.
The outfall structure includes a reinforced-concrete weir box that discharged to the bottom of the
Columbia River through a 2.6 m (102 in.) diameter steel pipeline.

Figure 2-4. Construction of 1908-N Outfall and 100-N-79 Emergency Spillway (1961)
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102/07/05. 1908-N Spillway.

Figure 2-5. Contemporary Condition of 1908-N (2005)

The 1908-NE Outfall served the same purpose as the 1908-N Outfall, but serviced only the Hanford
Generating Project (HGP) facilities. Because the HGP was physically isolated from the reactor facilities,
this outfall did not provide for emergency disposal of water. The 1908-N and 1908-NE Outfalls were
permitted under the Hanford Site National Pollutant Discharge Elimination System (NPDES) permit and
are still identified in the permit. However, all discharges via these outfalls have been discontinued.

Wastewater collected from sumps and from drains designed to manage radioactive wastes within the
facility was discharged to the crib and trench facilities. These drains contained effluent from water quality
testing laboratories, personnel decontamination stations, waste transfer stations, and from floor drains
located in controlled contaminated areas of the reactor building. Settling and percolation ponds were used
in the 100-N Area to settle out solids from filter backwash, treat corrosive regeneration effluent, and
dispose of backwash effluents. The ponds were generally unlined trenches and relied on infiltration of the
liquid into the soil.

The 163-N Demineralization Plant provided demineralized water for N Reactor primary coolant systems.
Large ion-exchange columns were located in the plant to remove minerals from the filtered water. The
plant demineralized, filtered, and treated water from the 183-N Water Treatment Facility; degassed it; and
pumped it to a water storage tank. This water was used in the primary, secondary, and fuel storage basin
cooling water systems. Sodium hydroxide (NaOH ) and sulfuric acid (H,SO,4) were used to regenerate the
ion-exchange columns. Following regeneration, the NaOH and H,SO, were discharged to the

163-N Neutralization Pit and a French drain.
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In November 1988, the 120-N-2 Surface Impoundment was discontinued when the newly constructed
Elementary Neutralization Unit (ENU) was put online inside the 163-N Demineralization System facility.
The ENU neutralized the spent regenerant before discharge to the 120-N-1 Percolation Pond, and did so
with greater efficiency and operator control than was possible in the 120-N-2 Surface Impoundment
facility (WHC-SD-EN-TI-251; DOE/RL-90-22, Resource Conservation and Recovery Act of 1976
[RCRA] Facility Investigation/Corrective Measures Study Work Plan for the 100-NR-1 Operable Unit).

Primarily, radioactive effluents and wastes were generated within the 105-N Reactor Building and the
109-N Heat Transfer Building. The radioactive process effluent and waste streams ultimately were sent to
the 116-N-1 Crib and Trench (1301-N Facility), the 116-N-3 Crib and Trench (1325-N Facility), or the
1314-N Liquid Waste Loadout Station. In order to maintain low dose rates and an efficient cooling
system associated with the reactor core, the steam generator, and the fuel storage basin work areas, fresh
demineralized waters were added to these independent systems, and the wastewater (bleed off) was
discharged to the 116-N-1 (1301-N) and 116-N-3 (1325-N) cribs and trenches

Water released to the 116-N-1 and 116-N-3 Cribs eventually reached the Columbia River through the
groundwater system. The 100-N Reactor contains additional alloys and materials not present in the older
reactors. These materials were protected from corrosion and the heat transfer surfaces protected against
fouling by suitable water treatment, resulting in a reduced need for the addition of chemical corrosion
inhibitors such as sodium dichromate. Although not substantially used in the reactor cooling water
system, the historical record indicates 7 to 9 tons of sodium dichromate per year at the 100-N Area for
several years after start up for the rod cooling water system that discharged to the crib

(e.g., 1301-N/116-N-1 [DUN-4668, DUN-6205, and DUN-7162]). Thus, approximately 25 tons of
sodium dichromate was documented as discharged.

The sodium dichromate usage in the documented interval 1968 to 1970 was probably typical; therefore,
the usage period is likely 1963-1970 and potentially twice the documented inventory (e.g., about

45.4 m tons (50 tons) was discharged. No other historical documents mention sodium dichromate use, and
the early 1970s timeframe is coincident with process changes implemented at the 100-N Area for
environmental reasons (WHC-MR-0521). The “rod cooling system” in the cited documents is most likely
the reactor control rod cooling system; one of the periphery cooling systems discussed in
WHC-SD-EN-TI-251. Sodium dichromate was a corrosion control agent in that system and the spent
effluent was discharged to the 1301-N Crib.

A major oil release (302,833 L [80,000 gal]) of No 6 fuel oil occurred in 1966 when a 4 in. line lost
integrity through external corrosion in the 166-N Tank farm. The diesel oil drained through the soil to the
Columbia River. A trench was excavated along the riverbank to intercept the oil before it could reach the
river. Oil exposed at the trench was burned periodically through 1967 (DOE/RL-90-22). Remediation of
this spill continues (later in this Chapter).

2.1.2 Secondary Mission: Isotope Production and Electrical Power Generation at the
Hanford Generating Plant

Secondary missions beside the production of special nuclear material at N Reactor included tritium
production and electrical power generation (WHC-MR-0521; WHC-SD-EN-TI-251).

These secondary missions contributed specific waste management challenges for each reactor area and
introduced variations from the initial common design and requirements. The secondary missions
increased the complexity of waste management operations for each site in how they interfaced with the
main production mission and when they occurred.

28




BW N e

o0~ O W

11

12
13
14
15
16
17
18
19
20
21
22
Q.
24
25
26

27
28
29
30
31
32
33
34
35

36
37
38
39
40
41
42
43

44
@

DOE/RL-2008-46-ADD5, DRAFT A
DECEMBER 10, 2009

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 agreement 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 facilities (WHC-MR-0521).

21.3 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 indicated 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
site 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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Table 2-3. Summary of Waste Sites in the 100-N Decision Unit (April 2009)

Total
Number of Closed Interim No Not
Area Waste Sites®  Out® Closed® Action® Accepted® Accepted’ Discovery®
100-N Decision 175 1 17 1 37 92 27

Unit Total

a. Total number of sites includes discovery sites.

b. Closed Out: A waste site meets applicable cleanup standards or closure requirements (as a request of failing
cleanup actions).

c. Interim Closed: A waste site meets the cleanup standards specified in an interim record of decision
(as a request of failing cleanup actions).

d. No Action: A waste site does not require remedial action based on quantitative data collected from the site.

e. Not Accepted: Based on an assessment, a Waste Information Data System (WIDS) site is determined not to be
a waste site and is therefore not within the scope of the Hanford Federal Facility Agreement and Consent Order
Action Plan, as amended (Ecology, EPA, and DOE, 1998b) http://www.hanford.gov/?page=117&parent=92).
This classification requires lead regulatory agency approval.

f. Accepted: Based on an assessment, a WIDS site is determined to be a waste site as defined
Ecology et al. (1989b).

0. Discovery: A newly discovered WIDS site, with evidence of a potential waste site but the assessment is not yet
complete.

Four waste sites within the 100-NR-1 OU are treatment or disposal units under RCRA authority: 116-N-1
and 116-N-3 (1301-N and 1325-N LWDF), 120-N-1 (1324-NA percolation pond), and 120-N-2

(1324-N surface impoundment). RCRA Part A, Permit Application forms for these units were initially
submitted in 1986 and 1987.

In order to ensure all CERCLA hazardous substances (including radionuclides) were addressed during
closure and to make disposal of closure wastes in the Environmental Restoration Disposal Facility
(ERDF) (a CERCLA facility), the Tri-Parties subsequently developed an integrated CERCLA remedial
action and RCRA closure approach for these units. Under this approach, a corrective measures
study/closure plan document was developed, followed by a 1998 CERCLA Proposed Plan that included
draft RCRA Permit conditions. Following public comment, a CERCLA ROD was issued in 2000
containing remedial action requirements for the 116-N-1 and 116-N-3 treatment, storage, and disposal
(TSD) units (EPA/ROD/R10-00/120). Sampling of the 120-N-1 and 120-N-2 showed that no hazardous
substances were present. As a consequence, these units were excluded from the CERCLA ROD.
Concurrent with the ROD issuance process, the Hanford Facility RCRA Permit was modified to
incorporate closure requirements for the RCRA TSDs. Thus, joint RCRA and CERCLA authorities are
applicable to closure and remediation of the 116-N-1 and 116-N-3 Facilities. The 120-N-1 and

120-N-2 Facilities were closed pursuant to RCRA authority.

2.14 Orphan Sites Process and Remaining Sites

DOE has implemented a number of processes to identify new waste sites (work plan, Chapter 3). The
process of identifying new waste sites increases confidence that waste disposal and releases requiring
characterization and clean up within a given land parcel on the Hanford Site are addressed.

2-10
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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 that 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 Are 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 discovered 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.

21.5 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. After 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.

2-11
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Figure 2-6. 100-N Area (2002)

Table 2-4 shows the status of facilities within the Decision Unit. The description and history of each
decision unit facility is summarized in Appendix B.

Table 2-4. Summary Information on the Status of the 100-N Decision Unit Facilities

Status
Total Number
Area of Facilities Demolished* Removed* Active* Inactive*
100-NR-1 234 96 82 27 29

Reference: SIS, January 6, 2009.
* Status:
Active: Facility is occupied and in use supporting Hanford Site missions.
Demolished: Facility has been removed to grade (slab or foundation remains).
Inactive: Facility is no longer in use and is awaiting decommissioning and demolition.
Removed: Facility foundation is removed and any substructure is 30.5 to 91 cm (1 to 3 ft) below grade.

In 1995, CERCLA action memorandum directing the N Reactor be placed in ISS condition was issued
(CCN-119850, 105-N Reactor Building and 109-N Heat Exchanger Building Action Memorandum).

ISS represents a series of actions taken to protect the reactor from environmental degradation and prevent
the spread of contamination by “cocooning,” or providing an upgraded, weather-resistant shell to isolate
the reactor core until final remedial activities are conducted. The action minimizes the facility footprint by
removing peripheral reactor buildings and equipment, and disposing of that debris properly. Completion
of ISS activities at the N Reactor is projected for 2012.

2-12
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2.2 Environmental Setting

The 100 Area environmental 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 140 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 100-N Area. 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
radiocarbon 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

a relatively 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 unconfined aquifer. Table 2-5 shows the elevations and thicknesses of the Ringold Formation and
Hanford formation in the 100-N Area.
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Table 2-5. Elevation and Thickness of Major Geologic Units Beneath the 100-N Area

Top elevation Thickness
‘ Geologic Unit (m) range (m) Description
Hanford Formation 122 - 145 6-23 Uncemented pebble-cobble gravel
Ringold Unit E 118 - 128 5-20 Pebble-cobble gravel; variably cemented
Ringold Upper Mud 106 - 109 17-29 Silt and clay with minor sandy layers
Ringold Unit C 80 3-5 Sand
Ringold Paleosol-Overbank 75 38-43 Silt and sand
Interval
Ringold Unit B 40 20-22 Sand
Ringold Lower Mud 10 30 Clay and silt
Ringold Unit A -20 4-8 Gravel
Elephant Mountain -30 40 - 50 Basalt

Sources: WHC-SD-EN-EV-027 and Hanford Well Information System geologic logs.

The properties of these formations influence the distribution and behavior of contamination in the
subsurface. Within the 100-N Decision Unit, the vadose zone is composed mainly of the Hanford
formation with portions of the Ringold Unit E locally. Figure 2-7 provides a generalized geologic
stratigraphic section of the 100-N Decision Unit. Five new cross-sections were constructed to show the
geology throughout the 100-N Area. Data from several previous geologic reports, existing and
decommissioned wells, and data from new well installations were used to present the best depiction of the
100-N Area geology. Figure 2-8 (Locations of Cross-Sections within the 100-N Area) shows the locations
of the cross-sections within the 100-N Area. Figure 2-9 (Detailed View of Cross-Section E to E’) shows
the location of cross-section E to E’ in detail. The cross-sections show strontium-90 data collected for the
well or borehole (where available) during drilling activities. The data are shown for the intervals where
they were collected and represent the amount of Sr-90 present at that respective depth and decayed
through December 31, 2009. Two interesting points are shown by this data, where it is available: (1) the
bulk of the Sr-90 sampled is retained in the Hanford formation/vadose zone above current water table and
(2) the amount of Sr-90 present decreases with depth into the top of the Ringold Unit E and below current
water table. This is in direct correlation to the conceptual model information presented in Chapter 4.
Cross-section A to A’ (Figure 2-10) shows the general drop in elevation along the river shore as you
proceed down river. There is variation in the Hanford-Ringold Unit E contact along the length of the
section. There is also a “channel” cut into the Ringold Unit E near the upper portion of the section, which
will influence groundwater flow at the contact. Cross-section B to B’ (Figure 2-11) shows a
south-westerly dip in the contacts between the Hanford-Ringold Unit E and the Ringold Unit E-RUM on
the upriver end of the section. The “channel” in the Ringold formation is also evident in the middle of this
section. Cross-section C to C’ (Figure 2-12) also shows the “channel” in the top of the Ringold Unit E in
the middle of the section. Cross-section D to D’ (Figure 2-13) shows the elevation differences between
the upland and river shore portions of the 100-N Area. The section cuts across the existing apatite PRB
and through the head-ends of both the 1301-N and 1325-N Cribs. There is some variation in the contact
between the Hanford formation and the Ringold Unit E along the section; the contact is highest in
elevation near the 1301-N Crib and dips to the northwest towards the river shore. There is a dip in the
contact near the 1325-N Crib, but it rises in elevation again to the southeast of the crib. Cross-section E
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to E” (Figure 2-14) runs SW to NE along the existing apatite PRB, and represents a more detailed look at
wells within the larger A to A’ cross-section. There are two lower areas in the contact between the
Hanford and Ringold Unit E, one in the middle of the upper half of the barrier and one in the middle of
the lower half of the barrier. The contact dips to the NE at the end of the barrier. The contact between the
Ringold Unit E and RUM is consistent in elevation along the length of the barrier.
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Figure 2-8. Locations of Cross-Sections within 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, Unit C, RUM, and Unit E. Within the 100-N Decision Unit, the top of
the Ringold Formation 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 Ringold 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-dominated, 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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2.2.2.3 Hanford/Ringold Contact

The Hanford formation is more transmissive and permeable than the Ringold Formation and the contact
between the two potentially affects vadose zone and groundwater contaminant transport. Several criteria
differentiate the two units. The sand fraction in Hanford gravels generally contains 40 to 70 percent basalt
as compared to Ringold deposits that generally contain less than 25 percent basalt (WHC-SD-EN-TI-132;
WHC-SD-EN-EV-027; BHI-00135). Hanford gravels may display salt-and-pepper and gray coloring,
while Ringold gravels are generally oxidized and reddish-brown to yellow-red in color. Hanford gravels
tend to be less consolidated or cemented than Ringold gravels. Drilling rates are slower in the Ringold
Formation, which exhibits decreased hydraulic conductivity. Consequently, this contact may support
contaminant spreading because of hydrologic differences. Studies done at the Apatite permeable-reactive
barrier (PRB), installed along approximately 91.44 m (300 ft) of the Columbia River shoreline at 100-N,
have shown there are significant hydrologic differences between the Hanford and Ringold Formations.
The Hanford formation is much more transmissive than the underlying Ringold Unit E; however due to
hydrologic heterogeneity, the hydraulic conductivity in both units is highly variable. Typical values of
15.2 and 182 m/day (50 and 597 ft/day) have been used for modeling purposes for the Ringold and
Hanford units, respectively (Connelly, MP, 2001, Strontium-90 Transport in the Near-river Environment
at the 100-N Area, Innovative Treatment and Remediation Demonstration Program, HydroGeoLogic,
Reston, Virginia). A further example of the differences that can occur between the Hanford fm and
Ringold Unit E was demonstrated when development data from apatite PRB injection wells was used to
determine the specific capacity for each well. Specific capacity is the quantity of water a well can produce
per unit drawdown and provides a method for comparing the relative transmissivity of the aquifer. While
specific capacity is not directly proportional to hydraulic conductivity, it is an indicator of both hydraulic
conductivity and well efficiency. The specific capacity on the downstream half of the PRB is 10 to 30
times higher than the upstream portion of the barrier (PNNL-17429).

The Hanford/Ringold contact is irregular in the 100-N Decision Unit and was affected by post-Ringold
erosion (e.g., Pleistocene flooding). The elevation of the Hanford/Ringold contact within the

100-N Decision Unit is shown in Figure 2—15(WHC-SD-EN-TI-011, Geology of Northern Part of
Hanford Site Outline of Data Sources and Geologic Setting of 100 Areas).

2.2.2.4 Surface Deposits

The Holocene deposits consist of silt, sand, and gravel that form a relatively thin (up to 5 m [16ft]) veneer
across the 100-N Decision Unit. The sediments were deposited by a mix of windblown and alluvial
processes during the past 10,000 years and consist of very fine- to medium-grained angular to subangular
sand with minor silt and gravel. In some portions of the 100-N Decision Unit, the surficial sediments
consist of reworked backfill material from the Hanford formation (WHC-SD-EN-TI-011).

2.2.3 Hydrogeology

Liquid waste, including radionuclides and hazardous chemicals, has been discharged to the surface in the
100-N Decision Unit. Some of the contaminants reached groundwater. Understanding groundwater flow
and aquifer properties is necessary to properly monitor groundwater and track the spread of contaminants.

2.2.3.1 Aquifer Properties

The uppermost aquifer in the 100-N Decision Unit is unconfined, and comprises the sands and gravels of
Ringold Formation Unit E. During high river stage, the water table rises temporarily into the lower
portion of the Hanford formation near the river. The unconfined aquifer is approximately 9 to 12 m (30 to
40 ft) thick beneath the decision unit. Fine-grained units of the Ringold upper mud unit form the base of
the unconfined aquifer.
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Most of the 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 70ft/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 formations at the downstream site (near Well 199-N-137) than at the upstream site

(near Well 199-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 and Groundwater River Interaction

Both natural and artificial hydrologic processes 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 Columbia 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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Figure 2-17. 100-N Area Water Table Map, March 2008

Daily and seasonal changes in the Columbia River stage are controlled by the Priest Rapids Dam, located
upstream of the Hanford Site. During spring, the river level rises because snowmelt runoff is allowed to
flow through the dam. During these periods of high river stage, river water flows into the aquifer along
the Hanford Reach, causing the water table to rise throughout the 100 Areas. High-river stages can be
more than 3 m (10 ft) higher than low-river stages. River stage may fluctuate several feet over short time
intervals (i.e., hours to days) based on Priest Rapids Dam operations (DOE/RL-96-84). Changing river
stage influences groundwater elevations over 1 km (3,000 ft) inland from the river.
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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].

e  When the river stage was low, groundwater flow direction 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.
Similar mounds in the each of the 100 Areas raised the water table regionally through the entire northern
portion of the Hanford Site (WCH-SD-EN-TI1-023). 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 (699-81-58) appears to be still declining in 2009. The “bump” in water levels in the mid-1990s was
caused by higher-than-average river stage.
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Figure 2-18. Water Levels in 100-N Decision Unit Wells, 1962 through 2009

2.3 Known and Potential Contamination

This section summarizes previous investigations and the current understanding of the nature and extent of
vadose zone and groundwater contamination. Investigation results for the 100-N Decision Unit are
discussed in this section and were considered in the development of the CSM (Chapter 4).

A compact disk (CD) located in Appendix C-1 contains investigation data from the 100-N Decision Unit
in Excel format from samples taken within the 100-N Decision Unit. The CD contains data for soil,
groundwater, and aquifer tubes. Also included in Appendix C-1 is text containing explanations of these
datasets. For comparison with cleanup levels, soil background, and groundwater background see

WAC 173-340, DOE/RL-92-24, and DOE/RL-96-61, respectively.

2.3.1 Nature and Extent of Vadose Zone Contamination

Initial characterization of the vadose zone consisted of Limited Field Investigations (LFIs) performed in
the early 1990s. Additional information and data from the vadose zone has been gathered through wells
drilled for the groundwater monitoring program, remediation and characterization of waste sites that
began in 1996 under the authority provided by interim action RODs, and through implementation of
interim groundwater remediation technologies. The results from these investigations and activities
provide information about where contamination was detected in the 100-N Decision Unit. However,
vadose zone characterization beneath remediated waste sites is addressed in Chapter 4 of this addendum.
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2.3.1.1  100-N Area Source Operable Unit Field Investigations

To assess impacts associated with discharging effluent to the soil column at various waste sites, LFIs
were conducted for the 100-NR-1 OU in 1992 and 1995. The results (documented in DOE/RL-93-80 and
DOE/RL-96-11) indicate radiological contamination is the primary concern and assumed to be the main
contributor to overall risk within vadose zone soils. Cross-sections shown in Figures 2-10, 2-11, and 2-13
show Sr-90 concentration depth interval information associated with wells drilled along the river and near
the 1301-N Crib as part of the LFIs. In addition, metals are present at several sites, with some
concentrations exceeding Hanford site background values (DOE/RL-92-24, Rev. 4). Other contaminants
(e.g., volatile organic compounds [VOCs], semivolatile organic compounds [SVOCs], and PCBs) were
detected in relatively few samples at low concentrations.

As part of the LFIs, soils sampling and analyses of were performed at nine high priority waste sites.
Seven of the waste sites were intrusively investigated during the 1992 LFI (see Table 2-6) including the
116-N-2 Treatment and Storage Facility, 119-N Cooling Water Drain Line, 120-N-2 Surface
Impoundment, 1322-N Sampling Building, South Settling Pond, and 166-N Tank Farm (UN-100-N-17).
A test pit was excavated at the 120-N-1 Percolation Pond. Data collection and analyses were conducted in
accordance with DOE/RL-90-22. Contaminant of potential concerns (COPCs) and sampling requirements
were identified in BHI-00368, Data Quality Objectives Workshop Results for 1301-N and 1325-N
Characterization. Two waste sites were intrusively investigated in 1995, the 1301-N (116-N-1) and
1325-N (116-N-3) Liquid Waste Disposal Facilities (DOE/RL-96-11).

Other investigation methods conducted as part of the LFI’s include surface sediments sampling, field
screening for VOCs, metals, and radionuclides; sampling for geological and physical properties;
radiological and chemical constituents sampling; and borehole geophysical logging.

Samples were collected as part of the 1992 LFI (DOE/RL-93-80) to a maximum depth of 30.2 m (99 ft)
and were analyzed for various chemicals, radionuclides, and soil properties (including bulk density,
particle size distribution, moisture content, saturated hydraulic conductivity, and unsaturated hydraulic
conductivity). Summary information describing the LFI investigations is presented in Table 2-6. The
maximum extent of remedial action (i.e., remove, treat, and dispose) is in the table to provide an
indication of contamination removed (see this Chapter).

Table 2-6. Summary of 100-N Area Limited Field Investigation (Vadose)

Maximum Maximum
Number Depth of Extent of Maximum Extent
of Investigation Contamination of Remediation
Waste Site Boreholes Media m (ft) m (ft) m (ft) LFl
DOE/RL-93-80,

116-N-1 52 Soil 22.9 (75) 21.0 (69)' 6.5 (21.3) DOE/RL-96-11
N/A Accepted

116-N-2 1 Soil 7.2 (23.5) 6.4 (21) Waste Site DOE/RL-93-80

116-N-3 1 Sail 19.7 (64.5) 18.7 (61.5) 5.2 (17) DOE/RL-96-11
N/A Accepted

119-N Soil 7.6 (25) 7.3 (24) Waste Site”

120-N-1 1testpit  Soil 21.3 (70) 21.3(70) o* DOE/RL-93-80

120-N-2 1 Soil 23.5(77) 23.2 (76) 0° DOE/RL-93-80
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Table 2-6. Summary of 100-N Area Limited Field Investigation (Vadose)

Maximum Maximum
Number Depth of Extent of Maximum Extent
of Investigation Contamination of Remediation
Waste Site  Boreholes Media m (ft) m (ft) m (ft) LFI

100-N-58

(South

Settling Pond) 1 Sail 23.8 (78) 23.8(78) 0° DOE/RL-93-80
N/A Accepted

1322-N 1 Soil 7.5 (24.5) 6.9 (22.5) Waste Site® DOE/RL-93-80
N/A Accepted

166-N 1 Soll 22.9 (75) 226 (74) Waste Site® DOE/RL-93-80

a. 3 boreholes drilled as part of DOE/RL-93-80 (199-N-75, N-76, and N-80) not completed within waste
site footprint.

b. Two unplanned releases have been accepted for the 1322-NA site: UPR-100-N-9 and UPR-100-N-14.

c. Remedial/corrective action field activities at the 120-N-1, 120-N-2, and 100-N-58 sites were conducted in
September 2000, and included the removal and disposal of miscellaneous structural debris-type items
(CVP-2001-00021).

d. Two unplanned releases have been accepted for the 1322-NA site: UPR-100-N-4 and UPR-100-N-8.

e. Five unplanned releases have been accepted for the 1322-NA site: UPR-100-N-17, UPR-100-18,
UPR-100-N-20, UPR-N-24, and UPR-100-N-43.

f. Maximum value for boreholes drilled through waste site footprint.

The 1995 LFI was performed at the 1301-N (116-N-1) and 1325-N (116-N-3) Liquid Waste Disposal
Facilities (DOE/RL-96-11). The purpose, as established by the Tri-Parties, was to supplement previous
field investigations, verify historical information, and provide necessary information so the Tri-Parties
could address the following:

1. Determine if immediate action is required on soil at 116-N-1 (1301-N) and 116-N-3 (1325-N) to
protect groundwater.

2. Determine if, for the long-term, soil remediation is required to protect groundwater from a future
potential impact and, if so, when remediation should be performed.

The LFI field activities included borehole drilling, sampling, and geophysical logging to investigate both
contaminant and moisture distribution in soil(s) beneath the 1301-N and 1325-N facilities. The 1993 LFI
(DOE/RL-93-80) provided considerable information on near-surface contamination and subsurface
conditions at some distance from the facilities, but not within the facility footprints. Three new boreholes
(199-N-107A, 199-N-108A, and 199-N-109A) were drilled as part of the 1995 LFI. Borehole
199-N-107A was drilled within the 1301-N Crib, while boreholes 199-N-108A and 199-N-109A were
drilled immediately adjacent to the 1301-N Trench and 1325-N Crib, respectively. Soils from the
boreholes were surveyed in the field for radioactivity. Vadose zone soils were sampled and submitted for
physical, chemical, and radiological laboratory analyses. Downhole geophysical techniques were used to
measure gamma-ray emitting contaminants, soil density, and moisture distribution. In addition to the new
boreholes, four existing wells were geophysically logged.
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2.3.1.2 Interim Remedial Action and Existing Waste Site Contamination

Characterization of the 100-N Area waste sites began under the authority provided by DOE/RL-90-22,
RCRA Facility Investigation/Corrective Measures Study Work Plan for the 100-NR-1 Operable Unit and
continued under DOE/RL-96-39, 100-NR-1 Treatment, Storage, and Disposal Units Corrective Measures
Study/Closure Plan. 100-N Area waste sites remediation commenced under authority of the Interim
Action ROD (EPA/ROD/R10-99-112) in 1999.

The highest cobalt-60 (Co-60), cesium-137 (Cs-137), and Pu-239/240 concentrations detected in

100 Area soils were from the 100-N Area. The highest Co-60 concentration (18 & 1.80 pCi/g) was
detected west of the head end of the 116-N-1 Crib (1301-N). Additionally, soil at the head end but
southwest of the 116-N-1 Crib and Trench, contained the highest Cs-137 concentration

(2.2 £ 0.223 pCi/g). The highest Pu-239/240 concentration (0.06 + 0.008 pCi/g) detected was at the same
location as the highest Co-60 concentration (WHC-SD-ER-TI-251). RTD is the standard remedy selected
for source waste sites in the 100 Area. Remedial actions are designed to achieve RAO and goals specified in
interim action ROD:s for direct 0 to 4.6 m (0 to 15 ft) bgs and protection of groundwater and the

Columbia River. In practice, this has involved excavating wastes and soil exceeding cleanup criteria, and
disposing waste to the ERDF. Residual contamination (after the selected remedy) is sampled and modeled to
assess impacts to groundwater and the Columbia River. Where RAOs are achieved, the waste site is
considered interim closed. Remedial actions for contaminated sites in the 100-NR-1 OU are organized into
three categories.

One category is the 100-N RCRA TSD, which includes the 116-N-1 (1301-N) and 116-N-3 (1325-N)
LWDF, the 120-N-1 Percolation Pond, the 120-N-2 Surface Impoundment and associated pipelines, and
the South Settling Pond. Another category is represented by the river shoreline site, which is closely tied
to the remediation of the 100-NR-2 Groundwater OU and N-Springs. The final category is represented by
all other waste sites in the 100-NR-1 OU, which will be handled through the CERCLA process. These
waste sites consist primarily of liquid waste sites, spills and unplanned releases (including
petroleum-contaminated soils), and burn-pit/dumping areas. The remedial action remedy for the CERCLA
waste sites is under the authority of the Interim Action ROD, Interim Remedial Action Record of Decision
for the 100-NR-1 and 100-NR-2 Operable Units Hanford Site, Benton County, Washington
(EPA/ROD/R10-99/112) and the Explanation of Significant Differences for the 100 Area Remaining Sites
Interim Remedial Action Record of Decision and 100-NR- 1/100-NR-2 Operable Unit Interim Remedial
Action Record of Decision (EPA/ESD/R10-03/605).

The RD and implementation of the remedial action process for the CERCLA waste sites in the

100-NR-1 OU is described in the remedial design/remedial action work plan (RD/RAWP)
(DOE/RL-2005-93). The selected remedy for the CERCLA waste sites is remove/dispose for the majority
of the sites, and in situ and ex situ bioremediation of the petroleum-contaminated waste sites. Verification
of remedial actions for the RCRA TSD sites was addressed under Sampling and Analysis Plan for the
100-NR-1 Treatment, Storage, and Disposal Units during Remediation and Closeout (DOE/RL-2000-07).
The remedial action remedy for the river shoreline is institutional controls as defined in the interim
action ROD.

Determining clean closure or interim closed waste sites is based on data assembled in the cleanup
verification packages (CVPs) and summarized in Appendix C. These data support the premise that the
residual contamination at interim closed waste sites is less than the regulatory action level, meets, or
exceeds the remedial action goal. The primary statistical calculation to evaluate compliance with cleanup
standards is the 95 percent upper confidence limit (UCL) on the arithmetic mean of the data
(DOE/RL-2000-16, Rev. 2; DOE/RL-2000-07, Rev. 1; and WAC 173-340-740(7)(g)). The data in
Appendix C generally include the maximum concentrations and/or concentrations representing the
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95 percent UCL of waste site COCs for both the shallow and deep zones (0 to 4.5 m [0 to 15ft] and
greater than 4.5 m [15ft] bgs, respectively). The CVP (A list of the 100-N Decision Unit CVPs is
provided in Table 2-6) data and background information on the waste sites do not support the need for
additional characterization based on residual concentrations. The “clean closure” determination shows the
remedial actions were successful. In combination with the pre-excavation/removal drilling and sampling
efforts having characterized the vadose zone, therefore no further characterization is recommended A list

01NN BN -

of sites remediated in the 100-N Area (as of October 31, 2009) in accordance with the interim action
ROD (EPA/ROD/R10-99-112) is provided in Table 2-7.

Table 2-7. Closed Out and Interim Closed Out Waste Sites in the 100-N Decision Unit

HGP-CVP-SWMUs

100-N-1, HGP .
" : Interim Closed 5,6,7,8,9, &10,

100-N-1 Pond 100-NR-1 g\é\:\l\élu #6, Settling out Rev. 0. WSRF

2004-060
100-N-3,
Maintenance
Garage French
; . HGP-CVP-SWMUs

100-N-3 French Drain  100-NR-1  Drain: HGP-SWMU Interim Closed 55 775 9°g 10,
#9, Maintenance Out Rev. 0
Garage Waste T
Water Treatment
Unit

1004 Drain/Tile o0 npq  100-N-4, HGP Interim Closed 1 29 o 8 10" .

Field SWMU #5 Tile Field  Out TP '
Rev. 0.
100-N-41, 1701-NE
’ . : HGP-CVP-SWMUs
: Gate House Septic Interim Closed
100-N-41 Septic Tank 100-NR-1 Tank, HGP-SWMU Out 5,6,7,8,9,&10,
Rev. 0.
#9
100-N-45, 1703-N . HGP-CVP-SWMUs

100-N-45 Septic Tank  100-NR-1  Septic Tank, Oterim Closed  5,6,7,8,9, & 10,
HGP-SWMU #9 Rev. 0.

100-N-46, HGP Interim Closed HGP-CVP-SWMUs

100-N-46 Storage Tank  100-NR-1  Diesel Oil Storage o 56,7,8,9,&10,

ut

Tank Rev. 0.

100-N-5, HGP

Disposal and . HGP-CVP-SWMUs

100-N-5 Storage 100NR-1  Storage Area, HGP (o™ Closed 56,75 9,8 10,

ut

Bone Yard, Rev. 0.

HGP-SWMU #10

100-N-50, HGP

. SWMU 4, Turbine .

100-N-50 Single-Shell - 100-NR-1 il fiter Un, interim Closed  HOP-CYP-SWMUs
Turbine oil cleaning e ’ T
system
100-N-51, HGP
Building Oil Storage  Interim Closed HGP-CVP-SWMUs

100-N-51 Storage 100-NR-1 Area, 100-N-51A,  Out 1,2, 3, &4, Rev. 0.

HGP SWMU #2

240
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‘ Table 2-7. Closed Out and Interim Closed Out Waste Sites in the 100-N Decision Unit
' Operable U "~ Reclassification -
Site Code Site Type Unit Site Names ~ Status Closure Document
100-N-51B, HGP
Building Floor Interim Closed HGP-CVP-SWMUs
100-N-518 Sump 100-NR-1 Brains and Sumps,  Out 1,2,3,&4,Rev. 0.
HGP SWMU #3
100-N-52, HGP . HGP-CVP-SWMUs
100-N-52 Storage Tank ~ 100-NR-1  Gasoline Storage ~ Iefim Closed 576 775 9 4 10,
Out
Tank Rev. 0.
100-N-58, South
Pond, 120-N South
100-N-58 Pond 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
Maintenance Maintenance Interim Closed HGP-CVP-SWMUs
100-N-78 100-NR-1 5,6,7,8,9, & 10,
Shop Garage, HGP Out Rev. 0
SWMU #8 T
116-N-1, 1301-N
Liquid Waste .
116-N-1 Crib 100NR-1  Disposal Facilty, o™ C%®4  cvp.2006-00004
1301-N Crib and
Trench
116-N-3, 1325-N
Liquid Waste .
116-N-3 Crib 100NRA  Disposal Facilty, oo™ ©°%%¢  CvP-2002-00002
1325-N Crib and
Trench
1908-NE, HGP
y . HGP-CVP-SWMUs
1908-NE Outfall 100-NR-1 ggitlfdailr:'g 1908-NE - Interim Closed 5.6, 7,8,9, & 10,
HGP-SWMU #7 Rev. 0.
UPR-100-N-37,
Unplanned HGP Transformer Interim Closed HGP-CVP-SWMUs
UPR-100-N-37  Rolease 100-NR-1 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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2.3.1.3 Additional Vadose Zone Sampling Actions

In addition to the LFI and waste site remediation activities described above, additional vadose zone data
has been collected during well drilling for the groundwater monitoring program, other focused
investigation activities (BHI-00135), and implementation of groundwater remedial actions including the
installation of a groundwater pump-and-treat system (DOE/RL-95-111) and apatite barrier testing
(PNNL-16891, PNNL-16894, PNNL-17429).

2.3.2 Results Summary

The following section summarizes vadose zone sampling results from LFI, waste site remediation, and
other 100-N Decision Unit investigative activities.

2.3.2.1 Radionuclides

Based on the field investigation results, radiological contamination is the primary concern and assumed to
be the main contributor to overall risk within vadose zone soils. LFI sampling results are summarized in
Table 2-8.

Radionuclides detected above background included Co-60, Sr-90, Cs-137, radium-226 (Ra-226),
thorium-228 (Th-228), thorium-232 (Th-232), and uranium-238 (U-238). The highest radionuclide
concentrations were generally found in soils near the bottom of the 116-N-1 and 116-N-3 waste sites.

In general, radiological contamination is highest immediately beneath the former waste site engineered
structure, and decreases with depth within the vadose zone to the water table maxima established during
facility operations. Radionuclides were transported to the depth of the former water table, and those
contaminant concentrations increase from that point to the current water table.
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Table 2-8. Summary of the Limited Field Investigations for the 100-N Area

Relevant Informatior

116-N-1 Crib and Trench Am-241 cadmium acetone Radiological and metal contaminants

(1301-N) Cs-134 chromium carbon disulfide were obtained from two boreholes within
. Cs-137 lead methylene chloride the waste site in 1995 (1301-N and
Depth: 3.66 m (12 ft ;
Nﬁ%ber of bglréholeg: 2 Co-58 toluene 1325-N LF1). Organic analyses were not
Crib borehole 199-N 107A: 22.8 m Co-60 4-methyl 2- pentanone perform ed on these samples. Reported
(75 ft) depth Eu-154 2_butanone organic contaminants were from the three
Trench borehole 199-N-108A: Eu-155 bis(2-ethylhexyl) phthalate boreholes (199-N-75, 199-N-76, and
22 m (72 ft) depth manganese-54 di-n butylphthalate 199-N-80) located more than 81.5 m
Pu-238 n-nitrosodiohenylamine (300 ft) away from the 1301-N, toward the
Pu-239/240 i pheny Columbia River. The boreholes support
K-40 fluoride the 100-NR-2 LFI. Chemical analyses
Ra-226 sulfate from these three wells were part of the
Ra-228 nitrate 100-NR-1 LFI scope.
Sr-90 No pesticides or PCBs were detected.
Th-228 VOAs were found with the highest
Th-232 -
concentration at depths greater than
U-234 1
U-238 5 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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116-N-3 Crib and Trench
(1325-N)

Crib Depth: 3.6 m (12 ft)

Trench depth : 2.1 m (7 ft)
Number of borehole: 1

Crib borehole 199-N 109A: 19.5 m
(64 ft) depth

Table 2-8. Summary of the Limited Field Investigations for the 100-N Area

actinnum-228
Am-241
bismuth -214
Cs-137
Co-60
Eu-152
Eu-154
Eu-155
lead-214
manganese-54
Pu-238
Pu-239/240
K-40

Ra-224
Ra-226
Ra-228
Sr-90
Th-228
Th-232
U-234

U-235

U-238

No organic analyses were
performed.

Cadmium was not detected. Chromium,
lead, and nickel results were less than
background.

The highest concentrations of
radionuclide contaminations were near
the depth of the crib base.

120-N-1 Percolation Pond

Depth: 4.6 m (15 ft)
Number of test
pits: 1

NA copper
zinc

acetone

benzene
chloroform
methylene chloride
toluene

bis(2-ethylhexyl) phthalate
di-n butylphthalate

fluoride
sulfate

Radionuclide contamination was not
expected at this waste site, and none
was detected via field screening.
Laboratory analyses for radionuclides
were not performed.

No pesticides or PCBs were detected.
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Table 2-8. Summary of the Limited Field Investigations for the 100-N Area

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 m (15 ft acetone found, except for one elevated
Bofehole dept(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-ethylhexyl) 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 chloride 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 Cs-137 lead toluene SVOCs were detected in one surface
Number of boreholes: 1 (p:o_ggg 24 zinc aroclor-1260 sample, and may be associated with
Borehole depth: 7.5 m (24.5 ft) KUA;O 240 benzo(a)anthracene creosote, a wood preservative.
J 2 benzo(b)fluoranthene
FS‘ng 6 bis(2-ethylhexyl) phthalate
3 chrysene
Thé%%?éziz dimethylphthalate
U- 3 di-n butyiphthalate
U-238 fluoranthene
phenanthrene
pyrene
fluoride
sulfate
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Table 2-8. Summary of the Limited Field Investigations for the 100-N Area

116-N-2 Treatment and Storage Am-241 lead 1,1,1 trichloroethane Sr-90 was not detected in any samples.

Facility Cs-137 2-butanone . No pesticides were detected.

Number of borehole: 1 Co-60 methylene chloride

| tiqation depth: 7.2 m (23.5 fry PU-239/240 toluene SVOCs were detected from two surface
nvestigation depth: 7.2m (23.5 ft) K-40 samples, and may be associated with

1,4-dichlorobenzene
anthracene
aroclor-1254
aroclor-1260
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
chrysene
diethyiphthalate

di-n butylphthalate
fluoranthene
phenanthrene
pyrene

fluoride
nitrate
sulfate

Ra-226 creosote, a wood preservative.

Tc-99
Th-228
Th-232
U-233/234
U-238

-C

119-N Cooling Water Drain Line NA NA acetone Radionuclide contamination was not

Number of borehole: 1 methylene chloride expected at this waste site. No

Borehole depth: 7.6.m (25 ft) flu?cride radionuclide analyses were performed.
sulfate

: No inorganic compounds were detected
nitrate

above background.

No SVOCs, pesticides, or PCBs were
detected.
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Table 2-8. Summary of the Limited Field Investigations for the 100-N Area
R . T Metal i

- .. Relevant Information -

IAard

166-N Tank Farm Co-60 2-butanone The highest VOA concentration(s) were

. K-40 acetone found at depths from 16.5mto 21.6 m
Number of borehole: 1
B:)Jrrghole depth: 22.8 m (75 ft) Ra-226 benzene (54ft to 71 ft). The source of these
T Sr-90 ethylbenzene potential contaminants is likely related to
Th-228 toluene the UN-100-N-17 unplanned release.
6222?32 xylene No pesticides or PCBs were detected.
U-233/234 2-methylnaphthalene No inorganic compounds were detected
anthracene
. above background.
di-n-butylphthalate ) ]
fluorene All radionuclides were detected at greater
naphtha|ene than 46 m (15'&) depth
phenanthrene
pyrene
fluoride
sulfate
nitrate
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Am-241
Cs-134
Cs-137
Co-58
Co-60
Eu-152
Eu-154
Eu-155
K-40
LFi

NA
PCBs
Pu-238
Pu-239/240
Ra-224
Ra-226
Ra-228
Sr-90
SVOCs
Tc-99
Th-228
Th-232
U-233
U-234
U-238
VOAs

Table 2-8. Summary of the Limited Field Investigations for the 100-N Area

americium-241
cesium-134
cesium-137
cobalt-58
Cobalt-60
europium-152
europium-154
europium-155
potassium-40
limited field investigation

not available

polychlorinated biphenyls
Plutonium-238
Plutonium-239/240
radium-224

radium-226

radium-228

strontium-90

semivolatile organic compound
Technetium-99

thorium-228

thorium-232

uranium-233

uranium-234

uranium-238

volatile organic analyte
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Post remediation 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 feet 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),
116-N-1, 116-N-2, 116-N-3, 120-N-1, and 120-N-2 waste sites, and the 1322-N Facility. Metals detected
above 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 samples 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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Figure 2-19. Vadose Zone Boreholes Sampled for Strontium-90 within the 100-N Decision Unit
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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

(e.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 Ky), 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 [MCL]) 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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Figure 2-25. 100-N Decision Unit Average Strontium-90 Concentrations in the
100-N Area, Unconfined Aquifer
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1 Since shoreline monitoring began in 1985, the highest Sr-90 concentration detected has been
‘ 2 15,700 pCi/L from Well 199-N-46 (1988) (Figure 2-26).
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4 Figure 2-26. 100-N Decision Unit Strontium-90 in Groundwater at the Shoreline Study Area,

5 September 2008, Upper Part of Unconfined Aquifer (DOE/RL-2008-66)
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2.3.3.2 Nitrate

Nitrate concentrations exceed the drinking water standards (DWS) (45 mg/L) beneath a portion of the .

100-N Area (Figure 2-27). Sources for nitrate groundwater contamination include both pre-Hanford
(e.g., agriculture) and Hanford activities.

_120-N-1 Percolation
~  Pond and 120-N-2
7 Surface Impoundment

-~ Vi
Waste Sites == Nitrate, mg/L ®  Well Sampled in FY 2008 0 100 200 300 Meters
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Figure 2-27. Average FY2008 Nitrate in Groundwater within the
100-N Decision Unit, Unconfined Aquifer
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In FY 2008, the maximum concentration detected within the 100-N Decision Unit was 6,680 mg/L from
Well 199-N-143. This high-nitrate concentration is an artifact of Apatite Barrier Technology (ABT)
performed in this area, as evidenced by this high concentration observed in only one sampling round
shortly after injection of apatite solution, and the concentration is more that an order of magnitude higher
than upgradient wells. Nitrate concentrations exceeding the DWS were detected in 31 wells in the

100-N Decision Unit in FY 2008. The nitrate plume above the DWS covers an area of approximately
0.54 km? (0.21 mi?).

2.3.3.3 Petroleum

Petroleum hydrocarbons from a 1960s diesel fuel leak (DOE/RL-95-111) associated with the 166-N Tank
Farm reached groundwater. Petroleum has been detected in groundwater since 1987, when
petroleum-related constituent sampling in monitoring wells was initiated. Petroleum compounds have
been detected in wells near and downgradient from the former tank farm. The water table has petroleum
free product in Well 199-N-18, which is closest to the former leak site (Figure 4-3) and previously
exhibited the highest levels of groundwater contamination. In April 2008, this well had 150 mg/L total
petroleum hydrocarbons (TPH) in the diesel range. Relatively low levels of TPH have been detected in
wells and aquifer tubes downgradient of the former tank farm.

2.3.3.4 Tritium

In FY 2008, only one well, 199-N-32, had an average tritium concentration exceeding the DWS
(20,000 pCi/L). The maximum concentration in this well, located near the 116-N-3 Facility, was
22,000 pCi/L. Historically, the highest tritium concentration detected in 100-N Decision Unit wells was
400,000 pCi/L from well 199-N-3 in 1972.

Tritium concentrations in the groundwater beneath the 100-N Decision Unit have decreased more than
one order of magnitude since effluent discharges to the 116-N-3 Facility ceased in 1991 (Figure 2-28).

Tritium is generally evenly distributed throughout the unconfined aquifer. Concentrations in Wells
199-N-69 and 199-N-70, completed at the base of the unconfined aquifer, are approximately equal to
those detected in nearby shallow wells. Tritium concentration in Well 199-N-80, which monitors a sandy
interval in the RUM, was 15,000 pCi/L in FY 2008, and has not been above the MCL since 2005.

2.3.3.5 Total and Hexavalent Chromium

Hexavalent chromium is present within the 100-N Decision Unit. Groundwater monitoring for CrVI is
inconsistent and discontinuous in frequency and well location. Therefore, only one CrVI plume is
mappable using available data. This plume is located in the western portion of the decision unit where
a contaminant plume has migrated northeastward from the 100-K Decision Unit (Figure 2-29). Because
this plume originates in the 100-K Decision Unit, it will not be addressed by the 100-N Decision Unit
remedial actions.
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Figure 2-28. Tritium Concentrations in Groundwater near the 116-N-1 and 116-N-3 Waste Sites .
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Figure 2-29. Hexavalent Chromium on the Western Portion of the 100-N Decision Unit, Unconfined Aquifer

Near the N Reactor, CrVI has been analyzed from 23 groundwater samples; 11 monitoring wells in the
unconfined aquifer and 22 samples from 12 aquifer tubes. The analytical results from these non-filtered
samples revealed maximum CrVI concentrations up to 300 pg/L in monitoring wells (199-N-3 in 1969)
and 24 pg/L in aquifer tubes (C6318 in 2008). The last CrVI detection above 20 pg/L (the concentration
protective of aquatic receptors) was 60.3 pg/L from Well 199-N-64 in 2005, which was the only CrVI
sample collected from this well. CrVI is not a typical analyte in 100-N Area wells.

An insufficient number of CrVI samples were collected during any sampling event to provide the basis
for a plume map. As discussed in Chapter 4, additional sampling of existing monitoring wells for CrVI
is proposed.
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Total chromium samples 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 time (e.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 elevated concentrations observed were an
artifact of ABT performed in this area. The 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 considered 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 within the area of the Sr-90 plume. Contaminants such as iron,
manganese, and sulfate exceed the secondary DWS. The secondary DWS were established 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 present 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-90) 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 continued to exceed the secondary DWS (50 pg/L) in filtered samples from
two wells affected by petroleum contamination: 199-N-16 (371 pg/L) and 199-N-18 (4,570 pg/L). Iron
concentrations also exceeded the secondary DWS (300 pug/L) in well 199-N-18 (20,500 pug/L).

The former 120-N-1 Percolation Pond introduced sulfate and sodium to 100-N Area groundwater. The
highest sulfate concentration in FY 2008 was 251 mg/L in well 199-N-59, adjacent to the 120-N-1
Percolation Pond. This was the only well with a concentration above the 250 mg/L secondary DWS.
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Total chromium samples 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 time (e.g., Well 199-N-17).
In 2008, total chromium in filtered samples (assumed representative of CrV1) exceeded the 20 ug/L in
seven wells. Six wells are part of the apatite barrier, and the elevated concentrations observed were an
artifact of ABT performed in this area. The 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 considered 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 within the area of the Sr-90 plume. Contaminants such as iron,
manganese, and sulfate exceed the secondary DWS. The secondary DWS were established 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 present 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-90) 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 continued to exceed the secondary DWS (50 pg/L) in filtered samples from
two wells affected by petroleum contamination: 199-N-16 (371 pg/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 introduced sulfate and sodium to 100-N Area groundwater. The
highest sulfate concentration in FY 2008 was 251 mg/L in well 199-N-59, adjacent to the 120-N-1
Percolation Pond. This was the only well with a concentration above the 250 mg/L secondary DWS.
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3 lIdentification of Investigation Requirements

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 (Section 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 site key features, distills the information that is already known, and captures
decision to be made. It describes sources and receptors, interactions linking them, 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 that supports project needs, and addresses decision-making
requirements (including the design of remedial actions). The CSM is presented here 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-90, 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 of concern at other

100 Area reactor sites (particularly 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 (105-N) operated for the better part of 23 years frorn late 1963
through late 1986. In support of its operation 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-N® 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 LWDF 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 decontamination rinse solution
e Spent fuel storage basin cooling water overflow

¢ Building drains where radioactive solutions were generated

6 1301-N is also khown as 116-N-1; 1325-N is also known as 116-N-3.
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1 With the exception of the primary coolant loop decontamination rinse solution, which was generated
2 every two to four years (WHC-EP-0675), all solutions were generated and discharged continuously. The
3 coolant fluids and basin fluids were the primary sources of LWDF discharge (see Figure 4-1, adapted
4 from WCH-0675). These fluids became contaminated by contact with ruptured fuel elements and
5  subsequent dissolution of readily dissolvable isotopes. The fluids were piped from the N Reactor or the
6  fuel storage basin to the 1322-N Facility, then to the 1310-N Storage Facility or the cribs, depending on
7  the contamination levels. Fluids with unacceptably high contamination levels went to 1310-N and were
&  transport by rail to the 200 Area for disposal. Criteria defining the need to transport waste to the
9 200 Area, nor the destination were located in supporting documents.
M Springs .y
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2 for Eftluent
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I Figure 4-1. Primary Reactor Fluid Discharge Pathways in the 100 N Area
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4.1.1 Strontium-90 Releases

Readily available documentation provides summary level quantitative information about Sr-90 and other
radioactive contaminants and their concentration levels present in the various discharged fluids. The most
explicit discussion of early contamination levels was provided in DUN-7372, where measured
concentrations in reactor effluents were reported for about 25 radionuclides. The fluids were collected in
the winter of 1969 to 1970. Concentrations of notable contaminants that have been measured
subsequently in soils undemeath the cribs and in groundwater are listed in Table 4-1. Measurements were
also provided in DUN-7372 for a suite of radionuclides with half lives less than 1 year. The estimated
annual discharge volume for this inventory was 4.2E+09 L (1.1 1E+09 gal), of which 3.8E+09 L
(1.003E+09 gal) came from the reactor coolant systems and 4.0E+08 L (1.06E+08 gal) from the basins
overflow. From these data, it can be seen that the basin waters provided the majority of contaminant mass
to the 1301-N Crib in about 10 percent of the total discharge volume. The higher concentrations in the
basin fluids are apparently the result of more prolonged exposure to ruptured fuel rods in the fuel storage
basin compared to that in the reactor cooling systems and the discharge of particulates in fluids
accompanying fuel transfer to the storage basin (WHC-SD-RNTI-251).

Table 4-1. Radionuclide Concentrations and Estimated Annual Discharges
in 1969 to 1970 from N Reactor Effluents (DUN-7372)

Reactor Coolant Fluids

Annual
Primary Loop Rod Coolant Basin Fluids Total

Isotope pCi/L Ciryr pCi/L CilYr pCilL CilYr Ci
Co-60 6.4E+04 1.0E+02 1.5E+02 3.3E-01 1.0E+05 4.0E+01 1.4E+02
Sr-90 2.0E+01 3.2E-02 1.8E+02 3.9E-01 1.7E+04 6.8E+00 7.2E+00
Cs-137 1.2E+03 1.9E+00 1.3E+02 2.8E-01 6.6E+04 2.6E+01 2.8E+01
H-3 3.0E+05 1.20E+02 1.2E+02
Co-60 = cobalt-60
Cs-137 = cesium-137
H-3 = tritium
Sr-90 = strontium-90

Historical records of radioactive contaminant discharges indicate annual discharge volumes and average
radioactive contaminant concentrations were generally similar to those measured in 1969 and 1970.
Annual reports of crib discharges were prepared for most of the operations periods beginning in 1973.
These reports provided measured total volume releases to the cribs and contaminant contents

(both average concentrations and total quantities). A partial summary of these data is provided in

Table 4-2.
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Table 4-2. Annual Volume and Radioactive Contaminant Releases to 1301-N and 1325-N Liquid Waste Disposal Facilities

Annual Crib Discharges (L)

Discharged Inventory (Cl)

Average Concentrations (pCi/L)

Source Document Year 1301-N 1325-N Total Sr-90 Cs-137 Co-60 Sr-90 Cs-137 Co-60
UNI-3533 and 1964°  3.45E+09 3.45E+09 195 60 180  5.65E404  1.74E+04  521E+04
DOE/RL-96-11

1965°  3.45E+09 3.45E+09 195 60 180  5.65E+04  1.74E+04  521E+04
1966°  3.45E+09 3.45E+00 195 60 180  5.65E+04  1.74E+04  521E+04
1967°  3.45E+09 3.45E+09 270 88 200  7.82E+04  2.55E+04  5.79E+04
1968°  3.45E+09 3.45E+09 270 41 82  7.82E+04  1.19E+04  2.37E+04

DUN-7372 and 1969 4.18E+09 4.18E+09 74 28 84  1.77E+03  6.70E+03  2.01E+04
UNI-3533 1970 4.18E+09 4.18E+00 7.3 51 230  1.75E+03  1.22E+04  5.50E+04
UNI-3533 19717 3.45E+00 3.45E+00 17 92 330  492E+03  266E+04  9.55E+04
oS and 1972°  3.45E+09 3.45E+09 21 18 220  6.08E+03  5.21E+03  6.37E+04
DOE/RL-96-11 1973 3.18E+09 3.18E+09 16 48 320  504E+03  151E+04  1.01E+05
DOE/RL-96-11 1974 3.47E+09 3.47E+09 63 170 320  182E+04  4.90E+04  9.23E+04
DOE/RL-96-11 1975 3.47E+09 3.47E+09 93 240 370  268E+04  6.92E+04  1.07E+05
DOE/RL-96-11 1976 3.61E+09 3.61E+00 110 320 640  304E+04  B.86E+04  1.77E+05
DOE/RL-96-11 1977 5.29E+09 5.29E+09 120 380 870  227E+04  T7.18E+04  1.64E+05
DOE/RL-96-11 1978 4.56E+09 4.56E+00 120 340 940  263E+04  T7.45E+04  2.06E+05
DOE/RL-96-11 1979 4.93E+09 4.93E+09 130 290 770 264E+04  5.80E+04  1.56E+05
DOE/RL-06-11 1980 4.56E+00 4.56E+09 160 36 1200  351E+04  7.80E+03  263E+05
DOE/RL-96-11 1981 3.83E+09 3.83E+09 84 240 370  219E+04  6.26E+04  9.65E+04
DOE/RL-96-11 1982 3.83E+00 3.83E+09 140 270 500  3.65E+04  7.05E+04  1.30E+05
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Table 4-2. Annual Volume and Radioactive Contaminant Releases to 1301-N and 1325-N Liquid Waste Disposal Facilities

Annual Crib Discharges (L)

Discharged Inventory (Ci)

Average Concentrations (pCi/L)

Source Document Year 1301-N 1325-N Total Sr-90 Cs-137 Co-60 Sr-90 Cs-137 Co-60
DOE/RL-96-11 1983° 2.53E+09 7.15E+08 3.25E+09 110 200 770 3.39E+04 6.16E+04 2.37E+05
DOE/RL-96-11 1984° 2.96E+09 6.94E+08  3.65E+09 310 210 1500  8.49E+04 5.75E+04  4.11E+05
gg'é?gﬁ?gg[‘ﬂ 1985° 2.63E+09 1.02E+09  3.65E+09 240 88 590  6.58E+04  2.41E+04  1.62E+05
UNI-4370 1986 2.65E+09 2.65E+09 36.0 210 390 1.36E+04 7.94E+04 1.47E+05
DOE/RL-96-11 1987 7.67E+08 7.67E+08 15.0 48 200 1.96E+04 6.26E+04 2.61E+05
DOE/RL-96-11 1988 6.06E+08 6.06E+08 15.0 8 11 2.47E+04 1.32E+04 1.82E+04
DOE/RL-96-11 1989 6.06E+08 6.06E+08 28 23 33 4.62E+04 3.80E+04 5.45E+04
BHI-00368 1990 2.00E+08 2.00E+08 14 71 7.8 7.00E+04 3.55E+04 3.90E+04
BHI-00368 1991 NA NA 0.85 0.13 0.0048
BHI-00368 1992 NA NA 14 71 7.8
BHI-00368 1993 NA NA 0.85 0.13 0.0048
Totals 8.14E+10 7.26E+09 8.86E+10 2997 3633 11496

Source: UNI-3533, DOE/RL-96-11, DUN-7372, UNI-4370, BHI-00368
a.Because annual discharge volumes were unreported in these years, the values shown were extrapolated from early 1970s reported volumes. From

1964-1966, contaminant releases were also not reported and values shown are similarly extrapolated.

b.Fluids were discharged to both facilities in 1983, 1984, and 1985. The annual contaminant releases to each crib are assumed proportional to the discharge
volume ratios. For example in 1983, estimated annual Sr-90 releases to 1301-N and 1325-N are 24 and 85 Ci, respectively, in 1984, 59 and 251 Ci, and in
1985, 97 and 173 Ci.

Cs-137 =
Co-60
Sr-90

cesium-137
cobalt-60
strontium-90
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The Table 4-2 data shows that annual fluid discharges were relatively constant during the reactor
operations period but the annual contaminant releases were not. As an example, a comparison of annual
discharge volumes versus Sr-90 discharges is shown in Figure 4-2, where there is a general but
inconsistent correlation between the two data sets. During reactor operations between 1964 and 1987,
annual discharges fluctuated over a relatively small range between 3 and 5.5 E+9 L. During that time,

a substantial drop in the annual Sr-90 release occurred in 1969 versus 1968 (7.4 and 270 Ci, respectively).
Then for the remainder of the reactor operations periods, annual Sr-90 releases steadily increased. This
particular divergence in behavior has not been explained in the historical documentation but is attributed
to changes in basin overflow contamination levels, which responded to differences in ruptured fuel
storage practices and whatever administrative controls might have been placed on acceptable Sr-90 limits.
It is significant that almost a third of the total Sr-90 releases (about 1,125 Ci) are estimated to have been
discharged by 1969. This inventory is considered the primary source of Sr-90 that first reached N Springs
in the mid 1980s (see Section 4.4).

6.00E+09 i - 360
—&— Annual Crib Discharge Volumes (L)

—@— Annual Sr-90 Releases (Ci)

5.00E+09 - + 300
=
— 4.00E+09 + 240
£
E O
o o
> 3.00E+09 r 180 @
]
?; =
£ &
[S) 1
@ 2.00E+09 L 120 =
=) vy
1.00E+09 - - 60
0.00E+00 : i : -0
1960 1965 1970 1975 1980 1985 1990 1995

Year of Crib Operation

Figure 4-2. Comparison of Annual Fluid Discharges versus Annual
Strontium-90 Releases Into 1301-N and 1325-N

The end of reactor operations, which started between 1985 and 1986, is clearly indicated by the rapid
drop in both curves. Reactor operations began slowing in 1985 and the facility was put into cold standby
in early 1987, at which point the bulk of fluid discharges were associated with draining facility fluids as
part of the facility shutdown. The reductions in Sr-90 discharges were influenced by the startup of a basin
wastewater filtration program in late 1984 and the spent fuel transfers to the 100 K Area

basins (UNI-3880).

In addition to intentional releases of Sr-90-bearing liquid wastes, several unplanned releases (UPRs)
through cracked pipelines discharged Sr-90 and other radioactive contaminants to the subsurface.
Of these, the two most notable events were leaks at the 111-N spacer silos (UPR-100-N-3/118N and
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UPR-100-N-12/118-N-1, see Table 4-2) which released an estimated 80 and 120 pCi 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 Area facilities and waste sites with inventories 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 readings 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 users 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 ambient radiation over background conditions in the 100-N Area.
As a result of cleanup efforts at 105-N Basin, the report indicates the average dose rate calculated for

13 skyshine 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/BHI to P.M. 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 contribution of 25 mrem 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.c., interim remedial actions) as contaminants are effectively
removed and waste sites are backfilled. At the 116-N-1 and 116-N-3 Cribs, which were known historical
contributors of skyshine, contaminated soils were removed to a maximum depth of 6.5 m (21.3 ft). The
skyshine effect was further 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 underground 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])
and 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 mechanical and operational failures (pipe systems failures of transport
diesel and fuel oils, storage facilities overfilling, and spills during fuel transfers [WCH-323]) at these
facilities resulted 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
through an observed discrepancy in the fuel inventory. The line was excavated and repaired.
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Subsequently, numerous smaller leaks and some tank overflows released estimated fuel volumes of more
than 16600 L (4400 gal). Generally, these lines were also repaired.
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Figure 4-3. Location of the 166N Tank Farm and 184-N Day Tank Facility

4.1.3 Sodium Dichromate Releases

The primary function of sodium dichromate used in the N Reactor was to provide corrosion protection for
aluminum parts. These included ancillary equipment supporting the primary loop cooling system
(HW-69000), rod cooling system and aluminum-bearing fuel used during the tritium production runs
between 1965 and 1967 (WHC-MR-0521). Because of the reactor design, less sodium dichromate
(approximately 100 times less) was needed for corrosion control compared to that required at eight
constructed and operated single pass reactors in the 100 Area. Generally, using a recirculating cooling
water system reduced water usage at 105-N, and using more corrosion resistant metals in the fuel and
facility (e.g., Zircaloy) reduced the need for sodium dichromate as a corrosion reductant. Other chemicals,
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primarily hydrazine for oxygen control and morpholine for pH control, were used from the beginning of
reactor operations to minimize corrosion rates. Consequently, less sodium dichromate was used annually
and anecdotal historical information (BHI-00368) suggests sodium dichromate use at 105-N ended in the
early 1970s. Sodium dichromate use was last reported in 1973 (UNI-158) and the relatively small amount
suggests that the practice was essentially abandoned in 1972. Given this chronology, all sodium
dichromate used during operations was discharged to 1301-N LWDF from the N Reactor (105-N)
(Figure 4-1).

Sodium dichromate was stored in solid form at 105-N and mixed into cooling water as needed.
Documentation of sodium dichromate quantities use is available for 4 years, 1965 and 1968 through1970
(Table 4-3). For purposes of this discussion, an average mass of 6,804 kg (15,000 Ib) of sodium
dichromate are assumed in the years for which no documentation is readily available. Given the total
discharges, average concentrations in the discharge wastewater are estimated to be between 0.5 and 0.9
mg/L. These concentrations are consistent with those reported at the single pass reactors.

Table 4-3. Annual Wastewater Volume and Sodium Dichromate Releases
to 1301-N and 1325-N Liquid Waste Disposal Facilities

1301-N Sodium Average
Discharges Dichromate Cr Fraction Concentration
Document Source Year (Liyr) Used (Ib) (kg) (mg/L)
1964 3.45E+09 15,000 2,727 7.90E-01
RL-NRD-sta 1965 3.45E+09 11,280 2,051 5.94E-01
1966 3.45E+09 15,000 2,727 7.90E-01
1967 3.45E+09 15,000 2,727 7.90E-01
DUN-4668 1968 3.45E+09 15,700 2,855 8.26E-01
DUN-6205 1969 4.18E+09 18,400 3,345 8.00E-01
DUN-7162 1970 4.18E+09 15,300 2,782 6.66E-01
1971 3.45E+09 15,000 2,727 7.90E-01
1972 3.45E+09 15,000 2,727 7.90E-01
UNI-158 1973 3.18+09 200 36 1.1E-02
Totals 3.25E+10 135,680 24,704

Source: RL-NRD-828, DUN-4668, DUN-6205, DUN-7162, UNI-158
a An additional 9600 Ib of sodium dichromate was reported to be in storage as of January 1966.

4.1.4 Tritium and Nitrate Release

Tritium, like Sr-90, Cs-137, and Co-60, was a primary radioactive contaminant in the wastewater
discharged to 1301-N and 1325-N. Typical concentrations were 1E+05 pCi/L and approximately 6500 Ci
were released through 1301-N and 1325-N LWDFs. This total is the sum of annual estimates that were
documented in annual liquid effluent reports (1973 through 1989). For other years, the discharge
inventory was estimated by taking the product of the approximate average concentration (1E+05 pCi/L)
and the annual volume discharge estimates (Table 4-2). Given the short half-life of tritium (12.5 yr),
about 75 percent of this inventory has decayed.
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The source of nitrate has never been clearly determined. The common source of nitrate in wastewater is
nitric acid, which was used in many facilities. However, neither nitric acid nor nitrate was a reported
component of wastewater discharged into the 1301-N LWDF or 1325-N LWDF. The shape of the current
groundwater plume suggests that fluid losses from facilities around the N Reactor (105-N) were at least
partial sources. Given the lack of historical records about such losses, no inventory estimate can

be determined.

4.2 Contaminant Migration and Distribution in the Vadose Zone

Following discharge of contaminants into the subsurface (as described in this Chapter), migration through
the vadose zone began. The rate of migration and subsequent distribution within the vadose zone was
dependent on several dominant factors including the recharge history, contaminant-specific reactivity
with vadose zone soils, and the physical properties of the discharge facility floor and vadose zone
stratigraphy (e.g., thickness and permeability). At the 100 N Area, critical characteristics were the
creation of high recharge rate zones under 1301-N and 1325-N LWDFs during reactor operations,

a vadose zone stratigraphy consisting primarily of highly permeable Hanford formation sands and gravels
of moderate thickness, and contaminant reactivity ranging from essentially inert to highly reactive. In the
following sections the vadose zone characterization data for Sr-90, sodium dichromate, and petroleum are
described and interpreted in the context of the dominant environmental characteristics described above.

4,21 Strontium-90 Migration and Distribution in the Vadose Zone

Migration of Sr-90 through and its current distribution within the vadose zone has been strongly
influenced by the recharge history through 1301-N and 1325-N LWDFs and its reactivity with crib, trench
floor, and vadose zone sediments. The primary data set indicating the nature of Sr-90 migration in the
vadose zone is the suite of soil characterization data collected prior to, and during remediation. Given the
operations history, soil sampling locations, shown on Figure 4-4, have been concentrated near 1301-N
and 1325-N LWDFs, along the river shore downgradient of LWDFs, and in the intermediate zone
between 1301-N and the shore. At 1301-N, boreholes were drilled through and near the crib and samples
collected as a function of depth from the near surface into the unconfined aquifer. In addition, during the
later stages of operations (1981 to 1985), sediments were collected along the trench floor (TS-1 through
TS-9). Sampling was not as extensive at 1325-N LWDF and consisted of two boreholes in the crib area,
and operational period crib bottom samples (C-1 through C-12) taken in the latter stages of facility
operation (1985 to 1987). Finally, as both facilities were excavated during remediation (concrete
materials and underlying soils), cleanup verification soils were collected down to about 6.1 m (20 ft) bgs
throughout the length of the facility.
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Figure 4-4. Subsurface Sampling Locations for Sediments Contaminated
with Strontium-90 at 100 N Area

From these data, three characteristics are notable and are illustrated in Figure 4-5 and 4-6. In Figure 4-5,
Sr-90 concentrations are shown with depth in the vadose zone at four boreholes roughly parallel to the
long axis of 1301-N along with vadose zone stratigraphy. Also shown are water table levels at various
times. The head end of 1301-N is at the left of Figure 4-5. In Figure 4-6, similar information is shown for
downgradient wells, between 1301-N and the river shore.

First, the highest Sr-90 concentrations occur nearest the point of entry into the LWDFs, at pipe outlets,
and along the trenches. During operations at 1301-N LWDEF, Sr-90 concentrations at the TS-1 through
TS-12 locations were between 10* and 10° pCi/g and tended to decrease slightly with distance from the
crib. In the only borehole drilled directly into the 1301-N Crib (199-N-107A), Sr-90 concentration levels
in soils within 2 to 3 ft of the crib bottom ranged between 12,600 to 19,700 pCi/g. At 1325-N LWDF,
operations period measurements of soils near the crib bottom showed Sr-90 concentrations between

10% and 10° pCi/g, At borehole 199-N-109A (drilled at the edge of the 1325-N Crib), contamination levels
within 2 ft of the trench bottom ranged from 1080 to 1340 pCi/g.

4-11




This page intentionally left blank.

4-12

DOE/RL-2008-46-ADD5, DRAFT A
DECEMBER 10, 2009



FEET

Approx Location of Former
118-4-1 Crib and Trench

CROSS SECTIONA - A’

195-N-105A

s

2 33 Ringoid Fm Unit € T

7 T 3?:: -‘_

I‘;'i— Approx Water Table During Cperationc e
5 o .
= | 1
! - \
E i | e ‘.. == Approx Water Table
4 i Elev Range cincs 1992
2502 22
o | '~
>‘-n\ : - T RN T ——— —

. <" ] e
A strontium-90 Concentration (pClig)
S o Ref: HEIS, DOE/RL-96-11

P f-{?“. -
4 v oL o i it Strontlum-30 Concentration (pClig) decayad to 12/31/2003
= = using Half Life = 28.5 yrs
= - Below Detection Limit

Figure 4-5. Strontium-90 Concentrations with Depth at Five Boreholes

along the Long Axis of 1301-N

DOE/RL-2008-46-ADD5, DRAFT A
DECEMBER 10, 2009

FEET

L=}

— =

a

T
400

I
240

1800

4-13




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

1 This page intentionally left blank.




440 0 450 0

4200

CROSS SECTION B - B’

Ringodd Fm Unit =

e S ————

4000

360 0

H00

3400

(VST 8}

2

Approx Water Table During Op

DOE/RL-2008-46-ADD5, DRAFT A
DECEMBER 10, 2009

FEET

(=
198-14 [ 8
1

Approx Water Tabde
Elev Range clmoe 1562

Strontlum-30 Concantration (pClig)
Ref. HEIS, DOE/RL-36-11

Strontlum-50 Concentration (pClig) decayed to 1273172005

using Half Life = 28.5 yra

Below Detection Limit

Figure 4-6. Strontium-90 Concentrations with Depth at Five Boreholes

Downgradient of 1301-N Liquid Waste Disposal Facility

4-15




(3]

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

This page intentionally left blank.

4-16




o <BEN o)} Wb WN -

—
S O

[ I e R = =
OO0 AWV A WN -~

NN
N —

23
24
25
26
27
28
29
30
31
32
33
34
35

36
37
38
39
40
41
42
43
44

.45

DOE/RL-2008-46-ADD5, DRAFT A
‘ DECEMBER 10, 2009

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 depth 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, and 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
(BHI-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 m (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 if bulk density and average Sr-90 were unrealistically low. Recent
remediation efforts to remove contaminated soils at 1301-N and 1325-N have removed essentially all of
this source term (Section 2.3.1).

The 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 floor. 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 K, 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 filtration of Sr-90-bearing particulates. The most obvious
mechanism was concluded to be filtration of Sr-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
levels 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 K, value is correct. In these analyses, assumed K4 values of 10 and 15 ml/g resulted in a
good match between measured and modeled concentration versus time profiles at N Springs.




O 00NN B WN -

e
N - O

Y
w

[\ I e e e e
[e RN o RN B = NV T N

LW WD
— O D0~ B WN =

W
o

W W W W W W W
O 00 1 ON W bW

DOE/RL-2008-46-ADD5, DRAFT A
DECEMBER 10, 2009

Given the very high discharge rates during operations and moderate sorption, minimal Sr-90 that
penetrated more than a few feet below the crib/trench floor was retained in the portion of the vadose zone
present during operations. The lack of measured Sr-90 concentrations in this part of the current vadose
zone supports this hypothesis. The only small deviation from this general observation occurs at well
locations drilled very close to the initial point of wastewater discharge (e.g., wells 199-N-107A and
199-N-109A) where the most concentrated Sr-90 releases would have occurred. Even at these locations,
the drop off in Sr-90 concentration is rapid (see Sr-90 information in well 199-N-107A in Figure 4-5) and
the total inventory is therefore small. The presence of relatively elevated Sr-90 concentrations at the
bottom of the current vadose zone, but within the range of historical water table elevations, is indicative
of Sr-90 that reached the unconfined aquifer during operations. It remained in the current vadose zone
because the combination of retarded migration, due to sorption, and the rapid drop in the water table
underneath 1301-N and 1325-N following the end of operations slowed the migration rate.

4.2.2 Petroleum Product Migration and Distribution in the Vadose Zone

Migration of petroleum products through the vadose zone is inferred from vadose zone data collected at
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 few feet from the leak location. Ten samples were taken that covered the vadose zone
between 4.6 and 22.5 m (15 and 74 ft) bgs. A suite of VOCs and SVOCs was measured (DOE/RL-93-80)
that are considered species present in diesel fuel or degradation products (e.g., xylene, anthracene,
2-Methylnaphthalene). These contaminants were found between 18 and 22.5 m (59 and 74 ft) bgs.

Despite the limited nature of this database, several observations suggest minimal leaked petroleum
product remains in the vadose zone. First, while these samples were in the vadose zone at the time of
sampling in the early 1990s, they would have been at the top of the unconfined aquifer shortly after the
leak event because of the groundwater mounds established by wastewater discharges from

1301-N LWDF. Extrapolation of estimated water table elevation contours (see Section 4.4.1) suggests an
elevation of 16.8 to 17 m (55 to 56 ft) bgs in the mid 1960s. Second, the well’s proximity to the leak
location would make it the most likely to show vadose zone contamination if present. Third, petroleum
products likely migrated through the vadose zone as a non-aqueous phase liquid (NAPL) that did not react
chemically with vadose zone sediments, as indicated by current groundwater sample data showing at least
some of the petroleum product is still a NAPL (see Section 4.3.3). The highly permeable (primarily sandy
gravel) and thin vadose zone would have facilitated rapid migration and little dissolution.

4.2.3 Chromium Migration and Distribution in the Vadose Zone

Migration of chromium through, and its current distribution within, the vadose zone has been strongly
influenced by the recharge history through 1309-N and 1325-N LWDFs, and slightly influenced by its
interaction with vadose zone sediments. The primary data set indicates the nature of chromium migration
in the vadose zone is the suite of soil characterization data collected prior to and during remediation.

As with Sr-90, soil sampling locations (Figure 4-7) have been concentrated near 1301-N and

1325-N LWDFs, along the river shore downgradient of the LWDFs, and in the intermediate zone between
1301-N LWDF and the shore.
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Figure 4-7. Subsurface Sampling Locations for Sediments Contaminated
with Chromium at 100-N Area

From these data, two key characteristics are notable and illustrated in Figures 4-8 and 4-9. These figures
are similar to Figures 4-5 and 4-6, showing chromium contamination as a function of depth at various
well locations. As before, sampling locations are shown in the context of subsurface stratigraphy and
water table history. First, the highest chromium concentrations (46 and 58 mg/kg) occur at well
199-N-107A at the interface between the 1301-N Crib floor and the vadose zone. Sediment total
chromium concentrations decrease away from this location and the reductions at distant locations are
generally within factors of two to ten. However, concentration reductions show no consistent decrease
with distance either vertically or horizontally. Second, the collected data samples provide no indication of
a well-defined volume of vadose zone chromium contamination in the sense that chromium is present at
elevated levels at all available sample locations and is found throughout the vadose zone.

Higher chromium levels were also measured in vadose sediments collected underneath and around the
1324-NA Percolation Pond and 1324-N Surface Impoundment at Wells 199-N-72, 199-N-77, 199-N-88
and 199-N-89 (Figure 4-7). Elevated chromium concentrations ranged between 10 and 15 mg/kg, and
higher concentrations were found near the surface and near the bottom of the vadose zone in some of the
boreholes. The occurrence of these higher concentrations appears related to facility use, primarily
neutralization of acidic and caustic fluids from the 163-N Demineralization Plant. Given that the
1324-NA Percolation Pond was unlined, some of the relatively extreme pH solutions could have entered
the vadose zone before complete neutralization, and dissolved natural chromium. If so, transport deeper
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into the vadose zone and entry into the unconfined aquifer is plausible. Another possibility is that
chromium contamination could have been present in the effluents as trace contamination. Given the high
discharge rates of about 605,600 L/day (160,000 gal/day) (DOE/RL-80-63) at the 1324-N/1324-NA
Area, total inventory loss could have been environmentally significant, although unlikely to approach the
sodium dichromate inventory used deliberately for corrosion control.

The key observations summarized above suggest the following conceptual model for chromium migration
through the vadose zone. Historical record indicates chromium was discharged to the 1301-N LWDF, but
not 1325-N LWDF. Once discharged into the 1301-N Crib and 1301-N Trench, chromium migration was
slightly retarded at the crib and trench floors. Consequently, a small fraction of the total chromium mass
received by 1301-N was retained at the near surface. A rough calculation of the chromium content at the
1301-N Crib, assuming the 199-N-107A concentrations of about 50 mg/kg distributed over a 1-m (3.3-ft)
thick layer underneath the 1301-N Crib, produces a total chromium mass of no more than a few thousand
kilograms of chromium. This mass represents a few percent of the estimated total mass discharge of over
100,000 kg (220,462 1b) (Table 4-1).

The lack of chromium retardation is consistent with observations of rapid chromium migration rates at
other 100 Area locations where widespread chromium contamination in the unconfined aquifer is present,
particularly in the 100-D and 100-K Areas. The extensive chromium aquifer contamination at 100-D and
100-K Areas is attributed to large-scale wastewater discharges similar to those at 1301-N and 1325-N
LWDFs (e.g., the 116-K-2 trench received approximately 300 billion liters of wastewater containing
chromium over a 16-year period).

The small fraction of initial chromium inventory near the 1301-N floor/vadose zone interface has
probably remained because of a combination of physical entrapment processes (e.g., particulate filtration)
and various chemical reactions. Studies of chromium interactions with subsurface soils at other 100 Area
sites are applicable to this site and provide insight into the mechanisms that control chromium migration.
For example, sediments were collected from underneath the 116-D-7 and 116-H-7 Retention Basins as
part of remediation field studies and leached (CVP-99-00007and CVP-2000-00027). These sediments had
been thoroughly leached by chronic leaks from the basins for more than 10 years, and laboratory leaching
studies were able to remove less than 1 percent of the remaining chromium present in the collected
sediments. This observation leads to the conclusion that the remaining chromium in the soil was leach
resistant because of chemically binding reactions.

A more detailed leaching and characterization study was completed using near surface soils (less than

3 m) (less than 10 ft) bgs collected near sodium dichromate storage tanks and railroad tracks in the

100 BC Area (PNNL-17674). In this study, two types of leaching behavior were observed. First, large
fractions of the CrV1 in the contaminated soil were eluted in the first pore volume (about 65 percent) and
about 4 percent of the initial mass was released in the next five pore volumes. The remaining CrVI
leached much more slowly and at the end of the experiment (after exposure to 25 pore volumes) between
10 and 30 percent of the CrVI remained in the contaminated soils. Microscale characterization of the
sediments suggested that leach resistant CrVI may be precipitated in a barium chromate phase and/or
incorporated in alumino-silicates and/or iron-rich alumino-silicates. Association of chromium with iron
bearing minerals also suggests localized reduction of chromium (VI) to chromium (III) by iron (II).
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Considered collectively, these experimental results suggest that after CrVI is 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 CrVT 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 the 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 extensive wastewater discharge 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.

4.2.4 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 physical 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 LWDFs, 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 Area. At peak
river stage levels in midsummer, 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 early 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) and a moderate vadose zone thickness of about 21.3 m (70 ft). A map view of the
groundwater mound underneath 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.

4-26



Gr oundwater Bevation {ft)

415

405

395

390

385 4
Jan-59

DOE/RL-2008-46-ADD5, DRAFT A
DECEMBER 10, 2009

—— 1325-N Operations
A A Y S AT R A LR £ R SRR,
1301-N Operations

.

- 699-06-60
& 199-N-27
Legend
Montoang Mel
AL B ,"“
T . Al
Aoy
/ Fo il
4 | [ b por 2
' r -y r'.‘x

Jar-64 Jan-69 Jan-72 lar-79 Jan-84 Jan-89 Jan-94 Jan-593 fan0& Jan-09%
Date

Figure 4-10. Water Table Elevations at Wells near 1301-N and 1325-N
Liquid Waste Disposal Facilities

4-27




DOE/RL-2008-46-ADD5, DRAFT A
DECEMBER 10, 2009

0 250 500 750 1,000 Feet

e Legend '
e R ey

= —— Groundwater Contour (ft)

o 50 100 150 200 250 300 Meters

&
fi:'
ST 00 e
/”, \\
= i
,/’ ,,,, oy Lo \\
' I N
4 4 - \
AT N \
A N \ \%
b N\, \
i & 258 N \©
i , \ \
a —— oL X \
{ ( [ RPN, - N\
/ e N/ >
o {7 \ & A e \
V4 \ &8 N, S < \
| - 0 \ \ \
i \ \ \"t \ ! \ \
‘\ 1 \‘ o l’ { \ “
\ \ \\ \‘- < } \I
¥ X e ~—— H {
X% ~——__ o i HENS
\, } 1325-)
\ S 1
\ g, < 7
\, ™~ - /
AN e e /
105N RN 57 v
", 4
\\N "‘
——————————————— o

Figure 4-11. Water Table Mound Associated with 1301-N Crib and Trench - July 1965;
Reproduced from DOE/RL-90-22 Draft B

This groundwater mound was maintained into the mid 1980s when wastewater discharges transitioned
from the 1301-N LWDF to the 1325-N LWDF between 1983 and 1985. Over this time period, the
groundwater mound under the 1301-N LWDF dissipated and the water table began to rise under the
1325-N LWDF. The extent of the groundwater mound that formed under 1325-N is not well bounded, but
the available data suggest it was most pronounced in 1985 and lasted into 1989. The mounding effects are
inferred from the comparison of head data at Well 199-N-32 west of 1325-N versus Well 199-N-52 east
of 1325-N LWDF (Figure 4-12). During the period of high volume discharges, water table elevations
were higher at well 199-N-32 because it was nearer to the discharge point. About 1990, when high
volume discharges ceased, relative water table elevations reversed and were higher at Well 199-N-52
because it is upgradient of Well 199-N-32 in the natural unperturbed flow regime.

Despite the continued discharges into the 1325-N LWDF, a general decline in water table elevation began
at the end of 1985 and continued thereafter with the exception of a response to some undocumented
discharge event that occurred in 1989 causing the spike shown in Figures 4-10 and 4-12. This gradual
decline was due to a combination of two factors, discharge at a greater distance from the river and

decreasing annual discharge volumes after 1985. By 1991, the natural flow condition was essentially
restored (Figure 4-13).
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Figure 4-12. Comparison of Water Table Elevations over Time at Groundwater

Monitoring Wells near 1325-N Liquid Waste Disposal Facility
(Wells 199-N-32 and 199-N-52)
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Figure 4-13. Current Water Table Elevations - 100-N Decision Unit - 2009

River stage fluctuations and associated changes in groundwater fluxes at the shoreline occur continuously
and have occurred throughout the period pertinent to this discussion. The jagged profiles in water table
elevations shown in 100-N Decision Unit monitoring wells (e.g., 699-86-60 and 199-N-27 in Figure 4-10)
after cessation of operations illustrate this phenomenon. Water table changes on a larger scale are shown
in Figure 4-13 where water table conditions are shown at high and low river stage in 1995. These changes
occur because the weight of the water column in the river provides an opposing hydraulic pressure to that
provided by recharge into the unconfined aquifer. While aquifer recharge provides a relative constant
hydraulic pressure, river stage changes apply variable degrees of opposing pressure, thereby changing the
net flux almost continuously.

At maximum river stage in midsummer, the water table elevates over the entire 100-N Area and net water
flux is inland (Figure 4-14a). Conversely, at minimum river stage, the water table drops and net flux is
into the Columbia River (Figure 4-14b). A comparison of water table contours in Figure 4-13 shows that
inland flow is not uniform because of variable permeability in the rewetted vadose zone, which is
composed of different lenses, with different particle size distributions. Examination of these differing
water table contours shows an oscillation of primary groundwater flow direction occurs annually because
of seasonal changes in river elevations. Flow direction downgradient of 1301-N ranges from
northwesterly to almost northerly.

4-30




DOE/RL-2008-46-ADD5, DRAFT A
DECEMBER 10, 2009

Northing /
- 150500 a 771
June 1995

Water Table
L 150300 (High Columbia River Stage)

= 150100
149900 ug
Jn’;m-""z
1182260 1&“}3 117;)1&
- 149700 11797

= 149500

118 4874

e T

7 . AT
7 3 7
- 148900 ‘ '

1 1 =1

Easting 571000 ,‘ 571200 71400 S71600 371800 572000 572200 572400
5 10 1 1 = o= = &

State Plane Coordinates (meters)

Meters
e
0 100 200 300 400 ‘
N
Feet E
O

0 300 600 900 1200

100-N Area

/M Groundwater Elevation Lsopleth (m)

N-71 Well Number (Prefixed with 199-)
° Well Locanon
100 Plotted Value
Water Elevaton
(m above MSIL)
; 119.25

119
118.75
118.5
118.25
118
117.75
1175
117.25
117
116.75
116.5
116.25
116

372600 573000 373200
g 1 1

Northing
- 150500 b

October 1995

Water Table

L 150300 (low Columbia River Stage)
- 150100
- 149900

- 149700

149500

ol .r‘,: 100
/

- 145900

Easung 571000 /'l 571200 S71400 571600 S71800 572000 572200 S72400
= L 1 1 1 1 1 L 1

State Plane Coordinates (meters)

Meters

0 100 200 300 100 ‘

// !
Feet

100-N Area

/i
M Grotindwater Flevanon Isopleth (m)

N-T1 Well Number (Prefixed with 199-)
. Well Location
100 Plotted Value

Water Elevation
(m above MSL)
119.25
119
118.75
118.5
118.25
118
117.75
L1785
117.25
117
116.75
116.5
116.25
116

$72600 572800 573000 373200
1 1 1 1

Figure 4-14. 100-N Area Water Table Map for June and October 1995 (Hydrogeologic, 1999)
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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 Umatilla 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 reported 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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Figure 4-15. Measured Annual Average Strontium-90 Concentrations at N-Springs (pCi/L) and
Estimate Inventory Flux into the Columbia River

When high volume discharges to the 1325-N LWDF were terminated in 1990, Sr-90 migration through
the unconfined aquifer slowed substantially. For example, Figure 4-15 shows a nearly five-fold decrease
in the average Sr-90 concentration at the river shore between 1990 and 1991, illustrating transport rates
from upgradient sources were no longer sufficient to increase or maintain shoreline concentration levels.
This hypothesis is supported by groundwater data collected since then in the 100- N Area. Generally, the
data downgradient of the 1301-N LWDF show very little change in plume concentration contours,
suggesting minimal Sr-90 migration since the early 1990s. For example, Figure 4-16 shows Sr-90
concentrations and head data at two wells that bound the extent of high Sr-90 distribution in the
subsurface (i.e., well 199-N-67 30 m north of 1301-N Crib and well 199-N-14 north of 1301-N Trench
[Figure 4-1]). In both wells Sr-90 concentrations vary over a small range, particularly after 1992, and the
average value changes very little. The current regional Sr-90 distribution in the unconfined aquifer is
shown in Figure 4-17.
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Figure 4-17. Current Strontium-90- Distribution in the Unconfined Aquifer
under the 100-N Area

Given the relative spatial stability of fluid Sr-90 concentration contours in the unconfined aquifer, the
sorbed portion of Sr-90 in the aquifer must have been essentially fixed since the early 1990s. The
subsurface soils characterization and aquifer data collected as a function of depth in the aquifer show the
following notable characteristics:

e Strontium-90 is generally distributed in a thin layer (approximately 3 m (10 ft) thick) around the
current water table, mostly in the upper part of the Ringold E Unit. The contaminated layer is found
along the entire crib/trench length and north of the trench (see Figures 4-5 and 4-6). Less than 100 Ci
of Sr-90 have been estimated as present in this layer with about 99 percent sorbed and 1 percent in
solution (PNNL, 10899).
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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 sample
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 less 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 underneath 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
unconfined aquifer as a line source underneath the 1301-N LWDF 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 elevated 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. For 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 last 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 measured 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.
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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 understand 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 completed 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 from the river 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 unaffected 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
potential 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 Product 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. Petroleum 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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migrated toward the Columbia River from the 1966 spill, and burning continued until about 1969. The
trench was backfilled in 1994.

Currently, some portion of the discharged inventory remains in the subsurface by the Columbia River.
Recent monitoring and characterization efforts indicate a relatively narrow area downgradient of the leak
location that is currently contaminated with petroleum products (Figure 4-19). The largest concentrations
of total hydrocarbons-diesel range (TPH-DR) are found in Well 199-N-18 where concentrations in excess
of 1E+05 pg/l have been measured (Figure 4-20). Other characterization data suggest the heart of the
plume trends along a northwest line from well 199-H-18, between Wells 199-N-73 and 199-N-96A and
into the aquifer tube cluster N-116m ARRAY-0A (shown on Figure 4-19 as the group C6475, C6133, and
C6476). This trend is consistent with the regional gradient. In this zone, source term inventory is clearly
still present. Recent soil characterization data collected at Well 199-N-173 and near the shoreline

(Figure 4-19) show TPH-DR concentrations ranging from 30 to 1,200 mg/kg (PNNL-18645).
Contamination at these sites is present throughout the lower vadose zone sediments periodically wetted at
high river stage and concentration levels increase with depth.
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Figure 4-19. Sediment and Groundwater Sampling Locations where Total Petroleum
Hydrocarbons-Diesel Range have been Measured

4-39




W N

[e <IN | N U A

11
12
13
14
15
16
17
18
19

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

199-N-18
Total petroleum hydrocarbons - diesel range (ug/L)

1e+006
8e+005
6e+005

o
4e+005

. /\

2e+005 , T\i(\‘

0e+000 H

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

— Trend ® Detect -0~ Undetect

Figure 4-20. Total Petroleum Hydrocarbons-Diesel Range Measurements at Well 199-N-18

These data suggest a reasonable and expected migration direction for this plume in the future, but
migration rates and the length of time for plume dissipation is uncertain because of poorly quantified
residual inventory and the uncertain nature of immiscible fluid migration characteristics.

4.3.4 Chromium Migration and Distribution in the Unconfined Aquifer

The majority of chromium that entered the unconfined aquifer originated from discharges through the
1301-N LWDF. Given its high solubility and lack of sorption to subsurface sediments, chromium is
assumed to have entered the unconfined aquifer over a fairly large flux plane, and very shortly after
discharges began at the 1301-N LWDF. The size of the flux plane was determined by the amount of
lateral migration of 1301-N discharge volumes in the vadose zone before vertical movement became the
dominant flow direction. As discussed in Section 4.3.3, the measurement of slightly elevated chromium
near the bottom of the 1325-N Trench is attributed to lateral spreading of 1301-N wastewater containing
dissolved chromium. This observation corresponds to a lateral spreading distance of about 500 m
(approximately 1,640 ft). If so, lateral spreading in the vadose zone could have reached the river shore.
Similar types of releases may also have occurred under 1325-N and 1324-NA, which operated from 1977
until the end of reactor operations. The facility received an average of 605,600 L/day (160,000 gal/day)
(DOE/RL-93-80), enough discharge volume to drive some lateral spreading.
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During the reactor operations period, the large hydraulic gradients imposed and maintained by crib
discharges forced very rapid migration of non-sorbing contaminants to the river shore. In 1969,

1-131 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 LWDF, 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. The 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 ug/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 1301-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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Figure 4-22. Tritium Contamination Levels (pCi/L) at Groundwater Monitoring Well 199-N-4
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Figure 4-23. Annual Average Tritium Concentrations (pCi/L) at N Springs
(100 Area Liquid Effluent Reports)

Following the cessation of reactor discharges, most of the tritium was present in the unconfined aquifer.
Tritium migration rates slowed with the reduction in hydraulic gradient, and contamination levels have

been diminishing since then because of the decay. Currently, average tritium measurements in all wells

are below the maximum concentration limit of 20,000 pCi/L and will continue to decrease because

of decay.

The nitrate migration patterns indicated by groundwater monitoring data available since the early 1970s
are difficult to interpret because of uncertainty about the source term or source terms and incomplete
chronological and spatial coverage for nitrate contamination levels. Only three monitoring wells around
1301-N were used to measure nitrate concentrations in the 1970s and few wells cover the period from
1965 to present. One of the more complete records is available at well 199-N-3 downgradient of 1301-N
(Figure 4-24). Several characteristics are notable.

e In the mid 1970s, concentrations ranged from 5,000-10,000 pg/L. Similar nitrate contamination levels
were measured in this period at wells 199-N-4 and 199-N-5 near the 1301-N crib and 199-N-14 north
of the 1301-N trench.

e By the carly 1980s, nitrate concentrations began to rise, and in late 1985, a sharp nitrate peak
occurred at followed by a rapid drop in concentration until about 1990. This peak was measured about
the same time at wells to the west, around 105-N and slightly earlier at some wells to the east around
1325-N in May of 1985. High concentrations were generally between 100,000 and 150,000 pg/L
around 1301-N and between 105-N and the river shore.
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e Since about 1990, a general increase in nitrate concentration began and has continued in contrast to

water table elevations, which have 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
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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 simultaneously in multiple areas suggests a broad contaminant plume over much of the
100-N Area at the same time. If so, perhaps two plumes have entered the area, one in the early 1980s and
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another in the early 1990s, which is ongoing. The reason for the dip in the contour curve between 1301-N
and 105-N (Figure 4-25) is not clearly understood. It is interesting to note that this area readily increases
in water table elevation during high river stages (see Figure 4-14a). This commonality may indicate

a zone where river stage effects are more effective removing nitrate.
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Figure 4-25. Current Regional Distribution of Nitrate in the 100-N Area
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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 and 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 reduction 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
were 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 needs, 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.

441 100-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 of interim remedial actions for the 93 unremediated sites is described and directed by
DOE/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 to 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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Vadose zone contaminant nature and extent needed to assess
protection of groundwater beneath unremediated waste sites.

Characterize unremediated
waste sites to assess nature
and extent of contamination
in the vadose zone.

Table 4-4. Identified Data Gaps and Needs for the 100-N Decision Unit

Soil sampling associated with
interim remedial actions efficiently
obtains necessary data defining
levels of residual contamination.
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Complete contaminated soil
remediation and necessary sampling
at 93 waste sites in the 100-N
Decision Unit. The location of
unremediated waste sites is shown in
Appendix B.

health and the environment.

Data collected to support remediation are
needed to assess risk for direct exposure,
protection of groundwater, and protection of the
Columbia River.

Vadose zone contaminant nature and extent needed to assess
protection of groundwater beneath remediated waste sites.

Determine if the Sr-90 hot
spot or petroleum is
migrating, and the nature of
the RUM.

See dataneeds 5and 7.

Yes

None

Characterization will be performed to validate the
effectiveness of the interim remedial action,
address uncertainty regarding nature and extent
of residual contamination in soils, and refine the
conceptual site mode! (if necessary).

Vadose zone contaminant nature and extent needed to assess
protection of groundwater around reactor structures.

Characterize waste sites
around the reactor structure
to assess nature and extent
of contamination in the
vadose zone near the
reactor.

Data are needed to determine the
nature and vertical extent of
contamination in the vadose zone
around reactor structures (105-N
and 109-N Reactor/Heat Exchange
Building).

Yes

Continue contaminated soil removal
and sampling at waste sites around
and associated with the 105-N/109-N
sites. The locations of these waste
sites are shown in Appendix B.

The ongoing soil remediation program provides
an efficient mechanism to identity waste sites
around the reactor and provides data after
remediation to assess the potential for residual
contamination to have a negative impact in the
area of the reactor.

Unidentified waste sites (orphan/discovery sites) may exist in the
decision unit.

Identify new waste sites and
potential sources of
contamination.

Complete orphan site evaluation
process in the 100-N Decision Unit.

Yes

Complete orphan site evaluation
process in 100-N Decision Unit.

The orphan site evaluation and waste site
discovery process provides and effective
mechanism to identify new waste sites and
sources that are not in CERCLA

decision documents.

The nature and extent of contamination in the unconfined aquifer
above cleanup standards has not been defined in select areas.

Define additional
groundwater needs to
support groundwater
remediation decisions.

Evaluate(drill one wel!) the potential
for Sr-90 “hot spot” to impact
remedial actions, define the scope of
the petroleum contamination (drill
one well) sufficiently to support
potential remediation, and sample
18 wells to better define existing
levels of contamination (See Gap
#13).

Yes

Install two new wells (Figure 4-26).
One well (sampling points #1, is
proposed to define the extent of the
Sr-90 “hot spot” adjacent to and
down gradient of 116-N-1 and serve
as an indicator of movement.
Samples will be collected in N Area
wells at the Hanford/Ringold contact.

Well #2 is proposed to further define
the nature and extent of
contamination relating to diesel

fuel spills.

Sample existing wells for chromium
and CrVI to spatially and temporally
represent these contaminants in
groundwater within the decision unit.

A new well is proposed to better define the
extent of Sr-90 “hot-spot” and address the
impact of any potential movement on
proposed remedies.

A second new well is defined near the petroleum
spill to support remedy selection and potentially
to support remediation.

Sampling 18 groundwater wells is proposed
because wells within the unit have not been
sampled consistently for chromium and CrVI| as
well as to define the extent of groundwater
contaminants not sampled in recent

sampling events.
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The level of contamination entering the Columbia River is not
well known.

Estimate the level of
groundwater contamination
entering the river.

Groundwater contamination at N
Springs and the N Area has been
studied and modeled (Connelly et al)
since shortly after the start of N
Reactor Operations. More recently
aquifer tubes have been added to
support estimates of groundwater
discharge to the river. Sampling
should be continued and moved to a
monthly interval. Direct
measurement of groundwater
upwelling will be completed in early
2010.

Table 4-4. Identified Data Gaps and Needs for the 100-N Decision Unit

Yes

Monitor aquifer tubes on monthly
basis as conditions warrant for
petroleum, tritium, and nitrate in
addition to the existing suite of
analytes.

Collect groundwater upwelling
samples in the Columbia River.
Groundwater upwelling sampling and
analysis in the Columbia River
channel are planned for the spring of
2010 as part of an ongoing effort.

Aquifer tube data and “upwelling data” provide a
valid basis to estimate the impacts of N Area
contamination on the river's human risk
assessment. To support re-evaluation of
remedial activities, additional data relative to
changing river stage are needed from the
near-shore environment.

More frequent sampling of the aquifer tubes will
provide better temporal data to assess potential
impacts to aquatic receptors.

The fate and transport of contaminants beneath the unconfined
aquifer has not been evaluated.

Confirm the RUM in the area
of N Decision Unit is an
aquitard and that flow and
contaminant transport is
minimal.

Limited data indicate there is
contamination in the upper few feet
of the RUM over DWS (total
chromium in well 199-N-80) The
nearly21.6 m (70 ft) silt unit is
generally considered to possess low
transmissivity. However, sandy
pockets are known to exist that can
be highly transmissive. Very limited
information on the lithology, soil
properties, and the depth to which
contamination may exist is available.

Complete two wells into the RUM to
assess potential sand lenses, and
confirm the aquitard nature of

the RUM.

Yes

Drill and sample soil and
groundwater from two new wells
drilled approximately 15.24 m (50 ft)
into the RUM. The locations are
shown as boreholes R1, and R2 in
Figure 4-26.

Additional Soil Samples: Split
spoon soil samples at total depth
(1.5 m [5 ft]) into the RUM will be
collected from the well instalied to
evaluate the Sr-90 “hot spot” as
described in Data Need #4. This well
is labeled as R2 on Figure 4-26.

Only two Wells (199-N-80 and 199-N-8P) have
been installed in the RUM in the 100-N Decision
Unit, Total chromium has been detected in the
one of the wells above water quality standards.

Groundwater contaminant concentrations in the
100-N Decision Unit remain above the aquatic
and DWS in wells completed beneath the
unconfined aquifer.

These data recognize the importance of
validating the assumption of a relatively low
transmissive and uncontaminated unit on
estimates of groundwater impacts due to
upwelling within the river.

It is unknown if contamination within the RUM will adversely
impact aquatic receptors in the Columbia River.

See data need #7.

N/A

N/A

N/A

N/A

The rate of exchange of groundwater between the groundwater
and the river is unknown.

Not applicable to the
N Decision Unit.

The study of N-Springs historical
information, past modeling, and the
recent addition of the apatite barrier
have provided reasonable estimates
of groundwater/river interactions.

N/A

The mass distribution in the subsurface within the vadose zone,
periodically rewetted zone, aquifer, and aquitard for select
contaminants is uncertain.

10

Vadose information is
needed to better evaluate the
extent of the residual
contamination remaining
from past petroleum leaks.

The understanding of the vadose
sources of contamination is
sufficient for the major COPCs with
the exception of petroleum products
to conduct an alternatives analysis.
See data need number 5.

Yes

Petroleum: drill and sample soil and
groundwater from one new well
(Well 2, Figure 4-26) drilled into the

aquifer. Details are found in the SAP.

Additional data are needed to address
remediation decisions at this past leak.

Potential alternative remedial technologies for groundwater have
not been sufficiently investigated.

Not applicable to the
N Decision Unit.

Remedial alternatives have been
discussed and evaluated since the
initial Action Memo was issued in
1996.

No
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Table 4-4. Identified Data Gaps and Needs for the 100-N Decision Unit

Insufficient data are available to support a fate and transport 12 Not applicable to the Multiple modeling studies have No N/A No additional fate and transport modeling is

evaluations. N Decision Unit. been conducted during the expected, beyond wh.aF yvill be supported by
evaluation of remedial alternatives. ongoing remedial activities.

These analyses would be
considered sufficient to support any
additional RI/FS modeling, if

necessary.
Data are needed to better define the spatial and temporal 13 Collect and analyze Additional groundwater data are Yes Collect groundwater data that This spatial/temporal groundwater data is
distribution of groundwater contamination. groundwater samples from needed that are spatially chemically, spatially, and temporally needed to address uncertainties associated with
select monitoring wells. representative of the decision unit, represents the groundwater decision the initial groundwater risk resuits.
reflect river stage influence, and unit. Eighteen existing wells
include groundwater COPCs. (Figure 4-27) will be sampled and

analyzed for this purpose.

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980
COPC = contaminant of potential concern

Crvi = hexavalent chromium

DWS = drinking water standard

FS = feasibility study

N/A = not applicable

RI = remedial investigation

RUM = Ringold Upper Mud

SAP = sampling and analysis ptan

Sr-90 = strontium-90
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Available information indicates 151 waste sites are in this decision unit, with 58 sites remediated or
dispositioned in accordance with an interim action ROD or other regulatory guidance. In an effort to
determine those sites that may require further characterization to address CSM uncertainties, a decision
tree (i.e., work plan) was used to sort these sites into the following three general categories:

o No further characterization required

o Further characterization needed under other programs (CVP or remaining site verification package;
not the RI/FS)

e Further characterization indicated under the 100-N Decision Unit RI/FS

To establish which sites to consider for further soil characterization under the 100-N Decision Unit RI/FS,
waste sites or facilities previously remediated and interim closed and possessing the following
characteristics, were identified:

e Historically affected groundwater quality

¢ Evidence of deep soil contamination

e In or near high concentration groundwater plumes

e Low volumes of high concentration liquids were disposed

e Possible data needs were identified in the systematic planning workshop

The data and information available for sites with the above characteristics were reviewed and evaluated
by subject matter experts in contaminant fate and transport, site remediation, risk assessment, and
environmental modeling. Based on the evaluation, no sites were identified for further soil characterization
to address CSM uncertainties regarding contaminant distribution in the vadose zone and groundwater
protection. Excavation and removal of the waste sites, followed by cleanup verification package sampling
and analyses along with previous borehole characterization data eliminate the need for additional drilling.

Data Need #3: Characterize waste sites around the reactor structure to assess nature and extent of
contamination in the vadose zone.

Data Need Description: Data are needed to determine the nature and vertical extent of contamination in
the vadose zone around reactor structures (105-N Reactor and 109-N Heat Exchange Building).

This data need will be filled by obtaining verification data collected during remediation of waste sites
around and associated with the 105-N Reactor and the 109-N Heat Exchange Building. After cleanup
verification data are available to characterize these waste sites, evaluation will be performed to assess the
need for additional characterization. The need to determine the extent of contamination in the soils around
the 105-N Reactor and the 109 Heat Exchange Building will generally be guided by remedial action goals
for protection of groundwater and protection of the Columbia River.

Data Need #4: Identify new waste sites and potential sources of contamination.
Data Need Description: Complete orphan site evaluation process.

The orphan site evaluation process identifies new waste sites (i.e., discovery sites) and sources not in
CERCLA decision documents. The orphan site process has been performed for the 100-NR-1 OU and the
report is currently under regulatory review.
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Table 4-5. Proposed 100-N Decision Unit Characterization

Source sites scheduled for evaluation, characterization and or remediation* 93
New boreholes (vadose zone) 0
New wells (unconfined aquifer) 2
New wells into Ringold Upper Mud Unit 2

Sampling of monitoring wells {to support groundwater spatial/temporal uncertainty) 18

*This task is not within the scope of the SAP. Source sites are being addressed according to DOE/RL-96-17
Remedial Design Report/Remedial Action Work Plan.

Table 4-6. Number of Field Samples and Analytes Proposed
for the 100-N Decision Unit

New boreholes (vadose zone) NA NA NA
New wells (unconfined aquifer) 30 11 1404
New wells into Ringold B unit 20 16 1204

Sampling of monitoring wells (to support

groundwater spatial/temporal uncertainty) 0 54 2268

NOTE: Table does not include field quality control or archive samples.

*

Includes both chemical and physical property analyses.

Data Need #2: Determine if the Sr-90 hot spot or petroleum is migrating, and the nature of the RUM.
Data Need Description: See data needs 5 and 7.

The 100-N Areas characterization was performed as part of the LFI DOE/RL-93-80, 1995, Limited Field
Investigation Report for the 100-NR-1 Operable Unit Abatement Assessment)and Corrective Measures
Study (DOE/RL-95-111, 1997, Corrective Measures Study for 100-NR-1 and 100-NR-2 Operable Units).
Several boreholes have been sampled and the soil analyzed to assess subsurface conditions in the vadose
zone. Contaminant data are available from interim remedial actions. Most contaminant data from the
vadose zone were collected from depths no greater than 11 m (35 ft) bgs, with few exceptions.
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4.4.2 100-N Area Data Needs —~ Groundwater

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

Data Need Description: 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 existingl 16-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: Confirm 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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Figure 4-26. Well Drilling Location Map

The RUM unit is considered an aquitard where the integrity and potential transport mechanisms have not
been evaluated in the 100-N Area. The RUM groundwater may potentially discharge to aquatic receptors,
or portions may be technically considered an aquifer capable of a drinking water resource. Data collection
is planned to further define the extent of potential contamination in the RUM, better define its lithology,
and support fate and transport evaluations.

e Two wells are proposed (R1, and R2, Figure 4-26) and will be drilled approximately 15.24 m (50 ft)
into the RUM, then completed as groundwater monitoring wells. The monitoring wells will be
completed in the first water-producing unit within the RUM. Water samples will be collected from
within RUM water producing units. Soil collection (split-spoons) will begin at the base of the
unconfined aquifer, immediately on drilling into the RUM, and at two additional locations within the
RUM outside any producing zone. Details of the data collection and sampling can be found in the
SAP in DOE/RL-2009-42.

Water samples will be analyzed for all groundwater COPCs. Soil samples will be analyzed as follows:
e Soil property information (e.g., density, porosity, and sieve fraction, permeability) will be collected.

e Analytes, including CrVI, total chromium, metals, and radionuclides, will be collected from
a distilled water leach and from the soil fraction.
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One split-spoon samples 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 Description: 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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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
provided here.
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PROBLEM STATEMENT

OPERATIONAL HISTORY

Large volumes of hazardous and radioactive wastes were disposed at the
100-N Decision Unit. Facility operations contaminated the vadose zone
and groundwater

While Sr-80 is the main environmental threat, other contaminants are
present, including petroleum hydrocarbons, tritium, nitrate, Cryl, and
sulfate

Residual contamination remains after performing facility demolition and
source remaval activities

Soil and groundwater contaminant concentrations exceed applicahle
regulatory standards, posing a risk to human health and the environment.

DESCRIPTION

The N Reactor was a A,DUD-MW, gfapr{ite-fnoderated, pressurized, Iié]ht—
water-cooled reactor.

The HGP consisted of two 430-MVVe turbines used for producing electrical
power (Exhibit 1)

Auxiliary facilities that supported plutonium production performed water
treatment, liquid waste and spent-fuel storage, and waste disposal

Pressurized water was demineralized to minimize film deposition inside
process channels

The mast significant of the radioactive liquid waste disposal facilities were
116-N-1 and 116-N-3 crib and trench facilities.

« Dedicated by President John F Kennedy (Exhibit 2), the N Reactor was
constructed to produce plutonium for military (weapons-grade) and civilian
(fuel-grade) uses, and to generate steam to produce electricity. The
N Reactor achieved initial criticality in December 1963.

« [nApril 1966, the Washington Public Power Supply System (now Energy
Northwest) piped steam fromthe N Reactor to HGP to produce electrical
power

+ The N Reactor and the HGF (Exhibit 2) operated until January 1987,
when the N Reactor was placed in stand-down status.

POST-OPERATIONAL HISTORY

+ After stand-down, in 1988, the N R’eéctnr Wasrplar:ed in cold standby, to
remain capable of restarting within 3 years However, it never restarted
Defueling was completed in 1989

« The N Reactor deactivation was ordered in September 1891, with "final
disposition" beginning in 1994

+ Tri-Party Agreement (Ecology et al., 1989a) waste site rernediation
activities began in 1998, and included solid waste removal, liquid waste
site excavation, and suppaort facility decommissioning and demolition
These activities continue under the Interim Action Records of Decision

+ Interim Safe Storage activities (Apr. 2009 to Sept. 2011) will protect the
N Reactor from environmental degradation and minimize contamination
spreading before the reactor is remaved from the river corridor.

MAJOR FEATURES OF THE 100-N DECISION UNIT
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Exhibit 1. N Reactor Steam Generation System Diagram.
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Figure A-1. 100-N Decision Unit Process Description and History
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100-N SPECIFIC CONDITIONS AND PROCESSES

The N Reactor's primary coolant system used up to 1,500 gpm of treated
river water through a feed and bleed operation, far less than the ~35,000
to 105,000 gpm used by Hanford's single-pass reactors. This unigue
recirculating water systern minimized direct discharge of contaminated
cooling water to the Columbia River

Accumulated, long-lived fission product radionuclides in cooling water
were discharged to 116-N-1 and 116-N-3 cribs, where radionuclides were
retained in soil to extend their travel time and decay in the environment
These were located 304 8 mto 1005 84 m (1,000 ft and 3,300 ft),
respectively, from the river

A 3.4 ml (900,000-gal), spherical, metal tank ("Golf Ball") in the 116-N-2
loadout facility temporarily stored contaminated liquid waste for transport
to 200 Area storage tanks

Viaste burial grounds at 100-BC, 100-D, and 100-K were used to dispose
of most of the contaminated solid waste generated at 100-N

100-NSTATUS

VFrtrjm 19@8 tb QUDB, an E%pedited Response Action ;ﬁump—and-treat

technalogy was used to address Sr-890 contamination in groundwater,
before being placed in cold standby

In situ and phytorermediation technologies are being tested to address
Sr-80 in groundwater.

In accordance with the Tri-Party Agreement (Ecology et al., 1989a),
drinking water standards are to be met at the river by 2016, with cleanup
of site contamination by 2024.

DATA GAPS

Vadose zone contaminant nature and extent are needed to assess
protection of groundwater beneath unremediated waste sites.

Vadose zone contaminant nature and extent needed to assess
protection of groundwater beneath remediated waste sites.

Characterization of waste sites around the reactor structure is needed
to assess nature and extent of contamination in the vadose zone.

Unidentified waste sites (orphan/discovery sites) may existin the
decision unit

The nature and extent of contamination in the unconfined aguifer
above cleanup standards has not been defined in select areas.

The level of contamination entering the Columbia Riveris not well
known.

The fate and transport of contaminants beneath the uncaonfined aguifer
has not been evaluated.

Itis unknown if contamination within the RUM will adversely impact
aguatic receptors in the Columbia River.

The rate of exchange between groundwater and the river is unknown

The mass distribution in the subsurface within the vadose zone,
periodically rewetted zone, aquifer, and aquitard for select
contaminants is uncertain

1. Potential alternative remedial technologies for groundwater have not
been sufficiently investigated.

Insufficient data are available to support fate and transport evaluations

Data are needed to better define the spatial and temporal distribution of
groundwater contamination
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PROBLEM STATEMENTS

100-N Decision Unit facilities produced radioactive and hazardous
liquid waste and solid waste during operations.

Liguid waste was discharged to subsurface soils through RCRA TSD
facilities as part of 100-N Reactor Operations. The resulting releases
contributed to vadose zone and groundwater contamination.

Caontaminated facilities and resulting wastes may contribute to vadose
zone and/or groundwater contamination, and require additional
remedial activities and further evaluation.

DESCRIPTION

Since 1398, many 100-N Facilities have been demolished or removed

In some cases, no waste sites were associated with these actions.

Asfacilities undergo D4 activities, associated soils and subgrade
structures are evaluated for evidence of contamination and potential
classification as "waste sites”. Nat all facilities become classified as
waste sites

Of the 100-N Decision Unit facilities, those considered to contain the
bulk of the remaining contamination include the 105-N Reactor, the
108-N Heat Transfer Building, and the Hanford Generating Plant
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FACILITIES DESCRIPTION

Each 100-N Facility was constructed for specific use. Specific vadose
zone and groundwater contaminants may be traced to facility former
uses and operations.

Impaortant disposal facilities were:

- Two RCRA radioactive and hazardous waste liquid disposal facilties
- One RCRA non-radiological waste surface impoundment
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