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Executive Summary

This document is Addendum 5 of DOE/RL-2008-46." 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 the
Comprehensive Environmental Response, Compensation, and Liability Act of 1 9802
(CERCLA). It should be noted that the CERCLA RI/FS results are intended to address the
Resource Conservation and Recovery Act of 19763 (RCRA) corrective action
requirements for arcas of RCRA concern. The characterization results from the RI are
intended to support final remedy selection under CERCLA for 100-N at the Hanford Site.
Five areas (Figure ES-1) have been defined for the River Corridor 100 Area: 100-BC,
100-K., 100-D and 100-H, 100-N, and 100-F combined with 100-1U-2/6. Planning for the
300 Area will be addressed separately. These areas 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 100 Area. This document, Addendum 5 to the Integrated Work Plan, provides
information for 100-N. 100-N includes the 100-NR-1 Source Operable Unit (OU), and
the 100-NR-2 Groundwater OU. Figure ES-1 shows the location of 100-N and proximity

to other 100 Areas.

1 DOE/RL-2008-46, 2010, Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan, Rev. 0,

U.S. Department of Energy, Richland Operations Office, Richland, Washington. Available at:
http://www5.hanford.gov/arpir/?content=findpage&AKey=1002260412.

2 Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601, et seq. Available
at: http://uscode.house.gov/download/pls/42C103.txt.

3 Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq. Available at:
http://epw.senate.gov/rcra.pdf.

4 40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan,” Appendix B, “National Priorities
List,” Code of Federal Regulations. Available at: http://edocket.access.gpo.gov/cfr 2009/julqtr/40cfr300AppB.htm.
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A planning process meeting was conducted in September 2009 to identify data collection
and analysis needs to support final remediation decisions at 100-N. The following key

elements were identified during this planning process:

e Information was identified and collected on the existing site conditions.
Information includes the operational history of the facilities (with an emphasis on
disposal operations), the known nature and extent of groundwater and soil
contamination, geohydrologic information, source and groundwater remedial actions,
the results of treatability and characterization studies, and the results of

environmental media monitoring.

Strontium-90 contamination is the primary risk driver through the groundwater
pathway. Less extensive and concentrated plumes of other contaminants have been
identified (e.g., petroleum, nitrate, and tritium) at 100-N. Appendix C presents maps
of the facilities source sites and the strontium-90 groundwater plume from the

2008 Annual Report on Groundwater (DOE/RL-2008-66).5 The plume has remained
consistent in concentration and shape (as measured at the uppermost portion of the
unconfined aquifer) over the last few years, with the cessation of reactor operations.
Through July 2010, 17 waste sites have been interim closed per
EPA/ROD/R10-990112.8 the 100-N CERCLA 1999 Interim Record of Decision
(ROD) and the soil portions of three waste sites (1324-N [120-N-1], 1324-NA
[120-N-2], and 100-N-58) have been clean-closed per RCRA. However, due to
groundwater contamination, post-closure groundwater monitoring is required for the
1324-N and 1324-NA sites. While the interim closed out remedial actions satisfied
the interim RODs, they may not satisfy final CERCLA remediation and/or RCRA
corrective action requirements as CERCLA applicable or relevant and appropriate
requirements and risks will be re-assessed. There are 129 accepted waste sites

remaining for remedial action.

5 DOE/RL-2008-66, 2009, Hanford Site Groundwater Monitoring for Fiscal Year 2008, Rev. 0, U.S. Department of
Energy, Richland Operations Office, Richland, Washington. Available at:
http://www2.hanford.gov/arpir/?content=findpage&AKey=0905131281.
http://www2.hanford.gov/arpir/?content=findpage&AKey=0905131282.

6 EPA/ROD/R10-990112, 1999, Interim Remedial Action Record of Decision for the 100-NR-1 and

100-NR-2 Operable Units, Hanford Site, Benton County, Washington, U.S. Environmental Protection Agency,
Washington State Department of Ecology, and U.S. Department of Energy, Olympia, Washington. Available at:
http://www.epa.gov/superfund/sites/rods/fulltext/r1099112.pdf.
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A conceptual site model was developed. A conceptual site model (CSM) is a

description of a site representation that organizes the information available and
summarizes the site conditions. Known contamination levels and location(s), as well
as information needed to support 100-N remediation decisions for the final ROD,
were used to develop the CSM. In turn, the CSM was used to identify data and
information gaps, establish data needs, and design a field program to address those

needs.

An important feature of the CSM was identifying potential sources of contaminants,
primarily strontium-90, and providing theories regarding the persistence of the
contaminant plumes and mass distribution in soil. Based on reactor operations
process knowledge, reactor process water discharges contained levels of strontium-90
in excess of 600 pCi/L (Table 4-1). The effluent infiltration and migration to
groundwater in 100-N produced strontium-90 concentrations of about 6,000 pCi/L in
a monitoring well during the mid-1980s (WHC-SR-0377).7 As of 2008, strontium-90
concentrations above the maximum contaminant level extend inland from the river
approximately 1.2 km (0.76 mi) in 100-N with an overall plume area estimated as

0.58 km” (0.22 mi*) (100-N Area Map, Appendix C). ‘

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. The following data gaps that recognize the need for

additional information to better define and/or understand conceptual site model factors

were identified:

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

— Risk of residual soil contamination following interim remedial action on human
health, groundwater, surface water, and the environment

— Extent of contamination in the unconfined aquifer
— Extent of contamination in the Ringold Formation upper mud (RUM) unit

— Continued persistence of strontium-90 contamination in the groundwater

7 WHC-SP-0377, 1988, Assessment of Westinghouse Hanford Company Methods for Estimating Radionuclide
Release from Ground Disposal of Waste Water at the N Reactor Sites, Westinghouse Hanford Company, Richland, .
Washington. Available at: http://www.osti.gov/energycitations/purl.cover.jsp?purl=/6492544-NRpLNd/.
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. —  Hydraulic properties of the RUM unit
—  Effectiveness of groundwater contamination remediation activities

Chapter 4 presents the data gaps defined during the planning process.

e Data needs were defined to address each of the data gaps or uncertainties. Each
of the gaps is defined by a data need that, when filled. provides information to reduce
or climinate the associated uncertainty. Table 4-7 and DOE/RL-2009-42.8 present the
data needs and describe how they will be filled for 100-N. An important consideration in
Table 4-7 is that several ongoing programs (e.g., facility demolition, waste site
evaluation, characterization, and remediation of the remaining 129 sites, and
treatability testing) will provide data and resolve many of the uncertainties identified
for 100-N. The Sampling and Analysis Plan (DOE/RL-2009-42) identifies only those
data collection activities associated with this addendum. The RI/FS report prepared for
100-N 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 incorporated into a proposed plan
leading to a ROD. Table ES-1 summarizes the field characterization program
proposed under this addendum. Table ES-2 presents the number of field samples and

analytes that will be collected.

Table ES-1. Proposed 100-N Characterization

Type 100-N Area
New boreholes/test pits (vadose zone) 0
New wells (unconfined aquifer) 6
Aquifer Tube arrays (2 new and 2 existing arrays) 4
New wells into the RUM 2
Sampling of monitoring wells (to support groundwater spatial/temporal uncertainty) 18
Sampling of monitoring wells (site specific) 7

Note: For a complete description of work scope, see Table 4-7 and the Sampling and Analysis Plan.

. 8 DOE/RL-2009-42, Sampling and Analysis Plan for the 100-NR-1 and 100-NR-2 Operable Units, Rev. 0,
U.S. Department of Energy, Richland Operations Office, Richland, Washington.
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Table ES-2. Number of Field Samples and Analytes Proposed for 100-N

Groundwater
Source Soil Samples* Samples Analytes

New boreholes/test pits (vadose zone) 0 0 0
New wells (unconfined aquifer) 131 32 8,747
Aquifer Tube arrays (2 new and 2 existing arrays) 0 27 765
New wells into Ringold unit B 17 10 1,687
Sampling of monitoring wells (to support . .

iy . 0 54 5,841
groundwater spatial/temporal uncertainty)
Sampling of monitoring wells (site-specific) 0 21 2,334

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

* Includes both chemical and physical property analyses.

A sampling and analysis plan was developed as the implementing document for
the field program. The sampling and analysis plan identifies the soil and
groundwater characterization scope needed to address the remaining data gaps.
Additionally, this information is collected to aid in addressing groundwater risk

uncertainty.

Considerable progress has been made at 100-N. In 100-N, considerable work
remediating groundwater contamination, removing facilities, and remediating/cvaluating

waste sites has been completed over the past decade:

— Evaluated/initiated strontium-90 and petroleum remediation in groundwater
— 178 facilities demolished or removed
— 55 sites interim closed, not accepted, or required no action

Through the end of September 2012, additional work is planned that will provide
valuable information for the RI/FS Report, Proposed Plan, and ROD:

—  Groundwater remediation of petroleum and strontium-90 to continue

— 80 percent completion of facility demolition and 75 percent completion of reactor
interim safe storage

— Remediation of remaining waste sites
Results of these activities provide the basis for identifying the remaining

uncertainties needed to make final remediation decisions. Section 1.2 provides the

completed and planned work for 100-N.
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1 Introduction

. This document is Addendum 5 to Integrated 100 Area Remedial Investigation/Feasibility Study Work
Plan (DOE/RL-2008-46). This addendum describes the 100-N Operable Units (OUs) and planned efforts
to conduct a remedial investigation (RI) in support of a final record of decision (ROD). The 100-N
includes the 100-NR-1 Source 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 s oS : e
- o - Hanford Site Overview - Preliminary ARARs
- Hanford Site Strategy : ; 5 . 5
: e - Implementation History - Community Relations
- Integration of RCRA = = e
e e - Area Descriptions - Data Evaluation
Corrective Action into " 2 ' =
g - Preliminary Remedial Action - Assessment of Risk
CERCLA SNy S
Objectives - Feasibility Study Process

- Systematic Planning Process
100 AREA
WORK PLAN

100-D/H 100-K 100-BC 100-F/1U-2/1U-6 100-N
)

Addendum | 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
CHPUBS1004-09 1

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 clements that will support final remediation
decisions for the 100-N OUs.

11
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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, location, and quantity of data

needed to reduce or eliminate the identified uncertainties. A component of the planning process involved

developing “plates” presenting the CSM components for identifying principal study questions, with

supporting information, and resulting data gaps that may require further evaluation. These plates were

provided to the U.S. Department of Energy (DOE), Richland Office (also known as RL) (DOE-RL), and

the State of Washington Department of Ecology (Ecology) for review and comment. A working session

was held to discuss the CSM plates. Although full resolution was not achieved on the CSM plates, the

contractors developed the data needs and proposed the 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 100-N, which consists of the 100-N Reactor area, portions of
the adjacent 600 Area, and associated waste sites. Figure 1-2 shows the location of 100-N and its
proximity to other 100 Areas.

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

Additional data collection and other investigations will be used to address data gaps significant to making
remediation decisions. The CSM addresses contaminant sources (i.e., process history), nature and extent
of contamination, fate and transport, and exposure assessment (DOE/RL-2007-21, Draft C, River
Corridor Baseline Risk Assessment Volume II: Human Health Risk Assessment); it supports risk
characterization, remedial action selection, remedial action adequacy evaluation, performance monitoring,
and site closure. Chapter 2 provides the background and environmental setting information necessary to
support the development of the 100-N CSM.

CSM component summaries fostered discussions on issues and concerns. This information was used to
solicit input from regulators, agencies, and subject matter experts. Chapter 4 presents the CSM and data
gaps/needs table for 100-N.

Most importantly, data needs identification led to development of a sampling and analysis plan (SAP) that
establishes characterization activities specific to 100-N. The SAP (DOE/RL-2009-42) 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 to ensure data collected meet the appropriate quality
assurance and quality control requirements.

TA 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
CSM, which describes contaminant sources and receptors, and the interactions linking them, is used to identify
uncertainties and provide a framework to identify data and information needed to resolve each uncertainty. The CSM
evolves as new data and information are developed.

1-2
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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 100-N.

1.21  100-N Deactivation, Decommissioning, Decontamination, and Demolition Actions

100-N includes 232 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
associated building that fulfills, or fulfilled, a specific purpose, and is owned by or otherwise under the
responsibility of DOE.” (Note: this usage differs substantially from that in the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 [CERCLA] and the Resource
Conservation and Recovery Act of 1976 [RCRA].) Until the structures located over a source site are
removed, soil remediation cannot be completed. The facilitics 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 232-100-N facilities.

Starting in April 2009, the 100-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, per the

plan as presented in “105-N Reactor Building and 109-N Heat Exchanger Building Action Memorandum™

(“105-N Reactor Building and 109-N Heat-exchanger Building Action Memorandum™ [Wilson, 2005]).
This stabilization, interim safe storage (ISS), will prevent environmental degradation of the structure and
prevent the spread of contamination. The ISS shell is intended 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 as of January 2010 are the 105-N Reactor and
the 109-N Heat Exchanger Building. The 100-N facilities (including the pipelines near the 105-N Reactor
and other 100-N locations) have been removed already or will be removed so they meet the cleanup goals
and objectives of the interim RODs.

Along with ISS activities, 100-N is undergoing continued deactivation, decommissioning,
decontamination, and demolition (D4). Figures 1-3 through 1-5 illustrate 100-N D4 actions and progress.
Appendix A provides the complete status of facilities in 100-N.
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Table 1-1. Summary of Facility Status in 100-N (March 2010)

Status
(Total Number
of Facilities) Facility
Active 609 1120-N 1904-NA MO-801 MO-808
ok 610 1143-N 1904-NB MO-802 MO-865
613 1158-NB 1904-NC MO-803 MO-866
676 1158-NC 6508-S8 MO-804 TC1301-N
1103-N 155-N MO-085 MO-805 TC1301-NA
1110-N 186-N MO-088 MO-806 TC1301-NB
1119-N 1902-N MO-765 MO-807
Demolished (98) 104-N 119-N 13-N 1707-N 183-ND
105-NB 119-NA 1515-N 1712-N 184-N
105-NC 11-N 1516-N 1714-N 184-NA
107-N 1300-N 1517-N 1714-NA 184-NB
108-N 1301-N 1518-N 1714-NB 184-NC
109-NA 1304-N 1519-N 1715-N 184-ND
1100-N 1312-N 151-N 1715-NA 184-NE-1
1101-N 1313-N 1524-N 1716-NA 184-NE-2
1102-N 1314-N 1525-N 1716-NE 184-NF
1112-N 1315-N 153-N 1723-N 185-N
1112-NA 1316-N 1614-N 1723-NA 1900-N
1112-NB 1316-NA 163-N 1723-NX MO-390
1114-N 1316-NB 166-N 1734-N MO-544
1114-NA 1316-NC 1701-N 1802-N MO-545
1115-N 1317-N 1701-NE 181-N MO-864
1116-N 1325-N 1703-N 181-NC MO-870
1116-NB 1327-N 1705-N 183-N MO-950
1124-N 1330-N 1705-NA 183-NA MO-999
1158-N 1331-N 1706-N 183-NB
1158-NA 1332-N 1706-NA 183-NC
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Table 1-1. Summary of Facility Status in 100-N (March 2010)

Status
(Total Number
of Facilities) Facility
Inactive 105-N* 117-N 1323-N 181-NE 1926-N
e 105-NA 117-NVH 1605-NE 182-N MO-868
105-ND 1722-N 1908-N
105-NE 1303-N 1724-N 1908-NE
109-N* 1310-N 181-NA 1909-N
116-N" 1322-N 181-NB 1914-N
Removed 109-NB 1129-N 1143-NC 1156-N 1523-N
7] 1104-N 1130-N 1144-N 1157-N 1526-N
1105-N 1131-N 1145-N 1157-NA 1702-N
1107-N 1132-N 1145-NA 1159-N MO-230
1109-N 1133-N 1145-NB 1160-N MO-231
1111-N 1134-N 1146-N 1161-N MO-374
1113-N 1134-NA 1147-N 1162-N MO-383
1116-NA 1135-N 1148-N 1163-N MO-391
1117-N 1135-NA 1149-N 1510-N MO-423
1118-N 1137-N 1150-N 1512-N MO-740
1123-N 1140-N 1151-N 1513-N MO-767
1125-N 1141-N 1152-N 1514-N MO-768
1126-N 1142-N 1153-N 1520-N MO-827
1127-N 1143-NA 1154-N 1521-N MO-846
1128-N 1143-NB 1155-N 1522-N MO-957

Total: 232 Facilities

a. Facility being placed in ISS.

b. The 116-N Stack is considered Inactive because the below grade structure is still in place, even though the above grade

structure has been demolished.

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).

1-6




DOE/RL-2008-46-ADD5, REV. 0

Facility D4* Status

[ Initial Characterization in Progress

[ Ready for Deactivation / Deactivation in Progress
B Ready for Demolition / Demolition in Progress
Bl Demolition & Loadout Complete

[ Demolished prior to RCCC

Demolition Progress

105N 181NE 1143N
105NA 18HNE 300N
“4O5NB 182N A30HN
“+O5ND 483N 1303N
105NE HEINA 304N
107N “483NB 1310N
4OTN=1O5N  483NE 432N
10BN~ 4+63ND 433N
HOIN— BN F3HN
HEN- +B4NA 435N
117N +84IND A31EN
117NVH 4+84NC 43HENA-
o= “+84ND 1322N
HHONA “+84NE 1322NA
e o pp “+84NF 1322NB
453N 85N 1322NC
TEIN— 186N 330N
HEEN- 2N 433N
181N 1112NA 4332N
181NA 1120N 516N
181NB

Status Description

Initial Characterization in Progress
Historical site assessment and scoping
surveys in progress.

Ready for Deactivation /
Deactivation in Progress

Historical site assessment and scoping
surveys complete. Work packages in
place.

Haz. mat removal and equipment
stripout complete. Sample analysis and
waste profile complete.

* Deactivation, Decontamination,
Decommissioning & Demolition

HoteN 18O2N-
5N +900N—
518N 1902N
51N 1908N
HOHN 1908NE
T7O3N =0 o
OSSN MOB1S
TTOSNA MOO56
TTO6N- MOB55
1706NA MO100
HOFN- MO356
AN MO403
4N MO415
H4NA MO425
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Figure 1-3. 100-N D4 Progress Demolition as of February 2010
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N

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

1.2.2 100-N 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” [Butler and Smith, 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 remedy. The RTD was designed to achieve the remedial action objectives (RAOs) and goals
specified in interim action RODs for direct exposure 0 to 4.6 m (0 to 15 ft) below ground surface (bgs)

1-9
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and protection of groundwater and the Columbia River. However, the interim action RODs for the OUs
located at 100-N were not adopted until 1999 and after (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]; Interim Remedial Action Record of Decision for the 100-NR-1 Operable Unit of

the Hanford 100-N Area, Hanford Site, Benton County, Washington [EPA/ROD/R10-00/120]; and

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,

Hanford Site, Benton County, Washington [EPA/ESD/R10-03/605]).

In accordance with the interim action ROD, each excavation has soil sampling and modeling (if needed)
conducted 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.

Roughly, 474,000 metric tons (522,200 tons) of contaminated soil and debris have been removed from
100-N 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
groundwater contamination.

Note: Pture taken in 2004.
Figure 1-6. Excavation to Remove Contaminated Soil at 116-N-1 Crib and Trench
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Wb

Figure 1-7. Excavation of Contaminated Soil at 116-N-3 Crib and Trench that Occurred 2000 to 2002

A total of 185 waste sites were identified in 100-N through March 2010 (Chapter 2, Table 2-3). The waste
sites are categorized by their remediation status. These status categories generally indicate whether a site
meets the cleanup goals and objectives of the interim action RODs. There were 17 interim closed waste
sites and one closed waste site. As of March 2010, 129 accepted waste sites remain to be cleaned up in
100-N. Interim remedial actions are scheduled for completion by the end of 2011.

1.2.3  100-N Orphan Site Evaluation

An orphan site evaluation (OSE) was conducted on the highest potential impact areas of 100-N to identify
unknown waste sites that may require additional characterization and possibly remediation (/(0-NR-1 Area
Orphan Sites Evaluation Report [OSR-2009-0001, Rev. 0]). The OSE in the 100-NR-1 OU was conducted
between August 2006 and March 2007. Chapter 2 provides a detailed description of the OSE process. The
scope, shown in Figure 1-8, covered a total area of approximately 7.62 km’ (2.94 mi”) where 23 orphan
sites were identified. These sites will follow the TPA-MP-14 process (Tri-Party Agreement Handbook
Management Procedures [RL-TPA-90-0001]) and be addressed according to RODs or ROD amendments.
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Figure 1-8. Area Addressed by 100-N Orphan Sites Evaluation Process
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1.24  100-N Pump-and-Treat System

The widespread Sr-90 plume originated from two liquid waste disposal facilities (1301-N and 1325 N).
The discharges to these two facilities resulted in 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. Technical
Reevaluation of the N-Springs Barrier Wall (BHI-00185) presents the groundwater conditions at N-Springs
(circa 1994) that required the Expedited Response Action (ERA) described in the following paragraphs.

In January 1994, RL submitted to U.S. Environmental Protection Agency (EPA) and Ecology an
engineering evaluation/cost analysis entitled the N-Springs Expedited Response Action 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 an 853.4 m (2,800 ft) long slurry wall 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 climinating, 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 (Independent Technical
Review of N Springs Expedited Response Action Proposal Hanford Site, Final Report [AS], 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 the ERA Proposal, including the
assumed effectiveness of the pump-and-treat remedy, and noted uncertainty that the methods could
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 “Action Memorandum:
N-Springs Expedited Response Action Cleanup Plan” (Butler and Smith, 1994).

The Action Memorandum, 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 edge of the river.

The Action Memorandum presented and recommended a new alternative based on the combination of
public comments, the conclusions reached in the Independent Technical Review, and the information in
the historical documents. In March 1995, Ecology and EPA concurred with RL that installing the sheet
pile wall could not be achieved in the manner specified (“Re: USDOE Request to Change N Springs
Action Memorandum” [Stanley and Sherwood, 1995]). 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 Hanford Federal
Facility Agreement and Consent Order (Tri-Party Agreement [also known as TPA]) Milestone
M-16-12D. Based on recommendations in N-Springs Expedited Response Action Performance Evaluation
Report (DOE/RL-95-110) and N-Springs Pump and Treat System Optimization Study (DOE/RL-97-34),
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, and
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. When the tank(s) outflow indicated Sr-90, the compromised clinoptilolite medium was
removed and replaced, then later disposed in the Environmental Restoration Disposal Facility (ERDF).
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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 (Hanford Federal Facility Agreement and
Consent Order [Ecology et al., 1989a]).
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Figure 1-9. Location of the 100-NR-2 Pump-and-Treat System Wells (2008) Capture Zone Map

From September 1996 through March 2006, the pump-and-treat system in 100-N 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). In 100-N, between 72 and 85 Ci of Sr-90 remain in the
saturated sediment and 0.8 Ci in groundwater (/nterim Report: 100-NR-2 Apatite Treatability Test:
Low-Concentration Calcium-Citrate-Phosphate Solution Injection for In Situ Strontium-90
Immobilization [PNNL-17429], and EPA/ROD/R10-99/112). Strontium-90 Adsorption-Desorption




DOE/RL-2008-46-ADDS5, REV. 0

Properties and Sediment Characterization at the 100 N-Area (PNL-10899) estimated that approximately
1,700 Ci remained in the vadose zone.

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 pump-and-treat system impact on groundwater Sr-90 concentrations at the riverbank. The green line
shows that cribs discharges terminated in 1991. The red lines show the concentration history of Sr-90 and
tritium in groundwater in Wells 199-N-8S and 199-N-46. These wells are adjacent, above the riverbank,
and near the center where the Sr-90 plume intersects the river. This monitoring location reported
estimated annual flux of Sr-90 and other contaminants to the river to comply with a National Pollutant
Discharge Elimination System (NPDES) discharge permit (1301-N/1325-N cribs). During the operating
years, water pumped from Well 199-N-8S was sampled continuously and composited for monthly
analysis. After 1990, when water was no longer discharged to the soil column from N Reactor operations,
periodic grab samples were collected from adjacent Well 199-N-46 (CY 2004 Annual Summary Report for
100-HR-3, 100-KR-4 and 100-NR-2 Operable Unit Pump-and-Treat Operations [DOE/RL-2005-18]).
Concentrations steadily increased from 1980 until about 1989. Since that time, concentrations have
fluctuated widely, presumably in response to river stage, sampling time, and/or date relative to water
level. Nevertheless, near-shore pore fluid Sr-90 concentrations remain 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. This observation can be illustrated by reviewing extraction rates
for Well 199-N-103A (nearest the 100-N shoreline); pumping groundwater from this well did not cause a
reduction in near-shore contaminant concentrations.

Tritium, a non-adsorbing co-contaminant, declined rapidly from the beginning of pump-and-treat operations
through 2005, and remained at or below the detection limit (~200 pCi/L) in near-shore groundwater
samples. Tritium remains elevated (average of about 20,000 pCi/L) in the pump-and-treat capture zone
(Calendar Year 2005 Annual Summary Report for the 100-HR-3, 100-KR-4, and 100-NR-2 Operable Unit
Pump-and-Treat Operations [DOE/RL-2006-08]). However, near-shore tritium concentrations have
fluctuated much less within the capture zone than outside of it, providing some evidence that the predicted
hydraulic containment functioned as designed. The tritium data for a near-shore well outside the capture
zone (199-N-46) indicates significant tritium fluctuation until year 2000, after which observed tritium
values have consistently decreased. Because the pump-and-treat began in 1995, the tritium decline
beginning in year 2000 may not be entirely attributed to the pump-and-treat system operations.

Although the pump-and-treat system may have met the objective of reducing groundwater flow (and
non-adsorbing co-contaminants) in the Sr-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 (COPEC) (Strontium-90 Treatability Test Plan for
100-NR-2 Groundwater Operable Unit [DOE-RL 2005-96, Rev. 0, Reissue]), requires a different approach.
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Note: Well 199-N-8S data were used until about 1995 when 199-N-46 sampling began
(DOE/RL-2005-18, p. 4-25); operational discharge data are not included in the appendices.

Figure 1-10. Strontium-90 and Tritium in Near-Shore Monitoring Wells 199-N-8S and 199-N-46

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
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obvious that larger hammers would be required if the cobble and boulder laden soil was to be penetrated.
Test pits confirmed that the formation consisted of cobble- and boulder-sized material that 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) bgs. 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 (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 In Situ Treatability Test Planning Workshop Report

The following text is paraphrased from the planning workshop (/n 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 9 m 30 (ft) deep by 1 m (3 fi) wide by 30 m

(100 ft) 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:

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

The objective of the groundwater remediation alternative was to reduce the flux of Sr-90
1o 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:
o  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:

e Constructability of the ISTZ
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e ISTZ performance in preventing migration of Sr-90 to the Columbia River

e  Native American Tribal cultural and religious values

e Applicability of an ISTZ in the 100-N Area

Agreements reached and documented at the conclusion of the workshop included:

e All parties agreed that the ISTZ could be constructed.

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

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

All parties agreed that the treatability test plan would be updated to reflect the
results of the discussions associated with concerns noted during the workshop and in
an earlier questionnaire.

All parties agreed that a proposed upcoming CMS would address specific issues
related to long-term implementation of the ISTZ, which are outlined in the concerns.

e All parties agreed that the ISTZ would be removed at the end of the test.

Implementation of workshop agreements were deferred in deference to cultural and engineering concerns
raised after completion of the workshop reports to DOE.

1.2.7 Innovative Treatment and Remediation Demonstration Program

In 1993, DOE initiated the Innovative Treatment and Remediation Demonstration (ITRD) Program in
cooperation with EPA’s Technology Innovation Office. The following text describing the results of that
effort is paraphrased from the summary ITRD final report (Hanford 100-N Area Remediation Options
Evaluation Summary Report [ITRD Program, 2001]).

In January 1998, the DOE Hanford Field Olffice requested ITRD technical assistance to
evaluate innovative technologies to address strontium-90 (Sr-90) contamination in the
vadose zone and in the groundwater at the 100-N site. The Hanford Environmental
Restoration program asked that the ITRD project focus on identification of technologies
for long-term implementation to enhance or improve the baseline design for groundwater
remediation (pump-and-treat), and support the assessment of innovative approaches
needing further evaluation for site-specific implementation.

The ITRD formed and coordinated a Technical Advisory Group (TAG) with technology
experts and participants from site-specific government, industry, and regulatory groups.
At the beginning of the ITRD, contaminated soil had been removed to 4.6 m (15 fi) below
average grade in the 1301-N and 1325-N liquid waste disposal facilities and disposed at
ERDF, the pump-and-treat system at N-Springs was operational, and groundwater
monitoring was continuing.

The strength of the ITRD process rested in its review and evaluation of approximately 40 technologies, as
shown in Table 1-2.




DOE/RL-2008-46-ADD5, REV. 0

. Table 1-2. 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/CaSO4/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
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 flow path In situ
Bioaccumulation (shellfish, oysters) 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

. Chemical process Ex situ
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Table 1-2. Technologies Considered for 100-N Area through the ITRD Process

Technology Type or Source

Reverse osmosis/electrodialysis Ex situ

Electrically switched ion exchange Ex situ

3M filters Ex situ
Hydrofracturing/pneumatic fracturing Enabling Technologies
Cassette emplacement for barrier material Enabling Technologies
Horizontal wells Enabling Technologies
Cryogenic removal Enabling Technologies
Monitored natural attenuation Identified by TAG members
Phytoremediation Identified by TAG members
Permeable clinoptilolite barrier Identified by TAG members
Impermeable sheet pile/cryogenic barrier Identified by TAG members

The TAG identified the general areas where more information was needed: aquifer geochemistry,
desorption distribution coefficient (Ky), and fluctuating Columbia River stage impacts on contaminant
flux to the river. The following reports describe the results of these studies:

The treatment technologies evaluations led to the development of the following six remediation scenarios:

1%

2o

Bank Stability Evaluation (Technical Memorandum for the 100-N Area ITRD Bank Stabilization
Evaluation [BHI—01324])

Groundwater-River Interaction in the Near River Environment at 100-N (Groundwater-River
Interaction in the Near River Environment at the 100-N Area [HydroGeoLogic, Inc., 1999])

Use of Phosphatic Materials for Sr-90 Stabilization (The Use of Phosphatic Materials for Hanford
N-Springs 90-Sr Stabilization, Phase I [Moody, 1999])

Strontium Mobilization using Chemical Lixivants (Report on Strontium Mobilization Using Potential
Chemical Lixiviants at the Hanford 100-N Site [MSE-49, 2000])

Monitored natural attenuation (MNA).

Permeable clinoptilolite barrier.

MNA on the river side of the barrier.

MNA and phytoremediation on the river side of the barrier.

Apatite seeds/liquid phosphate stabilization with impermeable barrier. Apatite on the river side of
barrier, phosphate on inland side of barrier.

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

1-20
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7. 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 above field to five potentially useful technologies: a Clinoptilolite
Permeable Barrier, a Sheet Pile/Cryogenic Impermeable Barrier, MNA, Phytoremediation, and

Soil Flushing. The two barrier technologies, permeable and impermeable, would be constructed along the
riverbank and used in conjunction with the other three technologies. The TAG evaluated the other four
technologies in detail and made the following conclusions and recommendations:

e Monitored Natural Attenuation. The short half-life and strong sorption of Sr-90 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 strategics 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 MNA. We recommend that, when LTS protocols are
established, this option should be examined in more detail.

e Soil Flushing. This remediation option is likely to be effective in removing both radioactive and
nonradioactive 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.

e 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.

e Stabilization of Sr-90 by Phosphate Injection. This option was examined in this study but removed
from further consideration by a TAG subcommittee. 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 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
subsequently, as described in the following paragraphs.

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.
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Interest was renewed in strontium stabilization by phosphate injection (chemical injection) based on
reports of successful bench testing at Sandia National Laboratory. Pacific Northwest National Laboratory
(PNNL) and Sandia National Laboratory scientists presented the merits of apatite sequestration and
phytoextraction at a workshop in August 2003. 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 Phytoextraction of Sr-90 at Hanford 100-N
e Sr-90 sequestration by apatite at Hanford 100-N

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

1.3.1  Apatite Barrier Installation

At 100-N, innovative technology is being tested to fix mobile Sr-90 in a chemical barrier formed in situ
after injected into the aquifer. The description of the apatite barrier provided is from Hanford 100-N Area
Apatite Emplacement: Laboratory Results of Ca-Citrate-PO4 Solution Injection and Sr-90 Immobilization
in 100-N Sediments (PNNL-16891). This technology reduces the disruption 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, Rev. 0, Reissue). The apatite incorporates the Sr-90 in the mineral matrix, thereby
preventing further migration. Figure 1-11 shows the test site where the apatite barrier technology is being
developed. Because initial testing proved successful, the full scale expansion was implemented.

The apatite barrier in subsurface sediments at 100-N is constructed by injecting an aqucous 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 frec Ca
and phosphate ions combine to form amorphous apatite, as shown in Figure 1-12. 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 flows 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 are best at lower river
stages (late fall) to get apatite movement toward the river, but the effort is not time dependent.
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In contrast, apatite-forming solution injection into the Hanford formation rewetted zone needs to be done
during high river stage (late spring) so the formation is water saturated. In addition, because solution
movement toward the river is desired, it would be advantageous for the injection to occur at a high river
stage (saturating as much of the intermittently rewetted zone as possible) 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. This 91 m (300 ft) represented the area of highest Sr-90 concentration along the bank of
the Columbia River. 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, Ca-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 (PNNL-17429). During
summer 2008, 16 wells were injected using adjusted techniques and chemical mixes. Apatite is slow to
incorporate Sr-90 under field conditions. The apatite barrier was extended during 2010 based on the
monitored results. The high chemical mixture concentration has been decreasing slowly in some areas
(100-NR-2 Apatite Treatability Test FY09 Status: High Concentrations Calcium-Citrate-Phosphate
Solution Injection for In Situ Strontium-90 Immobilization: Interim Report [PNNL-SA-70033]).

Despite these challenges, the monitoring data are encouraging, revealing that 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.

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-SA-70033 and /00-NR-2 Apatite Treatability Test: high-Concentration
Calcium-Citrate-Phosphate Solution Injection for In Situ Strontium-90 Immobilization [PNNL-19572]).

An evaluation of sediment core samples that were collected in November 2009, approximately one year
after the high-concentration treatments, was used to quantify the amount of apatite formation resulting
from the sequential low- followed by high-concentration treatments performed to date. Average
phosphate for three boreholes (both Hanford and Ringold formations) was 68 percent of the injected mass
(Hanford 100-N Area In Situ Apatite and Phosphate Emplacement by Groundwater and Jet Injection:
Geochemical and Physical Core Analysis [PNNL-19524] and PNNL-19572).

An additional pilot-scale test was conducted in December 2009 to evaluate potential strategies for using
jet injection technology to emplace an apatite permeable reactive barrier (PRB) in the vadose zone and
upper unconfined aquifer. The test consisted of three distinct treatment zones using three different media:
a phosphate-only solution, preformed apatite, and the same phosphate solution with preformed apatite.
The pilot-scale test was conducted upstream of the existing apatite PRB. The objective of the jet injection
pilot-scale demonstration was twofold: evaluate the ability of the technology to deliver the different
material/chemical solutions into the vadose zone and upper unconfined aquifer within three distinct
treatment zones in the 100-N shoreline, and evaluate the ability of the methods to install a PRB in the
vadose zone containing a specific amount of apatite (4 mg apatite/g sediment) (Treatability Test Report
for Field-Scale Apatite Jet Injection Demonstration for the 100-NR-2 Operable Unit [SGW-47062]).
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Both objectives of the test were met. Jet injection technology was successfully used to emplace three
different media in the vadose zone and upper unconfined aquifer. Collection and analysis of post-injection
sediment cores enabled evaluation of apatite emplacement within the vertical sediment column. Apatite
emplacement at concentrations equal to or greater than 4 mg apatite/g sediment was observed.

The apatite technology treatability testing results are showing great promise as a remediation option. As a
result, DOE proposed in June 2009 to amend the existing interim remedial action ROD for the 100-NR-1
and 100-NR-2 OUs (IROD) (EPA/541/R-99/112) to include as an interim remedial action the expansion
of the existing apatite PRB to a total length of approximately 762 m (2,500 ft) in the aquifer and the
vadose zone. The resulting Amendment to the IROD (IROD Amendment) was issued in September 2010
and allows for this proposed expansion.

The implementation of the interim remedy apatite barrier expansion will be conducted under a revision to
the 100-NR-2 OU interim action remedial action/remedial design work plan (Interim RD/RA Work Plan)
(Remedial Design/Remedial Action Work Plan for the 100-NR-2 Operable Unit [DOE/RL-2001-27]) that
is under development and due to be submitted as a draft to Ecology by March 2011.

Immediate plans to optimize this apatite barrier technology prior to full-scale expansion will initially
move forward under two approved design optimization studies (DOS), the barrier expansion DOS
(Design Optimization Study for Apatite Permeable Reactive Barrier Extension for the 100-NR-2 Operable
Unit [DOE/RL-2010-29]) and the jet injection DOS (Jet Injection Design Optimization Study for the
100-NR-2 Groundwater Operable Unit [DOE/RL-2010-68]).

1.3.2 Phytoextraction

Phytoextraction is a managed remediation technology in which plants are used to extract or bind soil
contaminants. The coyote willow is the most suitable plant to use along the Columbia River shore due to its
rapid and robust regrowth abilities. The coyote willow is extensively used for bank stabilization and
revegetation purposes along the Columbia and Yakima Rivers.

Coyote willows were successfully cultivated along the Columbia River shoreline during the past three years. In
the remedial technologies chain aimed at treating Sr-90, phytoextraction using coyote willow is a polishing
step in these multiple processes protecting the river.

A phytoextraction technology test conducted at an uncontaminated area at 100-K (Figure 1-13) is now
complete. The next step develops methods for safely planting, tending, and harvesting the willows along the
riprap covering the 100-N Sr-90 contaminated shoreline. These shrubs will help restore the environment by
removing Sr-90 from groundwater and the vadose zone through the riparian zone (the interface between land
and a stream).

An extended apatite barrier (previously described) is constructed and designed to immobilize Sr-90 near the
river or expected to move toward the river over the next 300 years. The phytoextraction treatment system
along the riparian zone of the Columbia River may be constructed to address Sr-90 in the vadose and saturated
zones. With the apatite barrier fully functional, the coyote willow would extract Sr-90 from the riparian zone,
and then would be discontinued.

The key to using phytoextraction as part of the treatment, besides the treatable sediment volume, is biomass
production. The focus determined whether the technology is usable, and involved two major objectives:

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

2. Demonstrate coyote willow efficacy as a phytoextraction tool along the riparian zone.
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Figure 1-13. Coyote Willows Growing in the Test Plot in 100-K

The study began in late spring 2007, with 50 coyote willow starts planted in a fenced area at 100-K.

This part of the study targeted plant growth rather than phytoextraction capabilities, so 100-K, 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 herbivores intrusion
such as deer and rodents, bird intrusion will be minimized by placing netting over the top of the
enclosure, and detritus (leaves and twigs) will 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
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nonexistent (100-N Area Strontium-90 Treatability Demonstration Project: Food Chain Transfer Studies
for Phytoremediation Along the 100-N Columbia River Riparian Zone [PNNL-18294]).

If the coyote willow continues to perform over the coming year, the next step may be testing at 100-N in
actual Sr-90 contaminated soil through a stand-alone treatability test plan. Methods for safely planting,
tending, and harvesting the willows along the riprap covering the shoreline will need to be developed.

1.3.3 Petroleum Removal

Soil and groundwater petroleum contaminant removal in 100-N is being performed to protect the
Columbia River, currently within a limited scope, with the majority of petroleum removal planned for 2011.
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 1-14, 1-15,
and 1-16). 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.

166-N

Tank Farm

Sl

Figure 1-14. 166-N Tank Farm Facility (Early 1960s)

The petroleum hydrocarbon (diesel) plume is shown in Figure 1-15. It is confined to a relatively small area
in 100-N, centered on Well 199-N-18 (16,000 ng/L), with detections of total petroleum hydrocarbon-diesel
range (TPH-DR) found in seven other nearby Wells—199-N-167 (3,100 pg/L), 199-N-169 (1,100 pg/L),
199-N-170 (360 ug/L), 199-N-171 (2800 pg/L), 199-N-172 (2,400 pg/L), 199-N-173 (2,100 pg/L), and
199-N-96A (260 pg/L).
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Figure 1-16. 100-N Tank Farm Facility (1990s)

DOE continued a remedial action to remove free product (diesel) from Well 199-N-18. The passive
remediation involves the use of a polymer “Smart Sponge®” that selectively absorbs petroleum products
off the surface of water. Every two months, two of the sponges are lowered just into the water table, in
Well 199-N-18. The sponges are weighed prior to emplacement in the well and when they are removed
from the well. The difference in weight between the two measurements is the amount of “product™ or
diesel fuel contamination removed from the well. Table 1-3 shows the results of this remediation activity
since it was started in 2003. Removal of product from Well 199-N-18 will continue, per requirements in
the interim ROD for 100-N (EPA/ROD/R10-99/112).

Evidence of low levels of hydrocarbon contamination has been observed in other wells in the past,
including 199-N-3, 199-N-16, and 199-N-19 (Hanford Site Groundwater Monitoring for Fiscal Year
2002 [PNNL-14187]). These wells had no detectable TPH-DR in 2009. Other wells near the plume also
had no detectable TPH-DR in 2009 (199-N-21, 199-N-56, 199-N-57, and 199-N-64).

® Smart Sponge is a registered trademark of AbTech Industries, Inc., Scottsdale, Arizona.
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Table 1-3. Hydrocarbon Product Removed from Well 199-N-18 (2003 to 2009)

Year Product Removed (g) Notes

2003 ~1,200* Estimate provided per information given in note below; data
records lost when original work package was lost in the field

2004 3,475 Changed out twice a month

2005 780 Changed approximately every two months

2006 1,370 Changed every two months

2007 1,294 Changed every two months

2008 920 Changed every two months

2009 1,380 Changed approximately every two months

Total 10,419 Total removed through end of 2009

* Calendar Year 2003 Annual Summary Report for the 100-HR-3, 100-KR-4, and 100-NR-2 Operable Unit (OU) Pump &
Treat Operations (DOE/RL-2004-21) reports product removal started in October 2003. DOE/RL-2005-18 states that the
average mass removal for FY 2004 (10-2003 to 10-2004) was approximately 0.4 kg/month, so an estimate is provided for the
three months missing in CY 2003.

Aquifer tubes near the southern portion of 100-N shoreline are sampled for TPH-DR. In 2009, only tubes
C6135 and N116m Array-0A had detections of TPH-DR, with values of 770 ug/L and 840 pg/L,
respectively.

Chapter 2, Section 2.3.1, provides additional discussion of the diesel plume.

Data from historical work and other ongoing efforts (Bioremediation Well Borehole Soil Sampling and
Data Analysis Summary Report for the 100-N Area Bioremediation Project (UPR-100-N-17)
[WCH-370]) will be used in the RI/FS when available in time to support the schedule for completion of
the RI/FS.

A Phase I Bioremediation pilot system, which was installed in FY 2009 to address petroleum in the soil,
is operational in 100-N. 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 100-N and support design of a possible large-scale bioventing system to
address vadose zone petroleum.

Additional characterization of petroleum in the 100 Area is ongoing, including a well installation between
the tank farm and the river in March 2009 (199-N-173). Several wells are being sampled to gather more
information on the nature and extent of the petroleum hydrocarbon plume. These include 199-N-173,
199-N-96A, 199-N-18, 199-N-19, 199-N-21, 199-N-167, 199-N-169, 199-N-170, 199-N-171, and
199-N-172. Seventeen 7.6 m (25 ft) injection well and four 7.6 m (25 ft) monitoring well completions
installed for the upriver extension of the apatite PRB were sampled in the spring of 2010 for diesel and
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dicsel-degradation products. The additional characterization results will provide data to support
assessments for ecological risk and other remedial technologies.

Should the apatite barrier, phytoextraction, or petroleum removal actions discussed in these subsections
be incorporated into the next ROD for 100-N, they would be managed and maintained through the
Hanford Long-Term Stewardship Program Plan (DOE/RL-2010-35, Rev. 0). This program responsibility
begins for a geographic area (e.g., 100-N and 100-D/H) when remedy cleanup objectives and goals are
met, as defined by applicable CERCLA and RCRA decision documents. The program includes
post-cleanup obligations such as the maintenance of remedies and institutional controls, the conduct of
CERCLA five-year reviews, and the operation and maintenance of groundwater treatment systems that
are operational and functional. In addition, the program includes managing the site’s cultural, biological,
and natural resources. The Hanford Long-Term Stewardship Program Plan presents detailed information
about this program.

1.34 Aquatic and Riparian Impact Assessment

An initial assessment of the current impacts of contaminated groundwater plumes on aquatic and riparian
zones within the 100-NR-2 OU was conducted in 2005. This summary is based on information described
in DOE/RL-2006-26.

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 OUs (EPA/ROD/R10-99/112). 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 (CY) 2005 and analyzed for COPECs,
including Sr-90, uranium, technetium-99 (Tc-99), heavy metals, polychlorinated biphenyls (PCBs), and
petroleum hydrocarbons.

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

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

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

The additional characterization results will provide data supporting remedial technology assessments.
Table 1-4 presents a summary of findings for the assessment.
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Table 1-4. 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: Aquatic and Riparian Receptor Impact Information for the 100-NR-2 Groundwater Operable Unit (DOE/RL-2006-26)

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 = strontium plume area

suspected diesel contaminated area

Strontium Plume Area. Levels of Sr-90 were elevated in Asiatic clams compared with Vernita

(Figure 1-17); 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. 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]) near 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 would decline by natural biodegradation processes. Sampling recommended
by this study is being performed on wells installed along the 100-N shoreline (/00-NR-2 Groundwater
Operable Unit Sr-90 Plume Rivershore Sampling and Analysis Plan [DOE/RL-2009-32]).
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Figure 1-17. 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 arca
(EMA), SDA, and the strontium plume area (SPA). Threshold exceedances of some of these metals may
not be attributable to 100-N 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 (Cr(V1)) for springs and aquifer tubes did not
exceed the aquatic standard for chromium, a ubiquitous contaminant in the plutonium production reactor
arcas. 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. 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.
Soil data are given in Section 2.3.4 of this report. 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 from 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.

Weight-of-Evidence Information. In addition to contaminant concentrations and histological data, gencral
habitat conditions were evaluated. A principal finding of the present study was a normal distribution of
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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.

1.4 Remedial Investigation for Hanford Site Releases to the Columbia River

As described in the Integrated 100 Area Work Plan (Integrated 100 Area Remedial Investigation/
Feasibility Study Work Plan [DOE/RL-2008-46]), a remedial investigation of Hanford Site releases to the
Columbia River is being conducted. A remedial investigation work plan was issued in 2008
(DOE/RL-2008-11) to establish the approach for characterizing the nature and extent of

Hanford Site-related contaminants that have come to be located within the Columbia River and assessing
the current risk to ecological and human receptors posed by site-related contaminants. A technology that
provides the capability of in situ conductivity and temperature measurements as well as sample collection
for pore water and surface water is being used to support this task. Preliminary results from sampling
conducted adjacent to the 100-N Reactor site detected Sr-90 at four locations. Chapters 2 and 4 describe
the relationship of these sample results to the Sr-90 nature and extent in groundwater.
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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. 100-N includes the N Reactor and its ancillary
production and waste disposal facilities. This chapter describes the background and environmental setting
of 100-N and includes information on waste generated and contamination, both known and potential.

The 100 Area is located in the northern part of the Hanford Site along the south shore of the Columbia
River (Figure 1-2). The five separate divisions of the 100 Area are composed of source OUs and
groundwater OUs. Source OUs address liquid, solid, radioactive, and past practice waste sites;
groundwater OUs address groundwater contamination. The 100-N area source OU is 100-NR-1: the
groundwater OU is 100-NR-2, and between the OUs, all suspect media are captured—the vadose zone,
intermittently re-wetted zone, wetted zone, groundwater-vadose interface, and any contaminated surface
water areas. Table 2-1 summarizes 100-N site information.

Table 2-1. 100-N Site Location Information

Site Information

100-N is located upstream of the northwest bend of the Columbia River, between
100-N 100-D-H and 100-K. 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 100-N.

OU = operable unit

D4 activities are ongoing at 100-N 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 2-1 and 2-2 provide aerial views
of 100-N before the start of D4 and ISS activities.

Figure 2-1. Aerial View of 100-N (1968)
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100-N-77 Pipeline in Operation N 3-16-83

Figure 2-2. Aerial View of 100-N 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 that N Reactor had two separate cooling loops: the primary loop provided cooling to the
fuel elements and the secondary loop provided 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 (wastewater) on a daily basis as compared to the eight previous reactors. N Reactor’s primary
coolant system used from 380 to 5,700 L (100 to 1,500 gal) per minute of fresh, treated water, a vast
decrease from the 132,000 to 397,000 L (35,000 to 105,000 gal) 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 Reactor Operation

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
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Table 2-2. Significant Dates for 100-N Reactor Operation

Date Milestones
November 1964 N Reactor reached 4,000 MW (thermal)
April 1966 HGP construction was completed
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 was completed
1990 N Reactor dewatered
October 1991 N Reactor ordered shut down

Source: RCRA Facility Investigation-Corrective Measures Study Work Plan for the 100-NR-1 Operable Unit, Hanford Site,
Richland, Washington (DOE-RL-90-22)

HGP = Hanford Generating Plant

MW = mega watt

Materials that passed through the reactor for the manufacturing of special nuclear materials or that 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, but are not
limited to, 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 were added because water
management was crucial to reactor operations and represented a major input subsystem; sodium
dichromate was used from 1963 to 1965, then in lesser amounts from 1965 to 1967 when
hydrazine became the primary conditioner and continued until the 1986 stand-down order.

(Rev. 0, RCRA Facility Investigation-Corrective Measures Study Work Plan for the 100-NR-1
Operable Unit, Hanford Site, Richland, Washington [DOE-RL-90-22]; and Closure-Post-Closure
Plan for 1301-N and 1325-N Liquid Waste Disposal Facilities [UNI-3533]).

—  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 (construction debris)
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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. Descriptions of

these release types are provided in Appendix B (for 100-N waste sites) and Appendix A (for

100-N facilities).

Burial grounds at 100-BC, 100-K, and 100-D were used to dispose contaminated solid wastes generated
at 100-N (Corrective Measures Study for 100-NR-1 and 100-NR-2 Operable Units [DOE-RL-95-111];
100-K Area Technical Baseline Report [WHC-SD-EN-TI-239]; and Underground Radioactive Materials
at 100-D Plant [DUN-3063]); K Basins were used for long-term N Reactor spent fuel storage
(WHC-MR-0521). There are no known burial grounds at 100-N (The Plutonium Production Story at the
Hanford Site: Processes and Facilities History [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 100-N 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 built in 100-N: 1908-N and 1908-NE.

The 1908-N Outfall (Figures 2-3 and 2-4) was designed primarily to return 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 was permitted under
NPDES permit number WA-000374-3. The permit specified maximum daily average flow to be
1.718.000 m* (48.668.5 ft’) with a daily maximum flow rate of 2,290,000 m’ (64.872.5 ft’). The daily
maximum discharge temperature was specified a 77° F. The daily average free available chlorine was

29 kg/day with a daily maximum of 96 kg. The pH was specified between 6.0 and 9.0. The outfall was
built in 1963 and operated until the Hanford Generating Project (HGP) closed in 1986. The outfall
structure includes a reinforced concrete weir box that discharged to the bottom of the Columbia River
through a 102 in. diameter steel pipeline.

The 1908-NE Outfall served the same purpose as the 1908-N Outfall, but serviced only the HGP facilities.
Because the HGP was physically isolated from the reactor facilities, this outfall did not provide for
emergency water disposal. The 1908-NE Outfall operated under NPDES permit number WA-002487-2.

It was built in 1966 and operated until discharge terminated in 1988. The pollutants include strontium-90,
cobalt-60, cesium-137, arsenic, barium, cadmium, chromium, lead, selenium, silver, mercury, and PCBs.
The outfall received single-pass raw river water from the HGP condensers, as well as wastewater from the
100-N-1 Settling Basin. The 1908-NE Outfall consisted of a seal well located on the riverbank and a
pipeline extending 1,000 ft into the Columbia River. Effluent from the nearby N Reactor did not enter
into the HGP system or the 1908-NE Outfall.

Wastewater collected from sumps and 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 areas of the reactor building. ‘
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Settling and percolation ponds were used in 100-N 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,) 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.

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 (100-N Area Technical Baseline Report [WHC-SD-EN-TI-251]; and DOE-RL-90-22).

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 water was 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 6.3 to 8.2 m tons (7 to 9 tons) of sodium dichromate were used per
year at 100-N for several years after startup for the rod cooling water system that discharged to the crib
(Chemicals Discharged to the Columbia River from DUN Facilities Fiscal Year 1968 [DUN-4668],
Chemicals Discharged to the Columbia River from DUN Facilities FY 1969 [DUN-6205], and Chemicals
Discharged to the Columbia River from DUN Facilities, FY 1970 [DUN-7162]). Thus, approximately

63 m tons (70 tons) of sodium dichromate were documented as discharged (see Table 4.3).

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 (see Section 2.3.3.3).

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

Hanford Generating Plant
Secondary missions besides the production of special nuclear material at N Reactor included tritium
production and electrical power generation (WHC-MR-0521; WHC-SD-EN-TI-251). 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 '
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harnessed at the HGP, which was constructed west of the N Reactor facilities by the Washington Public
Power Supply System.

The Atomic Energy Commission 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 (History of the Plutonium Production Facilities at the Hanford Site
Historic District, 1943-1990 [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).

2.1.2.1 Tritium Production

Waste products associated with tritium production were mainly in the forms of irradiated lithium targets,
and tritium concentrations in the process waters released to the 1301-N and 1325-N Liquid Waste
Disposal Facilities (LWDFs) (116-N-1 and 116-N-3 Cribs and Trenches). A description of the process
water released to the 1301-N and 1325-N LWDFs is provided in this work plan (see Section 4.1.6).

The tritium production lithium targets were considered a product and not a waste product at the time of
production. Much effort would have been spent trying to preserve the irradiated lithium targets.
Nevertheless, some lithium targets or fragments, and other fuel element fragments, were discharged to the
105-N Fuel Storage Basin (N-Basin). Fuel elements were removed from the N-Basin in 1989 (N Area
Final Project Program Plan [BHI-01130, Rev. 0]) and moved to the 100-K Basins. The N-Basin
sediment was removed and consolidated with other 100-N sediments in the North Cask Pit located in the
105-N Building (BHI-01130, Rev. 0) in 1998. These North Cast Pit sediments were eventually removed
and transported to ERDF (Pak, 1998). Based on available documentation, it appears the tritium
production activities resulted in the only known source being the tritium in the process waters released to
116-N-1 (1301-N) and 116-N-3 (1325-N).

2.1.2.2 Hanford Generating Plant

From 1966 through 1986, HGP imported steam from the adjacent 100-N production reactor to power two
430-megawatt turbine generators. The primary waste stream associated with HGP operations was steam
condensate. Secondary waste streams (and potential contaminant sources) derived from numerous
sources, including a water chemistry laboratory, instrument shop, maintenance and machine shops, and
water treatment (four mixed resin bed ion exchangers, a hydrazine and morpholine station). Other streams
include an emergency diesel generator room with a 75,708 L (20,000 gal) buried fuel tank, six large
facility transformers, a river water bus duct cooler (Phase A transformer containing PCBs), battery rooms
containing 60 large batteries and an annunciator battery bank, turbine lubricating oil storage and oil
filtering tanks with a combined capacity of 52,995 L (14,000 gal) including 10,221 L (2,700 gal) of new
oil, and a sanitary sewer system (Scoping Document for the Hanford Generating Plant in the 1 00-N Area
[WHC-SD-DD-AP-016, Rev. 0]). A support facility, the 1716-NE Maintenance Garage, included an
underground gasoline storage tank and three vehicle maintenance bays with floor drains that led to a
French drain.

The HGP steam condensate, liquid effluent from the HGP service water pumps, HGP floor drains and
sumps, demineralizer backwash, and runoff from the 185-N roof and parking lot, were discharged to the
100-N-1 Settling Pond that drained to the 1908-NE Outfall, which discharged directly to the river bottom.
Imported 100-N reactor steam would occasionally contain radionuclides (e.g., tritium and Co-60) and
trace contaminants (¢.g., metals) from the 105-N primary cooling loop, due to leaks (cross-communication)
between the primary and secondary cooling loops. These contaminants would be present in the
condensate discharged to the 100-N-1 Settling Pond. The process effluents also contained trace oxygen
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scavenging conditioners such as morpholine, hydrazine, and ammonia according to RCC Stewardship
Information System Site Summary for 100-N-1. .

The 100-N-4 Drain Field received HGP sanitary sewage and laboratory waste. Corrosion inhibitors
hydrazine and morpholine tests were performed in the laboratory, and reagents used for these tests were
discharged to 100-N-4 according to RCC Stewardship Information System Site Summary for 100-N-4.
The 100-N-3 French drain received effluent from the 1716-NE Maintenance Garage bay floor drains
(Cleanup Verification Package for the Hanford Generating Plant 100-N-4 Tile Field (SWMU #5);
100-N-1 Settling Pond (SWMU #6); 1908-NE Outfall (SWMU #7); 1716-NE Maintenance Garage
(SWMU #8) and 100-N-52 Underground Storage Tank, 100-N-3 Maintenance Garage French Drain,
100-N-41 Gate House Septic Tank, and 100-N-45 Office Building Septic Tank (SWMU #9); 100-N-5 Bone
Yard (SWMU #10); and 100-N-46 Underground Storage Tank [HGP-CVP-SWMUs 5, 6,7, 8§, 9, & 10]).

Washington Public Power Supply System (now Energy Northwest) operated HGP. No documentation
was found addressing non-aqueous liquid wastes or hazardous and/or radioactive nonliquid waste
disposal. A small number of 100-N waste sites (i.e., dumping sites and burn pits) show there were rare
instances where inappropriate wastes (e.g., oil filters, vehicles batteries) were disposed onsite.

Chapter 4 of this work plan provides details of HGP associated waste products; Table 4-1 lists Closed and
Interim Closed waste sites and applicable Cleanup Verification Packages and Table 4-8 characterizes data
summary generated for each Interim Closed HGP waste site.

2.1.3 Waste Sites Description and History

The two primary liquid waste disposal sites in 100-N are the 116-N-1 and 116-N-3 Crib and Trenches,
also known as the 1301-N and 1325-N 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 and data (WHC-SP-0377) indicated
relatively high permeability. The newer facility was located approximately twice the distance from the
river as the old facility, and was completely covered. Remedial action goals were achieved during
remediation of the 116-N-3 Crib and Trench (Cleanup Verification Package-Clean Closure Report for the
Soil Column of the 116-N-3 Trench and 100—~N-63:1 Pipeline [CVP-2002-00002], and Cleanup
Verification Package-Clean Closure Report for the Soil Column of the 116-N-1 Crib and Trench
[CVP-2006-00004]). An Explanation of Significant Differences (ESD) (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, Hanford Site, Benton
County, Washington [EPA-ESD-R10-03-605]) published in 2003 for 116-N-1 addresses contamination
left behind that exceeds the RAOs in the Interim ROD for groundwater protection. Both permitted RCRA
facilities waste sites were classified as “interim closed out” in accordance with the CERCLA Record of
Decision, and the waste site reclassification guideline TPA-MP-14 (RL-TPA-90-0001).

As of March 25, 2010, 185 waste sites (including 23 orphan sites) are located within 100-N (Table 2-3).
These waste sites are inactive, past practice disposal sites described as trenches, ditches, cribs, ponds, and
unplanned releases.
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Table 2-3. Summary of Waste Sites in 100-N (March 2010)

Status
(Total Number of
Waste Sites) Waste Site

Accepted 100-N-13 100-N-6 100-N-86 124-N-1 UPR-100-N-20

5;2]]98 d?gl f(li‘fs for | oo-N-14 100-N-60 100-N-87 124-N-10 UPR-100-N-21

FY10and 11) 100-N-16 100-N-61 100-N-88 124-N-2 UPR-100-N-22
100-N-17 100-N-62 100-N-89 124-N-3 UPR-100-N-23
100-N-18 100-N-63 100-N-90 124-N-4 UPR-100-N-24
100-N-22 100-N-63:2 100-N-91 124-N-9 UPR-100-N-25
100-N-23 100-N-64 100-N-92 128-N-1 UPR-100-N-26
100-N-24 100-N-65 100-N-93 130-N-1 UPR-100-N-29
100-N-25 100-N-66 100-N-94 1908-N UPR-100-N-3
100-N-26 100-N-68 100-N-95 2607-FSM UPR-100-N-30
100-N-28 100-N-77 100-N-96 600-339 UPR-100-N-31
100-N-29 100-N-77:1 100-N-97 600-340 UPR-100-N-32
100-N-30 100-N-79 100-N-98 600-347 UPR-100-N-35
100-N-31 100-N-80 100-N-99 600-348 UPR-100-N-36
100-N-32 100-N-81 100-N-100 600-35 UPR-100-N-39
100-N-33 100-N-82 100-N-101 628-2 UPR-100-N-4
100-N-34 100-N-83 100-N-102 UPR-100-N-1 UPR-100-N-42
100-N-36 100-N-84 100-N-103 UPR-100-N-10  UPR-100-N-43
100-N-37 100-N-84: 1 116-N-2 UPR-100-N-11 UPR-100-N-5
100-N-38 100-N-84:2 116-N-4 UPR-100-N-12 UPR-100-N-6
100-N-47 100-N-84:3 118-H-1:1 UPR-100-N-13 UPR-100-N-7
100-N-53 100-N-84:4 118-H-1:2 UPR-100-N-14 UPR-100-N-8
100-N-54 100-N-84:5 118-N-1 UPR-100-N-17 UPR-100-N-9
100-N-55 100-N-84:6 120-N-3 UPR-100-N-18  UPR-100-N-23
100-N-57 100-N-84:7 120-N-4 UPR-100-N-19  UPR-100-N-24
100-N-59 100-N-85 120-N-7 UPR-100-N-2

Closed Out (3) 100-N-58 120-N-1 120-N-2

Interim Closed 100-N-1 100-N-45 100-N-51 100-N-78 UPR-100-N-37

rLla) 100-N-3 100-N-46 100-N-51B 116-N-1
100-N-4 100-N-5 100-N-52 116-N-3
100-N-41 100-N-50 100-N-63:1 1908-NE

No Action (1) 100-N-67
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Table 2-3. Summary of Waste Sites in 100-N (March 2010)

Status
(Total Number of
Waste Sites) Waste Site

Not Accepted (10) 100-N-12 100-N-7 100-N-71 100-N-73 UPR-100-N-41
100-N-69 100-N-70 100-N-72 UPR-100-N-40 100-N-35°

Rejected (27) 100-N-10 100-N-40 100-N-9 124-N-6 UPR-100-N-34
100-N-11 100-N-56 116-N-8 124-N-7 UPR-100-N-38
100-N-19 100-N-74 120-N-5 124-N-8 UPR-600-17
100-N-21 100-N-75 120-N-6 600-32
100-N-27 100-N-76 120-N-8 UPR-100-N-15
100-N-39 100-N-8 124-N-5 UPR-100-N-33

Total’ 185 sites

a. 100-N-35 is listed as Not Accepted (Proposed).
b. Total number of sites includes discovery sites.
Closed Out: A waste site meets applicable cleanup standards or closure requirements (as a request of failing cleanup actions).

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

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

Not Accepted: Based on an assessment, a 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 et al., 1989b). This classification
requires lead regulatory agency approval.

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

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

As of 2010, at least 474,000 m tons (521,400 tons) of contaminated soil and debris have been removed
from 100-N to mitigate and reduce impacts to human health and the environment. Of this, 334,000 m tons
(367,400 tons) went to ERDF during the 116-N-1 Trench and Crib remediation activities
(CVP-2006-00004, Section 3.1). The other 140,000 m tons (154,000 tons) were transported to ERDF
during the 116-N-3 Trench, Crib, and 100-N-63:1 remediation (CVP-2002-00002, Section 4.2).

An undetermined amount of contaminated materials was removed and disposed to ERDF from nine
additional 100-N waste sites (Appendix B provides additional details). There are 129 accepted waste sites
remaining in 100-N to be cleaned up/evaluated, which are tentatively on the path for interim remedial
action as of March 25, 2010. Table 2-3 summarizes and defines classifications for the individual waste
sites in 100-N. These Waste Information Data System (WIDS) classifications are defined in the integrated
work plan (DOE-RL-2008-46). Appendix B provides a description and history for each waste site, and
lists the contaminants of concern (COCs) for each interim closed or closed waste site. Appendix C
provides maps that include the locations of 100-N waste sites and distinguishes those that received Sr-90.

The use of 100-N facilities and their operational roles are described in other technical documents (such as
WHC-SD-EN-TI-251 and DOE-RL-95-111). The uses and/or development of facilities and waste sites
can affect remedial actions (e.g., using the ENU, rather than the 120-N-1 and 120-N-2 settling ponds for
waste management). If residual contamination remains at a facility location (foundations, pads, and
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subgrade piping) after the completion of D4, the location is reclassified as a waste site. However, if a facility
is completely removed and no residual contamination remains, the location is not reclassified as a waste site.

There are four RCRA permitted waste sites within the 100-NR-1 OU: 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, and
have been revised since (e.g., to add associated pipelines and modify waste codes).

In order to ensure all CERCLA hazardous substances (including radionuclides) were addressed during
closure and to make disposal of closure wastes in the ERDF (a CERCLA facility), DOE, EPA, and
Ecology (Tri-Parties) subsequently developed an integrated CERCLA remedial action and RCRA closure
approach for these units. Under this approach, 120-N-1 and 120-N-2 were included in the 100-NR-1
Corrective Measures Study and Proposed Plan. The waste site reclassification form for 100-N-58 was
approved by Ecology in 2002. 120-N-1 and 120-N-2 were included in the 100-NR-1 Corrective Measures
Study and Proposed Plan; however, because these documents indicated no soil contamination was
present, EPA did not include them in the 100-N CERCLA ROD. Closure activities for 120-N-1 and
120-N-2 have been completed and approved as provided in 03-RCA-0236 (Ecology letter dated

February 7, 2003 [see Appendix D]). Post-closure groundwater monitoring is performed for sulfates.

21.4 Orphan Sites Process

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

In addition to the previously described waste sites, other locations are categorized as orphan sites.
Orphan sites are considered man-made features, items, or activity areas within the River Corridor that
share the following characteristics:

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 Washington Closure Hanford (WCH) Field Remediation
Closure Project, U.S. Department of Energy, Richland Operations Office, and the regulators (Orphan
Sites Evaluation Project Execution Plan [WCH-218]).

The orphan site evaluation of the 100-NR-1 OU was conducted between August 2006 and March 2007.
Documentation of this investigation of 100-NR-1 is completed (OSR-2009-0001, Rev. 0). The scope
covered an area of approximately 762 ha (1,882 ac), as shown on Figure 1-8. Twenty-three orphan sites
were identified during the evaluation process. These orphan sites, which will follow the TPA-MP-14
process, will be addressed according to current or future RODs or ROD amendments.

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.

215 Decommissioning Activities

In April 1986, an accident at the Chernobyl nuclear plant in the former 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
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February 1988, and a large decontamination and decommissioning (D&D) project that led to its final
disposition began in 1994 (N Reactor Deactivation Program Plan [WHC-SP-0615]). Figure 2-5 shows the
D4 success through 2002.

Figure 2-5. 100-N Area (2002)

Table 1-1 in Chapter 1 shows the status of facilities. The description and history of each facility is summarized
in Appendix A.

In 1995, a CERCLA action memorandum was issued, directing the N Reactor to be placed in ISS condition
(Wilson, 2005). 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.

2.2 Environmental Setting

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

221 Topography

100-N topography is relatively flat inland from the Columbia River (Figure 2-2). The area has been graded
extensively from the time reactor construction began in the 1960s through the present waste site remedial .
activities. The elevation of 100-N ranges from approximately 120 m (390 ft) above mean sea level (msl) at the
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Columbia River to approximately 140 m (459 ft) above msl on the east side (Limited Field Investigation
Report for the 100-NR-2 Operable Unit: Hanford Site, Richland, Washington [DOE-RL-93-81]). 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 100-N. 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 100-N. 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 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 100-N. Based on the system of terraces and levees correlative to the second terrace (discussed
previously), the Columbia River has occupied the same channel from 100-BC to 100-D for at least the past
~8,000 years (Final Report for Interim Stabilization of 211-U and 211-UA Contamination Areas [BHI-01628]
and Late Pleistocene and Holocene-Age Columbia River Sediments and Bedforms: Hanford Reach Area,
Washington, Part 2 — Geologic Atlas Series [WCH-46]). Therefore, despite the tremendous volumes of water
flowing past the 100-N shoreline, the shoreline itself is stable (shoreline riprap was added to reduce exposure,
not shoreline stability).

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 include pipelines, reactor
buildings, former waste sites, and groundwater remediation systems and equipment.

222 Geology

100-N 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 to
12,000 million 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. Based on limited borehole
information, the Ringold Formation upper mud unit (RUM) underlies the entire area, is a relatively low
permeability unit, and forms the base of the unconfined aquifer. Table 2-4 shows the elevations and
thicknesses of the Ringold Formation and Hanford formation in 100-N.

The properties of these formations influence the distribution and behavior of contamination in the subsurface.
Within 100-N, the vadose zone is composed mainly of the Hanford formation with portions of the Ringold
unit E locally. Figure 2-6 provides a generalized geologic stratigraphic section of 100-N. Five new cross
sections were constructed to show the geology throughout 100-N, shown in Figures 2-7 through 2-13. Data
from several previous geologic reports, existing and decommissioned wells, and data from new well
installations were used to present the best depiction of 100-N geology.
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Table 2-4. Elevation and Thickness of Major Geologic Units Beneath 100-N

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
RUM 105-110 17-29 Silt and clay with minor sandy layers
Ringold unit C 80 3-5 Sand
Ringold Paleosol Overbank Interval 15 3843 Silt and sand
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: Hydrogeology of 100-N Area, Hanford Site, Washington (WHC-SD-EN-EV-027) and Well Information and
Document Lookup database.
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Figure 2-9. Geologic Cross Section A to A’
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