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EXECUTIVE SUMMARY

The United States (U.S.) Department of Energy (DOE) Oak Ridge Office of Environmental Management,
along with the Tennessee Department of Environment and Conservation (TDEC), and the U.S.
Environmental Protection Agency (EPA), has identified mercury contamination at the Y-12 National
Security Complex (Y-12) as the greatest environmental risk on the Oak Ridge Reservation (ORR). The
historic loss of mercury to the environment dwarfs any other contaminant release on the ORR. Efforts
over the last 20 years to reduce mercury levels leaving the site in the surface waters of Upper East Fork
Poplar Creek (UEFPC) have not resulted in achieving acceptable mercury concentrations in fish
throughout the creek. Additionally, very recent increases in surface water mercury flux leaving the site
have been noted, and are attributed to storm sewer system cleanup activities funded under the American
Recovery and Reinvestment Act of 2009. This observed, albeit temporary, increase in mercury flux raises
a concern that future demolition and remediation activities are likely to increase the mercury flux at
Station 17 (just upstream of the point the creek becomes publicly accessible). Large-scale demolition of
several process facilities — totaling approximately 1.8 million square feet — that historically became
contaminated with radioisotopes and mercury, along with the accompanying soil remediation activities,
will include removal and/or stabilization/containment of major mercury sources while generating waste
debris and soil. Some portion of this waste (possibly large) will require treatment prior to disposal under
the land disposal restrictions.

Future demolition/remediation projects require development and planning activities in preparation for the
execution of these projects, most notably activities aimed at defining waste treatment/disposal/endstates
resulting from mercury remediation. Strategic planning for mercury remediation at Y-12 includes the
following actions:

* Implement near-term mercury reduction actions to achieve a decrease in mercury flux in East
Fork Poplar Creek.

* Assess progress in terms of both mercury surface water concentrations and fish mercury tissue
responses, and implement further interim actions as deemed necessary through tri-party
agreement.

* ldentify, develop, and apply the best technologies for remediation of mercury contamination.

* Prepare, from regulatory and technical standpoints, for execution of large-scale demolition and
remediation activities as well as for the management of resultant contact water, debris, and soil
that will require treatment and disposal.

* Sequence the large-scale demolition and remediation work efficiently.
*  Comply with applicable state and federal agreements and regulations.

Remediation and mitigative activities to date have, in a few instances, resulted in unintended
consequences as noted (e.g., mercury flux temporarily increased due to the storm sewer system cleanup).
As another example, flow augmentation, implemented to improve water quality in UEFPC, has caused
resuspension of creek sediments and, therefore, increased mercury flux exiting the site boundaries.
Consequently, combinations of efforts under an adaptive management approach are needed to effectively
advance mercury cleanup at the site and address continued, elevated fish mercury concentrations.

A centrally located water treatment facility for mercury removal is proposed as a key component of this
strategy. This facility will serve multiple purposes, including reducing mercury flux at Station 17
(through achieving a reduction of mercury in the headwaters of UEFPC) and providing for future mercury
removal from contact water (e.g., storm water or decontamination water in contact with mercury-
contaminated material/waste) generated during future demolition and remediation activities.
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Other near-term completed and continuing efforts supporting the mercury cleanup include:

* Treatability studies/demonstrations to determine waste forms for contaminated soils that meet
waste acceptance criteria for the on-site disposal facility, the Environmental Management Waste
Management Facility, as well as regulatory land disposal restrictions and other applicable
regulatory requirements.

e Ongoing free mercury removal from storm sewer systems, modification of building/other
drainage to redirect storm runoff away from known/suspected mercury-contaminated areas, and
targeted legacy material disposition.

* Development of required planning documents with an emphasis on producing documents that will
serve multiple areas/projects as appropriate.

* Ongoing studies and proposed future efforts to better understand processes that control mercury
uptake in fish and distribution in the environment.

These efforts have been and will continue to be implemented in a phased, adaptive approach to reduce
uncertainties, to better define and target fish mercury reductions, and increase efficiencies in
characterization, targeted removal and treatment, and waste disposition.

As a National Priorities List site, with cleanup implemented under the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA) and governed by the Federal Facility
Agreement among DOE, EPA, and TDEC, a prescriptive documentation and communication process is
followed to plan, reach approval, implement, and monitor the scope of CERCLA response actions on the
ORR. The activities this plan addresses will mitigate mercury contamination sources, remediate soils for
federally-controlled industrial use, and reduce water-borne contamination leaving the site. No single
solution exists to solve the mercury contamination issue at Y-12; a multi-pronged, adaptive approach is
necessary in order to reach endstates that are acceptable on many levels and to all stakeholders. Given the
enormity of mercury cleanup, it is essential that economies of scale be implemented and the
remediation/waste disposition path forward be well defined and in place prior to initiation of further
cleanup.

ES-2



1. INTRODUCTION

This document presents the United States (U.S.) Department of Energy (DOE) Oak Ridge Office of
Environmental Management (OREM) Strategic Plan to safely and cost-effectively remediate mercury
contamination at the Y-12 National Security Complex (Y-12) and, as necessary, downstream in East Fork
Poplar Creek (EFPC), which is the result of decades of nuclear weapons development at the site. Y-12 is
one of four production facilities in the National Nuclear Security Administration’s (NNSA) Nuclear
Security Enterprise with a unique emphasis in the processing and storage of uranium, and development of
technologies associated with those activities. Decades of precision machining experience, and earlier
isotope enrichment activities, make Y-12 a production facility with capabilities unequaled nationwide, yet
have left the site with a legacy of contaminated facilities requiring replacement and/or demolition, and
soils and ground/surface water in need of remediation mainly due to the presence of mercury. This
strategy takes into account completed work regarding environmental mercury reduction, and ongoing and
proposed near-term actions to reduce mercury in the environment, as well as presents the complete
long-term scope and schedule of projects to remove/stabilize the building and soil mercury sources.
Several key factors and goals guided the development of this mercury remediation strategy:

* Mercury contamination at Y-12 has been ranked as the greatest environmental risk at the Oak
Ridge Reservation (ORR). Goal: propose mercury reduction projects to (a) take actions to
achieve near-term results in reducing the amount of mercury leaving the site and mercury
concentrations in fish and (b) plan for large-scale mercury cleanup projects in an effort to reduce
risk and ultimately protect human health and the environment.

e Cleanup is implemented under the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA), in accordance with the Federal Facility Agreement (FFA)
among the U.S. Environmental Protection Agency (EPA), Tennessee Department of Environment
and Conservation (TDEC) and DOE (DOE 1992). Goal: propose activities that meet, or make
progress toward meeting, regulatory requirements and approved endstates (e.g., state water
quality standards).

e Cleanup is integrated with NNSA’s ongoing missions. Goal: coordinate mercury remediation
activities with ongoing missions work.

» Strategy considers actions to reduce overall cost to the taxpayer. Goal: propose actions that will
consider ways to save costs such as (a) sequence work to produce efficiencies, (b) combine
projects to achieve economies-of-scale, (c¢) develop technologies to reduce costs/increase
efficiencies, and (d) plan and define risk mitigation activities and opportunities.

The Agency for Toxic Substances and Disease Registry (ATSDR) recently completed an in-depth study
to determine the human health effects of mercury releases from the Y-12 site; it conclusively determined
that no adverse human health effects have been suffered due to “most past and current exposure
pathways” of mercury releases (ATSDR 2012). However, as much as two million pounds of mercury
were lost to the environment or are unaccounted for during its historical use at the site. Mercury that has
persisted in the environment continues to have impacts which must be addressed, as evidenced by a
temporarily increased mercury flux leaving the site due to remediation activities focused on source
removal and the plateauing of fish mercury concentrations in recent years. Fish mercury concentration is
directly related to human health concerns through ingestion pathways. While comforting to know that
human health has not been affected to date, it is imperative to preserve this record with a strategy that
acknowledges potential future risks and provides appropriate plans and funding for risk avoidance or
mitigation while addressing the environmental impact.



This strategy aims to accomplish the given goals through an adaptive management® plan that includes:

* Completion of early action tasks to reduce mercury leaving the plant boundary from the average
of 18 grams per day measured over the last seven years (at the National Pollutant Discharge
Elimination System [NPDES] location, Station 17)°.

* ldentification of desirable studies in terms of data gathering/analyses and technology
development/demonstration to better understand mercury-water-fish relationships and support
building demolition and soil remediation projects.

* Prioritization and sequencing of these projects while considering cost efficiencies that may be
implemented.

A roadmap for the strategic process is given that counts risk management, technology development,
regulatory considerations, and re-baselining among its steps. Figure 1 illustrates the many issues and
actions regarding mercury remediation that this strategy aims to address.

As an adaptive plan, this strategy is expected to evolve as results of implemented actions are obtained and
assessed, and modifications are proposed as necessary. It will be updated to serve as a flexible, yet stable
roadmap for the progress to be made in remediating mercury at Y-12 and in affected portions of the EFPC
area.

reduction of mercury
flux at Station 17

elemental mercury

regulatory goals
and milestones

endstates of waste, soil,
sediment, and structures

treatability studies to
determine waste forms

technology
development

ercury removal from future
remediation contact water

development of required

planning documents source removal

Figure 1. Issues and Actions Addressed by the Mercury Strategic Plan

! As used here “adaptive management” encompasses the concept of decision-making under uncertainty about the outcomes of
specific actions with the goal of identifying effective environmental remedies based on observing effectiveness of interim
actions as well as on results of scientific research comparing multiple causative hypotheses; e.g., waterborne versus sediment-
borne mercury as the dominant source of mercury in fish.

2 NPDES location is in mid-channel at Station 17.



2. BACKGROUND

21 Y-12SITE HISTORY

Releases of mercury during operations at Y-12 in the 1950s and early 1960s resulted in contamination of
environmental media and facilities within the complex, as well as downstream water bodies including
EFPC and the Lower Watts Bar Reservoir. Subsequent transport from these sources continues to threaten
the creek and ecological receptors both on-site and off-site. Remediation efforts, which began in the
1980s, have reduced waterborne mercury concentrations both within the Y-12 facility and in the EFPC
ecosystem, but elevated levels of mercury remain in the soil, sediment, water, and biota, as well as in the
building structures and equipment where the mercury operations took place. Industrial development and
separation processes using mercury were conducted in several buildings, including Buildings 9201-2
(Alpha-2), 9204-4 (Beta-4), 9201-4 (Alpha-4), and 9201-5 (Alpha-5), beginning in the 1950s and were
discontinued in 1963. Building 81-10 (only the slab remains today) in the southern portion of Y-12
housed equipment (roaster and condenser) to recover mercury. These facilities are shown on the map,
Figure 2, along with other major mercury-related site facilities/features. Figure 3 shows photographs of
the four large mercury-use buildings. The estimated total historical release of mercury to air, surface
water, and soil at Y-12 is provided in Table 1 (UCC 1983).

Table 1. Historical Losses of Mercury at Y-12°

Mercury Losses Major Pathway T dsI)VI ercun(/Kilograms)

Lost to air (1950 — 1963) Ventilation systems ~51,000 23,000
Lost to East Fork Poplar Creek (1950 — 1982) | Process waste stream ~239,000 109,000
Lost to soils at Y-12 Complex Accidents/spills ~428,000 195,000
Lost to sediment in New Hope Pond Building drains ~15,000 7,000
Not accounted for ° Not received, buildings, other ~1,292,000 587,000
Total ~2,025,000 921,000

®Mercury at the Y-12 Plant, a Summary of the 1983 UCC-ND Task Force Study, Y/EX-23, November 1983. (UCC 1983)
®This mass of unaccounted for mercury has been estimated at closer to 650,000 Ibs, when historical knowledge regarding
shortage of receipts, losses to building structures, and other specific losses are taken into account. (UCC 1983)

The EFPC can be divided into several discrete sections. The portion that occurs within the Y-12 Plant
(approximately 1.5 miles in length) is referred to as the Upper EFPC ([UEFPC], see Figure 2). The EFPC
from Bear Creek Road to its confluence with Poplar Creek near the East Tennessee Technology Park
(ETTP) is generally referred to as Lower EFPC ([LEFPC], about 14 miles in length, see Figure 2 inset),
and it passes through the city of Oak Ridge. UEFPC leaves the ORR, entering public property shortly
downstream of Station 17. Outfall 200, just east of the major processing facilities within Y-12, is the
headwaters of UEFPC. A complex underground storm sewer system draining the West End Mercury Area
(WEMA), as shown in Figure 2, feeds Outfall 200.

Although impacted to much less extent by mercury use at Y-12, Bear Creek, with its origin just west of
the Y-12 Plant, displays elevated mercury levels in some surface waters, and fish living in Bear Creek
currently exceed the methylmercury regulatory target of 0.3 mg/kg in tissue (SAIC 1997, Mathews et al.
2013).

While the release of high concentrations of mercury from the plant stopped in 1963, mercury continues to
be released into EFPC from various point and nonpoint sources. Dry weather loading of mercury to the




UEFPC has multiple sources, including infiltration of contaminated shallow groundwater into the storm
sewer system, dissolution of mercury from the contaminated pipes, advection of contaminated sediment
into the surface flow, and emergence of contaminated groundwater from the karst system in springs and
seeps (DOE 1994a). Further information on historical releases and sources is available in Conceptual
Model of Primary Mercury Sources, Transport, Pathways, and Flux at the Y-12 Complex and Upper East
Fork Poplar Creek, Oak Ridge, Tennessee (ORNL 2011). Mercury loading in LEFPC is summarized in
Sources of Mercury to East Fork Poplar Creek Downstream from the Y-12 National Security Complex:
Inventories and Export Rates (ORNL 2010) as well as in Mathews et al., 2013.

Legend Acronyms
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9201-5 9201-4
Station 17

CMTS
L 9201-2 SAo
D Reality
W\’-—’ OF 200 5 EEB SIS
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BEAR CREEK

UPPER EAST FORK POPLAR CREEK|

Figure 2. Y-12 Site Layout Showing Major Features in UEFPC Watershed and
Expected Areas of Mercury Contamination
(Inset map shows all of East Fork Poplar Creek, including LEFPC)




Figure 3. Mercury-Use Buildings at Y-12

2.2 REGULATORY FRAMEWORK FOR CLEANUP

The ORR and portions of the LEFPC Operable Unit (OU)® were placed on the National Priorities List in
1989. The FFA, which coordinates the corrective actions under Resource Conservation and Recovery Act
of 1976 (RCRA) with CERCLA response actions, became effective on January 1, 1992. Parties of the
FFA agreed that implementation of CERCLA actions would be in compliance with RCRA and other
appropriate environmental laws as applicable and relevant or appropriate requirements (ARARS) to be
specified in the CERCLA decision documents, including requirements for waste characterization,
treatment to meet land disposal restrictions (LDRs), and waste handling, storage, and disposal.

% The LEFPC release site OU, outside of the ORR, is limited to areas (soil, sediment, and groundwater) within the 100-year
floodplain and does not extend to areas outside the floodplain, with the exception of soils that may have been taken from the
floodplain and used in other areas as fill (e.g., Sewer Line Beltway) (DOE 1995b). The CERCLA risk assessment process
confirmed that Sewer Line Beltway soils present no significant risk (DOE 1994b,c).



2.2.1 Comprehensive Environmental Response, Compensation, and Liability Act

Remediation of the ORR, from a CERCLA regulatory standpoint, is divided up by watersheds. There are
two watersheds at Y-12, Bear Creek and UEFPC. UEFPC activities are addressed in this strategy since it
is the watershed most affected by mercury contamination; the LEFPC OU is addressed as well. Cleanup
projects in the Bear Creek Watershed are addressed as part of the overall Y-12 project prioritization and
sequencing discussed in Chapter 4; effects of the mercury cleanup on Bear Creek are also examined.

Per CERCLA, a Remedial Investigation (RI) of the UEFPC watershed was completed in 1998, which
identified and defined areas of mercury contamination (as well as all other contamination) and established
risks associated with that contamination (SAIC 1998). Alternatives for remediation of all watershed
media were evaluated and screened in a Feasibility Study (FS) (BJC 1999). A phased, interim decision
approach was developed with the regulators and an FS Addendum (BJC 2000) was subsequently prepared
for the initial CERCLA decision, an interim action for remediation to protect surface water. A Proposed
Plan (DOE 2001) was prepared and the selected remedy was documented in the Phase | Interim Record of
Decision (IROD) (BJC 2002), which focused on addressing contamination that contributed to surface
water contamination. A Focused Feasibility Study was prepared for the next phase, which addressed
interim actions to remediate soil contamination to protect industrial workers, groundwater, and surface
water, and the site was broken into exposure units (EUs), as shown in Figure 4 (BJC 2004). A Proposed
Plan, which documented the selected cleanup alternatives, was issued and the Phase Il IROD was
approved (DOE 2005a) [see Section 2.2.1.1]. Building deactivation and demolition (D&D) decisions were
subsequently addressed in an Engineering Evaluation/Cost Analysis (EE/CA) and Action Memorandum
(AM) [see Section 2.2.1.2].

Likewise, the CERCLA sequence of RI, FS, Proposed Plan, and Record of Decision (ROD) was followed
for the LEFPC OU (DOE 1994b, 1994c, 1994d, 1995a, 1995b).

2.2.1.1 Soils, Sediments, and Subsurface Structures

Remediation of the UEFPC watershed is being conducted in stages using a phased approach under
multiple CERCLA decision documents. The Phase | IROD was signed in May 2002 (BJC 2002). Phase |
presents selected interim actions for remediation of mercury-contaminated soil, sediment, and
groundwater discharges that contribute contamination to surface water. An Explanation of Significant
Difference (ESD) to the UEFPC Phase | IROD was issued in Fiscal Year (FY) 2011 (EDI 2011). The
ESD removed WEMA capping and WEMA horizontal wells from the selected remedy in the IROD,
because they were envisioned as the remediation for WEMA soils prior to the subsequent plan to D&D
additional former mercury-use buildings in the area (introduced through the Integrated Facility
Disposition Program [IFDP], see Section 2.3). D&D of buildings will allow access to mercury-
contaminated soils beneath and adjacent to the structures (addressed by the Phase Il IROD).

The Phase | IROD Remedial Action Objective (RAOQ) is to restore surface water to human health
recreational risk-based values at Station 17. An interim goal of 200 parts per trillion (ppt) mercury
concentration in surface waters of UEFPC at Station 17 was identified, based on achieving acceptable
mercury concentrations in fish tissues for human consumption, and a waiver from the 51 ppt ambient
water quality criteria (AWQC) for mercury was granted.

The Phase | IROD remedy addresses those soils and sediments that contribute to surface water
contamination as principal threat waste (PTW)* including: (1) the WEMA (soils in the immediate
vicinity, storm sewer sediments, and shallow groundwater captured by currently operating sumps),
(2) sediment in exposed portions of the UEFPC stream channel, and (3) sediment within Lake Reality.

* Principal threat wastes are those source materials considered to be highly toxic or highly mobile that generally cannot be
reliably contained or would present a significant risk to human health or the environment should exposure occur. (EPA 1991)
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Figure 4. Exposure Units in the UEFPC Contamination Area

EU 11 and EU 8 contain the three large mercury-use facilities. Beta-4 (in EU 11), and Alpha-5 and Alpha-4 (in EU 8) will be demolished as part of this
mercury remediation strategy. The 81-10 Area, also a mercury-contaminated area, is located in EU 9. Alpha-2, the fourth mercury-use facility that will be
demolished as part of this mercury remediation strategy, is located in EU 4. UEFPC passes through EU 4 and EU 2, as well as EU 1a and EU 1b.




WEMA soils were to be addressed in this Phase | IROD through capping of the WEMA area and addition
of horizontal wells, which would have provided an interim solution to mobilization of PTW. However,
with the removal of that action, the Phase Il IROD becomes the decision document for those soils (see
below). The Phase | remedy included several actions that have since been completed:

* Alpha-2 water treatment system (Big Spring Water Treatment System [BSWTS])
* Land use controls

*  WEMA storm sewer cleaning

* Short- and long-term studies (involving treatment of water/soils for mercury)

Other Phase | IROD actions that are ongoing or have yet to be completed include:

* Soil/sediment removal in UEFPC and Lake Reality
* Continued monitoring of effectiveness of remediation at various locations

Mercury-contaminated soils and subsurface structures that are not addressed in the Phase | IROD are
addressed in the Phase 11 IROD, as that document states, “[The Phase | IROD] addresses interim actions
for remediation of principal threat waste, mercury-contaminated soils, sediments, and point groundwater
discharges that contribute contamination to surface water.” and “The focus of this second phase of
remediation is interim actions for the remediation of the balance of contaminated soil, scrap, and buried
materials at Y-12.”

Phase 1l IROD actions that have since been completed include:

e Y-12 Salvage Yard scrap removal
e Y-12 Salvage Yard soil remediation

e Land use controls (e.g., property record restrictions and notices, zoning notices,
excavation/penetration permit program)

Ongoing or not completed actions in the Phase I IROD include:

e Characterization of media

* Excavation of accessible soils (in time all soils will become accessible) exceeding remediation
levels, to a depth of 2 ft for controlled industrial land use (EUs 2 through 14) and a depth of 10 ft
for unrestricted industrial land use (EUs 1a and 1b, see Figure 4)

* Excavation of accessible soils (in time all soils will become accessible), exceeding remediation
levels for protection of groundwater and surface water, to water table or bedrock

The Phase Il IROD was finalized and approved by regulators in April 2006 (BJC 2006). The focus of the
second phase is remediation of the balance of contaminated soil, scrap, subsurface structures (including
slabs and currently inaccessible soils under buildings), and buried materials within the Y-12 Complex. As
stated in the bullet above, this IROD addresses all soils in UEFPC, which includes those PTW soils in the
WEMA area (originally addressed by interim actions in the Phase | IROD that were subsequently
removed, namely WEMA capping) that are currently inaccessible, but will become accessible through
eventual demolition of buildings in that area.

The RAO of the Phase Il IROD is to protect industrial workers from exposure to hazardous substances in
the uppermost two feet of soils, and protect surface water and groundwater by reducing existing
contamination of the solid matrix of the site (i.e., soil, sediment, buried waste, and subsurface structures).
Soil remediation levels and the calculation methods/modeling are established in the Phase 1l document.

A Remedial Action Work Plan (RAWP) has been completed to address soil, sediment, buried waste, and
subsurface structure remediation at Y-12, based on the defined EUs (EDI 2010a). Addressing smaller,



individual remediation projects, typically by EU, will thus be the regulatory strategy approach moving
forward. Appendices will be added to the RAWP as the remediation strategies progress for specific EUs
(characterization and remediation). A breakdown of the Y-12 site by EU is shown in Figure 4. The
strategy presented in this document (Chapter 3) addresses required CERCLA documentation for media
from this point forward.

The LEFPC ROD addressed remediation of floodplain soils, which were identified in the RI baseline risk
assessment as presenting unacceptable risks — due to mercury — to human health (e.g., hazard index
exceeding 1 and/or carcinogenic risk exceeding 10™) and to ecological receptors. Per the LEFPC ROD, a
mercury remediation goal of 400 mg/kg was determined to be protective and 35,600 yd® floodplain soils
exceeding that level were excavated in 1996-1997, resulting in 45,000 yd® of disposed waste soil.
Groundwater and sediments were not identified as posing a risk to human health or ecological receptors;
surface water (for all three decision documents, Phase | and Il IRODs and LEFPC ROD) was not
considered as it is deferred to future decisions (see Section 2.2.1.3).

In both IRODs, soil remediation levels are noted as possibly requiring reassessment when final
groundwater and surface water decisions are made. As stated in the Phase | IROD, ““This selected remedy
is considered to be an interim action and will be completed, evaluated, and used as the basis for
determining what, if any, additional remedial actions may be necessary to meet final goals.””, and per the
Phase Il IROD, “If final land use, surface water, or groundwater decisions require additional soil
remediation, it will be addressed as part of those future action(s).” (BJC 2002, 2006)

2.2.1.2 Buildings

Building demolitions are addressed in the aforementioned EE/CA (EDI 2010b), which was subsequently
followed by submission of an AM (DOE 2010b) documenting the decision regarding building demolition.
Several time-Critical AMs addressing a limited number of buildings and a Removal Action Work Plan
(RmAWP) addressing the remainder of the buildings including those in the UEFPC watershed area was
issued (EDI 2010c). The strategy presented in this document (Chapter 3) addresses required CERCLA
documentation for building D&D from this point forward.

2.2.1.3 Ground and Surface Waters

A final groundwater ROD for UEFPC will be developed following the remediation of UEFPC soils,
sediments, and subsurface structures. Groundwater in LEFPC was not identified as a risk in the
investigations (e.g., Carmichael 1989) conducted for that OU. A final surface water decision for the EFPC
(Upper and Lower) will be reached after the completion of the source control actions within the Y-12 site
and will be followed by the Clinch River/Poplar Creek (CR/PC) Surface Water ROD. The CR/PC Surface
Water ROD will be determined after completion of all ORR upstream source remediation and final
watershed decisions at the three Oak Ridge sites (Y-12, Oak Ridge National Laboratory [ORNL], and
ETTP). An ORR-wide groundwater strategy is currently under development, with the understanding that
many mercury remediation actions have not yet been initiated. Mercury-associated remediation of known
sources (e.g., buildings and soil) is planned under specific projects to begin in approximately FY 2025
and complete in FY 2039, based on current planning and funding assumptions.

2.2.2 Resource Conservation and Recovery Act

RCRA governs operations at facilities that generate, treat, store, dispose, or transport materials that meet
the RCRA regulatory definition of a hazardous waste. The ORR currently has a RCRA operating permit,
and Hazardous and Solid Waste Amendments corrective action permit covering all such facilities located
within the ORR boundaries. RCRA also includes certain requirements that may be applicable whether the
remedial activities are conducted under RCRA or CERCLA authority. The most significant of these are
the LDRs given under 40 Code of Federal Regulations Part 268 (40 Code of Federal Regulations [CFR] §



268). Regarding mercury, LDRs specify the use of particular technologies and standards to meet,
including Universal Treatment Standards (UTS) or optional Alternative Treatment Standards (ATS) that
are specific to soil that must be attained before the waste may be land disposed.

Mercury-contaminated media at Y-12 (e.g., soils, buildings, debris, etc.) were closely reviewed in 2005
for applicability of the U-151 listed waste code under RCRA. This extensive due diligence review
considered hundreds of documents and expert testimony, and concluded that Y-12 media and debris
contaminated with mercury should not carry the U-151 code with the possible exception of Building
9720-26 (DOE 2005b). Those mercury-contaminated wastes that may be applicable to the Y-12 site
cleanup are given in Table 2, along with the treatment standard to be attained to meet LDRs.

2.2.3 Clean Water Act

Point source discharges to UEFPC are subject to the Clean Water Act of 1972 (CWA) through NPDES
permits. The NPDES permit at Y-12 was recently renewed (October 2011) and places considerable
emphasis on reducing mercury flux in UEFPC. The newly-issued permit contains activities that are
consistent with modification of actions required in previous NPDES permits, while others are
enforcement of CERCLA actions to address mercury reduction. In November 2011, DOE and NNSA
filed an appeal to remove the performance of CERCLA actions from the permit, which were already
subject to enforcement under CERCLA and the ORR FFA. As of the date of this report, this appeal is still
unresolved.

CERCLA actions considered in this mercury plan will comply with all substantive requirements of federal
and state environmental laws and regulations identified as ARARs in CERCLA decision documents, or
obtain waivers in accordance with CERCLA Section 121(d)(4)(D), where needed.

Table 2. Nonwastewaters Contaminated with Mercury and Corresponding RCRA, LDR, UTS, or ATS

Treatment Standard and/or

Waste Type Technology

Per 40 CFR § 268.40 Applicability of Treatment Standards

Nonwastewaters that exhibit, or are expected to exhibit, the characteristic of toxicity Incineration (IMERC) or Retort/
for mercury based on the Toxicity Characteristic Leaching Procedure (TCLP) in Thermal Desorption (RMERC)
SW846; and contain greater than or equal to 260 mg/kg total mercury that also
contain organics and are not incinerator residues. (High Mercury-Organic
Subcategory)

Nonwastewaters that exhibit, or are expected to exhibit, the characteristic of toxicity | RMERC
for mercury based on the TCLP in SW846; and contain greater than or equal to 260
mg/kg total mercury that are inorganic, including incinerator residues and residues
from RMERC. (High Mercury-Inorganic Subcategory)

Nonwastewaters that exhibit, or are expected to exhibit, the characteristic of toxicity | 0.20 mg/L TCLP and meet 40 CFRS§
for mercury based on TCLP in SW846; and contain less than 260 mg/kg total 268.48 standards (UTS)
mercury and that are residues from RMERC only. (Low Mercury Subcategory)

All other nonwastewaters that exhibit, or are expected to exhibit, the characteristic of | 0.025 mg/L TCLP and meet UTS
toxicity for mercury based on TCLP in SW846; and contain less than 260 mg/kg total
mercury and that are not residues from RMERC. (Low Mercury Subcategory)

Elemental mercury contaminated with radioactive materials Amalgamation (includes use of sulfur
compounds)
Per 40 CFR 8§ 268.45 Treatment Standards for Hazardous Debris
Hazardous Debris Extraction Technologies or Immobilization Technologies; and must meet

specified performance and/or design and operating standards of 40 CFR8§268.45

Per 40 CFR § 268.49 Alternative LDR Treatment Standards for Contaminated Soil

Contaminated Soil Treatment must achieve 90 percent (%) reduction in contaminant concentrations
as measured in leachate from the treated media, tested according to TCLP, but
does not have to reduce original contaminant below 10-times the UTS limits in
40 CFR§ 268.48.
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2.3 DOE FRAMEWORK FOR CLEANUP

Scope, schedule, and budgets for the cleanup of Y-12, ORNL, and ETTP sites are addressed by DOE
OREM through the development of project definitions (based on tri-party agreed upon actions, see
Section 2.2) that are then assembled into an overall OREM Baseline. Much of the Y-12 and ORNL
cleanup scope was introduced and received Critical Decision (CD)-0 approval, Approve Mission Need, on
July 20, 2007 and CD-1 approval, Approve Alternative Selection and Cost Range, on November 17, 2008,
in accordance with DOE Order (O) 413.3A Program and Project Management for the Acquisition of
Capital Assets (DOE 2008a) under the auspices of the IFDP. This extensive cleanup scope is in the
process of being added to the OREM Baseline as discrete projects, and was added to FFA-related scope
and schedules in Appendices C, E, and F shortly after CD-1 approval. Further project-specific
CD approvals (levels 2, 3, and 4) will be pursued in accordance with DOE O 413.3B (DOE 2010a), which
replaced DOE 413.3A. Chapter 4 addresses the project-specific activities proposed for Y-12 in detail.
Generally, these projects are organized around building complexes; for example, the Beta-4 Complex
D&D Project will demolish Building 9204-4 and accompanying ancillary facilities. Remediation of
currently inaccessible soils beneath the buildings will be addressed in a separate soil remediation project
logically following the D&D project. The prioritization and sequencing of all these projects — multiple
complexes’ D&D, soils remediation, etc. — is strategically based on risk and funding, and is a subject
discussed in Chapter 4 as well.

24 INTERFACES

OREM has cleanup responsibility for the entire ORR. Their mission at the three sites is completed under
a single budget and, while a consistent OREM mission is applied to all sites, budgets are still subject to
competing site-specific needs, missions and goals, and required results. OREM is responsible for
integrating the three site drivers into a single, overall plan and budget based on priorities involving risk,
regulatory commitments, and mission needs.

Interfacing with the Y-12 site landlord, NNSA, is essential to ensuring successful execution of both
entities” missions. For example, NNSA is planning and actively seeking funding for modifications to the
Perimeter Intrusion Detection and Assessment System (PIDAS), which is the protective security
boundary that currently encompasses three of the four major mercury-contaminated processing facilities
(Beta-4, Alpha-5, and Alpha-4). Therefore, additional costs associated with executing cleanup projects
within the PIDAS are not currently accounted for in facility demolition estimates for Beta-4 and Alpha-5,
due to NNSA’s future plans to reduce the PIDAS footprint prior to the start of demolition of these
facilities.

Interfacing with regulatory entities, TDEC and EPA Region 4, is of utmost importance in executing this
mercury cleanup strategy and achieving the response action goals set forth in the CERCLA decision
documents. CERCLA remediation activities require submittals of various documents — Waste Handling
Plans (WHPs), Sampling and Analysis Plans (SAPs), Remedial Design Reports, Work Plans, etc.,— that
are reviewed and approved by the regulators, showing their involvement in the decision-making process.
The strategy accounts for development of these plans and regulator interactions prior to executing the
actions.

Stakeholder participation and understanding is essential for DOE to achieve acceptance of its cleanup
mission. Effective communication plays an important role in integrating regulators and the public into the
decision-making process. Implementation of public involvement activities will be consistent with the
FFA-approved Public Involvement Plan for CERCLA Activities at the U.S. Department of Energy Oak
Ridge Reservation (DOE 2011) and DOE P 141.2, Public Participation and Community Relations
(DOE 2003). Interactive communication will enable all parties to understand disparate views and to
achieve agreement for the most appropriate path forward.
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2.5

COMPLETED WORK

Previous and ongoing progress toward the ultimate goal of mercury remediation at Y-12 is summarized in
Table 3. Most recently, funding from American Recovery and Reinvestment Act of 2009 (ARRA)
enabled the completion of several activities as noted at the end of the table; however, the bulk of the work
remains to be completed and is addressed by this strategic plan.

Table 3. Chronology of Significant Mercury Cleanup Activities

Year(s)

Project

Summary of Significant Actions

References

1985 to
1999

Building remediation
activities

Elimination of mercury sources and
rerouting of process pipe in
Buildings 9201-2, 9201-4, 9201-5
and 9204-4; decontamination of
facilities/equipment and equipment
removal; treatment of sump water in
9201-2 using activated carbon

Reduction of Mercury in Plant Effluents
(RMPE) Program in the mid- to late
1990s (DOE 1998g)

Removal Action Report for Building
9201-4 Exterior Process Piping Removal
at the Y-12 Plant, Oak Ridge, Tennessee,
DOE/OR/02-1650&D1

1986 to
1987

Storm drain
cleaning/lining;
removal of mercury-
contaminated sediment

5,600 ft of storm sewers cleaned
8,400 ft of storm sewers relined
500,000 Ibs of sediment removed

RMPE Program Activity
UEFPC RI page 3-33 (SAIC 1998)

1988

Construction projects
result in mercury-
contaminated soil
removal

Removal and disposition of soil in
high mercury-contamination areas
due to construction of PIDAS

RMPE Program Activity

1988 to
1989

New Hope Pond
closure (replaced by
Lake Reality)

Located near eastern boundary of
Plant

Unlined settling basin intended to
remove suspended sediments from
UEFPC prior to discharge from the
Y-12 Plant

Constructed in 1962

Sediments dredged in 1973 and
placed in Chestnut Ridge Sediment
Disposal Basin

Closed and capped in 1989

Removal Action Report for the Oak Ridge
Y-12 Plant East End Volatile Organic
Compound Plume, Oak Ridge, Tennessee,
DOE/OR/01-2297&D1

Post-Closure Permit for the Upper East
Fork Poplar Creek Hydrogeologic
Regime (New Hope Pond and Eastern S-3
Site Plume) , U.S. DOE, Y-12 National
Security Complex, Oak Ridge, Tennessee,
EPA 1D No. TN3-89-009-0001, TN
Permit No. TNHW-113

Closure Plan for New Hope Pond,
Y/SUB/87-86020C/3 (DOEIC =
F.0603.080.0510)

1988 to
1995

Pipe rerouting: North-
South Pipe replaced in
1988

Rerouting and removal of process
piping

2,000 ft of North-South Pipe
containing mercury-contaminated
sediment abandoned and replaced
with new pipe

North-South Pipe conveys UEFPC in

western area of complex

RMPE Program Activity
UEFPC RI Page 3-33 (SAIC 1998)
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Table 3. Chronology of Significant Mercury Cleanup Activities (Continued)

Year(s) Project Summary of Significant Actions References
e  Three, concrete settling tanks (2101-U, Post-Construction Report for the
Tank remediation 2104-U, _2100-U) contributed to mercury Mercury Tanks Interim Actior) at the
(removal of 30,000 Ib releases in UEFPC Oak Ridge Y-12 Plant, Oak Ridge,
1992 e e  Tanks were cleaned to remove mercury- Tennessee, DOE/OR/01-1169&D1
mercury-contaminated - -
sediment) contaml_nated water and sediment
o Approximately 30,000 Ibs of mercury-
contaminated sediment removed
e Initiated in 1982 by CWA Lake Reality by-pass project
Reduction of mercury | ¢  Two phases focused on mercury sources completed in 1998, which rerouted
198210 | inPlanteffluent (Lake | e Greater than 90% methylmercury UEFPC flow around Lake Reality
1994 Reality by-pass; trial reductions achieved and reduced the flux of methyl
treatment of Outfall e Storm sewer cleaning/relining mercury (a form more susceptible to
51) e Rerouting process water and UEFPC bio-uptake) in water downstream of
e  Focused water treatment Lake Reality by approximately 90%
e Implemented to protect stream water
quality per the 1995 NPDES permit
e A flow of 5 million gallons per day (mgd)
1996 to Flow augmentation at Station 17 needed for protection
present e  Flow management began in 1996 and adds
approximately 4.5 mgd
e  Maintained by pumping water from Clinch
River to Outfall 200 (North/South pipe)
o  NPDES Permit Compliance Program
Phase 2 Action to reduce discharges at Non-significant Change to the Phase
Outfall 551 I Interim Source Control Actions in
1996 1o | Central Mercury e Located in Building 9623 and began UEFPC, April 2007
O | Treatment System operation in 1996
present operation e  Treats contaminated sump water from
Buildings 9201-4 and 9201-5
e  Treatment of Building 9201-5 sump halted
in 2007
. 1994 RI/FS; 1995 ROD Remedial Action Report on the
e Public input raised cleanup level based on Lower East Fork Poplar Creek
f mercury form (sulfide) to 400 ppm Project, Oak Ridge, Tennessee,
188? 10 rEeI;ii;‘:oodplam soil 1, Excavation of approximately 35,000 cubic DOE/OR/01-1680&D1
yards of mercury-contaminated floodplain
soil (45,000 cubic yards upon disposal)
e  Surface water decision deferred
e Mercury/PCB source adjacent to 81-10 Removal Action Report for the 9822
Mercury Roaster Sediment Basin and Building 81-10
1997 Basin 9822 . 1997 Action Memo Sump qt the Oak Ridge Y-12 Plant,
Remediation e Basin water & sediment removed/treated Oak Ridge, Tennessee,
e  Basin demolished/filled DOE/OR/01-1763&D2
e  81-10 sump cleanout/closure included
1999 RI/FS completed for UEFPC
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Table 3. Chronology of Significant Mercury Cleanup Activities (Continued)

Year(s) Project Summary of Significant Actions References
CERCLA Treatability Study e Treatability Study Report for the
2001 UEFPC Bank Stabilized stream bank to reduce erosion UppEr Eetl)sftI_For_k Poplﬁr Crekek
Stabilization Reduced storm event driven releases of Bank Stabilization at the Oal
mercury Ridge Y-12 Plant, Oak Ridge,
Tennessee, DOE/OR/01-1890&D1
2002 Phase | IROD approved
Located near Alpha-2 e  Phased Construction Completion
Bia Sprina Water Began operation in August 2005 Report for the Big Spring Water
2005 to Trgatr?wentgs stem Removes mercury using granular activated Treatment System at the Y-12
present operation y carbon National Security Complex, Oak
Treats approximately 300 gallons per Ridge, Tennessee, DOE/OR/01-
minute 2218&D1
2006 Phase Il IROD approved
2008 IFDP CD-1 approved (addresses D&D of more than 100 buildings and multiple remedial action sites at Y-12)
e  Phased Construction Completion
Report for the West End Mercury
Area Storm Sewer Remediation at
the Y-12 National Security
. WEMA Storm Sewer Project Complex, Oak Ridge, Tennessee
ARRA Projects S - y ' '
(WEMA Storm Sewer - ;Q\?Iees inspection of 15,600 ft storm DOE/OR/01-2526&D?2
Project; Scrap Yard . e  Phased Construction Completion
Removal; Beta-4 and ) gleign_lng Off f 218(()) ]ftt Off s:[torm Sewer Report for the Y-12 Old Salvage
Alpha-5 Legacy ) D? |n|n_gtj_o /t’ ¢ Ot sform Sewer Yard Soil Remedial Project, Y-12
Material Removal ) cc;z?:rfwlirllg?ec;ﬁerg;nar? q \Tv:;f:v%-ter National Security Complex,
LMR); DOE/OR/01-2564&D1
2009 to ,(O\Ipha25 Building Y-12 Scrap Yard (Old Salvage Yard) )
present | - terizati on) - Characterization results show no soil »  Removal Action Report for the
treatment prior to disposal required Removal of Legacy Material from
See Section 3.4.1 for Completion of Alpha-5 and partial Beta-4 Buildings Beta 4 (9204-4) and
: o | terial (LM) disposition Alpha 5 (9201-5) at the Y-12
details on other egacy ma P National Security Complex. Oak
ARRA actions for (approximately 22,000 yd?® total removed) ational Security Lomplex, Oa
mercury Completion of Alpha-5 building séciggzgeznnessee, DOE/OR/01-
remediation. characterization
Actions as discussed in Section 3.4.1 e  Characterization Report for Alpha
5 Building 9201-5 at the Y-12
National Security Complex, Oak
Ridge, Tennessee Volume I,
DOE/OR/01-2540&D?2
2.6 MERCURY REMAINING IN THE ENVIRONMENT

As noted in Section 2.1, many tons of mercury have been lost to the surrounding Y-12 environment — air,
soil, sediment, buildings, and water. Much of that contamination is believed to be contained in the soils
surrounding and under the process buildings. A site conceptual model that identifies the major mercury
sources, transport pathways, and flux has been developed (ORNL 2011). Major sources delineated in the
model include soils, creek sediments, buildings, and subsurface structures (storm drains, piping, sumps,
and tanks). Mercury leaves the Y-12 site primarily through surface waters in UEFPC. Transport pathways
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are very complex as is the mercury chemistry and behavior in the environment. The amount of mercury
leaving the site per a given time period (or flux) is quite variable.

2.6.1 Mercury in Subsurface Soils

Mercury in the subsurface soils at Y-12 is present in many forms (see recent Soil Treatability Study,
[UCOR 2012b], for additional information). Most typically (due to its stability) the mercury 1l valence
state versus the mercury | valence state is found, from the more soluble inorganic mercury (Il)
compounds (e.g., mercuric oxide, HgO) to the least soluble, mercuric sulfide (HgS, cinnabar), as well as
(more sparingly) organic methylmercury compounds and, finally, a portion is present as elemental
mercury. Depending on the location, any of these mercury compounds may be dominant in soils (with the
exception of methylmercury, which is typically present in very low concentrations in soils, usually
representing far less than 1% of total mercury).

Elemental mercury’s unique properties of high density, surface tension, volatility, and occurrence as a
liquid at room temperature lead to both challenges and advantages during its characterization and
treatment in subsurface environments. As a liquid it is perhaps the ultimate dense non-aqueous phase
liquid due to its very high density (13.5 g/cc) and relatively low solubility (60 pg/L). Its high surface
tension (487 dynes/cm), highest of all common liquids at room temperature, offsets the effects of its high
density and downward mobility to some degree by causing spills of the liquid to break up into small
beads that stick to surfaces and retard its downward migration in porous media (e.g., soil). Elemental
mercury is also reasonably volatile and reaches near saturation values in stagnant air (15 mg/m°) that are
hazardous to human health. Thus, it can migrate in the subsurface as a gas in the soil gas matrix as well as
dissolved in groundwater, and can present inhalation issues during remediation. Under mildly anoxic
subsurface conditions elemental mercury is thermodynamically stable, but on exposure to air with normal
oxygen content it can be oxidized to forms (HgO, HgOCI) that are far more soluble in water than the
elemental form. One further complication arises from the observation that certain subsurface bacteria
(iron reducers) are capable of reducing mercury Il ion to elemental mercury (Barkay et al 2009). At
higher levels of mercury contamination, development and expression of the mer operon, a mercury-
resistance gene, also facilitates mercury reduction. Thus, even where a subsurface mercury source is not
initially elemental, microbial-driven processes can generate elemental mercury in the subsurface.

Total mercury concentrations in soils in the WEMA and around Alpha-2 range in the few mg/kg (ppm) to
thousands of ppm. Mercury remediation of subsurface sources has been very limited, to date. The
majority of this work remains planned under future actions.

2.6.2 Mercury in Water and Sediments

Considerable progress has been made in reducing the amount of mercury leaving the site through UEFPC
since the 1980s as shown in the trends of Figure 5. However, EPA evaluates mercury levels in fish tissue
as an indication of the “health” of a water body, and these levels have not seen a corresponding decrease
within the fish of EFPC as shown in the figure. Additionally, concern has been raised over the increase
seen in mercury leaving the site in the last several years (refer to Figure 6) which, from 2008 to 2010,
may be partially explained in terms of increased rainfall (mercury flux correlates with rainfall due to the
increase in flow and turbidity, which causes mercury flux increases due to higher solids content where
mercury preferentially resides). The significant increase in 2011 is attributed to the WEMA storm system
cleanout, which resulted in disturbances of storm drain sediments, a primary mercury source. As seen in
Figure 6, mercury flux has continued to drop since the cleanout, although rainfall for the three-year period
has slightly increased during that time (60 inches for 2011, 62 in 2013, and almost 64 in 2013). Mercury
flux continues to be a significant issue and reduction of mercury leaving the site has been identified as a
high environmental risk requiring near-term action. A complete discussion of mercury flux is given in the
annual Remedial Effectiveness Report (RER) (UCOR 2012a).

15



Mercury, (ppm [fish], ng/L [water])

2.0

1.8 1

1.6

1.4 A

1.2 4

1.0 A

0.8 1

0.6

0.4 A

175

= Water
150

Average Daily Hg Flux (g/d) leaving UEFPC

== Fish 125

100

\
\
\ A

75

vV \

50
25

N

e N

/\

N~

0 T

~\
u \

1983 1987 1991 1995 1999 2003 2007 2011

FDA Fish Consumption Advisory

Surface Water ROD Limit

02 1" NPDES Permit Level Surface Water
1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

2012

Figure 5. Station 17 Historic Mercury Loading to UEFPC (Water and Fish) and Current Standards

|Annua| Mercury Flux (kg)|

16

14

12

) \\< / // \
8 A//\ A\
Mercury Flux

6 WEMA Storm \
\w

4 Vv

2

O T T T T

2000 2002 2004 2006 2008 2010 2012

Fiscal Year

A BSWTS Operational

A\

3

/
N/

80

70

20

10

wv
I
<
[%]
=
©
iy
<
©
-5

Figure 6. Annual Mercury Flux at Station 17
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The 2011 ORR Five-Year Review (FYR), (SAIC 2011) noted that the LEFPC ROD protectiveness has
been deferred based on continued elevated fish mercury levels and recent studies that indicate some
terrestrial biota that are prey (spiders) for higher organisms (birds) continue to accumulate mercury.
Additionally, the Phase | IROD is not currently protective as presented in the FYR, based on continued
high mercury flux/concentration as measured at Station 17. Two action plans were developed in the 2012
RER (UCOR 2012a) and reported on in the 2013 RER (UCOR 2013) to address these protectiveness
issues. Those plans are included here in Attachment A, and are discussed further in Section 3.4.2.2.

Several conclusions are drawn in the Y-12 Site Conceptual Model report (ORNL 2011) regarding
mercury sources contributing to surface water contamination, a few of which are quoted here in italics.
Additional clarification is added in brackets.

*  Of the known mercury inputs into UEFPC, Outfall 200 (representing combined inputs from the
WEMA and other upstream areas) is by far the most important current source of mercury to creek
water. Depending on flow conditions, Outfall 200 represents approximately 70-80% of the flux
observed at Station 17. This is a change from 10 years ago when Outfall 200 was thought to
represent approximately 20% of the flux to Station 17 [when other fluxes were still present
(e.g., Outfall 51 near Alpha-2)].

Data collected during 2012 showed a significant decrease in the Outfall 200 average mercury flux from
31 g/day in 2011 to 7 g/day. Conversely, the Station 17 average mercury flux decreased by only 3 g/day,
from 33 to 30 g/day, during the same time frame. This phenomenon may be attributed to the WEMA
storm sewer cleanout conducted in the previous year. Recent efforts to remove elemental mercury from
WEMA (see the Free Mercury Removal project discussed in Section 3.4.1) also may be contributing to
the reduction in the Qutfall 200 flux. Given more time, the Station 17 flux may also ultimately decrease.
These occurrences demonstrate that creek sediment, rainfall influences, etc., can become more weighty
contributors to mercury presence in the creek under some circumstances, and highlights the potentially
unpredictable effects that remediation activities, soil and sediment disturbances, and possible other
fluctuations can have on mercury flux in various locations throughout the flow regime.

The following observation, quoted from the Conceptual Model report, demonstrates one such influence:

* Under base flow conditions, stream sediment provides the second most important continuing
source of mercury into creek water (upstream of Outfall 109). Flow management [augmentation
of flow to UEFPC with Clinch River flow] appears to have increased flux from this sediment
source [due to the disturbance and re-suspension of sediment caused by the introducti