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EXECUTIVE SUMMARY

Oak Ridge National Laboratory (ORNL) is the nation’s largest and most diverse energy research and
development (R&D) institution in the U.S. Department of Energy (DOE) laboratory complex. To
accomplish its mission of scientific research, ORNL staff is dependent upon the availability of a wide
variety of facilities and equipment, including specialized experimental laboratories, user facilities, hot
cells, and nuclear reactors, and their associated waste collection and treatment systems. Many of ORNL’s
physical facilities are quite old, and many are reaching the end of their safe operating life. The DOE
Office of Science (SC) has implemented the “Laboratories of the 21* Century” initiative to accomplish
full modernization of the laboratories managed by DOE-SC by 2012. UT-Battelle, LLC, (UT-B) the
ORNL management and operating contractor for DOE-SC, has initiated the Facilities Revitalization
Project to upgrade ORNL’s research facilities and associated infrastructure by 2011 to support the
DOE-SC initiative. Most of the waste treatment systems, particularly the waste collection systems, were
installed in the 1950s and need to be modernized as the rest of the ORNL campus revitalization is
conducted.

The ORNL Liquid and Gaseous Waste Treatment System (LGWTS) Strategic Plan provides a prioritized
roadmap for the development of cost-effective and upgraded liquid and gaseous waste collection and
treatment systems as a part of the revitalization effort to modernize ORNL into one of DOE’s premier
“21st Century Laboratories”. Waste management activities at ORNL, with the exception of the
sanitary/sewage waste system and industrial and storm water runoff, are currently managed by Bechtel
Jacobs Company LLC (BJC), the DOE Office of Environmental Management (EM) management and
integrating contractor. DOE-EM’s mission is currently planned to end at the ORNL site when the
Comprehensive Environmental Response, Compensation, and Liability Act Record of Decision
requirements for Bethel and Melton Valleys have been implemented, which is expected to be in the 2015
timeframe. DOE-EM proposes to transfer responsibility for newly-generated waste management to
DOE-SC prior to 2015. Final agreement between DOE-EM and DOE-SC on the transition dates for
newly-generated waste and existing waste treatment systems (if needed to support the DOE-SC mission)
has not been reached.

Studies associated with the development of this strategic plan considered the age, legacy contamination,
size of the facilities for treatment of R&D waste, physical location, and operating costs of the existing
treatment systems, and concluded that DOE should construct new liquid and gaseous waste collection and
treatment facilities to support the long-term missions at ORNL. Figure E-1 is a plan view of the resulting
“21% Century” waste systems. Existing liquid and gaseous waste treatment systems will be replaced with
more efficient systems, specifically designed to treat R&D-generated waste, which will significantly
reduce their operating costs. The new systems will also provide capabilities to solidify liquid low-level
waste (LLLW) for disposal; a capability that the existing LLLW system does not provide.

The strategy is to construct and operate the proposed new liquid and gaseous waste management facilities
by the end of 2010 to be consistent with UT-B’s goal to revitalize ORNL’s infrastructure by 2011 to meet
the DOE-SC programmatic schedule for the “Laboratories of the 21% Century” initiative as outlined in the
ORNL Land and Facilities Plan’. This timeframe is compatible with the DOE-EM remediation schedule
for Bethel Valley, which is scheduled to begin in FY10. The strategy will allow DOE-EM to operate the
existing waste treatment systems as needed for closure activities, and then cost-effectively decontaminate
and decommission (D&D) the facilities. DOE-EM is more experienced with D&D, and cost savings can
potentially be achieved if the remediation of the existing waste collection and treatment facilities is
combined with other DOE-EM remediation activities through one integrated project.

" ORNL/TM-2002/1
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The liquid and gaseous waste management strategy will consolidate new radioactive wastewater treatment
systems in Melton Valley and eliminate the use of the aging centralized gaseous waste, process waste, and
LLLW systems, which are primarily located in Bethel Valley on the ORNL Central Campus. Facilities to
process newly-generated R&D waste, recommended in this strategic plan, are scoped to accommodate
existing and new waste streams; such as those expected to be generated by the Spallation Neutron Source
(SNS) and proposed Nuclear Initiative programs. Nuclear and radiological R&D facilities in Bethel
Valley will have local gaseous waste handling systems and local LLLW collection systems. This will
allow upgrades to be implemented on a building-by-building basis as hot cell consolidation activities and
the ORNL Ten Year Site Plan evolve.

The ORNL LGWTS Strategic Plan supports pollution prevention goals by segregating hazardous wastes at
the source of generation and reducing the volumes of generated liquid wastes. This strategic approach
will reduce environmental, safety, and health (ES&H) related risks by eliminating the use of existing
underground piping for wastewater collection (except for the sanitary/sewage waste system) and
minimizing long-term storage of LLLW in underground storage tanks.

The strategy will be implemented primarily through a combination of DOE general plant projects (GPPs)
and line item capital projects totaling $74.2 Million over nine years, as indicated in Figures E-2 and E-3.
Expense funding totaling $4.7 Million is also needed to support these projects. The annual operating cost
of the new, modernized liquid and gaseous waste collection and treatment facilities is estimated to be
$5.2 Million per year. The annual operating and environmental monitoring costs for the current
centralized liquid and gaseous waste treatment systems is approximately $19.3 Million per year.
Therefore, the total cost avoidance for construction and a 30-year operating life, compared to the current
system, would be $423 Million, or over $14 Million per year. The cost of the treatment system
construction would be repaid in about 5.6 years. This return on investment does not reflect the cost
avoidance for maintenance/modification that would be required to keep the existing systems operating for
an additional 30 years, or the costs to D&D the existing system. The annual operating and environmental
monitoring costs for the existing system also do not include costs for solidification and disposal of
LLLW. If these costs were included in the above calculations, the construction costs would be repaid in
less than 3 years. Clearly, continuing with “business-as-usual” will result in a higher costs than
implementing the “modernization approach” proposed in this strategic plan.

The proposed schedule for the liquid and gaseous waste system capital projects was developed to:

e implement operations of waste management facilities designed to meet DOE-SC/UT-B R&D
needs by no later than the end of FY'10, in order to facilitate the D&D of the existing DOE-
EM/BJC-managed waste management systems during DOE-EM remediation activities,

e implement new treatment capabilities as required to meet the research community’s needs,
e reduce impacts to the environment in the near term, and

e optimize the use of DOE resources by implementing projects with potential for near-term
payback first.

XX1
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FY04 | FYO05 FY06 | FY07 | FY08 | FY09 | FY10 | FY11 FY12

Replace

Sewage

System

Tertiary

Filter
3047 Hot
Off-Gas/
Glove
Box Off-
Gas

Sanitary System
Treatment Capacity
Increase*

I

7920 New Vessel Off-Gas
T T

Bethel Valley Process Waste
Cooling Water Elimination*

Bethel Valley Process Waste
Drain Elimination*

Lab Facility Vent System
Upgrade — Phase |

Gaseous Waste System Upgrade* I

Sewage Treatment
Plant Surge
Capacity
Replacement*

I

Lab Facility Vent System
Upgrade — Phase Il
I
Melton Valley
Process Waste
Drain
Contaminant
Discharge
Elimination *
|

Sanitary/Sewage System Process Waste System Gaseous Waste Liquid Low-Level
Project Project System Project Waste System Project

* Projects that must be implemented by the end of 2010, the planned start date for the Bethel Valley Remediation Project.

Figure E-2. Preliminary schedule for implementing the Oak Ridge National Laboratory Liquid and Gaseous
Waste Treatment System Strategic Plan.
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FY04 FY05 FY06 FY07 FY08 FY09 FY10 FY11 FY12 Total

Expense - Planning 1.0 1.0 1.0 - - - - - - 3.00

Expense - Capital

Project 0.4 0.75 045 0.1 - - - - - 1.70

General Plant

Projects/General

Plant EquipmentA 3.0 3.0 3.0 3.0 4.1 - - - 16.10

Line ItemsA - - 1.6 5.55 8.35 9.75 3.75 4.0 3.5 36.50

General Plant

Projects/General

Plant EquipmentB 0.1 1.5 2.0 2.0 - - - - - 5.60

Line ItemsB - - 1.0 3.5 7.5 4.0 - - - 16.00
GRAND TOTAL 78.90

A. Must be implemented by the end of 2010 to meet DOE-EM remediation schedule for existing treatment facilities

B. Must be implemented to upgrade existing facilities to continue operations for an additional 50 years.

Figure E-3. Estimated funding requirements to implement liquid and gaseous waste system modernization.

Following is a brief discussion about the proposed scope and schedule and for each waste system.

Sanitary/Sewage Waste System — The recommended sanitary/sewage waste system GPPs should be
implemented immediately to accommodate consolidation of off-site ORNL staff to the main ORNL
campus; increase the system’s capacity to accommodate personnel growth; and prepare for the diversion
of process wastewater to the system. The results of ongoing activities to reduce inleakage into the
sanitary/sewage collection system will be used to refine the scope of these projects.
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Process Waste System - Because UT-B’s once-through cooling water and R&D waste accounts for 65%
of the process wastewater flow, the process waste related GPPs should be implemented immediately to
reduce the near-term Process Waste Treatment Complex costs and eliminate environmental vulnerabilities
associated with the use of underground process waste system piping. The costs of operating the process
waste system could be reduced in the near term if the inflow can be reduced enough to allow the system
to be operated on a part-time basis rather than around-the-clock.

Gaseous Waste System - A line item capital project is proposed to replace the existing centralized
gaseous waste system by the end of FY 10, and to upgrade existing building stacks that are still needed by
the end of FY'12. In order to meet the DOE-EM remediation schedule, the gaseous waste system line item
requires a conceptual design report in FY05 and design in FY06. Engineering evaluations needed to
support the conceptual design reports must be implemented in FY04. They will include refining the

scope of the project to reflect the outcome of ongoing hot cell consolidation activities and proposed
ORNL Nuclear Initiative programs.

LLLW System - A line item capital project is proposed to replace the existing LLLW system, add
pretreatment capabilities at select generator sites, and install new capabilities to solidify LLLW in
preparation for disposal. In order to meet the DOE-EM remediation schedule, the LLLW system line
item requires a conceptual design report in FYO05 and design in FY06. Engineering evaluations and
technical studies needed to support the conceptual design reports must be implemented in FY04. These
requirements will depend on the development of the National Transuranic (TRU) Waste Program’s waste
acceptance criteria (WAC) for remote-handled (RH) TRU waste at the Waste Isolation Pilot Plant
(WIPP), located in New Mexico; the outcome of ongoing hot cell consolidation activities; proposed
ORNL Nuclear Initiative programs; and the updated SNS Waste Management Plan.

The FYO03 analysis of the LLLW system identified a potential future unfunded vulnerability; there will be
no capabilities at ORNL to process future newly-generated LLLW for disposal. The existing LLLW
system only collects, concentrates, and stores LLLW. Foster Wheeler Environmental Corporation was
awarded a DOE-EM contract to solidify and dispose of ORNL’s existing inventory of stored LLLW and
TRU wastes at the TRU Waste Processing Facility (WPF), which is scheduled to stop accepting newly
generated LLLW in the FY05/FY06 timeframe. This ORNL LGWTS Strategic Plan develops an approach
for addressing future LLLW generated by DOE-SC/UT-B by no later than FY10. However, a significant
volume of LLLW could be generated by DOE-EM remediation activities and the DOE Office of Nuclear
Energy, Science, and Technology (NE) uranium-233 processing activities through 2014. There is not an
existing plan or funding in place to address processing these LLLW streams.

The ORNL LGWTS Strategic Plan defines efficient state-of-the-art facilities to support ORNL on a
schedule that is compatible with DOE-SC mission needs. These new liquid and gaseous waste
management facilities will be designed and sized to efficiently treat research-generated waste, minimize
waste management operating costs, and reduce ES&H risks by minimizing the use of underground
collection systems and long-term storage of LLLW in tanks. The new systems will be less expensive to
operate than the existing DOE-EM-managed facilities, and construction costs will be repaid in
approximately 5.6 years. The new LLLW system will also include the capability to routinely solidify
LLLW in preparation for disposal.
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1. INTRODUCTION

Excellence in Laboratory operations is one of the three key goals of the Oak Ridge National Laboratory
(ORNL) Agenda. That goal will be met through comprehensive upgrades of facilities and operational
approaches over the next few years. Many of ORNL’s physical facilities, including the liquid and
gaseous waste collection and treatment systems, are quite old, and are reaching the end of their safe
operating life. The condition of research facilities and supporting infrastructure, including the waste
handling facilities, is a key environmental, safety and health (ES&H) concern. The existing infrastructure
will add considerably to the overhead costs of research due to increased maintenance and operating costs
as these facilities continue to age. The Liquid Gaseous Waste Treatment System (LGWTS) Re-
engineering Project is a UT-Battelle, LLC (UT-B) Operations Improvement Program (OIP) project that
was undertaken to develop a plan for upgrading the ORNL liquid and gaseous waste systems to support
ORNL’s research mission.

1.1 DEFINITIONS

The definitions of waste management terms used in this document, and included in Table 1-1, were taken
from the ORNL Environmental Management System, which is maintained by UT-B on the ORNL
Standards-Based Management System (SBMS).

Table 1-1. Definition of waste management terms used in the ORNL Liquid and Gaseous Waste Treatment

System Strategic Plan.
Term Definition

incidental process | Non-radiological and/or pretreated research-generated process wastewater that meets the UT-B

wastewater process wastewater discharge criteria.

liquid low-level Aqueous liquid waste containing radionuclide constituents at the concentrations described in the

waste ORNL Waste Acceptance Criteria for LLLW (i.e., maximum total radionuclide concentration of the
ingestion dose equivalent of 2 x 10" Becquerels per liter {Bg/L} of strontium-90).

major source A point source with a potential to discharge radioactive airborne emissions, which would result in an
effective dose equivalent to any member of the public greater than or equal to 0.1 mrem.

minor source A point source with a potential to discharge radioactive airborne emissions, which would result in an
effective dose equivalent to any member of the public of less than 0.1 mrem.

non-radioactive Wastewater with no radionuclide constituents or with radionuclide constituents below the

process concentrations described in the ORNL waste acceptance criteria for the Process Waste Treatment

wastewater Complex Building 3608 (non-radioactive process wastewater treatment plant) (i.e., less than the
derived concentration guide levels of radioactivity).

process Aqueous liquid wastewater containing radionuclide and/or metal or organic pollutant constituents as

wastewater described in ORNL Waste Acceptance Criteria for the ORNL Process Waste Treatment Complex.

radioactive Wastewater with radionuclide constituents above the concentrations described in the ORNL Waste

process Acceptance Criteria for the Process Waste Treatment Complex Building 3544 (i.e., a maximum total

wastewater radiological concentration of the ingestion dose equivalent of 1 x 10* Bg/L of strontium-90).

sanitary Aqueous liquid wastewaters containing biodegradable constituents (e.g., from restrooms, food

wastewater preparation, and laundry facilities).

transuranic Radioactive waste containing more than 100 nanocuries (3,700 Bq) of alpha-emitting transuranic

(TRU) waste isotopes per gram of waste at the time of assay, with half-lives greater than 20 years, except for: 1)

High-level radioactive waste; 2) Waste that the Secretary of Energy has determined, with the
concurrence of the Administrator of the Environmental Protection Agency, does not need the degree
of isolation required by the Title 40 Code of Federal Regulations, Part 191 (40 CFR Part 191)
disposal regulations; or 3) Waste that the Nuclear Regulatory Commission has approved for disposal
on a case-by-case basis in accordance with /0 CFR Part 61.

Wastewater Waste disposal criteria defined by UT-B for discharge of wastewaters into ORNL waste drain
discharge criteria | systems.
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1.2 OVERVIEW OF CONTRACTORS AT ORNL AND ASSOCIATED RESPONSIBILITIES

ORNL is a multipurpose laboratory, which receives research funding from the U.S. Department of Energy
(DOE) Office of Science (SC), as well as other DOE Offices and government agencies. DOE-SC is the
landlord for ORNL and has the responsibility for facility operations. UT-B is the DOE-SC management
and operating (M&O) contractor for ORNL. UT-B has responsibility for Bethel Valley and Melton
Valley sites and surrounding areas, with the exception of facilities and activities managed by the DOE
Office of Environmental Management (EM) prime contractors. Bechtel Jacobs Company LLC (BJC) is
the management and integrating (M&I) contractor for DOE-EM remediation activities. Foster Wheeler
Environmental Company (FWENC) is the contractor for the DOE-EM funded Transuranic (TRU) Waste
Processing Facility (WPF), which is being constructed to process ORNL’s legacy TRU wastes, including
legacy liquid low-level waste (LLLW). Beginning in fiscal year 2004 (FY04), the DOE Office of Nuclear
Energy, Science and Technology (NE) will begin managing the 3019A complex. DOE-NE is in the
process of establishing a separate contract for a contractor to process uranium-233 (**°U) stored in
Building 3019A.

UT-B manages ORNL’s active research and development (R&D) facilities, and is responsible for the
sanitary/sewage waste system, coal yard runoff, and storm water runoff. BJC is responsible for operating
the remaining liquid and gaseous waste systems, storing and transporting solid waste (except for
hazardous waste), remediating contaminated soils and groundwater, and decontaminating and
decommissioning (D&D) inactive contaminated facilities. FWENC is responsible for the construction
and operation of the temporary TRU WPF and will process/treat legacy TRU solid waste and the existing
inventory of legacy LLLW (and associated TRU sludge) stored in the Melton Valley Storage Tanks
(MVSTs) system for disposal. UT-B and the selected DOE-NE contractor for the 3019A complex are
responsible for characterizing, packaging, and certifying their solid waste.

The DOE-EM mission is currently planned to end at the ORNL site when the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) Record of Decision requirements
have been implemented for Melton and Bethel Valleys, which is expected to be in the 2015 timeframe.
DOE-EM proposes to transfer responsibility for newly-generated waste management to DOE-SC prior to
2015. Final agreement between DOE-EM and DOE-SC on the transition dates for newly-generated waste
and the existing facilities has not been reached. The ORNL Liquid and Gaseous Waste Treatment System
(LGWTS) Strategic Plan recommends that DOE implement new liquid and gaseous waste treatment
facilities to treat research-generated waste by the end of FY10. DOE-EM should maintain responsibility
for the D&D of existing liquid and gaseous waste treatment facilities after they have served in
accomplishing DOE-EM’s closure plan. DOE-EM is more experienced with D&D activities, and there
are potential cost-savings if the remediation of these waste collection and treatment facilities is combined
with other DOE-EM remediation activities.

1.3 WHAT THIS STRATEGIC PLAN INCLUDES

Revitalization of the ORNL campus is a key initiative of UT-B. The ORNL LGWTS Strategic Plan
supports the revitalization effort by providing a roadmap for the development of cost-effective and
upgraded liquid and gaseous waste collection and treatment systems for DOE-SC research facilities. This
plan covers the collection and treatment systems for gaseous waste, process waste, LLLW, and
sanitary/sewage waste. It does not cover solid waste or concentrated hazardous and mixed chemical
wastes from research laboratories that are currently collected in containers for treatment and disposal.
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The ORNL LGWTS Strategic Plan identifies the waste management facilities needed to support the
DOE-SC mission for the next 50 years. The following sections provide details of this strategic plan for
upgrading/replacing ORNL’s liquid and gaseous waste collection and treatment systems, which will

e help avoid or significantly reduce costs and ES&H risks associated with the continued operation
of the aged, central liquid and gaseous treatment facilities;

e reduce the likelihood of environmental releases by eliminating the use of the aged, underground
LLLW and process waste collection system piping;

e respond to ORNL’s expected future programmatic mission activities;

e establish safe and efficient liquid and gaseous waste systems for the Laboratory’s strategic
facilities; and

¢ identify funding requirements to accomplish these objectives.

The ORNL LGWTS Strategic Plan provides:
o a brief overview of the LGWTS Re-engineering Project established to develop this prioritized
strategic plan (Chapter 2);
e an assessment of the current and future waste generation rates at ORNL (Chapter 3);
e asummary of benchmarking studies conducted to support the LGTWS strategy (Chapter 4);
e areview of the current and planned waste collection and treatment facilities (Chapter 5);

e the proposed strategic plan for upgrading ORNL’s liquid and gaseous waste collection and
treatment systems (Chapter 6);

e the preliminary cost and schedule estimates for completing the proposed strategy (Chapter 7);
and

e conclusions and recommendations of the strategic planning exercise (Chapter 8).

Supporting documentation is provided in the appendices of this document. This strategic plan is a living
document that is expected to be revised based on future studies and actions. Updates will be included in
the future ORNL Ten Year Plan.
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2. PROJECT SCOPE AND PLANNING PROCESS

To accomplish the goal of developing upgraded liquid and gaseous waste handling systems at ORNL that
are needed to support a fully modernized “Laboratory of the 21* Century”, UT-B implemented the
LGWTS Re-engineering Project. This project is being conducted in FY03 - FY04 with funding from the
ORNL OIP. The Associate Laboratory Director for Facilities and Operations (F&O) is responsible for the
LGWTS Re-engineering Project, and for eventual construction of the new facilities described in this plan.
The ORNL Environmental Management Program (Legacy), which is part of the Environment, Safety,
Health, and Quality (ESH&Q) Directorate and the Environmental Protection and Waste Services
Division, provided the supporting leadership and was responsible for management of all activities
performed within the scope of the LGWTS Re-engineering Project in FY03.

2.1. COMPREHENSIVE PLANNING PROCESS

A comprehensive planning process was employed in the development of the ORNL LGWTS Strategic
Plan. That process was initiated with a review of the ORNL Institutional Plan’, ORNL Strategic
Facilities Plan’, ORNL Land and Facilities Plan’, Facility Environmental Vulnerability Assessment’, and
supporting documents. Meetings were held with ORNL managers to validate program directions and
needs in each of the Laboratory’s primary research mission areas, as well as to obtain input on Laboratory
priorities on support functions to be provided by the new waste facilities. The waste collection systems
needed to support the new research facilities described in the ORNL Land and Facilities Plan were
included in the planning activities. The need for existing facilities that would be maintained long-term
was also reviewed, particularly the hot cell consolidation planning activities. The near-term needs for
facilities planned for D&D were also considered. Pollution prevention and process wastewater
minimization plans for near-term reduction of vulnerabilities associated with the continued use of the
ORNL process wastewater system® were included. The age, physical condition, capacity, and costs
associated with maintaining and operating the existing waste collection and treatment systems were also
evaluated. The decision-making process included review and evaluation of proposed plans by subject
matter experts, including representatives from the ESH&Q and F&O Directorates, research divisions,
program managers, and the Facilities Revitalization Project (FRP). These results formed the nucleus
around which the ORNL LGWTS Strategic Plan was developed.

2.2. RISK-BASED MANAGEMENT AND PRIORITIZATION

ORNL uses a formal Risk-Based Priority Model (RPM) to prioritize all landlord operations, ES&H, and
infrastructure projects from a risk-based management perspective. A modified version of this process
was used to guide the LGWTS Re-engineering Project. The LGWTS Re-engineering Project team used
the risk prioritization methodology to identify requirements for waste treatment systems at ORNL for the
next 50 years (Table 2-1). These values are based on LGWTS re-engineering priorities, and benefits
summarized in Figure 2-1.

> ORNL/PPA-2002/2

> ORNL/TM-2000/238

* ORNL/TM-2002/1

> ORNL/TM-2001/123

® Process Wastewater Minimization at Oak Ridge National Laboratory (ORNL): Reducing Vulnerabilities
Associated with the Continued Use of the ORNL Process Wastewater System, Wes Goddard, et al., September 2002.
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The project team assessed each waste system in six risk/impact categories, including:

o The combined public and site safety and health category includes potential adverse impacts to
health and safety for both the oftf-site and on-site populations.

e The regulatory compliance category includes failures to comply with laws, regulations,
compliance agreements, DOE orders, and Executive orders that could adversely affect the
confidence of DOE and other agencies in the ability of ORNL to operate, while protecting the
public, workers, and the environment.

e The impact to ORNL mission category includes performance-based requirements, potential losses
to ORNL’s capital investments or loss of fee, or an opportunity for cost savings or improved
program development.

e The cost-effective risk management category includes potential accidental losses to a facility's
capital investment (buildings, equipment) or an existing opportunity for cost savings, such as
infrastructure upgrades, management systems upgrades, or improved program development.

o The environmental protection category includes potential adverse impacts on natural resources,
such as air, water, land, or wildlife.

¢ The schedule requirements category includes the timing for new waste treatment capabilities

needed to accommodate new programmatic and/or facility consolidation activities, and

decommissioning of existing facilities as a part of DOE-EM remediation activities.

Table 2-1. Initial risk-based prioritization was used to identify the requirements for ORNL LGWTS re-

engineering.
Risk/Impact Categories and Initial Assessment
Cost-
Impact to Effective
Safety & Regulatory ORNL Risk Environmental Schedule

Waste Type Health Compliance Mission Management Protection Requirements
e (I (VD | |V | VD | OV
vl B (0 [l | B |
Cooling M
Water

H = High risk/impact

M = Medium risk/impact
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Gaseous Waste System | * New local stacks eliminate use of aging centralized duct system

» Upgrades reduce potential for widespread releases to the
environment and contamination of personnel and property

» New local stacks help insure continuous hot cell R&D
operations

« All stacks will meet or exceed new regulatory requirements

* Replace central system
» Upgrade local stacks

Process Waste System | . EI!m!nates signific::ant costs associated wi'th system operations
|—/ » Eliminates potential for release to the environment

» Eliminate use of system o 8 L.
* Eliminates use of ~ 50,000 linear feet of underground piping

* Pretreatment reduces waste disposal costs
« Solidification provides a path forward for waste disposal to

LLLW System

* Replace existing LLLW system
* Implement localized LLLW

meet DOE requirements
* Eliminates use of ~ 18,000 linear feet of underground piping

pretreatment o
» Eliminates long-term storage of large volumes of LLLW

* Implement centralized
solidification of pretreated

LLLW
SanitaryISewage Waste | . Pr.ov'ides additionfil capacit){ for future growth
System ———— + Eliminates potential for partially treated sewage waste to reach
y ) watershed
*Expand capacity + Reduces potential for violation of National Pollutant Discharge
*Upgrade surge system Elimination System requirements

ane-Through Cooling + Eliminates unnecessary treatment
* Red t
Water educes costs

*Eliminate discharges to process
and sanitary systems

Figure 2-1. ORNL liquid and gaseous waste treatment system re-engineering priorities and benefits.

Once the waste system requirements were identified, the project team developed capital project scopes
and funding requirements to implement the LGWTS re-engineering strategy. Activity data sheets (ADSs)
were developed for each capital project, which contain the scope, schedule, cost estimate, and
management information necessary for ORNL organizations to support planning and provide input to the
budget process. The ADSs were submitted to the ORNL Capital Assets Program, where ORNL senior
management rank the projects within the overall ORNL capital assets program using the RPM. Resource
allocations are determined by supporting the highest-ranking activities within target funding levels.
Resource planning and allocation are done on the basis of programs essential for compliance, fulfillment
of ORNL missions, and assurance of the safety and well being of ORNL personnel, the public, and the
environment. The ORNL Leadership Team and the DOE Oak Ridge Site Office review and approve
proposed overhead-funded and capital projects. Details of the resulting projects defined to implement the
waste management strategy are contained in Chapter 7 of this document.
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3. CURRENT AND FUTURE WASTE GENERATION

The ORNL LGWTS Strategic Plan covers the collection and treatment systems for gaseous waste, process
waste, LLLW, and sanitary/sewage waste. This report does not generally cover solid waste or
concentrated hazardous and mixed chemical wastes that are currently collected from research laboratories
in containers for treatment and off-site disposal. Nor does it cover “minor” gaseous waste sources, which
are typically discharged from local ventilation systems. This plan does consider the specific interfaces
between the liquid, gaseous, and solid waste systems. The impacts of LLLW treatment on secondary
solid waste requiring disposal were also evaluated. Summaries of current and estimated future ORNL
liquid and gaseous waste generation volumes are provided in this chapter. More detailed information is
provided in the appendices of this document.

3.1 CURRENT LIQUID WASTE GENERATION

ORNL generates a total of 895 million gallons per year (mgy)
of wastewater (Figure 3-1).

Once-through cooling water accounts for the largest
volume, with 635 mgy discharged via storm drains
directly to the environment through permitted and
monitored National Pollutant Discharge Elimination
System (NPDES) discharge points. Additional once-
through cooling water is discharged to the process and
sanitary/sewage waste systems, which is included in
the annual volumes for these systems.

The second largest volume of wastewater at ORNL is
attributed to the process waste system, which
generates 165 mgy of process wastewater annually
(Figure 3-2). Process wastewater consists primarily
of once-through cooling water, laboratory sink waste,
and groundwater. Process waste is treated at the
ORNL Process Wastewater Treatment Complex
(PWTC) and discharged to White Oak Creek.

The annual volume of sanitary/sewage wastewater at
ORNL is 80 mgy (Figure 3-3), which is generated
from restrooms, kitchens, janitorial sinks, and non-
radiological laundry facilities. This waste is treated at
the ORNL Sewage Treatment Plant (STP) and
discharged to White Oak Creek.

DOE-SC/UT-B managed facilities
currently generate approximately:

* 99% of the sanitary/sewage waste,
* 65% of the process waste,

* 10% of the LLLW, and

* 65% of the gaseous waste.

Depending on the outcome of DOE-EM/
BJC remediation activities, by 2015
ORNL research activities, managed by
DOE-SC/UT-B, will generate essentially:

* 100% of the sanitary/sewage waste,
* 20% of the process waste,

50% - 100% of the LLLW, and

100% of the gaseous waste.

Sanitary/sewage waste generation rates
will be greater due to projected staffing
increases. Other waste streams are
expected to decrease due to additional
pollution prevention measures and
completion of DOE-EM remediation
activities.

Treated runoff from the coal yard area accounts for 15 mgy of the total annual volume of liquid
waste at ORNL. It is treated at the coal yard runoff treatment facility and discharged to White

Oak Creek.

The annual LLLW volume at ORNL is 0.17 mgy (169,000 gallons per year {gal/yr})

(Figure 3-4), which consists of remote-handled (RH) and contact-handled (CH) liquid wastes
from laboratories, hot cells, remediation activities, and other waste treatment systems. LLLW is
concentrated by evaporation and stored in large, double-contained tanks for future solidification
and disposal at the Nevada Test Site (NTS) and/or the Waste Isolation Pilot Plant (WIPP).
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ORNL Annual Liquid Waste Generation

165

UT-Battelle

Contributions

Total = 895 million gallons per year

H Once-Through Cooling
Water

O Process Wastewater

[0 Sanitary/Sewage
Wastewater

M Liquid Low-Level Waste

@ Coal Yard Runoff
Wastewater

Contribution of UT-Battelle-Managed Facilities to

ORNL Annual Liquid Waste Generation
Total = 844 million gallons per year

635

H Once-Through Cooling
Water

O Process Wastewater

[0 Sanitary/Sewage
Wastewater

H Liquid Low-Level Waste

@ Coal Yard Runoff
Wastewater

Figure 3-1. Total ORNL annual liquid waste generation and DOE-SC/UT-B contributions to the total.

3.2 CURRENT GASEOUS WASTE GENERATION

A significant portion of ORNL’s gaseous waste is discharged through the central 3039 stack. The UT-B
contribution to the central system is approximately 65% of the total gaseous waste generation
(Figure 3-5). UT-B also discharges to two local stacks:

e Stack 2026 serves the Radioactive Materials Analytical Laboratory located in Building 2026.

e Stack 7911 serves the Melton Valley complex, primarily the Radiochemical Engineering
Development Center (REDC) located in Buildings 7920 and 7930, and the High Flux Isotope
Reactor (HFIR) located in Building 7900.

Building 3019A, the Radiochemical Development Facility, has its own local stack and is also connected
to the central system. The Molten Salt Reactor Experiment (MSRE) facility has its own stack (stack
7503). Long-term upgrades for these stacks were not considered in this study because the facilities are

expected to be shut down by 2014.
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3.3 ESTIMATED FUTURE LIQUID AND GASEOUS WASTE GENERATION

Future liquid and gaseous waste generation rates were estimated by taking into consideration the
following plans and activities.

o ORNL’s major research initiatives in neutron sciences, complex biological systems, terascale
computing and simulation science, energy and environmental systems, advanced materials,
nuclear energy, and national security.

e FRP consolidation plans to move approximately 500 personnel from various off-site locations
into facilities located at the ORNL Central Campus between FY03 and FYO05, as well as the
occupation of the new East Campus, West Campus, and Spallation Neutron Source (SNS) site
facilities.

e Waste services needed for non-strategic facilities as they are transitioned into long-term
surveillance and maintenance (“cheap-to-keep’”) while awaiting disposition. The “cheap-to-
keep” process will place facilities in a safe shutdown condition with minimum services. Nuclear
and radiological facilities may require negative pressure ventilation provided by gaseous waste
systems and continued liquid waste collection, such as contaminated groundwater collection in
building sumps. The actual required services will be determined on a case-by-case basis through
safety analyses.

e DOE-EM remediation plans to clean up contaminated groundwater and soil and treat legacy
waste for off-site disposal.

e Over 20 new facilities were proposed during FY03 FRP planning activities, including facilities
for homeland security, sensor systems, and a fuel cell center.

The following major activities impact future liquid and gaseous waste treatment needs.

e Consolidation of off-site personnel to the main ORNL site and increased personnel due to
growing research initiatives suggest that the capacity of the ORNL sewage treatment plant needs
to be increased.

¢ Once-through cooling water presently accounts for 60% of the process wastewater (90% of the
UT-B contribution) and 10% of the sanitary wastewater. Elimination of once-through cooling
water from wastewater treatment systems will reduce waste management costs and open up
alternative, less-costly treatment options for the remaining process wastewaters.

e The SNS and growth in research programs, including the Plutonium-238 Supply Program,
reactor technology R&D, advanced materials science, fusion energy systems and materials,
space power systems, and medical and isotope production will be the most significant
contributors to the gaseous waste, process waste, and LLLW systems in the future. The SNS is
an accelerator-based, next-generation neutron scattering facility that is under construction at
ORNL. The project is scheduled for completion in June 2006, and it is projected to be the
largest new source of LLLW and a significant source of radioactive process wastewater for the
foreseeable future. Present estimates for SNS waste generation’ are 91,000 gal/yr of LLLW
(82% of the future UT-B generation), and 1.4 mgy of process wastewater (15% of the future UT-
B generation). Once-through cooling water, which will be discharged to the storm drain is

7 Spallation Neutron Source Preliminary Waste Management Plan, SNS 102030000-TR002-R01, Steven Trotter and
Joe DeVore, June 2002.
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estimated to be a maximum of 16 mgy. These estimates will be updated in the SNS Waste
Management Plan due in the summer of FY04.

Current activities at the Radiochemical Development Facility (Building 3019A) involve storage
of **U that generates a minimal amount of waste. DOE-NE is seeking a private sector
contractor to process ORNL’s inventory of ***U to extract thorium-229 (***Th). Further
processing will produce actinium-225 and bismuth-213 for medical applications. These
activities are comparable to those currently performed at the REDC, the largest current generator
of LLLW contaminants at ORNL, and have the potential to generate significant amounts of
LLLW from FYO06 through FY14. Actual waste generation rates for Radiochemical
Development Facility processing will not be available until the DOE-NE contract has been
awarded.

D&D of inactive facilities managed by BJC will eliminate DOE-EM’s use of the gaseous waste
system, except for possible operation of the LLLW evaporator. The volume of contaminated
wastewater generated by DOE-EM in the future will depend upon the actions taken during
Bethel Valley remediation; scheduled to begin in approximately FY10. BJC is conducting an
engineering study®, which will be completed in FY04 to provide data needed to define the
remediation activities that will occur under the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) closure. If minimum action is taken to remediate
contaminated soils, groundwater plumes, and existing waste treatment facilities, DOE-EM could
continue to generate their present levels of process waste (contaminated groundwater).
Significant remediation and/or new treatment systems for select groundwater streams could
totally eliminate their use of the PWTC. Depending upon changes implemented for the gaseous
and process waste systems, DOE-EM is expected to generate between zero to two-thirds of their
existing LLLW streams.

The current and future generation rates for each system are shown in Figures 3-2 through 3-5. Future
generation rates are equivalent to the estimated FY 15 generation, when DOE-EM remediation and
Radiochemical Development Facility (Building 3019A) ***U processing are scheduled to be completed.
The future generation rates assume:

once-through cooling water is essentially eliminated from the process and sanitary/sewage waste
systems,

some waste streams presently treated at the PWTC are diverted to the sanitary/sewage system,
and

DOE-EM discontinues use of the existing treatment plants.

The strategic plan for LGWTS re-engineering, described in Chapter 6, was developed to address these
future waste streams and generation rates. Plans for new facilities will be incorporated by UT-B into the
future ORNL Ten Year Site Plan planning effort, which is due to be completed in the summer of 2004.
Detailed waste management plans for these initiatives will be completed after this date, but it is expected
that the waste treatment systems proposed in this report will accommodate their needs.

¥ Engineering Study Work Plan for Groundwater Actions in Bethel Valley, Oak Ridge, Tennessee,
DOE/OR/01-2035&D2, March 2003.
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Once-through cooling water flow will be essentially eliminated from the process waste
system by 2008, which will reduce the overall process wastewater volume by 60%, and the

UT-B contribution by 90%.

Total =176 mgy

FY02 Process Waste Generation Breakdown (mgy)

O Groundwater (BJC)
W BJC Generators
O Cooling Water (UT-B)

OlIncidental Process

Wastewater
B HFIR

O SNS
HLaundry

COREDC

Facilities with
process
wastewaters
above UT-B’s
waste discharge
criteria.

1 4

Total = 72 mgy

50

FY15 Process Waste Generation Breakdown (mgy)

O Groundwater (BJC)
B BJC Generators
O Cooling Water (UT-B)

OlIncidental Process

Wastewater
EHFIR

O SNS
M Laundry

OREDC

Facilities with
process
wastewaters
above UT-B’s
waste discharge
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Figure 3-2. Current and estimated future process wastewater generation at ORNL.
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Sanitary waste generation increases due to the consolidation of existing staff to the main ORNL
campus, long-term growth, and diversion of incidental process waste to the system.

FY02 Sanitary Waste Generation Breakdown (mgy)
Total =78 mgy

0

EInleakage

B Once-Through Cooling
Water

O Sanitary Waste

O Diverted Incidental
Process Waste

50 10

FY15 Sanitary Waste Generation Breakdown (mgy)

5 Total = 97.3 mgy
14

0.3

EInleakage

B Once-Through Cooling
Water

0 Sanitary Waste

O Diverted Incidental
Process Waste

78

Figure 3-3. Current and estimated future sanitary waste generation at ORNL.
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If BJC eliminates their LLLW operations by FY15, the SNS and REDC will be the major LLLW
generators, generating over 90% of ORNL’s LLLW.

FY02 LLLW Generation Breakdown (gal/yr)

Total = 169,000 galfyr O Inactive Facilities
600- (BJC)

10 M Treat t Facilit
/ 300 reatment Facility

/ Operations (BJC)

OREDC

OSNS

O Building 2026

H Manipulator Shop
114,000 W Other UT-B

[ Building 3019

FY15 LLLW Generation Breakdown (gallyr)
Total =110,500 gallyr

300 OInactive Facilities
(BJC)

M Treatment Facility
Operations (BJC)

OREDC

COSNS

O Building 2026

Il Manipulator Shop

[l Other UT-B

@ Building 3019

Figure 3-4. Current and estimated future LLLW generation at ORNL.
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Only one-third of the central gaseous system capacity will be utilized in FY15 once DOE-EM/BJC
remediation activities are completed.

FY02 Gaseous Waste Generation Breakdown
Total Volume Generated = 79,000 cubic feet per minute

80,000
/ O Excess Capacity
EBJC
m UT-B

27,000

FY15 Gaseous Waste Generation Breakdown
Total Volume Generated = 52,000 cubic feet per minute

O Excess Capacity
EBJC
B UT-B

107
/107,000

Figure 3-5. Current and estimated future gaseous waste generation at ORNL.
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4. LIQUID AND GASEOUS WASTE SYSTEM BENCHMARKING STUDIES

The liquid and gaseous waste collection and treatment systems at several large facilities with similar
waste management challenges were benchmarked during the LGWTS Re-engineering Project. They
include:

e Brookhaven National Laboratory (BNL),

o Argonne National Laboratory (ANL) West,

o Pacific Northwest National Laboratory (PNNL),

o Theragenics in Georgia (an industrial radiological laboratory),

e BWXT in Virginia (an industrial radiological laboratory), and

o the Y-12 National Security Complex (Y-12), a DOE manufacturing facility.

The information gained from benchmarking activities was considered in developing the strategy for future
ORNL waste treatment systems.

4.1 PROCESS WASTEWATER

All sites follow ORNL's practice of segregating hazardous chemicals, concentrated radiological
wastewaters, and/or mixed waste at the source of generation. All sites discharge chemical rinse water,
neutralized acids and bases, buffer solutions, and dilute radioactive waste to centralized process
wastewater treatment facilities. The Y-12 site routinely trucks process wastewater (see section 4.1.3).
All other sites routinely collect process wastewater in underground piping and treat the waste in
centralized facilities.

4.1.1 Nonradiological Process Wastewater

Approximately half the benchmarked sites treat their nonradiological process wastewater in industrial
wastewater treatment facilities similar to the ORNL PWTC (described in Appendix B) to remove organics
and/or heavy metals prior to discharge to the environment. The other half sends their waste to publicly-
owned treatment works (POTWs) sanitary systems. BNL is the only benchmarked site that operates a
DOE-owned sanitary/sewage wastewater treatment plant that only serves the DOE site, like ORNL does.
BNL allows nonradiological wastes, as well as wastewaters containing low levels of radioactivity from
shutdown reactors, accelerators, and remediation projects, to discharge in the sanitary sewer.

All sites allow generators to rinse chemical bottles, wash laboratory glassware, and discharge non-
Resource Conservation and Recovery Act (RCRA) solvents, neutralized acids and bases, and buffer
solutions through the laboratory drain/piping system to the treatment facilities as a part of normal
operations. Typical concentrations for laboratory discharges are given in Table 4-1. Additional
chemicals can be discharged after review by environmental/waste management personnel. All facilities
control the composition of waste entering the treatment plants using administrative controls, real-time
monitoring in the collection system, and/or quarterly analytical sampling. Their systems are operated
with in-line, real-time monitors for pH and conductivity (and radioactivity at BNL) in the collection
systems. They collect waste in local collection tanks or discharge directly to the treatment facilities. In
the latter case, they have the capability at the generator facility, or at the head-works of the treatment
facility, to divert to tanks or lagoons if on-line monitors alarm.
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Table 4-1. Selected process wastewater discharge limits at benchmarked facilities.

ORNL UT-B ORNL PWTC BNL Laboratory PNNL Treatment
Laboratory Waste Acceptance Waste Discharge Plant Waste
Waste Discharge Criteria’ Criteria’ Acceptance Criteria®
Contaminant Criteria' (mg/L) (mg/L) (mg/L) (mg/L)
Cadmium 0.0011 0.01 - 0.32
Chromium 0.1 33 - 1.74
Copper 0.0118 0.1 0.15 1.30
Lead 0.0032 30.0 0.019 0.37
Cyanide 0.046 0.2 0.1 -

1. Based on "free-release" model to restrict discharge of contaminants to pipes of unknown or unverified integrity. (Process
Wastewater Minimization at Oak Ridge National Laboratory (ORNL) Reducing Vulnerabilities Associated with the
Continued Use of the ORNL Process Wastewater System, September 2002.)

2. Based on capability of treatment plant to meet regulatory requirements.

3. Based on maximum values that the Publicly Owned Treatment Works will accept from PNNL at the plant boundary.
Discharge limits for PNNL generators are determined by environmental/waste management staff on a case-by-case basis.

A key factor in determining how process wastewaters are managed and disposed of at various sites is how
the wastewater treatment facility is regulated by RCRA. If one assumes that process wastewaters will at
times be hazardous and, therefore, RCRA-regulated at the point of generation, it is critical to know how
RCRA applies to the wastewater treatment plant. POTWs, such as those owned by municipalities, have
an exemption from RCRA. The POTWs issues pretreatment permits to regulated discharges to assure
compliance with all requirements. PNNL discharges to a POTWs in the City of Richland, Washington.
Tank-based treatment systems may qualify for RCRA’s wastewater treatment unit (WWTU) exclusion
wherein certain RCRA requirements are subverted to the Clean Water Act to achieve environmental
protection goals. Currently, ORNL process wastewater generators discharge to a tank-based system
subject to the WWTU exclusion. BNL has neither a POTWs nor a tank-based wastewater treatment
system, so any hazardous wastewaters must be managed as hazardous waste and sent to a RCRA-
permitted facility.

4.1.2 Radiologically-Contaminated Contact-Handled (CH) Process Wastewater

Sites using publicly owned sanitary/sewage systems (all except BNL) pretreat radioactive wastewater in
facilities similar to ORNL's PWTC with unit operations to remove radionuclides, organics, and/or heavy
metals before discharge to the environment. They consider the liability for discharge of radioactive waste
directly to a publicly-owned sanitary system to be too high. BNL treats dilute radioactive wastewaters at
their DOE-owned sanitary treatment plant.

PNNL evaluated sending small quantities of radionuclides to the City of Richland sanitary sewer, but they
did not implement the practice because the additional analysis and paperwork were not considered
economical. Local tank collection and routine hauling of wastewater to centralized treatment systems or
off-site facilities is considered impractical for all but very small sites.

4.1.3 Process Wastewater Trucking

Y-12, managed and operated by BWXT Y-12, is the only benchmarked site that routinely transports
wastewater via tanker truck. Y-12 has trucked most of its wastewater for many years, so it was evaluated
as a benchmark for trucking process wastewater at ORNL. Major sources of wastewater at Y-12 include
the waste from remote sites, such as the new solid waste disposal cell in Bear Creek Valley; groundwater
from old burial grounds; and process wastewater from the main plant production facilities. Total
wastewater volume currently averages 4 mgy (7.6 gallons per minute {gpm}). The transported volume,
which occurs during actual working hours, is about 33 gpm. The transportation contractor has a fleet of 5
tractors and 43 tankers, which cost approximately $4 Million. Two drivers and one supervisor, who also
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handle scheduling and U.S. Department of Transportation (DOT) paperwork, spend part of their time
hauling wastewater. The tankers are loaded by BWXT personnel, and the drivers typically do not wait
while tankers are being filled. Routine DOT-required inspection of the tankers requires about a 0.3 full-
time equivalent (FTE) employee. Typically BWXT Y-12 makes 3 to 4 trips per day to transport
wastewater. During the 20-plus years that wastewater has been routinely hauled at Y-12, two tankers
have been damaged: one in a vehicle accident and the other by freezing water inside the tanker causing
expansion damage.

4.2 RADIOLOGICALLY-CONTAMINATED REMOTE-HANDLED (RH) WASTEWATER
(LIQUID LOW-LEVEL WASTE {LLLW} AT ORNL)

BNL does not generate this type of waste and was not included in the evaluations. All other sites treat or
pretreat RH hot cell waste at the site of generation. Industrial sites treat liquid waste in hot cells and
generate solid waste forms for disposal at off-site commercial disposal facilities. PNNL installed a tank
collection system for this waste at the hot cell facilities, which is transferred by tanker truck to centralized
Hanford waste treatment facilities. These facilities are similar to ORNL systems. The DOE-EM
contractor has not completed the tanker truck unloading station on the Hanford site, and the PNNL
generators are presently treating all liquid waste in the hot cells for disposal as solid waste.

At ANL-West, LLLW streams are pretreated at the generator site to remove the major radiological and
hazardous components. The streams are then treated in a centralized treatment facility where the LLLW
is dried to a salt cake in shielded hot air drum evaporator (SHADE) systems (Figure 4-1). Six parallel
SHADE systems (30-gallon drums inside 55-gallon drums with a concrete-filled annulus) treat an average
of 16,000 gal/yr of waste, and generate thirty-six 55-gallon drums a year of solid low-level waste (LLW)
for disposal.

Neither ANL West or PNNL evaluated the impacts of labor-intensive source treatment and disposal of
several secondary solid waste streams for many buildings prior to implementing local treatment
requirements. They recommend doing life-cycle analyses before adopting local treatment or pretreatment
strategies for RH-liquid wastes.

4.3 GASEOUS WASTE

None of the benchmarked sites operate centralized gaseous waste systems, as ORNL presently does.
Facilities generally have local treatment systems designed for the specific building operations. In-cell
chemical scrubbers are installed for chemical processes, if necessary. Most building ventilation air and
hot cell off-gas are routed through high efficiency particulate air (HEPA) filters located within the
buildings and discharged to local stacks, which do not have chemical scrubbers.

4.4 ONCE-THROUGH COOLING WATER

All sites, except PNNL, segregate once-through cooling water and discharge it to the storm sewer. PNNL
presently discharges some once-through cooling water to the City of Richland sanitary sewer, but is in the
process of installing recirculating systems, where economically feasible, to reduce the load on the
treatment plant.

4.5 APPLICABILITY OF BENCHMARKING STUDIES TO ORNL
ORNL's practice of segregating hazardous chemicals and mixed waste at the source of generation should

continue. ORNL should minimize the use of underground pipelines by locating new waste treatment
facilities at or near the site of generation. Implementing real-time treatment and disposal capabilities for
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waste would minimize the inventory of waste stored at the generator site and in centralized storage
facilities. ANL-West’s practice of pretreating LLLW prior to discharge to centralized treatment facilities
should be evaluated. New ORNL waste treatment facilities should be sized and designed for efficient
treatment of R&D waste. Incidental or pretreated process wastewater should be considered for treatment
through the ORNL sanitary/sewage system.
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5. WASTE SYSTEM DESCRIPTIONS AND EVALUATIONS

This ORNL LGWTS Strategic Plan covers the waste
collection and treatment systems for gaseous waste,
process waste, LLLW, and sanitary/sewage waste, which
are described in this chapter. Critical issues that affect
waste management strategic planning are also
summarized in this chapter.

5.1 SYSTEMS OVERVIEW

The ORNL liquid and gaseous waste collection and
treatment systems were primarily constructed between
1950 and 1989, and they have had significant upgrades
over the years. The collection piping is the most
vulnerable part of the systems; some portions have not
been upgraded since installation. The treatment facilities
are generally structurally sound, and can be expected to
operate through DOE-EM Melton Valley and Bethel
Valley remediation schedules with routine maintenance
of equipment. However, none of the collection systems
or treatment facilities can be expected to operate for an
additional fifty years without significant upgrades or
replacements. Table 5-1 summarizes the construction
dates and life expectancy of ORNL’s waste collection
and treatment systems, and the DOE prime contractor
responsible for their management and operation. These
systems are aging and must be upgraded or replaced to
meet long-term needs. Replacement, rather than upgrade

The existing radiological waste
treatment facilities are highly
interconnected, requiring strategic
planning for the system as a single unit.
Examples of these interconnections are
provided below.

e The Process Waste Treatment
Complex, Building 3544 generates
40% of ORNL'’s concentrated
LLLW, which is stored in MVSTs
system for future treatment and
disposal.

e The gaseous waste scrubber
system generates 30% of the
LLLW collected for treatment by
the LLLW evaporator.

o The LLLW evaporator overheads
produce 10% of “process-
generated” process wastewater
treated at the Process Waste
Treatment Complex.

¢ Inleakage into the gaseous waste
collection system generates
3 to 6 million gallons per year of
process wastewater.

of the facilities, is the preferred option considering their age, legacy contamination, inappropriate size of
facilities for treatment of only R&D wastes, physical location (generally far away from generator
buildings), and operating costs. Detailed descriptions of the existing ORNL wastewater collection and
treatment systems, and technical evaluations of their capabilities to support long-term DOE-SC waste
management needs are provided in the appendices of this document.

Table 5-1. ORNL liquid and gaseous waste treatment systems construction dates and life expectancy.

Current Construction/Modification Dates Life Expectancy
Responsible
DOE Prime Collection Treatment Collection Treatment
Waste System Contractor System Facilities System Facilities
Gaseous Waste BJC 1950s 1950 - 1997 1980s 1980 - 2027
Process Waste BIC 1950s — 1989 1975 - 1989 1980s - 2017 2005 - 2019
Liquid Low-Level BIC 1980 — 1997 1965 - 1994 2010 - 2024 1995 - 2024
Waste Collection/
Storage
Transuranic Waste FWENC - 2003 - 2018 (Operation
Processing Facility ends in
(for legacy waste) approximately
2008)

Sanitary/Sewage UT-B 1943 — 2003 1985 1973 - 2033 2010
Waste

BJC = Bechtel Jacobs Company LLC

5-1

FWENC = Foster Wheeler Environmental Corporation

UT-B = UT-Battelle, LLC
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ORNL’s underground collection systems are the oldest and most vulnerable portions of the waste
systems. Much of the underground collection piping for the gaseous, sanitary, and process waste systems
was installed in the 1940s and 1950s. The existing waste collection systems include miles of
underground piping, which connects generator facilities in both Bethel Valley and Melton Valley to
centralized treatment facilities located in the ORNL Central Campus (Figures 5-1 and 5-2).

No upgrades have been made on the underground concrete ducts serving the gaseous waste system since
installation. The integrity of all underground gaseous ductwork is a vulnerability, and they must be
upgraded or replaced if operated long term. An evaluation of the potential for release of contaminants
through the gaseous waste system, primarily through the central stack, was performed in FY02.
Schedules for HEPA filter replacements were reviewed to reduce the likelihood of releases through the
central stack.

Most of the underground piping in the sanitary and process waste systems have been replaced or have had
liners installed to improve their integrity. However, short runs of piping from generator facilities to the
first connections with the central collection system (e.g., manholes or service laterals) have not been
upgraded. Near-term vulnerabilities associated with the use of the process waste collection piping have
been minimized by pollution prevention activities to reduce waste generation, and the establishment of
more stringent process wastewater discharge criteria by UT-B. Similar waste management practices may
be imposed by UT-B in the future for the sanitary/sewage waste system.

Most of the underground collection piping for the LLLW system was installed or significantly upgraded

since the 1980s to provide double containment and leak detection. The integrity of the system is presently
good, but upgrades will be required if it remains in service for another 50 years.
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5.2 SANITARY/SEWAGE SYSTEM

The sanitary/sewage system collects and treats sanitary waste from ORNL facilities, small amounts of
biodegradable chemicals, and other wastes meeting the STP waste acceptance criteria (WAC).

5.2.1 Ciritical Sanitary/Sewage System Infrastructure Issues

The ORNL STP (Figure 5-3) is currently
18-years old and will reach its design life in
2010. In addition, the ORNL Land and
Facilities Plan’ recommended that
construction of the SNS, East Campus
additions, and West Campus additions will
require an addition to the STP and related
portions of the sanitary/sewage collection
system. Continued facility planning in FY03
identified 20 new facilities needed for future
ORNL missions. Strategic liquid waste
treatment planning calls for treating research-
generated incidental and/or pre-treated process
wastewater at the STP before FY'10. R : : _

Increased wastewater load from new facilities  gigyre 5-3. The Sewage Treatment Plant (STP), is located
aqd (‘hverted incidental process wastewater in Building 2521 just east of First Street and south of the
will introduce new flows in excess of what the  sewage treatment lagoons.

current plant is designed to treat.

e —

At the present time, the STP can not handle
the total flow during periods of heavy rain, so
part of the influent is diverted into two clay-
lined lagoons (Figure 5-4), and is then
processed during periods of lower flow.
Occasionally during periods of heavy rainfall,
the inflow exceeds the capacity of the STP
and the lagoons, and partially treated
wastewater must be discharged directly to
White Oak Creek. In 2002, partial treatment
during periods of heavy rainfall resulted in
five NPDES permit noncompliances. Permit
violations are likely to occur more frequently
as more waste is added to the system, unless
the capacity of the system is increased.
Efforts should also continue to reduce
inleakage to the sanitary/sewage collection
system.

Figure 5-4. One of two sewage treatment lagoons located
south of White Oak Avenue.

The detection of radioactivity in the STP sludge and lagoon sediment indicates that there is infiltration of
contaminated groundwater and/or legacy contamination in the collection piping. The most likely source
of contamination is from groundwater inleakage from the 3000 area of the ORNL Central Campus. As

® ORNL/TM-2002/1
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more definite long-term plans for this part of the plant are developed, actions may be required to reduce
the levels of radioactive contaminants entering the sanitary/sewage system.

5.2.2 Technical Assessments for Future Sanitary/Sewage Wastewater Treatment Needs

In order to identify options to eliminate use of the aging process waste system, the STP capabilities for
removing radionuclides, metals, and organics were evaluated. The metals and metallic radionuclide
removal efficiency at the STP is approximately 90%, very similar to that of the PWTC. Evaluation of
UT-B-generated process wastewater indicates that the STP could adequately remove the contaminants,
and the STP liquid effluent and sludge compositions would not change significantly. Although the STP
could adequately process these waste streams, current UT-B waste management practices would require
removing the radionuclides and most of the metals from process wastewater prior to discharge to the
underground collection system to reduce environmental risks if leaks in the piping occur. Wastewater
discharge criteria may be imposed by UT-B on the sanitary/sewage waste system in the future, similar to
the existing process wastewater discharge criteria. It is expected that the incremental impact to the
generators should be minimal.

The sludge generated at the STP is radiologically contaminated. It was previously trucked to the City of
Oak Ridge STP and landfarmed after being combined with sludge from the City of Oak Ridge STP.
Currently, the City of Oak Ridge has suspended accepting the ORNL sewage sludge, so the sludge is
being packaged for future disposal as low-level waste (LLW) at Envirocare of Utah, Inc. Sewage sludge
would have to meet City of Oak Ridge acceptance criteria for mercury, lead, and radiological
contamination if disposal by landfarming is resumed. Technical analyses indicate that treatment of
incidental process wastewater at the STP will have a minimal impact on the sludge composition.

A modification to the NPDES permit and regulatory approval would be required in order to discharge and
treat process wastewater in the sanitary/sewage system. Permit modifications will require a two- to five-
year lead-time. A renewal application was submitted in 2001 for a 5-year renewal of the existing permit;
it is still pending. Therefore, initial steps to obtain regulatory approval for proposed changes at the STP
should begin in FY04.

Analysis of the regulations indicates that engineering and administrative control modifications will be
required before process wastewater can be accepted into the sanitary/sewage system. The existing
sanitary/sewage wastewater collection lagoons will need to be replaced with collection tanks, and
administrative controls will probably be very similar to those presently in place for use of the process
waste system.

5.3 PROCESS WASTE SYSTEM

The ORNL PWTC consists of two facilities:

o Building 3544 (used for radiological wastewater treatment) was built in 1975 with upgrades
made in 1996 (Figure 5-5).

¢ Building 3608 (used for nonradiological wastewater treatment) was constructed in 1989
(Figure 5-6).

5-6
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The process waste system accepts wastewater from laboratories, contaminated groundwater, and other
waste treatment systems that have a maximum total radiological concentration of the ingestion dose
equivalent of 1 x 10* Becquerel per liter (Bq/L) strontium-90 (*°Sr). The system is designed to treat
wastewater similar to an industrial metal finishing facility with additional capability to remove
radioactivity.

Figure 5-5. Building 3544 is part of the Figure 5-6. Building 3608 and the associated tanks are
PWTC located north of White Oak Creek, part of the PWTC located south of White Oak Creek,
and is used to treat radiologically and are used to treat nonradiological process
contaminated process wastewater. wastewater.

5.3.1 Ciritical Process Waste System Infrastructure Issues

The integrity of the process waste system collection piping from generator buildings to connecting
manholes is a vulnerability. There have been few upgrades to the piping between the facilities and the
first manholes for the collection system since construction. Leaks have been detected in this type of pipe
over the years, and it is likely that some of the remaining clay pipe is leaking. The Facility
Environmental Vulnerability Assessment "’ identified vulnerabilities associated with the use of this portion
of the process waste collection system and recommended reducing UT-B facility discharges to the process
waste system drains. As a result of the Facility Environmental Vulnerability Assessment, UT-B
established wastewater discharge criteria for the process waste system.

The PWTC has undergone a number of upgrades over the past 10 years, which have significantly
improved the integrity and process durability; however, the treatment facilities will need significant
upgrade or replacement if they are considered for treatment of R&D-generated waste for the next 50
years. The facilities are significantly oversized for treating only the projected levels of R&D generated
process wastewater for DOE-SC/UT-B managed facilities. The nominal treatment capacity of the PWTC
is 400 mgy, while the annual wastewater generation rate from future R&D activities is expected to be less
than 15 mgy.

10 ORNL/TM-2001/123
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5.3.2 Technical Assessments for Future Process Wastewater Treatment Needs

Four ORNL facilities are expected to produce wastewater that is above the process wastewater discharge
criteria implemented by UT-B in FY02, including the: HFIR, REDC, SNS, and ORNL radiological
laundry. Options were evaluated for treating these waste streams (approximately 9 mgy) prior to
discharge to the environment, and include the following.

e A small, dedicated wastewater treatment system containing a specialty ion exchange resin was
selected as the least expensive and most efficient method for treating future SNS, HFIR, and
REDC process wastewater. This new system should be located near the REDC and HFIR, where
the bulk of the process waste above the wastewater discharge criteria will be generated. SNS
waste would be trucked by tanker to this site.

e Because of the detergent and particulates in the ORNL radiological laundry wastewater, it will
not be easily treated for radionuclide removal by any existing or proposed treatment system,
unless it is significantly diluted with other wastewater prior to treatment. The volumes of HFIR,
REDC, and SNS process waste will not dilute the laundry process waste enough to allow
treatment at the proposed treatment system identified above. Since the laundry is a batch
process, three options could be considered for further analysis:

- trucking to the STP if the waste meets future STP WAC,
- direct solidification at the site of generation, or

- contracting laundry operations to an off-site vendor.

It is recommended that process wastewater meeting the UT-B process wastewater discharge criteria
(approximately 4 mgy) be treated at the ORNL STP. Technical analysis of the STP’s capability for
treating this waste stream is covered in section 5.2.2

54 LLLW SYSTEM
LLLW system facilities are located throughout ORNL, including:

e LLLW collection/storage tanks, which are located near generator facilities;

e the LLLW Evaporator Facility (Building 2531), which is located near Third Street and White
Oak Avenue in the ORNL Central Campus (Figure 5-7), and includes five 50,000-gallon (gal)
double-contained LLLW collection/storage tanks, which are known as the Bethel Valley
Evaporator Service Tanks (BVESTs); and

o the Melton Valley Storage Tanks (MVSTs) system, which is located Melton Valley, and includes
eight 50,000-gal tanks and six 100,000-gal tanks.

The LLLW system collects, neutralizes, concentrates, and stores aqueous radioactive waste solutions for
future solidification and disposal. The waste is collected from “hot” sinks and drains in research
laboratories, radiochemical pilot plants, nuclear reactor facilities, and other waste treatment systems. The
LLLW system WAC administratively limits the wastes that can be added to the LLLW system to a
maximum total radionuclide concentration of the ingestion dose equivalent of 2 x 10'° Bq/L °Sr.
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FWENC has a fixed-price, unit-rate
contract with DOE-EM to treat ORNL
legacy LLLW (including newly generated
LLLW produced through the FY05/FY06
timeframe). Wastes will be treated at the
TRU WPF being constructed in Melton
Valley, just west of the MVSTs system.
New Category II nuclear hot cell facilities,
specifically designed to treat large volumes
of legacy waste over a short time period,
have been constructed in the TRU WPF.
Wastes treated at the TRU WPF will be
dispositioned at the NTS and WIPP. The
TRU WPF is expected to operate through S
approximately FY08, and will be D&D’d Figure 5-7. Building 2531 is the LLLW Evaporator Facility,
in approximately FY11. These dates are which contains 2 evaporators for LLLW.

not final, however, as changes in waste

stream priorities and other external forces (e.g., the WIPP RH-TRU WAC), could significantly impact the
schedule.

5.4.1 Critical LLLW System Infrastructure Issues

The LLLW generation rates have been estimated through FY 14, when DOE-EM remediation activities
and DOE-NE processing of ***U at Building 3019A are expected to be completed. After completion of
the solidification and disposal of the existing inventory of legacy LLLW at the TRU WPD, and the
facility’s D&D, there will be no facility available to process newly-generated LLLW for disposal. If the
TRU WPF stops accepting LLLW in the FY05/FY 06 timeframe, as presently scheduled, as much as
300,000 gal of concentrated LLLW could accumulate in the MVSTs system by FY14. Only 30,000 gal
(10%) of this concentrated LLLW will have resulted from direct processing of UT-B R&D waste. In the
near-term, actions must be taken to address treatment of LLLW, which is expected to accumulate in the
MVSTS system through FY14. Additional actions must be taken to provide new LLLW collection and
treatment systems designed for R&D-generated LLLW waste over the next 50 years.

5.4.2 Technical Assessments for Future LLLW Treatment Needs

New treatment facilities for R&D-generated LLLW must be installed to meet DOE’s requirement that all
generated wastes have a path for disposal. The TRU WPF is not a viable long-term treatment option for
LLLW solidification since it only has a 15-year design life and is oversized for R&D needs. The TRU
WPF is sized to treat 58,500 gallons per month (gal/month) of LLLW, and the future production rate of
evaporated LLLW is expected to be 240 gal/month. Similarly, the BJC-managed LLLW
collection/storage system is oversized for DOE-SC/UT-B R&D needs. The total storage capacity in the
BVESTs/MVSTs system is 1,070,000 gal (based on the Operational Safety Requirement (OSR) limits)"'.
It will take approximately 300 years to fill these tanks to 80% capacity with R&D-generated LLLW.
New treatment capabilities should be put in place as soon as possible, since plans call for the TRU WPF
to stop accepting newly-generated LLLW for treatment in the FY05/FY06 timeframe and stop processing
LLLW in approximately FY0S.

" Liquid and Gaseous Waste Operations Project Annual Operations Report CY2001, DFS/LGWO/RPT/2002-1,
April 2002, Duratek Federal Services, page 159.
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The ANL-West treatment concept (See Chapter 4) was evaluated for treatment of newly-generated
LLLW. ANL-West LLLW streams are pretreated at the generator site to remove the major radiological
and hazardous components, which are disposed of as solid waste. The resulting liquid waste streams are
dried to a salt cake in the disposable SHADE systems located in a centralized treatment facility. In the
future, SNS is projected to generate 91,000 gal/yr of LLLW, and all other generators are projected to
produce 19,000 gal/yr. With the exception of SNS LLLW, R&D-generated LLLW streams could
probably be processed in a centralized treatment system using a SHADE-type solidification system
without pre-concentration. If SNS waste was evaporated and concentrated by a factor of approximately
60 prior to entering the centralized SHADE-type system along with other R&D generated LLLW, it is
estimated that 20,000 gal/yr of LLLW from ORNL would be processed in the solidification equipment.
Centralized LLLW treatment would generate approximately 300 gal/yr of solid RH-TRU waste, which
would require disposal at the WIPP, primarily due to LLLW input from the REDC.

If REDC LLLW was pretreated at the source of generation to remove TRU waste and cesium-137 ("*’Cs),
the new, centralized LLLW solidification facility (described in the previous paragraph) would require less
shielding, and therefore, would be less expensive to construct. The solid waste forms exiting this
centralized LLLW treatment system would also be low-activity LLW that could be disposed of at the
NTS. Pretreatment of REDC waste was investigated in the 1990s, but several problems arose.

Additional technical analysis will be required to:

o Reevaluate the SNS waste treatment options after the SNS Waste Management Plan is updated in
FYO04,

e develop a REDC LLLW pretreatment system,
e determine disposal options for the pretreated waste residuals, and

o design the centralized LLLW treatment system for processing the pretreated REDC LLLW and
all other LLLW streams generated at ORNL.

5.5 GASEOUS WASTE SYSTEM

This plan covers major stack systems at ORNL. It
does not include minor gaseous sources, which are
often vented through facility roofs. ORNL has one
central stack system that serves several facilities
(Figure 5-8). The UT-B managed facilities
connected to the central gaseous waste system
include:

e 3025 cell ventilation,
e 3027 cell ventilation,

e 3047 cell ventilation and off-gas,

e 3525 cell ventilation,

e 4501 cell ventilation and off-gas,
e 4505 off-gas, and

Figure 5-8. Above ground ducts connect into the
central gaseous waste system stack, which is located in
e 4500 North off-gas. the ORNL Central Campus.
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The process off-gas exhaust represents low-volume, potentially high-activity gaseous waste from process
vessels or other sensitive areas where the concentration of radioactivity may be routine and highly
concentrated. The cell ventilation exhaust is comprised of high-volume, low-activity gaseous waste from
enclosed areas such as containment areas and hot cells.

ORNL has several local stacks that typically serve a single building. Local stacks serve Buildings 2026,
3019A, and the MSRE. Stack 7911 serves Buildings 7900, 7920, 7930. The MSRE and Building 3019
stacks should be shutdown by FY 14 and were not included in this study.

5.5.1 Ciritical Gaseous Waste System Infrastructure Issues

The 50-year old central gaseous waste treatment system, including the above-ground ductwork in the
general vicinity of the central 3039 stack, was upgraded in the 1980s. The central gaseous waste
treatment system is oversized for ORNL's future R&D missions. Approximately half of the system’s
capacity is currently being used. In the future, use is expected to drop to less than 30% of system
capacity. Balancing the airflow in the system is tricky, and the airflow will become more difficult to
balance as BJC remediates facilities and UT-B hot cell consolidations occur. The central system should
be replaced with a system that is tailored to meet ORNL's future gaseous waste flow requirements and
treatment needs.

The central gaseous waste collection system’s underground ducts are over 50 years old. Visual
inspections of the ducts were performed in the 1980s and 1990’s and indicated:

e deterioration of most duct joints,
e tree roots growing into the piping, and

e groundwater and/or rainwater inleakage into contaminated ductwork.

Figures 5-9 and 5-10 show deterioration of ORNL’s gaseous waste system ductwork. Readings of 50
milliroentgen per hour (mR/hr) were noted in the 3500-area ducts, and the 4500-area ductwork was likely
contaminated with TRU radionuclides. The assessment indicated that groundwater or rain water is likely
leaking into the ducts, and contaminated wastewater is likely leaking out of the ducts. The inspectors
recommended structural integrity assessments and repairs to eliminate inleakage'* '**'*'*, but neither
have been performed. The inleakage is increasing over time, and it has become hard to maintain airflow
requirements in some research buildings during periods of heavy rain. This ductwork must be
significantly upgraded or replaced if it is to be used in the future.

The ORNL stacks were designed to meet regulatory standards for a major source at the time of
construction. The new American National Standards Institute (ANSI) standard, ANSI N13.1-1999,
requires continuous stack monitors for major sources and verification that uniform sampling occurs.
When “major modifications” are made to a system, such as significantly changing the amount of
radioactive material in the building, the existing stacks will need to be upgraded to meet the new

'2 Evaluation Report Structural Integrity of Concrete Ducts 3500 Area of ORNL, Report 87052, April 1988, Lee
Wan & Associates.

1 Evaluation Report Methods of Upgrading Joints in Concrete Ducts 3500 Area of ORNL, Report 87051,
April 1988, Lee Wan & Associates

' Assessment Report Structural Integrity of Concrete Ducts ORNL, Report 87033, July1988, Lee Wan &
Associates.

' Evaluation Report Methods of Upgrading Joints in Concrete Ducts ORNL, Report 87027, July 1988, Lee Wan &
Associates
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regulations. The 2026 stack, which serves Building 2026, and the 7911 stack, which serves the REDC
and HFIR are 20 and 40 years old, respectively. These stacks will likely need significant upgrade or
replacement to meet the new ANSI standards over the next several years.

High liquid mark on gaseous waste duct wall.

Standing liquid collected
at the base of a

/ gaseous waste duct.

Figure 5-9. Inleakage into the ORNL gaseous waste syste.ln-dll-lctwork was found during a 1996 video
inspection.

5.5.2 Technical Assessments for Future Gaseous Waste Treatment Needs

Order-of-magnitude feasibility studies were performed to evaluate the comparative cost of replacing the
centralized gaseous waste system with another centralized system, or installing local systems designed for
each building's needs. Results indicate that four to five local treatment facilities could be built for the cost
of replacing the central system. Preliminary analyses indicate that it may be less expensive and
technically favorable to replace the centralized system with local building stacks and treatment
capabilities.

Additional engineering evaluations should be performed after decisions on ORNL hot cell consolidation
activities are completed to determine:

e how many facilities actually need treatment upgrades in the future,

e which buildings will contain enough inventory of radioactive material to require regulation as
major sources, and

o the total life cycle costs, including D&D costs, for modifying the existing system, compared to
replacing the system with a new central system or local building systems.
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Root penetrating the

/ gaseocus system
1[ ductwork.

|

Figure 5-10. A root was found penetrating the gaseous waste system ductwork during a 1986 video
inspection.

5.6 ONCE-THROUGH COOLING WATER

The ORNL Land and Facilities Plan'® identified wide spread use of once-through cooling water and the
need to dechlorinate those flows as a critical infrastructure condition. The chemical used to dechlorinate
the water is a toxin and an oxygen scavenger. The report recommended that ORNL pursue installation of
recirculating cooling systems to eliminate the once-through cooling water flows to the process and
sanitary/sewage waste systems as a pollution prevention measure. The impact of eliminating once-
through cooling water was evaluated as a part the LGWTS strategic planning effort.

5.6.1 Technical Assessments for Future Once-Through Cooling Water Treatment Needs

The Tennessee Department of Environment and Conservation (TDEC) includes once-through cooling
water in the calculation of baseline flow (a minimum flow rate needed for protection of fish and aquatic
life to calculate NPDES permit limits). Removing once-through cooling water from the existing process
and sanitary/sewage waste treatment systems, by elimination or diversion to the storm water drain system,
has a positive impact on the aquatic life base flow and should be pursued. However, reducing the once-
through cooling water discharging to White Oak Creek via storm drains could make it more difficult for
treatment plant effluents to meet NPDES permit limits. Therefore, these impacts must be evaluated
before once-through cooling water flows discharging directly to storm drains are eliminated.

16 ORNL/TM-2002/1
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5.7 GROUNDWATER TREATMENT SYSTEMS

BIJC currently collects 53 mgy of contaminated groundwater for treatment at the PWTC where
contaminants (primarily mercury, cesium, and strontium) are removed from the groundwater.

5.7.1 Future Melton Valley Groundwater Treatment System

BJC is building a new facility to treat contaminated groundwater generated during Melton Valley
remediation activities. The facility is being designed for a 20-year life, and is expected to cost

$1.75 Million for construction and $900,000 for annual operating costs'’. The Melton Valley
groundwater treatment system will remove contaminants from collected groundwater at Solid Waste
Storage Areas (SWSAs) 4, 5, and 6; Seeps C and D; and the Seepage Pits and Trenches. The volume of
collected groundwater is initially expected to be 32-42 mgy, and this is expected to gradually decrease to
about 4 mgy. The proposed treatment train consists of filtration, air stripping, activated carbon, and
zeolite adsorption to remove volatile organic compounds and strontium/cesium. If metals removal is
required, a membrane treatment system will be installed. The treated effluent will be discharged to White
Oak Creek.

5.7.2  Future Bethel Valley Groundwater Treatment System

An engineering study'® will be completed in FY04 to provide data needed to define the remediation
activities that will occur during the DOE-EM Bethel Valley clean up. If contaminated Bethel Valley
groundwater must be treated long-term, as assumed in the current DOE-EM life cycle baseline, mercury,
cesium, and strontium will most likely need to be removed prior to discharge into the environment. These
can be removed at the existing PWTC, the new Melton Valley Groundwater Treatment System, or new
treatment system(s) in Bethel Valley, such as local treatments systems at the site of generation.

5.7.2.1 Technical Assessments for Future Groundwater Treatment Needs

If the PWTC is to be operated long-term for the treatment of contaminated groundwater, portions of the
system will need to be replaced due to facility age. The PWTC ion exchange system generates 40% of
the annual LLLW stored in the MVSTs system. Analysis of the PWTC shows that this stream could be
eliminated by replacing the two existing ion exchange systems (one for strontium removal and one for
cesium removal) with a single zeolite system designed to remove both cesium and strontium. The loaded
zeolite would be disposed of as solid waste, thereby eliminating the LLLW stream generated at the
PWTC. Use of zeolite ion exchange would also eliminate the need for water softening prior to the
existing ion exchange system. The upgrade would not only eliminate the LLLW, it would also reduce the
amount of secondary solid waste (softener sludge plus zeolite) generated at the PWTC by 40%.
Following the upgrade, groundwater could possibly be discharged to White Oak Creek without additional
treatment. The ORNL STP could remove organic contaminants, if necessary, assuming plant capacity is
available.

' Personal communications with Frank Carter of Bechtel Jacobs Company LLC.
'8 Engineering Study Work Plan for Groundwater Actions in Bethel Valley, Oak Ridge, Tennessee,
DOE/OR/01-2035&D2, March 2003.
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6. ORNL LIQUID & GASEOUS WASTE TREATMENT SYSTEM (LGWTS)

STRATEGIC PLAN
6.1 VISION AND GOALS

This chapter of the ORNL LGWTS Strategic Plan outlines the
recommended approach for providing cost-effective, upgraded waste
collection and treatment systems to accomplish the goal of
modernizing ORNL into one of DOE’s premier “21* Century
Laboratories” within the modernization schedule outlined in the
ORNL Land and Facilities Plan"’. The ORNL LGWTS Strategic
Plan incorporates technologies and strategies from benchmarked
facilities and pollution prevention programs to provide safe,
economic, and efficient liquid and gaseous waste systems for
ORNL’s expected future programmatic mission, activities, and
facilities.

6.2 STRATEGIC DRIVERS

The ORNL process waste, gaseous waste, and LLLW systems are
currently managed by BJC, DOE-EM’s managing and integrating
contractor. DOE-EM proposes to transfer responsibility for
management of newly-generated waste to DOE-SC prior to 2015.
DOE-EM and DOE-SC have not reached a final agreement on the
transition dates for newly-generated waste and the existing waste
systems. These systems will be inappropriate for treatment of future
R&D wastes, because of their age, legacy contamination,
inappropriate size of the facilities for treatment of only R&D waste,
location, and operating costs. DOE-EM/BJC should continue to
operate the ORNL waste management facilities needed to support
DOE-EM/BJC remediation activities in Bethel and Melton Valleys,
and then D&D these facilities once these remediation activities are
complete. DOE-EM is experienced in facility D&D and should be
able to achieve cost savings by combining these D&D activities with
other DOE-EM remediation activities.

New facilities tailored to treat R&D-generated waste should be
constructed and operated by DOE, and should be designed to:

e cost-effectively support DOE-SC’s mission for the next 50
years,

e disconnect DOE-SC/UT-B-managed research facilities from
the existing DOE-EM/BJC-managed waste management
facilities by the end of FY'10 (the start of the Bethel Valley
remediation), and

e meet new regulatory requirements.

The ORNL LGWTS Strategic Plan
recommends a cost-effective
approach for liquid and gaseous
waste management to support
modernizing ORNL. The plan
recommends developing and
putting into service new systems
specifically designed to treat R&D
waste at the lower flow rates
expected to result from
implementing DOE-EM
remediation and DOE-SC pollution
prevention programs. The plan
calls for:

e installing local gaseous waste
treatment systems at the site
of generation;

e constructing LLLW and
process waste treatment
systems in Melton Valley near
major generators;

e treating incidental process
wastewater at the ORNL
Sewage Treatment Plant;

e increasing the capacity of the
sanitary/sewage; and

e reducing once-through
cooling water discharges.

This approach will minimize ES&H
risks by eliminating the use of all
existing underground collection
piping, except for the
sanitary/sewage waste system,
and minimizing use of LLLW
underground storage tanks and
pipelines. The existing DOE-EM
managed systems will remain
available for remediation activities
conducted as part of the CERCLA
closure projects.

System-specific drivers are noted in the system descriptions in Chapter 5 and in the following sections.

1 ORNL/TM-2002/1
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6.3 STRATEGIC PLAN FOR SANITARY/SEWAGE WASTE
6.3.1 System-Specific Drivers

e The ORNL STP will reach its design life in 2010.

e The construction of additional ORNL facilities to accommodate ORNL missions and staff will
introduce new sanitary/sewage flows in excess of what the current STP can treat.

e The strategic plan for ORNL process wastewater calls for treating R&D-generated incidental process
wastewater at the STP, which will also increase the flow rate through the plant and change the
design criteria (to a tank-based system).

6.3.2 Recommended Strategy for the ORNL Sanitary/Sewage Waste System

In the near-term, efforts to reduce inflow to the sanitary/sewage waste system by eliminating once-
through cooling water and minimizing inleakage into the collection piping should be continued.
Opportunities to reduce inflow by replacing older toilets with low-flow fixtures should be further
investigated.

In the long-term, the strategic plan for the ORNL sanitary/sewage systems includes:

e adding an extended aeration basin to the existing STP to accommodate the increased wastewater
load for the next ten years;

e replacing the clay-lined lagoons with tanks to allow treatment of incidental process wastewater; and

e ultimately replacing the current STP. Evaluations will be performed to select optimal methods for
long-term replacement of the existing sanitary/sewage waste system when the ORNL Ten Year Site
Plan provides more detailed information on future facilities and personnel estimates.

Planning should begin in FY04 for capital projects and permit modifications necessary for treating R&D-
generated incidental process wastewater at the STP.

Radioactivity in the STP sludge indicates that there is infiltration of contaminated groundwater and/or
legacy contamination in the collection piping. The most likely source of contamination is from
groundwater inleakage from the 3000 area of the ORNL Central Campus. As long-term plans for this part
of the plant are developed by UT-B, actions may be required to reduce the radioactive waste entering the
sanitary/sewage system, including rehabilitation of small-diameter pipelines between the buildings and
the main collector trunk lines.
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6.4 STRATEGIC PLAN FOR PROCESS WASTE

6.4.1 System-Specific Drivers

e Replacements will be needed for the PWTC treatment facilities to extend their operability for 50
years.

e The PWTC treatment facilities are significantly oversized for future R&D waste treatment needs;
future generation rates will be 3% of the existing system design capacity.

e The integrity of the 50-year-old collection piping is a vulnerability, particularly between the research
facilities and the central collection manholes.

6.4.2 Recommended Long-Term Strategy for the ORNL Process Waste System

Eliminate the use of the PWTC by the end of FY 10 by:

e climinating and/or rerouting once-through cooling water to the storm drain system;

e rerouting incidental process wastewater to the sanitary/sewage waste system, with local pretreatment
as required; and

e constructing and operating a new process waste treatment system in Melton Valley, near the HFIR
and REDC, for the treatment of radioactive process wastewater generated at the HFIR, REDC, and
SNS. SNS waste will be trucked to the treatment facility.

It is recommended that the ORNL radioactive laundry wastewater be processed by:

o trucking the wastewater to the ORNL STP,
e solidifying the wastewater at the source of generation, or
e outsourcing the laundry wastewater to an off-site facility.

These recommendations should be implemented as soon as possible, since they have the potential for
major cost savings. The current operating costs for the PWTC are $11.3 Million per year. The operating
costs of the new treatment systems are expected to be $1.4 Million per year above the present costs for the
sanitary/sewage waste system.

6.5 STRATEGIC PLAN FOR LLLW

6.5.1 System-Specific Drivers
e The current ORNL LLLW system only concentrates and stores LLLW; it does not provide
capabilities to routinely treat waste to a solid form suitable for disposal.

e DOE-EM awarded a private-sector contract to solidify legacy LLLW at the TRU WPF, but it will
not provide long-term capabilities to solidify newly-generated LLLW.

e The TRU WPF is presently scheduled to stop accepting newly-generated waste, including R&D
waste, in the FY05/FY06 timeframe and shut down the LLLW treatment capabilities toward the end
of FYO08.
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6.5.2 Recommended Long-Term Strategy for the LLLW System

It is recommended that new treatment capabilities be implemented to convert R&D-generated LLLW into
solid waste forms as soon as possible. New collection/treatment facilities will be designed to reduce the
risks and operating costs associated with the handling of highly-radioactive LLLW by treating the most
hazardous components at the source of generation, minimizing the use of underground pipelines and
storage tanks, and minimizing the inventory of liquid waste within the system by implementing real-time
treatment and disposal processes.

The strategic plan for newly generated LLLW is outlined below:

e TRU and high-gamma-activity LLLW will be treated at the point of generation at the REDC to
produce small volumes of solid RH-TRU and RH-LLW for disposal at WIPP and NTS, respectively.

e The effluent from REDC pretreatment will be added to the lower activity LLLW from other R&D
activities and solidified in new facilities designed for real-time processing of waste for disposal at
NTS. These facilities will be located in Melton Valley near the REDC and the relocated
Manipulator Shop.

e LLLW from Bethel Valley (SNS and Building 2026) will be trucked to the new LLLW treatment
facilities. For all other generators that produce small quantities of LLLW, the LLLW will be bottled
for transport to the new facilities.

e SNS waste will also be evaluated for pretreatment.

Engineering analyses and technical studies needed to support implementation of the strategy should be
initiated in FY04 to support the design of capital projects. These include evaluation of REDC
pretreatment options, review of the revised SNS Waste Management Plan, and technical studies to design
the LLLW solidification system. The ORNL LGWTS Strategic Plan will implement new capabilities to
treat newly-generated R&D waste by the end of FY10. DOE must provide capabilities to treat LLLW,
which will accumulate in the MV STs system from approximately FY06 through FY 14 when DOE-EM
remediation activities and DOE-NE **°U processing at the 3019A complex end (estimated to be up to
300,000 gal).

6.6 STRATEGIC PLAN FOR GASEOUS WASTE

6.6.1 System Specific Drivers

e Much of the centralized gaseous waste system is 50 years old, and significant portions of the system,
particularly the concrete collection ducts, have structural integrity issues.

e The system is significantly oversized for long-term R&D needs; projected future flow rates are one
third of the existing capacity.

e New ANSI N13.1-1999 standards will eventually require that the existing systems be
upgraded/replaced to meet new dispersion and sampling criteria.
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6.6.2 Recommended Long-Term Strategy for the ORNL Gaseous Waste System

e Discontinue use of the centralized gaseous waste system as soon as possible, but no later than FY'10.

e Replace the existing, aged, centralized treatment system in Bethel Valley with new local treatment
systems for strategic DOE-SC facilities. This will include new stacks for major sources, local roof
ventilation systems for minor sources, and putting non-strategic facilities in safe shutdown. The
local stacks will be specifically designed for the research needs of each building. Facilities presently
discharging to the central stack include Buildings 3025E, 3525, 3047, 4501, 4505, and 4500 North.
The upgrades that will be implemented for each building will be determined by on-going hot cell
consolidation activities and the ORNL Ten Year Site Plan, which will be updated in FY04.

e Upgrade the two local building stacks (2026 and 7911) to meet the new ANSI standards and
programmatic needs for the next 50 years by the end of FY'12.

6.7 STRATEGIC PLAN FOR ONCE-THROUGH COOLING WATER

Once-through cooling water accounts for a significant portion of the present flows to White Oak Creek
through discharges from storm sewers and the process and sanitary/sewage waste systems. Once-through
cooling water discharges to the process and sanitary/sewage systems will be minimized since it
unnecessarily increases the load on these treatment plants. In the near-term, this will be accomplished by
eliminating 37 mgy and diverting 77 mgy of once-through cooling water to the storm drain system. Over
the long-term, much of the cooling system equipment will be replaced with new, recirculating-type
systems to eliminate the once-through cooling water discharges. Since the chemical used to dechlorinate
once-through cooling water prior to discharge to storm drains is a toxin and an oxygen scavenger, the
installation of recirculating cooling water systems to reduce/eliminate the flows discharged to the storm
system will be undertaken as a pollution prevention measure. However, eliminating too much once-
through cooling water discharging directly to storm drains could have a negative impact on the
wastewater treatment facilities’ ability to meet NPDES permit requirements. Detailed evaluations of
these impacts must be performed before these projects are implemented.
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7. PRELIMINARY COST AND SCHEDULE

Completing the vision for ORNL's “21% Century” waste treatment systems will require significant
investment of both operating and capital funds. The process for identifying these resources is summarized in
Chapter 2, and a summary of the proposed project schedules and costs is given in this chapter. Traditional
DOE-funded operating expense and capital projects, including GPPs, general plant equipment projects
(GPEs), institutional general plant projects (IGPPs), and line items, were considered, as well as alternative
funding options, such as private-sector construction of new waste treatment facilities. Alternative funding
options did not appear viable upon preliminary investigations (see Appendix A, section 4.2; Appendix B,
section 4.4; and Appendix C, section 4.1). Therefore, all projects were scoped as traditional DOE-funded
capital projects.

7.1 SUMMARY OF ESTIMATED COSTS AND SCHEDULE

The ORNL liquid and gaseous waste system upgrade strategy will be implemented through the capital
projects listed in Table 7-1, which total $74.2 Million over nine years. As noted in Table 7-1, these costs
include $52.6 Million for projects required to replace the existing DOE-EM/BJC-managed centralized liquid
and gaseous waste treatment facilities, and $21.6 Million for projects to upgrade existing equipment located
in generator facilities, which will continue to be used for the foreseeable future. The ongoing Building 1506
Renovation Project, which is an FY03-FY04 IGPP, and the Surplus Facility Clean Out, Deactivation and
Demolition expense project, eliminate once-through cooling water presently discharging to the process and
sanitary/sewage systems from Buildings 1506, 2018, 2019, and 2024. Additional project scopes and capital
funding required to implement the ORNL LGWTS Strategic Plan are included in Table 7-1. Expense
funding of $100,000 for each GPP, GPE, and IGPP, as well as $250,000 in expense funding for each line
item, are needed one year prior to project initiation. An additional $3 Million of expense funding is needed
in FY04 - FY06 for continued strategic planning, engineering evaluations, and treatability studies to support
the planning of the capital projects. Therefore, the cost for implementing the ORNL LGWTS Strategic Plan
is $79 Million.

For comparison purposes, the annual operating and environmental monitoring costs for the proposed new
liquid and gaseous waste collection and treatment systems were estimated relative to the costs for the
existing centralized treatment systems. Costs associated with the portions of the ORNL waste systems that
are not expected to be significantly impacted by the ORNL LGWTS strategy were not included in these
estimates (e.g., most generator facilities; the Building 2029, 7911, 3019, and 7503 stack operations; and
UT-B environmental compliance staff time for preparing permit applications).

The annual costs of the existing and future waste treatment systems are given in Table 7-2. The costs for
operating existing waste treatment systems were obtained from the current facility managers. The
methodology for estimating the future operating costs are given in the Appendix F. These include the costs
for operating the collection systems and treatment facilities, regulatory monitoring, and disposing of
secondary solid waste. The costs are currently borne by:

e UT-B for operating the sanitary/sewage waste system;

e BJC for operating the gaseous and process waste treatment and collection systems, and the
LLLW collection/storage system; and

e UT-B for the NPDES permit monitoring for the STP and the PWTC, and the NESHAPs gaseous
stack monitoring costs.

The annual operating and environmental monitoring costs for the existing centralized liquid and gaseous
waste treatment systems are approximately $19.3 Million per year, as shown in Table 7-2. The proposed
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new systems will have estimated operating and environmental monitoring costs of $ 5.2 Million per year.
Therefore, the total cost avoidance for the construction and a 30-year operating life for the new systems, as
compared to the current systems would be $423 Million, or over $14 Million per year. At this rate, the cost
of the treatment systems construction would be repaid in about 5.6 years. The return on investment
calculations do not reflect costs for maintenance or modifications that would be required to keep the existing
DOE-EM/BJC-managed liquid and gaseous waste systems operating for an additional 30 years, nor does it
include closure or D&D. The existing systems costs do not include costs for solidification and disposal of
concentrated LLLW stored in the MV STs system, since these capabilities for newly-generated waste do not
presently exist. If these additional costs were included in the above return-on-investment calculations, the
construction costs of the new facilities would likely be paid back in less than three years.

The operating costs are essentially fixed for the gaseous and LLLW systems. Therefore, the cost reductions
for waste management at ORNL will not be realized by DOE until they are completely shut down. Since
operating costs for the proposed new systems designed for R&D waste treatment would be significantly less
than the existing systems, these new systems should become operational no later than the end of FY10, to
allow DOE-EM to close the existing facilities during the Bethel Valley and Melton Valley remediation
activities. The costs of operating the process waste system could be reduced in the near-term if the flow to
the plant can be reduced enough to allow the system to be operated on a part-time basis rather than around-
the-clock. Because UT-B’s once-through cooling water and R&D wastewater accounts for 65% of the
process wastewater flow, the sanitary/sewage system and process waste system related GPPs, described in
Table 7-1, should be implemented immediately, in order to reduce the near-term process waste treatment
plant costs. The project schedules listed in Table 7-1 were developed to accomplish these objectives.

ADSs were developed for each of the capital projects listed in Table 7-1 for ranking by ORNL senior
management. These projects were ranked along with all other capital project requests, using the RPM
described in Chapter 2. The seven capital projects replacing the existing liquid and gaseous waste treatment
systems before the end of FY 10, to accommodate DOE-EM remediation schedules, were ranked very high in
the overall ORNL capital assets program ranking. The remaining projects were ranked lower, and their
schedules may change from the dates identified in Table 7-1 as the ORNL Leadership Team and DOE
continue the funding approval process for capital projects.
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Table 7-1. Proposed ORNL LGWTS Strategic Plan capital projects and associated funding requirements and

schedules.

Project Title (Capital Project Type) and
Project Description

Proposed
Schedule

Proposed
Funding
Requirements

Sanitary/Sewage System Projects

Replace Tertiary Filter at the Sewage Treatment Plant (GPE)"
- Replaces sand filter with continuous back flush unit for existing extended aeration unit.

FY04

$125,000

Sanitary System Treatment Capacity Increase (GPP)"*
- Adds extended aeration unit to existing STP.

FYO05 - FY06

$ 4.08 Million

Sewage Treatment Plant Surge Capacity Replacement (GPP)’

- Replaces two existing clay-lined lagoons with a 1 million-gal collection tank and closes
lagoons in-place.

FYO07 - FYO08

$ 4.32 Million

Process Waste System Projects

Bethel Valley Process Waste Cooling Water Elimination (GPP)’

- Eliminates once-through cooling water from the process waste and sanitary/sewage systems
by eliminating sources and/or rerouting once-through cooling water to the storm drains.

FY05 - FY07

$ 2 Million

Bethel Valley Process Waste Drain Elimination (GPP)’
- Reroutes Bethel Valley process wastewater drains to the sanitary/sewage waste system.

FY07 - FY09

$ 4 Million

Melton Valley Process Waste Drain Contaminant Discharge Elimination (GPP)?

- Constructs process waste treatment system near HFIR and REDC to treat radiological
process wastewater for discharge to Melton Creek.

- Implements truck transfer for SNS process wastewater.
Liquid Low Level Waste Project
ORNL Liquid Low-Level Waste Treatment (Line Item) 12

- Implements source treatment to remove high gamma and TRU elements from REDC
LLLW.

- Constructs a centralized treatment facility in Melton Valley to solidify LLLW for disposal
at the NTS.

- Implements truck transfers for SNS and other Bethel Valley LLLW generators.
Gaseous Waste System Projects
Upgrade Hot Off-Gas/Glovebox Off-Gas System in Building 3047 (GPP)'
- Replaces Building 3047 hot off-gas and glove-box off-gas systems components.

FYO08 - FY09

FYO06 - FY09

FYO05

$ 1.71 Million

$ 9.5 Million

$500,000

Install New Vessel Off-Gas Scrubber System in 7920 (GPP)'
- Replaces Building 7920 vessel off-gas scrubber.

FYO05 - FYO07

$ 5 Million

ORNL Gaseous Waste System Upgrade (Line Item) "*

- Removes Buildings 3525, 3025E, 3047, 4501, 4505, and 4500N from central gaseous waste
system; installs local stacks or roof ventilation systems, or disconnects existing ventilation
system (Actual facility scope to be determined by the outcome of Hot Cell Consolidation
activities and the ORNL Ten Year Site Plan) ($17 Million).

- Upgrades 2026 and 7911 stacks serving Building 2026, REDC, and HFIR to meet new
American National Standards Institute standards ($10 Million).

FY06 -FY12

$ 27 Million

Laboratory Facility Vent System Upgrade — Phase I (Line Item)'
- Modernizes ventilation and exhaust systems inside ten ORNL facilities.

- A portion of this line item compliments the ORNL Gaseous Waste System Upgrade Line
Item above, by upgrading portions of the gaseous waste collection system located inside
generator buildings (i.e., Building 2026E cell off-gas and vessel off-gas systems).

FYO06 - FYO08

$ 7.5 Million

Laboratory Facility Vent System Upgrade — Phase II (Line Item)'

- Modernizes ventilation and exhaust systems inside ten ORNL facilities.

- A portion of this line item compliments the ORNL Gaseous Waste System Upgrade Line
Item above, by upgrading portions of the gaseous waste collection system located inside
generator buildings (i.e., Building 7920 vessel and cell off-gas systems, compressors, and
filter pits and Building 4501 cell off-gas and vessel off-gas exhaust ductwork).

FYO07 - FY09

$ 8.5 Million

1. Project implements upgrades to the existing facility and/or adds new treatment capabilities, which are needed to continue

operations for the next 50 years.

2. Project implements waste treatment systems to replace existing DOE-EM/BJC managed waste treatment facilities.
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Table 7-2. Estimated costs for operating and monitoring existing and proposed ORNL liquid and gaseous
waste treatment facilities.

Annual Costs ($ Million) Annual
Existing Systems New Systems Cost
Savings/
Facility Regulatory Facility Regulatory Avoidance
Waste System Operations | Monitoring Total Operations | Monitoring | Total | ($ Million)
Sanitary/ 0.5 0.5 1 0.6 0.6 1.2 (2)"
Sewage
Process Waste 11.0 0.3 11.3 1.1 0.3 1.4 9.9
LLLW 4.8 0 4.8 0.8 0 0.8 4.0
Collection and
Storage
LLLW Not 0 Not 0.8 0 0.8 (0.8)
Solidification® | Available Available
Gaseous Waste 1.6 0.6 2.2 0.3 0.7 1.0 1.2
Total 17.9 14 19.3 3.6 1.6 5.2 14.1

1. Sanitary/sewage waste system costs are expected to increase due to additional maintenance costs associated with the
additional of a second treatment unit and additional environmental monitoring costs associated with treating incidental process

wastewater.

2. The current LLLW system does not provide for solidification and disposal of LLLW. The new LLLW treatment facilities will
provide these additional capabilities.
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8. CONCLUSIONS AND RECOMMENDATIONS

Various infrastructure systems, including waste management systems, are located at ORNL and operate to
support research activities. Similar to the research facilities themselves, these infrastructure systems are
in various stages of deterioration due to age. These infrastructure systems are critical to the mission of
ORNL and must receive equal attention in revitalization planning. The ORNL LGWTS Strategic Plan
proposes to revitalize ORNL’s liquid and gaseous waste management systems to support the objectives of
the DOE-SC “Laboratories of the 21st Century” modernization initiative. This plan will enable
revitalization of ORNL’s waste management systems to sustain ORNL as a world-class research institute.
Implementing this plan will require a collaborative effort from the DOE-SC and UT-B team in a number
of areas, which are recommended in this Chapter.

Anticipated DOE decisions and actions needed:

1. Support and promote construction of new waste management facilities at ORNL that optimize
DOE resources and provide attainable paybacks.

2. Define DOE-EM’s work scope in a logical flow consistent with implementing operation of the
proposed new waste treatment facilities.

3. Support D&D of existing DOE-EM-managed waste treatment facilities by DOE-EM as part of
the Melton Valley and Bethel Valley closure projects.

4. Implement project(s) to treat LLLW accumulated in the MV STs system through FY 14. Bethel
Valley remediation and Building 3019A ***U processing are scheduled to be completed by FY14,
and projects should be in place no later than FY 14 to treat R&D-generated LLLW by other
means.

UT-B will be challenged with:
1. Supporting the expense and capital projects described in this strategic plan to meet ORNL
modernization and EM remediation schedules.
2. Defining and cost-effectively implementing the plan's tasks.

3. Developing the strategy for the ORNL Nuclear Initiative, which will define many of the long-
term waste management needs at ORNL.

In FYO03, UT-B OIP funded and implemented the LGWTS Re-engineering Project to define the strategy
outlined in this plan for upgrading ORNL's liquid and gaseous waste systems. In FY04, engineering
evaluations needed to support the implementation of this strategy will continue, and planning will begin
for the capital projects defined in Chapter 7.
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Several ongoing and future efforts will impact the ORNL LGWTS Strategic Plan and may result in future
modifications, including:

ORNL Facilities Revitalization planning for 2006 - 2011;
hot cell consolidation activities, and the long-term plan for the ORNL Nuclear Initiative;
DOE-EM’s CERCLA contaminated soil, groundwater, and facilities clean up in Bethel Valley;

DOE-NE’s private sector contract, to be awarded later this year, for processing >°U at the
Radiochemical Development Facility (Building 3019A);

DOE's National TRU Program's development of the WAC for RH-TRU waste, and acceptance
of this waste for disposal;

development of detailed waste management plans for the SNS; and

effectiveness of ongoing projects to reduce infiltration into the STP collection system.

This strategic plan is a living document that is subject to change based on future studies and actions.
Progress on the liquid and gaseous waste management system’s revitalization schedule will be
documented in the ORNL Ten Year Site Plan, as well as changes in the scope or direction for the
revitalization of ORNL’s liquid and gaseous waste managements systems.
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APPENDIX A — SANITARY/SEWAGE WASTE SYSTEM
1. SANITARY/SEWAGE SYSTEM DESCRIPTION
1.1 SANITARY/SEWAGE COLLECTION SYSTEM

The Oak Ridge National Laboratory (ORNL) sanitary/sewage collection system consists of over 32,000
feet of clay, cast iron, and polyvinylchloride (PVC) pipe ranging in size from 4 to 12 inches. Access to
the collection system is obtained through 194 brick and concrete manholes. The system itself has grown
as ORNL has grown. The oldest parts of the system, located roughly between First Street and Fifth
Street, were constructed in 1943 when ORNL was initially built, and consist primarily of vitreous clay
pipe with packed joints and manholes constructed entirely of brick. The rest of the collection system was
constructed as ORNL grew and developed. The construction methods used in these areas reflect the
construction practices used when they were built, with some collection lines constructed from vitreous
clay, concrete, cast iron, and PVC. Manhole construction also reflects this diversity, as some are built
entirely from brick, others are part brick and part concrete, some are poured-in-place concrete, and the
newer manholes reflect the current practice of using precast units.

In the early 1980s, a leak test was performed on the sanitary/sewage collection system. The survey was
used as the basis for several general plant projects (GPPs) in the mid-1980s, which were directed at
lessening infiltration into the system. During 1984 and 1985, approximately 60% of the sanitary/sewage
collection lines 6 inches in diameter and larger were rehabilitated using a then-new process called
“Insituform”. The “Insituform” process installs a new, joint-free liner inside the existing pipe, creating a
slick, leak-free system. The success of this effort was immediate, with daily average flows falling from
about 175 gallons per minute (gpm) to 110 gpm; however, within a year the volumes began to slowly
increase. Investigation of the problem indicated that the groundwater flow, which previously had been
entering the pipe through open joints, cracks, and breaks, was now flowing along the outside of the pipe
and entering the system either through the manholes or through sections of pipe that had not been lined.

Because of the groundwater inleakage problem and other weaknesses identified in the sewage collection
system, a line item project to upgrade the sanitary/sewage collection system was initiated in the late
1980’s and funded in 1993. This project successfully upgraded most of rest of the collection system by

¢ installing cured-in-place lining in all sewer lines 6 inches and larger,
e sealing all manholes with a polyurethane, and
e making other improvements.

There are only a few short sections of the main collector lines, as well as the individual building service
laterals, that could not be rehabilitated. There are approximately 150 buildings that are tied into the
sanitary/sewage collection system, with up to 50 linear feet of piping per building that has not been
rehabilitated. Therefore, there is 5,000 to 7,500 linear feet of piping that may need upgrades in the future.

Smoke testing of the sanitary/sewage collection system was conducted during the summer of 2001 to
determine possible problem areas and potential sources of infiltration and other unauthorized inflows. A
number of areas where infiltration could possibly occur were identified. Most of these were broken or
missing clean-out plugs, but there are a few areas where it appears a line may be broken that could allow
rainfall or runoff to enter the collection system. Repairs are being made, with the goal of eliminating all
of the deficiencies by the end of 2003.
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1.2 SEWAGE TREATMENT PLANT

The ORNL Sewage Treatment Plant (STP), built in 1985, is an extended aeration, package unit, with a
nominal treatment capacity of 300,000 gallons per day (gal/day) (208 gpm). The STP consists of

e an aeration chamber, where organics and ammonia in the wastewater are oxidized,

e a clarifier, where solids are removed from the effluent, and

e adigester, where the excess sludge is stabilized.

The effluent is filtered and then disinfected with ozone to kill bacteria prior to discharge to White Oak
Creek. The digested sludge (150,000 gallons per year {gal/yr}) was previously trucked to the City of Oak
Ridge STP, combined with sludge from the City of Oak Ridge STP and then landfarmed. Currently, the
City of Oak Ridge has suspended accepting the ORNL sludge, so the sludge is dried to a damp solid
(30,000 gal/yr) and packaged in B-25 boxes for future disposal as solid low-level waste (LLW) at
Envirocare of Utah, Inc.

The STP is 18 years old and will reach its design life in 2010. The facility is in good condition and
should last for several years if properly maintained. No upgrades are required to meet current or projected
National Pollutant Discharge Elimination System (NPDES) discharge permits.

2. SANITARY/SEWAGE WASTE GENERATION ESTIMATES

In 2002, the flow rate at the ORNL STP NPDES discharge point averaged 150 gpm, while the flow
measured at the STP averaged 127 gpm. Sanitary inputs to the STP are expected to increase due to
consolidation of personnel to the main ORNL campus and occupation of the new facilities planned for the
East Campus, West Campus, and Spallation Neutron Source (SNS) site. Future sanitary waste generation
was estimated annually between fiscal year 2004 (FY04) and FY08 for:

e 25% reduction of infiltration to the STP collection system in FY03,

e climination of 10.2 mgy of once-through cooling water from the STP inflow by FY07,

e 475 employees moving from leased facilities to the main ORNL site in FY04 and FYO05,

e additional animal sewage due to occupation of the Laboratory for Comparative and Functional
Genomics in FY04,

e up to 700 guests per day visiting the new East Campus buildings beginning in FY05, and

e 700 additional employees and/or guests at the SNS site in the Center for Nanophase Materials
Sciences, Joint Institute for Neutron Sciences, and SNS between FY06 and FYO0S.

Annual personnel growth beyond FY08 was estimated at 2% per year. The estimated annual sanitary
waste generation rates are summarized in Figure A-1.
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Figure A-1. Summary of ORNL sanitary/sewage waste contributions.

3. SANITARY/SEWAGE SYSTEM RE-ENGINEERING EVALUATIONS
3.1 SANITARY/SEWAGE SYSTEM CAPACITY EVALUATIONS

In 2002, the flow rate at the ORNL STP NPDES discharge point averaged 150 gpm, while the flow
measured at the STP averaged 127 gpm. The flow rate is strongly affected by rainfall, with a base flow of
115 gpm and an average increase of 44 gpm for each inch of rain. Most of the larger collection lines have
been “insituformed” in the past, but inleakage into the system is still significant. Efforts are continuing to
identify and fix any problem areas. Currently, the STP can not handle the total flow rate during periods
of heavy rain, so part of the influent is diverted into two clay-lined ponds and then processed during
periods of lower flow. A couple of times a year, during periods of heavy rain, the lagoons can not handle
the influent and partially treated wastewater is discharged directly to White Oak Creek. There were five
NPDES permit noncompliances in calendar year 2002, due to the discharge of partially treated sanitary
wastewater during periods of heavy rain.

Figure A-2 shows the average flow through the ORNL STP, total rainfall, and ORNL population for the
past ten years. The ORNL population shown is the sum of the full-time and temporary employees, plus
half the number of part-time employees, and one-tenth of the badged non-employees. This is a somewhat
arbitrary estimate of the average number of people utilizing the sanitary/sewage system each year. Using
different factors changes the absolute numbers, but does not significantly change the trend. Data were not
readily available to distinguish between personnel working on-site and using the ORNL sanitary system
versus those located off-site. It was assumed that the ratio did not change significantly over this time
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Figure A-2. Summary of ORNL STP flow, total yearly rainfall, and ORNL population.

period. The graph shows the strong effect of rainfall and population on the yearly flows through the
ORNL STP.

Efforts are underway to reduce the amount of infiltration into the sanitary/sewage collection system,
which was estimated to be an average of 35 gpm in 2002. A survey of once-through cooling water inputs
to the sanitary/sewage system indicated that 20 gpm of once-through cooling water is discharged to the
system. Projects are being planned to remove 19.4 gpm (see Appendix B, section 4.1 {Bethel Valley
Process Waste Cooling Water Elimination GPP}) from the sanitary/sewage system. Removing this clean
water from the sanitary/sewage system could reduce the average flow through the STP to 130 gpm. Even
if these actions are successful, an increase in the sanitary/sewage treatment capacity will likely be
required to treat new sanitary/sewage wastewater. As the construction of new buildings are completed
and employees currently located off-site move back to the ORNL campus, flow to the ORNL STP is
expected to steadily increase for the foreseeable future, although new low-flow fixtures in these buildings
will limit the increase. The capacity increase will also be required to allow diversion of incidental process
wastewater to the STP. Figure A-1 shows the expected flows to the STP over time.

3.2 SANITARY/SEWAGE SYSTEM TREATMENT EVALUATIONS

The NPDES permit for the ORNL STP has limits for biological oxygen demand (BOD), total suspended
solids (TSS), ammonia, oil and grease, pH, dissolved oxygen, residual chlorine, fecal coliform, and
aquatic toxicity. Levels of cadmium (Cd), mercury (Hg), silver (Ag), and cyanide (CN) must be reported,
but do not currently have limits. Composite samples of the effluent from the ORNL STP are collected
three times a week, and then combined and analyzed once a month for NPDES compliance. The average
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STP contaminant concentrations for metals,
cyanide, and radionuclides for calendar year 2002
are shown in Table A-1.

The influent to the ORNL STP is not routinely
monitored, so the long-term concentration of
metals and other contaminants entering the STP is
not known. Composite samples of the influent
were collected from February 28, 2003, to March
28,2003, and analyzed for total and soluble
metals. Four weekly composites and then three
daily composites were collected. A sub-sample of
the effluent samples that are routinely collected for
compliance monitoring was also analyzed using
the same techniques. The results are shown in
Table A-2.

Copper (Cu), lead (Pb), and zinc (Zn) were
consistently present in the influent, mostly as
particulates. All of the effluent samples were
below the detection limits for the heavy metals.
There was considerable variation in the metal
concentrations, with the weekly composite sample
for March 7 - 14, 2003, showing the highest total
concentrations for all three metals, and the sample
for February 28 - March 7, 2003, showing the
highest soluble metal concentrations. Possible
sources of the metals include mop waters from
shops (metal dust and particulates) and corrosion
from piping (low levels of dissolved metals).

Literature data show that typical removal
efficiencies for dissolved metals range from 41%
for nickel (Ni) to 86% for Cu. The results for
metals removal at the ORNL STP are higher than
the literature values, but this is likely a result of
the high proportion of insoluble metals in the
influent. Quantitative data are not available for
radionuclide removal by sewage treatment plants,
but metallic radionuclides should show similar
results to the other metals, while strontium (Sr)
and cesium (Cs) would probably concentrate less.

Table A-1. Contaminant concentrations in STP
effluent.

Contaminant Concentration Units
Silver <0.0002 | mg/L
Cadmium <0.0005 | mg/L
Copper 0.0050 | mg/L
Mercury <0.0002 | mg/L
Lead 0.0021 | mg/L
Uranium 0.0002 | mg/L
Zinc 0.0332 | mg/L
Cyanide <0.0005 | mg/L
Gross Alpha 1.32 | pCi/L
Gross Beta 265 | pCi/L
Strontium-90 117 | pCi/L
Cobalt-60 2.5 | pCi/L
Cesium-137 8.9 | pCi/L

Table A-2. Metals concentrations in ORNL STP
influent during March 2003.

Copper Lead Zinc
Metal (mg/L) | (mg/L) (mg /L)

Influent — Total

Average 0.085 0.044 0.231

Maximum 0.223 0.111 0.529

Minimum 0.023 0.01 0.109

Number of Detects 7 7 7

Influent — Soluble

Average 0.033 0.004* 0.0434

Maximum 0.06 0.019 0.183

Minimum 0.01 <0.005 <0.04

Number of Detects 7 1 1
Effluent - Total

Maximum <0.007 <0.005 <0.04

% Removal >92 >89 >83

A. Average is calculated using a value of half the
detection limit for samples below the limit

The metals concentrations in the STP influent are similar to those measured in ORNL process wastewater.
The metals removal at the STP is also similar to that measured at the Process Waste Treatment Complex,

Building 3608.

Each batch of sludge from the ORNL STP is characterized for disposal. Average concentrations of
measured contaminants in liquid sludge from the digester are shown in Table A-3 for samples from 1998
through 2000. The highest concentrations are for Cu, Pb, and Zn, which is consistent with the influent
data. Table A-4 shows the concentrations of leachable metals, using the toxic characteristics leaching
procedure (TCLP) procedure, from the dried sludge. The volume reduction factor for the amount of
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sludge produced versus the influent wastewater
treated is 513 for the liquid sludge from the
digester and 2,570 for the dried sludge. For an
average metals removal of 90%, the metals in the
STP influent would be concentrated by a factor of
462 in the liquid sludge and by a factor of 2,313 in
the dried sludge. The very low levels of metals in
the TCLP leachate, compared to the concentrations
in the liquid sludge, show that the metals are tightly
bound in the sludge and do not readily leach.

An estimate of the influent metal concentrations
that would be required to produce the measured
metal concentrations in the sludge can be
calculated from the volume reduction factor and the
metals removal data. These results are shown in
Table A-5, assuming 90% to 99% metals removal
(typical efficiency ranges) in the STP, and
compared to the measured influent concentrations.

The required influent concentrations to produce the
measured metal concentrations in the sludge are
much higher than those measured for the influent
samples. There was significant variation in the
influent sample results during the time period that
samples were taken, so much higher influent
concentrations could have occurred at other times.
The metals in the sludge represent a long-term
accumulation of the metals entering the STP.

The STP data were used to evaluate the STP
capabilities for removing radionuclides, metals,
and organics in order to identify options to
eliminate use of the aging Process Waste
Treatment Complex (PWTC). The metals removal
efficiency at the ORNL STP is approximately 90%,
very similar to that of the PWTC. Metallic
radionuclides will have similar removal
efficiencies. Sr and Cs are removed, but not as
efficiently as metallic compounds.

Table A-3. Contaminant concentrations in digester
sludge from the ORNL STP.

Contaminant Concentration Units
Silver 30.7 mg/kg
Cadmium 3.81 mg/kg
Copper 503 mg/kg
Mercury 13.5 mg/kg
Lead 622 mg/kg
Uranium 8.01 mg/kg
Zinc 1573 mg/kg
Gross Alpha 49,000 | pCi/kg
Gross Beta 504,000 | pCi/kg
Strontium-90 106,000 pCi/kg
Cobalt-60 32,600 pCi/kg
Cesium-137 128,000 | pCi/kg

Table A-4. TCLP metal concentrations in dried

sludge from the ORNL STP.
Contaminant Concentration Resource
(mg/L) Conservation
and Recovery
Act (RCRA)
Limit (mg/L)
Arsenic 0.075 5.0
Silver <0.01 0.2
Cadmium <0.02 1.0
Chromium <0.1 5.0
Mercury <0.01 0.2
Lead 0.04 5.0
Selenium <0.01 1.0

Evaluation of the UT-Battelle, LLC (UT-B) process wastewater being considered for treatment, indicates
that the ORNL STP could adequately remove the contaminants, and the STP liquid effluent and sludge
compositions would not be significantly effected. Current UT-B management practices would require
removing radionuclides and most of the metals from process wastewater prior to discharge to the sanitary
collection system. If contaminated groundwater were to be treated in the sanitary system in the future,
Hg, Cs, and Sr would need to be removed from selected portions of the main plant area prior to discharge

into the system.
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In addition to pretreatment of
some waste streams, a
modification to the NPDES
permit would be required in
order to discharge process waste
into the ORNL sanitary/sewage
system. Permit modifications
will require a two- to five-year
lead-time. A renewal
application was submitted in
2001 for a 5-year extension of
the existing permit; it is still
pending.

Table A-5. Calculated influent metals concentrations required to

produce sludge concentrations.

Calculated Influent
Concentrations (mg/L) Measured
For 90% For 99% Concentration
Contaminant Removal Removal (mg/L)
Silver 0.066 0.060 <0.004
Cadmium 0.008 0.008 <0.002
Copper 1.090 0.991 0.085
Lead 1.348 1.266 0.044
Zinc 3.406 3.097 0.231

Options for permit modifications include:

e meeting the Resource Conservation and Recovery Act (RCRA) wastewater treatment unit
exclusion for the sewage treatment system similar to the PWTC’s, or

e taking advantage of the RCRA mixture rules and exception to the prohibition on dilution of

characteristic-only wastes (where suitable and appropriate treatment is conducted).

Analysis of the regulations indicates that engineering and administrative controls will be required for both
options. Engineering controls include:

e replacement of the lagoons at the STP with tanks, or

e installation of tanks at each generator site.

Administrative controls for the first option are expected to be similar to those presently in place for the
sanitary and process waste systems. Administrative controls and sampling/monitoring requirements for
the second option would be much more extensive. The second option has two additional disadvantages:

e anything less than “perfect implementation” would likely result in RCRA violations, and

e Dbypassing the treatment system, which presently occurs a couple of times each year during
weather related surges, is prohibited by the NPDES permit. Increasing the STP capacity would

eliminate this problem.

Therefore, replacement of the ORNL STP lagoons and increasing the plant capacity is the preferred

alternative.
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4. PROPOSED SCOPES AND COST ESTIMATES FOR SANITARY/SEWAGE WASTE
SYSTEM PROJECTS

Conceptual level engineering cost estimates were obtained for the following capital projects, which are
listed in Chapter 7 of the ORNL Liquid and Gaseous Waste Treatment System Strategic Plan.

4.1 EVALUATED SANITARY/SEWAGE WASTE SYSTEM CAPITAL PROJECTS
4.1.1 Sewage Treatment Plant Surge Capacity Replacement (GPP)

The ORNL sanitary/sewage collection system currently uses two lagoons to store excess wastewater
during heavy rains. In order to use the sanitary/sewage system for treating process wastewater, the
collection system must be compliant with the RCRA, which requires a tank-based system. The lagoons
will be replaced with a one-million-gallon tank. The primary location for situating the new tank is at the
east lagoon, following the removal of the sludge from the lagoon. It will be necessary to keep using the
west lagoon during construction of the tank, so the timing for remediating the lagoons and building the
tank is critical for using this location. The secondary location for the tank is on the site of the old coal
yard, just south of the ORNL steam plant and east of the STP.

A cost estimate was prepared for a painted carbon steel, open top tank, with aeration to provide oxygen
and maintain movement that is 90 feet in diameter and 22 feet high. The storage tank foundation would
be a concrete mat on engineered fill. The existing pumps will be upgraded to supply the required head for
pumping wastewater into the tank, and a new air compressor will be installed. The estimated cost is
$3.32 Million and includes a 20% contingency factor. Title I and II design are assumed to take 4 months,
and construction is estimated to take 6 months. The cost estimate assumed that the tank sub-base
foundation preparation would be constructed with the lagoon remedation project and was included in the
above estimate. In-place closure of the lagoons is assumed, and the project team estimated the cost of the
lagoon closure to be $1 Million.

4.1.2 Sewage Treatment Plant Capacity Increase (GPP)

In order to accommodate increased sanitary/sewage waste flows from increased ORNL population and
diversion of process wastewater to the sanitary/sewage system, the treatment capacity of the ORNL STP
must be increased. Maximum flexibility will be achieved by installing a unit similar to the existing
extended aeration plant. The new unit would be located just west of the existing STP and have a rated
capacity of 300,000 gal/day. The new unit will be approximately 50 feet in diameter and sit on a ring
wall foundation filled with compacted sand. It is assumed that the existing ozone generator, chemical
tanks, and chemical feed systems are of sufficient size for both the existing and new equipment. The
estimated cost is $4.08 Million and includes a 21% contingency factor. Title I and II design are assumed
to take 6 months, and construction is estimate to take 9 months.

4.2 ALTERNATIVE SANITARY/SEWAGE WASTE SYSTEM CAPITAL FUNDING
CONSIDERATIONS

The option of converting the ORNL STP into a Publicly Owned Treatment Works (POTW) was
considered. Under this scenario, the City of Oak Ridge would take over operation of the plant and use
City financing for upgrades to meet ORNL’s future sanitary waste management needs. The option was
not pursued because it did not appear viable for the City of Oak Ridge to take over operating the plant as
long as it generates radioactively contaminated sludge.
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APPENDIX B — PROCESS WASTE SYSTEM
1. PROCESS WASTE SYSTEM DESCRIPTION
1.1 PROCESS WASTE COLLECTION SYSTEM

The Oak Ridge National Laboratory (ORNL) process waste collection system consists of a network of
underground pipes. Process wastewater in Bethel Valley flows from generator facilities to a pumping
station for transfer to the Process Waste Treatment Complex (PWTC). There is about 36,000 linear feet
of process waste piping in Bethel Valley and 19,000 linear feet in Melton Valley. Materials of
construction include vitreous clay (oldest piping), steel, and polyvinylchloride (PVC). Vitreous clay
piping (4,800 linear feet) serves some active facilities (including 1,300 linear feet from the 4500 area).
ORNL has installed 25,300 feet of carbon steel and PVC piping (33% in Bethel Valley, and 66% in
Melton Valley) since 1987.

The process waste collection system in Melton Valley consists of underground piping connected to four
100,000-gallon storage tanks which began operation in 1989. The wastewater is pH adjusted before
entering these tanks and is then pumped to the PWTC through one of three 6,800-foot long, carbon steel
transfer pipelines that were installed in 1989. At strategic points throughout the collection system,
manholes are equipped with beta-gamma radiation monitors, pH monitors, and flow monitors that are
continuously monitored.

Upgrades to the process waste system were performed several years ago to line the main trunk lines
between the major manholes and the PWTC using the “insituform” process. Almost 8,400 linear feet of
older pipe was “insituformed” to reduce inleakage, but a few sections of older pipe in the 3000 area,
which were known to collect contaminated groundwater, were purposely not “insituformed” to allow
continued removal of contamination from the soil. In Bethel Valley, almost 7,000 linear feet of piping is
connected to inactive facilities. There have been few upgrades to the piping between these facilities and
the first process waste system manholes.

1.2 PROCESS WASTE TREATMENT SYSTEM

The PWTC consists of Building 3608 (formerly the Nonradiological Wastewater Treatment Plant) and
Building 3544 (formerly the Process Waste Treatment Plant). Building 3608 is designed to treat and
discharge nonradiological process wastewater generated at ORNL to levels of pollutants acceptable under
restrictions imposed by the effluent limits in the National Pollutant Discharge Elimination

System (NPDES) permit, and according to the regulations established by the U.S. Environmental
Protection Agency (EPA), the Department of Energy (DOE), and the State of Tennessee. Building 3544
treats radiologically-contaminated process wastewater, and is optimized to remove strontium-90 (*Sr).
Effluent from Building 3544 is sent to Building 3608 for treatment of nonradiological contaminants prior
to discharge.

Building 3544 was built in 1975. The building is structurally sound. The concrete floors were recoated
and the roof replaced in the mid-1990s. Nondestructive analysis of the ion-exchange columns and major
tanks has shown that the equipment is in good condition. With proper maintenance of the building and
equipment, the facility should continue to function for some time. Building 3608 was built in 1989, and
its appearance has not changed significantly. The facility should continue to function for many years.
However, neither facility can function for another 50 years without significant upgrade or replacement.

The nonradiological treatment process at Building 3608 consists of filtration, air stripping, granular
activated carbon (GAC) adsorption, and pH adjustment, to remove heavy metals and organics from the
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wastewater. Sources of feed to the plant's nonradiological treatment process include drainage from
various laboratories, once-through cooling water, aqueous streams from several radiochemical processing
plants and reactor operations, plus the Building 3544 effluent.

Radiologically contaminated process wastewater is treated in Building 3544 by precipitation, filtration,
and ion exchange. The first two of these treatment processes, together called head-end treatment, utilize
conventional water treatment equipment; specifically, a static in-line pipe mixer, a sludge-blanket type
precipitator clarifier, and pressure filters. Ferric sulfate is added as a flocculant, the pH is adjusted with
sodium hydroxide to 11.5 to precipitate calcium and magnesium, and an organic polymer is added to help
the solids settle. The precipitation operation was relocated to Building 3608 in late 1996, utilizing an
existing but unused precipitator clarifier, to provide an additional throughput capacity for Building 3544.
The existing precipitation equipment at Building 3544 is maintained in stand-by. The ion-exchange
equipment uses a strong-acid resin to remove *’Sr. A zeolite resin treatment system is also available to
treat wastewater for removal of cesium (Cs) during periods of high Cs concentration in the plant influent.
Influent to Building 3544 includes drainage and once-through cooling water from radiological
laboratories, wastewater from the High Flux Isotope Reactor (HFIR), and contaminated groundwater.

2. PROCESS WASTEWATER GENERATION

Assessment of the present and projected future waste generation rates for liquid and gaseous waste at
ORNL were performed to support the waste treatment strategic planning efforts. A detailed analysis of
the UT-Battelle, LLC (UT-B) generated process wastewater at ORNL was undertaken, particularly
focusing on the 4500 area where UT-B generates essentially all of the streams. These nonradiological
wastewaters are treated at Building 3608. The results of the analyses are shown in Table B-1. The data
were obtained through generator interviews for once-through cooling water and routine generator
estimates provided through the ORNL Standards-Based Management System (SBMS), Environmental
Management System Subject Area: Managing Wastewater. The measured flow rates were obtained from
manhole monitoring data collected from January 2002 through May 2003. The estimated flow rates are
within the accuracy of the monitoring equipment for the 4500 area, where only UT-B wastewater is
coll