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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United 
States Government. Neither the United States Government nor any agency thereof, nor 
any of their employees, make any warranty, express or implied, or assumes any legal liabili- 
ty or responsibility for the accuracy, completeness, or usefulness of any information, appa- 
ratus, product, or process disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or 
imply its endorsement, recommendation, or favoring by the United States Government or 
any agency thereof. The views and opinions of authors expressed herein do not necessar- 
ily state or reflect those of the United States Government or any agency thereof. 



















ABOUT DOEPORTS 

The Portsmouth plant is one of two US. Department of Energy (DOE)-owned, contractor-managed 
uranium enrichment facilities in operation (see Figure 1). As of July 1, 1993, responsibility for implementing 
environmental compliance at the facility was split between DOE, as site owner, and the United States Enrich- 
ment Corporation (USEC), a government-owned corporation formed by the National Energy Policy Act of 
1992, to take over the nation’s uranium enrichment business. The management contractor for DOE is 
Lockheed Martin Energy Systems (formerly Martin Marietta Energy Systems), which is responsible for waste 
management, environmental restoration, removal of highly enriched uranium (HEU), and operation of 
nonleased facilities at the Portsmouth Gaseous Diffusion Plant (DOEYPORTS). Lockheed Martin Utility 
Services (formerly Martin Marietta Utility Services) provides management services for USEC. The Nuclear 
Regulatory Commission is scheduled to assume direct oversight of USEC operations in 1997. Until then, 

ersight of nuclear safety and safeguards and security. 
is located on about six square miles in Pike County, Ohio. The County has approxi- 

mately 24,250 residents. The total population within 50 miles of the plant i s  about 900,000. 

gaseous diffusion. Uranium is no longer enriched by DOE at DOEYPORTS. The uranium enrichment produc- 
tion operation facilities at the site are leased to USEC and are managed and operated by Lockheed Martin 

The main process at the Portsmouth facility has been the separation of uranium isotopes through 

Utility Services. PORTS PHOTO 94-286-2 

Fig. 1. DOWORTS is one of two U.S. govern 
enrichment facilities in operation.The other facility is 

, contractor-managed uranium 
Kentucky. 



DOHPORTS 

SCOPE AND PURPOSE 

This report summarizes the 1995 environmental monitoring of DOE activities at the Portsmouth 
Gaseous Diffusion Plant and its environs. This report consists of two separate documents: a discussion of 
compliance status, data, and environmental impacts (this document); and a volume of detailed data that is 
available on request. The objectives of this report are to 

report compliance status during 1995, 
provide information about the site and DOE operations, 
report 1995 monitoring data for the installation and its environs that may have been affected by DOE 
operations on the site, 
document information on input and assumptions used in calculations, 
provide trend analyses (where appropriate) to indicate increases and decreases in environmental 
impact, and 
provide general information on quality assurance for the environmental monitoring program for DOE 
operations. 

Compliance Status 

Several federal, state, and local agencies are responsible for enforcing environmental regulations at 
DOEPORTS. As of July 1, 1993, responsibility for ensuring compliance was split between DOE, as site 
owner responsible for waste management, environmental restoration, removal of HEU, and operation of 
nonleased facilities, and USEC. The Nuclear Regulatory Commission (NRC) is scheduled to assume direct 
oversight of USEC operations in 1997. In the interim, DOE is providing oversight until the NRC assumes 
regulatory responsibility. 

Although much progress has been made toward achieving full regulatory compliance at DOE/ 
PORTS, much remains to be accomplished. Ongoing self-assessments of compliance status continue to 
identify environmental issues. These issues are discussed frequently with regulatory agencies to ensure that 
appropriate actions are taken to achieve compliance. 

The Ohio Hazardous Waste Facility Board issued a Resource Conservation and Recovery Act 
(RCRA) Part B permit to DOE allowing storage of hazardous waste in buildings X-7725 and X-326. To 
supplement the site RCRA Facility Investigation (RFI) report, DOE met the regulatory milestone for submit- 
tal of the air RFI report to the U.S. Environmental Protection Agency (USEPA) and Ohio Environmental 
Protection Agency (Ohio EPA). No RCRA Notices of Violation (NOV) were issued to DOE by the Ohio EF'A 
in 1995. There are currently five outstanding violations from previous audits: (1) failure to make hazardous 
waste determinations regarding depleted uranium hexafluoride cylinders and lithium hydroxide containers 
stored at DOIWORTS; (2) storage of hazardous waste in the X-700 tank 7 for more than 90 days; (3) failure 
to conduct tank assessments on the X-700 tanks 6,7, and 8 and the X-740 and X-750 tanks; (4) lack of 
secondary containment for five tanks listed in item 3; and (5) lack of a hazardous waste permit for the X-700 
tank 7. Efforts are under way to negotiate a director's Findings and Orders with the Ohio EPA to address the 
first item, and to negotiate a Judicial Order with Ohio EPA for the other four violations. In the meantime, the 
X-700 tanks 6,7 and 8 and the X-740 and X-750 tanks have been closed. 

In 1995 the Ohio EPA issued a director's Final Findings and Orders for DOEFORTS treatment plan 













DOWPORTS 

RESTORING THE ENVIRONMENT AND MANAGING WASTE 

Environmental restoration and waste management activities are carried out to protect the local 
population, impr 

Environmental restoratio the cleanup of wastes in ironment that originated from activities on 

the quality of the environment, and comply with federal and state regulations. 

the reservation. 
Waste management is the control of wastes, including their destruction or permanent storage. 

Environmental Restoration 

Environmental restoration is the process of cleaning up inactive waste sites and facilities to ensure 
that risks to human health and the environment are either eliminated or reduced to safe levels. DOE estab- 
lished the Environmental Restoration Program to find, analyze, and correct site contamination problems as 
quickly and inexpensively as possible. This task may be accomplished by removing, stabilizing, or treating 
hazardous substances. The federal law that addresses the restoration of inactive waste sites is the Resource 
Conservation and Recovery Act (or RCRA). This legislation includes identification of waste sites with the 
need for cleanup because of increased risk to public health or the environment. The DOEPORTS Environ- 
mental Restoration Program was developed in 1989 and was granted an initial budget of 13.8 million dollars. 
Since then, annual program expenditures have grown to 50 to 60 million dollars. 

Waste Management 

The DOFYPORTS Waste Management Program directs the safe storage, treatment, and disposal of 
waste generated from operations and from environmental restoration projects. The main goal is to ensure that 
waste materials do not migrate into the environment. 

generated by DOEPORTS activities. DOE orders and Ohio EPA, USEPA, and Ohio Department of Health 
regulations must be satisfied to ensure compliance of waste management activities. Supplemental policies 
have been implemented for management of radioactive, hazardous (chemical), and mixed (radioactive and 
hazardous) wastes. These policies include 

minimizing wastes; 

Waste management requirements are varied and often complex because of the variety of wastes 

characterizing and certifying wastes before they are stored, processed, treated, or disposed of; and 
pursuing volume reduction and use of on-site storage when safe and cost-effective until a final disposal 
option is identified. 

OTHER ENVIRONMENTAL PROGRAMS AND ISSUES 

Ecological Risk Assessment 

In the summer and fall of 1993, DOE initiated the preparation.of a baseline ecological risk assessment 
for DOERORTS, including a wetland survey, a threatened and endangered plant survey, a threatened and 
endangered animal survey, and a bat survey. The wetland survey identified a number of areas considered to be 
wetland or emergent wetland; these areas were delineated and mapped in April 1994. The threatened and 
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1 OPERATIONS 

DOE, through its managing contractor, 
Energy Systems, operates the waste management, 
environmental restoration, and highly enriched 
uranium removal programs at the plant, as well as 
other nonleased DOE property. The environmental 
restoration staff performs remedial investigations to 
define the nature and extent of contamination, 
evaluates the risks to public health and the environ- 
ment, and determines the available alternatives from 
feasibility studies of potential remedial actions for 
sites under investigation. The goal of the environmen- 
tal restoration program is to ensure that releases from 
past operations and waste management at DOE/ 
PORTS are thoroughly investigated and that appro- 
priate remedial action is taken for the protection of 
human health and the environment. 
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. 
failure to conduct tank assessment of the X-700 tank numbers 6,7, and 8 and the X-740 and X-750 
tanks, 
lack of secondary containment for the five tanks listed above, and 
lack of a hazardous waste permit for X-700 tank number 7. 

Efforts are under way to negotiate a director’s findings and orders with Ohio EPA for the depleted 
UF6 cylinders and LiOH, and to negotiate a judicial order with Ohio EPA for the remaining violations. 

Ohio Consent Decree and USEPA Administrative Consent Order 

A consent decree with the state of Ohio and an administrative consent order with the USEPA require 
the investigation and cleanup of releases to surface water and air; spills from past operations, including the 
elimination of groundwater contamination plumes; and solid waste management units (SWMUs), of which 77 
have been identified. These 77 units are distributed over four areas (or quadrants) that are defined based on 
groundwater movement patterns. RCRA facility investigations W s )  for all quadrants have been completed, 
and reports have been submitted to the USEPA and the Ohio EPA. 

those actions resolving NOVs issued by the USEPA in 1993 involving the Quadrant III RFI. The revision of 
the order also gave Ohio EPA day-to-day oversight of the cleanup work at DOEPORTS. DOE agreed to pay 
a $50,000 fine and conduct a supplemental environmental project costing a minimum of $lM or more. The 
proposed project will address the disposal of waste streams. Another requirement of the consent order, the 
regulatory milestone for submittal of the air RFI report to the USEPA and Ohio EPA on February 28,1995, 
was met. 

management of depleted uranium hexafluoride (UFJ and lithium hydroxide (LiOH) stored at DOE/PORTS. 
In addition, a judicial order is being negotiated with the state of Ohio in order to resolve the outstanding 
noncompliances from previous RCRA inspections. These two agreements will settle the outstanding enforce- 
ment action by the state of Ohio. It is anticipated the two agreements will be finalized in 1996. 

The administrative consent order with the USEPA was revised on August 11, 1994, to incorporate 

Director’s Final Findings and Orders are being negotiated with the state of Ohio to address the 

Federal Facilities Compliance Act 

The Federal Facilities Compliance Act (FFC Act) was enacted by Congress in October 1992. Federal 
facilities are now required to develop and submit site treatment plans for treatment of mixed wastes. Approval 
authority for the site treatment plans has been transferred from the USEPA to the Ohio EPA. DOEPORTS 
submitted a conceptual site treatment plan to the Ohio EPA in 1993 and a draft site treatment plan in 1994. 
The proposed site treatment plan was submitted in March 1995, and an amended proposed treatment plan in 
August 1995. A director’s Final Findings and Orders was issued by Ohio EPA for the DOEPORTS treatment 
plan on October 4, 1995. 

Comprehensive Environmental Response, Compensation, and 
Liability Act 

DOEPORTS is not on the National Priorities List, and the USEPA and the Ohio EPA have chosen to 
oversee environmental remediation activities at DOFJPORTS under the provisions of RCRA. 
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All DOE tanks are in compliance with current BUSTR regulations. Plans are being made to close 
DOE’S three remaining out-of-service tanks. Additionally, according to current regulations, by December 22, 
1998, the-remaining two USTs will be closed in order to meet current regulatory requirements. 

Toxic Substances Control Act 

The electrical power system at DOWORTS uses PCB transformers and large, high-voltage PCB 
capacitors to supply electricity to the enrichment cascade, as permitted under the Toxic Substances Control 
Act (TSCA). At the end of 1995, the site inventory of PCBs in electrical equipment (including spare 
equipment) was 168 PCB transformers and 11,110 large PCB capacitors. 

PCBs that are not totally enclosed are in service at DOEPORTS in duct gaskets. This use of PCBs is 
addressed in a federal facilities compliance agreement (FFCA) between DOE and the USEPA. The agreement 
required that troughs be installed under all motor exhaust duct gaskets to collect leaks of PCB oils. When 
leaks or spills of PCB material occur, they are managed in accordance with the FFCA. 

DOWORTS operates several storage areas for PCB wastes, The storage areas meet all applicable 
requirements of 40 Code of Federal Regulations (CFR) 761.65 or the FFCA. All Portsmouth site solid PCB 
wastes are in long-term storage because of the lack of commercially available disposal facilities authorized to 
dispose of wastes containing both PCBs and radionuclides. 

Other sections of TSCA have little or no impact on DOE/PORTS. Although friable asbestos is 
regulated under TSCA, the specific regulations applicable to the site are duplications of other state and federal 
regulations, specifically, the National Emission Standards for Hazardous Air Pollutants (NESHAP) and 
Occupational Safety and Health Administration regulations. DOEPORTS also responds to USEPA requests 
for health and safety data as required, but because the site neither imports chemicals nor manufactures, 
processes, or distributes chemical substances for commercial purposes, such responses are generally simple 
negatives. 

Federal Facilities Compliance Agreement 

In February 1992, an FFCA between DOE and USEPA Headquarters that addresses PCB issues 
common to all three DOE uranium enrichment plants became effective. Several compliance issues were 
resolved. These issues included the use of PCBs in nontotally enclosed systems, storage of PCB-radioactive 
waste in accordance with nuclear criticality safety requirements, and storage of PCB-radioactive waste for 
longer than one year. As of the end of 1995, DOEPORTS is in full compliance with the requirements and 
milestones of this FFCA. 

A quarterly status report is compiled and submitted to DOE regarding progress toward the milestones 
specified in the FFCA. An annual compilation of the quarterly reports is submitted to the USEPA. In addition, 
DOE and USEPA representatives meet to resolve any unanticipated issues or uncertainties regarding the 
terms of the agreement. Two meetings were held in 1995, one in May and one in October, to discuss the 
FFCA status. The discussions in May addressed the schedule for gasket removal, annual progress at the sites, 
and a proposal associated with the characterization of process and support building wastes. At the October 
meeting, concurrence was granted by the USEPA formally documenting the proposal on the characterization 
of process and support building wastes. Additional comments and issues on the schedule for PCB gasket 
removal were also discussed during the October meeting. 
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NESHAP 

DOE gaseous radiological emissions were monitored at three active sources during 1995: 

routinely results in total-suspended-solids exceedences. 

National Environmental Policy Act 

The National Environmental Policy Act (NEPA) requires evaluation of the environmental impacts of 
activities at federal facilities and of activities funded with federal dollars. NEPA reviews are required for all 
projects to determine the potential for environmental impacts related to the following: 
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X-326 top- and side-purge cascades, 
X-345 high-assay sampling area (HASA), and 
X-326 area 5 seal exhaust vent. 

The radionuclides managed on site are the three natural uranium isotopes (=“, 235U, and 238U) plus 
trace concentrations of the human-made radionuclides 236U and technetium-99 (wTc) and the short-lived 
uranium daughters thorium-23 1 (231Th>, thorium-234 (“”Th), and protactinium-234 (”““Pa). The uranium 
isotopes are all alpha radiation emitters, with the 234U isotope accounting for the bulk of the alpha radiation 
released from the plant. The uranium daughters are all beta-gamma emitters. In general, the 23xU daughters 
(234Th and 23hPa) dominate the u5U daughter (231Th). Technetium is a beta emitter that originally entered the 
process as a contaminant from reprocessed reactor fuel. 

Gaseous radionuclide emissions are monitored and released continuously from the X-326 top- and 
side-purge cascades and the seal exhaust vents. Emissions from the X-345 HASA vent are intermittent. 

DOEPORTS is in compliance with the 10 mrendyear radiological emission limit established by the 
USEPA; 1995 emissions from DOE activities were 0.005 mrem. The five most significant radionuclide 
emission sources are monitored by continuous vent samplers for radionuclides and fluorides. Stack tests for 
radionuclide emissions have been conducted on six minor sources. Emissions from other minor sources are 
estimated based on process knowledge and the emission factors in Appendix D of 40 CFR 61, “NESHAP.” 

On August 17-18,1995, the USEPA conducted an inspection of DOWORTS for compliance with 
40 CFR 61, Subpart H, “National Emission Standards for Emission of Radionuclides Other than Radon from 
Department of Energy Facilities.” No actions were required as no violations were noted. 

Clean Water Act 

DOE was issued a new NPDES permit covering DOE activities and outfalls, effective September 1, 
1995. This permit encompasses nine monitored outfalls, six of which are classified as point-source discharges 
to waters of the state. The remaining three outfalls are classified as internal outfalls, effluents from which go 
through another monitored outfall before reaching waters of the state. 

Compliance rates (by individual parameter) at DOE outfalls ranged from 92% to 100%. The overall 
DOE compliance rate for 1995 was 97%. (The compliance rate is calculated by dividing the number of 
measurements that did not exceed the applicable permit limits by the total number of measurements made.) 
There were a total of 11 exceedences at DOE outfalls during 1995. The exceedences consisted of four total 
suspended solids, four oil and grease mass loading and three trichloroethene (TCE). High rainfall runoff 
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DOE Order Compliance 

DOE Order 5400.1, General Environmental Protection Program 

DOE Order 5400.1 provides direction for compliance with the USEPA and state and local 
environmental regulations, and establishes requirements for internal environmental protection programs. 
DOERORTS maintains compliance with federal, state, and local salutes through implementation of 
requirements found in the Clean Air Act, Clean Water Act, RCRA, TSCA, the Safe Drinking Water Act, and 
other appropriate statutes. 

reports. These reports include the radioactive effluent and on-site discharge data report submitted annually to 
the Waste Information Systems Branch at Idaho National Engineering Laboratory; the five-year plan required 
by the Office of Management and Budget Circular A-106; the annual site environmental report; and reports of 
significant nonroutine releases of hazardous substances, consistent with DOE Order 232.1, Occurrence 
Reporting and Processing of Operations Information. An environmental protection implementation plan 
@PIP) is required to be prepared and updated annually. The EPIP defines specific environmental objectives, 
including the means and schedules for accomplishing those objectives. An environmental monitoring plan 
(EM€’) is to be prepared, reviewed annually, and updated every three years. The EMP defines a 
comprehensive system to provide effluent monitoring and environmental surveillance of effluents from DOE/ 
PORTS. The monitoring program includes all environmental media-surface water, groundwater, air, earth, 
and biological media. The EMP is designed to meet federal and state regulatory requirements as well as those 
internal to DOEPORTS. In response to an August 1995 DOE audit of the environmental monitoring program, 
individual EMPs are being developed for DOE operations. 

Quality assurance and data evaluation are primary considerations for DOEPORTS monitoring, 
surveillance, sampling, and analytical activities. Independent data verification is conducted. This aspect of 
monitoring is targeted for increased attention in the future. Audits of monitoring and sampling activities by 
state and federal regulatory agencies have been positive, and no significant findings have been issued. 

Pollution Prevention and Waste Minimization 

DOEPORTS environmental protection programs mandate the creation of several environmental 

Pollution prevention activities are administered at DOEPORTS through the Pollution Prevention 
Awareness Program. The purpose of this program is to foster the philosophy that source reduction is preferred 
over reclamation, reuse, or recycling. Reclamation, reuse, or recycling is preferred over treatment, and 
treatment is preferred over disposal, the last resort in the pollution prevention hierarchy, as referenced in the 
Pollution Prevention Act of 1990. DOE participates in the voluntary “Ohio Prevention First” program, an 
initiative sponsored by the state of Ohio that promotes pollution prevention programs. The goal of the 
program is to incorporate pollution prevention into the decision-making process at every level throughout the 
organization. The program, required by DOE Order 5400.1, has been incorporated into the site Waste 
Minimization Program because both programs have compatible goals and program elements. 

newsletters, bulletins, and memoranda; (2) awards, recognition, and performance indicators; (3) information 
exchange; and (4) training. Other recognized pollution prevention measures are the Best Management 
Practices Plan and the Portsmouth Spill Prevention, Control, and Countermeasures Plan. 

Waste minimization efforts include segregation of radioactive and nonradioactive wastes and 
reduction of radiological control areas, with an associated reduction in use of disposable and washable 

The Pollution Prevention Awareness Program consists of (1) pollution prevention awareness through 

I 
personal protective equipment. Mixed waste (hazardous waste mixed with radionuclides) minimization efforts 
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DOEPORTS 

DOELPORTS is also well below all applicable media-specific dose limits, such as the USEPA limit of 
10 mredyear from airborne emissions and the DOE derived concentration guides (DCGs) for specific 
nuclides in wastewater and storm water discharges (6.7% of the USEPA limit and 0.67% of the DOE limit). 
DOWORTS conducts various modeling and dose assessment activities from samples and other information 
collected to address the potential for multiple-pathway exposures of the public. DOEPORTS is in compliance 
with the requirements of this order. 

DOE Order 5820.2A, Radioactive Waste Management 

DOE Order 5820.2A establishes policies, guidelines, and minimum requirements for managing 
radioactive waste and contaminated facilities. 

All radioactive wastes generated at DOWORTS are classified as low-level waste (LLW) or mixed 
waste and are subject to DOE Order 5820.2AY Chapter 111, “Management of Low-Level Waste.” This 
order requires that all radioactive wastes be treated, stored, or disposed of at DOE facilities. Facilities have 
been identified for this purpose (e.g., DOE’S Hanford facility in Richland, Washington), and procedures and 
protocols are being established to provide proper access to these facilities. DOE/PORTS has initiated 
shipments to Hanford. One waste stream has currently been approved under Handford’s waste specification 
system. Additional approvals will be sought on a waste stream basis as required. 

method of approving use of these facilities for small quantities of waste. DOEPORTS is proceeding to ship 
wastes under the recently negotiated nationwide contract between DOE and Envirocare of Utah, Inc., for 
disposal of mixed waste. 

regulatory requirements. These waste types are (1) burnables, (2) scrap metal, (3) other nonburnables, and 
(4) mixed (RCRA-LLW and PCB-LLW). Storage requirements for each of these waste types diminish the 
potential for environmental release. DOEPORTS is in compliance with the requirements of this order. 

Commercial facilities are also available for treatment, storage, and disposal, and DOE has provided a 

LLW is segregated into four primary waste types according to applicable treatment technology and/or 

Occurrences Reported to Regulatory Agencies 

Because the potential exists to generate RQ releases from Portsmouth site operations, DOEPORTS is 
required to evaluate spills and unanticipated releases to determine if such incidents are reportable as 
prescribed in 40 CFR 1 17.2, “Notice of discharge of a reportable quantity,” 40 CFR 302.6, “Notification 
requirements,” 40 CFR 355.40, “Emergency release notification,” 40 CFR 761.125, “Requirements for PCB 
spill cleanups,” or Ohio NPDES permit conditions. 

In 1995, DOEPORTS reported nine occurrences to regulatory agencies. Of these occurrences, seven 
were NPDES occurrences involving 11 permit exceedences reported to the Ohio EPA for the months of 
March, April, May, September and October of 1995. On March 14, 1995, a PCB decontamination rinse water 
release of unknown quantity was discharged from a shower stall 
Office of Pesticide and Toxic Substance Branch and the National nse Center. On December 12,1995 a 
chlorine trifluoride gas cylinder release was reported to the Pike County Sheriff‘s Office, the National 
Response Center, and the Ohio EPA. Subsequent investigation concluded that the actual release quantity (less 
than one pound) did not meet or exceed the reportable quantity threshold. 

wer and repofled to the USEPA 
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Compliance Audits of Environmental Programs 

During 1995,12 audits, appraisals, or inspections of the DOEPORTS programs were conducted. The 

On April 11,1995, the Federal Energy Regulatory Commission (FERC) conducted the annual dam 
audits, appraisals, or inspections are listed in Table 2.2 and are summarized as follows: 

stability inspection of the X-611 A, X-61 lB, and X-230K “high risk” impoundments and the X-230K sludge 
drying bed. No unexpected findings were noted. While “high risk” impoundments require an annual 
inspection, all others require an inspection only once every five years. Since all impoundments at DOE/ 
PORTS were last inspected in 199 1, next year all are due to be inspected again. On May 3 1,1995, 
photographs and information pertaining to the inspection were provided to E R C .  

On May 1 1,1995, the Ohio EPA and the Pike County Health Department conducted a landfill 
compliance inspection of X-7494 X-749 (Southern portion), and the X-735 industrial solid waste landfills. 
The inspection team was also provided a tour of the X-230K project to become more familiar with the sludge 
issue. The inspection team was pleased with the condition of the areas inspected, and there were no findings. 

Table 2.2. Environmental audits and inspections at DOEPORTS for 1995. 

Date Auditor Type 

April 11 DOWederal Energy Regulatory Annual dam and dike inspection 

May 11 Pike County Health DepUOhio EPA Landfill compliance inspection 
June 7 Ohio EPA Annual RCRA audit 
June 21 Ohio EPA Annual NESHAP compliance inspection 
July 31-Aug~st 9 
August 7-1 6 internal Integrated technical audit 
August 17-1 8 USEPA NESHAP compliance inspection 
September 7 Pike County Health Dept Quarterly landfill inspection 
September 15 Ohio EPA Annual air emission source inspection 
November 14 BUSTR UST inspection 
November 16 Ohio EPA Closure certification inspection 
December 29 Pike County Health Dept Quarterly landfill inspection 

Commission 

DOE (Oak Ridge Operations) ES&H and QA assessment 

On June 7,1995, the Ohio EPA conducted their unannounced annual RCRA compliance audit. DOE/ 

The annual NPDES inspection was conducted by the Ohio EPA on June 21,1995. No 
PORTS received no NOVs or negative observations as a result of this inspection. 

noncompliances were noted. Ohio EPA noted that DOE/PORTS was substantially in compliance with the 
terms and conditions of the permit at the time of the inspection. 

A functional assessment of selected environmental, safety, health, and quality assurance areas at DOE 
was conducted by DOE Oak Ridge Operations technical representatives from July 31 through August 9,1995. 
The assessment was part of the DOE/PORTS management assessment program and serves as an assessment 
of the management and operating contractor in this function area. The audit report included six issues. 

by the Energy Systems Central Compliance Evaluation, and Policy staff. The audit report included nine 
findings, 21 observations, and three proficiencies. 

compliance inspection of DOEFORTS. The inspection was to confirm compliance and the closing of all 

The 1995 integrated technical audit of DOEPORTS was conducted from August 7 through 16,1995, 

On August 17-18,1995, a representative from the USEPA, Region V, conducted a NESHAP 
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Rationale 

The justification for choosing certain environmental media to be sampled, specific sampling loca- 
tions, sampling frequencies, and parameters is referred to as the rationale. Environmental regulations, critical 
pathways analyses, public concerns, and measurement capabilities must all be considered in the rationale for 
the establishment of a successful environmental monitoring program. The rationale for the establishment of 
DOEPORTS environmental monitoring program is found in the Environmental Monitoring Plan for the 
Portsmuth Gaseous DifJusion Plant (MMES 1994), which was distributed in November 1996. It was revised 
to address only DOEWORTS activities. 

Environmental Regulations 

Numerous state and federal regulations that encompass radiological and nonradiological programs are 
drivers for much of the monitoring conducted at DOEPORTS. These regulations include NESHAP, NPDES, 
RCRA, and NEPA. Compliance with these regulations involves a number of regulators, including the USEPA 
and the Ohio EPA, which oversee various site activities to help ensure compliance. In addition to these 
regulations are DOE orders in the 5400 series, in particular 5400.1, General Environmental Protection 
Program, and 5400.5, Radiation Protection of the Public and the Environment. A complete discussion of the 
site’s compliance activities is in Section 2 of this report, “Environmental Compliance.” 

Acceptable levels of contaminants are generally specified in regulations or permits relating to nonra- 
dioactive substances. Regulations relating to radioactive materials generally include limits for exposure to the 
public. As discussed in Section 5 ,  “Dose,” DOEPORTS uses USEPA-approved mathematical models to 
estimate the dispersion of radioactive contaminants in the environment and resulting exposures to the off-site 
population. 

Critical Pathways Analyses 

Individuals can be exposed to airborne and liquid releases of radioactive and chemical materials 
through various routes. These routes are referred to as pathways. Environmental reports were examined to 
determine which radionuclides and exposure pathways are most important in terms of the quantity of radionu- 
clides released, the dose received by the maximally exposed individual, and the collective dose received by 
the population as a whole. This type of analysis, called a critical pathways analysis, is a good indicator for 
determining which radionuclides and pathways at a particular site deserve the most attention. Critical path- 
ways analyses have been used historically at DOWORTS as input for the environmental monitoring pro- 
gram. 

tions. The analysis includes radionuclide releases to the atmosphere and surface water, which are the principal 
media that could transport radioactive contaminants from the site. 

Air 

The following sections summarize the results of a critical pathways analysis of DOEPORTS opera- 

Air provides a potential exposure pathway to humans for radionuclides released into the atmosphere. 
Therefore, air sampling is conducted to evaluate the potential dose to local populations. Monitoring measures 
include radiological and nonradiological air emissions from individual buildings and specific facility loca- 
tions. This information is used to help protect the health and safety of DOEPORTS workers and the general 
public and to demonstrate compliance with state and federal air quality regulations. 
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become determining factors in the rationale for monitoring certain materials. In these cases, modeling, as 
previously discussed, can be used to estimate concentration levels. 

Environmental Monitoring Program Changes in 1995 

Environmental monitoring practices are re-evaluated as new methods and the need for monitoring 
evolve. Types of measurements and their frequencies are reviewed routinely, and monitoring locations are 
sometimes changed. The primary change in the environmental monitoring program in 1995 was that DOE 
was issued an NPDES permit governing only DOE outfalls. 

Following issuance of the DOE NPDES permit, a new Environmental Monitoring Plan for DOE 
Activities has been formulated. The plan, required by DOE Order 5400.1, was distributed in November 1996. 
The plan documents DOE effluent monitoring and environmental surveillance activities conducted at DOE/ 
PORTS. The plan also includes the rationale and design criteria for the environmental monitoring program, 
the frequency of monitoring and analysis, specific analytical and sampling procedures, quality assurance 
requirements, and guidance on preparing and distributing reports. 

ENVIRONMENTAL QUALITY 

Maintaining the quality of the environment at DOWORTS and in the surrounding communities 
requires programs that involve several site departments and organizations. These programs are extensive and 
varied, involving not only site personnel but also members of the general public. Activities include waste 
management, environmental restoration (ER), waste minimization and pollution prevention, environmental 
training, and information exchange and public awareness programs. 

Waste Management Program 

The DOEPORTS Waste Management Program directs the safe storage, treatment, and disposal of 
waste generated by past and present operations and from current ER projects. The primary objective is to 
ensure that waste materials do not migrate into the environment. Waste managed under the program is divided 
into six categories: low-level radioactive, hazardous, mixed, PCB and PCB-radioactive, asbestos, and conven- 
tional sanitary waste: 

Low-level radioactive waste-radioactive waste not classified as high level or transuranic and that does 
not contain any components regulated by RCRA or TSCA. 
Hazardous waste-waste that contains one or more of the wastes listed under RCRA or that exhibits 
one or more of the four RCRA hazardous characteristics: ignitability, corrosivity, reactivity, and 
toxicity. 
Mixed waste-waste containing both hazardous and radioactive components. Mixed waste is subject 
to RCRA, which governs the hazardous components, and to additional regulations that govern the 
radioactive components. 
PCB and PCB-radioactive wastes-waste containing PCBs, a class of synthetic organic chemicals 
including 209 known isomers, each with from one to 10 chlorine atoms on a biphenyl ring. Under 
TSCA regulations, PCB manufacturing was prohibited after 1978. However, continued use of PCBs 
is allowed, provided that the use does not pose a risk to human health or the environment. Disposal of 
all PCB materials is regulated. 

* 
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Asbestos waste-friable asbestos materi m renovation and demolition activities. 
Sanitary waste-waste that is neither radioactive nor hazardous. Solid sanitary waste is basically 
refuse and is disposed in landfills. Liquid sanitary waste includes sewage and industrial waste 
treated at the DOEPORTS sewage treatment plant. 

Waste management requirements are varied and are sometimes complex because of the variety of 
waste streams generated by DOWORTS activities. DOE Orders, Ohio EPA, USEPA, and Ohio Department 
of Health regulations must be satisfied to ensure compliance for waste management activities. Supplemental 
policies have been implemented for management of radioactive, hazardous, and mixed wastes. These policies 
include 

minimizing wastes; 
characterizing and certifymg wastes before they are stored, processed, treated, or disposed; and 
pursuing volume reduction and use of on-site storage when safe and cost-effective until a final disposal 
option is identified. 

Environmental Restoration Program 

DOE established the ER Program to find, analyze, and correct site contamination problems as quickly 
and cost-effectively as possible. The ER Program encompasses both inactive sites (remedial action) and active 
facilities (decontamination and decommissioning). Options for correcting or mitigating the contaminated sites 
and facilities include removal, containment, and treatment of contaminants. 

The DOWORTS ER Program is designed to ensure that activities meet federal and state require- 
ments brimarily RCRA) and DOE Orders. The Ohio EPA and USEPA oversee the DOWORTS ER Pro- 
gram through their respective agreements with DOE. The Ohio Consent Decree became effective August 29, 
1989. The Administrative Consent Order, between the USEPA and DOE, became effective in 1989 and was 
revised on August 11, 1994. These agreement establish a program of corrective actions to be taken and a 
schedule for their completion. 

with the RCRA corrective action process, which consists of the following: 
As required in these agreements, DOWORTS ER Program activities are conducted in accordance 

Description of current conditions-to provide knowledge of the current environmental setting of the 
groundwater, surface water, soil, and air. 
RCRA facility assessment-to identify releases of contaminants and determine the need for further 
investigation. 
RCRA facility investigation-to determine the nature and extent of any contamination. 
Corrective measures study-to evaluate and select a remediation alternative. 
Corrective measures implementation-to implement the selected remediation measure. 
Interim remedial measures-to implement quick remediation or mitigation measures in advance of 
permanent action. 

Because of the size of the facility and the nature of groundwater flow, DOEPORTS was divided into four 
quadrants for investigation and cleanup. 

The DOEPORTS ER Program was developed in 1989 and was granted an initial budget of $13.8M. 
Since then, annual program expenditures have grown to as much as $50M-$60M. RFIs have been completed 
for all quadrants, and CMSs have been submitted to the agencies. As a result of potential threats to human 
health and the environment, five interim remedial measures (IRMs) were implemented. 

I 



Waste Minimization and Pollution Prevention Program 

DOEPORTS has combined its waste minimization and pollution prevention efforts to consolidate 
related activities. Objectives of the DOEPORTS Waste Mirhization and Pollution Prevention Program 
include 

fostering a philosophy to conserve resources and create a minimum of waste and pollution; 
promoting the use of nonhazardous materials in plant operations to minimize potential risks to human 
health and the environment; 
reducing or eliminating the generation of wastes through material substitution, product reformulation, 
process modification, improved housekeeping, and on-site closed-loop recycling; and 
complying with federal and state regulations and DOE policies and requirements for waste minimization. 

The DOF3PORTS Waste Minimization and Pollution Prevention Program continues activities to 
achieve the waste minimization objectives. Typical projects include 

maintaining a comprehensive waste tracking and reporting system; 
evaluating all plant processes and activities to identify waste'minimization opportunities (e.g., conducting 
process waste assessments and identifying procedures that are barriers to waste minimization); 
maintaining an effective plant-wide waste minimization training program; 
maintaining a waste minimization and pollution prevention awareness promotional campaign; and 
providing a waste minimization and pollution prevention information exchange network. 

Environmental Training Program 

DOEPORTS provides environmental training to increase employee awareness of environmental 
activities and to enhance the knowledge and qualifications of personnel performing tasks associated with 
environmental assessment, planning, and restoration. The program includes on- and off-site classroom 
instruction, on-the-job training, seminars, and specialized workshops and courses. Environmental training 
conducted or prepared by DOEPORTS includes 

hazardous waste site training for workers; 
hazardous waste site training for managers/supervisors; 
RCRA training for treatment-, storage-, and disposal-facility workers; 
environmental laws and regulations training; and 
watedwastewater treatment training. 

lnformation Exchange Program 

To improve and update its environmental monitoring and research programs, DOWORTS exchanges 
information within the site and with other DOE facilities and other sources of information. 

3-6 Environmental Program lnformation 
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Regulatory Requirements 

Airborne discharges of radionuclides from DOEPORTS facilities are regulated by the USEPA under 
the Clean Air Act and NESHAP. These regulations set (1) an annual dose limit of 10 mredyear to any 
member of the public as a result of airborne releases from DOE facilities and (2) certain minimum perfor- 
mance standards for demonstrating compliance with the dose limit. 

Gaseous radionuclide discharges are also regulated, along with all other atmospheric pollutants, under 
the Ohio permit-to-operate regulations. However, Ohio does not yet have any standards governing radionu- 
clide emission limits and defers to the federal NESHAP program instead of acting on permit applications filed 
by DOEPORTS. 

media through DOE Orders 5400.1 , General Environmental Protection Program, and 5400.5, Radiation 
Protection of the Public and the Environment (to be replaced by 10 CFR Part 834). DOE Order 5400.5 sets an 
annual dose limit of 100 mredyear to any member of the public. Unlike the NESHAP limit, the DOE limit 
includes the impacts of radioactivity releases from a facility through all pathways. 

DOE Order 441.1, Department of Energy Radiological Health and Safety Policy, and 10 CFR Part 835, 
Occupational Radiation Protection, require DOE facilities to establish effluent monitoring programs suffi- 
cient to ensure that no unrecognized environmental impact is occurring as a result of DOE operations. The 
details of the DOWORTS environmental monitoring program will be documented in the Environmental 
Monitoring Plan for the Portsmouth Gaseous Difision Plant, which is discussed in detail in Section 2, 
“Environmental Compliance.” 

In addition to these outside authorities, DOE regulates radionuclide emissions to all environmental 

DOE Order 440.1 , Worker Protection Management for DOE Federal and Contractor Employees, 

Radiological Airborne Sample Collection and Analytical Procedure 

Gaseous radionuclide and fluoride emissi 
seal exhaust 5, seal exhaust 6 and the top-side E-j 
seal exhaust 6 and top-side E-jet emissions are from DOE. The continuous vent samplers draw a flow- 
proportional sample of the vent stream through two small alumina traps in series by way of an isokinetic 
probe. The primary sample traps are replaced weekly, and the secondary traps are replaced quarterly. 

radionuclides are the naturally occurring uranium isotopes ”4U, 235U, and 238U; two trace impurities from 
recycled uranium, 236U and *Tc; and equilibrium concentrations of short-lived uranium daughters. Alumina 
from the sampler is analyzed for total uranium, 235U, and technetium. The ratio of 235U to total uranium (i.e., 
the “assay7’) and the process data are used to calculate the fractions of 234U and 236U in emissions. Because of 
their short half-lives, uranium daughter emissions cannot be reliably measured in weekly samples and are 
assumed to be in equilibrium with their parent nuclides. The uranium daughters included in the equilibrium 
calculations are the thorium and protactinium isotopes 234Th, 231Th, and 234”pa. 

e cascade vents, the X-345 HASA vent, 
ampled continuously. Only a percentage of the 

A waste stream analysis was performed to determine what radionuclides are present on site. These 

Radiological Airborne Results 

Radionuclide emissions from DOEXPORTS (Table 4.1) had no significant impact on public health or 
the environment. Total radionuclide emissions from the site increased in 1995 because of the addition of 
emission estimates from unmonitored sources. In 1995, DOEPORTS included emission estimates using the 
factors for emissions from unmonitored sources in the calculation of the effective dose equivalent (EDE), 
found in Appendix D of this document. The conservative estimates accounted for the majority of the increase 
in the dose. There were no unplanned releases during 1995. DOEPORTS emissions still remain well below 
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on Radiation Protection. 

Radionuclide Ci/yearb 

0.000192 
Total uranium 

Uranium daughters 0.00059 

aexcludes USEC activity releases 
1 Ci = 3.7E10 Bq 
= 0.000000893 

Historically, uranium has accounted for 75% to almost 90% of the public dose from DOEPORTS 
emissions. Consequently, the emission controI systems on the cascade are optimized to reduce uranium 
emissions first and technetium emissions second. Figures 4.1 through 4.3 show DOEPORTS emission levels 

included because uranium is a mixture of three different isotopes c3% is.a trace contaminant) with widely 
varying specific activities, producing varying levels of curies per kilogram. Because of this, 1 Ci of uranium 
can weigh from 20 to 6,600 Ib, depending on the proportions of isotopes present. For the fume, it is expected 
that mass emissions (kilogams) of uranium will remain about the same as levels seen from 1989 through 

should continue to decrease after 1993 because of the 
absence of highly enriched uranium in the emissions. 

Emissions of uranium daughters have ranged 
0.092 to 0.028 Wyear since 1986 and have never had 
significant impact on the environment or public health. 
Emissions from DOEPORTS sources during 1995 were 

Figure 4.3 shows technetium emissions in curies. 

1995, and that the activity emissions (curies) of uranium 4-Fl-CUR.FH4 

Because only one isotope of technetium is present at DOE/ 
PORTS, a figure showing mass emissions would provide no 
information not found in Figure 4.3. Mass emissions of 

Fig. 4.1. Total curies of uranium 
discharged to air from DOE sources, 
1991-1995 (1 Ci = 3.7 x 10’” Bq)- DOEPORTS operations also release various 
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gases, including UF, and hydrogen fluoride (HF). These 
emissions are monitored directly with the continuous vent 
samplers. In addition, several types of airborne emissions 
are calculated from process data or from purchasing 
records. All of these emissions are now the responsibility 
of USEC. 

Regulatory Requirements 

* hcludes WxkIlment 
operations 

Discharges to the atmosphere are regulated Beza * a  
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- A registration is valid until revoked by the Ohio EPA and 
presumes that the registered source is too small to have a 
significant environmental impact. Most of the 
nonradiological sources at DOEWORTS are either 
registered or are expected to be registered when the Ohio 
EPA acts on the submitted applications. * Includes 

enrichment 
operations 

Background 

DOEPORTS operates numerous small sources 
of criteria (or conventional) air pollutants. Air pollutants 
emitted from DOWORTS include chlorine, hydrogen -- -- * &  
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Background 

The quality of surface waters at DOE/PORTS is affected by wastewater discharges and groundwater 

watersheds of these surface waters, the observed differences in water chemistry are attributed to 
of contaminants from land disposal of waste. Although bedrock characteristics differ somewhat 

different contaminant loadings rather than geologic variation. Water quality, radioactivity, and flow measure- 
ments are made at a number of stations operated by DOE. Water samples are collected and analyzed at 
various intervals (weekly, monthly, etc.) for radiological and nonradiological parameters. 

Liquid plant effluents are regulated by the NPDES permit, issued September 1,1995, and discharged 
to surface streams that pass through the reservation to the Scioto River. A brief description of these discharge 
points, or outfalls, is provided in the following paragraphs. The locations of the NPDES-permitted outfalls 
that are the responsibility of DOE are shown in Figure 4.5. 

permit)-This facility provides for removal of volatile organic compounds (VOCs) from contaminated 
groundwater originating from the X-701B plume interceptor trench These groundwater interceptor trenches 
were constructed to control the migration of VOC-contaminated groundwater toward Little Beaver Creek. A 
flow diagram for outfall 609 is shown in Figure 4.6. 

NPDES 606 (X-701EK-623 carbon filtration facility-this outfall number was changed to 610 in the 
new permit&These facilities (X-623 replaced the X-701E in June 1994) provide for removal of VOCs from 
contaminated groundwater originating from site remediation activities and from miscellaneous well develop- 
ment and purge waters. Treated water is discharged to the sanitary sewer and then to USEC outfall 003. 

contaminated groundwater originating from the X-701B site remediation activities. This outfall was removed 
from the new permit. 

from contaminated groundwater originating from X-231B, X-749, and Peter Kiewit landfill site remediation 
activities. 

NPDES 611 (X-61IK-705 swnp water treatmentfaci1ity)-This facility provides for the removal of 
VOC’s from decontamination water from the X-705 decontamination facility. Treated water is discharged to 
the sanitary sewer then to USEC outfall 003. 

008 (X-61 I A  south sludge lagoon)-These lagoons once received lime sludge from the plant water-softening 
process and are filled to capacity. The lagoons now receive water from rainfall. Discharges from these facili- 
ties are rare and occur only during periods of excessive rainfall. Flow diagrams for outfalls 006,007, and 008 
are shown in Figure 4.7. 

NPDES 012 [X-2230M holding pond, formerly Gas Centrifuge Enrichment Plant (GCEP) OOI]-The 
X-2230M holding pond provides a quiescent zone for settling of suspended solids, dissipation of chlorine, and 
containment of oil with effluent baffling. This outfall was renamed outfall 012 by the Ohio EPA on Septem- 
ber 23, 1991. 

NPDES 013 (X-223ON holding pond, formerly GCEP 002)--The X-2230N holding pond provides a 
quiescent zone for settling of suspended solids, dissipation of chlorine, and containment of oil with effluent 
baffling. This outfall was renamed outfall 013 by the Ohio EPA on September 23,1991. 

NPDES 609 (X-624 carbon filtration facility-this outfall number was changed to 015 in the new 

NPDES 607 (X-700 air stripper)-The X-700 air stripper was constructed to remove VOCs from 

NPDES 608 (X-622 groundwater treatment facility)-This facility provides for removal of VOCs 

NPDES 006 (X-61 I A  north sludge lagoon), NPDES 007 (X-61 IA  middle sludge lagoon), and NPDES 
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ted dose equivalent (rem) resulting from intake (by inhalation and ingestion) of a unit activity [ 1 .O pCi 
(37 Bq)] of a radionuclide. The second type gives the dose equivalent rate (mrem) per unit activity 
[ 1.0 pCi (37 Bq)] of a radionuclide in a unit (cm’ or cm’) of an environmental compartment (air or ground 
surface). 
Total effective dose equivalent (TEDEkthe sum of the EDE for external exposures and the CEDE for 
internal exposure. 

Dose Calculation\ for Airborne Radionu 

Characterizing the consequences of radionuclides released to the atmosphere by site activities during 
1995 was accomplished by calculating EDEs to the maximally exposed person (a hypothetical individual who 
is assumed to reside at the most exposed point on the plant boundary) and to the entire population (approxi- 
mately 918,000) residing within 50 miles of the plant. Dose calculations were made using the Clean Air Act 
Assessment Package-88 (CAP-88) of computer codes (Beres 1990), which was developed under sponsorship 
of the USEPA for use in demonstrating compliance with NESHAP concerning radionuclides (40 CFR 61). 
This package contains the most recently approved version of the ARDOS-EPA and DARTAB computer 
codes and of the ALLFL4D88 radionuclide data file. The AIRDOS-EPA computer code implements a steady- 
state, Gaussian plume, atmospheric dispersion model to calculate concentrations of radionuclides in the air 
and on the ground; it uses NRC Regulatory Guide 1.109 food-chain models to calculate radionuclide concen- 
trations in foodstuffs (e.g., vegetables, meat, and milk) and subsequent intakes by individuals. The concentra- 
tions and human intakes are used by the USEPA’s latest version of the DARTAB computer code to calculate 
EDEs to humans from radionuclides released to the 
sion factors contained in the ALLRAD88 data file. 

Radionuclide release data were modeled for three release points. The radionuclide release inventory is 
detailed in Section 4, “Effluent Monitoring.” Meteorological data used in the calculations consisted of joint 
fiequency distributions of wind direction, wind speed, and atmospheric stability that were prepared from data 
collected during 1995 at the 40-m station on the DOEFORTS meteorological tower. Rainfall during 1995 
was 41.3 in., the average air temperature was 53’F, and the average mixing layer height was 6,562 ft. 

The dose calculations assumed that each person remained unprotected, at home (actually outside the 
house) during the entire year and obtained food according to the rural pattern defined in Me NESHAP back- 
ground documents (USEPA 1989b). This pattern specifies that 70% of the vegetables and produce, 44.2% of 
the meat, and 39,995 of the milk consumed by each person are produced in the local area (e.g., in a home 
garden). The remaining portion of each food is assumed to be produced within 50 miles of DOWORTS. For 
collective EDE estimates, production of beef, milk, and crops within 50 miles of DOELPORTS was calculated 
using the state-specific production rates provided with CAP-88. 

Dose Calculation for Waterborne Radionuclides 

. The dose calculations use the dose conver- 

Water is sampled at all plant outfa€ls and in the receiving streams. Sample results for the Scioto River 
no significant difference in radionuclide concentrations between upstream and downstream locations 

(see Section 4, ‘‘Effluent Monitoring”). 

Dose Calculation for Radionuclides in Other Environmental Media 

The CAP-88 computer codes calculate doses from ingestion of meat, milk, and vegetables containing 
radionuclides that were released to the atmosphere. Using the conservative food consumption pattern de- 
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scribed in the previous sections, about 62% of the maximum individual EDE and 8 1 % of the collective EDE 
result from ingestion of foodstuffs. 

Calculation of Radiological Dose to Aquatic Biota 

DOE Order 5400.5, Chapter 11, sets an absorbed dose rate limit of 1 radday to native aquatic organ- 
isms. To demonstrate compliance with this limit, absorbed dose rates to crustacea, mollusks, and fish were 
calculated using the CRITR2 computer code and measured (annual average) radionuclide concentrations in 
the Scioto River. CRITR2 estimates dose rates from internally deposited radionuclides, from immersion in 
water, and from sediment irradiation (Baker and Sold at 1993). 

Chemical Dose Calculation 

Varying amounts of chemicals were released to the environment from DOEPORTS operations 
during 1995. This section contains estimates of potential human exposure to these chemicals and compares 
the exposures to acceptable levels of exposure as defined by federal standards and regulations. 

Terminology 

Terms pertinent to discussion of chemical exposure include the following: 

Acceptable daily intake (ADlkintake of a chemical (measured in milligrams per day) that is not antici- 
pated to result in any adverse health effects over a lifetime of exposure. ADIs are calculated from several 
different federal standards and regulations. 
Ambient air quality standard (AAQS)-national or state standard for maximum concentration of an 
airborne pollutant that is not expected to adversely affect the public health (primary AAQS) or the public 
welfare (secondary AAQS). 
Chronic daily intake (CD1)-intake of a chemical (expressed in milligrams per day) from drinking 2 L (2 
qt) of surface water per day. 
Maximum contaminant level (MCL)-maximum concentration legally allowable in drinking water under 
USEPA national interim primary and national primary drinking water regulations that apply to all com- 
munity or public water systems. 
M~imum-contaminant-level goal-maximum concentration desirable in drinking water. USEPA national 
secondary drinking water regulations that apply to public water systems. 
NPDEGpermit program that includes effluent standards, monitoring yequirements, and conditions for 
discharge. 







6. Groundwater 6. Groundwater 

Abstract 

The purpose of groundwater monitoring at DOUPORTS is to characterize the hydrogeology and 
monitor groundwater quality at the plant and its environs. More than 600 monitoring wells are used 
to track the flow of groundwater and to measure any contaminants present both on- and off-site. 
Groundwater monitoring extend surface water that receives direct input from groundwater 
sources. Off-site sampling is conducted to assess the effects of the Portsmouth operations on 
nearby public and residential water supplies. 

INTRODUCTION 

Groundwater monitoring activities include effluent surveillance monitoring, synoptic groundwater 
level measurements, and other types of monitoring of (1) RCRA units, (2) solid waste disposal units, (3) spe- 
cial investigation or monitoring units, (4) groundwater treatment units, and (5) RFI quadrant location units. 

GROUNDWATER HYDROLOGY 

A portion of precipitation accumulates as groundwater by soaking into the ground, infiltrating soil 
and rock. The accumulation of groundwater in pore spaces in sediments and bedrock creates sources of usable 
water, which flows in response to external forces. Groundwater may eventually reappear at the surface in 
springs, swamps, stream and river beds, or pumped wells. Thus, the primary input to groundwater is recharge 
from rainwater, and the output of groundwater is discharge to springs, swamps, rivers, streams, and wells. 

Surface water percolates downward into soil through the pore spaces between sediment grains. The 
smaller the pore spaces, the slower the flow of water through sediment. Permeability is the ease with which 
water moves through the pore spaces and cracks in a given material and is largely determined by the volume 
and size of the pore spaces and how we11 connected the pore spaces _are. 

As water infiltrates the earth, it travels down through the vadose, or unsaturated, zone. Here the pore 
spaces are filled partly with water and partly with air. Water moving down through the unsaturated zone will 
eventually reach the saturated zone, where the pore spaces are completely filled with water. The boundary 
between unsaturated and saturated zones is known as the water table, the elevation of which generally fol- 
lows, in subtle form, the contour of the surface topography. Springs, swamps, and beds of streams and rivers 
are outcrops of the water table. 

The unit of measurement for permeability most commonly used in the study of hydrology or 
hydrogeology is hydraulic conductivity, which indicates the speed (or velocity) at which groundwater flows 
through a particular kind of rock or soil. The water pressure at a particular location, called the hydraulic head, 
is for the most part a result of the elevation of the water table at that location. The hydraulic head varies from 
location to location because the elevation of the water table is not level but normally mimics the surface of the 
ground, although in a subdued fashion. Variations in the hydraulic head create a hydraulic gradient and are the 
driving force for movement of groundwater through the saturated zone. In addition to hydraulic conductivity, 
the actual groundwater velocity at a particular location depends on the hydraulic gradient and the porosity of 
the earth materials at that location 
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The flow of groundwater and the position of the water table may be complicated by variations in the 
hydraulic conductivity. Because earth materials have greatly varying permeability, groundwater flowing 
through subsurface strata does not travel at a constant rate or without imwment .  Strata that transmit water 
easily (such as those composed primarily of sand) are called aquifers, and strata that restrict water movement 
(such as clay and shale layers) are called aquitards. An aquifer with an aquitard lying above and below it is a 
confined aquifer. 

CF1-MON-WELL.FH4 Groundwater moves through aquifers in 
a downgradient direction. Because hydraulic 
head is not solely a function of elevation, 
downgradient is not necessarily synonymous 
with downhill. The downgradient direction 
has a horizontal and a vertical component, 
just as a household drain moves wastewater 
both horizontally and vertically, seeking the 
lowest point of exit. Aquitards deflect 
groundwater movement just as drainpipe 
walls control the direction of wastewater 
movement. In an aquifer constrained by 
aquitards, such as horizontal clay layers, the 
downgradient direction tends to be more 
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Fig. 6.1. Typical monitoring well construction. 

Monitoring wells are used extensively to assess the effect of operations on groundwater quality, 
generally to determine the effect of a specific site on nearby groundwater quality. Wells positioned to inter- 
cept groundwater flowing away from a site are called downgradient wells, and wells placed to intercept 
groundwater before it flows under a site are called upgradient wells. Any contamination of downgradient 
wells not present in upgradient wells at a site may be assumed to be a product of that site. Wells are drilled to 
various depths in the saturated zone downgradient of the area to be monitored. At the screen zone, the well 
casing is perforated to allow water to enter the well. Thus, the screen zone refers to the zone of subsurface 
strata where water is being sampled by the well. Figure 6.1 illustrates the construction of a monitoring well 
and the relationship between the screen zone and water elevation for wells screened below the water table. 
Water rises in the well casing to equilibrate with the hydraulic head of the water surrounding the screen zone 
of the well. The elevation of the water in the well is measured to determine the hydraulic head of the water in 
the monitored zone. By comparing water levels in adjacent wells screened in the same zone, the hydraulic 
gradient can be determined and thus the horizontal direction of groundwater flow can be predicted. Only wells 
screened in the same zones are considered when determining the horizontal gradient; wells screened above 
and below an aquitard can have different hydraulic heads, defining a vertical gradient. 

relative difference in hydraulic head of the water on either side of an aquitard. Vertical gradients can be 
determined by comparing the water levels between adjacent wells screened on either side of an aquitard. If the 

Vertical groundwater movement is controlled by the hydraulic conductivity of the aquitards and the 
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The predominant landform in the site area is the relatively level, broad, filled valley, which is oriented 
north to south and is bounded on the east and west by deeply dissected ridges or low-lying hills. Another 
significant landform is the small valley formed by Little Beaver Creek; this creek flows in a northwesterly 
direction across the middle of the site, just north and east of the main industrialized area. 

relatively level unconsolidated deposits under DOE/PORTS. One of these valleys is that of a northwestwardly 
flowing stream, the west drainage ditch, which is near the west-central area of the plant. Two more streams 
are located in the southern portion of the industrialized area. In the southeast portion of the site, a southerly 
flowing stream, Big Run Creek, is situated in a relatively broad, gently sloping valley. An unnamed south- 
westerly flowing stream in the southwest portion of the site has formed a narrow, steep-walled valley. 

In much of the industrialized area of DOWPORTS, the original topography was modified for con- 
struction of buildings and other facility components. 

Other significant landforms consist of several small valleys formed by streams that have cut into the 

Stratigraphy 

The surficial material over much of the industrialized area of DOEPORTS is fill material removed 
from the higher elevations of the site. The material is composed of varying proportions of the unconsolidated 
geologic materials that are described in the following paragraphs (see Table 6.1). 

Table 6.1. Stratigraphy in the vicinity of DOEPORTS. 

Geologic unit Predominant lithology 

Unconsolidated 

Teays Formation 
Minford member upper: clay 

Gallia member 

lower: silty clay and silt with 
thin sand and gravel layers 

silty sand, clay, sand, gravel, 
and cobbles 

Bedrock 
Cuyahoga Formation shale 
Sunbury Formation shale 
Berea Formation sandstone 
Bedford Formation shale 
Ohio Formation shale 

The geologic materials of DOWORTS consist of unconsolidated lacustrine (lake) and fluvial (river) 
deposits that overlie the regional consolidated bedrock. The unconsolidated deposits were deposited during 
the recent glaciation. Rather than being deposited directly by the glaciers, the deposits were formed in 
dammed, preexisting river valleys and in valleys created by glacial runoff, features peripheral to the glaciers 
themselves. The unconsolidated deposits beneath DOWORTS are not continuous with the unconsolidated 
deposits in the Scioto River valley to the west. A bedrock ridge forms the western valley wall that separates 
the two groups of unconsolidated deposits. The consolidated bedrock deposits formed in a broad, continental 
sea about 400 million years ago. 

Gallia sand. The consolidated bedrock is composed of the Cuyahoga, Sunbury, Berea, and Bedford Forma- 
The unconsolidated Teays Formation consists of two members: the Minford clay and silt and the 
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tions. In the vicinity of DOWORTS, the Cuyahoga, Sunbury, and Bedford Formations are predominantly 
shales, whereas the Berea Formation is predominantly sandstone. 

The Minford member of the Teays Formation is a lacustrine deposit consisting of two distinct units: 
an upper clay unit with silt and sand, and a lower silt unit composed of silty clay and very fine to fine-grained 
sand. Both units are continuous across DOEPORTS. Across much of the facility, only the basal part of the 
clay unit is saturated, whereas the lower silt unit is usually completely saturated. 

The Gallia member of the Teays Formation, commonly referred to as the Gallia sand, is a fluvial 
deposit underlying the Minford member at approximately 25 ft below ground surface. The Gallia sand is 
discontinuous across the site and typically consists of red-brown, clayey, medium to coarse sand and gravel; it 
overlies bedrock and has a mean thickness of slightly more than 3 ft. The Gallia sand is usually poorly sorted, 
often containing silt and clay as well as numerous pebble-sized rock fragments. The Gallia sand is commonly 
absent near bedrock highs, such as the bedrock valley walls. The coarser sands and gravels usually occur near 
the base of the unit and were deposited as point bar andor channel lag deposits. Contact between the Minford 
and Gallia members varies from gradational to sharp. 

The Cuyahoga Formation, commonly referred to as the Cuyahoga shale, is the uppermost bedrock 
formation in the geographic area and is a moderately hard, thinly laminated shale with numerous sandstone 
laminations. The Formation is not found beneath the industrial portion of DOEPORTS but does form’hills 
surrounding the facility. 

formation (where present) beneath the industrial portion of DOWORTS. The unit is composed of a compe- 
tent, black, carbonaceous, fissile shale that is approximately 20 ft thick on the eastern portion of the facility 
and is absent on the western portion. 

The Berea Formation, commonly referred to as the Berea sandstone, is continuous beneath the 
industrial portion of DOWORTS. The Berea sandstone underlies the Sunbury shale on the eastern portion of 
the facility and underlies the unconsolidated Minford and Gallia members of the Teays Formation on the 
western portion of the facility. The Berea sandstone is approximately 30 ft thick. A thin zone (1 to 3 in.) of 
sulfide mineralization occurs at the interface between the Sunbury shale and the Berea sandstone. The upper 
portion of the Berea Formation, approximately 20 ft thick, is composed of a light-gray, hard, thickly bedded, 
fine-grained sandstone; the lower portion, approximately 10 ft thick, has numerous interlayered shale lamina- 
tions and is similar to the underlying Bedford Formation 

PORTS and is also found everywhere beneath the Berea sandstone. The formation averages 100 ft in thick- 
ness and consists of thinly bedded 
and siltstone. In three boreholes th 
national geodetic vertical datum o 
carbons. 

The Sunbury Formation, commonly referred to as the Sunbury shale, is the uppermost bedrock 

The Bedford Formation, commonly referred to as the Bedford shale, is continuous beneath DOE/ 

with interbeds and laminations of hard, gray, fine-grained sandstone 
ated the Bedford, the sandstone interbeds at 570 ft above the 
GVD) were saturated with naturally occurring petroleum hydro- 

Geologic History 

Prior to glaciation, the major drainage system in southern Ohio was the Teays River system. The 
Teays flowed northwest and passed about 4.8 km (three miles) north of the area now occupied by DOE/ 
PORTS. Immediately north of the plant site, Big Beaver Creek occupies a portion of the valley of the extinct 
Teays River. 

The Portsmouth River, a tributary of the Teays, flowed north across the area that is now occupied by 
DOEPORTS. In that same area, the Portsmouth River eroded a valley through the Cuyahoga shale and the 
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Sunbury shale and in lo 
a wedge that diminishes to the west and exposes the Berea bedrock on the western half of the site. As the 
Portsmouth River meandered through the valley, sand and gravel were deposited; these fluvial deposits 
formed the Gallia member of the Teays Formation. Subsequently, an advancing glacier blocked the north- 
westward flow of the Teays River, and a glacial lake, Lake Tight, filled the valleys of the'Teays River and its 
tributaries. The Minford member of the Teays Formation was formed at this time as lacustrine silts and clays 
accumulated in the lake bed. These deposits are in two distinct stratigraphic units. The deepest unit is com- 
posed of relatively clean silts, indicative of shallow lake levels or overbank deposits; the upper unit is com- 
posed of a series of laminated clays that probably were deposited as Lake Tight increased in size and depth. 

cant deep stage stream in Southern Ohio was the south-flowing Newark River. The Newark occupied the 
course of the present day Scioto River from the cities of Chillicothe to Portsmouth. As the glacier retreated, 
meltwater moved through the Newark River valley and partially backfilled it with outwash. The current 
drainage for the region, the Scioto River, is situated on a thick layer of outwash in the valley formed by the 
Newark River. 

proximately 30 Wmile (0.3'). A schematic cross section of the DOEPORTS reservation and adjacent areas is 
presented in Figure 6.2. No known major or minor faults are in the area; however, two distinct joint sets (i.e., 
fractures) are present in outcrops of the Sunbury and Berea. Azimuths for joint sets are N65"E and N25"W. 
Bedding plane fractures also have been identified. 

Surface soils are composed of loess and colluvium and more recently deposited alluvium. During the 
initial grading of the site prior to plant construction, elevated areas were removed and used to fill depressions. 
In most cases the fill is indistinguishable from undisturbed Minford deposits. 

zed areas may have eroded into the Berea sandstone. The Sunbury was eroded into 

Eventually, Lake Tight overflowed its banks and initiated the "deep stage drainage"; the most signifi- 

The geologic structure of the area is simple. The Mississippian strata dips gently to the east at ap- 

Groundwater Hydrogeology 

The unconsolidated and bedrock systems at DOEPORTS each include a low- and high-permeability 
unit The Gallia sand and the Berea sandstone are the transmissive units at DOEPORTS. The Gallia sand has 
the highest hydraulic conductivity and is the primary groundwater migration pathway. The hydraulic conduc- 
tivity of the Minford silt member is somewhat lower than that of the Gallia sand but is much higher than that 
of the Minford clay member. The Gallia sand and the saturated portion of the Minford silt member act as a 
single hydrogeologic unit. The Berea sandstone is a regional geologic unit, and its relatively high hydraulic 
conductivity makes it the second lithologic unit with transmissive properties. The Minford clay member and 
the Sunbury shale exhibit lower hydraulic conductivities. The Minford clay member forms a semiconfning 
layer for the Gallia sand. The Sunbury shale, where more than 4 ft thick, forms a confining layer for the 
Minford silt member and the Berea sandstone. 

Based on numerous laboratory tests, the average hydraulic conductivity for the Minford clay is 
2.3 x 10-4 Wday and for the Minford silt is 4 . 3 ~ 1 0 ~  Wday. The vertical hydraulic conductivities of Minford 
clay and Minford silt are approximately an order of magnitude lower than their horizontal hydraulic conduc- 
tivities. The hydraulic conductivity determined by single-well tests of the Gallia sand ranged from 0.1 1 to 
150 Wday with a mean value of 3.4 Wday. The hydraulic conductivity of the Sunbury shale, based on model- 
ing, ranges from 1.6 x 10-4 to 9.6 x 10-4 Wday. The vertical hydraulic conductivity of the Sunbury shale is an 
order of magnitude lower than its horizontal hydraulic conductivity. The hydraulic conductivity determined 
by single-well tests of the Berea sandstone ranges from 4.5 x lo3 to 15 Wday with a mean value of 0.16 ft/ 
day. Thehigher hydraulic conductive results are from areas where the Sunbury shale is absent. 
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USES OF GROUNDWATER IN THE VICINITY 

Groundwater is used as a domestic, municipal, and industrial water supply in the vicinity of DOH 
PORTS. Most municipal and industrial water supplies in Pike County are developed from the Scioto River 
Valley buried aquifer, which is where the largest towns and virtually all industry are located. Groundwater in 
the Berea sandstone and Gallia sand formations that underlie the Portsmouth site are not used as domestic, 
municipal, or industrial water supplies. Domestic water supplies are obtained from either unconsolidated 
deposits in preglacial valleys, major tributaries to the Scioto River Valley, or from fractured bedrock encoun- 
tered during drilling. 

608, X-605GY and X-6609 water supply well fields, which are next to the Scioto River south of Piketon. The 
wells tap the Scioto River Valley buried aquifer. Total groundwater production averages 13 million gallday. 

Contaminants in the groundwater beneath DOEPORTS do not affect the quality of the water in the 

DOEPORTS is the largest industrial user of water in the vicinity and obtains its water from the X- 

Scioto River Valley buried aquifer. 

APPLICABLE MONITORING STANDARDS 

Many state and federal laws and regulations, as well as DOE orders and directives, establish standards 
and requirements governing groundwater monitoring activities at DOEYPORTS. State and federal regulations, 
DOE orders, and guidance documents relevant to groundwater monitoring at DOEPORTS are described in 
the following sections. 

State and Federal Laws and Regulations 

RCRA, with its accompanying regulations, is the primary federal law establishing groundwater 
monitoring requirements, although CERCLA also contains certain requirements. The USEPA promulgates 
and enforces federal groundwater monitoring regulations. DOWORTS is located in USEPA Region V, 
which is headquartered in Chicago and encompasses the midwestern states. 

The Ohio EPA promulgates and enforces state groundwater monitoring regulations, which must be 
consistent with federal regulations. DOERORTS is located within the jurisdiction of the Ohio EPA Southeast 
District Office in Logan, Ohio. The Ohio EPA is authorized to manage the RCRA and Hazardous and Solid 
Waste Amendment (HSWA) program in Ohio, excluding the authority to issue interim status corrective 
orders. The Ohio EPA has primary enforcement authority for RCRA requirements within Ohio, 

in the following sections. 
State and federal regulations governing groundwater monitoring at DOE/PORTS are briefly described 

Title 40, Code of Federal Regulations, Part 265, Subpart F; Part 264, Subpart F; and 
Corresponding State Regulations 

RCRA groundwater monitoring requirements have been established in phases. Initial requirements, or 
interim status requirements, are prescribed by Title 40, Code of Federal Regulations, Part 265 (40 CFR 265) 
and Ohio Administrative Code (OAC) 3745-65-90 through -94. Interim status groundwater monitoring 
requirements are applied to all authorized interim status hazardous waste management units. Basically, the 
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DOE Order 5400.1 defines environmental monitoring as consisting of effluent monitoring and 
environmental surveillance and establishes detailed requirements for both a groundwater protection manage- 
ment program and a groundwater monitoring program. The Groundwater Protection Program (GWPP) 
Management Plan must be reviewed annually and updated every three years. The plan should include 

documentation of the groundwater regime with respect to quantity and quality; 
design and implementation of a groundwater monitoring program to support resource management and 
comply with applicable environmental laws and regulations; 
a management program for groundwater protection and remediation, including specific Safe Drinking 
Water Act, RCRA, and CERCLA action; 
a summary and identification of areas that may be contaminated with hazardous substances; 
strategies for controlling sources of these contaminants; 
a remedial action program that is part of the site CERCLA program required by DOE Order 5400.4; and 
decontamination and decommissioning and other remedial programs contained in DOE directives. 

A groundwater monitoring program is to be developed as part of any environmental monitoring plan 
and for the groundwater protection management program. The groundwater monitoring program shall con- 
form with RCRA standards, where appropriate. Monitoring for radionuclides is to be conducted in accordance 
with DOE orders. 

ing monitoring well construction and location, groundwater sampling frequency, sampling and analytical 
methods, sample sizes, and methods of sample preservation. 

In addition to these general requirements, DOE Order 5400.1 also contains recommendations regard- 

5400.2A, Environmental Compliance Issue Coordination 

This order requires coordination of environmental issues that are of significance to DOE, including 
groundwater protection. 

5400.3, Hazardous and Radioactive Mixed Waste Management 

Under this order, DOE must manage hazardous and radioactive mixed waste according to the require- 
ments of RCRA, including those of 40 CFR 264 and 265. “RCRA applies to the extent it is not inconsistent 
with the Atomic Energy Act (AEA). The radioactive component of radioactive mixed waste is subject to the 
requirements of DOE 5820.2A.” 

5400.4, Comprehensive Environmental Response, Compensation, and Liability Act 
Program 

This order requires that corrective actions under RCRA or state laws be performed in a manner that 
satisfies CERCLA requirements, where appropriate. 
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Fig. 6.5. X-735 landfill monitoring well locations. 
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X-701B Holding Pond 

The X-701B holding pond (see Figure 6.9) is a group of unlined ponds consisting of a holding pond 
and the east and west retention basins. The holding pond was used from the beginning of plant operation in 
1954 until November 1988. The pond was designed for neutralization and settlement of acid waste from 
several sources, including the X-701C neutralization pit (which receives waste from the X-700 chemical 
cleaning building), the X-705 decontamination building, and the X-720 maintenance building. While most 
wastes discharged to the X-701B holding pond were acid wastes, degreasing solvents, including TCA and 
TCE, were also discharged to the pond. 

Beginning in 1974 slaked lime was added to the waste streams to neutralize the acid and to induce 
precipitation of radionuclides. The accumulated sludge was dredged annually and placed in the east retention 
basin from 1974 to 1980. After 1980 the sludge was placed in the west retention basin. Like the holding pond, 
these retention basins were unlined and did not have a leachate collection system. 

Groundwater Investigations 

Several groundwater investigations have occurred at this unit as well as installation of 74 groundwa- 
ter monitoring wells: eight wells are screened in the Minford clayhilt, 57 in the Gallia sand, one in the 
Sunbury shale, and 8 in the Berea sandstone. Twenty-seven wells have been selected for quarterly assessment 
sampling. The samples are analyzed for parameters given in Table 6.2. 

and extent of dense nonaqueous phase liquids (DNAPLs) containing TCE in the subsurface. Preliminary 
resuIts of the modeling efforts correlated we11 with the observed data. Additional model refinement is planned 
to be done in 1996. Final results will be used to evaluate potential remediation alternatives. 

Groundwater Flow 

In 1995 a three-dimensional multiphase groundwater flow model was initiated to predict thevolume 

The primary pattern of groundwater movement in the Minford clayhilt is vertically downward. 

The primary pattern of groundwater movement in the Gallia sand is horizontal. Groundwater in the 
Approximately 80% of the water entering the Minford clayhilt moves downward to the GalIia sand. 

Gallia sand near X-701B holding pond flows radially from a groundwater mound located about 1,200 ft north 
of the holding pond. Groundwater flows from the mound southward under the X-701B holding pond and then 
turns eastward toward Little Beaver Creek. A groundwater divide is located just west of the holding pond, 
indicating that all groundwater in the X-701B holding pond area discharges either to Little Beaver Creek, the 
X-23OJ7 east holding pond, or the East Drainage Ditch (see Figure 6.9). 

Calculated groundwater flow velocity ranges from 0.8 to 1.6 ft/day. The hydraulic conductivity of the 
Gallia sand is higher near the X-701B holding pond and decreases toward Little Beaver Creek. The hydraulic 
gradient is lowest near the X-701B holding pond but increases in the same direction that the hydraulic con- 
ductivity decreases so that the groundwater velocity remains nearly constant. 

although this is only 2.4% of the water that enters the Gallia sand. Groundwater flow velocities calculated for 
the Sunbury shale are much lower than those for the Gallia sand or Berea sandstone. This is consistent with 
field observation of thick, competent shale in the vicinity of the X-701B holding pond. 

is for the other geologic units in the Vicinity of the X-701B holding pond. However, groundwater in the Berea 

Practically all inflow to the Sunbury shale migrates vertically downward to the Berea sandstone, 

The groundwater flow direction in the Berea sandstone, toward Little Beaver Creek, is the same as it 
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X-710 building. The areal extent of the TCE plume encompasses the areal extent of all other VOC plumes 
associated with the X-231B oil biodegradation plot, and the levels of TCE are also higher than any other 
voc. 

Remediation Measures 

As part of closure on this unit, three groundwater extraction wells were installed in the Gallia sand. 
These wells are located south of the unit and are aligned across the central portion of the TCE contaminant 
plu%e (shown in Figure 6.10). The extracted groundwater is treated by activated carbon filters at the X-622 
south groundwater treatment facility. 

In 1994 the X-231B vadose zone was remediated using in situ thermal enhanced vapor extraction to 
remove VOCs. The process utilized an 8-ft diameter auger to mix the vadose soils. During the soil mixing, 
heated air was injected into the soils. The off-gas was collected in a 12-ft diameter shroud and transferred to a 
carbon adsorption filter. A vacuum was imparted on the shroud to collect and transfer the off-gases. Approxi- 
mately 80% of the VOCs present in the vadose zone were removed by this treatment. An interim cap has been 
installed over the unit until final closure is accomplished. Assessment monitoring will continue at the X-231B 
southwest oil biodegradation plot until final closure and the initiation of post-closure monitoring. 

X-616 Chromium Sludge Surface Impoundments 

The X-616 chromium sludge surface impoundments consist of two unlined lagoons that were used 
from 1976 to 1985 for storage of sludge generated by treatment of recirculating cooling water blowdown from 
the DOEPORTS process cooling system. A hexavalent chromium-based corrosion inhibitor was used in the 
cooling water system. The chromium in the blowdown was reduced to a trivalent chromium at the X-616 
impoundments by adding sulfur dioxide to the water, which produced sulfurous acid (H,SO,). The resulting 
chromium hydroxide sludge was then precipitated in a clarifier by pH adjustment with slaked lime and a 
polymer coagulant. The sludge was pumped to the X-616 impoundments, where it was stored. 

From February to May 1987, treated process effluent from the X-700 chemical cleaning facility, via 
the X-701C neutralization pit, was diverted to the X-616 surface impoundments to reduce the high concentra- 
tion of suspended solids discharged from the X-701B holding pond. In addition, chlorinated organic solvents 
were discovered in the X-700 chemical cleaning facility basement sump that discharges to the X-701C 
neutralization pit. 

since 1994. Closure activities at the X-616 impoundments included dewatering, removing the chromium 
sludge, and backfilling the ponds with clean Ell. 

This unit was certified closed in 1993, and semiannual post-closure monitoring has been conducted 

Groundwater Investigations 

Since 1978 groundwater investigations have been conducted, and monitoring wells have been in- 
stalled at the X-616 chromium sludge surface impoundments. During the GWQA study for the X-616 im- 

I 
poundments, 22 groundwater monitoring wells were sampled. Some VOCs were found in isolated wells at 
concentrations below 10 ppb. In November 1989, four wells were sampled for RCRA Appendix IX analytes 
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that deposited wastes consisted of 85% scrap materials and 15% containerized solids. Typically, wastes were 

materials disposal facility was closed in 1992 in accordance with RCRA requirements. Elements of the 
closure included 

I placed in trenches approximately 12 to 15 fl deep and were then covered with earth. The X-749 contaminated 

installation of a multimedia cap, 
installation of a slurry wall along the north side and northwest comer of the unit, 
installation of subsurface groundwater drains on 
comer of the unit, and 
one groundwater extraction well within each of the groundwater drains. 

northern half of the east side and the southwest 



Contamination, 1995. 

















FIG. 6.16. RFI quadrants and associated drainages at DOEIPORTS. 
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flow velocities and flow direction have remained constant since 1991. Three of the X-701B wells had a 
significant change in TCE concentration (i.e., a 1995 mean concentration more than two standard deviations 
higher or lower than the 1994 mean concentration). The annual mean TCE concentration decreased at well 
X701-08G, which is near the center of the plume and at well X701-21G, which is downgradient of the source. 
There was an increase in the mean TCE concentration at well X701-1OG. This may indicate movement of the 
center of the plume. TCE was not detected in groundwater samples from Berea monitoring wells. The five- 
year trend at wells X701-21G and 24G indicate that the mean TCE concentration continues to decrease over 
most of the area. 

Radiological Contamination 

Radiological results for 1995 were elevated over 1994 results in some of the Gallia wells located in 
theX-701B TCE plume (X701-06G, and X701-21G). Anincrease in annual mean gross beta activity was 
observed in well X701-06G, and technetium annual mean activity was higher in well X701-21G. Radiological 
results from Berea wells at X-701B showed little change from 1994. 

X-749 Contaminated Materials Disposal Facility 

VOC Contamination 

VOC contamination in the Gallia at X-749 is composed primarily of TCE, TCA, DCE, DCA, Freon- 
113, chloroform, and vinyl chloride. TCE concentrations increased at X749-04G. TCE and TCA concentra- 
tions decreased at monitoring wells X749-10G, X749-25G, and X749-26G. Freon-1 13 concentrations in- 
creased at well X749-36G. DCA concentrations increased at wells X749-PZ04G, X749-10G, X749-13G, and 
X749-08G. 

The only VOCs detected in the Berea were DCAs (maximum concentration of 7 ppb) at well X749- 
50B. This result is similar to 1994 data, at which time it was suspected that limited cross-contamination from 
the Gallia could have occurred during installation of the well because the well is screened beneath the Gallia 
VOC plume. However, the annular seal of the well was investigated and found to be intact, so additional 
cross-contamination shou€d not occur. Therefore, as concluded in last year’s report, the VOC concentrations 
in this well are thought to be remnants of the original cross-contamination. The five-year trend in TCE 
concentrations at two X-749 wells is shown in Figure 6.18. 

Radiological Contamination 

In 1995 the gross beta activities for X749-08G, X749-13G, X749-25G, and X749-32G decreased. 
Technetium activities decreased in wells X749-06G and X749-32G. Uranium concentrations decreased in 
wells X749-PZ05G and X749-60B. Gross alpha concentrations increased in well X749-60B and decreased in 
well X749-PZ05G. The radionuclide results for the remaining Gallia wells were relatively unchanged from 
1994; likewise, results of the Berea radiochemical analyses were similar to the 1994 results. 
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Radiological Contamhati-. . nn 

Results for 1995 show little change compared to 1994. Technetium and gross beta concentrations 
decreased slightly in well X70 1 -70G. 

X-735 Landfill 

VOC Contamination 

Results for 1995 show little change compared to 1994. Except for one detection of carbon disulfide (a 
typical laboratory contaminant) in well X735-2OBy no VOCs were detected in Gallia or Berea wells in X-735. 

Radiological Contamination 

Results for 1995 show little change compared to 1994. Except for uranium in well X735-19G, no 
radiological contamination was detected at concentrations above the proposed action levels. 

Metals Contamination 

Cadmium, chromium, lead, and nickel were detected above their MCLs. At one well, the detected 
dissolved cadmium concentration was 5.5 ppb; however, the total cadmium concentration was less than the 
detection limit (2.9 ppb). These data are inconsistent but do indicate a release. Except for this cadmium result, 
the dissolved metal concentrations in the upgradient well are either comparable to the downgradient well, 
occurred in only one sampling event, or are higher than the downgradient well. 

Surface Water 

Surface water monitoring for Little Beaver Creek, the East Drainage Ditch, North Holding Pond, Big 
Run Creek, the unnamed southwest drainage ditch, and the West Drainage Ditch is conducted as part of 
assessment monitoring at X-701B, X-749, X-231B, and X-616. The results discussed in this section pertain 
only to surface water monitoring conducted in support of the DOEJPORTS GWPP. 

VOC Contami nation 

The concentration of VOCs (primarily TCE) in the East Drainage Ditch and Little Beaver Creek near 
the X-701B contaminant plume has decreased since the interceptor trench (X-237) for the plume was installed 
in October 1991. TCE has not been detected in Little Beaver Creek since the second quarter of 1994. At an 
unnamed southwest drainage ditch sampling site, UND-SWO1, TCE was detated at a higher concentration 
than in 1994. TCE was not detected in Big Run Creek, the North Holding Pond, or the West Drainage Ditch 
in 1995. 

1 
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cates, replicate samples, check samples, and various other internal controls. The extensive internal QC 
program helps ensure reliability of the analytical data on a day-to-day basis. 

Environmental Compliance personnel track and interpret analytical results. Responsibility for inter- 
preting and tracking environmental data is divided because of the large amount of surveillance information 
generated. Data are reviewed when made available to ascertain compliance with applicable regulations. In 
some instances, remedial action may be warranted. The data are reviewed periodically for overall interpreta- 
tion and, where relevant, for their interprogram relationships. Documentation of these efforts serves as a 
resource for future activity. 

FIELD SAMPLING AND MONITORING 

Personnel involved in field sampling and monitoring are properly trained. They use approved proce- 
dures developed from guidelines and regulations promulgated by DOE or other regulatory agencies exercising 
authority over DOEPORTS activities. These procedures specify sampling protocol, sampling devices, and 
containers and preservatives to be used. Chain-of-custody procedures (used with all samples) are documented, 
and samples are controlled and protected from the point of collection to the generation of analytical results. 

Basic Concepts and Practices 

Because data generated from field sampling can be greatly influenced by the methods used to collect 
and transport the samples, it is imperative that a QA program be in place to ensure that the samples are 
collected properly and represent the conditions that exist in the environment at the time of sampling. The 
DOEPORTS QA program mandates compliance with written sampling procedures, using clean sampling 
devices and containers, employing approved sample-preservation techniques, and submitting field blanks and 
duplicate samples. Chain-of-custody procedures are strictly followed to ensure that sample integrity is main- 
tained. Samples are delivered tothe laboratory as soon as practicable after collection to ensure sample integ- 
rity. 

Surface Water Monitoring 

Liquid effluent streams from DOE/PORTS are sampled and analyzed in compliance with the "DES 
discharge permit. Written procedures are used as guides for both sampling and analysis of effluent streams. 
Flow and pH are measured and recorded at several discharge points. 

Groundwater Monitoring 

The DQEPORTS groundwater monitoring program requires the use of disposable Teflon bailers to 
reduce the risk of cross-contamination of wells and samples. Written procedures are followed when collecting 
and analyzing samples. Field blanks and duplicate samples are also submitted to the laboratory to ensure that 
sampling techniques are not influencing the data being collected. 

ANALYTICAL QUALITY ASSURANCE 

The Portsmouth analytical laboratory continues a long tradition of QA and has a well-established QA 
program. Integral to this program are a highly trained, well-qualified staff; use of approved written procedures 
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and current analytical methodology; ment and facilities; well-established in- 
house surveillance, noncompliance r , and corrective action programs; and routine use of accepted 
laboratory practices and measurement techniques. As part of the QA effort, the analytical laboratory main- 
tains comprehensive internal QC programs, participates in a number of external QC programs, and exten- 
sively uses statistic 

gram is based on the QA/QC requirements mandated by the Ohio EPA, the 
USEPA, and DOE. Analyses are performed using USEPA-approved methods. Other reliable methods are 
used when USEPA methods are not available. 

During I994 the Portsmouth laboratory was reaccredited as an American Industrial Hygi 
tion Industrial Hygiene Laboratory. In addition, the lab has maintained accreditation from NIST for bulk 
asbestos fiber analysis u 

I 
ation to evaluate its performance. 

National Voluntary Laboratory Ac 

Internal Quality 

Internal QC programs at the Portsmouth laboratory are the basis for ensuring reliable analytical 
results on a day-to-day and batch-to-batch basis. In accordance with USEPA expectations, the total QC e 
in these programs averages from 10% to 20% of the total laboratory effort. Internal QC programs, which 
include both known and blind controls, are routinely administered by the Laboratory Controls and Standards 
Group independently of the analytical laboratories. Statistical evaluation of the QC programs is performed by 
the laboratory statistician. 





~- 

Program (MAPEP). In conjunction with the EMSL-LV, 16 analyses were performed on four parameters 
(alpha and beta activity, total uranium, and plutonium-239) in an aqueous matrix. All sample results were in 
the acceptable range. Various matrix samples such as water, air filters, soil, tissue, and vegetation are ana- 
lyzed semiannually for a variety of radioactive isotopes as part of the EML program. In 1995 the Portsmouth 
laboratory performed a total of 71 analyses in the two rounds of this program (EML 569 and EML 576). The 
percentage of results in the acceptable range was 99%. In 1995 the Portsmouth analytical laboratory partici- 
pated in two MAPEP progr in which the percent of acceptable results was 97.7%. 

Nonradiological Qual 

The Portsmouth laboratory participated in several nonradiological QC programs in 1995, including 
the Proficiency Environmental Testing Program, the Real World Matrix program, the USEPA Discharge 
Monitoring Report Quality Assurance Study (DMR-QA), the USEPA Water Pollution Performance Evalua- 
tion Study (wp), the NOSH Proficiency Analytical Testing Program, and the NIOSH Environmental Lead 
Proficiency Analytical Testing Program. 

commercial control programs for environmental analysis sponsored by Analytical Products Group, Inc. 
(APG), of Belpre, Ohio. For the PET program samples at two concentration levels representing a wide variety 
of environmental parameters are distributed monthly to laboratories nationwide, Results are statistically 
evaluated by APG and are issued to participating laboratories. The report includes two evaluations as a 
measure of performance for each analysis: percent recovery of the reference value (which is based on APG’s 
reference value for the analyte) and deviation from the mean result of all reporting laboratories in the program 
(which provides a performance comparison with all participants). During 1995 1,447 analyses representing 
76 analytes were performed; of the total results, 98.6% were deemed acceptable. 

The USEPA conducts DMR-QA, a national QA program, in support of the MPDES program. All 
hoiders of major NPDES permits are required to participate. The USEPA furnishes QC samples and evaluates 
the results. During 1995 100% of laboratory results for 17 analytes were deemed acceptable. In addition, 
results for two parameters @H and residual chlorine) analyzed by the sample group were also acceptable. 

The USEPA WP Study includes a wide variety of organic, inorganic, and miscellaneous test param- 
eters applicabIe to water pollution analyses. The test materials are prepared and distributed from the EMSL in 
Cincinnati. Results are evaluated by the participating laboratory’s USEPA regional office. In rounds WPO34 
and WPO35, the Portsmouth laboratory submitted 269 usable results, 96% of which were acceptable. 

Laboratories nationwide participate in the NIOSH Proficiency Analytical Testing Program. Although 
its primary purpose is to support safety and health programs, this program includes a number of analyses that 
represent environmental concerns (i.e., metals, silica, asbestos, and organic solvents). The Portsmouth labora- 
tory achieved 93% acceptable results for the 120 results submitted during 1995. 

tive effort among NIOSH, the USEPA, and the American Industrial Hygiene Association to improve and 
evaluate the performance of laboratories involved in the analysis of lead in paint, dust, and soil matrices. 
During 1995 the Portsmouth laboratory participated in all four unds (010-013) of this program. Acceptabil- 
ity for the 48 results submitted was 100%. 

The Proficiency Environmental Testing (PET) Program and the Real World Matrix program are 

The Environmental Lead Proficiency Analytical Testing Program, established in 1992, is a coopera- 

Performance Summary 

During 1995 the Portsmouth laboratory performed2,146 external control measurements, 98.1% of 
which were acceptable. In addition, a total of 21 independent assessments of both field and laboratory facili- 
ties were completed with no major findings issued. 
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DOEPORTS 

Some isotopes are stable, or nonradioactive; some are radioactive. Radioactive isotopes are called 
radioisotopes, or radionuclides. In an attempt to become stable, radionuclides “throw away,” or emit, rays or 
particles. This emission of rays and particles is known as radioactive decay. 

RADIATION 

Radiation, or radiant energy, is energy in the form of waves or particles moving through space. 
Visible light, heat, radio waves, and alpha particles are examples of radiation. When p p l e  feel warmth from 
the sunlight, they are actually absorbing the radiant energy emitted by the sun. 

Electromagnetic radiation is radiation in the form of electromagnetic waves; examples include 
gamma rays, ultraviolet light, and radio waves. Particulate radiation is radiation in the form of particles; 
examples include alpha and beta particles. Radiation also is characterized by the way in which it interacts 
with matter. 

Ionizing Radiation A-F2-RADPOWER.FH4 

Normally, an atom has an 
LEAD equal number of protons and 

electrons; however, atoms can 
lose or gain electrons in a process 
known as ionization. Some forms 
of radiation can ionize atoms by 
“knocking” electrons off atoms. 
Examples of ionizing radiation ALUMINUM 
include alpha, beta, and gamma 
radiation. Ionizing radiation is 
capable of changing the chemical 
state of matter and subsequently 
causing biological damage and 
thus is potentially harmful to 
human health. Figure A.2 shows 
the penetrating potential of 
different types of ionizing 
radiation. 

PAPER 

ALPHA BETA GAMMA, 
X RAYS 

Nonionizing Radiation 

Nonionizing radiation 
bounces off of or passes through 
matter without displacing elec- 
trons. Examples include visible light and radio waves, Currently, it is unclear whether nonionizing radiation is 
harmful to human health. In the discussion that follows, the term radiation is used to describe ionizing radia- 
tion. 

Fig. A.2. Penetrating power of radiation. 
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Radiation is an important tool of diagnostic medicine and treatment, and, in this use, is the main 
source of exposure to human-made radiation Exposure is deliberate and directly beneficial to the patients 
exposed. Generally, medical exposures from diagnostic or therapeutic X rays result from beams directed to 
specific areas of the body. Thus, all body organs generally are not irradiated uniformly. Radiation and radio- 
active materials are also used in a wide variety of pharmaceuticals and in the preparation of medical instru- 
ments, including the sterilization of heat-sensitive products such as plastic heart valves. Nuclear medicine 
examinations and treatment involve the internal administration of radioactive compounds, or 
radiopharmaceuticals, by injection, inhalation, consumption, or insertion. Even then, radionuclides are not 
distributed uniformly throughout the body. 

Radiation and radioactive material in the environ- 
ment can reach people through many routes. Potential 
routes for radiation are referred to as pathways. For 
example, radioactive material in the air could fall on a 
pasture. The grass could then be eaten by cows, and the 
radioactive materid on the grass would show up in the 
cow’s milk. People drinking the milk would thus be 
exposed to this radiation. Or, people could simply inhale 
the radioactive material in the air. The same events could 
occur with radioactive material in water. Fish living in the 
water would be exposed; people eating the fish would then 
be exposed to the radiation in the fish. Or, people swim- 
ming in the water would be exposed (see Figure A.3). 

MEASURING RADIATION 

To determine the possible effects of radiation on 
the environment and the health of people, the radiation 
must be measured. More precisely, its potential to cause RAD~ATION 



























DOWPORTS 

effluent monitoring-The collection and analysis of samples or measurements of liquid and gaseous efflu- 
ents for purposes of characterizing and quantifying the release of contaminants, assessing radiation exposures 
of members of the public, and demonstrating compliance with applicable standards. 

Environmental Restoration-A DOE program that directs the assessment and cleanup of its sites (remedia- 
tion) and facilities (decontamination and decommissioning) contaminated with waste as a result of nuclear- 
related activities 

exposure (radiation)-The incidence of radiation on living or inanimate material by accident or intent. 
Background exposure is the exposure to natural background ionizing radiation. Occupational exposure is that 
exposure to ionizing radiation that takes place at a person’s workplace. Population exposure is the exposure to 
the total number of persons who inhabit an area. 

external radiation-Exposure to ionizing radiation when the radiation source is located outside the body. 

fauna-The population of animals at a given area, environment, formation, or time span. 

fecal coliform-The coliform group comprises all of the aerobic, non-spore-forming, rod-shaped bacteria. 
The test determines the presence or absence of coliform organisms. 

flora-The population of plants at a given area, environment, formation, or time span. 

formation-A mappable unit of consolidated or unconsolidated geologic material of a characteristic lithology 
or assemblage of lithologies. 

gamma ray-High-energy, short-wavelength electromagnetic radiation emitted from the nucleus of an 
excited atom. Gamma rays are identical to X-rays except for the source of the emission. 

gamma spectrometry-A system consisting of a detector, associated electronics, and a multichannel ana- 
lyzer that is used to analyze samples for gamma-emitting radionuclides. 

Gaussian pufflplume model-A computer-simulated atmospheric dispersion of a release using a Gaussian 
(normal) statistical distribution to determine concentrations in air. 

Geiger-Mueller (GM) counter-A highly sensitive, gas-filled radiation detector that operates at voltages 
sufficiently high to produce ionization. The counter is used primarily in the detection of gamma radiation and 
beta emission. It is named for Hans Geiger and W. Mueller, who invented it in 1928. 

grab sample-A sample collected instantaneously with a glass or plastic bottle placed below the water 
surface to collect surface water samples (also called dip samples). 

groundwater, unconfined-Groundwater exposed to the unsaturated zone. 

half-life, radiological-The time required for half of a given number of atoms of a specific radionuclide to 
decay. Each nuclide has a unique half-life. 

hydrology-The science dealing with the properties, distribution, and circulation of natural water systems. 

G-4 Glossary 









DOElPORTS 

sievert (Sv)-The SI (International System of Units) unit of dose equivalent; I Sv = 100 rem. 

slurry-A suspension of solid particles (sludge) in water. 

Solid waste disposal facility (SWDF)-A place for burying unwanted radioactive material to prevent escape 
of radioactivity. The surrounding water acts as a shield. Such material is placed in watertight, noncorrodible 
containers so that it cannot leach out and invade underground water. 

source--A point or object fiom which radiation or contamination emanates. 

specific conduc tance l l e  ability of water to conduct electricity; this ability varies in proportion to the 
amount of ionized minerals in the water. 

stable-Not radioactive or not easily decomposed or otherwise modified chemically. 

stack-A vertical pipe or flue designed to exhaust airborne gases and suspended particulate matter. 

standard deviation-An indication of the dispersion of a set of results around their average. 

storm water runoff-Surface streams that appear after precipitation. 

strata-Beds, layers, or zones of rocks. 

substrate-The substance, base, surface, or medium in which an organism lives and grows. 

surface water-All water on the surface of the earth, as distinguished fiom groundwater. 

suspended solids-h4ixhu-e of fine, nonsettling particles of any solid within a liquid or gas. 

Sv-See sievert. 

SWDF-See solid waste disposal facility. 

terrestrial radiation-Ionizing radiation emitted from radioactive materials, primarily potassium-40, tho- 
rium, and uranium, in the earth’s soils. Terrestrial radiation contributes to natural background radiation. 

thermoluminescent dosimeter (TLD)-A device used to measure external gamma radiation. 

TLD-See thermoluminescent dosimeter. 

total activity-The total quantity of radioactive decay particles that are emitted from a sample. 

total solids-The sum of total dissolved solids and suspended solids. 

total suspended particulates-Refers to the concentration of particulates in suspension in the air irrespective 
of the nature, source, or size of the particulates. 
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