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Glossary of Terms, Acronyms and 
Abbreviations 
 

AB – Auxiliary Building – Structure containing aux iliary equipment required to operate the site 
reactors.  Houses most of the equipment out side of the containment buildings, which held 
radioactively contaminated fluids 

AEC – Atomic Energy Commission – The predecessor agency to the Nuclear Regulatory 
Commission 

ARMS – Aerial Radiological Monitoring Survey  – A federal program which monitored 
background radioactivity at certain facilities 

ASTM – American Society of Tests and Measures 

Background Radiation –  Radiation from cosmic sources;  naturally occurring radioactive 
material, including radon (except as a decay produc t of source or special nuclear material); 
and global fallout as it exists in the environment from the testing of nuclear explosive devices 
or from past nuclear accidents such as Cher nobyl that contribute to background radiation and 
are not under the control of the licensee.  “Background radiation” doe not include radiation 
from source, byproduct, or special nuclear materials regulated by the NRC 

Class 1 – Areas that have, or had, a potential for radioactive or other contamination (based on 
site operating history) or known contamination (based on previous surveys) 

Class 2  – These areas have, or had, a potential for contamination, but are not expected to 
exceed 50% of the DCGL 

Class 3 – Any impacted areas that are not expected to  contain any residual contaminants, or 
are expected to contain levels of contaminants at a very small fraction of the DCGL (less than 
10%) 

Controlled Area – An area, outside of a restricted area but inside the site boundary, access to 
which can be limited by the licensee for any reason 

CPM – Counts Per Minute – A measure of radiation detected by a Geiger-Muller detector 

Curie (Ci) – The basic unit of radioactivity.  Corresponds to the amount of radioactive material, 
which undergoes 37 billion disintegrations per second 

DAW – Dry Active Waste – A type of low-level radioactive waste 
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DCGL – Derived Concentration Guideline Level – is  the locally measurable concentration of 
each contaminant of interest that reflects (through the use of approv ed contaminant pathway 
modeling) the regulatory based exposure limit for unconditional release of the site 

DPM – Disintegrations Per Minute – A unit of measure of radioactive contamination 

DQA –  Data Quality Assessment – The scientific  and statistical evaluation of data to 
determine if the data are of the right type, quality, and quantity to support their intended use 

DSAR – Defueled Safety Analysis Report – An NRC licensee document describing the 
structures, systems and component s related to safety in a permanently defueled nuclear 
reactor 

DVR – Deviation Report – A type of report used through the mid 1980’s to describe deviations 
from routine operations 

EPA – Environmental Protection Agency – The federal agency tasked with regulating non-
radioactive contaminants from industrial facilities 

ESD – Environmental Services Department – A Un icom corporate department responsible to 
provide non-radiological environmental support to the corporation 

FB (or FHB) –  Fuel Building – Structure containi ng the spent fuel pool and associated 
equipment 

GM – Geiger Muller Detector – A radiation detecto r used primarily to measure low levels of 
contamination 

GSEP – Generating Station Emergency Plan – A ComEd corporate plan developed to 
prepare for any emergency at ComEd nuclear stations 

H-3 – Symbol for Tritium – A radioactive form of hydrogen 

HSA – Historical Site Assessment – A detailed in vestigation to collect existing information 
relating to environmental contaminants for a site and its surroundings 

IDNS – Illinois Department of Nuclear Safety – An Illinois state agency providing regulatory 
overview of facilities, which handle radioactive materials 

IEPA – Illinois Environmental Protection Agenc y – An Illinois state agency providing 
complementary regulation to the EPA 

Impacted Area – Areas that have some potential for containing contaminated material 

IR – Inspection Report – A type of NRC report. 

IRSF – Interim Radioactive-Waste Storage Facility – A building designed to provide temporary 
on-site storage of low-level radioactive wastes in the event off-site burial facilities were 
unavailable 
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LER – Licensee Event Report –  Regulation requi red reports written by NRC licensees to 
describe variations from facility license documents 

MARSSIM – Multi-Agency Radiological Site Survey  Investigation Manual – A regulatory 
guidance document regarding standard protocol s for site radiation surveys for 
decommissioning activities.  Developed jointl y by the U.S. NRC, U.S. EPA, Department of 
Energy, and the Department of Defense 

Non-Impacted Area  – Areas where there is no reasonable possibility for residual 
contamination to exist 

NPDES – National Pollutant Discharge Elimination System – A permit issued by the U.S. EPA 
allowing specified discharge of non-radioactive contaminants from the facility 

NRC – Nuclear Regulatory Commission – The pr imary federal agency regulating nuclear 
related activities at power reactors 

NTS — Nuclear Tracking System – A ComE d database that held documentation on 
commitments to regulatory agencies or audit/eval uation groups.    This database is no longer 
active and the information archived to the Nuclear Data Store 

PIF – Problem Identification Form – A document used to describe variations from ComEd 
programs, processes or procedures 

Protected Area – The area controlled by  the NRC licensee for the purposes of protection of 
the public from radiation.  At Zion Station, the protected area comprises all facilities and 
ground within the double security fence, requiring access through the station security building 

Radiologically Protected Area (RPA) – An area within the restricted area to which access is 
limited for the purpose of protecting individuals against undue risks from exposure to radiation 
and radioactive materials.  Access to these areas typically require radiation measuring 
devices, appropriate training, and administrative controls 

REMP – Radiological Environmental Monitoring Program – An NRC required program which 
provides for the monthly collection and analysis  of various environmental media for potential 
radiological effects from the operation of Zion Station 

Residual Radioactivity –  Radioactivity in structures, ma terials, soil, groundwater, and other 
media at a site resulting from activities under the licensee’s control.  This includes radioactivity 
from all licensed and unlicensed sources used by the licensee, but excludes background 
radiation.  It also includes radioactive materials re maining at the site as a result of routine or 
accidental releases or radioactive material at t he site and previous burials at the site, even if 
those burials were made in accordance with the provisions of 10 CFR Part 20 

Restricted Area –  An area, access to which is limited by the licensee for the purpose of 
protecting individuals against undue risks from exposure to radiation and radioactive materials 

Roentgen (R) –  A measure of radiation.  Natural background in northern Illinois is 
approximately 0.35 R (or 350 mR) per year 
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ROR – Radiation Occurrence Report – A ComEd historic document used to describe 
variations from radiation protection programs, processes or procedures.  No longer used 

RW – Radioactive Waste 

SAFSTOR – Safe Storage - A decommissioning strategy where the facility is placed in a safe 
and stable condition and maintained in this dormant state until the facility is decontaminated 
and dismantled to levels that permit license termination 

SB – Service Building – Structure containi ng maintenance shop areas and administrative 
offices 

SFNI – Spent Fuel Nuclear Island – A series of pl ant modifications which will consolidate all 
systems required for the long term safe storage of the site’s spent fuel within the spent fuel 
building 

Site Boundary – The line beyond which the land or pr operty is not owned, leased, or 
otherwise controlled by the licensee. 

Survey Unit – A geographical area consisting of structures and/or land areas of specified size 
and shape at a remediated site for which a separate decision will be made whether the unit 
attains the site-specific reference-based cleanup standard for the designated pollution 
parameter.  Grouping contiguous site areas with a similar use history and the same 
classification of contamination potential genera lly forms survey units.  Survey units are 
established to facilitate the survey process and the statistical analysis of survey data 

TB –  Turbine Building – Structure containing main turbines and electrical generation 
equipment along with auxiliary equipment 

TSC – Technical Support Center – An onsite facility required by the NRC and used to support 
GSEP.    Zion’s TSC is located on ground level at the northeast corner of the turbine building 

UE – Unusual Event – The lowest significance level of event in the GSEP 

UFSAR – Updated Final Safety Analysis Report – An NRC required document that describes 
the facility structures, system s and components providing safety functions for the reactors.  
Replaced during decommissioning with a reduced scope document (DSAR) 

Unrestricted Area – An area, access to which is neither limited or controlled by the licensee 

WWTF –  Waste Water Treatment Facility – An onsit e facility used to treat wastewater to 
support EPA limits for the site 
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Executive Summary 
 

ComEd announced the permanent shutdown of  Zion Nuclear Generating Station on 
January 15, 1998.  As part of the transit ion of Zion Station from operating to 
decommissioning status, a historical site assessment was begun.  This Historical Site 
Assessment, or HSA, is a detailed inves tigation to c ollect existing information (from the 
start of Zion Station’s activities related to r adioactive materials or other contaminants) for 
the site and its surroundings. 

During the conduct of the Zion HSA, informat ion was obtained from over 300 current and 
previous Zion employees.  Additionally, over 29,000 documents and databases were 
reviewed for the development of the Zion HSA.   

The documentation provided here and in the supplemental materials notes the information 
available and compiled through July 1999.  Additional information may be added in the 
future to continue the usefulness of t he documentation for eventual decommissioning 
planning and characterization. 

The results of the Zion HSA provides a “pictu re” of the facility and site with respect to 
contaminants that may require remediation prior to license termination.  The results of the 
Zion HSA will also be used as a basis for subsequent detailed site characterization and 
for the planning required for the eventual decontamination and dismantlement of the 
facility. 

The results of the Zion HSA show that se veral areas of the facility may require 
remediation prior to site license termination.   The areas that will ultimately require 
remediation will be determined based upon det ailed site contaminant sampling and 
characterization, and the regulatory requirement s in force at the time of the facility 
decontamination and dismantlement. 

The results of the Zion HSA show few instanc es where contaminants were inadvertently 
released from site.  In each case, appropria te subsequent actions were taken, and based 
upon current regulatory guidance, no future action is anticipated to be required. 
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Purpose and Methodology of the Historical 
Site Assessment 

 

Purpose 

The Historical Site Assessment (HSA) is the first step in the Radiation Survey and Site 
Investigation Process. The HSA is a detailed investigation to collect existing information 
(from the start of Zion Station’s activities related to radioactive materials or other 
contaminants) for the site and its surroundings.   

The HSA: 
 

 Identifies potential, likely, or known source s of radioactive or chemical contaminants 
based on existing or derived information  

 Identifies portions of the site that may need further action from those that pose little or 
no threat  to human health  

 Provides an assessment for the likelihood of contaminant migration  

 Provides information useful to subsequent scoping and characterization surveys 

 Provides initial classification of the site(s) or survey unit(s) as non-impacted or 
impacted, along with the site(s) or survey unit(s) impact class 

The Historical Site Assessment (HSA) is a term used in the MARSSIM document and is 
similar to the ASTM Environmental Site A ssessment (ESA) in ASTM E-1527-94.  It is 
similar in concept to the “Scoping Survey ”, defined in the Draft NUREG/CR-5849.  The 
Scoping Survey provides “the basis for initial estimates of the level of effort required for 
decommissioning and for planning the characterization survey”. 

Since both the ASTM procedure and the MARSSIM document are similar in concept, the 
term Historical Site Assessment (HSA) w ill be used throughout the remainder of this 
document to describe the process to identify t he potential areas of concern relating to site 
contamination that will need remediation prior to the final license termination.  

As noted in the NRC public meeting in June 1998, the current decommissioning plans for 
the facility provide for SAFSTOR operat ions through 2010, when decontamination and 
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dismantlement activities will begin for the structures, syst ems and components not 
required for the Spent Fuel Nuclear Island.  Due to this approach, the intended purpose of 
the Zion specific HSA is to provide a compilation and “road-map” of data and documents 
relating to the contaminant makeup of t he site.  This road-map will ease subsequent 
detailed site characterizations to be c onducted in support of decommissioning planning 
which will begin in approximately 2010.   

The current decommissioning plans note that the decontamination and decommissioning 
activities for the turbine building, auxiliary  building and the containments should complete 
by 2020.  Although final site survey is not expected to occur until 2032, certain 
contaminants identified during the conduct of the HSA are decay corrected through 2020 
which is the earliest expected point that release activities could begin. 

 

Methodology Approach and Rationale 

This section serves to discuss the generic approaches used in the conduct of a 
Historical Site Assessment of any facility.  If was the basis for the approach used 
for the conduct of the Zion specific HSA. 

Preliminary HSA Investigation  

This limited-scope investigation serves to colle ct readily available information concerning 
the facility or site and its surroundings. The investigation is designed to obtain sufficient 
information to provide initial classification of the site(s) or survey unit(s) as impacted or 
non-impacted. If impacted, an initial determination of Class 1, 2, or 3 is necessary.  

The process outlined below is iterative in  nature, as additional or higher quality 
characterization information becomes available.  With the least level of information, the 
conservative approach will be to classify a site or survey unit at a higher level. 

Areas may be impacted radiologically, chemically, with petroleum products, asbestos or 
other hazards.  Impacted areas have a potentia l for contamination (based on historical 
data) or contain known contamination (based on past or preliminary radiological 
surveillance). Non-impacted areas — identif ied through knowledge of site history or 
previous survey information — are those areas where there is no reasonable possibility 
for residual radioactive or other contami nation.  Areas that are determined to be non-
impacted should have either administrative controls, or more appropriately access 
controls (e.g., alteration of fencing) to pr event subsequent contami nation of area(s) or 
structures, systems and component s.  Whenever possible, physical access control is the 
preferred vehicle. 

Impacted areas — areas that have some potential for containing contaminated material 
— are further subdivided into one of three classifications:  

Class 1 areas: Areas that have, or had, a potential for radioactive or other contamination 
(based on site operating history) or known contamination (based on previous surveys). 
Examples of Class 1 areas include:  
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 site areas previously subjected to remedial actions,  

 locations where leaks or spills are known to have occurred,  

 former burial or disposal sites,  

 areas near buried or embedded piping (including sewers),  

 areas of potential re-concentration of contaminants at release outfalls, 

 areas near facility downspouts or footing drains, 

 outfalls of facility water treatment systems (septic, potable water, sewer, waste water), 

 facility oil separator systems, 

 waste storage sites, and 

 areas with contaminants in discrete solid pieces of material high specific activity. 

Class 2 areas: These areas have, or had, a potential for radioactive contamination or 
known contamination, but ar e not expected to exceed 50% of the Derived Concentration 
Guideline Level (DCGL), or the Tier I objectives for commercial / industrial sites (Illinois 
Only for Tier I Objectives).  The DCGL is  the locally measurable concentration of each 
contaminant of interest that reflects (t hrough the use of approved contaminant pathway 
modeling) the regulatory based exposure limit fo r unconditional release of the site.  The 
use of a 50% value of the DCGL or Tier I values is for early assessment only, when the 
integrity of the characterization data is le ss sure. Examples of areas that might be 
classified as Class 2 for the final status survey include:  

 locations where radioactive or hazardous materials were present in an unsealed form 
(e.g., process facilities),  

 potentially contaminated transport routes,  

 areas downwind from stack release points,  upper walls and ceilings of buildings or 
rooms subjected to airborne radioactivity,  

 areas where low concentrations of radioactive materials were handled, and  

 areas on the perimeter of former contamination control areas, 

 areas where hazardous materials were handled or stored, including RCRA facilities. 

Class 3 areas: Any impacted areas that are not expected to contain any residual 
radioactivity, or are expected to contain levels  of residual radioactivity at a very small 
fraction of the DCGL (less than 10%), or well below Tier I levels for hazardous materials 
based on site operating history and previous su rveys. Examples of areas that might be 
classified as Class 3 include buffer zones around Class 1 or Class 2 areas and areas with 
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very low potential for residual contamination but insufficient information to justify a non-
impacted classification.  

Class 1 areas have the greatest potential fo r contamination and therefore receive the 
highest degree of survey effort. The criteria us ed for designating areas as Class 1, 2, or 3 
should be described in the final status survey  plan. Compliance with the classification 
criteria should be demonstrated in the final status survey report. A thorough analysis of 
HSA findings and the results of scoping and characterization surveys provide the basis for 
an area's classification. As a survey progresse s, reevaluation of the classification may be 
indicated based on newly acquired survey data.  An investigation should be performed if 
reclassification to a more conservative leve l is required.  This investigation would 
determine if any characterization process changes were required.  Any such 
reclassification should be documented.  

For a Class 2 area, if survey results ident ify the presence of residual contamination 
exceeding 50% of the DCGL, or Tier I levels, an investigation should be initiated to 
determine if all or part of the area should be reclassified to Class 1. 

Based on early categorization, changes in  the boundaries of survey units may be 
warranted to optimize future characterization efforts. 

Existing Radiation and Other Environmental Data  

Site files, monitoring data, former site  evaluation data, Federal, State, or local 
investigations and files, or emergency actions may be sources of useful site information.  

Existing data, which should be collected and collated, include: 

 Most recent site radiological surveys, 

 Most recent site and system radiochemical analyses, 

 Most recent offsite environmental and meteorological results (REMP data), 

 Most recent 10CFR61 analyses, 

 Most recent offsite radiochemistry analyses (e.g., quarterly Sr-89/90, TRU), 

 Most recent semi-annual effluent report, and  

 Most recent summary of site’s 10CFR50.75g(1) files (if applicable), 

 Permit related chemical analyses incl uding drinking water, NPDES data, other 
monitoring data, public health analyses of on-site drinking water wells, etc., 

 Waste analyses and profiles, 

 Any site chemical data collected in conjunction with a leaking underground storage 
tank incident, chemical release, or groundwater-monitoring program. 



 

 6 

Existing site data may provide specific deta ils about the identity, concentration, and areal 
distribution of contaminat ion. However, these data should be examined carefully, 
because:  

 Previous survey and sampling efforts may not have been compatible with HSA 
objectives or may not have been extensive enough to characterize the facility or site 
fully.  

 Measurement protocols and standards may not be known or compatible with HSA 
objectives ( e.g., QA/QC procedures, limited analysis  rather than full-spectrum 
analysis) or may not have been extensive enough to  characterize the facility or site 
fully.  

 Conditions may have changed since the site was last sampled (i.e., substances may 
have been released, migration may have spr ead the contamination, additional waste 
disposal may have occurred, or decontamination may have been performed).  

Existing data can be evaluated using the Da ta Quality Assessment (DQA) process 
described in the MARSSIM or for chemical contaminants, Level III data quality objectives 
as described in the Illinois Site Remediati on Program (35 Illinois Administrative Code 740 
and 742), SW-846 or other applicable regulations. 

Licenses, Site Permits and Authorizations, and Other Authorizations  

The facility or site radioactive material s license and supporting or associated documents 
are potential sources of information for licensed facilities. These documents may specify 
the quantities of radioactive material author ized for use at the site, the chemical and 
physical form of the materials, operations for which the materials are (or were) used, 
locations of these operations at the facility or  site, and total quantities of material used at 
the site during its operating lifetime.  

EPA and State agencies maintain files on a variety of environmental programs. These 
files should contain permit applications and moni toring results with information on specific 
waste types and quantities, sour ces, type of site operations, and operating status of the 
facility or site. 

Zion Station was operated in accordance with several licenses and permits.  The following 
denotes the primary ones relevant to the development of the HSA: 

 Illinois Environmental Protection Agency – National Pollutant Discharge Elimination 
System (NPDES) Permit Number IL0002763 

 United States Nuclear Regulatory Commission – Docket Number 50-295, Facility 
Operating License Number DPR-39 (for Unit One) 

 United States Nuclear Regulatory Commission – Docket Number 50-304, Facility 
Operating License Number DPR- 48 (for Unit Two) 

 Illinois Department of Nuclear Safety – Radioactive Material License Number Il-
01500-01 
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Operating Records  

Records useful for site evaluations include those describing onsite activities and past 
operations involving: demolition, modification, effluent releases, production of residues, on 
site waste disposal, waste and material storage, pipe and tank leaks, spills and accidental 
releases, release of facilities or equipment fr om radiological controls, and onsite or offsite 
radioactive and hazardous waste disposal. 

Past operations should be summarized in chronological order along with information 
indicating the type of permits and approvals that authorized these operations. Estimates of 
the total activity disposed of from the site  or released at the site and the physical and 
chemical form of the radioactive material should also be included.  

Records on waste disposal, environmental m onitoring, site inspection reports, license 
applications, operational permits, waste dispos al material balance and inventory sheets, 
and purchase orders for radioactive materials are useful — i.e., for estimating total activity. 
Information on accidents — such as fires, flooding, spills, unintentional releases, or 
leakage — should be collected as indication of potential sources of contamination. 
Possible areas of localized contamination should be identified.  

Plat of survey, blueprints, drawings, and sketches  of structures are especially useful to 
illustrate the location and layout of buildings on the site. Site photographs, aerial surveys, 
aerial photographs and maps can help verify the a ccuracy of these drawings or indicate 
undocumented changes following the time when the drawings were prepared.  

Analysis of this historic information should take special note of processing locations —
stockpiles of raw materials, finished product, and indications of waste disposal activity. 

This information facilitates planning the Site Reconnaissance and subsequent surveys, 
developing a site conceptual model, and increasing the efficiency of the survey program.  

Corporate contract files may also provide useful information during subsequent stages of 
the Radiation Survey and Site Investigati on Process. Older facilities may not have 
complete operational records, especially for obsolete or discontinued processes. Financial 
records may also provide information on purchasing and shipping which in turn help to 
reconstruct a site’s operational history.  

While operating records can be useful tools during the HSA, the investigator should be 
careful not to place too much emphasis on th is type of data. These records are often 
incomplete and lack information on substanc es previously not considered hazardous. 
Out-of-date blueprints and drawings may not show modifications made during the lifetime 
of a facility.   In addition, for older facilit ies, the required level of documentation varied 
substantially throughout the operational peri od.  It is reasonable to expect to find 
undocumented hazardous materials during the complete characterization process. 

Zion Data Collection 

During the conduct of the HSA for Zion Stati on, many record types were evaluated 
including paper, microform, and electronic media.  In total, over 29,000 records were 
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reviewed for applicability for the HSA.  A co mplete listing of documents reviewed is 
provided in Appendix  3.  

Contacts and Interviews 

Interviews with current or previous em ployees are performed to collect first-hand 
information about the site or facility and to verify or clarify information gathered from 
existing records. Interviews to collect first- hand information concerning the site or facility 
are generally conducted early in the data-gathering process. Interviews cover general 
topics — such as radioactive waste handling pr ocedures. Results of early interviews are 
used to guide subsequent data collection activities.  

Interviews scheduled late in the data gatheri ng process may be especially useful. This 
activity allows questions to be directed to specific areas of the investigation that need 
additional information or clarification. Photographs and sketches can be used to assist the 
interviewer and allow the interviewees to recall information of interest. Conducting 
interviews onsite where t he employees performed their tasks often stimulates memories 
and facilitates information gathering.  

In addition to interviewing managers, engineers,  and facility workers, interviews may be 
conducted with contractor craft and managem ent personnel assigned to the facility to 
obtain information from their perspective. Form er facility employees or retirees also can 
provide substantive anecdotal in formation The investigator should be cautious in the use 
of interview information. Whenever possibl e, anecdotal evidence should be assessed for 
accuracy and results of interviews should be backed up with supporting data.  

Interview Questionnaires Used at Zion 

Two types of interview questionnaires were used in the conduct of the Zion HSA. The first 
type of questionnaire was designed for permanent site production personnel. The second 
type of interview questionnaire was used during the personnel exit process (permanent 
and contractor staff).  Typically, individuals were provided the questionnaire as a part of 
the standard station exit process. These exit intervie ws/questionnaires were obtained 
more as a quality check on information obt ained during permanent staffing interviews. 
During the conduct of the Zion HSA, over 300 per sonnel interviews occurred with current 
and previous Zion personnel.  Examples of both questionnaires, along with the results 
obtained are provided in Appendix  2. 

Evaluation of the Initial Historical Site Assessment Data 

The main purpose of the HSA is to determine the current status of the site or facility, but 
the data collected may also be used to differ entiate sites that need further action from 
those that pose little or no threat to human health and the environment. This screening 
process can serve to provide a site di sposition recommendation or to recommend 
additional surveys. Because some of the data collected during HSA activities is qualitative 
or is qualitative data of unknown quality, many decisions regarding a site are the result of 
professional judgment. 

Any historical analytical data indicating the presence of contamination in environmental 
media (surface soil, subsurface soil, surface water, ground water, lake or pond bottoms, 
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air, or buildings) can be used to support t he hypothesis that radioactive or hazardous 
material was released at the facility or site.  

A decision that the site is contaminated can be made regardless of the quality of the data, 
its attribution to site operations, or its rela tionship to background levels. In such cases, 
analytical indications are sufficient to suppor t the hypothesis — it is not necessary to 
definitively demonstrate that a problem exists.  

Conversely, historical analytical data can al so be used to support the hypothesis that no 
release has occurred. However, these dat a should not be the sole basis for this 
hypothesis. Using historical analytical data as the principal reason for ruling out the 
occurrence of contamination forces the data to demonstrate that a problem does not exist.  
In most cases it is assumed there will be so me level of process knowledge available in 
addition to historical analytical data.  

If process knowledge suggests that no residual  contamination should be present and the 
historical analytical data also suggests that  no residual contamination is present, the 
process knowledge provides an additional level of confidence and supports classifying the 
area as non-impacted.  

However, if process knowledge suggests no residual contamination should be present but 
the historical analytical data indicates the presence of residual contamination, the area will 
probably be considered impacted.  

Also, for facilities that have large gaps in the available historical information, statistical 
sampling will be relied upon to determine the impacted areas. 

Identify Potential Contaminants 

An efficient HSA gathers information sufficient to identify the radionuclides and hazardous 
materials used at the site — including their chemical and physical form. The first step in 
evaluating HSA data is to estimate the pot ential for residual contamination by these 
radionuclides.  

Site operations greatly influence the potential for residual contamination. The amount of 
time since the site was in operation is also an important consideration, particularly for 
radioactive contamination. If enough time has elapsed since the site discontinued 
operations to allow for radioactive decay, radionuclides with short half-lives may no longer 
be present in significant quantities. In this case, calculations demonstrating that residual 
activity could not exceed the DCGLs may be sufficient to evaluate the potential residual 
contaminants at the site.  

A similar consideration can be made based on knowledge of a chemical contaminant’s 
persistence in the environment and its migration characteristics  

Such a determination relies on records of radionuclide inventories, chemical and physical 
forms, media affected (i.e., soil, groundwater, etc.), total amounts of activity in waste 
shipments, and purchasing records to docum ent and support this decision. However, a 
number of radionuclides experience signific ant daughter product ingrowth, which should 
be included when evaluating existing site information.  
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Identify Potential Contaminated Areas 

Information gathered during the HSA should be us ed to provide an initial classification of 
the site areas as impacted or non-impact ed.  Impacted areas have a potential for 
contamination (based on historical data) or  contain known contamination (based on past 
or preliminary surveillance or other site data). This includes areas where:  

 radioactive materials or hazardous materials were used and stored,  

 records indicate spills, discharges or other  unusual occurrences that could result in 
the spread of contamination, and  

 radioactive materials were buried or disposed.  

Areas immediately surrounding or adjacent to these locations are included in this 
classification because of the potential for inadvertent spread of contamination.  

Non-impacted areas—identified through knowledge of site history or previous survey 
information—are those areas where ther e is no reasonable probability for residual 
radioactive contamination. The criteria used for this segregation need not be as strict as 
those used to demonstrate final compliance wi th the regulations. However, the reasoning 
for classifying an area as non-impacted should be maintained as a written record. Note 
that—based on accumulated survey data—an impacted area's classification may change 
as the site proceeds through the decommissioning process.   These areas may still be 
viewed as Controlled Areas. 

All potential sources of radioactivity in impacted areas should be identified, and their 
locations recorded (in 2 or 3 dimensions —to the extent they  can be measured or 
estimated). Sources can be delineated and c haracterized through: visual inspection 
during the site reconnaissance, interv iews with knowledgeable personnel, aerial 
photographs, and historical information concerni ng disposal records, waste manifests, 
and waste sampling data.  

Evaluation should also be made to explore the quantities, contaminants of concern (COC) 
and nuclides comprising part of the facility’s natural background (the contaminant level in 
environmental media existing prior to construc tion of the facility being characterized).  
Portions of this information may be avail able from early site environmental assessments 
or Preliminary Safety Analysis Report (PSAR). 
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Property Identification and Description 
 

Physical Characteristics 

Site and Facility Description 

The Zion Nuclear Station is located in No rtheast Illinois on the west shore of Lake 
Michigan.  The site is approximately 40 miles north of Chicago, Illinois, and 42 miles south 
of Milwaukee, Wisconsin. The site is in the ex treme eastern portion of the city of Zion, 
(Lake County) Illinois, on the west shore of Lake Michigan approximately 6 miles NNE of 
the center of the city of Waukegan, Illinois, and 8 miles south of  the center of the city of 
Kenosha, Wisconsin.  It is located at longitude 87 degrees 48.1 minutes W and latitude 42 
degrees 26.8 minutes N.  The site occupies portions of Sections 22, 23, 26 and 27 in 
Township 46 North, Range 23 East. 

 

Figure 1:  Plat of Zion Nuclear Generating Station 

The station is comprised of two essentially identical pressurized water reactors with 
supporting facilities.  The primary coolant syst em consists of a pressurized water reactor 
system designed by the Westinghouse Corporation.  The Reactor Coolant System is 
comprised of the reactor vessel and four heat  transfer loops.  Each loop contains a 
reactor coolant pump, steam generator, and a ssociated piping and valves.  In addition, 

Section  

3 
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the system includes a pressurizer, a pressurizer relief tank, interconnecting piping, and 
the instrumentation necessary  for operational control.  All components of the reactor 
coolant system are located in the containment building. The design reactor thermal power 
level is 3250 Megawatts thermal (MWth). The corresponding electrical output is 
approximately 1,085 Megawatts electric (MWe) for both Units 1 and 2.  

The containment structure at Zion is cylindrical, with a shallow dome roof and a flat 
foundation slab.  The cylindrical portion is pre-stressed by a pos t-tensioning system 
consisting of horizontal and vertical tendons.  T he entire structure is internally lined with 
welded steel plate, which acts as a leak-tight membrane.  The containment completely 
encloses the entire primary cool ant system, consisting of the pressurized water reactor, 
steam generators, reactor coolant loops, and portions of the auxiliary and engineered 
safety features systems. 

Heat produced in the reactor is converted to  electrical energy by the power conversion 
system.  A turbine-generator system converts the thermal energy of steam produced in 
the steam generators into mechanical shaft power and then into electrical energy. The 
main turbine is a four casing, tandem-com pound, six-flow exhaust unit consisting of one 
double-flow, high-pressure turbine and three double-flow low-pressure turbines.  The 
generator is driven at 1800 rpm and rated at 1220 MVA.  

The exhaust steam from the turbine is condensed and deaerated in the main condenser.  
The heat rejected to the main condenser is removed by the circulating water system. 

The circulating water system pr ovides the heat sink required for removal of waste heat in 
the power plant’s thermal cycle. The system has the principal function of removing heat by 
absorbing this energy in the main condenser. Water is withdrawn from Lake Michigan via 
the intake pipes by the circulating water pumps. After passing through the plant 
condensers, the discharge is routed back to the lake.  

Environmental Setting 

Geology 

Site Conditions 

The site is located on a narrow strip of lake deposits, which borders the Lake Michigan 
shoreline.  Crossing the site is a series of low parallel, beach ridges separated by marshy 
depressions.  The beach ridges are composed pr imarily of sand.  In the depressions, 
organic materials have accumulated. 

The subsurface conditions at the site were investigated by drilling se ven exploration test 
borings.  The test borings revealed that gr anular lake deposits, which range in thickness 
from 24 to 33 feet, blanket the site.  The gr anular lake deposits consist of fine, and fine to 
medium sand, which contains variable amounts of coarse sand and gravel, and 
occasional pockets of peat and organic material.  Pleistocene glacial till, glacial outwash, 
and glacial lacustrine deposits underlie the granul ar lake deposits.  The glacial deposits 
consist essentially of silty clays, clayey silts, and silt, contain variable amounts of sand and 
gravel, contain pockets of granular out wash, and extend to depths ranging from 
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approximately 102 to 116 feet below the exis ting ground surface.  The glacial tills and 
glacial lacustrine deposits are firm to hard and are relatively impermeable. A detailed 
description of the subsurface conditions at the site is presented in the DSAR. 

The Pleistocene soils rest unconformably on Niagara Dolomite of Silurian age.  The 
Niagara Dolomite, penetrated by test borings, is  pitted, contains small solution cavities 
(vugs) and pyrite crystals, and is generally moderately fractured.  The degree of fracturing 
varies and is indicated on the log of borings .  Coraline fossils are abundant, and attest to 
the reef origin of a large part of the Niagar a Formation in this area.  Although no large 
solution cavities were encountered in the drilling program, they have been found 
elsewhere in the upper zones of this formation.  These large solution cavities have usually 
been filled with clays and sand.  The Niagar a Dolomite was the only bedrock formation 
encountered within the depths of our drilling program at the site. 

The Niagara Dolomite, at the site, is approxima tely 250 feet thick and dips gently to the 
east towards the Michigan Basin.  The lower bedrock formations consist predominantly of 
sandstone and dolomite with subordinate layers of shale and siltstone, are several 
thousand feet in thickness, and are underlain by crystalline Precambrian basement rock.  
The thickness and age relationship of the va rious bedrock units and surficial deposits of 
the region are presented in the DSAR. 

Shoreline Modification 

An environmental characteristic of the site is  minor shoreline modification.  The rate of 
change in the position of the shoreline is due to  lake level fluctuations, currents, wave 
actions, storm conditions and the nature of the shoreline sediments. 

The shoreline of Lake Michigan along the east side of the Zion site has moved 
approximately 100 feet during the 83 years fr om 1872 to 1955.  The movement of the 
shoreline is a result of a combination of  approximately 50 feet of aggradation along the 
north half of the site and less than 100 feet of degradation in the form of shoreline erosion, 
in the south half of the site.  The tendency during this period has been to "smooth-out" the 
irregularities of the shoreline to an equilibrium position.  This equilibrium condition exists at 
the present time as evidenced by the minima l shoreline movement during the last 20 
years. 

The general movement of wind-driven current  sand is from north to south.  When 
Commonwealth Edison Company built a break water at its Waukegan Generating Station 
during the period 1928 to 1938, sand accretion built  up the shoreline out into the lake as 
much as 1000 feet from its original position.  The Zion shore, however, is not affected by 
artificial barriers and therefore will move little.  Sand erosion has been easily stopped by 
the construction of groins or jetties, and by the use of rip-rap. 

Hydrology 

Site and Facilities 

The plant's cooling water is drawn from Lake Michigan.  All radioactive liquid waste 
generated at the plant is colle cted, treated, and either recycled or discharged.  Those 
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liquid wastes that are discharged are monito red to assure compliance with 10CFR20.  
Radioactivity levels did not exceed permissible concentrations at the cooling water outlet.   

The Lake County Public Water District operates a water intake about one mile north of the 
site and about 3,000 feet out in the Lake.  This water intake is the closest source of 
potable water 

The next nearest potable water intake, which utilizes surface water from Lake Michigan, is 
6 miles south of the site at Waukegan.  The Waukegan waterworks uses two intake 
aqueducts.   

The crib of one intake aqueduct is in 27 feet of water approximately 1250 feet southeast of 
the Waukegan Harbor entrance light.  The crib of the second is in 35 feet of water 
approximately 3250 feet southeast of the first cr ib.  The water is filtered and treated prior 
to distribution. 

Potable water supplies from Lake Michigan are also located at Kenosha, Wisconsin, and 
North Chicago, Illinois, ten miles north and sout h, respectively, of the site.  Others are 
located farther up and down the lakeshore.  The municipal water system characteristics 
are summarized below. 

 
Community Intake Distance 

from Site, Miles 
Average Withdrawal, 
Million Gallons Per 

Day (MGD) 

System Capacity, 
Million Gallons 

(MG) 
 

Lake County, Illinois, 
Public Water District 
 

1.1 2.5 4 

Waukegan, Illinois 
 

6 7.4 8.6 

North Chicago, Illinois 
 

10 6.5 5.0 

Kenosha, Wisconsin 
 

10 11 10.2 

Great Lakes NTS, 
Illinois 
 

13 5.8 4.5 

Lake Forest, Illinois 16.5 1.6 2.9 
 

 
Table 1:  Nearby Lake Michigan Water Supply Systems 
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The topography of the site and it s immediate environs is relative ly flat with elevations 
varying from the lake shoreline to approxima tely 20 feet above the level of the lake.  
Approximately two miles west of Lake Michi gan is a topographical divide causing surface 
water drainage west of the divide to flow away from the lake while the east drainage flows 
toward the lake. 

The site itself has very little slope and is re latively marshy in its western and central 
portions.  However, the eastern portion of the si te (next to the lake) on which the plant is 
located is not marshy and has good surface drainage toward the lake.  Just behind the 
beach there is a low line of bluffs approximately 5 to 10 feet high. 

Hydrosphere 

Lake Michigan is one of the largest of the Great  Lakes.  It is 307 miles long from north to 
south and has an average width of 70 miles.  It has a maximum depth of 923 feet, an 
average depth of 325 feet and covers an area of  22,400 square miles.  The total volume 
of water in Lake Michigan is approximately  1,400 cubic miles.  However, since an 
exchange of water occurs between Lake Michigan and Lake Huron through the Mackinac 
Straits, the water ultimately available for dilution is approximately 2,500 cubic miles. 

The normal water level in Lake Michigan is approximately 582 feet above mean sea level 
(MSL).  The maximum recorded water level is 584 feet above MSL, which occurred in 
June 1886, and the minimum recorded to date occurred in 1964 at 577.4 feet above MSL 
according to the United States Geologic Survey (USGS). 

In the general vicinity of the site, the 30-foot depth contour of the lake is 1.2 miles, and the 
60-foot depth contour is 2.0 miles from the shore. 

The subsurface water table of the area is sloped to the east towards the lake.  The 
shallow aquifers are the sand and grav el overburden and the underlying dolomite 
formations.  The deep aquifers are in sandstone and dolomite formations with a stratum of 
shale above them.  The "free water" in the shallow aquifers over the six county northeast 
Illinois region is 4.72 x 10 12 gallons and in the deep aquifers is 3.53 x 10 14 gallons.  
However, the artesian pressure of the deep aquifers has dropped some 700 feet since 
1864. 

Since 1957, the cities of Zion and Winthrop Harbor, and the Illinois Beach State Park plus 
a number of retail establishments in unincorporated communities have obtained their 
water from the Lake County Public Water Dist rict.  The supply is treated by coagulation, 
sedimentation and sand filtration, and is chlorinated prior to distribution. 

Floods 

The surface streams near the site are: 

Kellogg Ravine - 1.25 miles north of the site; flows west to east. 

Dear River - 3 miles south of the site; flows west to east. 
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Bull Creek - 0.2 mile south of the site; flows west-east  

The first two are very short drainage streams extending 2 and 1 miles from Lake 
Michigan, respectively.  Both contain neglig ible flows except during periods of high 
runoffs. Flooding by any of these streams would not involve the site. 

The marshy area of the site is cla ssified by the Lake County Regional Planning 
Commission as a flood plain.  However, th is does not include the area of the plant 
location.  The flooding is due to poor drainage and the presence of peat and muck, which 
inhibits percolation of surface water into t he sandy soil.  Measures such as grading have 
been taken to drain the site adequately. 

Rainfall  

Lakes Michigan and Huron are considered as a unity from the standpoint of drainage and 
water level since these two lakes are connected.  The drainage basin for these two lakes 
comprises 115,700 square miles and has an average annual rainfall of about 31 inches.  
The following table lists the average and max imum precipitation recorded at various 
locations on the Illinois shore of southern Lake Michigan. 

 
Location M ean Annual 

Precipitation – 
Inches 

Maximum Annual 
Precipitation – 

Inches 
 

Maximum 24-Hour 
Rainfall – Inches 

Antioch 32.83 42.71 
 

5.10 

Waukegan 31.89 41.97 3.58 
 

Chicago – WBAP 32.99 45.92 6.24 
 

Chicago – WB, City 33.17 46.41 6.19 
 

Marengo 32.89 40.77 9.08 
 

Wheaton College 35.01 45.58 5.60 
 

Aurora College 34.52 47.03 4.87 
 

Park Forest 35.60 43.43 -- 
 

Chicago University 32.29 45.71 -- 
 

 

Table 2:  Annual Precipitation at Various Illinois Locations 

Water from Lake Michigan is extensively used for municipal and domestic water supplies.  
All liquid waste discharged was less than per mitted under 10CFR20 in the cooling water 
outfall.  Thus, any radioactive releases from the site into the lake were diluted below levels 
permitted under 10CFR20 for unrestricted areas before it reached the nearest water 
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supply intake.  As previously stated, the nearest potable water intake is located about one 
mile north of the site and 3000 feet out in the lake. 

The cooling water is discharged through two discharge structures (1 per unit) located 308 
feet apart, and 760 feet from shore.   Outlets are located at 45o from the shoreline and in a 
direction to divert the water away from t he inlet.  The inlet is located between the two 
discharge structures.  These discharge openings are located slightly above the bottom of 
the lake, and discharge water at a velocity of approximately 8.5 feet per second.    

Groundwater 

The groundwater table in the area is close to the ground surface, and has a flat gradient to 
the east and south. 

Ordinarily there will be no municipal uses of potable groundwater in the Benton or 
Waukegan townships.  Two older wells in Zion, with depths of 1025 feet and 220 feet, and 
one well in Winthrop Harbor, with a depth of 130 feet, are maintained on a standby basis 
to meet emergencies. 

Zion's two deep wells are 1100 and 1025 feet deep, respectively; they derive water under 
artesian conditions from Trempealeau Dolomites.  The radius of the core of their influence 
is estimated to be approximately 4,000 feet.  These wells are located approximately 1 1/2 
miles west of the plant site.  Winthrop Harbor's two shallow wells are 130 and 138 feet 
deep; they derive water from Niagaran Dolomites.  The core radius of their influence is 
estimated to be approximately 500 feet.  The wells are located approximately 12,000 feet 
away.  The radius of the core of influence of  other domestic wells drawing water from the 
upper 30 feet thick sand stratum is well within 500 feet.   

Considering the locations of the wells and t he topographical divide, which causes surface 
water to drain to the east, contamination of ground water supplies is unlikely.  No 
pathways for radioactive materials such as  wells, old unsealed bore holes, etc., were 
detected in a survey of the power plant area.  Commonwealth Edison Company will 
monitor any plans for municipal water development in the area of influence.  

Intermittent liquid effluents from the site will not affect ground water supplies in the 
adjacent area in excess of 10CFR20 due to local drainage patterns, release rates, and 
specific features of the sources of water supplies. 

Meteorology 

Climate 

The climate of the site region is influenced by the general storms, which move eastward 
along the northern tier of the United States, and by those which move northeastward from 
the southwestern part of the country to the Great Lakes. Lake Michigan modifies this 
continental type of climate.  Wind shifts fr om westerly to easterly directions produce 
marked cooling of the daytime temperatur es in spring and summer.  In autumn the 
relatively warm water of the Lake prevents ni ghttime temperatures from falling as low as 
they do a few miles inland from the shoreline.  Summer time temperatures seldom rise 
above 90 oF along the Lakeshore, and sub-zero temperatures occur only about twelve 
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days during the winter months.  Rainfall averages around 33 inches per year, with the 
largest proportions falling during the growing season.  Meteorological extremes for the 
area are noted in the DSAR and summarized in the following table. 

 
Variable Chicago Milwaukee 

 
Highest Temperature 105F (July 1934) 

 
105F (July 1934) 

Lowest Temperature -27F (January 1985) 
 

-26F (February 1996) 

Greatest Monthly 
Precipitation 
 

14.17 in. (September 1961) 
 

10.03 in. (June 1917) 

Greatest 24-Hour 
Precipitation 
 

6.49 in. (August 1987) 6.81 in. (August 1986) 

Greatest Monthly 
Snowfall 
 

42.5 in. (January 1918) 52.6 in. (January 1918) 

Greatest 24-Hour 
Snowfall 
 

23.0 in. (January 1967) 20.3 in. (February 1924) 

Highest Wind Speed 
 

NE 87 mph (February 1894) SW 73 mph (March 1954) 

 
Table 3:  Meteorological Extremes for Area 

An annual stability wind rose table for 1980 was generated using the Zion meteorological 
tower data.  The 35-ft wind speed and wind di rection data and the 250-35 ft differential 
temperature data were used in the comparis on.  The modal wind speed for this period 
was the 4-7 mph class (41.80%).  The prev ailing wind direction was northwest (9.75%) 
followed by west (9.24%).  Stability classes were weighted towards the 
neutral-slightly-stable classes (44.42%). 

Wind Direction 

Average annual wind roses are shown in the DSAR for Milwaukee, Waukegan, and 
Chicago (O'Hare). The wind regimes at all three locations are quite similar, except that the 
results from Chicago (O'Hare) show consider able observer bias in favoring the octant 
points of the compass.  At all three locations, the warm weather lake breeze effect is 
reflected in a definite spike of higher wind frequencies from the northeasterly direction. 
Calm conditions at these three sites are r eported to range from about 1% to 6% on an 
annual basis. There are no major dissimilarities between the three wind roses.  Data from 
Milwaukee were selected as being reasonably free from observer bias and representative 
of the west coastal areas along Lake Michigan, and have been used in the preliminary 
determination and analysis of Zion site meteorological factors.  

The DSAR contains the stability wind rose  data obtained from the Zion Meteorological 
Tower for the period of January 1, 1972, th rough December 31, 1980.  These roses are 
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based on the 35-ft wind speed direction and the 250-35 ft differential temperature.  The 
prevailing wind direction for this period is we st (9.73%) followed by southwest (9.52%).  
The modal wind speed class for this period was 4-7 mph (44.98%) followed by the 8-12 
mph class (29.73%).  Wind speeds less than 4 mph occurred 7.23% of the time.  For the 
period, the stability distributi on was weighted toward the neut ral-slightly stable classes 
(59.70%). 

The information provided for the Zion Meteorological Tower is used in evaluating the Zion 
site meteorological factors. 

Wind Direction Persistence 

Wind direction persistence at Milwaukee and Chicago (O'Hare) for the five year period of 
record are shown in the DSAR.  For each dire ction, the duration in  hours, the number of 
occurrences, the data of the beginning hour and a summary of the stability class spectrum 
is given on the plots.  Mo st persistent winds at Milwaukee were from the SSW for 32 
hours under neutral (Pasquill Class "D") and slightly stable (Pasquill Class "E") conditions; 
from NW for 30 hours all under neutral stability; and from NNE for 29 hours under neutral 
and slightly stable conditions. 

The most persistent winds at Chicago were  from the NW for 39 hours (twice) under 
slightly stable conditions, from the NNE for 38 hours under neutral conditions, from the 
SW for 36 hours under stable and neutral conditions, and from the S for 32 hours under 
neutral conditions.  In general, flow from Lake Michigan over land occurs under neutral 
conditions. 

Severe Weather 

Northern Illinois experiences about 36 thunderstorms per year, with the largest number 
occurring from May through August.  Most of these thunderstorms are of light or moderate 
intensity; but occasionally, severe thunder storms, accompanied by high winds, hail, and 
heavy rainfall, can cause extensive damage to crops. 

Since 1871, only three tropical storms have moved far enough inland to pass near the 
Zion site.  The tropical storms, which passed within about fifty miles of the site, occurred 
on October 6, 1949; June 28, 1960; and June 26, 1968.  All were in a state of 
well-advanced dissipation and did not cause any significant damage to northeastern 
Illinois. 

In the period from 1959 to 1969, thirty-f our tornadoes have been recorded in Weather 
Bureau records as having occurred inside a square 80 miles on a side with the Zion site in 
the center.  Most of the tornado activity in Illinois takes place in the southern half of the 
state, and relatively few cross the shoreline from land to water. 
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Radiological Conditions 

Environment Prior to Zion Operations 

Prior to the commencement of reactor operations at Zion station, several extensive survey 
programs were undertaken to understand the site environmental conditions.  These 
environmental conditions included radioactive constituents.   

ARMS Study 

One specific survey program specifically targeted radioactive environmental components.  
This survey program was the ARMS (Aerial Radiological Measuring System).  ARMS was 
a nation-wide program begun in 1958 to monitor radiation levels surrounding facilities 
producing or utilizing radioactive materials.   This program was funded and administered 
by the U.S. Energy Research and Developm ent Administration (a predecessor agency to 
the United States Department of Energy). 

The ARMS surveys were conducted from sm all aircraft flying at an altitude between 300 
to 500 feet.  The survey at Zion was conducted from May 13, 1973 to May 15, 1973.  This 
was prior to initial criticality for either Zion reactor.   Therefore, any radioactive species and 
quantities identified by the su rvey were not attributable to Zion operations and may be 
considered part of the “natural background” of the area. 

In addition to the aerial surveys, ground based measurements were obtained at two 
locations.  Location one was approximately 1.35 miles north of Zion Station (latitude 42 
degrees, 27.6 minutes north, longitude 87 degr ees, and 48.93 minutes west).  Location 
two was approximately 14.5 miles north-north west of Zion Station (latitude 42 degrees, 
38.9 minutes north, longitude 87 degrees, 50.38 minutes west). 

The following table notes the key results from this survey. 

Location U-238 
(ppm) 

Th-232 
(ppm) 

Cs-137 
(pCi/g) 

Cosmic 
Ray 
Exposure 
Rate (R/h) 

Ground 
Based 
Exposure 
Rate (R/h) 

Aerial-
Based 
Exposure 
Rate (R/h) 

1 1.99 4.06 0.40 3.7 7.1 – 9 7 – 9 

2 2.78 5.21 0.276 3.7 8.6 – 9.7 7 - 9 

 
Table 4 : Summary of Results of ARMS Surveys 

Overall, the ARMS flights covered an area approximately 310 square miles.  The 
measured exposure rates were mostly in the range of 3 – 8 (R/h).  Soil sampling also 
confirmed the presence of Cs-137, which was attributed to fallout from nuclear weapons 
testing. 
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Pre-Operational Environmental Report  

On July 18, 1970, the Atomic Energy Co mmission (the predecessor agency to the U.S. 
NRC) requested Commonwealth Edison to submit an environmental report for the 
proposed Zion nuclear station.  This request was made to support the National 
Environmental Policy Act, which was enacted into law on January 1, 1970. 

This environmental report included results fo r radiological sampling conducted during the 
latter half of 1970.  The survey results included the following: 

 Airborne radioactive particulates which were sampled from the current REMP 
monitoring location Z-03; 

 Gross beta radioactivity in Lake Michigan surface water; 

 Natural gamma radiation around the site. 

The airborne particulate surveys were conducted over the period from July, 1970 through 
June 1971.  The results ranged from 0.03 pCi/m 3 to 0.7 pCi/m3.  The report noted that the 
gross radioactivity of airborne particulates reaches its maximum value in the late spring of 
each year after rising from its lowest level, which occurs during the winter.  The report also 
noted that these results compared favorably with results from Dresden and Quad Cities 
Stations, which typically showed a peak in airborne particulate radioactivity in late spring 
of levels approaching 1.0 pCi/m 3 and declining to a winter minimum of less than 0.1 
pCi/m3.   

Analyses for gross beta radioactivity in Lake Michigan surface water were obtained from 
late March 1970, through mid-November 1970.  The results varied over the sampling 
period, but ranged from approximately 2 – 8 pCi/L.  The analyses indicate that the activity 
is composed primarily of the natural radionuclide K-40, and the fallout radionuclides Sr-90, 
Y-90, Cs-137, plus other natural and fallout nuclides of lesser abundance. 

Natural gamma radiation exposure rates were obtained from June 1970 through July 
1971.  The results ranged from 87 to 107 millirem per year depending upon sample 
location.  This is equal to approximately 10 – 12 R/h, therefore comparing favorably with 
the ARMS survey data. 

Radiological Contributions from Other Sources 

Over the twenty-five year operational period of the facility, several instances were 
identified where environmental media show ed elevated radioactive components, which 
were attributable to events other than operation of Zion Station.  The following events 
were specifically noted in monthly reports documenting results of the REMP: 

 Nuclear weapon test in China on June 27, 1973 

 Nuclear weapon test in China in mid-June 1974 

 Nuclear weapon test in China on September 26, 1976 
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 Nuclear weapon test in China on October 17, 1976 

 Nuclear weapon test in China on September 17, 1977 

 Nuclear weapon test in China in March 1978 

 Nuclear weapon test in China on October 16, 1980 

 Chernobyl nuclear accident on April 26, 1984 

An additional nuclear weapon test was conduc ted in China on January 7, 1972 (identified 
in a Nuclear News article).  All of these events produced both fission and activation 
products which entered air, water, soil and vegetation pathways surrounding Zion Station.  
Although most of the shorter lived radionuclides  (e.g., Mn-54, Co-57, Co-58, I-131) will 
have decayed, longer-lived radionuclides (e.g ., H-3, Co-60, Sr-90, and Cs-137) from 
these non-Zion events may likely exist in environmental media near Zion Station. 

Operational Radiological Monitoring Data 

Throughout Zion Station’s period of operation,  radiological environmental samples and 
surveys were taken.  This sampling and survey program was collectively known as REMP 
(Radiological Environmental Monitoring Program).  The REMP provided for the collection 
and analysis of samples for the following: 

 Gamma radiation exposure rates; 

 Airborne I-131 and particulate radioactivity; 

 Aquatic radioactivity; 

 Milk and vegetation radioactivity. 

A summary of the gamma radiation expos ure rates measured over the period 1973 – 
1998 is presented in Appendix 7.  Over the tw enty-five year period the gamma exposure 
rates ranged from a low of 9.2 mR/quarter to a high of 20.8 mR/quarter.  This is equal to a 
range of 4 – 9 R/h.  These results indicate no statis tically significant increases in gamma 
exposure rates due to plant operations. 

Data searches and queries from non-ComEd sources resulted in the following limited 
hydrosphere radiological analyses from near Zion.  The U.S. EPA obtained water 
samples from Lake Michigan on June 28, 1994 with tritium detected at a level of 200 pCi/L 
+/- 200 pCi/L.  It is noted that the EPA guideline for tritium in drinking water is no greater 
than 20,000 pCi/L..  As noted in the Zi on FSAR Amendment 17 dated December 1971, 
tritium levels in Lake Michigan were studied in the vicinity of Zion Station throughout 1970.  
The results ranged from 311 to 374 pCi/L, with an average value of 341 pCi/L..  This level 
existed in Lake Michigan prior to Zion operati ons.  As noted in Appendix 7,  the tritium 
levels in Lake Michigan have continued to decr ease following  radioactive decay over the 
period of Zion operations. 
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Also, on July 12, 1994, the Metropolitan Water Reclamation District of Greater Chicago 
collected three water samples near the Zion cooling water intake and discharge, and a 
location approximately 1000 feet from the discharge.  These three samples were 
analyzed for tritium, total alpha activity, total beta activity, total gamma activity, Cesium-
137, and Zinc-65.  During the 4th quarter of 1994, additional samples were taken at 
drinking water intakes for Waukegan, Winnetka, and Evanston.  The following table notes 
the results of all these samples. 

 Tritium 
(pCi/L) 

Total 
Alpha 
(pCi/L) 

Total 
Beta 
(pCi/L) 

Total 
Gamma 
(pCi/L) 

Cesium-
137 
(pCi/L) 

Zinc-65 
(pCi/L) 

Intake 100 0.03 In range of 
1.9 – 3.9 

  Not 
Detected 

Discharge 200 0.03 1.9 1.6  Not 
Detected 

Lake  Not Detected 0.03 3.9  1.8 Not 
Detected 

Waukegan In range of 
100 - 200 

In range 
of 0 – 0.6 

In range of 
1.5 – 4.7 

In range of 
1.4 – 1.8 

0.8  

Winnetka In range of 
100 - 200 

In range 
of 0 – 0.6 

In range of 
1.5 – 4.7 

In range of 
1.4 – 1.8 

  

Evanston In range of 
100 - 200 

In range 
of 0 – 0.6 

In range of 
1.5 – 4.7 

In range of 
1.4 – 1.8 

 0.5 

USEPA 
Drinking 
Water 
Standard 

20,000 15 50 Not 
Established 

Not 
Established 

Not 
Established 

 

Table 5:  Lake Michigan Radiological Samples from 1994 

The beta values noted above, ranging from 1.5 to 4.7 pCi/L compare favorably with the 
pre-operational values between 2 to 8 pCi/L indicating no statistically significant change in 
contaminant levels within Lake Michigan due to Zion Station operations. 
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History and Current Usage 

History 

The initial construction of the station wa s authorized on December 26, 1968.  Unit 1 and 
Unit 2 achieved initial criticality on June 19, 1973 and December 24, 1973 respectively.  
Next, Unit 1 was synchronized to the grid for the first time on June 28, 1973 and Unit 2 on 
December 26, 1973.  Finally, Unit 1 and Unit 2 began commercial operation on December 
31, 1973 and September 19, 1974 respectively.   

A detailed chronology of Unit 1 and Unit 2 may be found in Appendix  7. 

Both units were valuable providers of electricity to the northern Illinois grid over their 
twenty-four year operating lives.  Appendix 7 also provides information on the historic 
electrical generation for both units.  

Current Usage 

On January 15, 1998 ComEd announced the permanent shutdown of both Zion reactors.  
The shutdown decision was based on the corporation’s economic determination that 
neither Zion reactor would be able to produce competitively priced electricity in a 
deregulated marketplace over the facility’s remaining useful life. 

On February 13, 1998, ComEd certified t he permanent cessation of operation of Zion 
Station Units 1 and 2 to the NRC.  On March 9, 1998, ComEd certified to the NRC that all 
fuel assemblies had been permanently removed from both Zion Station reactor vessels 
and placed in the spent fuel pool.  ComEd plans to maintain Zion Station in the SAFSTOR 
condition (a period of safe storage of t he stabilized and defueled facility) until final 
decommissioning and dismantlement. 

Upon docketing of the certification for permanent cessation of operation and permanent 
removal of fuel from the reactor vessels, the 10 CFR Part 50 license no longer authorizes 
operation of the reactors or emplacement or re tention of fuel in the reactor vessels.  In 
addition, the operating licenses scheduled to expire in April 2013 for Unit 1 and November 
2013 for Unit 2 continue to remain in effect until the NRC notifies ComEd that the licenses 
have been terminated. 
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The key decommissioning activities over the near term (through approximately 2001) will 
be the design and construction of modifications  to the existing fuel handling systems to 
support long term storage of Zion’s spent fuel until it is able to be received by the United 
States Department of Energy.  These modifica tions are collectively known as the Spent 
Fuel Nuclear Island (SFNI).  

Additional activities over the time period will be to drain and de-energize systems no 
longer needed to support the facility.  Materials no longer needed will be appropriately 
dispositioned.  Radioactive and hazardous materials will be consolidated and disposed of 
as appropriate. 

In early 1998, the facility’s twin main generators were converted into synchronous 
condensers.  These devices are used to provide additional stability to the electrical grid of 
northern Illinois, and southern Wisconsin. 

As noted in the NRC Public  Meeting on Zion Nuclear Power Station Decommissioning 
(conducted on June 1, 1998), the current decommissioning plan shows the facility 
remaining in SAFSTOR until 2010.  Detailed planning would begin at that point, followed 
by the process to decontaminate and decommission the turbine building, auxiliary 
building, and both containment buildings.  Th is process would complete approximately 
2020.   

Fuel building decontamination and decommissioning is expected to occur approximately 
2031, with final site surveys and release from NRC license expected by the end of 2033. 

 

Adjacent Land Usage 

Geography and Demography 

Site Location and Description 

The site comprises approximately 250 acres, which is owned by Commonwealth Edison 
Company.  Shiloh Boulevard traverses the si te from west to east near the northern 
property boundary.  

In addition to those roads which connect direct ly with the site, there is a network of 
primary and secondary highways and section line roads in the adjacent area which 
provide a variety of high capacity routes to and from the site and the immediate vicinity.  
For example, in addition to Shiloh Boulevar d, which extends approximately 2 miles west 
of the plant site, there are within 1-mile of t he site three other highways or roads (Ill. Rt. 
173, 29th Street, and Wadsworth Road) extendi ng westerly from Lake Front Drive and 
intersecting each of the principal north-sout h secondary highways located within four 
miles of the site, i.e., Sheridan Road (Ill.  Rt. 42), Lewis Avenue, Kenosha and Green Bay 
Roads (Ill. Rt. 131), and also U.S. Rt. 41, a four lane, high speed, divided highway.  In 
addition, Interstate 94, a limited access four lane tollway, is situated approximately 6 miles 
west of Zion. 
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The following map notes the city location with respect to area geography. 

 

  
Figure 2 :  Zion Area Local Map 

 

Exclusion Area Authority and Control 

There are no residences on the site or within 2000 feet of the station structures. 

Nearby Industrial, Transportation, and Military Facilities 

Nonmilitary Facilities 

The Waukegan-North Chicago area is predominantly an industrial region with 144 
manufacturing establishments.  The product of the largest of these manufacturing firms is 
pharmaceuticals and chemicals with the mo st predominant product of the remainder 
being in the metallurgical and fabricated metal products field.  

The Zion-Winthrop Harbor area is a small indus trial region. A portion of this industry is 
located between the western boundary of t he site and the Chicago and Northwestern 
Railroad tracks approximately 0.8 miles due west of the plant location and is light in 
nature. There is also a warehouse located in this industrial area. 

There are no schools or hospitals within one mile of the station. 

The Illinois Beach State Park borders the site on the north and the south. 

The centers of the communities of Zion and Winthrop Harbor are located 1.6 and 2.5 
miles, respectively, from the plant location. 
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According to the Lake County Regional Pl anning Commission, commercial fishing is 
almost nonexistent in this portion of Lake Michigan due to the migration northward of the 
Lake Trout.  Sport fishing has increased in popularity since the introduction of salmon and 
trout in the lake. 

Military Facilities 

The major military installation in the vicinity of the Zion site is the Great Lakes Naval 
Training Station. 

The Great Lakes Naval Training Station has a small arms practice range utilizing a small 
area of Lake Michigan 10 miles south of the Zion site. 

There is no active vessel of the Navy on Lak e Michigan.  The U.S. Coast Guard operates 
surface vessels and aircraft on the lake. 

Waterways 

Commercial barges and ships do not ordinarily operate within five miles of the Zion site, 
and the majority of commercial traffic on Lake Michigan does not approach within twenty 
miles of the site.  All barge traffic north of the Chicago area is limited to the summer 
months due to waves or ice on the lake.  Explosives and toxic gases are carried only 
aboard oceangoing vessels, which do not closely approach the site. 

Airports 

Waukegan Regional Airport is the closest airpor t to the station and is the only one within 
10 miles of the plant.  It is located 3.14 miles sout hwest of the site.  The station is located 
0.76 miles from the extended centerline of the longest runway (5/23).   
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Findings 
 
This section provides a summary of the findings of the HSA process.  The detailed results 
can be found within three specific databases.   

 Survey Unit Summary Results – Described in Appendix 1 and Zion HSA – 100 ;  

 Personnel Interview and Questionnaire Results – Described in Appendix 2 and Zion 
HSA – 101; and  

 Document Review Results – Described in Appendix 3 and Zion HSA – 102. 

 

Potential Contaminants 

The contaminants that are observed from the HSA are those typically found from 
industrial facilities, with added radioactive contaminants from reactor operation.  The 
following list provides contaminants, which may require remediation upon final facility 
decontamination and dismantlement.  The deter mination of the remediation required will 
depend upon the results of detailed sampling,  analysis and characterization, based upon 
the governing regulations of the time. 

Potential Non-Radioactive Contaminants: 

 Transformer Cooling Oil (non-PCB based) 

 Turbine Lubricating Oil 

 Diesel Fuel 

 Gasoline 

 Sodium Hypochlorite 

 Sodium Hydroxide 

 Sulfuric Acid 

 Hydrazine 
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Potential Radioactive Contaminants: 

Based upon the natural decay of radioactive ma terials from the time of final reactor 
operation through site remediation, several typical fission and activation products will have 
decayed away by the time of final license te rmination.  Due to the larger abundance or 
longer decay periods, the likely radioactive contaminants of concern will include: 

 Tritium (H-3) 

 Iron – 55 (Fe-55) 

 Nickel – 63 (Ni-63) 

 Cobalt – 60 (Co-60) 

 Cesium – 137 (Cs-137) 

 

Potential Contaminated Areas 

Impacted Areas – Known and Potential  

The following buildings are known to be impacted areas.  These buildings contain virtually 
all the radioactive materials and radioactive  contaminants for the facility.  Detailed 
characterization will be required to determine the remediation (if any) necessary.  These 
areas are all initially categorized as Class 1. 

 Unit One Containment  (Survey Unit  01000 Series) 

 Unit Two Containment  (Survey Unit  02000 Series) 

 Fuel Handling Building  (Survey Unit  03000 Series) 

 Radioactive Waste Building  (Survey Unit  04000 Series) 

 Auxiliary Building (Survey Unit  05000 Series) 

 Interim Radwaste Storage Facility  (Survey Unit  09105) 

 East DAW Building  (Survey Unit  09109) 

 West DAW Building  (Survey Unit  09120) 

Due to a series of historic primary sy stem to secondary system leakage through the 
steam generators, the following buildings c ontain known or potentially impacted areas. 
Detailed characterization will be required to det ermine the remediation (if any) necessary.  
Portions of these areas are initially ca tegorized as Class 2, the remainder being 
categorized as Class 3.  In addition, the roofs of all buildings within the protected area are 
categorized as Class 2 due to potential accu mulation of low level contaminants from 
airborne effluent releases. 
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 Turbine Building  (Survey Unit  06000 Series) 

 Unit One Main Steam Valve House  (Survey Unit  06207) 

 Unit Two Main Steam Valve House  (Survey Unit  06208) 

 Waste Water Treatment Facility  (Survey Unit  09101) 

 Warehouse/Mechanical Maintenance Training Area  (Survey Unit  09104) 

 Station Construction Building  (Survey Unit  09111) 

 IDNS Building  (Survey Unit  09114) 

 Gate House  (Survey Unit  09117) 

 North Warehouse  (Survey Unit  09118) 

 South Warehouse  (Survey Unit  09119) 

 West Training Building  (Survey Unit   09124) 

Due to a series of operational events, the following ground areas are considered known or 
potentially impacted. Detailed characteri zation will be required to determine the 
remediation (if any) necessary.  Based on t he probability and extent of contamination, 
these areas may be initially categorized as Cl ass 1, Class 2 or Class 3.  The initial 
classification and the survey unit number associated with the area are noted also.  This 
initial survey unit categorization assumes no dilution and typically t he most restrictive 
contaminant when no information is limited.  Following the listings are graphics with the 
same information. 

 WWTF Area  (Class 1 - Survey Unit  10101) – Based upon a limited operational 
sample obtained in June, 1999 and conservative assumptions,  the projected 
maximum dose from this area is less than 1 mrem per year.  Although this level is  
lower than the current NRC release limits, it  was categorized as Class 1 due to the 
known historic contamination. 

 Area between U1 Containment and U1 TB  (Class 1 - Survey Unit  10107) -  
Sufficient information is not currently available to make a credible estimate of future 
exposures.  From information, which is ava ilable, this survey unit is likely the most 
contaminated of any at the Zion site. 

 Area with U1 PWST/SST  (Class 1 - Survey Unit  10110) – Based upon results 
obtained from the known spill in 1974 and conservative assumptions,  the projected 
maximum dose from this area is less than 1 mrem per year.  Although this level is  
lower than the current NRC release limits, it  was categorized as Class 1 due to the 
known historic contamination. 

 Unit 2 PWST/SST Area  (Class 1 - Survey Unit  10112) – Based upon results 
obtained from the known spill in 1974 and conservative assumptions,  the projected 
maximum dose from this area is less than 1 mrem per year.  Although this level is  
lower than the current NRC release limits, it  was categorized as Class 1 due to the 
known historic contamination. 
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 North of U2 Turbine Bldg.  (Class 2 - Survey Unit  10102) 

 Area between U2 TB and U2 Containment  (Class 2 - Survey Unit  10103) 

 Area northwest of U2 Containment  (Class 2 - Survey Unit  10104) 

 Area west of the FHB  (Class 2 – Survey Unit  10105) 

 Area SW of U1 Containment  (Class 2 - Survey Unit  10106) 

 Area south of U1 TB  (Class 2 - Survey Unit  10108) 

 Area SE of Service Building  (Class 2 - Survey Unit  10109) 

 Crib House Area  (Class 2 - Survey Unit  10111) 

 

 NE corner of Fenced area - lakeshore  (Class 3 - Survey Unit 10201) 

 IRSF/Fire Training Area  (Class 3 - Survey Unit 10202) 

 East Training Area  (Class 3 - Survey Unit 10203) 

 North Gate Area  (Class 3 - Survey Unit  10204) 

 Switchyard  (Class 3 - Survey Unit 10205) 

 Inprocessing Building/Station Construction Area  (Class 3 - Survey Unit  10206) 

 North Warehouse Area  (Class 3 - Survey Unit  10207) 

 South Warehouse Area  (Class 3 - Survey Unit 10208) 

 Exclusion Area - South of Gatehouse  (Class 3 - Survey Unit  10209) 

 Exclusion Area - South of Turbine Building  (Class 3 - Survey Unit 10210) 

 SE Corner of Fenced Area - Lakeshore  (Class 3 - Survey Unit 10211) 

 Construction Parking Area  (Class 3 – Chemical only - Survey Unit  10214) 

 Near South of Switchyard  (Class 3 - Survey Unit  10218) 

 Far South of Switchyard  (Class 3 - Survey Unit  10219) 

 Southeast Corner of Exclusion Area  (Class 3 – Survey Unit  10220) 

 South of Fenced Area – Lakeshore  (Class 3 – Survey Unit  10221) 
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 West Training Area  (Class 3 - Survey Unit 10301) 

Non-Impacted Areas 

The following areas are categorized as non-im pacted. Detailed characterization will be 
required to verify this determination. 

 NE Corner of Exclusion Area - Lakeshore  (Non-Impacted - Survey Unit 10212) 

 Power House Area  (Non-Impacted - Survey Unit 10213) 

 NW of Switchyard  (Non-Impacted - Survey Unit 10215) 

 WNW of Switchyard  (Non-Impacted - Survey Unit  10216) 

 SW of Switchyard  (Non-Impacted - Survey Unit 10217) 

 NW Corner of DSAR Area  (Non-Impacted - Survey Unit 10302) 

 SW Corner of DSAR Area  (Non-Impacted - Survey Unit 10303) 

 Southern Area of DSAR  (Non-Impacted - Survey Unit 10304) 

 Area West of 10217  (Non-Impacted - Survey Unit 10305) 

 Area West of 10216  (Non-Impacted - Survey Unit 10306) 

 NE Corner of ComEd Property  (Non-Impacted - Survey Unit 10401) 

 Met Tower Area  (Non-Impacted - Survey Unit  10402) 

 Area North of West Training  (Non-Impacted - Survey Unit  10403) 

 NW Corner of ComEd Property  (Non-Impacted – Survey Unit 10404) 
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Figure 3:  Survey Unit Categorization - Area Inside Outer Security Fence 

 

 

 

 

Figure 4:  Survey Unit Categorization - Area Inside Owner Controlled Area 
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Related Environmental Concerns 

The facility will need to retain and safely oper ate the waste processi ng systems (for both 
radioactive and non-radioactive wastes) for most of the time period that the facility will be 
in both SAFSTOR and ultimate decommissioning.  The means that site activities in this 
regard will continue to be performed in accordance with both NRC regulations (site 
operating license) and the site NPDES permit.   

As the facility decontamination and dismantlement is planned, it will be critically important 
to maintain clear focus that the objective of these actions are to place the site and facility 
in a condition such that any residual cont aminants (both radioactive and non-radioactive) 
are  below any applicable regulatory limit in place at that time. 

Future Actions 

The HSA was conducted to obtain a "r oadmap" for documentation and personal 
recollection of the historic operational events of the facilit y relevant to decommissioning 
planning.  No specific samples or analyses were conducted to obtain real time data for 
this document.   

Prior to the facility commencing full decommissioning activities various actions will be 
required relating to site characterization.  These actions will provide for a more detailed 
site characterization and will likely be needed to support major site contract bid 
development for the decontamination and dism antlement actions.  These actions are 
outlined in the following ComEd standardized Decommissioning Plans: 

 DP-1002 – Site Characterization: Long Te rm Evaluation of Radiological and Non-
Radiological Hazards 

 DP-1003 – Site Characterization:  Final Site Survey 

The next stage in characterization will be the scoping survey or char acterization surveys 
as described in MARSSIM.  These surveys w ill use the results of the HSA to determine 
the best sampling locations to determine the site hazards makeup.  In addition to the 
radiological components, an ASTM Phase II Envi ronmental Survey should be conducted.  
It will be most cost effective if these samp ling programs are integrated, providing for 
multiple analyses from each sample obtained. 

The site should also be professionally gridded using aerial photogrammetry or similar 
means.  The site should initially be gridded into 10 meter squares.  Company land survey 
services can develop the protocols with Zion personnel and conduct the surveys. 

A necessary decision for the facility will be the expected end state and end use.  These 
decisions are necessary for the site specif ic computer modeling required for eventual 
NRC license termination.  As an example, the radioactive release requirements would be 
substantially different for the site if an indus trial use is chosen as compared to agricultural 
use with a resident farmer.   An earlier decision on this issue could provide for more 
appropriately planned, executed, and cost-effective decommissioning. 
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Conclusions 
 

ComEd announced the permanent shutdown of  Zion Nuclear Generating Station on 
January 15, 1998.  As part of the transit ion of Zion Station from operating to 
decommissioning status, a historical site assessment was begun.  This Historical Site 
Assessment or HSA, is  a detailed inves tigation to c ollect exis ting information (from the 
start of Zion Station’s activities related to r adioactive materials or other contaminants) for 
the site and its surroundings.   

During the conduct of the Zion HSA, informat ion was obtained from over 300 current and 
previous Zion employees.  Additionally, over 29,000 documents and databases were 
reviewed for the development of the HSA.  The res ults of this HSA provides a  “picture” of 
the facility and site with respect to conta minants that may require redemption prior to 
license termination. 

The results of the HSA show that several areas of the facility may require redemption prior 
to site license termination.  The areas that  will actually require redemption will vary 
depending upon the results of detailed site c ontaminant sampling and characterization, 
and to the regulatory requirements in force at  the time of the facility decontamination and 
dismantlement. 

The results of the HSA show few instances  where contaminants were inadvertently 
released from site. In each case, appropria te subsequent actions were taken and based 
on current regulatory guidance, no future action is anticipated to be required. 
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