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FF A Federal Facility Agreement 
FFCA Federal Facility Compliance Agreement 
FFCAct Federal Facility Compliance Act 
FWPCA Federal Water Pollution Control Act 
GAC Granular Activated Carbon 
GSA General Services Administration 
HABS Historic American Buildings Survey 
HAER Historic American Engineering Record 
HEPA High Efficiency Particulate Air 
HQ Headquarters 
HSW A Hazardous and Solid Waste Amendments 
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LIST OF ACRONYMS (continued) 

HT Tritium, elemental 
HTO Tritium, oxide 
IC Inhibiting Concentration 
ICRP International Commission on Radiological Protection 
LC Lethal Concentration 

-~ ~LDl..-- Lower Detection Limit 
LSA Low Specific Activity 
MAPEP Mixed Analyte Performance Evaluation Program 
MCL Maximum Contaminant Level 
MCP Miamisburg Closure Project 
MGD Million Gallons per Day 
MHSF Moderately Hard Synthetic Freshwater 
MMCIC Miamisburg Mound Community Improvement Corporation 
MOA Memoraildiin:i of Agreement . . . . 
NCRP National Council on Radiation Protection and MeasUrements 
NEPA National Environmental Policy Act 
NESHAPs. National Emission Standards for Hazardous Air Pollutants 
NHP A National Historic Preservation Act 
NOEC No-Observed-Effect Concentration. 
NOV Notice ofViolation 
NPDES National Pollutant Discharge Elimination System 
NPL National Priorities List· 
NPS National Park Service. 
NTS Nevada Test Site 
NVO Nevada Operations Office of the U.S. DOE 
OAC Ohio Administrative .Code 
Ohio EPA. Ohio Environmental Protection Agency 
OHPO Ohio Historic Preservation Office 
OU Operable Unit 
PCB Polychlorinated Biphenyl 
PRS Potential Release Site 
QA Quality Assurance 
RAPCA Regional Air Pollution Control Agency 
RCRA Resource Consel'Vation and Recovery ACt 
REM Roentgen Equivalent Man 
RMMA- -· -RadioactiveMaterial-ManagementArea--
RQ Reportable Quantity 
SARA Superfund Amendments and Reauthorization Act 
SDWA Safe Drinking Water Act 
STP Site Treatment Plan 
SU Standard Units (for pH measurements) 
Sv Sievert 
SWPPP Storm Water Pollution Prevention Plan 
THM:s Trihalomethanes 
TSCA Toxic Substances Control Act 
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TU 
U. S.EPA 
UST 
voc 
WIPP 
WMPP 

LIST OF ACRONYMS (continued) 

Toxicity Units 
United States Environmental Protection Agency 
Underground Storage Tank 
Volatile Organic Compound 
Waste Isolation Pilot Plant 
Waste Minimization/Pollution Prevention 
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GLOSSARY 

Executive Summarv 

hazardous waste - USEP A uses the term hazardous wastes for chemicals that are regUlated .under the 
Resource, Conservation and Recovery Act ( 40 CFR Part 261.33r Hazardous wastes in transportation are 
regulated by DOT (49 CFR Parts 170- 179). Waste chemicals and·compounds that aie being disposed of 
that·have·beerrdetermined by the USEPA under the RCRA to reqUire specific procedures for their 
management and disposal. At the MCP most hazardous wastes are waste automotive fluids, solvents and 
acids associated with environmental laboratory operations, and cleaning fluids. 

radioactive waste - Radioactive wastes include process residuals an/or equipment that is being disposed 
of that contains radioactive residues or that was rendered radioactive because of the close proximity of 
that equipment or the process residual to a radioactive material. 

tritium -A form of hydrogen with a nucleus composed of one proton and two neutrons. 

dose - Energy absorbed per unit mass of material. Also, synonymous with radiation absorbed 
dose. 

disintegrations per minute ( dpm) - Rate of spontaneous emission of particles and energy from the 
unstable nucleus of an atom The curie (Ci) is a unit of activity quantifying this process of radioactive 
decay. 

population dose "" The average dose in a given area multiplied by the number of people living there. 

radiation - The particles and energy associated with the spontaneous change of an atom to a more stable, 
less energetic state~ 

maximum contaminant level (MCL) -The maximum permissible level of a contaminant in water . 
delivered to any user of a public water system MCLs are enforceable standards. 
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potential release site (PRS) - An area of the site where there is potential for impact to the environment 
or human health. 

curie (Ci)- Unit of radioactivity equal to that quantity of radioactive material in which there are 
3.7 x 10 10 nuclear transformations per second or 3.7 x 10 10 Becquerel (Bq). One ~Ci is equal to 
-3~7xlo-4 nuclear t:ra.nSformations per seconaor one-millionili of a Ci.-In-the Internationar - - -
System ofUnits, one Ci is equal to 3.7 x 10 10 Bq. 

I 
------1-

Derived Concentration Guides (DCGs) -The DCG is defmed as the concentration of a radionuclide in 
air or water that will result in a CEDE of 100 mrem (1 mSv) following continuous exposure for one year. I 
incremental concentration- The amount by which a sample exceeds the background or environmental 
level. The designation indicates that an average background concentration, or "environmental" 
concentration, has been subtracted from those values. Therefore, incremental concentrations represent 
estimates ofMCP's contribution to the radionuclide content of an environmental sample. 

I 
I 
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particulate - Particulate matter includes a wide range of pollutants - road dust, diesel soot, fly ash, 
wood smoke, and sulfate aerosols that are suspended as particles in the air. These particles are a mixture 
of visible and microscopic solid particles and minute liquid droplets known as aerosols. 

ambient environment- The surrounding air, water, and soil. 

total suspended solids (TSS)- Total suspended solids (TSS) concentrations and turbidity both indicate 
the amount of solids suspended in the water, whether mineral (e.g., soil particles) or organic (e.g., algae). 
However, the TSS test measures an actual weight of material per volume of water, while turbidity 
measures the amount of light scattered from a sample (more suspended particles cause greater scattering). 

outfall- The place where an effiuent is discharged into receivingwaters. 

volatile organic compound (vOC) - Any compound of carbon, excluding carbon monoxide, carbon 
dioxide, carbonic acid, metallic carbides or carbonates, and ammonium carbonate, which participates in 
atmospheric photochemical reactions. 

subsurfac~ structural folding - Bending of the subsurface bedrockunderlying the glacial till resulting 
from compressional forces in the geologic past as a result of mountain building. · 

significant stratigraphic thinning - The tendency of a rock layer in the subsurface or of a layer of 
glacial till to have pronounced thinning or to lose thickness over distance in any direction. 

subsurface faulting - A fracture or fuicture zone in the subsurface bedrock underlying the glacial till 
where there has. been displacement of the sides of the underlying bedrock along a fracture. · · · 

sole source aquifer -An aquifer that supplies 50 percent or more of the drinking water of an area. 

100-year storm event- A rainfall causing storm that is expected to occur, on average, once every 100 
years. For this region, a 1 00-year storm event would deliver 7 inches of rain. 

absorbed dose - Indicates the amount of energy absorbed by a material (e.g., human tissue), divided by 
the mass of the material. The unit of absorbed dose is the gray (Gy) or the rad (100 rads = 1 Gy). 

dose equivalent - Indicates the biological effect of an absorbed dose on a particular organ or tissue. It 
equals the absorbed dose multiplied by factors that relate the absorbed dose to biological effects on that 
particular organ. The unit of dose equivalent is the sievert (Sv) or the rem (100 rem= 1 Sv). 

effective dose equivalent - Indicates .the health risk that a radiation dose poses to an individual. It is 
calculated from the weighted sum of the dose equivalents from the irradiated organs. It is also expressed 
in rem or Sieverts. 

committed effective dose equivalent- Indicates the total dose over the individual's projected remaining 
lifetime (assumed to be 50 years) that results from an intake during one year. The committed effective 
dose equivalent (CEDE) expresses the dose of internal radiation received when an individual has 
ingested, inhaled or absorbed a radionuclide that will remain inside the body. It is also expressed in rem 
or Sieverts. 
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collective committed effective dose equivalent- Indicates the sum of the committed effective dose . 
equivalents to the individuals in a population. It gives ari estmiate of the expected health riskto the 
population from a dose of radiation. It can be used to calculate probable risks that might be too small to 
predict on the basis of a single individual. It is expressed in person-rem orperson-Sieverts. · 

BWXTO - BWXT of Ohiowas the managing contractor 3.t the Miamisburg Clos:ure Project from 
October 1,1997- December 31,2002. · · 

National Priorities List (NPL)- EPA's list of the most serious uncontrolled or abandoned hazardous 
waste sites identified for possible long-term remedial action under Superfund. The list is based primarily 
on the score a site'receivesfromthe Hazard·Rarik.ing System. EPA is reqwredto update the NPL at least 
once a year. A site must be on the NPL to receive money from ·the Trust Furid for remedial action. 

gross alpha- Total activity due to emission of alpha particles. Used as the screening measurement for 
radioactivity generally due to naturally-occurring radionuclides. Activity is commonly measured in 
picocuries. 

gross beta-Total activity due to emission of beta particles. Used as the screening measurement for 
radioactivity from man-made radionuclides since the decay productS offission are beta particles and 
gamma ray emitters. Activity is commonly measurecJ. in picocuries. 

. . ~ ' ' 

radium - It is present in all UraniUm. mirierilli:t Emits alpha; beta, and g8mma rays. The curie is 
defined as the amount of radioactivity which has the same disintegration rate as 1 g ofRa226

• Loses about 
1% of activity every 25 years and the final disintegration productis lead; · · · 

total coliform - The total coliform bacteria test is a primary indicator of ••potability" , suitability for 
consumption, of drinking water. It measures the concentration oftotal coliform bacteria associated with 
the possible presence of disease causing organisms. Coliform bacteria are a natural part of the 
microbiology·ofthe intestinal tract of warm blooded mamrrials, includiJig man: Coliform bacteria can 
also be found in soil, other animals, iriseets, etc. The total coliform ,group is relatively easy to Culture in 
the lab, and therefore, has been selected as the primary indicator bacteria for the presence of diseas~ 
causing organisms. , ·· · · 

mixed wastes - Radioactive wastes that are also regulated by RCRA. 

extremely hazardous substance (EHS) • A substance listed in appendices A. and B of 40 CFR Part 355. 
EHSs are acutely toxic chemicals which cause bOth severe short- and long-teim health effects after a 
single, brief exposure. 

hazardOUS chemical- Any chemical, element, chemical compound, or miXture Of elements with one OT'. 

more of the following characteristics: acute (includes corrosives, highly toxics, irritants, sensitizers, and 
toxics), chronic (includes carcinogens), fire (includes combustible liquids and flammables), reactive 
(includes organic peroxides, unstables, and water-reactives ), and sudden release of pressure (includes 
compressed gases and expiosives). · , 

polonium - Po210js an alpha emitter with a half-life of 138 days. 

xvi 

I 
I 
I 
I 
I 
I 
I 
I 
:a 
I 
I 
I· 
I 

-·-I-
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ALARA - As Low As Reasonably Achievable 

CBOD5 - Five day carbonaceous oxygen demand 

COD - Chemical oxygen demand amount of oxygen in milligrams per liter to oxidize both organic and 
oxidizable inorganic compounds. 

Ceriodaphnia dubia and Pimephales promelas - In whole effluent toxicity (WET) tests, organisms are 
exposed to various effluent concentrations for a specific time period in order to estimate the effluent's . 
toxicity. Receiving water (the water which the effluent is. discharged into) is used as the dilution water in 
WET tests in order to simulate what actually happens in the aqUatic enVironment when the effluent .is 
introduced. The most commonly used organisms in WET tests are the fathead minnow (Pi.;,ephales 
promelas) and an invertebrate (Ceriodaphnia dubia). Two types of WET tests are used. The objective of 
an acute test is to determine the concentration of test material that produces lethality during a short.:.term 
exposure ( 48 or 96 hours). Chronic tests ~stimate the concentration of effluent that interferes with the 
growth, development, and reproductive potential of aquatic organisms. 

. . . 

environmental levels - Meas'mable concentrations due to naturally occurring or non-MCP activities. 

groundwater -.The supply of fresh water found beneath the Earth's surface,.usually in aquifers, which 
supply wells and springs. Because ground water is a major source of drinking water, there is growing 
concern over contamination from leaching agricultural or industrial pollutants or leaking underground 
storage tanks. 

transuranic - Elements with an atomic number greater than 92, i.e. elements above uranium in the 
periodic table. 

HEP A filters - High Efficiency Particulate Air filters. 

confidence level - Upper and lower boundary values of a range of statistical probability 
numbers. 

aliquot - A portion of a solution. 

resuspension - Transport of particles from surfaces (inside and environmental) back into the 
atmosphere. 

composite samples - A combination of individual samples taken at selected intervals, generally ~ourly 
for some specified period, to minimize the effect of the variability of the individual sample. Individual 
samples may have equal volume or may be proportioned to the flow at time of sampling. 

liquid scintillation counting - The beta decay electron emitted by the radioactive isotope in the sample 
excites the solvent molecule, which in turn transfers the energy to the solute, or fluor. The energy 
emission of the solute (the light photon) is converted into an electrical signal by a photomultiplier tube. 
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zeolite softener- Addition compounds of the type Na20·A1203·n Si02!m H20~ with c.ilciUIT1 sometime~ 
replacing or present with the sodium. The sodium in the zeolite exchanges with calcium in water, making 
zeolites useful for water softening. Zeolites soften water bY exchanging C3.2+ ions with Na+ ions. · 

cooling tower blowdown .;. The withdrawal ofWater from ~ evaporating water system t6 maintalli a . 
solids~ balance within specified limits of concentration of those solids from a deVice that aids in heat 
removal from water used as a Coolant. 

~ ... ' . ' 

Notice of Violation (NOV)~ A Notice of Violation (NOV) is a letter, sent by Certified' mail; advising an 
individUal, coip6ration or other entity ofa violation of a peilnit, and/or District or State·law: It also gives 
the violator a~ chance to work out their problem informally, before legal action is 'taken. 

• • ,.., ¥ 

pieiom~ters ._ An msirument for measuring the·pressqre head of liquids. 

capture pits - Groundwater collection devices used on the Main Hill to isolate and monitor 
contamination in perched groundwater. · ·· ' · 

glacial outwash deposits - Sediments occUrring today as soils that were depos.ited in streambeds by' 
glacial:melt waters located down: gradient from or beyo~d 'a'glacier as it melte~; '. . ' 

interconnected secondary porosity- Connected pore space in rock resulting from forces after the' rock 
was deposited, through natural forces or such as dissolution or stress that has increased the capability of . 
water to move in the rock' ' ' ' ',. ' ' 

Primary MCLs- The maximum concentrations allowed under the Safe Drinking Water Act (SDW A). 

Secondary MCLs - The guidelines for maximum advisable concentrations for other contaminants not. 
limitea by Primary MCLs. , . .. 

turbidity - The cloudy aPJ)earance of water caused by·the presence of sus~nded and colloidal matter. In 
the waterworks field, a turbidity measurement is used to indicate the clarity of water. Technically;·· · 
turbidity is an optical property of the water based on the amount of light reflected by suspended particles. 
Turbidity cannot be directly equated to suspended solids because white particles reflect more light than 

- dark;;;colored-particles-and-many·smallparticles will-reflect more light thanan-equivalennarge partie!~:-.--- --· 

bias - A deviation of the expected value of a statistical estimate from the quantity it estimates. 

precision- The degree ofrefillement with which tfmeasurement is stat~ .. 

App.B 

standard deviation ~ A measure of the spread in a population that has the same units as the 
original measlirement:S ·and as the mean. The standard deviation is the square root of the · 
variance. -

xviii 

I 
I 
I 
I_ 

I 
I 
I 
I 
I 
I 
I 
I 
I , __ 

I 
I 
I 
1-
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Executive Summary 

EXECUTIVE SUMMARY 

The purpose of this report is to characterize the environmental management perforniance of the 
Miamisburg Closure Project·(MCP) in calendar year 2002 and to demonStrate compliance with 
the requirements of DOE Order 5400.1, "General Environmental Protection Program~" DOE 
Order 5400.5, "Radiation Protection of the Public and Environment," and DOE Order 231.1, 
"Environment, Safety and Health Reporting." The MCP is a government-owned site operated by 
CH2M HILL Mound, Inc. (CH2M HILL) for the U. S. Department of Energy (DOE). From 
October 1, 1997 through December 31, 2002, the site was operated· by BWXT of Ohio. The 
site's historical mission included production, development, and research in support of DOE's 
weapon and energy related programs. The defense. mission has'been phased out. Current MCP 
objectives include environmental restoration and the transition of the ·site. to the rommunity for 
reuse as a commercial facility. As a result of economic development activities · by the 
Miamisburg Mound Colll1ilunity Improvement Corporation (MMCIC), 25 private businesses are 
operating at the site. · · 

MCP is comprised of 66 structures on 179 acres ofland in Miamisburg; Ohio, approximately 16 
km (10 mi) southwest of Dayton: In 2002, 5 acres of property were transferred to MMCIC. 
Mote than I 0 structures were demolished or transferred. · · · · 

The Great Miami River, which flQws through the city of Miamisburg, dominates the landscape of 
the five-County region surrounding MCP. The river valley is highly industrialized. The··rest of 
the region is a mix of faimland, residential areas .• small communities and light industry. Many 
city and township residences, five schools, the Miamisburg downtown area, and six of the city's 
17 parks are located within ·one mile of the site. The climate is moderate. The geologic record 
preserved in the rockS underlying the site indicates that the area has been relatively stable since 
the beginning of the Paleozoic Era more than 500 million years ago. The southwestern portion of 
the:site is located over the Buried Valley Aquifer which has been designated as a sole source 
aquifer by the U.S. Environmental Protection Agency (U. S. EPA). 

ES.l Accomplishments 

Many accomplishments occurred in 2002, and some of these are listed below. Further details 
about these accomplishments are provided in the Executive Summary and in Chapters 2 - 6 of 
the report. 

o The following buildings were demolished: I, 27, 29, 42, 44, 51, 55, 98, 110, 123, and 
Briclanaker; 

o more than 102,000 pounds of hazardous waste were shipped offsite; 
• over 813,000 fP of radioactive waste was shipped offsite; 
• the maximum offsite dose from all radioactive emissions was 0.17 mrem (0.2% of the DOE 

standard); the maximum offsite dose from air emissions was 0.033 mrem (0.33% of the EPA 
standard). 

ES-1 
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• the population dose from radioactive emissions of 4.1 person-rem was approximately 
0.00041% of total background radiation; 

• over 1400 N]?DES water samples w~e ;tak~witbonly 1 reportable _exceedance (CBOD); .· 
• the ayerage tritium concentration~detected in Miatnisburg drinking _water was ·o~9% of the 

u.s: EPA;s rruiiimum contamimint level {MCL).; . . · . . 
• the tritium: concentration in onsfte drinking water has decreased 43% since 1998. 
• . tritium releases to the Great' M1ami River have decreased 24% since 1998. 

' , 

ES.2 Perspective o~.Radia'9on 

Radionuclides emit iopizirig radiation: Ionizing radiation possesses eno~gh energy to remove 
.el~ctrons from the su'bstances ·tl:li.ough :which it passes. Most: consequences -to hum.a:Q.S .from 
exposure to . radionuclides anse fr()m tlie interactionS of ionizing radiation \\'ith. hUinan tissl!e~ 
The,se _interaptlons are measured base_d on .the amount of energy deposit~ in the tissue. This 
value is the absorbed dose. Smce different types of ionizing radiation cause· different degree~ of 
biological harm, it is necessary to weight the doses to account for those differences. The unit 
used to make_ this. compariso:q: possible .is the dose _equivalent The units ~ed to:_report do~e 
equivalents are the rem and the Sievert (Sv). B~use doses associated with environmental 
exposures. are typically only fractions of a rem or .Sievert, it i~ common to report doses in terms 
ofmillirem (mrem) or millisievert (mSv). There are 1000 mrem per rem; 1000 mSv per Sv. 

Our b.odies are exposed to ionizing nidiation each day. · Most of~ radiation comes .. from natural 
SourCeS~, 'fhe,avenige dose to. a resident:of the United State~ from natural and man-made sources 
iS about 355 mrein (3~5ffJ;nSv) per.year. ~cliP; 1987). Tjle prima.ry contributors; to ~ 
background dose are !adon, cosmic and terrestl:ial sources, and medical. sources such as x-rays or 
diagno~tlc exposu:res, A summary of the prlnciples of radiation can be found in AppendiX F of 
this Report. . . ' . . . . . . . . . 
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Executive Summary 

ES.3 Radionuclide Releases from MCP 

Table ES-1 lists the. quantities. ofradionuclides released by MyP into the air and surface water 
during 2002. The unit used to report these quantities is the .curie (Ci), a unit of radioactivity 
equal to 3.7 x 1010 disintegrations per second. the quantities, or activities, sho~ in Table ES-1 
were measured at the point of release. 

Table ES-1. Radiological Effluent Data for 2002 

Radionuclide Released to Activity, Ci 

Tritium · Air 1.3 X 103 a 

Water 1.9 

Plutoriium-238 Air 4.4 X 10-6 

Water 1.7 xlO""' 

Plutonium-239 ,240 Air 3.0x 10..s 
Water 1.4 X 10-6 

Radon-222 Air 5.0 

Uranium-233,234 Air 1.2 X 10-S 

Water 4.1 X 10-4 

Uranium-238 Air 8.9 x 10·9 

a Tritium released to air consists of: Tritium oxide, 9.44 x 102 Ci 
Elemental tritium, 3.56 x 1 t¥ Ci 

b Minimum Maximum (CY1998- CY2002) 

ES-3 

. MCP Rangeb, Ci 

3.8 X Hi - 1'.3 X 103 
' 

1.7 2.5 

4.4 X 10-6- 1.5 X 10"5 

1.2 X 10""'-4.8 X 104 

3.0 X 10"8 - 4.2 X 10-S 
1.4 X 10-6-3.6 X 10-6 

1.0-5.0 

8:0 X 10"9 - 1.9 X 10-S 
3.4 X 104 -4.1 X 10-4 

s.o x w-9 1.1 X 10-S 

-
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Ext!cutive. Sum:niaiy. 

ES.4 Dose Limits 

Bose liillits, or inore precisely, dose equivalent limits, for menibers of the public are presented in 
Table Es..:2·: These ···limits are expressed··m ~erins of a eoinmitted ·effective dose· equivalent 
(CEDE) and· ari effective dose·equivalent (EBE) for the DOE and U.S; Environmental Protection 
Agency (EPA), respectively. Values shown in Table ES-2 represent annual limits on dose 
equivalents established by the BOE and EPA. 

Table ES-2 •. Radiation Dose. Limits. for Protection of the Public.from all Routine. DOE 
Operations 

Pathway 

All exposure media 
Air 
Drinking water 

a Annual Bose Limits 

. Regulatory 
Stahdatd or Driver 

DOE Order 5400.5 
40 CFR 61 (EPA) 

40 CFR 14l(EPA) 

ES.5 Doses from MCP Operations 

Effective 
Bose Eguivalent3 

mrem mSv 

100 
10 
4 

1 
0.1 
0.04 

In calculating the maximum dose received by a member of the public from MCP activities, a 
committed effective dose equivalent is used. The CEDEs are the doses received by a 

-hypotD.etical-adulcindi.vidualwho remained~actlie-site -15ounoary 24 -h<furs pefdaytlirougnout ~ 
2002. This individual was assumed to have: 

• breathed exclusively air with radionuclide concentrations corresponding to the location of the 
maximum dose, 

• drawn all of his drinking water from the Miamisburg water supply, 
• consumed produce exhibiting the maximum average radionuclide concentrations in samples 

collected from the Miamisburg area. 
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Executive Summary 

The CEDEs.from all ofthese pathways are added.to obtain an estimate of the maximum CEDE 
received by. this hypothetical individual. Table ES-3 shows the results for MCP in 2()02. 
CEDEs for tritium, plutonium-:-238, plutonium-239/240 and thorium~228 were calculated. 
Concentrations of other radionuclides were below background levels or were too small to affect 
the overall dose . 

Table ES-3. Maximum Committed Effective Dose Equivalents to a Hypothetical Individual 
in 2002 

Radionuclide Pathway Dose(mrem) Dose (mSv) 

Tritium Air 0.002 0.00002 
Drinking water 0.007 0.00007 
Foodstuffs 0.002 .·0.00002 
Total 0.011 0.00011 

Plutonium-238 Air 0.03 0.0003 
Drinking water 0.016 0.00016 
Foodstuffs 0.05 0.0005 
Total 0.096 0.00096 

Plutonium-239 ,240 Air 0.001 0.00001 
Drinking water ND ND 
Foodstuffs 0.057 0.00057 
Total 0.058 0.00058 

Thorium-228 Air NA NA 
Drinking water 0.001 0.00001 
Foodstuffs NA NA 
Total 0.001 0.00001 

Thorium-230 Air NA NA 
Drinking water ND ND 
Foodstuffs NA NA 
Total ND NA 

Thorium-232 Air NA NA 
Drinking water ND ND 
Foodstuffs NA NA 
Total NA NA 

Total 0.17 0.0017 

ND indicates that concentrations were not detectable above the environmental level or reagent blanks. 
NA =not applicable (not measured) . 
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Exe:Cf,l.tive Summary 

The data preserited ·in Table Es.:3 were calculated u8ing environmental monitoring data ·measured 
at· and· near the site. Figure ES•l' shows the five year trend in CEDEs;. The doses· from MCP 
activities in 1998~2002 were small fiictions of the 100 mrem per year ·DOE dose limit for 
members ofthe public. Most ofthe 1999 CEDE was due to one set '()f'vegetation saniples. 
These samples had measurable, . although very low, levels of Pu-238 that were greater than 
observed. at other-locations in previous years. 

Figure ES-l~ Calculated CEDEs .from MCP Activities, 1998;.. 2002 

Committed Effective Dose Equivalent (mrem) . 
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MCP also evaluates doses using the EPA's computer code CAP88-PC. CAP88-PC uses air 
effluent data as input· to transport, dispersion, and dosimetry codes. By executing these codes, 
one generates an estimate of a n1aximum offsite dose from airborne releases. For 200~, t:he 
CAP88-PC-est:i.Diated maximum offsite dose was 0.11 mrem at a location 800 meters north
northeast of the REFS stack. As reported in Table ES-2; the EPA's ·annual dose limit· for 
airborne releases is 10 mrem. Therefore, MCP releases in 2002 represented 1.1% of the dose 
limit set by the EPA. 

--------------~~~~~~-
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Executive Summary 

Population doses. CAP88-PC also has the capability of estimating-regional.population doses 
from airborne releases. The population, approximately 3,126,615 persons, within a radius of 80 
Ian (50 mi) ofMCP received an estimated 4.05 person-rem from site activities in 2002. CAP88-
PC arrived at that value by calculating doses at specific distan9es and in specific compass s~ctors 
relative to MCP. The computer code then multiplied the average dose in,a given area by the 
niunber of people living there. For example, an average dose ofO.OOl rem x 10,000 persons in 
the area yields a 10 person-rem collective dose for that region. CAP88-PC then .sums the 
collective doses for the 80-km radius region and reports a single value. Additional dose 
components from drinking water.and radon emissions are added to obtain this result. 

MCP's dose contribution of 4.05 person-rem can be put in perspective by comparison with 
background doses. The average dose from background sources is 300 mrem (0.3 rem) per 
individual per year. A background collective. dose can be estimated for the 80-lan population by 
muitiplying 0.3 rem x 3.127 million. persons. The result, about one million person-rem, 
represents an estimate of the collective dose from all background sources of ionizing radiation. 
MCP's contribution is approximately 0.00041% of that value. 

ES.6 Environmental Monitoring Program Results 

Besides setting. limits on the C~DE to any member of the public, DOE has established perived 
Concentration Guides (DCGs) for individual radionuclides. The DCG is defined as the 
concentration of a radionuclide in air or water that will result in a CEDE of 100 mrem (1 mSv) 
following continuous exPQsure for one year: The concentrations. of radionuclides resulting from 
MCP's 2002 releases were small fractions of the corresponding DCGs (see Chapter 4). 

Radiological Monitoring of the Atmosphere 

·Ambient air is sampled for tritium and plutonium by an onsite network of six peruneter .stations 
and by an offsite network of 14 stations (see Figures 4-4 and 4-5). Thirteen of the offsite 
samplers are located in the Miamisburg area. One sampler is located far enough away to receive 
virtually no impact from MCP activities. This sampler serves as a reference location to establish 
background or environmental levels of tritium, plutonium, and thorium. The amount by which a 
sample exceeds the background or environmental 'level is reported as an incremental 
concentration. 

In 2002, average incremental concentrations measured at the onsite samplers were less 
than 0.015% of the DOE DCG for tritium oxide, and less than 0.035%, 0.0025%, and 
0.0045% of the DOE DCGs for plutonium-238~ plutonium-239,240, and thorium isotopes, 
respectively. 
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Radiologicat Monitoring of Water 

Wa.ter samples were collected;troiri:locatimis'along the Great ,Miami River:an:d were analyzed for 
tritium, plutomum-238, plutoruum..:239,240,. uramiun;;.2'33:,234,·· uranium:'238, thorium~228, 
thoril.mi-230;:·and thorium-232; ·· ''Other· SW:face :water ··locations'· were sampled for tritium and 
plutonium .. Additionally, 'river and; sir~ ·sediment samples were analyzed ·for isotop.es 'of 
plutonium ·and thorium. · · · 

River water. Over 380• ·samples were· collected in 2002.: A.v&age tritium concentrntioris 'in.the 
river were less than 0.175% of the DOE DCG for tritium in water. The average incremental 
concentrations of plutoriium~238 and plutdni1un-239,240 in water. from the Great Miami Riv~r 
were less· than 0.065% of the DCGs; • The averag~ in~emental concentrations o(uraniuin~ 
233,234 'and';uranium-238 \Vere ··below· the ·environmental. leveL Average·· incremental·· thorium-
228, thoril.iin-230 and thorium,..232 concentrations were less 1.:fum 0.065% of the DOE DCGs~ · 

Pond Water. Eighteen samples from local ponds were an3ly.ied for tritium, plutonium-238, and 
plutonium-239,240. Concentrations of tritium were less than 0.00055% of the DOE DCG. 
Concentrations of plutonium-238 and plutonium.:.239~240 were-below 0.0 15%· of the DCGs. 

Sediment. NinetY samples weie collected .. Plutonium and thorium results for river and stream 
sediments are listed in Appendix B, Tables B-14 through B-16.. Maximum and ·average 
concentrations for 2002 are comparable to concentrationS obserVed in previous. years .. siflce 
isotopes ofplutoniinn and thorium tend to accumulate in sediment, eonceD.trntions are affected by 
the movement of silt. This accounts for the variability hi plutomum concentrations atthe various 
river and pond locations. Average incremental concentrations of pluto~um-238 ranged from 
below 2.6 x 10-9 J.lCi/g to 439 x 10-9 

· J.lCi!g. Average iricremerital plutonium-239,240 
concentrations in river and stream sediments ranged from below environmental level to 6.2 x 10-9 

jlCi!g. Average incremental concentrations of thorium ranged from 0.12 x 10:.6 J.lCi!g to 0.49 X: 
10-6 J!Ci!g. . . . . . 

Radiolo~cal Monitoring of Foodstuffs 

Sixteen samples of locally-grown produce were collected from the. surrounding area. These 
samples were then analyzed for tritium and/or plutonium as appropriate. Average concentrations 
~~--~-~~~~~---- -----·-----~--· ~~~~--- --6- ~-······· ----- -~-~9~---------- ~~ -~--- ---

of tritium and plutonium were below 0.235 x 10 J.LCi/g and 0.105 x 10- J.LCi!g, respectively. In 
2001, average concentrations of tritium, plutonium-238 and plutonium-239,240 were below 
0.125 x 10-6 J.LCi!g, 0.22 x 10-9 J.lCi!g, and environmental level, respectively. 

Nonradiological Monitoring of Air 

Particulate loadings are measured at all of the onsite and offsite air sampling locations. 
Particulate concentrations appeared to be independent of distance. This result suggests that MCP 
exerts little or no influence on the levels of airborne particulates in the ambient environment. 
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Executive Summ.ary 

Nonradiological Monitoring of Water 

MCrs nonradiological liquid discharges are regulated by an National Pollutant Discharge 
Elimination System (NPDES) permit and Authorization to Discharge (ATD). In 2002, 
approximately 1,400 samples were collected to demonstrate compliance with these permits. One 
NPDES permit exceedance was reportable. The exceedance was for :five~y .carbonaceous 
biological oxygen demand (CBOD·5) at Outfall 601. The CBOD result for the following day 
was less than .the method detection limit. No ATD exceedances. oCClirred in 2002. No 
,enforcement actions .were· initiated in, 2002. . Key results are summarized in Appendix C,. Table 
C-3. A review ofNPDES and A TD performance over the past five years is shown in Figure 5-2. 

ES. 7 Groundwater Monitorfug ~rogram · 

MCP maintains an extensive .network of onsite and offsite monitoring wells. In addition, a 
number of onsite. production wells and,offsite community water supplies are routinely sampled. 
Drinking water from MCP and the Miamisburg area .is analyzed for tritium and isotopes of 
plutonium, uranium, and thorium. Other regional :water supplies are sampled. for· tritium since it 
is the most mobile of the radionuclides released from the site. Tritium levels in onsite production 
wellS have consistently been less ,than l nCiiL. Average community. tritium concentrations 
ranged.from 0.01 to 0;45 nCi!L, or2.3% of the MCL. Results for 2002 are shown in Appendix D, 
Table D-2 and D-13. The results reflect the, pattern· of tritium concentrations one would· expect: 
higher averages near the site (e.g., Miamisburg) and lower averages at greater distances. (e.g., 
Middletown). 

The SDW A does not limit the concentrations of most radionuclides individually (tritium is an 
exception). Instead, the dose from specific combinations of radionuclides is limited to 4 
mrem/year. In 2002 the dose from plutonium, uranium, .and thorium. tpeasured in the onsite 
production wells was 0.09 mrem, which is 2.3% of the''d6se standard.. The dose from tritium 
was 0.5% of the 4 mrem/year standard,· or 0.019 mrem/yr. The total ofO.ll mrem/yr represents 
2.8% of the standara 

Monitoring wells are analyzed for various constituents including radionuclides, volatile organic 
compounds, metals, and inorganic cations and anions. As in ·previous years, monitoring data 
collected in 2002 indicated ·that volatile organic compounds and tritium, respectively, are the 
primary nonradiological and radiological contaminants of concern. Since the implementation of 
the OUl treatment systems, monitoring and production wells have generally seen a decline in 
VOC concentrations as evident of the five-year trend for Production Well 0076 as shown in 
Figure 6-9 of Chapter 6. 

More than sixty onsite·monitoring wells are sampled for nearly 40 organic compounds. Many of 
the wells are sampled to evaluate containment of the plume and the effectiveness of the OUl 
treatment process. A declining trend in VOC concentrations has been observed. Results for 
2002 are presented in Appendix D, Table D·23. In 2002, trichloroethene and tetrachloroethene 
exceeded drinking water MCLs. In addition to the historical contaminants, chloroform has been 
detected in approximately half of the onsite monitoring wells. 
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Executive $umrnQ,ry 

Further information about groundwater monitoring results for 2002 can be found in Chapter 6 
and Appendix D. 

ES.S Environmental Restoration 

MCP was designated a Superfund site, i.e., placed on the National Priorities List, in November of 
1989. A·FederatFacilities Agreement (FFA) between the DOE and theU. S. EPA fdllowed in 
October of 1990. The FF A was expanded to a tri-party agreement in 1993 whc:m the Ohio EPA 
became a signatory. The purpose of the FFA remains unchanged; it defines the resporisibilities 
of each party for the completion of Superfund-related(CERCI.A-related) activities. The general 
purposes of the FFA are to: ensure that the environmental .impacts associated with past and 
present activities at MCP are thoroughly investigated and appropriate'remedial action taken as 
necessacy to protect public health, welfare and.· the environment; establish 'a·. procedural 
framework and schedule for developing, implementing, maintaining and monitoring appropriate 
response actions at MCP; .. and facilitate cooperation and exchange of information and 
parti~ipation of the three.parties in such actions. 

As part of the Mound 2000 process, the. following buildings were· demolished: I, 27, 29, 42, 44, 
51, 55, 98, 110, 123, and the Brickmaker. Internal components and fixtUres were removed from 
Building 38, HH Building, WD Building, SW IR Buildings, and T Building. 

Several Potential Release Sites (PRSs) were.sampled and assessed. The Geophysical and Phase 
N sampling for PRS 66 were completed. In addition, PRSs 41, 64, 87, 154, 238, 267, 277, 278, 
282, 397, and,4,17 were sampled. Highlights of the environmental restoration·program during 
2002 are described in Chapter 3 of this report. 

ES.9 Quality Assurance for Environmental Data 
' ' ' 

To ensure the reliability of environmental data, MCP maintains an internal quality assurance 
(QA) program that consists of running blanks, internal standards, and replicate samples. MCP 
also participates in comparison exercises with external laboratories to further validate MCP's 
environmental results. Comparisons .of MCP's performance with that of other laboratories are 
shown in Chapter 7 of this report. The close agreement between MCP and the external labs 
provides confidence that MCP's Environmental Monitoring Program generates reliable data. 

···~~~'''' -----
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Chapter 1 

1.0 . 'TRODUCTJQ_ 

l.J De cription of the Mia 'sburg CJo ure .Project 

Lo.c.adon 

The Miami burg . o ure Proj.ect (MCP) is comprised of -6 strucrures on 179 acr of land (at 
the end of 2002) in Miami burg, Obio, appro·:r..llnately ]6 [em (1 0 mi) southw , r of Dayton 
(figure 1- 1 ). The Or at Miami R iver llows uthw .. through Lbe City of Miamisburg and 
dominates the geography of the region surrounding MCP (Figure 1-2) .. The river valley is hig:hly 
indus1rialized. The rest of the re&rio 1 is a mix of fannland, r"sidential areas, small communities 
and light industry. Many city and to aship residences. five schools. me Miamisburg do ... vnto rn 
area and six o the ity~s parks .are iocated within on mHe of the s.ire. 

View of MC~ looking Eas\Acros.s the Great Miam:1 River 

1- 1 



igure l-1. Locution of ' · m.isburg and urroDDding Communiti 

Ohio 

1-2 

I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I: 
I 
I 
I 
I 
I 
I 
I 

I 

I 

f.'igure I -2. Locution of MCP 
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Introduction 

PopuJ:o:don and Lan'd lJ .. 

Figur 1-3 . ho the p p I tioll d'L. 'bution ' ilhin :o .miles (80 km.) of me stte. I he popu anon 
information as extracted fwm 2000 Cen us data by lhe Ohio Department of De e(opmeni. e 
·estimat d number ,of :individuals residing within the 50 mile mdiu . l 3, 126~61 ( able L -1). e 
primary a 'cui ural activity in the area ~ . mis.ing :1i ld crop such as corn and soyb~;an . 

. pproxi.ma:tely l 0% of th agricultural land is devoted to pasturing 1· ve tock. 

Table 1- • PopuJation of ls from tbe 
lOOO Cen·u 

miles Total 

0-10 40,150 

0-20 929,070 

0 30 1,568,331 

0-40 2, 94,32 

0-5U 3~ ,126,615 
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Chapter 1 

Finure 1-3. Di tribution of Population within 50 mi (80 km) ofMCP 

N 

0- 10 Miles 

10 - 50 Miles. 
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Introduction 

Ge logy 

The geologic record preserved in the rocks underlying b- 'te indicate that the area h s 1:t en 
relatively stable since the begjnning of the Paleozoic ern more thru ·oo mm~on years ago. There 
is no evidenoe indicating subsurface structural folding, significant stro.tigraphic thinning, or 
subsurfac faulting. Lime:oton.e slr.l1W. are interbedded with shale layers. o evidence of solu ion 
CD i ies orca- em dev !opmenl bas beeo observed in any borings or outCF"Ops in Lhe ·amisburg 
area. 

. drogeology 

The aquifer ystcm of the sit co~ists ofll ·u different byiliogeo'ogic environments: grou.nd\ aler 
ilow through th.e bedroc beneath the hills and ~o1mdwater flow within the unconsolidated 
glacial deposits and aUuvi.um associated with the Buried aJley Aquifer (BVA) in the Great 
Miami River •all y. The bedrock flow s lc:m is dominated by fracture D0\1 and is not 
conside.red a productive aquifer. The BVA is dominated , y porous flow with interbedded gravel 

cposits pro,viding the major palh ay for water movement Th_. unconsolidated deposits are 
Quaternary Age sediments consisting of both glacial and fluvial dq1osits. The BVA is a highly 
producti c: aqui r capabl of yieldmg a significani quantity of Winer and is oonsidere,d a sole 
ou:rce aquifer. 

Climate 

be climate is moderate. The average annual precipilali.on nlte il:i 94 ~m (3 7 m) per year. As 
shown in Figure 1-4 fhe tom.I precipimtioo measured at th sir m 2002 was 132 em (52 in). 
During 2002 winds were predominantly mom the outh- outhwest (Fi.gtroe l-6). The !IDDual 
avenge wind speed measured at MCP for 2002 w.as -. l m/' (I J .4 milbr) (Tabl i -2). Th · 
average temperature was 13.4 °C (56 op) with a maximum o;f 39 "C (]0 Of) and a minimum of 
14 °C (6 or:). Average monthly temperatures are shown in Figure l-5. 

Topography 

MCP site elevations vary from 2l6 m to 268m (700ft o 900ft above sea level most ofth site 
is above 244 m (800 .ft . o building in which mruoactive material •as proce ·ed is located 
below an elevation of 241 m pqo ft). The typical nonfloodl stage of the Great Miami River is 
108 m (682 ft). The highest flood water evels t.bat can be reLc;onably postnlated for the: Great 
Miami River basin (100-year storm event) would result in Hooding to _13m (700ft). 
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Figure 1-6. 2002 Wind Rose for MCP 
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Table 1-2. Percent Frequency of Wind Direction and Wind Speed from MCP 
50-m Meteorological Tower for 2002 

Direction 
N 

NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
s 

ssw 
sw 

WSW 
w 

WNW 
NW 

NNW 

a 1 m/s = 2.24 milbr. 

Percent of Time 
Winds From 

4.3 
4.9 
7.3 
5.6 
4.2 
3.6 
4.2 
5.0 
9.4 
14.2 
10.5 
5.8 
6.0 
5.1 
4.7 
4:5 

·Average 

Total relative frequency of calms distributed above is 6.9%. 
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6.1 
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5.4 
5.2 
4.6 
4.3 
5.1 
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.IntrodUction,, 

Mission and 9perations 

In the past MCP served as an integrated research, development, and production facility in support 
of DOE weapon and nonweapon programs, especially in the areas of chemical explosives and 
nuclear technology. The principal mission ofMCP was research; development; and manufacture 
of non-nuclear explosive components for nuclear weapons that were assembled at another DOE 
site. Other major operiitions_atMCP included: , 

,, 
• Manufacture of stable (nonradioactive) isotopes for medical, industrial, and general research. 

• Recovery and purification of tritium from scrap materials generated by MCP and other DOE 
sites. 

• Development and fabrication of radioisotopic thermoelectric generators fueled with 
plutonium-238 to provide power sources for such projects as lunar experiments, satellites, 
and spacecraft. 

• Surveillance of explosive and radioactive weapons components received from other DOE 
sites. 

Current MCP objectives include environmental restoration and the transition of the site to the 
community for reuse as a commercial facility. The nuclear energy program mission was 
transferred to Argonne National Laboratory-West in late 2002_and operations will be moved to 
the Idaho National Engineering & Environmental Laboratory (INEEL) site in 2003. As a result of . . . . . 

recent economic development activities by the Miamisburg Mound Community Improvement 
Corporation (MMCIC), 25 private businesses iire operating at the site.- -

1.2 Perspective on Radiation 

This section puts into perspective the potential consequences of the radionuclide releases 
described in subsequent sections of this report. Radionuclides emit ionizing radiation. Ionizing 
radiation possesses enough energy to remove electrons from the substances through which it 
passes. Additional background information on radiation can be found in Appendix F, Principles 
of Radiation. 

Most consequences to humans from radionucli(ies are caused-by interactions between radiation - -
emitted by the nuclides and human tissue. These interactions involve the transfer of energy from 
the radiation to the tissue, a process that may damage the tissue. The radiation may come from 
radionuclides located outside the body (i.e., in or on environmental media and man-made 
objects) and from radionuclides deposited inside the body via inhalation, ingestion, or absorption 
through the skin. Exposure to radiation from nuclides located outside the body is called external 
exposure and will last only as long as the exposed person is near the external source. Exposure 
to radiation from radionuclides deposited inside the body is called internal exposure and will last 
as long as the radionuclides remain in the body. 
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. Chapter-1. 

A number of specialized units. are used to characterize exposure to ionizing radiation. Because 
the damage associated with such.exposures is due primarily to the deposition of radiant energy in 
tissue, these units are described in terms of the a.Illount of energy absorbed by -the tissue and the 
biological consequences of the absorbed energy. Some of the key units are defined below: 

• Absorbed dose indicates the amount of energy absorbed by a material (e.g.:. human tissue), 
divided by the mass of the material. The unit of absorbed dose is the gray (Gy) or the. rad (100 
rads =I Gy). · 

e Dose eqriivalent indicates the biological effect of an absorbed dose on a particular organ .or 
tissue.· It equals the .absorbed ·dose multiplied by factors that rdate the absorbed. dose to 
biological effectS on :that particular organ.' The u,nit of dose equivalent is the sievert (Sv) or 
the rem (100 re1ll = 1 Sv). · · · · . 

e Effective dose' equivalent· indicates the health risk thaf · a · radiation dose poses to an 
individual. It is calculated from the weighted sum ~f the dose equivalents from the. irradiated 
organs. It is also expressed in rem or Sieverts. · .· 

• Committed effective dose equivalent indicates the total dose over the individual's projected 
remaining lifetime (assumed to be 5Q years) that results from an intake during one year. The 
committed effective dose equivalent (CEDE) expresses the dose ofintemal radiation received 
when an individual has ingested, inhaled or absorbed .a radionuclide that will remain: inside 
the body. It is also expressed in rem or Sieverts. 

• Collective committed -effective dose equivalent indicates the sum of the committed 
effective dose equivalents to the individuals in a population. It gives an estimate of· the 
expected health riskto the-population from a dose of radiation. It can be used to calculate 
probable risks that. might be too small to predict on the basis. of a single individual. ·It is 
expressed in person-rem or person-Sieverts. 

Sources of Radiation 

Every day our bodies absorb ionizing radiation. Most of it comes from natural sources. 
Consumer products and medical procedures that use radiation are other common sources of 
ionizing radiation. 

Natural Sources. Natural radiation comes from two sources, cosmic and terrestrial. Cosmic 
radiation results when energetic particles from outer space, traveling at nearly the speed of light, 
collide with nuclei in our atmosphere, creating showers of radioactive particles that fall to earth. 
The average annual dose equivalent received from cosmic radiation is 26 mrem (0.26 niSv) for 
an individual living at sea level. Because cosmic radiation dissipates as it travels through the 
atmosphere, individuals living at lower altitudes receive less dose from this source than those 
living at higher altitudes. 

Terrestrial radiation results when radionuclides that are a natural part of the earth's rocks and 
soils emit ionizing radiation. Because the concentrations of these radionuclides vary 
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geographically, . an individuar s exposure depends 9n his location. The average annuar dose 
equivalent from: terrestrial radiation for an indiVidual living ilr the Uriited States (U. S.) is 28 
mrem(0.28 mSv). · 

Internal. Besides absorbing radiation from external radionuclides, we Can ·also absorb radiation 
internally when we ingest radionuclides along with the water, mjlk, and food we eat or along 
with the air we inhale. ··Once in our bodies,.radionuclides follow the same metabolic paths as 

~ ~nonradioacti:v:e~form8 of the. same elements. The iemgth oftinie a particUlar radionuclid.e · reiilains 
in the body depends on whether the body eliminates it quickly or stores it for a long period, and 
on how long it takes for the radionuclide to decay into a npnradioactive form. The principal 
source of internal exposure:in the u. s. is believed to be radon .. IIihalation 6r'radbn contributes 
about 200 mrem (2.0 mSv) u:nhe average annual dose eqUival~nt from intein:at radiation.: . Other 
radionuclides present in the body contribute approximately 39 mrem (0.39 mSV). 

Consumer Products. Many familiar consumer products emit ionizing radiation. Some must 
emit radiation_ to perform their functions;-.(!. g., smoke detectors· and ajrport: x-ray baggage 
inspection systems. Oth~ products, e.g., TV sets, emit ra.diation ·Only uwidentally to perfQrming 
their functions. The average annual effective dose .equivalent .to an.·individwl1.from consumer 
products ranges from 6 to 12 mrem (0.06 to 0.12 mSv). · 

Medical Uses. Radiation is ·a tool for dia:gnosingand treating diseaSe. The average ann:l1al dose 
equivalent for -an individual .. in the U. S. from diagnostic radiation is 53 mrem. (0~53 mSv). 
Individuals undergoing therapeutic· radiation procedures receive" much higher· doses; and those 
receiving diagnostic radioactive testi.rig may also receive much higher doses:' 

Summary. The contributions to an average individual's annual radiation dose are shown in 
Figure 1-7. MCP's maximum .. contribution for 2002; .0.17 mrem,:is too small to be seen in the 
figure. 

Figure 1.;7. Average Annual Radiation Dose in the U.S. (NCRP, 1987) > 

Total Average Annual Dose = 355 mrem 

·Medical Cosmic +terrestrial 
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Chapter2 

. 2.0 COMPLIANCE SUMJ\1ARY 

The Miamisburg Closure Project is operated iri compliance with environmental requirements 
established by federal, state, and local statutes and regulations. Additional requirements are imposed 
by Executive Orders, DOE Orders, and various compliance agreements. The site's.status with respect 
to environmental requirements is. summarized below. · 

2.1 Major Envlronmental StatuteS, Regulations a~4 Orders 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)!Federal 
Facilities Agreement (FFA) 

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) of 1980, 
also known as Superfund, is the federal government's primary environmental restoration legislation. 
Through CERCLA, the U. S. EPA identifies sites where.hazardous· substance con~ti()n may 
present a risk to human health and/or the environment. Those sites presenting a human health or 
environmental risk are then placed on the National Priorities List (NPL). 

Preliminary assessment of contamination at the site identified 124 locations of actual or suspected 
releases. (DOE, 1994) These locations were grouped into "Operable Units" (OUs) based on waste 
type and/or geographical proximity. Originally, nine OUs were established. As CERCLA activities 
progressed, changes to the numbe(and composition of the OUs were warranted. In 1995, the 
CERCLA program was reorganized to increase the effiCiency of the environmental restoration effort. 
The initiative, termed "MOUND 2000," has accelerated clean-up of the si~e so that the land can be 
released for economic development much sooner than originally planned. The MOUND 2000 
process addresses buildings and potential release sites (PRss) individually. More than 400 PRSs 
have been identified. A_core team, comprised of U.S. EPA, Ohio EPA, and DOE representatives, 
reviews the status of each building and PRS based upon. an information package that serves as the 
basis for decision-making. The core team reaches a consensus decision to categorize. each PRS or 
building in one of the following ways: (1) no further assessment is required, i.e., the site is protective 
of human health and the environment, (2) a response action is warranted, or (3) there is insufficient 
information to make a determination (further assessment is needed). Ifthere is consensus that the site 
is protective of human health and the environment, no further action is taken. If it is. determined that 
further . assessment is needed, the additional data· necessary to. make a decision are collected and 
presented to the core team. If it is cost-prohibitj.ve to obtirifl the necessary data, a decision to initiate a 
response action may be made. A response action is a clean-up action tailored to the PRS or building 
of interest. Core team decisions to initiate a response action or that no further assessment is required 
are presented to stakeholders. The MOUND 2000 process accelerates clean~up of the site by Jocusing 
on discrete areas and streamlining decision making. The end result is a multi-year and multi.:.million 
dollar savings that will allow DOE to exit the site and make the site available for economic 
development. In 2002, over 130 CERCLA documents ·were presented to regulators and stakeholders, 
48 PRS decisions were recorded, 12 buildings were binned "no further action," arid approximately 40 
CERCLA meetings were held with regulators. A brief description of environmental restoration 
activities for 2002 can be found in Chapter 3. 
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In addition to the activities described above, the Superfund Act established a list of CERCLA
regulated materials. Release of these materials to the environment is subject to certain reporting 
requirements. No releases of reportable quantities ofCERCLA-regulated materials occurred in 2002. 

~. .< . -· .- <. ' . ' ' 

MCP was added-to the NPL in N~vember of 19.89 be~ause of volatile orgairic cmnpourid (VdC) 
contamination in groundwater. A Federal Facilities Agreement (FF A) between the DOE and the U.S, 

~~ ~EPJ\~"followed ~in October of 1990. The FF A defiiles; the respol1Sibilitles of . each PartY for the 
completion ofCERCLA-related activities. The FFAbecame a tri-party ~greementot?-. July 15, 1993, 
when the Ohio EPA became a signatory. The addition ofthe OhloEPA did notchange the purpose-of 
the agreement, but ratht::r. provided a m~hanism for the full ~cipation of the Qhio EPA in the 
CERCLA process. .. . . . . . .. . 

Clean Air Act (CAA) 

Nonradi6Iogical emissions. The Clean Air Act (CAA)of 1970, ~amended in 1977, gavethe U.S. 
EPA authoritY to regulate two groups ofa.lrborne polhitantS: criteri.~. pollutants and hazardous air 
pollutants. The CAA was ag8in am~Iided in 1990,. The majorimpacf.oftl}e. amendments was the 
requirement that major emitters of pollutants obtain co1Uprcllerisive (Title'.V)· air permits. As· an 
alternative to Title V permits, MCP applied for and received. Federally Enforceable State Operating 
Permits (FESOPs ). The FESOPs place limits on annual usage and thus lirilit potential afr emissions. 

' ' . . . . 

MCPis also subject to state air pollution regumtions, includingOAC.374S-15,-31,-35. Compliance 
with State· of Ohio regulations requi~ that applicable MCP activi~ies be permitted '·9r gtherWise. ·. 
registered~ The Ohio Environ:nlental ·Protection: Agency (Ohio EPA) lias issued MCP tWenty-two air · 
permits~ incl~ding seventeen· sources· on registrationstatus(seeTable 3-3).·In mder fQr a source to be 
COnSidered for registration status, (1) the SOurce owner 1llUSt demonstrat~ COmpliance with all 
applicable laws liichiding empldymeni' of best· available technology, (2} ma:xlmum emissions of 
partieulate matter, suifut dioxide, nitro~en oXldes, and or~c ~~mpotinds cannot exceed five tons 
per year, and (3) the source cannot be subject to U.S EPA new source performance stand3.rds or the 
Natioruil Emission Standards for HSZatdous Air Pollutants (NESHAPs ). · . 

r ' . , .,·· ' ~··· . , . , . 

To ensure corQ.pliance with all state and local reportfug.requirements, chemical-air emission data are · 
collected This information is maintained in 'a database· that is uPdated each calendar year. In 

~additlon_to_pro.:viding~information_on_rel~e_le:v:els~for~materials~ regulated~by_the_CAA,_thedatabase. 
is used to· meet the reporting. requirements of othet statutes such as the Emergency Pla:n.nijlg and 
CommUnity Right-to.:.Know A.ct. An emissions were within required limits and no enforeement 
actions were initiated in 2002. · : · · 

Radiological enussioiis. Ten stacks artd eight bUilding- vents at the site discharge radioac~ve 
effluents to the atmosphere. These releases ate slibject to 40 Code of Federal Regulations (CFR) Part 
61, Subpart H, {"radionuclide NESHAPs .. ). These NESHAPs regulations are components ofthe 
CAA and are emorced by· the U. S. EPA: . . 
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.. Chapter2 

The primary standard against which compliance with 40 CFR 61, Su}?part H is measured is an annual. . 
EDE. The regulations require that radionuclide air emissions from a given site do not exceed those 
amounts that would cause a member ofthe,public to .receive an annual EDE of 10 mrem (0.10 mSv). 
The regulations also· state that each facility must determine this .. maximum offsite dose" using an 
approved approach; the preferred approach is to use a computer code such as CAP88-PC. 

Based on CAP88~PC calculations performed for MCP emissions in 2002, the maximum. EDE 
received by a member of the public was 0.11 mrem. This value represents 1.1% of the dose limit and 
demonstrates that MCP releases for 2002 were well below allowable release levels .. 

The NESHAPs also define sampling and monitoring techniques which apply to stacks and vents that . . . . -

release radioactive materials. U .. S. EPA Region 5 judged MCP to be in full compliance with the 
requirements of 40 CFR 61, Sul?part H, in 1998. 

Clean Water Act (CWA) 

The Federal Water Pollution Control Act (FWPCA) of 1~72 was established to limit the types and 
rates of liquid effluents that may be discharged to the nation's waters. The U.S. and/or state EPA 
using a National Pollutant Discharge Elimination System (NPDES} permit set these limits for a 
specific site. An NPDES permit is also used to maintain compliance with more recent legislation, the 
Clean Water J\ct(CWA) of 1987. 

Ohio EPA renewed the site's NPDES permit on November 1, 1997. The permit was modified in 
March 1998 to include storm water pollution prevention. It is effective until March 2002, however, 
the Ohio EPA delayed the permit renewal until 2003. The permit defines discharge limits and 
monitoring frequencies for the site's water effluents. NPDES permit limitations were exceeded once 
during 2002 for five-day BOD and a Notice of Violation was issued for failure to comply with the 
site's Storm Water Pollution Prevention Plan. See Section 5.2 for more information. No 
enforcement actions were initiated in 2002. A permit renewal application was submitted to the Ohio 
EPA in September 2001. 

In July 1997, the Ohio EPA issued an Authorization to Discharge (ATD) for the CERCLA OUI 
groundwater remediation process .. One element of this process involves the continuous pumping of 
groundwater from a series of extraction wells to prevent migration of VOCs into the aquifer.. The 
ATD serves as an NPDES permit for wastewater· discharged as a result of this CERCLA action, 
specifying discharge limits and monitoring frequencies. A request was submitted to Ohio EPA . 
requesting a monitoring reduction at OUl, and a decision is expected in 2003. During 2002, no 
exceedances of A TD discharge limitations occurred. 
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Safe Drmking Water Act (SDWA) 

The Safe DriDk:i.ilg Water Act (SDWA) of 1974 required the U. S. EPA to establish a program to 
protect .. drinking water sources; To meetthis goal, the EPA developed."National Primary and 
Secondary Drinking Water Standards. These· standards are applied to· drinking water stipplies ·"at the 
tap." Since the site withdraws well water for use as drinking water, MCP is subject to the 
requirements\)ftne :Act 

In Ohio, the SDWA is administered by the·Ohio EPA.· In accordance with Ohio EPA reqUirements, 
the site's drinking water system is routinely tested for various compounds: A state-certified 
laboratory must perform these analyses. In 2002 the following analyses were peiforme<:I: total 
coliform, lea~ copper; nitrate, and volatile organic compounds. No exceedances:\JVere observed in 
2002. 

Under the Ohio EPA's SDWA authority, MCP is also required to maintain a minimum chlorination 
level of 0.2 mg/L free chlorine (or 1.0 mg/L combined chlorine) in the site's potable water system. 
This standard applies th.rOu~out the distribution system. 

Resource Conservation· and Recovery•Act (RCRA) 

The Resource Conservation and Recovery Act (RCRA) of 1976, as amended.by the Hazardous and 
Solid Waste Amendments (HSWA) of 1984, established a "cradle to grave" tracking system for 
hazardous wastes .. The Acts led to the implementation ()f registration and/or penl'litrequireilients for 
all facilities that transport, generate,-treat, store, and/or dispose of hazardous wastes. The Ohio EPA 
administers thls prograni in the State of Ohio. . 

In 1996, a penriit wa5 issued for the operation of two hazardous waste storage units; one that was 
used-for hazardoUs wastes and the other was used for mixed wastes, i:e;, radioactive wastes that. are 
also regU.lated by RCRA. A permit renewal application was sl!bniitted to the Ohio EPA in April 
2001. In'2002, the closure process was implemented for the mixed waste storage unit, and 'that unit 
was taken out of service at that time. 

With the closure of the·· mixed waste storage unit, the remaining hazardous waste· storage unit will 
_ £<?11finue!9 operate into the year 2003. ·······----- __ _ 

Hazardous wastes stored onsite are managed purSuant to RCRA requirements With respect to waste 
characterization, labeling, storage container integrity, facility performance criteria, and emergency 
response preparedness. These wastes are shipped offsite for approved.treatment and/or disposal. 
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Chapter2 

Waste disposition. It is the.policy ofDOE that hazardous wastes originating in Radioactive Material 
Management Areas (RMMAs) be treated as "suspect" mixed wastes, (i.e., suspected of being 
radioactively cont:aminated). , This precaution is necessary . to ensu,re, ~that . hazardous ·waste 
management facilities do not receive radioactive was~s unle~s. they are" equipped and licensed to do 
so. As a result of this policy, procedures have been implemented to ensure that waste sent to 
commercial treatment/storage/disposal (TSD) facilities is not radioactively contaminated. · · 

Nonhazardous solid wastes generated 'at the 'site are di~posed of in a licensed, permitted sanitary 
landfill. The volume of materials requiring landfill disposa.J has been reduced.as a result of recycling 
programs for. paper, glass, ·~d scrap metal. In. addition,. 47~0. tons of concrete were. used as backfill 
on site. See Section 3. 7 for tpore information. 

Federal Facility Compliance Act (FFCAct) 

The Federal Facility Compliance Act (FFCAct) was signed mto law on October 6, 1992. The 
FFCAct required that· all DOE facilities prepare an invelltory·of mixed wastes .. and mixed waste 
treatment capabilities. · ' · ·· · ··· .· 

The volume of onsite legacy mixed waste continues to be reduced. In 2002, 267 ff of mixed waste 
was shipped off-site for treatment and disposal. New treatment options will continue to .be explored 
as they become available to reduce the turnaround times associated with disposition of newly 
discovered mixed waste streams. The storage building for mixed waste was closed in 2002. 

Toxic Substances Con~ol Act (TSCA) 

The goal of the Toxic Substances ;Control Act (TSCA) of 1976 is to protect human health and the 
environment from unreasonable risks associated with toxic chemical substances. The Act gave the 
U.S. EPA authority to govern the manufacture and use of chemicals deemed to present significant 
toxicity risks. Efforts continue to remove TSCA wastes associated with past practices. The two 
primary components of this category of waste are polychlorinated biphenyls (PCBs) and asbestos. 

Polychlorinated biphenyl (PCB)-contaminated materials that are not suspected of being radioactively 
contaminated are stored onsite until their shipment to an EPA-approved ·facility· for disposal. 
"Suspect" asbestos and PCB wastes (those wastes originating in RMMAs) are retained onsite for 
waste characterization. Radioactively contaminated PCB wastes are also retained onsite. Disposal 
options, including the Waste Isolation Pilot Plant (WIPP) in New Mexico with interim storage at the 
Savannah River Site, are currently being explored for PCB-contaminated mixed waste. The use of 
asbestos in pipes, panels, and as an additive to diallyl phthalate in parts production has been 
discontinued. Residual asbestos is handled, packaged, and shipped offsite to an approved disposal 
facility in compliance with TSCA regulations. In 2002, asbestos removal projects associated with 
building maintenance, and demolition activities continued with the removal of approximately 400 
cubic yards of asbestos containing materials. All such projects are carefully monitored by the 
Industrial Safety & Health Group to ensure compliance with TSCA and the site's Safety and Hygiene 
Manual. 
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Emergency ·Planning and Community Right-to-Know Act·{SARA Title Iq) 

The reauthorization of CERCLA came in 1986 in the form of the Superfund Amendments and 
Reauthorization Act (SARA). The Emergency Planning and Community Right.:.to-Know (EPCRA) 
portion of that legislation is found in Title In ofihe Act. SARA Title III,·Section 312, requires that 
sites handling "extremelyhazardous" and ''hazardous" substances notify regional emergency planning 
agenctes~ In: compliance with the Act, MCP annually reports hazardous chemical inventory data to 
the State Emergency Response Chmmission, the . Montgomery/Greene County Inforrriation 
Coordinator, and the CitY of Miamisburg Fire DeJ>artment. The inventmy iflformation is 
accompanied ·by maps showfug the specific :16cations of the chemicals. In 2002, the site used and/or 
stored two "extremely hazardous" and seven "hazardous" chemicals. in excess of EPCRA Section 312 
reporting thresholds. See Section 5.3 for more information. 

SARA. Title ill, or EPCRA, Section 313 mandates. the annual submission of a Toxic Chemical 
Release Inyentory report for sites which manufacture,. process, or 9thenyise use listed toxic chemicals . 
in quantities greater than specified thresholds. In 2002, no EPCRA Section 313.reporting thresholds 
were exceeded. 

National Environmental Policy Act(NEPA) 

The National Environmental Policy Act(NEPA)'of 1969 was established to ensure that consideration 
is given to the potential environmental impact of federal actions prior to the irretrievable commitment 
of resources. DOE has formalized its approach to NEPA by enactinfregulations (10 CFR 1021). 
Site activities in 2002 were either conducted pursuant to CERCLA and therefore exempt from the 
NEPA process or were exempt from review because of prior NEP A evaluations. 
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Ckapter2 

Endangered Species Act (ESA). 

Provisions of the Endangered Species Act (ESA) of 1973, as amended, prohibit federal departments 
such as the,. DOE from carrying out projects that would destroy or modify a habitat deemed critical to 
the survival of an endangered or threatened species. 

MCP has performed a number of surveys for threatened or endangered species. An endangered plant 
species, the inland rush (Juncus interior), and an endangered bird species, t;he. Dark-eyed junco 
(Junco hyemalis), have been observed onsite. Both species are listed on the State of Ohio 
Endangered Species list. Because only one individuaLofinland rush was located, it is not considered 
a viable breeding population at the site. The dark-eyed junco, despite being a common winter visitor 
to Ohio, is not known to breed in southwestern Ohio. The site is in the habitat nmge of the federally 
endangered spedes of Indiana Bat (Myotis .soda/is). Consultations with the U.S~ Fish and Wildlife 
Service and the. Dayton. Museum of Natural History ~dicate that the. site does not provide_ a suitable 
habitat for the Indiana bat and no Indiana bats have been observed onsite. In· October 1999 the eastern 
massasauga (Sistrurus catenatus catenatus) rattlesnake was added to the federal"candidate species" 
list. Such species warrant threatened or endangered status but are awaiting processing., It ;~s .listed as 
endangered by the State of Ohio. The project area lies within the range of the massasauga. The site is 
being evaluated for potential massasauga habitat, but nop.e of these snakes have been observed on the 
site. 

Nei~er the solitary sitings of the rush and the junC(), nor the potential habitat for the Indiana bat and 
eastern massasauga, are expected to affect ongoing ()r future activities at the site. 

National Historic Preservation Act (NHP A) 

' ' .- . 

The National Historic -Preservation Act (NHP A) of 1966, as amended, made the preservation of 
historic, a.fchitectUral, and archeological resmll-ces a national policy. Consistent with this policy, the 
federal government requires that programs it funds or licenses including those in the State of Ohio be 
reviewed by the State Historic Preservation Office to determine what effects, if any, the:.planned 
activities under these programs will have upon such resources. 

At MCP, two studies were conducted to evaluate non;. building archeological resources. These studies 
concluded that no significant archeological resources are located on the site. The Ohio Historic 
Preservation Office (OHPO) concurred with these conclusions. 

An evaluation of buildings and structures for their architectural and cultural significance was 
submitted to the OHPO in June 1998. The OHPO concluded that the .seventeen original structures are 
of historic significance. because of their association with the early development of nuclear weapons 
(i.e., polonium research and fabrication). Because MCP will demolish or transfer the eligible 
buildings, DOE initiated discussions with the OHPO to establish the terms. of a Memorandum of 
Agreement (MOA). The purpose of the MOA is to mitigate adverse affects to these historic 
structures which will result from environmental restoration activities and transition of the site. 
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In early 2000, under the guidelines in the NHP A and the implementing regulations at 36 CFR 800, 
DOE approached the Advisory Council on Historic Preservation (ACHP) to resolve a dispute with the 
OHPO concerriing th<fdigposition of one of the buildings. The dispute was resolved and the ACHP 
and the DOE signed the MOA in october 1000. ·Under the agreement, mitigation will consist of 
documentation packages for the 17 original buildings and a documentation package forthe site; 

·As of~tlfe~entl'of 2002, doctunentation packages had been completed 'for seven of the 17 buildings 
covered by the M()A (see Appendix G). 

Executive Order 11988, "Floodplain Management" 

A narrow area along the·· southwestern border of the South Property lies within the 1 00-year 
floodplain. A Notice of Floodplain IIlvolvement was published in the Fedenu Register ·iri 2000 for 
the South Property (Parcel 4) transfer. The transfer of 94~9 acres took place April 24, 2001. There 
are now no floodplams on property controlled by the MCP. 

Executive Order 11990, "Protection of Wetlands" 

CERCLA ecological assessments have identified small wetland regions within and around the site. · 
MCP activities are planned to minimize adverse impacts to these regions. An evaluation must be 
conducted prior to any action taken within a floodplain or wetland. A public notice, including a 
Federal Register Notice publication, mUst be employed to notify stakeholders of the action. 
Authorization to backfill a wetland or discharge dredged or fill material into Waterways designated as 
"waters of the United States" shall be secured from the U. S. Army Corps of Engineers (USACE) 
under Section 404 of the Clean Water Act. A corresponding Section 401 Water Quality Certification 
shall be secured from Ohio EPA, if applicable. The USACE concurred with the updated 1999 MCP 
Wetlands Delineation. There are now. 0.147 acres ofregulated wetlands. No impacts to wetlands 
occurred in 2002. 

Executive Order ·12856, "Federal . Compliance with Right,;;,t~Know · Laws and PoDution 
Prevention Requirements" 

Executive Order 12856 mandates compliance with EPCRA (SARA Title Ill) reporting requirements 
fo!allfedet1.ll fa.cilities. In 2002, MCP sub~!ied anEPCRAS~~on 31:2reJ!ort ft).['~hemicals stored 
on site. Chenncals reported were ethylene glycol; nitric acid, sulfuric acid, diesel fuel, fuel oil, 
gasoline, argon, nitrogen, and trichlorofluoroethane. 

The pollution prevention and waste minimization focus has shifted from routine operations to 
environmental restoration. Accomplishments in 2002 included collection· of ferrous and non-ferrous 
metals, white paper, and toner cartridges for recycling. Lead bricks were recycled for use at other · 
DOE sites: In 2002, MCP recycled 13 tons of white paper, 40 tires, and 34 tons of scrap metal. 
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Chapter2 

2.2 Other Key Environmental Compliance ls~u.es 

Major External Environmental Audits in 2002 

Ohio EPA RCRA inspection. The annual unannounced RCRA inspection by the Ohio EPA was 
conducted in November of 2002. The inspection focused on RCRA compliance issues. No 
noncompliances were identified. 

Ohio EPA NPDES permit compliance inspection. The Ohio EPA conducted an NPDES permit 
compliance evaluation in June 2002. All areas rated were judged to be satisfactory. 

2.3 Summary of Permits 

The site operates in compliance with five state air operating permits. Two of the permits (REFS 
Stack and Fuel Oil Storage Tank) are pending. Seventeen additional sources of air emissions are on 
registration status with the State of Ohio. An NPDES permit and an ATD govern water releases from 
the site. Hazardous waste activities are governed by a RCRA Part B permit. 
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End of Chapter 2 
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3.0 ENVIRONMENTAL PROGRAM INFORMATION 

The principal objective ofMCP environmental monitoring programs is to ensure that any threat 
to human health or the environment is promptly detected and niitigated: It is MCP's_J)olicy that 
meeting this goal be viewed as a minimum standard of practice; better performance should 
always be pursued. The philosophy is evident in the extent and scope of MCP's effiuent and 
environmental monitoring programs. It is also supported by MCP's commitment to successful 
programs in the areas of: 

• ALARA (As Low As Reasonably Achievable), 
• Regulatory compliance, 
• Waste rilinimization and pollution prevention, 
• Environlnental restoration. · 

3.1 Environmental Monitoring Program 

The MCP environmental monitoring program (BWXTO, 2000) generates data on surface water, 
groundwater, sediment, foodstuffs, and air. These media are pathways for migration of 
hazardous materials from the site to the public. The monitoring program includes effiuent 
monitoring, environmental surveillance, and meteorological monitoring. Effiuent monitoring 
focuses on releases from the site, i.e., stack and wastewater discharges. The environmentai 
surveillance program focuses on environmental conditions in the area surrounding the site and in 
local communities. Meteorological monitoring focuses on weather conditions which are used to 
determine the environmental impact from air emissions. -

3.2 Effluent ~onitoring 

Air Emissions 

Stacks through which radioactive materials are released are sampled for tritium and/or particulate 
radionuclides. These samples are collected to demonstrate ·compliance with radionuclide 
NESHAPs regulations and to provide early warning of abnormal emissions so that. timely 
corrective actions can be undertaken. An outline of the routine stack radionuclide sampling 
program is shown in Table 3-1. Stacks are also equipped with real-time monitors that operate 
continuously. Samples may be collected at any time if one of the real-time monitors should 
alarm. MCP also releases very small quantities of nonradiologieal constituents into the 
atm()sphere. Annual, nol11'adiological emission rates are calculated using a material balance or 
emission factor approach. The releases are governed by State of Ohio EPA permits and 
regulations. 
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Table 3-1. Effluent Monitoring at MCP 

Parameter No. of Sampling Collection 
Mea.Sllred8 Locations ···Frequency 

Air Elllissions 
HT,HTO 13 Weekly 

nsPu, 239.2~ 10 Weekly 

233»4u, nsu 6 . Weekly 

mn. 23'Th. n1n 3 Weekly 

Water Effluents 
Flow rate 5 Daily 

1 When weir is pumped 

HTO, gross alpha 4 Daily 

238Pu, 239~ 4 Daily 

233~. nsu 4 Daily 

mn.,~n~ 4 .Daily 

pH 1 Daily 
3 Weekly 
1 112Weeks 

When well is pumped . 

Chlorine ·Daily* 

Dissolved oxygen Weekly 

Dissolved solids 1/2 Weeks 

Suspended solids 1 2/Week 
2 Weekly 
l 1/2 Weeks 

COD Weekly 

CBODs 2/Week · 
Monthly 

Fecal-coliform- - ·t ··weekly'•-·. 

:Amritotria 1 112 Weeks 

011 and grease 1 Monthly 
Quarterly 

Th=Thorium a HTO = Tiitium oxide 
HT = Elemental tritium 
Pu =Plutonium 
U=Uranium 

CBOD5 =Five day carbonaceous biochemical oxygen denwid 
COD = Chemical oxygen demand 
* Sunnner Months: May 1 - October 31 
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Table 3-1. Effluent Monitoring at MCP (continued) 

Water Effluents 

Parameter 
Measured a 

Free cyanide 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Nickel 

Selenium 

Silver 

Zinc 

VOCs 

Toxicity testing 
Ceriodaphnia dubia 

acute 
chronic 

Pimephales promelas 
acute 
chronic 

" VOC = Volatile ~rganic compound 
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Collection 
Frequency 

Monthly 

Monthly 

Weeldy 
Monthly 

Weekly 
Monthly 

1/2 Weeks 
Monthly 

Weekly 

1/2 Weeks 
Monthly 

Monthly 

Monthly 

1/2 Weeks 
Monthly 

Monthly 
Quarterly 

When well is pumped 

Quarterly 
Quarterly 

Quarterly 
Quarterly 



Environmental Program Information 

Water Releases 

Water released from the site is also sampled at the discharge points. Effluents include process 
wastewater, sewage water, and storm water. Extensive sampling and analysis are required to 
demonstrate compliance with the site's DES permit and the OUl ATD. An outline of the 
eflluent water sampling program is also hown in Table 3-1. 

3.3, Envlr·onm nrul unrei a ,ce 

MCP maintains an extensive environmental surveillance program designed to evaluate potentia 
impacts from the site on human health and the environment. The environmental surveillan e 
program involves sample collection and analy is of ambient air, regional water supplies, 
sediments, onsite and offsite groundwater, and foodstuffs. This program complements the 
effluent monitoring program which focuses on releases from the site, i.e., stack and water 
discharges. An outline of th environmental surveillance program is shown in Table 3-2. 

Radionuclides of Concern 

The principal radionuclides of concern at MCP are tritium and plutonium-238; no other 
radionuclides contribute significantly to the dose estimates for the site (see Appendix E). Other 
radionuclides, however, have been used at the site. Where there is a trong probability of 
det cting such radionuclides in the environment, they have been added to the appropriate 
sampling schedule. The primary example is uranium. Because U-234 is a decay product of Pu-
238, U-233,234 is a part of MCP's routine environm ntal monitoring progrnm. MCP analyz s 
drinking water and river water samples to monitor the ill , owth of U~.233 234. No significant 
concentrations have been encountered. Radioisotopes f thorium were also used historically in 
MCP operations. To ensure that no significant. do e impact from thorium is occurring, 
monitoring is performed. These data show that thorium concentrajtions are at or very n ar 
environmental levels. 

Ambient Air 

MCP maintains a network of ambient air 
surveillance stations to monitor the impact 
of airborne radiological emissions on the 
local and regional environmentll. The 
n~twor includes both onsite ,and offsite 
stations. The number and placement of 
offsite stations is based on the population 
distribution, the prevailing winds, and 
project activity. 
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Surface Water and Sediment 

The Great Miami River and~ other regional surface water locations are sampled routinely for 
radionuclides .. Since plutonium and thorium in river water tends to acCumulate in sediments, 
sediment samples are collected from these locations and analyzed f()r isotopes of these 
radionuclides. 

Table 3-2. Environmental Surveillance at MCP 

Environmental 
Medium 

Onsite 
Ambient air 

Drinking water 

Groundwater 

Parameter 
Measured a 

HTO 

mPu, 239.240pu 

mn, ZIDrh, 231'11 

Particulates 

HTO 

23&Pu, 2311.240pu 

23>.234u, 23su 

mn, 230<-rh, n1n 

VOCs · 

Nitrate 

Lead and Copper 

Total colifonn 

HTO 

238Pu, 239.240pu 

233.234u' nsu . 

mn, 23on, n2Th 

~228Ra 

VOCs 

In organics 

No. of Sampling Collection 
Locations b Frequency 

6 Weekly 

6 Weekly 

4 Weekly 

6 Weekly 

3 Weekly 

3 Monthly 

3 Monthly 

3 Quarterly 

3 Monthly 
2 Quarterly 

5 Annually 

10 Annually 

2 Monthly 

77 e 

8 Semi-annually 

9 e· 

9 e 

17 e 

74 e 

22 d e 

a HTO =Tritium oxide, Pu =Plutonium, U =Uranium, Th- Thorium, Ra- Radium, VOC- Volatile organic compound 
b Includes background location when applicable 
"Groundwater sampling includes wells, capture pits, and seeps 
d Non-detects are not reported in App. D 
• Sample collection frequency varies 
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Table 3-2. Environmental Surveillance at MCP (continued) 

.· EnVironmental Parameter ·No. of Sampling Collection 
Medium·· Measured a· LocationS b Frequency 

Offsite 
Ambient air HTO 14 Weekly 

:usPu, 239.2~ 14 Weekly 

22STh, l»rh, 231b 
'. 

2 Weekly 

Particulates 14 Weekly 

River/stream water HTO 7 Monthly 
.mPu, 239.2~ 6 Monthly 

:m.234u, nsu 6 Monthly 

:mn, non. 232Th .. · '6 Quarterly 

Riyer/stream sediment 238Pu, 239~ 7 Quarterly 

22~ non, 231b 7 Quarterly 

Pond water HTO 7 Annually 
238Pu, 239~ 7 Annually 

Pond sediment 238Pu, 239~ 6 Annually 

Drinking water HTO 10 Monthly 
238pu, 239.240pu 2 Monthly 
233.234u, nsu 2 Monthly 

22&n, ~ 231b 2 Semi-annually 

Groundwater HTO 24 e 
238Pu,239~ 6 e 
23l.234tJ, 23su 6 e 
22~a:228Ra 5 e 
22~ 2lOnt, 232Th 6 e 
VOCs 13 e 
lnorganics 17 e 

FoodstuffS HTO f Annually 
238Pu, 239.2~ f Annually 

.. HTO =Tritium oxide, Pu = Plutonium, U = Uranium, Th = Thorium, Ra =Radium, VOC = Volatile organic compound 
b Includes background location when applicable 

---"-Groundwater sampling includes wells;-capture pits;-and·seeps----------
4 Non-detects are not reported in App. D 

" Sample collection frequency varies 
f Number of sampling locations varies 
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Foodstuffs 

Locally-grown vegetables are collected and analyzed to estimate a dose via the ingestion pathway 
from radionuclides of MCP origin. Root crops such as potatoes are analyzed since the roots may 
come intolong-term contact with subsurface plutonium. Tomato samples, conversely, are of use 
due to their high water content making them excellent indicators of tritium uptake. 

Groundwaterc 

MCP maintains an extensive gro~dwater monitoring network designed to provide information 
on the impact of site activities on local and regional groundwater. Groundwater samples are 
collected from onsite and offsite monitoring wells, onsite production wells, private wells, and 
regional community water supplies. Samples are analyzed for radionuclides, volatile organic 
compounds (VOCs), and inorganic parameters. 

Environmental Levels 

To evaluate MCP's impact on the environment, it is necessary. to establish background or 
baseline levels of contaminants in a variety of media. · MCP .accomplishes this task by collecting 
samples at locations where the impact from site discharges is not observable. These locations are 
usually in a direction upwind and at a distance too great to be impacted by the site. 
Concentrations measured at these reference locations are referred to as "environmental levels" in 
this Report. Measurable concentrations at these locations are due to naturally occurring or non
. MCP activities. 

3.4 Meteorological Monitoring 

Meteorological monitoring provides information on 
weather conditions that can be used to forecast 
atmospheric dispersion following planned or unplanned 
releases of airborne material. Atmospheric dispersion is 
a function of wind speed, wind direction and 
atmospheric stability. Atmospheric stability 
determinations are made by estimating the amount of 
atmospheric turbulence in the lateral wind direction 
using a bi-directional wind vane. The parameters which 
characterize dispersion (wind speed, wind direction and 
atmospheric stability) are closely monitored at the site 
with the aid of two meteorological towers. 
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Environmental Program Information 

3.5 Effluent Treatment and Waste Management 

Effiuent Treatment 

Air. High efficiency particulate air (HEPA)filters remove particulate radionuclldes from process 
air emissions. Air effluents are filtered first at their point of origin (e.g., a glove box), and again 

~-~·'··'~····- ~_jqst.J:>~for~ r~~~_ching the release point (i.e., the stack or vent). The filtering system in place at 
each stack with particulate emissions is composed of two banks of HEP A filters connected in 
series. Each filter bank has a nominal collection efficiency of 99.95% for 0.2-micron particles. 
Tritiiun is not trapped by HEP A filterS. · A chemical process is used to recover tritium from waste 
gas streams. 

Water •. An onsite sanitary waste treatm'erifplantmanages all domestic wasteWa.ter generated at 
the site. Treatment is provided via an activated sludge process operated· in the extended aeration 
mode. A continuous backwash sand:filter serves as tertiary treatment. The influent and effluent 
at the sewage treatment plant are monitored to ensure that radionuclides· are not inadvertently 
discharged to the environment. All wastewater, after appropriate treatment and monitoring, is 
discharged-to the Great Miami River. Residual sludge from the-treatment plantis managed and 
transported to an o:ffsite permitted dispcisal facility as low.level radioactive waste. 

Waste Management 

The waste management focus has· shifted from support of routine operations·· to· environmental 
restoration and disposition of legacy wastes. In 2002, 102,734 pounds of hazardoUs 'waste was 
shipped offsite. 

Hazardous wastes. Two hazardous waste storage units. are operated for·the · MCP; one is used 
for hazardous wastes and the other is used for mixed wastes, i.e., radioactive wastes that are also 
regulated by RCRAi The storage units are operated in accordance with a RCRA Part B permit 
issued by the Ohio EPA in March 2002. 

Radioactive Wastes. MCP currently has two diSposal options for low4evel radioactive wastes. 
The waste can be shipped to the Nevada Test Site (NTS) or to Envirocare; a commercial disposal 
facility. In 2002; 813,554 fr of low-level waste was shipped offsite. , 

Mixed wastes. Hazardous wastes that are radioactively-contaminated are referred to as miXed 
wastes. These waStes are stored onsite m a RCRA-permitted facility until treatment/diSposal 
options have .. been evaluated. In 2002, 267 :rr·was shipped off-site for treatment·an4 disposal. 
New treatment options will continue to be explored as they become available to reduce 
turnaround times associated with the disposition of newly diScovered niixed waste streams. 

Nonhazardous solid wastes. Nonhazardous, nonradioactive solid wastes generated at the site 
are disposed of in a licensed, permitted sanitary landfill. In 2002, 533,114 yd3 was shipped 
offsite. The volume of materials requiring landfill diSposal has been reduced as a result of 
recycling programs for paper and scrap metal. 

3-8 

I 
I 
I 
1 .. 
I 
I 
I 
I 
I 
I 
I 
I 
I 

·-I-
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'I 
I 
I 
I 

ChapterS 

3.6 Environmental Permits 

MCP activities are routinely measured against the compliance requirements of state air and state 
water permits. Additionally, the hazardous waste program operates pursuant to a RCRA Part B 
permit. Table 3-3 lists permits applicable to MCP activities. 

3.7 Waste Minimization and Pollution Prevention 

Programs have been established to reduce the . volume and toxicity of hazardous, radioactive, 
mixed, and solid waste streams. These goals are accomplished by preventing waste generation, 
recycling, and reclamation. Programs include recycling of expended vehicle batteries, scrap 
metals, white recyclable paper, and toner cartridges. Recycling bins are also .provided for 
aluminum cans, which are accumulated and recycled by employees. In 2002, MCP recycled 13 
tons of white paper, 40 tires, and 34 tons of scrap metal. 

3.8 Environmental Restoration 

MCP's primary focus is environmental restoration of the site in preparation for transition of the 
property to the community for economic development. The site was added to the CERCLA NPL 
in 1989. DOE, U.S. EPA, and Ohio EPA administer CERCLA activities in accordance with the 
terms of a FF A. In 1995, the traditional CERCLA program at MCP was reorganized to increase 
the efficiency of the environmental restoration effort. The resulting process, termed "MOUND 
2000," has accelerated clean-up of the site so that the land can be released for economic 
development much more quickly than originally planned. The MOUND 2000 process is 
described in Section 2.1. 

The following buildings were demolished: I, 27, 29, 42, 44, 51, 55, 98, 110, 123, and the 
Brick:maker. Internal components and fixtures were removed from Building 38, HH Building, 
WD Building, SW IR Buildings, and T Building. 

Several Potential Release Sites (PRSs) were sampled and assessed. The Geophysical·and Phase 
N sampling for PRS 66 were completed. In addition, PRSs 41, 64, 87, 154, 238, 267, 277, 278, 
282, 397, and 417 were sampled. 

The site implemented the Contingent Removal Action. This is an approach. to a limited number 
of removals actions that expedites field work. Field work was initiated for the removal of PRSs 
276 and 421 in 2001. These removals were completed in 2002. Removal actions were completed 
at PRSs 274,275,266 and412. 

In 2002, several other key environmental restoration projects and waste management initiatives 
were completed. Descriptions of key accomplishments are provided in the following sections. 
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Table 3-3. Environmental Permits 

Operation Permit Type Permit No. 

9 Standby Power Diesel air B009 -B017 
- Generators (registration) 

SW fR Fumehoods air P012,P014,POI5 
(registration) 

Wastewater Discharge water II000005*HD 
(NPDES) 

Wastewater Discharge water IIN900IO*AD 
(OUl ATD) 

Building48 air P008 
(registration) 

Crusher air F003 

Roadways and Parking air FOOl 
'Lots (registration) 

Underground Line air B008 
Removal (registration) 

(diesel generator) 

Gas Dispensing Facility air GOOI 
· (registration) 

Powerhouse air BOOl 
Boiler 1 and Boiler 2 B006 

Fuel Oil Storage air T005 

Valiq 
Through 

permanent 

permanent 

pending 

permanent 

permanent 

12110/06 

permanent 

permanent 

permanent 

7/31/05 

renewal 
pending 

Issuing Agency 

Ohio EPA 

Ohio EPA 

Ohio EPA 

Ohio EPA 

Ohio EPA 

Ohio EPA 

Ohio EPA 

Ohio EPA 

Ohio EPA 

Ohio EPA 

Ohio EPA 

---' --RJSW-HEFS-Stack-------air------ ---P030--- - -pending----Ohio-EPk 

Hazardous Waste RCRA 05-57-0677 3/22/07 Ohio EPA 
Storage operation 
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OUl Treatment Systems. OUI addresses volatile organic chemicals in the groundwater near 
the site's former solid waste landfill. Two treatment systems are operating there. A groundwater 
pump and treat system is used to create a hydraulic barrier to contain contaminated groundwater 
in the vicinity of the landfill. Groundwater is continuously pumped from a series of extraction 
wells and passed through an air stripper to remove VOCs before the water is discharged. The 
water discharges are governed by an ATD issued by the Ohio EPA in July 1997. In 2002, 
approximately 37,700,000 gallons of water were treated, removing approximately 1.3 pounds of 
VOCs. Since its inception, the system has removed 26.82 pounds of contaminants. 

An air spar •elva or e traction system 
b cam op ralion.al in Dec mber 1997. 
ll parge (injects) a!r into Lhr: 
gr-oundwater to volati?~ VO already in 
the groundwater. Recovery \ ell above 
the water table extract the VO , vapors 
liberated by ai:r spMging as weU as 
pull"ng in VOC vapors liberated from 
the , oi I B.bove the water uhle. TI1e 
captured vapors o.re p ssed 1throogh 
granular a.ctiva1ted car on (GAC) to 
absorb Llu: VOC · b fur~ the air is vented 
to lhc atmo I ere. Since start-up, be air 
pargelsoU vapor extraction tern has 

recovered approximately 4047 pound~ of 
VOC ·. 
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BoiJd" g demolition projects. Buildings I 27, 29, 42, 44, 51, 55, 98, 110, 123, and the 
Brickmaker were demolished in 2002. 

Building 27 Demolition Project 
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3.9 Cost Recovery Grant 

The Cost Recovery Grant (CRG) represents an.added dimension to the environmental monitoring 
programs in place at MCP. The CRG replaced the Agreement-in-Principle grant in July of 1998. 
These agr~ents establish a framework under which the State provides ()Versight and 
monitoring activities at MCP, ·· ·· 

U~der the CRG, the Ohio EPA and Ohio Department of Health review the MCP envU:onmental 
monitoring program and the Ohio Emergency Management Agency reviews the site's: emergency 
management prograin. ' . The agencies perform independent monitoring, data colJection, and 
oversight of,projectaqtivities~ · 

. . . . . 

3.10 Release of Property Containing Residual Radioactive Material 

Real Property Management 

Real Property Manag~ent is responsible for all reat. property issues arising at MCP. . This 
includes the. preparation of easements for utilities .and other purposes on the site, and th~ disposal 
of modular and Butler buildings. Real. Property Management oversees the Facility Information 
Management Syste~. (FIMS), whlch is a computerized dat8:~ase that. provides DOEIHQ wit1l a 
summary of real property data relating to MCP. Because ofFIMS requirements, it is necessary to 
notify the Real Property Coordinator anytime a trailer or other structure is leased, purchased, or 
demolished and when hazardous substances are moved into or out of a building or structure. 
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Personal Property Management 

'Excess p~r8onhl property is dispositioried hi accordance \vith the 41 CFR P~ I 01 and 109 and 
Federal PropertY' Management Regulations. Before excess property is made available 't<f other 
government agencies through the reutilization process; the property is made available to the 
MMCIC. Depending on the type and condition of equipment, and the associated aequisition'cost, 
.~xc,ess_,prop_erty .. is also made available to DOE facilitie~ through the Energy Asset Disposal 
SyStem: (EADS), Generar 'Services Administration (GSA) database or gifted to educational 
institutions. Through access to either'ofthese two databases; other state and· federal entitle~ may 
acquire property. ·· If other federal or state entities do not acqUire property Witllln aD. allotted tiine, 
the property may then be donated to educational institutions or dispositi<:me<fthrougll auctiol1S. 
Net proceeds from these auctions are entered into a General Site Fund dedicated exclusively to 
MCP. ... . ,, .. .. . . . 

No equipment is accepted that has been: 1) exposed to radiological contiiini.Mtion, '2) located 
inside a Radioactive Materials Management Area (RMMA), Radiation Buffer Area (RBA), 
Contamination Area (CA) oi·High'Contamination Area (HCA). See Table 34 for Radiqactive 
Surface Contiimillatiori Limits for ·unrestricted Release: Unrestricted release is the rele~e of 

.\ . . 

property/waste. from anyWhere ·within :the MCP site boundaries without restriction on· 'future 
movement, disposal or use in acco~c,Iance with:the gllidelines or requir~ments ofDOE 5400.5~ 

No equipment that has been exposed 'to heavy metals; beryllium, asbestos or energetic ·materials 
contamination is accepted mto excess. The equipment must be eValUa.ted · alid released by 
Industrial Hygiene/Safety to Waste Management. 
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Table 3-4. Radioactive Surface Contamination Limits for Unrestricted Release 

Direct Total or Average Maximum Total (Fixed + Removable 
Radionuclide <2> · ·Total Removable) · 

(Fixed+ Removable) 
(dpm/100 cm2)0 > 

(dpm/l00cm2)0 > ( dpm/1 00cm2)<0 

Transuranics, I-125; 1-129, 100 300 20 
Ra-226, Ac-227, Ra-228, 
Th-228, Th-230, Pa-231 
Th-natural, Sr-90, 1-131, I- 1,000 3,000 200 
133, Ra~223, Ra-224, U-
232, n..:232 ~; ~ ~ 

U-natural, U-235, U-238 5,000 15,000 1,000 
and associated decay 
product, alpha emitters 
Beta-gamma emitters 5,000 ·. !.··· 15,000 1,000 
(radionuclides with decay 
modes other than alpha 
emission or spontaneous 
fission) except Sr-90 <3> ... 

Tritium, all forms (surface NA NA 10,000 
and subsurface) 
Notes: . . . .. 
(1) 

(2) 

(3) 

As used in this table, disintegrations per minute ( dpm) means the rate of emission by radioactive material 
as determined by correcting the counts per minute measured by an appropriate detector for background, 
efficiency, and geometric factors associated with the instrumentation. 
Where surface contamination by both alpha and beta-gamma-emitting radionuclides exists, the limits 
established for alpha and beta-:-gannna-emitting radionuclides should apply independently. 
This category of radionuclides includes mixed fission products, includirig the Sr-90 which is present in 
them. It does riot apply to Sr-90which has been separated from other fission products or mixtures where 
the Sr-90 haS been enriched. . 

Surplus Property Donations/Gifts 

In accordance with.· governing documents, equipment deemed appropriate for use in improving 
math and science curricula or actiVities for elementary and secondmy school education, or for the 
conduct of technical and scientific education research activities are donated. Eligible recipients 
are local (to MCP) elementary and secondmy schools (public and private), encompassing 
kindergarten through twelfth grade : and non-profit organizations. Excess property screened 
through the EADS system databa.Se is circulate'dtor colleges and universities through the Energy-
Related Laboratory Equipment (ERLE) program. · · 

2002 Activities. Excess equipment was donated to Knox College, Phoenix Boys Home, Florida 
Int'l. University, Madison Technical College, Gonzaga University, University of Wisconsin, 
University of Arkansas, Manhattan College, Ramapo College, Uruversity of Dayton, Springboro 
High School, Springboro k High School, Vandalia Butler City School District, arid Miamisburg 
High School. 
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3.11 Protection of Biota 

DOE Order 5400.5 requires tb.S.t pc)pulations of aquatic organisms be protected at a dose limit of 
1 rad/day (10 milliGray/day)~ The .draft DOE Technical Standard, "A Graded Approach for 
Evaluating Radiation Doses to Aquatic .. and Terrestrial Biota (ENVR .;.()0 11 )" . and supporting 
software (R.AD-BCG) were used. in the evaluation and reporting of compliance with biota dose 
limits •. Th~ Tet;:hnical Standard provides a graded approach for demonstratmg·compliance with 
the biota dose limit and . .for conducting ecological assessments of radiological ~pact. · The 
Manual was developed by DOE through the Department's Biota Dose Assessment Committee 
(BDAC) , an approved committee organized through the DOE Technical Standards Program. 
The BDAC is sponsored and chaiied. by t:he Office of Environmental Policy and Guidance, Air, 
Water and Radiation Division. 

The supporting software, or "RAD-BCG Calculator,"-' provides a semi-automated t()Ql for 
implementing screening and analysis methods contained in the DOE Technicai Standard, ~'A 
Graded Approach for Evaluating Radiation Doses to Aquatic and Terrestrial.-Biota." ·. This tool 

, was also devdoped through the BDAC. 

Because the biota protection· standard is dose-based, a calculational method was developed to 
demonstrate. compliance. Because of the inherent complexity of environmentaLsystems and the 
vast array ofbiota that can be potentially exposed to any radionuclide contamination level, the 
DOE decided that a graded approach to evaluate compliance would be appropriate. 

The graded approach consists of a three-step process whlch includes data assembly, general 
screenihg,,and analysis. This. three-tiered scheme helps to ensUr-e that th,e mltgmt:ude of the 
evaluation effort is scaled to the likelihood and severity of potential environmental impacts. 

In· the general screening process,· measlired envirOnmental· concentrations are coth'pared to Vefy 
conservative Biota Concentration Guides (BCGs ). The BCGs were set so that real biota exposed 
to such concentrations would not be expected to ever exceed the biota dose limits. Since the 
s<rreening limits would be chosen to protect "all biota, everywhere" they would, by their nature 
be restrictive, and in many circumstances conservative with regards to specific environments. . . . . . . . . . . . 

BCGs that are considered to be Cqnservatively prot~tive of non-human biota were derived· for 
-~-twenty-three-radionuclides.-These-radionuclides-were-selected because~they~are-relatively..- -

COill.mOn constit:U~nts in past radionuclide. releases. to ,the environment from POE facilities. AD. 
additional set of BCGs will be derived for anotherset of approximately seventy radionudides, 
for inclusion in the next version of the Technical Standard. · . · · 

The results of MCP's general screeiring are· shown in Table 3-5. Using release results from 
calendar year 2002, MCP ... passed the site screen." Values used in .the spreadsheet were obtained 
·by averaging the maximum incremental conce~t;rations of applicable 'radionuclides in the. Great 
Miaini River and river sediinent. The program estimated sediment vaiues if site data. were not 
available. If plutonium-238 release values are used as the input for plutonium-239 in the 
spreadsheet, MCP would still pass thesite screen with a sum of fractions of 1.22 x 10-3• 
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Table 3-5. Aquatic System Data Entry/BC,G Worksheet 

Nuclide 

Am-241 
Ce-144 
Cs-135 
Cs-137 
Co-60 
Eu-154 
Eu-155 

H-3 
1-129 
1-131 

Pu-239 
Ra-226 
Ra-228 
Sb-125 
Sr-90 
Tc-99 

Th-232 
U-233 
U-234 
U-235 
U-238 
Zn-65 
Zr-95 

MCPCY2002 
Aquatic System Data Entry I BCG Worksheet . 
Limits for Water and Sediments in Std Units 

Nuclide data WATER 
from single 

media or Water Limit Site Partial 
co-located pCi/L Data .Fraction 
samples? 

4.38E+02 
1.60E+03 
5.37E+02 
4.26E+01 
3.76E+03 
2.16E+04 
2.64E+05 

water 2.65E+08 1.34E+03 5.06E-06 
3.84E+04 
1.37E+04 

both 1.87E+02 5.29E-03 2.83E-05 
· 1.73E-01 
1.57E-01 
3.67E+05 
2.78E+02 
6.67E+05 

both 3.04E+02 1.47E-02 4.83E-05 
water 2.00E+02 9.80E-02 4.91E-04 

2.02E+02 
2.17E+02 

water 2.23E+02 6.40E-02 2.87E-04 
1.32E+01 
7.33E+03 

Sum of fractions for 
~ 8.59E-04j radionuclides in water 
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SEDIMENT 
Sediment 

Limit Site Partial 
pCi/g Data Fraction 

5.15E+03 
2.90E+03 
4.25E+04 
3.12E+03 
1.46E+03 
2.57E+03 
3.16E+04 
3.74E+05 1.34E-03 3.58E-09 
2.86E+04 
5.49E+03 
5.86E+03 3.63E-03 6.18E-07 
4.32E+OO 
3.90E+OO 
7.03E+03 
5.82E+02 
4.22E+04 
1.30E+03 3.95E-01 3.04E-04 
5.28E+03 4.90E-03 9.28E-07 
5.27E+03 
3.73E+03 
2.49E+03 3.20E-03 1.29E-06 
1.43E+03 
2.33E+03 

Sum of fractions for 
r-+j3.07E-041 radionuclides in 

sediment 

You have passed the 
site screen. 

Water& 
Sediment Sum 

of Fractions 

5.06E-06 

2.90E-05 

.. 

3.52E-04 
4.92E-04 

2.88E-04 

1.17E-03 
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Chapter·4 

4.0 RADIOLOGICAL ENVIRONMENTAL PROGRAM INFORMATION 

MCP activities result in the discharge of radioactive effluents to the air and the Great Miami River. 
Limits on these. discharges have been established by DOE and the U. S. EPA. · Releases are 
monitored using a network of stack and water sample collection devices. In addition, MCP 
maintains an extensive environmental surveillance program to evaluate the impacts from site 
effluents on the environment. The environmental surveillance program involves the.collection and 
analysis of air, water, sediment, groundwater, and foodstuff samples from locations onsite and in 
local communities. Data generated from those progquns a:e presented in this Chapter. 

. . . 

4.1 Radionucli~e Releases from MCP 

2002 nata 

Table 4-1 lists the quantities ofradionuclides released byMCP into the air and water during2002. 
The unit used to report these 'quantities is the curie (Ci), a Urut of radioactivity equal to 3.7 X .I 010 

disintegrations per second ... The quantities, or activities, shown in J:able 4-l were measured at the 
point of release. Information on effluent monitoring systems used to estimate release levels appears 
in Section 4.2 of this Chapter. ··· .. 

Table 4-1. Radiological Effiuent Data for 2002 

Radionuclide Released to Activity, Ci · 

Tritium Air 1.3 X 1033 

Water 1.9 

'' 

Plutonium-238 Air 4.4 xlO:-s 

Water 1.7.x io-4 

Plutonium-239 ,240 Air 3.0 X 10-8 
Water 1.4 X 10:6 

,, 

Radon-222 Air 5.0. 

Uranium-233,234 Air 1.2 X 10-8 

Water 4.1 X 10-4 

Uranium-238 Air 8.9 x 10·9 

a Tritium released to air consists of: Tritium oxide, 9.44 x 102 Ci 
Elemental tritium, 3.56 x 1~ Ci 

b Minimum- Maximum (1998-2002) 

4-1 

.MCPRailgeb, Ci' 
·,"' 

3.8 X 102
- 1.3 X 103 

1.7-2.5 

4.4 X 10:6-1.5 X·lO-s 
1.2 X 10-4-4.8 X; 104 

3.0,x 10-8-4.2 xlO-s 
1.4 X 10:6-3.6 X 10-6 

L0-5.0 

8.0 X 10-9 
, 1.9 x w-s 

3.4 X 10-4 ~.4.1 X 104 

5.0 X 10-9- 1.1 X 10-8 
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4.2 Emuent Monitoring Program 

Effluent monitoring focuses on releases from the site, i.e., stack and water discharges. It is MCP's 
policy and philosophy that all releases of effluents from the site are ALAR.A, that is, As Low As 
Reasonably Achievable. ReleaSe trendS are·· monitored· and unexpected increases trigger internal 
investigations. E:ffluent air and water Sampling locations· are shown in Figure + 1. . · · 

Applicable Standards 

Guidelines for ccincentrations of)idlonuclides .irJ.· air are provided in DOE Order· 5400.5 (DOE, 
1993a). These guides are based on recommendations in Public.ations 26 and 30ofthe International 
Commission on Radiological Protection (ICRP 1977, 1979). · The guides ···for radionuclide 
concentrations are referred to as Derived Concentration Guides, or DCGs. The DCG for a 
radionuclide is defined as the concentration of that radionuclide in air or water which will rtsult in a 
50-year committed effective dose equivalent of 100 mrem (1 mSv) if taken into the body by 
inhalation or mgestion during one year of exposure. DCGs for water are' ihchided in Appendix A. 
DCGs for air are included in Appendix B. In addition,· the NESHAPs radionucl1de regulations ( 40 
CFR61, Subpart~ H) limit offsite doses from ·airbome:releases from DOE: sites (exdudllig radon) to 
10 mrem effective dose equivalent (ED E) per year.· · · · 

Air.Emissions. 

·Stacks through which radionuclides are released are sampled: MCP monitors twelve point sources 
for radionuc!~~s,J!lc.llJ.ding tritiun;tJmd isotopes of plutoQ:iwn an<i/OJ .uraniwn. .. The average annual 
conct;ntrations ofrapio~uclide air emissions are. shown i11 Appendix. A, Table A-2. Figuh: 4-2 
illustrates 5-year trends in releases of the radionuclides of primary interest, tritium and plutonium-
238. . ' .. . . 

Tritium. In operational areas where a release potential exists, room air and exhaust stacks are 
.continuously monitored for tritium using strategically placed ionization chambers~ These 
monitoring syStems incorporate alarms and have been placed to help to locate the source if a release 
should occur. In most situations, an effluent removal and containment system can be relied upon to 
prevent or reduce the-release of tritium to the atmosphere. 

Plutonium and Uranium. In areas where a release potential exists, ventilation air passes through 
one or more HEP A filters before being discharged to the atmosphere. Fixed continuous air samplers 
and continuous air monitors with alarm. systems are used throughout the operational areas to detect 
airborne plutonium_ and/or uranium. These monitoring systems have been designed to ensure that 
prompt corrective action can be taken to reduce the magnitude of releases to the atmosphere. 
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Radon. Though emission levels are negligible in comparison W:ith natural radon emanation rates,. a 
radon-222 release rate has been included in the 2002 effluent data (Table 4-1) in the interest of 
completeness. Radium-226 was used in past operations and decays to radon-222, which is a gas. 
This radon-222 and radon-222 from natural sources is released to the atmosphere from SW 
Building, via a small roof vent. The estimated dose to the public from radon, as predicted by 
CAP88-PC, was 0.0077 mrem for 2002. 

Tritium and plutonium-238 release rates to the atmosphere have remained relatively constant over 
the past five years and well below regulatory thresholds. 

Water Releases 

Sampling for radionilclides is not required by the NPDES permit; however flow-proportional 
samples collected froJI1 outfalls 601, 602, 002, ~d 003 (Figure 4~ 1) are analyzed for tritium and 
isotopes of plutonium, uranium, and thorium. Samples are collected daily during the work week. 
Three 24-hour ~pies are . collected ·on·. Tuesdays, W edliesdays, and·. Thursdays. One 96-hour 
(weekend) sample i~ collected each Monday. $!:Ullples are :analYzed four times a week for tritium. 
Two-week composite samples are analyzedJor isotopes of plutonium aJ.ld uranium. The two.:. week 
composite samples are .also analyzed quarterly for isotopes of thoril.U'Il. ·Average concentrations of 
radionuclides in effluent waters are shown in Appendix A~ Table A-3. :Figure 4-3 illustrates 5-year 
trends in releases of the radionuclides of primary interest, tritium and plutonium-238 to the Great 
Miami River. Radionuclide releases to water in 2002 were consistent with previous years. 
Radionuclide concentrati()ris continue to be small pefce.?:tages of the respective.DCGs. 

4.3 Environmental Occurrences 

Under CERCLA and 40 CFR Part 302, reportable qlijlntity (RQ) levels h~\l'e been established for 
radionuclides and other designated hazardous substances. If a spill or other inadvertent release to 
the· environment exeeeds the RQ, immediate notification of the appropriate federal agencies (e.g., 
National Response Center, EPA, or Coast Guard) is required. No such releases occurred at MCP 
during 2002. 

4-3 
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Figure 4-1. Effiuent.Air and Water Sampling Locations 

e Effluent water sampling locations 

.l Effluent air sampling locations 
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Figure 4-2. Tritium and Plutonium-238 Releases from MCP to the Atmosphere, 1998 - 2002 

Tritiurn 

Curies 

1998 1999 2000 2001 

Plutonium-238 
10-6 Curies 
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Fignre 4-3: Tritium and Plutonium-238 Releases from MCP to the Great Miami River, 
1998-2002 

Tritium 

Curies 

Plutonium-238 
10-4 Curies 
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4.4 Environmental Surveillaace 

In th sections tltaJt foUo·w, results of th Environmental Su..rveillance Program are ~"UW.marized. The 
environmental swveiUance program focuses on ·environmer tal condi ions in tr1e area surrot.mding 
i:l'le site and in local ·COmmunities. Tables of monitoring results are pres nted m App endi B. 

Applicable Sta)Jdards 

Guidelines for c,oncentrations, of md.ionudides in air and water are provided in DOE Order 5400.5 
(DOE, 1 993a . These guide" are based on recommen.dations in Publicahons 26 and 30 of the 
International Commission on ·' adioJog1ca1 Protect· on OCRP :1 977, 1 979J). The guides for 
radionuclide concentrations are referred to as Derived Concentration Guides. or DCGs. Th:, DCG 
for a: radionuclide is defined as the concentration of thJllt radionuc:Ude in air or w<der ' iV'blc:b v ill 

su]t in a 50-year CEDE of 100 mrem 1 mSv) if taken into the body by imhalation or ingesfi:: n 
fol1owing continuous exposure for one year. DCGs are includled in •"ppendix B. 

EoVi onmcntaJ]· onc:entJ<atiom; 

In a number of the· tables, results 
are presented as 'inc:reo:mentaJ 
conc,entrations." The des~goatio[] 

indicates tbat an a."'emg 
backgroun concentration.. or 
"envirorunental" ron entratio:n 
has been subtracil.ed from tl ose 
val es. Therefore, incremental 
concentratio s repr sent estimates 
of MCP's contribution to e 
radionu .. lide content of an 
en · ronmental sample. 

Environmental r reference 
1ocario:ns w ere pm;itioned at sites 
where virtually no impact from 
the site could b . measnre.d. The 

Radionudide sample analysis 

s·tes nre in the least pre alent wind ·rection and/or are at substantial djstances relative to the ite. 
Environmental [evels for :radlonuclides in different ~n ·, onment edia ar shown in Appendix B, 
Table B-1. 
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With decreasing release rates of radionuclides. it bas become increasingly difficuJL to obs ' · 
MCP s contribuboc w radionuclide "oncentrarion · in 1he en ironment. or thl reason, many of !he 
tabes in Appendix B report data as '"belo ~..:nviroomcutallcvels." In thos~ cases, it is not possible 
ro obse:nre an incremental cone nttation. In o·lher words.. the raruonuclid .., concentration :in ihe 
sample was equal to or less than the background sample. 

Lower e ec 'on LJmit 

.\11 com:entrations of radionuclides are detennin · d by subiTaCting the inslnl.mcn ba groun andlo 
reagent blank from the sample count. The lower detection limil (LDL) is hO\VD for ·each set of data 
in rh.is Chap~cr. The LDL is the value at which th presence o{ a contaminant can b~ inferred a the 
9 % confidence le el. An LDL is l.cu.lat.ed from the instrument background o-r reagent blank 
r uJts. Mu ·h of lhc radionu lide data in · hi report show concentrations that are belo·w the lDL. 
Most of these data are mcremental concentrations, i.e .. the average environmental concenl:ralion has 
beeo ubtract d fro m the re u 'lt Most of th data 1ie betw en true zero and the LDL level and are 
included for comparati · " purpos . (The measured co centration may have exceeded lhe LDL,, bul 
when the envi:ronmr.::ntaJ ·conceotrarion was subtmc[ed.. it fell be1ow t:be LDL Dam are reported if 
the con ·entra.tion · below the WL bu ceeds th reagen lia.nk o the instrum ni background 
level. 

4.5 Ambient Air Sampliu Prog.l"'Bm 

T o types of air samples are collected at each 
sampling lo tion. A pamcu1ate air ample is 
analyzed for pltnoruum-238 and plutoruum-
239 ..240. SlDllp·les from selected locations arc 
also analyzed for thorium-228. thorium-230 and 
'lhorium~232, Samples ar analyz for o her 
radionu·d.ides. as needed. A se-oond air amp e, 
c.o lected in. a bubbler apparatus. is ana:Jyzed for 
tritium oxide. In 2002 20 sampling stations 
were in operation: ~ ix onsite and l4 affsite. The 
local..ions of Lhe stations are bown in F · gures 4-4 
and 4-5. rc cti , y. 
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igu.re 4-4. Onsite Amb ent Air SampUngLocadon~ 
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t 119 
Ba:ckamund 

S.R. 741 

~tgomBry Cou~ty --- -..... 
Warren Co nty 

Trltlum. Air samp· es for lritl1!.1DI anaiyses are co lie ted m a continuous basis. Air is bubbled 
through 200 ml u ethylene glycol at a flow rate of app·roximateJy 1000 em /min. Ethylene ,glycol 
1 · used as a trapping solution becau. e 't i not subject to lo · by evap ration and wiU not frec:z · 
when exposed to wintC"r "ampling conditio . The glycol solution. are changed w ckly and 
represent .a ample volume of approximately 10m of air" An aliquot ot each glycol solu ion i.; lhe:n 
analyzed we 1cly in n liquid cintillaliooc;ount r. 

With · techruque, lriuum oxide rather th;m e em ntal tritium LS coUccted. This approach is 
appropriu · bccau tritium oxide is the more mckotoxic tbrm of lritium. e dose that would resull 
·om a given release of tritium oxide wouJd he 25.000 times greater th n tbe dose &om th sam 

number of curies of elementa] tritium, 
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Compa..Uon of Predicted and Ohserved Tritium and Plutt[)DJum 238, Concmtt' don 

For 2002, tri tium air oncenirations preru ted from modeling stack emissions vrith the. EPA CAP'88-
PC dispersio model were compared to air ccncentrations observed during routine monitoring. 
Essentially all of the im act from plutonium has been observc.d to be from resuspensi!on of soil. The 
plutonium concentrations pr.edicted from modeling stack emissions were mu h lower than. those 
m asured offsite. The predicted avern.ge on .entratiQn at offisite aiF sampling mocation:s was 
compared w!ith the observed inCT"emental. average concenttation for _002. Table 4-2 shows the 
results of lbe oom.prui ·on. The average tritium predicted to observed ratio was 5. 6; lhe average 
plutonium-23 predicted to observed ratio was 0.06. 

Table 4-1.. Predic.tcd nd Ob. enred Con..centrations of Airborne Tritium and PlutooiunP2l8: 
in 2002 

S mpler Tritium Tritium Pu-238 Pu 238 
Predicted Observed Fredicb~d Observed 
{pCi/m3

) (pCi/~) nrr DCiJn1~ UO-s p CVm3
) 

101 6.2 4.0 1.6 7.0 
102 22 6.1 4.0 77 

103 20 
I 

3.4 3,6 4 1 
104 8.8 

I 

0. 1 1.2 I 33 
105 10.0 0 1.8 4.0 
11 1 1.0 0 0.13 1.0 
112 7. 1 0 J.S 0 
115 1.0 I 0 0.28 0 
H8 7.3 0.5 L5 17 
124 ! 30 7.7 3.8 JlO 

CLN 22 2 .. 2 I 2.1 Cj A verage 12.3 2.2 2.0 " 
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Plutonium. Th panicula!c sample for isotopic plu onium amtiysi · is collected on a 200~mm 
diameter fi bergla!Ss disc by a co.nt.inuously operating hlgb~volume air samp]er. The ir i . ampled at 
an aver.1ge ra te of 1.3 x 106 cm3/min (45 ft,3/min). Th..e disc is. cbanged weekly and represents a 
srunplc volume fa . pmrin:tatcly 1 3Jffi0 m3 of air. E.ac:h sampler i equipped with a flo -,., meter o 
location-sp dfic flow mtes can be ca.lcu 1 a ted. 

Phnomum rmalysi is performed on monthly composite: s.ampl ' for eac · onshe loca ion and fo 
offsit stations closest to the site. The remaining amples ar compo ired fu quanc:rl anaJysis .. 
The analyti al pro s far plutonium includ s the foU wing basi steps: uS" o an internal tra er. 
chem·ca.L treatment separation of plutonium ritb an1on exchange resin, and alpl , p · tros op . 

Tb.odwn. Parti ·ulat ·amples from selected air sampling loc tion:s are also analyzed for thorium. 
The el ase f h ritUD from ground ~ ur.ta · resusp JJSioD.) i po~!bl due to remediation acti i ies 
at the si e. The anlllytical proc for tbo:riwn follows the same princ.plcs as the plut·onium anal is. 

Uran 'u:m.. Ass n in Tabl 4-1. MCP includes isotope of uranium in the release data for air. 
Howe er, 'because. the slack emissions of ur.m.ium-233.234 1md urnnium-2: 8 ~ so low and their 
dose contrib11tions ar ne ... i lble, Htnb b nt air moniroriog for uranium is not pe~rfonned in the 
enviroum.enL 

R ults for 2002 - mbieot Air 

Rad:onuchd ooncen ratio , meae1 red a\ n ironmental air sampling station in 2002 are shown in 
Appendu B Tab e.s B-2 through B-:5. The results are al o presented in tenns of the perL-eJ:Jlag~ 

· CG they rcprc ·ent. Tb • tables show that a erag air CODcentnlition of tritium oxide. pluionium-
2_-,8, plut n i 239,240, aud tl rium w less than 0.0~5%, 0.035%, 0.0025% and 0.0045% of the 
respec . ve DCGs. established foT ILO·S • ramon elide . 

4.·6 Surface \Voter and Sed'rn nt Sampling Program 

The Oreal Miami River and other regional urface waters are sampled routmely for Uitium 1 D op :s 
of plutoniu_m, and is.otopcs of uranium. Sediment samples art' also collected from the~ ]ocalions 
and analyzed fo1· plutonillm and thorium ·sotop . Sampling locations arc shown i Figure 4-6. 

Great Miami Ri er d Local tream River sampling Eoc.1tions have been sele-eted according to 
guidelines publishe-d by lh"' DOE (DOE 1991). Tlles locations provide sampk>s !.hat are 
re;pr seorative of rive- ater at tbe poi.nl of entry 8Jld afrer considembl-- m.i.x.i.ng with MCP effiuents 
ha.q occurred. Tritium plurooium-238 p~utonium- 39· 240 uranium-233,.2.34 and uranium-238 
samples are co l·ected and analyzed monthly. Gr-eat iami Ri e sampl are analyz..c:d for lhorium-
228., thorium-230 and fuorium-232 quancrly. A local stream _'us l northeast of ,LbJe site is also 
sampled monthly for tritium 
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Figure 4-6·. Sampling Locatio for the ·Great Miami River, trcam, Pond , and S cifmcot· 

t 
Background 

(W, ~ e nd ) 

~ 

N 

Union Rd. 

Q River/stream 
sampil g tocatlni\S 

D Poo sa pi• 
localklns 

~ lddletmvn 

S.R. 7'41 

Montgomel)' County 

- ·---.-- ... 
Warre11 County 
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Lo ~ I rface ~· t ~ Ponds in anous 
, oruplllss sec ors relati to MCP ar . ampled 
annua!Jy. The·e ~·ample are analyzed for 
lrit"um pLutonium.;2J8. and plutonium-
239.240. 

Ri r and Jtream (qt::dlmcntJ. Many 
hJtoniun and thorium . o.ution , including 

those 1s .d at MCP, are relntiv ·ty insoluble in 
water, For lhl reason. they are more li ely 'lo 
b found in edimeot than in urfacc: water. 

dditionally, b cause ot th relattvely Jong 
hal: -lives, of the i · tope; ~ U1ey n a 
ac.cumulate tn ediments. Thcrefo ~ , MCP 
sample . ri v~r and tream sediments on a 
4uarterl r b is. The river :<unples aft then 
allillyzed for plutonium-238t plutonium-239. 
240, thorium-22 • thonum-230 and 
thorium-2.)2. 

Coltec··on of SIIJTfacs Water Samples 

Re uJ for 2002 - Surrace W ter and :. e · tmenl 

River and local s:tream wat r. Triltum, plutonium, uranium, and thorium concentrations in the 
Great Miami River are hov.n in Appendix B, Tables B-6 through B-10. Many measurements were 
below their resp .ctive enviwnm~.:nial levels. Average tritium, plutonium, and thorium 
concentrallons were less than 0 . ..1 7 ~ %, 0.065%, and 0.0065% of the respective DOE DCGs. 
Average concentrations ofurnnium 1 otopes were less than the environmental level. 

Pond w· terr. Radionuclide concen · tions measured ifl pond waier are shown in Appendix B 
Tables B-lllhrough B-13. Average tritium and p1utoruum concentmliun. were less than 0.0005:5% 
and O.Ol5o/t of the respective DOE D ~. 

ediment. P~u[onium and borium N!iuHs for river and stream ediments are listed in ppendi B. 
Tables B-14 through B 16. Measurements for 2002 are comparable: to Lhosc observ d in previous 
years. Since j otopeQ of plu onium i!illd thorium accumulate in ediment, oon~ntrations are affected 
by tbe movement of . ill in watc bodies. This accounts for th ariability in plutoniun1 
concelllrntioru at tbe various ·ver and pond lo ations, Averag · ri •cr ediment concentration. o 
plutonium and thorium isotopes ranged ·~om below cnvironmentalle'vel to 0.5 . 1 O.j) J.LCi/g. 
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4. 7 Foodstuffs 

Various iocaHy grown prod e samples and vegetation are co' lected during th growing season. 
The objective of this asp ect of the Envir,omn ental Monitoring Program is to determine.-: whether 
signifi cant concentraJions of rndionuclid are p res nt in plan:t and animal life. In 2002 sample of 
root cr·ops and/ r non-leafy g tables ,,rcre olle ted n a numb r of regional comm ruties . 

Pluton ium concentrations are determined by asbing the sam:pies. l.hen anal · g · e sample using 
chemical treatme11t, separation with anion exchange resin. and aiplla spectroscopy. Tri l.ium 
concentrations are determin.ed by distilling the wate:r from the sample~ then analyz-ng the distillate 
using liquid s imill ·on spectrometry. 

R esults for 2002 - Flood.stl!l ff~ 

I The results for foodstuJf analyses are sh<lWD. in App nd· : B. Tables B-1 7 tb.ruugb. B-19. The 
avernge incremental con ntrntion of tritium was below 0.235 10~ .~tC.i/~. Average o ncentratian I ofpJutonium were beJow 0.105 w·" J,t: Vg. 
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4.' , O ffsite Dose lmpad s 

Dose Estim.ftt · Based on Measured Ct~ncentrations 

MCP used the data presented in this report to estimate 01 ·mum doses to an offsite individual The 
figure-of-merit used lo calculate those doses was the CEDE. CEDE calculations are required of 
DOE faciUties. Th s calculations are a.]s.o us ful m evaluating tll te succe s of AL.I\RA poiJcie . li · s 
the philosophy of DOE to ensure truu all doses from :mdjati01n exposure remain A:LI\RA. 

To pmvid an extra degree of c~nservatis~ dose estimates. are often. calculatoo · ased on rnaxim wn 
exposure conditions. This ••maximum individual." as defined for purpo es of calculatiuo- CEDEs. i 
a hypotb tical :Perso ' ho remained at the ""te boundary "4 hoW'S per d y thm ghout 2002. This 
mdividual was assumed to have: 

• br athed ,exclusively air with radi<onuclid conccn a( ons corres o ding to th location of the 
maximum dose, 

• , a.wn all of~js drinking water from th ~ ·amisburg water ~1.1pply, and 
• consumed produce exhibiting the maximum average radionuclid concentrations in samples 

coUected from the · Hamisburg/M'ami To'WIIShip area. 

The radionuclid ' and the e posure pathways which contributed to Lhe maximum individnar :~ 
CEDEs m 2002 are shown in Figure 4-7. alues for the CEDEs are shoY.'Il in Table 4-3. More 
detailed mfonnation on the CEDE calculations, rncluding the coo .. ntraiiOTI value used. is 
pr ented in . . ppendix E. 
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F:iigure 4-7. E:xpo ure Pntb ys for Dose Cat ulations Bn ed on · easund Data for 2002 

Air 
Tritium, PLJ~o.238, Pu-2391240 r---- Inhalation 

D~rinklng water 
Tritium. Pu~238, Thr226 

Dose Estimates for ESBAP., C0mpliauce 

lngesUon 

Effective Dose 
Equiv,aJent 

NESHAPs radionuclide regulations limit offsite doses from airborne releases from DOE sites 
(e"cluding radon) to 10 mrem EDE pl."J; year, As spec'fied by the EPA, the preferred teclmi.que for 
demonstrabng compliance ¥ith this d se tandard its a modeled approach. A compwi ' OD betwet:D 
m asured and mod 1 !d dos • can ~ ou:od oo page 4-11. 

1 nimum indiVJduol .MCP uses. the EP · computer code CAP88-PC '0 e aluate doses for 
NES'HAPs compliance. The 2002 input data for the CAP88·PC caJculations are listed in Appendix 
E. Based on ·!he C.A.P88-PC oulpul. the maximum EDE from all airborne releases was 0.11 mrem. 
Thi · ti:mate Ttlp:resents .I % o llu: dose 3tandard. 

Fil!ve- ear 1 rend in Cummi1ted Effecti e Dose Equiv euts to a ypothetic lndividual 

Figure 4- presents a plor . howing the 5-year trend m CEDE 1.o a: bypothetica1 individual The dose 
from MCP activities in ... 002 was a small fraction of the 100 mrem DOE dose limit fo members of 
the public. 
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Chapte1'4 

TabJe 4-3. Maximum Committed Effective Dose Equh·aleo.ts to a Hypothetical lodividuaJ in 
2002 

Radiomzclidc 

Tritium 

P lutonium-238 

Pluton uw-23 ,240 

Thorium-228 

Thorium-230 

Thorium-2"2 

Tolal 

Pathway 

Air 

Air 
Drinki:ng wate 
Foodstuffs 
Total 

Air 
Drinking water 

Foodstuffs 
. o·laJ 

Air 
Drinking water 
Foodstuffs 
Total 

Air 
Drinking water 
Foodstuffs 
Total 

Air 
Drinking wter 
Foodstw<fs 
Ttal 

Dm;e(1mem) Dose (mSv) 

0.002 0.00001 
0Jl<l7 0.000()7 

0.00 0.00002 
OJ)J I 0.0001] 

0 .03 0.001}3 
0.016 O.OOOl<i 
0.05 {)J!)005 

0.096 0.00096 

.001 o.oooor 
ND ND 

0.05? 0.00057 
O.tl:l 0.0005< 

NA NA 
0.001 0.00001 
NA NA 

0.00 1 0.0000 1 

A NA 
ND ND 
NA NA 
ND NA 

NA A 
D ND 
A A 

NA NA 

0,17 0.0017 

ND ' ndic-rne:> tiLl concen.rra 1 oru w e: not d~rcctable above me envinmmentDl h:vel o.r reagent blanks • 
. A = noL appli able ~ool measl.ll"ed). 
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Figurl' 4-8. Committed EffK"fi e Do e Eqtti alen . to .a ypotbeticallodi idual, 1998 ~ 1002 

Committed Effective Dose Equivalent (mrem) 

5.0 

4.0 

30 

2.0 

1.0_../ 

~'= 1.2 
0 1_~ 

1998 1999 2000 2001 :2002 

Population dose,;. CAP8&-P: eJ o has the capability of - timating regional population doses &om 
airborne releases . The popu]ation, approximately 3 126 ·615 pc;rsons wilbin a radius of 80 km (50 
nu) of MCP recei ed fm estimated 4.05 person-rem from site activities in 2002. C .. I\P88 PC arrived 
a: · that value by calculating doses at pecific distances and in pecific compas- sectors r~lalive o 
MCP. The computer code then multiplied the average dose in a giv n area by lhe num:ber of people 
living there. For example. an average dose of 0.001 rem x 10 000 persons in the ar~ yields a 10 
person-rem coLlective dose for that region. CAP88-PC theo sums the coUe~.:tive doses for the 80'-km 
radium region and reports a single value. Adduional dose components from dri:Dking water and 
radon emissions are added to obtain this resul 

CP's dose contribution af 4.05 person-rem can be pu in pe octi c by comparison wilb 
background doses. The average dose from backgr<lund ource is 00 nm.--m (0.3 rem) per 
individual per year. A background coHectiw do e can be estimated for the 80'-km population by 
multiplying 0.3 em 3..127 mimon pe ons. 11 c r u]t. about one milliun person- m, rep~~;n 
an estimate of the coDective dose from all background sourc~ of ioni2:ing :rndiation. CP's 
eontributio~ 4.05 person• rem. i approximately 0.0004 I% of that vaJue. 
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ChapterS 

5.0 ONRAD,IOLOG CAL ' ' VIRO- 'ME- TAL PROGRAl\II INFOfu'\lA TION 

MCP releases minor quantities of nonradiologi~.:al constituents to th environment. These 
releases are go erned by tat of Ohio penn.ts. The primary oncem t; r air pollutants is 
particula'e matter. MCP monitors the impact of nonradioiogital airborn cleases by measuring 
airbome particulate~ at both onsitc and offsi locations. -onradiological releases to '\Vater are 
a1 o subject to extensi re sampling protocols. ln 20012, CP collected approximately 1,400 water 
samples to demoosll'fl e complianc with the site's · ar1ou11J PoJh1t.ant Discharg Ermination 

ysrem (NPDE pennit and A thorization tD Discharge (A TD). 

5.1 Air Monitoring Pr~gram 

· ir urn .Effiuent 

Tht: primary sourc of nonradiological airborne em · ssions a.i M P i ili,e steam power plant. The 
pl nt i t1 rm U:y fueled witl1 natural gas, bu under certain circumstances fue] oil is used. Fuel 
oil witb a OJ-0.5% sulfur content is burned during unusually cold weather or if the natural gas 
supp)y to the site is. interrupt d Approximately 4.7 million m3 (165.8 million ttl) of natmal gas 
and no fu_el oil were burned during 2002. Powerhouse ,emi ·sions are comprised pritn "iy of 
sulf!lT ,oxides. nilrogen oxides, organic compounds, carbon monox'de and particulates. Airborne 
effluent rat are cal!cuJated us·, g a mass balance approach or AP-42 (EPA, 1985) emiss.~on 

factors. Annual emission rates are presented in Appendix C, Table C-1. 

Ambient Air Monitorin2 

MCP e aluates partitiWat:e conceDtrations at ix onsit · and 14 offsite locations amp ing 
locatiollS are shown in Figures 44 and 4-5. High- olum.e particu:Jate air samp1es are coUected 
w k1 by flowing air through a 200-m.m diarneier fibergl s fiber. Th sy tem op rates at about 
1.3 x l 06 cm3 !mm. whi b represents a sample vol tmc of 1 3 000 m3 of air per week:. By weighing 
the fil t.c paper before and after usc, it is possible to determine the mass of particulates retained 
by the fil ter. Th mass loading and knm.vn air-volume can then be used to generate oonoontr.t.tion 
va1u . . . Results for 2002 are pres nted. in Appendix C, Table C-2. 
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No.nrcdwl~al Ennironmentol .Program ln(onnation 

.R uJ • for 20 2:- r :lonitoring 

onrodioactive air emissions from MCP in 1002: did not ignifieantly affect ambie t air qu.aht)"· 
ll ret,'lllated releas we below p~rmit limits, and comparis ns of p311icu1att: concentratlODS 

measured onsite versus offsite :uggest linl ar no influence by MCP. The Ohio ambient air 
quality tanda!d (50 Jl&'m3 is pro ridcd as .a reference value for panicu.late measurements. Tbis 

alue ts the state: o for vcrnge annual ambient air quetity (OAC 3745-17). m 2002, average 
particulnte cone mrations measur d at all onsite and offsite ·ampliog i~"Slio w ·re below this 
13ndard. ee Tabl C-2 . 

. S.2 Water onito.rin" P og:ram 

MCP re eases. was1ewat~r co o~ite ace waTt"f'S via three dis ha e s_rstom...;. In 2002, MCP 
discharged an averag~· of 0.62 miJtiQo gaUons 2.34 milhonliters) f water per day 10 the Great 
1\>tiami Rver. U. S. GeoJngiCDl S · ey oota ·ndi.cate th t the; 200Q flow mt in the ri er nv ged 
1,986 mill· on g3Ho~ per day fMGD , w~th mmimum and maximum flow rnre o 185 ·GD and 
1 ,576 MOD, respectively. The a era . .uwgoitude of the river :flow nne i sign.ili andy greater 
than tbar of MCP' · effiuents. Therefore. releases from tbe sir can be :xpected to have a 
minimal effect on river water Qu.ility outside of the mixing 4:1on . 

The sit.e'~ \\1'3Stewater d.i charges .are regulated by tbe NPDES pennit. and ATD. Th NPDES 
permit was most recently madifie · by the Qhju F:.P A in M IGh of 1 8; lh.is permit was to be 
ctiecti e until r f :m:h 2002. bowe er the Ohio EPA defa)'M its ren.;wal until 2003. The • TD 
~ovems discharges from lhe CERCLA OUl groundwater pump and treat systt.:m. 'fbe ATD ... s 
i sued July 11. 1997 and will main in effect forth duration of tJl project. The ATD wus 
nwt ~ed in anticip non of reisslUUlce in 2003. The 'NPDES permit · d ATD define di hiU'g 
limns and monitcrin.p frequendes for t.he siie• \Vater effiuents. 

The site's NPDES p rrnit requires scl duJed collection and ana ysis of site ffluents at three 
on he loc tions (Outfalis 6 1. 602, nnd 002). Flow~wcighted effiuent limitation." arc furtber 
imposed for the combined dj charges from OulfnUs 60 and 602 (calculated Outfall 001). 
Additional sample arc required fo one offsitc outfall 604 hen f"lpcnning. Th ATO specifies 

onitorimg requirem · ts for the OUI pump and treat s stem. This s .Pling location · 
d i~ated Outfall 003. DES pemrit d ATD sampling locatioos are shown in Frgute 5-l. A 
bnef d~ription of each outfall follow Figur 5-l . 
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Figure S...l. 1 DE Pe •t and TD ampUng Location 
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Nonradr.ological Bnvir11nmental Program ln{ormabon 

Outfall 601. Outfall 601 contains the efiluent from the sanitary waste ti~atment plant F1ow
proportio,nal, 24-how composit samples a:IId periodic grab samph.:s are col ted at this outfaU. 
Monitoring requicmcnts for this locatiQn focus on con entional :pollutants and heavy metal . 
The efllu n,t is a1 o ampled quarterly forum gpecillc volatil organic comp{)und:s. 

Outfall 602. In f·ebruary o 2002. Outfull. 602 was diverted to Outfall 002. The only eflluer 1 

from lhis outfall i from lhe Alpha Treal.nlent Sy ·tem. Storm wat r runoff ingle-pas coolin 
Wider, an· zeulit · oft nc:r bac ~'a b: fr-om th we tt.:m portion of fh maio hill i nol ace nted 
for at Outfall 002. Grab samples arc coUected from fflucnt d.ischarg J ·tan~w and 2.Cl:Udyzed pnor 
to fscharging to Outf U 602. Monitoring requiremen s for this loea· ion include oi &nd grea.c;c:, 
pH. chemical oxygen demand, and suspended ~olids. 

Outfa ll 002. Outfall 002 contains softener backwash, cooling tower blowdown, single-pass 
cooling water, and most of the site's stormwater runoff. Flow-proportional, 24-hour composite 
samples and periodic grab samples are collected at this outfall. Monitoring requirements for this 
location focus on pH and suspended solids. 

Outfall 001. Outfall 001 represents the combined effluents of 601 and 602. These discharges 
are combinfXI. and released to the Great Miami River via a losed pipe. Since sampling is not 
practical, additional limits for this outfall are imposed based on flow-weighted calculations. 
Since Outfall 602 is diverted to Ourfall 002, effluent at Outfall 001 is represented by Ou tfall 601 
effluent and data. 

Outfall 604. Outfall 604 is a groundwater well, al o knoY.I'll as Miamisburg Well 2 loc- ted we-t 
of the site. In the past, the reU 'va$1 purged to reduce triti concentratio s. The purged water 
was directed through a closed. pipe to the Great Miami Rive . onitoring .of flow rate, pH, and 
VOCs is required for discharges from this ~outfalL The w.eU was last pumped in 1991. In 1998. 
the closed pipe was removed and the el·eC"tric.ity \Vas disconnected. This. outfall will be deleted 
when the permit is modified. 

Outfall 00~3. Outfall_ 003 is the discharge from the CERCLA OU 1 groundwater pump and treat 
system. Time-proportional, 24-hom composite samples a:ndl periodic grab samples are coUected 
at this ,outfal l. Monitoring requirements for this locati n focus on VOC and heavy metal , 
Biotoxicity tesr.s are also perfomjed quarterly each year at thi outfall . 
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R.esults Cor 2n0.2 - W ter Monitoring 

Approximately 1400 scunples were analyzed for NPDES and A TD p;mun ters in. 2002 , of whi.cb 
there· was one ! DES permit ex.ceedance. The excet::dan~e was for five-day carbonac ou 
bio]ogi ~aJ oxygen demand (CBOD-5) at OutfaJ 601. The '"'BOD res · It for the fallowing day 
was less ·nan the method etection limit. o cause couM be determined , or the exceedn.nce as all 
operatin parameters appeared o be nofl'lUlll. 

The site r ce ··v·"'d a yoticc of Vioh•lio from the hio EPA ilh fiespcc to implememin storm 
atcr ,ontrols in timely m one b fo b ginning work. A~tbo gh nttols w re in pia e. the 

ext nt and the effectiveness of the control were in dispute. All issues were effecti:ve]y resolved 

No A TD exc:eedmces occurred in 2002. TI1ere were no enforcement actions initiated against the 
ite in 2002. Key results for water ff]uent are summarized in · pendix C, Table C-3. A review 

off . PDES and ATD perforn:trulc over the past fwe years i" hown m Figure 5<~ . 

Ani.111ytical p~:"CX;:cdwcs were con.si tent wilh the method specified in regulation. of the Clean 
Wat r Act, 40 CF 1 '6. Samp' iog an analyti a] s.eiVic were prov'ded by the site ~ 

Environmental Monitoring laborat ry and by outsi e contrd ·tors. AI such procedures m et EPA 
,and site standards for quality assurmce and quality ,"'ontrol. 

Figur 5-l. NPDES nnd ATD Sampling Profile, 1998 ~ 2002 
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Nonradio,logical Env,ironmental mgram Information 

5.3 ob io - under SARA T U . W 

Title Ill of the Sup fund Am ndments and R. utho:rization Act (S~A..) addr.sses tbe 
cmcrscncy p~anning and oommunit}r right-to-knoo,: rt~sponsibiliues of fac"[it~es handJin.g 
hazardous sub~tances. Se tions 311 and 12 of Title ill spe ify reportin r rnrements, for tine 
u e and/or s ·Ordge of' extremely hazardous • and .. hazardous"' substances .. For facmti. subject 
to Section 311 and 312, cbemkal w.age storage. and location infi)rmatinn mr.1 h · 1h ' • to 
regionaJ emergency respon ·e agencie before J\d'arch 1 each year. ln 200~ two (~Xfn"'!mcly 

hazardous sub tance• and ev c hazardow ub. tance were used acd/or s•torodl m execs. of 
reporting threshold ·. , his information, along with site maps ho~ usage and sto,rage 
location , is reported to lhe State Ernerg n y Response Commi ion, th -,Miami Valle:y R ,gjooaJ 
Planning CommiS' EOR, and the C'ty of M·a.mj burg Fire D partment each year. The nine 
reguJated subsm.nce are listed in Tab e _ -~. 

Table S-1. 1001' ARA ii em Emer ency . n Haza dou •Cbem·c I Dat· _ 

Di sel fuel 
No. 2 fuel oil 
lrichlorotluoroethane 

H rdous Sub t nee 

Gasolin • unJeaded 
Nitrogen 

E tremely B z -doll 

ulfuric acid 

E hylene g] ol 
Argon 

Nitric acid 

Sec ion 313 of Title m specifies :reporting requirement associat d with the release of toxic 
ch mical . fo1 fac'Ufe.s that exceed the reporting th.resboid, toxic hcmi at rele· ·c data must b 
submitted o the U.S. EPA before July 1 eacb ye-ar. fu CY2002, ection 3 eporting thresholds 
we not (.')Xceeded. 

5.4 Enviro - ental Occu.rrenees 

Under CERCLA and the Clean Water A t, reportable quantity (.RQ) lev ls ha.ve been established 
for d signated ha7.ardou b tances. If a spiU or other inadvertent release to lb environmenl 
exceeds the RQ. irrun diate notification of the appropriate federal agcuci ( .g., National 
Re ponse Center. EPA. ·or Coa t 'wad i required. o . uch rel currcd at M P during 
2002. 
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6.11 GRO . DWATER MO NITOR.ING PROGRA!\'1 

The 1 cP i~e 1i s along and atop of a p rlion o.fOhio's largest sole-source aquifers.. the Buri d 
Valley Aquifer VA). The City of Miamisburg and a number of other communities in the area 
draw drinking w2ter from the B'VA. MCP al"'o reli es on the BVA for drin.k.iog and process wsk..>.r. 

MCP mamtams approximately L 80 groundwater moniroring points onsite and o l'site to 
characLeri:Le lhe impa t operation may he ve on the BVA. Inc luded ln. llhese ite arc t.hree onsite 
production weU f22 mon:Jt.oriJ1~ ,vells 38 iez met rs , five capture pit! , and 13 commun 'ty 
water supplies and pri ate wdls. Abou · 100 of these porn are actively moni~ · red The 
groundwater-m onitoring program ha bee I developed to meet Safe Drinking Wawr Act (SDWA) 
monitoring requir~ments . I • · CLA program objectiv.es, and DOE-mMdatcd pracric~ . This 
·hapler serve· as a g:enera] summary of the g11ound ~at r activitie thai have o curr- d ·n 2002. 

6.1' Regional Hydrogeology 

The BVA wru. designate.d a sole-sourt":e aqu.ifer by the U .. EPA in May 1988. Tbi disli:nction 
indicates that tbe aquifer supplies aU of the drink.ing water to the communities abov _ ir. Tlle 
approximate aerial extent of the BY A is sbov.IJl in Figure 6-1 . 

·gure 6-1. Locatio _ nd Extent of the Hurled Valley Aquifer 

Buried Va ley Aquifer 
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Groundwater Manito·ring Program 

The aquifer bas a north r:;outb urientation and r aches a maximunt tb · ckt1 ss o about 46 m ( 150 
fi) n ar lhe Oreal Miami River channel. Groundwatr ·n the area g _n ·rnlly flo\ south 
following the ownstr am ourse of the Ri er. The B A tlow system is cbar::1 t rized by gJ3cia.l 
outwash depo . its with ery high hydr-aulic oooduc ,j ity. ·consequenlly, lbe aquifer is capa~ble of 
tr.msmitting Jarge qmmtitie. of gliO mdwnter. The BVA w l of ·lhe sit is esti:m ted to have 
calculated transmis_sivity alue moging from 200~000 to 430.000 gallons per day per foot Th.e 
mmsmis ·ivity alues are based upon hydrauli cb:aract riza ion data obtained from n ay 1993 
aquifer pump test. 

The BV A is somewhat overdrawn between the cities of West Carrollton and Dayton. Practi es 
involving relocation of well fields and artificial recharge via infiltration lagoons are in use to 
reduce the magnitude of the reversal. There is no evidence that the gradient reversal affects 
regions south of West Carrollton such as Miamisburg. In Miamisburg, pumping does not 
influence the natural groundwater gradient except in the immediate vicinity of the well fields. 

e of Groll dwater in t · e Vicinity 

There arc sc "'ll m micip 1 water supplies and numerous industrial users within an 8 km (5 mi) 
radius of the ite. Th locatioos of public and private water supply and monitoring wells are 
. hown in Figure 6-2. T1 e only Industrial user within 8 km (5 mi) downgradient is the 0 . H. 
Hutchi.ngs. Power Generation Sta ·on. Industrial groundwater users located north (upgradient) of 
Lhe site are isolated from MCP by hydraulic barriers. 

The oommunities of Franklin aru:l.. Cnrlis.Je are ihe first do'\il.'llgradicnt wat _ supplies. Monitoring 
-·fforLs are oonccntta.t d in the Miamisburg ar~a. The City of Miami burg operates 'i 'e 
production w U to the west of lh Gn:at Miami ruver. The e wells arc upgn«lienl and are no~ 
cxp cte.d to be impacted b MCP. The zone of infJuence by the veU is approximately [ 000 fc . 
AU community production weDs ito u ~.: are separated from the site by a minimum straight-line 
cbstance ofO.S km (0.5 mi). 

6.2 Site Hydrology 

As seen in Figure 6-l. a •tongue of'thc BVA und~;rlic:s lhe site. Within the historical imits of 
the property, the maximum known thlckne uf the aquifer i· m excess of 100ft in the southwest 
portion of the site. Present usage of the BVA by MCP mn.g s approxirnrdely from L 19 o 2.08 
million liters per day (313.100 to 55tlt.500 •aUon p day). Recharge to the portion of the BVA 
un.de:rlymg tlle ile prinmrily ari es from infihrauon of river water. prec~pitation, and leake.ge 
from valley walls. These sources of recharge pro id ; sufficien volumes of water to balance 
MCP's withdrawals. 

As a re u1t of the dramati.c chang · in cle a ·ons associated with site topogmphy, the site bas a 
variety of groundwater gun . ypical groundwater e]evnlion contour aps sbown m 1gures 

6-3 cmd 6-4, re eel the twu :soun:;e · of groundwater that are of cooc.cm tu MCP. water in lhe 
bedrock d the BVA. urulwaler leve 1· vary from elevations ncar 204 m (670 Jl) o 
approxima ly 267 111 ,(875 ft) . 0 . ite groundwater levels generaUy increase witb increasing 
ground s:urfacce elevatlons. (Ground surface elevations are nown on Insert 1-L) At the lowesl 
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Chapter6 

site el vation ' ov~lying the BVA, groundwater i i:ypi<:aUy pr ~Hmt at depth h een 6 m (20ft) 
and 7 m (25 ft) below Lh surface. The maximum groundwater 1evel for the ~erched water in the 
bedwck beneath tJ1e main hill is approxiooc t ly 255 m (835 ft). The gr und surface levalion for 
the mai hill is app:roximateJy 268 rn (880 ft). 

Bedro~, permeabUiity. The bedro · ,. flow system is comprised of thick se-quences of 
intcrbedd ~d .. hales and hrneston :hal make-up the topogntphic bedrock bighs known as the 
Main BiU and SMJPP H·ll. The bedro "'k is not capable of tr1U1Smitting large quantitie:; of water 
due to its low hydraulic conductivity. Groundwater 'flow in ltbe bedro system occurs primarily 
within an upper fracture · arapa e that xLnd from tb grow1d urfa.Ge to a depth of 
approximately 50 ft. Tbc fracwre ~;at- pace. is characteri:4ed by bed!fock that contains ~;uffici nt 
interc nnected secondaey poro ·ity to allow tr.msmission of small quantities of groundwater. 
Permeability of this can'lpace is esiliDated to range from 40 to 400 L/day/m2 ( 1 to 10 gaUday/ft?). 
Below it, bedrock permeability genera ly ranges from 0 to 8 Ll ylm2 (0 to 0.2 gal/d y!_a-2) . 
Bedrock groundwater typically di charges as either ·rurface seeps or i 1 o onlapping ponions of 
gllacial depo~its . 

G 'ad l till and outw pe.rme bWty. Hydraulic propcrtic.:: of 'be gl.a ia1 f ' that form a 
veneer over the site vary depending on the proportions of fine and course-grained materials 1111 a 
given location. Valu s ,of permeability nonnally range from 0.0041 to 0.041 Uday/m2 (0.0001 to 

0.00 gal/day/ft\ ·}though values up to 2.8 U day/m2 (0.07 gaVday/ft2) have been measured in 
upper weathered zones. Below lh glaciat till in the lower \~'alley is a z.one of glacial outwa h 
omposed of sand and gravel. '1 he pe 1eab' lity ofth.i s zone is estimat d to range fr-om 40,700 to 

S l ,000 U d:ay/m2 
( l 000 to 2 000 ga1/d y/ft2

). A di,tianal infom1ation concerning the it ' s 
hydrology can be found in "Operable Unit 9, Hydrologic lnv s igation, 1994" (Bedrock and 

uri d Valley Aquili::!i Reports). 

Seeps 

At points a1ong the northern and western portions of the hills~de, bedrock is exposed ;:md seep 
lines t~x.ist. A general:iz d ~cutawdy depicting this phenomenon is shm.\'n in Figure 6-5. Seeps 
1;1 rv as escop' routes for groundwal r in the upp r el" ation · o · lhe bedrock groundwa er 

gim . Seep~\ although not consid red a potable drinking water s utc'". ar indicativ of tht:: 
groundv nter quality i 1 th bedrock system fron1 which they emerge .. Due to it relatively low 
yi,eld, the bedrock system in the vicinity of CP is not utih7.ed a.'> a drinking water sour e. The 
wat r quility in th bedrock system is however important becau e the bedrock flow ystem 
ultimately di ·cllitrges into the Buried Va11ey Aquili r flow sy t m. The relatively low VOC 
c-oncenlra ions and ~ome hat elevated tritium level~ e-en i.n the bedrock s.eeps are unlikely lo 
n ·gati ely impact the BV A. Simple vo urnetric flow cou ·idenilions sugg~;~ '1 that ·onsid rabl 
dilution will t~ 1

' ~ p1acc as U1 Jali ·ly low yield bcdro k 8tt:m d.ischar • s into the bighJy 
productrve BVA flow syslcm. MCP monitoring data from wc]L po ilion d offi 1te m the VA 
oonfirrn this with bD h tritium and OC concentration. remaining below theu· r pe rive MCL . 
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Figure 6-2. Production and Monitoring WeD Locations 
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Figure 6-.3. Groundwater Elev tion1 for Water in lhe Bedrock 
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igure 6-4. Groundw ter Ele af'o . for the Buried V lley Aqllller 
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Chapter 6 

Surface Water Features 

TI1ere are no perennial streams on the site. A natural drainage area exists in the deep valley 
separating the two main hllls. but water in thi area gernerally has a short fi sidence time. The 
basin is relativ ly small and the slopes are relatively ·.teep. Therefore, runoff thrn0ugh ~ ite 

drainag fe8Jtures is rapid 

Figure 6-5. Geologic Cutaway 
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6.3 · pplicable ta111dar d.s 

Guidehnes for c::oncentrntions of rndionuo1ides in drinking water are provided in DOE Order 
5400.5 (DOE. 1993). These guides are based on recom.menduti:ons in Publications 26 and 30 of 
the International ommission on Radiological Protection liCRP 1977. 1979). The guid for 
radionuclide concenrmti ons are referred to a.s DCGs. The DCG for a radionuc:lide is defined as 
the concentration of that radionuc ide rhich will resul in a 50-year CEDE of 100 ._ em (1 m ) 
foHo ·ng continuous expc!sure for one year. EPA has al o smbli hed a drinking water dose 
standard of 4 mreml ear for specific combinations f radionu.cHde and concentration • tanda-rds , 
~or maximum contaminant levels (MCL.s). for tritium, md]um, and gms.s alpha. 

The arional Primary and Secondary Drinking Wate '"'tandards also provide MCLs for 
nonradio o~gical parameter . Primary MCLs hav~e been established for a. vm:'ety ,of parn.meLers, 
1nduding ol.atile organic compounds ·V OCs) and inorganic substances such as metals. Primary 
M CLs are the mnximum concentmtions allowed under tile SD 'A. Sec.ondary MCLs are 
guidelines, for maximum advisable ron ntrati,oru: for other contaminants. aximum 
concentrations of Jead and copper ar ~expressed as ' ac ,·on levels." DCGs, MCLs~ and action 
levels are included with the groundwa . r · su1ts pres nted in Appe dix D. 

6..4 _ vironmen I Conc.e trations 

Each year, samples are collected from a communi wa er upply that is n.ot a ~ected by MC.P 
operations. These samples represent background. or 'environmen , ' le els for radionlilc.Jides. 
For clri:nk:inn water, the en .. · onm otal ref - nc~ loCdltion is Tipp City. approx.imal ly 40 km (25 
mi) n.ortl of MCP. Envrronm - tal concentrations for 2002 c n be found in Appeodix D. Tabi · 
D-1. 

6 5 O([site Groundwater Monitoring Pro ram 

The objectives o . tlle offsire groundwa ei moniloring program are ·~o assure ~ocal resider.U. and 
com:rnuma that their dri.nking \i ·at(;"!' has not been a.dversdy rmpactcd by plant a.cri:vities and to 
provide an early warning of impacts due to continuing decontami:na ·on and decomm.i siooing 
activities and environmema1 restoration activities. This program consists of me col1eetion and 
analysis of samp]es fmm production well privak well . regiorml drinking water supplie . and 
oonsite and ofisite momtoring weUs .screened in both the: BV A md bedrock flow system.c;. 
Sarupl s are analyzed fo:r radionuclides, VOCs and icorg;mic substances. A description of the 
anal tical procedures used to generate these results t:an be foiJlld in r.he Environmenm1 
Monitoring Pl.an (BWXTO, 2000) a:ud the OroWldwater Protection Ma:IJagement Program Plan 
(DOE 199 ). 

Community Water uppl.i -and Private WeD 

Tritium is th · most mobile of the r.1dionuclides released from the site. Therefore, priv te weU 
immediately do~ent of MCP and regional groundwater supplies are closely monitored for 
tritium. Monthly samples are coUected from seven community water supplies and six private 
w~~:lls. R u1ts fo 2002 8f sho in Appe dix D Table D-2. Average tritium concentrations 
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C'hapt -r 6 

ranged from 0.0 I to 0.45 nCi/L, or 2.]% of the MCL. The results reflect the p ttem of Tritium 
c ncentr-atio11s one would xpt:ct: b.igber vmtge n ar lb. it (e.g., Miarnisburo) and lower 
averages at greater distances (e.01. Midd]et..own). 

The rvu am.i bura. commur.Jty water supply is also analyzed for plutuniwu-23 8~ plutonium-
239,240, uraniwn-2 3,234 u:rrufl!iwn-23S, thorium-228, thon um-230, and thoriu.m-2"'2. 
Plutonium and uranium samples are collected monthly. while thorium samples are collected at 

east quart t:r y. R~ ulLS fir 2002 are s:· o':~.'ll in Appendix D, Tables D-3 through D-5. Many 
results for 2002 \Veil comparabl to hac ' ground lt: ] for the e radionuchdes; .average 
concentrations were less lhan 3.2% of th rcsp ctive EPA dos~ standard n~ total dose was 
0.0 1 7 mrem. 

Offsitc Monitoring Wells 

Radionuclidcs. To p ovide additional inform 1ti·on on lh ~ext nt of offsite tritium migrati n,. 
MCP .also collects groundw.arer samples from offs ite moaitorinu we ,)s. The results for 2002 arc 
shown in Appendix D, Table D-6. Average tritium concentrations. r.mged from Jess than the 
bl;mk value to 6.13 nCi/L, or less than 31% of the MCL Tritium concentrations tend to b 

igher in t e lo\ver pottion of the BVA than the upper portio oft11e BV A. 

Monitoring wells along the western boundary of the site are also analyzed for plutonium-238, 
plutonium-239,240, uranium-233,234, unmiuro-235, uraniurn-238, thoriurn-228, thorium-230. 
thorimn-232, radium-226, and radiurn-228. The results are shown in Appendix D, Tables D-7 
through D-10. Average concentrations for nuclides other than iarllium ranged from 0.01 to 1.7% 
of the respective EPA dose standard. Radium concentrations ranged from 4.9 to 983% of the 
respective EPA dose standard. Two of the offsite wells (0335, 034 ) showed radium levels in 
excess of the 5 pCi/L MCL. Both monitoring wells are screened i the low permeability bedrock 
flow system. This system is ot used as a drinking water source at this location. Numerous wells 
screened. \~.r"thin the BVA hydraulic y upgradient and downgradient of wells 0335 and G341 
have been monitored. All of the~ e we ls sho\\r radium levels below the MCL. Site p ' rsonn J are 
working with the Savannah River Environmental Technology group to determine the nature of 
the elevaied radium le els in the welt Results of me :srudy wiH e pub hshed in 2003 . The 
eievated radil.IIID appears to be restricted to the bedrock system and is not impacting th"'" BV A~ 

Radium monitOrinJ is also con u . ed m ilbe tributary valley ground\vat r system. whic is 
do\\>ngradient of th PRS 66 area. The discb.arge area of the tributary vaJJey is located 
hydraulically downgrachent from vells 0..).]5 and o-:- 41 . MCP wiH continue to monitor radium 
concentrations in offsite we:Us. 

VOCs a.nd loorganics. Tnirteeu offsile monitoring weD_ ere also ust:rl to e aluat 
cone • tnmons of VOCs in tbe B.V A. The w lls sampled re analyzed for over _ 0 organic 
compoLmds. Resul arc pf1 enred in Appendix D Table - 11. Historic i contaminants, uch as 
tettadlloroerhen~ trichloroethene, and t I J-trichloroerhane were ob.~e ed in approximately 
rum: ,of the offsite v.-ells monitored m 2002. No, MCls were exceeded in 2002.1n addition lo the 
historical contarnimm!.S chloroform has been d te ·ted in fi of the e monitoring ells. 
Chloroform is g · ne:rall cuusidere,.d a dis1Ilfi ti n-by-p ct from chlorination. ' ' h1oroform an 
other trihalornethanes were intmdu "d into the aquifer as a result of a valve ~ ailure at 'be old 
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Minmisburg Well #2 the all of 1999. Cblorinated potab1e water from tb City of Miamisburg 
leaked into the aquifer for appro inmtely nine months before the leak was found. 

Inorganic substances are also evaluated in ofE ite monitoring weUs. The m tal . and other 
inorganics of interest are those regulated under the SDWA. In 2002. only those pa:rametem wilh 

CL detectable aoncemrations are presented in Appendix D Table D-12. In 2002 the pdmary 
MCLs were exceeded for chromjurn and nickel. econdruy MCLs were e ceeded for ·ron and 
~· ~e. In 1999. a. field in estigation was initiated to study the nature and variability of the 
elevated levels of meta1 . The study resuJts suggested that turbidity induced by me sampling 
methodology was the primary factor for the variabilirty m. metal concentrations. Results and 
samplmg n:commendations from the fie d investigation can he found in "Metals lTIVesligation 
Assessme11t Rt!port, US Department of Energy, Oc:tobf!T' 1999. '' The sampling method was 
chang ·d from the standard high-volume well purge to a low-flow m1crop:urge. tO' ~educe induced 
turbiility. 

In some cases, low-flow micropurge sam pi s continued to show elevated levels of hromium and 
nickeL Wells showing chmmium and n"ckel exceedances .are oons.tructed of stairuess. steeL 
Suspicion is that the well casings may be corrod:iiig slightly and providing a. source for chromium 
and nic el. Fieldwork initiated in the fall of 200 I was conducted to determine the sour.ce of the 
ele,•a.ted chromium and nickel in everaJ monitoring weU:s. The fieldwor is summariztd in a 
Limi,erl Field Investigation Final Letter Report tided .. Sampling Investigation to De1termine the 
Narure of Elevated CbromitiiDl and Nickel Levels in Two Sl.ainless St el Monitoring \ VeUs at 
Mound · October, 2002. The fieldwork showed that the e~evated clu-omium and nickel in the 

~;:Us was. highly localiz.:ed and not widespread. Crevice corrosion of tll~;; wiru slouoo stainless 
st el weU casing is the suspected roe hanism fo releasing the chwr.a.iwn and nickel from the 
casing to tbe groundwater adjacent to the wen. The USEPA and Ohio EPA agreed with the 
repo t"s Cml.clu::dow. 

6.6 Onsite Groundwater Mooitorlng Program 

The objectives o,f the onsitc groundwater monitoring program are to assure site workers thn.t 
drinlting water is safe for conswnpLion. to en..'!:me ~ntainmenl of knoVw"D groundw31ter 
contamina:tio11, and o monj[or pro _ s and effectiveness of ongoing groundwater :remediati·on 
effons. This program ·Consists of routine rollection and analysis of samples from production 
wells and BVA moni,.oring we 1 . Sampl . are analyzed for radionucrd VOCs. and inorganic 
subsmnces. A description of the analytical procedures used to generate these results can be found 
in the Environmental Monitoring Pian (BWXTO. 2000) and Lhe Groundwater Prolection 
Management Pmgrnm Plan (DOE. 1997 ). 

CP Production WeDs 

Three onsite production Us p 'd drin k-ing and pr wated'or the ite mnpl fium the 
production wells are analyzed for tritium. plutonium-238 plutonium-239,240 urnniu:m-2.B,234 
uraniwn 238 thorium-228. lhorium-230. and thorium-232. Tritium samples are coUectJed and 
analyzed weekly. plutonium and uranium samples are collected monthly, whi]e thorium is done 
at leasl quarterly. R ·ults for 200" an: summarized in Appendix D. Tables D- B 'througb U-16. 
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Cha]!_ter6 

Average 'tritium co cent:ra:Lions obs rvcd in 002 were less trum 0.43 nCiiL. This value 
rcpres.euts l ss Uum 1.2% of the CL. Average concentrations of other mdionuclides measured 
iu 2002 in producti n wells Nt'f le s than 0.- X 10'9 p.C i/mL. 

CP' pr duction wells are also analyz d for approximately 60 organic compounds quarterly 
each year. The three halogenated solvents typically present in trn concentrations are 1, l •
trichloroethane, tricblomethene and tetrachloroethe:nc. A.s seen in the;: offsite monitoring eU 
chlorofonn is present in the pmdl.lction we11 . RemnaoL'i of Lrihalom~!.llan are being drawn 
onsite by the production wens large cone of 'nfluence as seen in Figure 64. Results for 2002 are 
• 10 in pp _ ndi _ D ,. T bJ, D-17. The ata confinn that th production w -Us are consistently 
below MCLs for organic compounds. 

SDW A Compliance ,Summary 

Results i this C!larner have been summarized m terms of a.verage corn:;en~tmtions for the year. 
DWA compliance for drinking water · u:ppli · however, i · evalualed by <: mparing inctiv 'dual 

sampl r-esult with applicable MCL values. Because the three omsite production we Us serve as a 
drinking " ater source for the si e nw A o:-np iance is deterrn1ned by an annual running 
average. able tS~ 1 shows the maximum con ntrations f parame,ers measured in the 
production wells during 2002. In 200i . no :vi"'L exceedances were ob•·erved m the prod Jct:ion 
wen. 

able 6-1. SD Compliance "'ummai-y 

Parameter Maximum MCL 
Concc:ntra ion 

~rilium 0.96 nC1/l.. 20nCilll 

l ,2-dichl roothiD:Ie 1.4 !l 5 J,tgfL 

Cblorofo·rm LOJ.tg/L 100 J.ig/L 

T euacb!oroethene 0.8 J.LgfL 5 J.lgfL 

T richloroe:tbcme LO!lgfl 5j.lg/L 

1, L, 1 T rich.IO<roetlwte ] .6j.i 1.. 200 j.ig/L 

Xy1 ·ne, total 0.6 J!g/L 10~ 

Oil EPA Drinking W ter SmndacdsJ 

The SD W A does not Limit the concentrations of most radionuclid~s mdividua ly tribum is 1m 

e:x~:eptio.n). hlstead. lh~ dos from spe .. ific ombinatiomi of mdionuclides is limited to 4 
mr 1 m 200'- th do c frotn plutonium uranium, an thorium measured in tbe onsit~ 
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production wells was 0.09 1lUl>"'IIl. 'This presents 2.3~' of the dose standard. The dos from 
tritium \V'dS 0.0~9 mrem. 

T . d moW:itral _ mpb.ancc \: 1lh the DWA samp s arc ~ollected from he di tri ution system. 
Thes samples at1e analyz:ed for total coHJonn. h:ad, copper, nitrate. inorganic • and volatile 
org-.mic compounds. No ex.ceedance:s were observed in 1002. 

Oosite Munjtoring \Veils 

Radionuclides. MCP maiolains an ext _nsi · network of onsite BV A monitoring weH (F' gure 
6-2). Samples from m e weU are Malyzed for tritium. The resut·:s for 2002 are sho :vn in 
Appendix D, able 0 1-18. Tbc avera c tritium cone nttation. for onsitc wells \1 as less than 5 
nCi/L. Well 0137 had the maximum conccnmnion of 13.0 nCi!L in 2002. This valt e fepr ents 
65% of the MCL. Ho\\'ever, this result eems to be an anomaly compared ro previous monitor..ng 
dnta 

Samples from onshe monitoring wells located in the tributary valley (located. approximately from 
the Buildin 61 pond o the wastewater treatment plant) areal o analyzed for plutonium~238, 
plutonium-239 'l40, UI'8.Irium-233, "'4, ur.miurn-235, uranium 2"8. thorium-22 • thorium-"30, 
thorium-232 ra ium-22,6 and radium-228. Resnlts for 2002 are sbown ill ppendix D, Tables 
0~·19 ·chrougb D-22. Jn m tributary valley. a ernge •alue ranged from 0.01 tG 30% of the 
respective EP ose standard. Of th c.onstiroents analyzed for, radium-228 was most often the 
higher per~entage "Mlh respect to the standard 

On · dditiona~ bedrock w U (044 ) located just south of the soils area lms shown very unusual 
water chemistry. Combined mdium Jeve]s in the weU exceed the MCL with concentrations 
me.asured above 40 pCiJL. The elevatad mdium appears LObe ery localized. Site personnel are 
working with tbe Savannah River Em·ironmentd Technology group to d t rmin . lh_ alurt: of 
tbc unusual geoch mistry s n in the well 

VOC · and lnonzaaics. Oosite moniLoring wells in the upper ;md lo,wer units of the BV A have 
been sampled LD.ce 192 More than s· ty o- ··tc-monitorinc w lis a.n: sampled for ead 40 
organic compounds. Results coo.bnue TO confirm lhe presence of VOC contamination in the 
aquife . The contamination appears to be great · in the upper unit of the BVA aJong the western 
boundary, immediately south.Yirest of the Main Hill. 

The CERCLA 0 L project addresses VOC contamination in groundwater near the site;s former 
solid waste landfill. Th.e project is co,mprised of two elements: ,a groundwater pump Wild treat 
system designed o preveDl the mi,g;ration of VOC-s into the aquifer and an air sparge/soU apor 
extra tion B)'litem to accel rat th _ r mo aJ of VOCs :f.rom th oil Mao of l e: w lls are 
sampled to c aluaie conta.i..ament of the plwne and the effectiveness of the OU l treaiment 
process. A d~climng nd m VOC oo trauons has been o ed. A c:boWld test is likely to 
b~ co ducted sometim. m 2003. Tht: t ' l • . d ·ignoo to d l rmine the impact of shulting 00\';"11 

the pump and treat capture syste111. 'The degree of VOC "'rebound' (in in concentrati n) can 
be a good indicator ·Of ho smccessful remediation has been ro date. Results for 200' are 
presented in Ap~ndix. D. Table 0..23. In 2002. trich oroethene and tetmchloroetbene exceeded 
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Chapter 6 

drinlcing water VICLs. In addition to the historle11l cont.amirumts. chloroform has been detected 
in o er half o the on he onit:ormg wd1s. 

Six sites are monifored for benzene, etby~benzene toluene and xylene (BETX) and po1yaromat:k 
hydrocarbon.!; w ith respect to two underground sto:raoe tanks l T ) that have een temporarily 
abandoned in place. No compounds have been dete :te except at one morutormg site. 
PoJyaro atic hydrocarbons bave been detected in Ca-prure Pit 0714. The only poJyaromati:c 
hydf carbon detected that has an MCL assigne.d to it is benzo (a) pyren . Tb.e MCL for bcDZO (a) 
pyrene also happens to 'b l than th"' method detection limit. The USTs will be removed as 
p - ·ofth ·- si 1 sure. 

Inorganic substances in onsitc moni toring weUs ar-e al o evahw.ted. The metals and other 
inorganmcs of interest are those regulated under the SDWA. The results are presented in 
Appendix D, Table D-24. In 2002, concentrations above prin:uuy MCl.s were obse:rved for 
chromium,. barium, and nickel. Secondary MCL \Ve exceeded fo aluminun • iron, and 
mmgane e. In ~ 9-9, a field investigation as initiated to srudy the nat\lr:e and variability o1· the 
elevated levels of metals. The .study resl:Jits. suggeste that turbidity induced by the sampling 
methodology was tbe primary factor fo e variability m metal concentraticms. Results and 
sampling recommendations from the field investigation can be found in "l,,fetols lnvesli "Otion 
A ses.mumt Report, US Department of Energy, October, 1999." The sa:mphng me ,: od w.as 
changed from the standard high-volume well purare to 1ow-flow rnicropurge to reduce induced 
turbidity. 

In som.e cases low-flow micropurgc samples continued .o show elevated levels of chromium and 
nickel. Wells showing chromium and nickel exceedances are constructed! of stainless steel. 
Suspi ion is that the :veH ~casings may be corroding slightly and providing a source for chromium 
and nickel. Fieldwork initiated in the faU of 2001 was conducted to determine tbe source of the 
elevated chromium and nickel in several monitoring well_. The fieldwork i 1ummarized in a 
Li..mited Field Investigation Final Letter Re ort tilled 'Sam.pHng In · stigation to Determine the 
_ a1tU.re of Elevated Chromium ar.d ickel Levels in Two Stainl.ess Steel Moniloring WeBs al 
Moundn October, 2002. The fieldwork showed that the e1evated chromium and nickel m the 
wells '< as hiQ>hl localized and not widespread. Cre ice. coJTOsion of th wire s' tted sminless 
steel we l easing is the suspected mcchani ~ro for releasing t~e chronrrium and nickel from the 
casing 10 the groWldwater ad·~.c nt to tb v.rell. The U EPA and Ohio EP'A agr~eed with the 
r: port ' s cond sions. 
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6· 7 Seeps and Capture p· 

Seeps. Tritiwn bas been I1 :cognized as a contaminant i.IJ the seeps lo~;;ated along th northwest 
border of the :.ite sin :e 1986. Sin e then) tri ti m1 hns been the focus of extensjve sampling 
activities iD lhat area. Appendix 0, Table D-25 hows concenrrations of tritium in st t!p 'ampie:s 
in 2002. In 2002, the highest tri ium concentrations were as.sociatoo with Seep 601. ·oo;nsrstent 

ilh (lbservall:ollS in previous years. The sampl'n locations are sbmvn on Figure 6-6 

S amp]es coUecred m 1988 first confirm.ed the pn ence ofVOCs in Seeps 0601, 0602. 0603 and 
0607 (EG&G. 1991). VOC moniioring results for the seeps i 2002 are presented in ppendix 
D , Table U -26·. In 2002, lricbloro thene and tet:rachloroemene were: ob erved at concentrations 
greater than lhc drinking water MCL. 

It is uspecled lhat lhe soit!l underlyin • tbe SV -R tritium complex and B Building pad are the 
sourc area for 'both the VOCs and the tritium seen in the bedrock seeps. As these soils are 
r m d afte-r bu.il din demolition, it is anticipated that the concentrations of both VOCs and 
tritium will dec~ine to acceptable levels. 

Capture Pits. A number of groundwater collection device , or "capture pits," are used on the 
Main Hill to isolate and monitor contamination in perched groundwater. These devices have 
been designed to collect pockets of shallow groundwater which ay ave been contaminated as a 
result of past operational practices. In 2002, samples were collected from the capture pits and 
analyzed for tritium. The results are shown in Appendix D, Table D-27, The sampling locations 
are shown on Figure 6-6. 

ow 'oriog in prre ious yean has indicated tbatlhe voc ·contamina; ion exi U:i m lh capture its. 
The results are ffi:town in Appendix D Tab~e D-28. In 2002 benzo(a )pyrene and mchloroethene 
exc-eeded theM value. 

Tritium le,te1 have decreased compared to L998. Levels of tricbloroethene have remained 
COD.Stant in rCapture pit 07 12, decreased in Caprure pit 072•6r, and increased in capture pit 0727, 
since 1998. 
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Figure 6-6. S p ~ n Capture Pit Locations 

~617 

Seep 

Capture pit 
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Groundwo..t.er Monitoring Program 

6.8 F. e-Year Trends ror WeUs of Interest 

As een in lli ·pre~ ding ection. ofrhi Chapter, large volum~: of groundwa1icr morutoring data 
i generat d e.acb year. It is important that be d ta be reviewed or evident: of long-term trends, 
e peciaUy in "fl e where there is some hislory of eleva ed concentration. of contaminants. In 
this s ction. five year irends are presented for cenai:n indicator parameter" measured in weltls of 
inter t .. 

· r nd D _ta ror Off: ite Orin · g \V8ier 

A primary consideration of the MCP emvironmental morutoring program is to ensure that area 
t.lrirJting \ l:dcr suppli " ar not adversely affected by activities at the site. The most mobile of 
the constituents released to groundwa:rer is tritium. For this reason, tritium is an ex ll nt 
indicator of offsitc migration. T ;vo drinking water sources can be considered key receptor wells. 
First. th drinking watCT supply of the c·ty of Miamisburg is of interest due to the proximity of 
th City's \Vell fields. A nd econd, W Jl 0904, a private well, is useful as an indicator because it 
reflect po ential impact to small d in.ldng water systems. 

Five-year treods ·or tritium cone< nlfatiom in lhe two w lis des rib d f.lbove are shown in Figure 
6-7. As s -en in th ligun., tritium leve] in the w Us have ~exhibited httle chang~: ovc the past 
(iv years. All of Lhe alues are signifc rnUy bel · w the 20 11Ci/L MCL for tri . ium. 

Figure 6-7. nnunl ver ge Trltiu.m Concenh"ation in Off!:lite Drinking Water 
1998 - 2002 

3 ~------------------------------------~ 

1998 

.... 
-- =-- --- - ... 

1999 2000 2001 

(MCL tor trit'um = 20 nCifl) 
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Chapter6 

Trend Data for Onsite Production Wells and Seeps 

As previously described in this chapter, tritium and certain VOCs have been obser\red in 
groundwater underlying the site. The seven halogenated solvents typically present in trace 
concentrations are carbon tetrachloride, chloroform, cis-1 ,2'-dichloroethene, · Freon, 
tetrachloroethene, trichloroethene, and 1,1, !-trichloroethane. Trichloroethene has been the most 
prevalent contaminant and, therefore, serves as an "indicator" VOC. 

An appropriate onsite indicator well is Production Well 0076 (also referred to as Well3) because 
it serves as the primary source of drinking water for the site. Other important monitoring points 
for the evaluation of groundwater conditions are the seeps. Data suggest that Seep 0601 is an 
appropriate location for the observation of long-term trends. 

Five-year trend data for Production Well 0076 are shown in Figures 6-8 and 6-9 for tritium and 
trichloroethene (TCE), respectively. Prior to the start of the pump and treat system and the air 
sparge/vapor extraction system~ TCE concentrations were 1.5- 1.8 J.Lg/L._Similarly, Figures 6-10 
and 6-11 present five~year trend data for tritium and trichloroeth~11e at Seep 0601. 

Figure 6-8 indicates that tritium levels in Well 0076 have consistently averaged near 1 nCi/L. 
This value is well below the applicable MCL (20 nCi/L );_ Trace concentrations of trichloroethene 
have also been observed in Well 0076 (Figure 6-9). However, measured concentrations have 
steadily decreased and remained well below the applicable MCL (5 J.Lg/L). From 1993-1996, 
trichloroethene levels ranged from 1.5 - 1.8 J.Lg/L. 

Figure 6-10 presents tritium concentration data for Seep 0601. Data for the period1998-2002 
show the yearly average for tritium concentrations ranging from approximately 52 nCifL·to 90 
nCi/L. Although the average concentrations have varied over the five~year period shown, tritium 
values have been consistently near or below the 100 nCi/L level the last five years. As shown in 
Figure 6-11, seep 0601 is also characterized by elevated levels of trichloroethene. 
Tetrachloroethene has also emerged as a contributor to voc;:: contamination in this seep .. 

The average tritium and VOC concentrations have steadily declined as operations oontinued to be 
shutdown and removed. It is expected that these trends will continue downward as cleanup 
operations continue and eventually the source in the soil is removed under these buildings. The 
risks associated with contamination in the seeps and the appropriate remediation actions will be 
evaluated under CERCLA. 
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Figure 6-8. Annual Average Tritium Concentration iD Production Well 0076, 1998..: 200i 

Tritium Concentration (nCill) 

2000 

(MCL for tritium = 20 nCiiL) 

:Figure .6-9 •. Annual Aver~ge :fudicator VOC Concentration in. Production Well 0076, 
1998 ·~ 2002 .· . . . . . . ' . ' ' ' ' 

··.··,' 

Trichloroethene Coneentration (f.1.9/L) 

1998 1999 2000 2001 2002 

(MCL for trichloroethene = 5 f.I.9/L) 
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.ChapterS 

Figure 6-10. Annual Average Tritium Concentration for Seep 0601,1998-2002 

1998 1999 2000 2001 2002 

(MCL for tritium = 20 nCi/L) 

Figure 6-11. Annual Average Indicator VOC Concentration for Seep 0601, 1998-2002 

Trichloroethene Concentration (J.I.9/L} 

1998 1999 2000 2001 2002 

(MCL for trichloroethene = 5 J.1.9/l) 
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Chapter7 

7.0 QUALITY ASSURANCE PROGRAMS.FOR ENVIRONMENTAL DATA . . . . :, . . .· 

MCP participates in qlllility assurance (QA) exercises· sponsored and/or ·reoogniZed by the DOE. 
Such exercises provide objective evaluations of the validity of the enVironmental data generated 
by MCP. In this Chapter, QA programs involving radiological and nolmiafological analyses of a 
varietyofenvironmental media are described. In addition to these exienw QA programs, MCP 
performs internal QA studies that make use of reagent blanks, iriternai·standards; and replicate 
samples. The environmental manager and staff have developed performance monitoring tools 
("metrics"). The metrics are prepared and reviewed by the Environmental'Data AdministratOr on 
a monthly or as-generated basis. The metrics are aJso reviewed by the Environmental Manager. 
Trends ofeonceni are identified' and brought to the attention of Senior Management. 

Intern8.1 QA Program 

MCP employsa quality-ba.Sed approach to environmental data. Such an approach is l:mperative 
because many sample ·results are at or below the lower detection limit · .QA sample~, including 
blanks, standards, and replicates, are routinely analyzed to ~valuate analytical bias and precision. 
Blank samples are analyzed to verify the absence of excessive~<mstrument ·contamination or 
backgro'und'levds. The standard deviation of the blanks IS u8ed to calCulate the lower limit: of 
detection~ . · Standards and replieates are 'Used ·to evaluate ' analyticat bias· and precision, 
respectively. QA'parameters. are CloselY momtored and tracked: Deviations.·from expected 
values result iria review ofanalytical protocol. . . 

·' 

External QA' Activities 

DOE EML Quality Assessment Program. Twice each year MCP participates in 'DOE's Office 
of Environmental Management, Quality Assessment Program conducted by Environmental 
Measurements Laboratory (EML). EML supplies samples containing specific quantities of 
radionuclides to each participating lab for radiological analysis. The radionuclides are present as 
contaminants on air filters, soil, vegetation, or water. The radionuclide activity present in the 
sample is not disclosed to the participating laboratory. A laboratory's performance is evaluated 
by comparing their results with the EML reference values. 

In the 2002 EML Performance Evaluation, four environmental media were analyzed. The results 
reported by MCP are shown in Table 7-1. EML reference values are also shown. A useful 
method of evaluating MCP's performance is to examine the ratio of MCP's result to the EML 
reference concentration for each environmental medium. MCP's results compared favorably 
with DOE (EML) reference values with an overall average ratio of0.99. All results were deemed 
"Acceptable" by DOE. 
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. QuitlitjfAssurance Erograms_fo~: Environmental Data .. 

DOE MAPEP;Qu~tY~Asse5sll'lent Progr~.D. The pfimary objecti~e 5f the DOE Radiological 
and Environmental Sciences Laboratozy Mixed Analyte Performance Evaluation Program 
(MAPEP) is to foster reliability and credibility for the analytical results used in the decision 
making , .. p:roces~, .particult~rly as it.relates tp the environment and public . health .and safety. 
Participation in MAPI;P. reqUires -~ysis_.o'f samples (one \V~ter: and cme soil san1.pi~ each year) 
tha~ Cc>ntam Imown concentrations ofplutoniilln and urani~· isoto~s.· 'Ple· results reported by 

~~~C- ~NfCP~in20:02 ana~the :OO,rresponding MAPE:p reference v8Iues are.shown m: Table. 7.-2. A :water 
sample wasnot analyzecfm''200i. ' . . .. . . . . . 

.'". .,, " • • ''. ·- ~- l ·'. • ..' -~ ; 

NPI)ES QA Prograni" . 
. .. . 

National Pollutant D~~harge B.Iimination,$}rstem (NPDES) pernrlts.are 11Scit by_.the EPA to 
regulate discharges of \Vater eftluents. The permits limit the concentrations .of ceriaiii wastewater 
constituents to protect the receiving body of water. To ensure that effluent -limits ,,are not 
exceeded, NPDES permits impose strict requirements for efiluent characterization .. EPA requires 
that laboratories perforwJng analyse~ for.NJ>DES .parameters participatejn_ QA exercises. These 
exerCises ensure EPKt:hatthe laboratories are.i>rQducing reli~le and ;;t~u.fate <htta. ' . . . 

-.' . . • ,1- .,' ,... ' . • • • • ""l~ • ~' - • ' • • --· • • 

I)iScharge Monitoring. ~port (D:MR) ·Quality Assessment P;o~ram. ,. In . 2002, ·MCP 
participated .. in the NPDES QA exercise. hi. this ,program,. a contra~ -laboratory supplies. wa,ter 
samples ooD,t3lnilig Sp(!Ci,fic: Unkno~· quantities of aDal}ftes: to' ,parti~ipating labomtories. 
LaboJ'8tOri~~ analYze tllese Samples' and submit fue resUlts' to the contractor .. The COntractOr 
evaluates· the data based· on liillits , for aceeptability ..... MCP,s ,penoriDlm.ce .ill the NPDES ,QA 
exercise in 2002 is shown in Table 7-3. Performance evaluation ~suits are placea in o~e or' four 
categories: "acceptable," "not acceptable," "unusable," or "check for en:or." . &,ix of the _16 
parameters evalUated were rated as "check for error.'~ This reporting code is advisozy; tlie ·data 
were judged acceptable. 
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I Chapter 7 

I Table 7-1. DOE .. EML Quality Assessment Program Results for 2002: Radionuclides in 
Environmental SampleS · · 

I 
Sample Ratio c 

I Type a Date Radionuclide MCPResult EML b Reference MCP/EML 

Air filters, June Pu-238 0.055 ·0.057 0.96 

I 
Bq/filter Pu-239 0.186 ·0.187 0.99 

U-234 0.300 0.297 1.01 
U-238 0.305 0.298 1.02 

I December Pu-238 0.109 0.119 0.92 
Pu-239 0.202 0.206 0.98 
U-234 0.237. 0.228' 1.04 

I 
U-238 0.237 0.230 1.03 

,., 
Vegetation, June Pu-239 3.000 3.543' 0.85 

I 
Bqlkg 

December Pu-239 3.650 3.427 1.07 

Soil, Bqlkg June Pu-239 19.204 19.098 . 1.01 ~ .; 

I U-234 93.685 93.885 1.00 ..... ,.,, 

U-238 100:315 '96.778 '1.04 
.. ,;,;: 

·"'< ,, ... 
December· Pu-239 12.330 12.903 0.96 ., ..... 

I u~234 43.440 •42.320 1.03 
U-238 43.190 44.890 0.96 

I Water,·Bq!L June Tritium 296.210 283.700 1.04 
Pu-238 0.498 0.490 1.02 

I 
Pu-239 4.125 4.219 0.98 
U-234 1.267 1.402 0.90 
U-238 1.333 1.381 0.97 

I December Tritium 222.460 227.300 0.98 
Pu-238 3.930 4.331 0.91 
Pu-239 1.960 2.070 0.95 

I 
U-234 3.380 3.323 1.02 
U-238 3.380 3.370 1.00 

I a 1 Bq 2.7 X to•ll Ci 
b DOE Environmental Measurements Laboratory (EML) 
e Data have been rounded. 

I 
I· 
I 
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~ ·~' 

Table 7':.2. ·noE MAPEP Quanti Assessment Resuits for 2002: Radionuclides m 
Environmental Samples 

Sample 
TYpe a. 

Soil 
(Bqlkg) 

a 1 Bq = 2. 7 X 1 o-Il Ci 

Radionuclide 

Pu-238 
Pu:.239/240 
U-233,234 
U-238 

NA 

MCP 
Result -

39.81 
75.44 

237.39 
231.14 

b DOE.Mixed Analyte Performance Evaluation Program. 
c MCP did not analyze a \Vater sample in 2002. 

·- MAPEP · 
Reference Acceptable Range 

Concentration : 

33.3 23.31 ~ 43.29 
72.9 51.03 - 94.77 
229 160.30- 297.70 
220 154.00-286.00 

Table 7-3. NPDES'DMR Quality Assessment Program Results for 2002 

Parameter 

Trace Metals, J.1.giL 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Selenium 
Silver 
Zinc 

MisceUaneous, mg/L 
Total residual chlorine 
Cyanide, total 
pH, standard units 
Total suspended solids 

Oil m,-t~.w~e _ 
Demand, mg/L 
Chemical oxygen demand 
Carbonaceous biochemical 

oxygen demand 

Nutrients, mg/L 
AmmoniaasN 

MCP 
Value 

250 
304 
480 
252 
6.80 
257 
210 
403 

1.56 
0.276 
5.57 
38:-4 
24.0 

69.8 
44.0 

6.78 

a EPA Discharge Monitoring Report Quality Assurance Program. 

-------

DMRQA8 MCP 
Reference Performance 

Value Evaluation 

279 Check for error 
335 Check for error 
529 Check for error 
266 Acceptable 
7.57 Acceptable 
280 Acceptable 
220 Acceptable 
439 Check for error 

1.51 Acceptable 
0.279 Acceptable 
5.60 Acceptable 
4l:"1 _____ :A:cceptable--- ----

28.0 Acceptable 

59.9 · Check for error 
32.1 · · Check for error 

7.79 Acceptable 

------------------------------------------------------------------~~------7-4 
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Appendix A 

APPENDIX A 

· RADIOLOGICAL.RELEASE RESULTS 

Effluent monitoring focuses on releases from the site, i.e., stack and liquid (wastewater) discharges. 
Tables swnmarizing monitoring results from 2002 are presented in this Appendix. The tables show 
the average concentration and a comparison to a DOE standard when applicable. For such releases, 
DCG values are provided for comparative purposes. 
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RadiolQifical Relea!le Results .... ~. 

Table A-1. Radiological Emuent Data for 20tb · · 

Radionuclide Relea.Sed to ActiVity, Ci 

Tritium Air. [3 X 1038 

Water 1.9 

Plutonium-238 Air 4.4 X 10-6 

Water 1.7 X 104 

Plutonium-239 ,240 Air 3.0 x w-s 
Water 1.4 X 10-6 

Radon-222 Air 5.0 

Uranium-233,234 Air 1.2 X 10-8 

Water 4.1 X 104 

Uranium-238 Air 8.9 x w-9 

a Tritium released to air consists of: Tritium oxide, 9.44 x 102 Ci 
Elemental tritium, 3.56 x leY Ci 

b Minimum- Maximum (CY1998- CY2002) 

-- ·~-- -----~- ·····-·· ---~---

A-2 

MCP Range!), Ci 

3.8 X 102
- 1.3 X 103 

1.7-'2.5 

4.4 X J(j-6- 1.5 X 10-S 

1.2 X 104 
- 4.8 X 104 

3.0 X 10..g- 4.2 X lO..g 
1.4 X 10-6-3.6 X 10-6 

1.0-5.0 

8.0 X 10-9- 1.9 X 10-8 

3.4 X 104 -4.1 X 104 

5.0 X 10-9 - 1.1 X lO..g 

I 
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,Appendix A 

Table A-2. Average Annual Concentration of.Radionuclide Air Emissions in 2002. 
. ·:;.. . .. "' ' , 

Stack*. 

HH 

NCDPF 

SMIPP 

SW-ICN 

T-West 

T-East 

HEFS 

WDA 

WDSS 

Building 22 

Building23 

CWPF 

* Sampling locations shown in Figure 4-1. 

Radionuclide 

Tritium 

Tritium 

Pu-238 
Pu-239,240 
U-233,234 
U-238 

Tritium 
Pu-238 
Pu-239,240 
U-233,234 
U-238 

Tritium 
Pu-238 
Pu-239,240 
U-233,234 
U-238 

Tritium 

Tritium 
Pu-238 
Pu-239,240 
U-233,234 
U-238 

Tritium 
Pu-238 
Pu-239.,240 
U-233,234 
U-238 

Pu-238 
Pu-239,240 

Tritium 

Tritium 

Tritium 
Pu-238 
Pu-239,240 
U-233,234 
U-238 

A-3 

1:·89 X 10-8 

5.21 X 10'7 

9.12 X 10"15 

4.84 x to-•7 

1.82 x10"18 

7.01 x10'19 

6.20 X 10-9 
2.19 x to-18 

7.53 X 10"19 

6.85 X 10"18 

7.19 X 10"19 

1.90 X 10"7 

2.15 X 10"16 

3.30 X 10"18 

3.59 x to-18 

3.42 x 10"18 

2.94 X 10"9 

8.54 X 10"7 

1.59 X 10"18 

1.81 X 10"18 

1.00 X 10"18 

8.39 X 10"19 

1.20 X 10"10 

9.40 X 10"17 

2.88 X 10"18 

1.73 X 10"18 

1.07 X 10"18 

1.97 x 10·17 

8.75x 10"19 

3.02 X 10"1 

2.25 X 10"7 

1.44 X 10"7 

3.78 X 10"18 

1.36-x 10"18 

3.34 X 10"18 

2.ss x to-18 



R,adiOIQifical Release, Results_ . 

Table A-3. AverageAnnuat Concentration ofRadion1lclides'in'Water Effiuentsiil2002 

Outfall* 

602 

002 

601 

003 

a DOE DCG values in water: 
Tritium= 2xJO~JlCi/mL 
Pu-238 = 4 x 1 0-S ~Ci/mL 
Pu-239,240 = 3 x 1 o.s J.LCilmL 
U-233,234 = 5 X 10"7 jlCi/mL 
Th-228 = 4 x 1 o·7 J.LCilmL 
Th-230 = 3 x 10·7 jlCi/mL 
Th-232 = 5 x 10"8 J.1CilmL 

Radionuclide 

Tritium 
Pu-238 
Pu-239,240 
U-233,234 
Th-228 
Th-230 
Th-232 

Tritium 
Pu-238 
Pu-239,240 
U-233,234 
Th-228 
Th-230 
Th-232 

Tritium 
Pu-238 
Pu-239,240 
U-233,234 
Th-228 
Th-230 
Th-232 

Tritium 
Pu-238 
Pu-239,240 
U-233,234 
Th-228 
Th-230 
Th-232 

* Sampling locations shown on Figure 4-1. 
**Average at or below reagent blanks. 

... ' .. ;,..:.. ~,. .,....... .. 

Average Concentration Average as a Percent 
.. (J.LCi/mL)·· · ........ ofDOEDCG" .. 

2.80 X 10-6 0.14 
2.29 X 10"9 5.74 
3.43 X 10"11 6:11 
2.03 X 10"9 0.41 
7.16x 10-ll 0.02 
8.34x 10"11 0.03 
5.60 X 10·13 0.001 

2.04 X 10-6 0.10 
2.11 X 10·10 0.53 
1.01 X 10·12 0.003 
4.72 X 10·10 0.09 
2.35 X 10"11 0.006 
8.56 x 10·12 0.003 
1.63 X 10·11 0.03 

5.75 X 10-6 0.29 
7.18 X 10·12 0.02 
1.13 X 10"12 0.004 
3.69x 10·10 -0.07 

** ** 
** ** 

1.20 X 10"12 0.002 

1.55 X 10-6 .0.08 
1.51 X 10"11 0.038 
1.54 X 10"12 0.005 
4.24 X 10·!0 0.08 
1.13 X 10·11 0.003 

** ** 
3.00 X 10"12 0.006 
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AppendixB 

APPENDIXB 

ENVIRONMENTAL SURVEILLANCE.PROGRAM RESULTS' 

The environmental smveillance program focuses on environmental conditions in the area 
surrounding the site and in local communities. Tables summarizing monitoring results 1!om 
2002 are presented in this Appendix. In a number of the tables, results are presented · as 
"incremental concentrations." The designation indicates that an average background 
concentration, or "environmental" concentration, has been subtracted from those values. 
Therefore, incremental concentrations represent estimates of MCP's contribution to the 
radionuclide content of an environmental sample. Environmental concentrations are shown in 
Table B-1. Environmental sampling results are organized into tables showing: 

0 m~mber of samples analyzed during the year, 
o minimum concentration measured, 
• maximum concentration measured, 
e average value with error limits, and, when appropriate, 
• a comparison to a DOE or EPA standard. 
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Table B-1. Environmental Concentrations ofRadionuclides in Sample Media in 2002 

Radionuclide 

Ambient airb 
Tritium oxide 

. Plutonium-:-238 
. P1l!t()mU1ll'"239,240 
Thoriurn.;.238 
Thorium-23o 
Thoriurri-232 

River waterc 
Tritium 
Plutoniurn-238 
Plutoniurn-239 ,240 
Uranium-233,234 
Uraniurn-238 
Thoriurn-228 
Thorium-230 
Thoriurn-232 

Pond waterd 
Tritium 
Plutoniurn-238 
Plutonium-239 ,240 

Sediment 
Plutoniurn-238 in river sedimentc 
Plutoniurn-239,240 in river sedimentc 
Thorium-228 in river sedimentc 
Thoriurn-230 in river sedimenf 
Thorium-232 in river sedimentc 

Foodstuffse 

Number of 
Samples 

50 
4 
4 
4 
4 
4 

J2 
12 
12 
12 
I2 
5 
5 
5 

3 
3 
3 
3 
3 

Average 
Concentration a 

7.38±3.32 
ND 

0.27 ±0.21 
IO.Ol± I7.65 
I4:I7 ±26.98 
8.89± 14.70 

ND 
4.70± 10.72 
0.61 ±3.04 
0:83 ±0.14 
0.79±0.16 ,' 

I7.08±2229 
I4.60 ± 27A4 ._ 
4.92 ± 14.44 

ND 
0.40 ±2.87 

ND 

2.10±9.04 
2.63 ± 7.30 

228.83 ± 77.I2 
545.47 ± 178.62 
273.77 ± I45.33 

Tritium in vegetation 0.11 ± 0.02 
Plutonium-238 in vegetation ND 
Plutonium-239,240 in vegetation 1 ND 

a Error limits are estimates of the standard error or estimated error at the 95% confidence level. 
______ b_Measured-28-rni-(45-km)-northwe·sn:>fMCP. 

c Measured 25 rni ( 40 km) upstream of MCP on the Great Miami River. 
d Measured 25 rni (40 km) northwest ofMCP. 
e Measured 30 rni (48 km) north ofMCP. 

Unit of Measure 

10~1211Ci/mL 
10~18 CilmL ' 11' 
10"18 CilmL 11 . 
1o·18 cilmL .. . 11 
I 0"18 J.(CilmL 
10"18 11CilinL 

10-6 11CilmL 
10"12 11CilmL 
1 0"12 I1CilmL 
H)·9 JiCi/mL 
ro·9 

11cilrnL 
l0"12 I1CilmL 
I 0"12

11CilmL 
10"12 11CilmL 

1 0-6 11CilmL 
I o-12 

11Ci!mL 
I 0"12 J.LCilmL 

10·9 J.LCilg 
10·9 J.!.Cilg 
10·9 11Cilg 
l0"9 11Cilg 
l0"9 11Cilg 

10-611Cilg 
l0-9 11Cilg 
10·9 !!Cilg 

ND indicates that concentration was not detectable above the average instrument background or reagent blanks .. 
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App~ndixB. 

Table B-2. Incremental Concentrations~. of Tritium Oxide in AirJn 2002 
. ~ ., ' 

Number Tritium Oxide Average as a 
of .J o·.12 !!CilmL percent of 

Location* Samples Minimum Max.ir11um ·,A.verageli,c ··.DOEDCGd 

Off site 
101 50 e 64.75 3.96±5.02 0.004 

102 50 e 52.24 . 6.14± 5.30 0:006 

103 50 e 104.05 3.42 ±6.25 0.003 

104 49 e 42.04 0.11 ±4.35 0.0001 

105 50 e 26.67 e e 

111 50 e 21.38 e e 

112 48 e 16.78 e e 

115 49 e 15.93 e e 

118 50 e 44.59 0.54±4.20 0.0005 

124 49 e 79.09 6.69±5.73 0.007 

CLN 50 e 46.55 2.23±4.98 0.002 

212 29 e 226.74 13.14 ± 16.32 0.01 

217 29 e 29.94 0.13 ±4.62 0.0001 

Onsite 
211 31 e 24.12 4.10±4.63 0.004 

~ 

213 50 e 26.94 4.83 ±4.13 0.005 --
214 29 e 60,18 2.89±6.08 0.003 

215 50 e 134.45 I 1.31 ± 7.12 0.01 

216 49 e 38.04 2.09±,4.31 . Q.002. 

218 51 e 32.31 L60±4.51 0.002 

a Average environmental level shown in Table B-1 subtracted from the ~ta. 

b Error limits are estimates of the standard error of the estimated mean at the 95% confidence level. 

c LDL for tritium in offsite air is 48 x 10"12 JLCi/mL, except for samplers 212 and 217. The LDL for tritiinn in 
onsite air, including samplers 212 and 217, is.28 x 1 0"12 JLCi/mL. The LDL for sampler 211 
is 31 X ] 0"12 JLCi/mL. These differences are due to different calculation methods and propagation of 
standard deviations due to the number of bubblers in series. 

d DOE DCG for tritium oxide in air is 100,000 x 10"12 JLCilmL. · 

e Below environmental level. 

* Onsite sampling locations shown on Figure 4-4. Offsite sampling locations shown on Figure 4-5. 
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Environliieilial Suroeillance.Pr.ogT:am Results 

Table B-3. Concentrations2 ~fPlutoriium~238 in .Air:i~·2oo2 

Number Plutonium-238 Average as a 
of · ··w-'8 J!CilmL percent of 

Location• Samples·--··· ·. Minimun{·~ ·.MaXimum ·· ·: Average6
·" DOEDCGd 

Offsite 
-JQl 4 e 0.20 0.07 ±0.19 0.0002 

102 4 0.29 1.76 0.77 ± 1.10 0.003 

103 4 .0.29 0.53 0.41 ±0.17 0.001 

104 12 e 1.73 0.33 ±0.36 0.001 

105 4 e 0.15 0.04±0.16 0.0001 

111 4 e 0.09 0.01 ±0.13 0.00003 

112 4 e 0.05 e e 
115 4 e 0.08 e e 

118 4 0.05 0.38 0.17±0.26 0.0006 

124 12 e 2.68 1.10 ±0.50 0.004 

CLN 12 0.08 2.02 0.63 ±0.38 0.002 

212 12 . 0.23 4.29 1.57 ± 0.79 0.005 

217 12 e 1.68 0.27 ±0.32 0.0009 

Onsite 
211 12 0.98 9.05 3.06± 1.33 0.01 

213 12 1.41 13.85 4.92±2.57 0.02 

214 12 0.48 61.48 9.37 ± 10.66 0.03 

215 12 0.21 11.37 2.1 I ±2.17 0.007 

21ST 12 0.24 8.38 2.18± 1.59 0.007 

216 12 0.79 11.88 3.76 ±2.28 O.Dl 
218 12 0.07 26.31 5.08±5.88 0.02 

a Average environmental level below reagent blanks. .. . · 
b Error limitS ~e estimates of the standard error of the estimated mean at the 95% confidence level. 

" LDL for fll,Onthly y~_lles is.OA_ x JQ .~~~J!91mL, for. 9.uai1;~Jy ~u~s the. LDL i[0.2 x 1.9 -~~.J.lC:VmL. .··· 
d DOE DCG for plutonium-238 in air is 30,000 x'10 -ts:J!CilmL. 
e Below reagent blanks. 

-------· 
------T = Supple~nental sampling heiglit (2mf~ .-.. -.-

* Offsite sampling locations·shown on Figure 4-4 .. Onsite Sa.mpling locations shown on Figure 4-5;. 
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· Appendix B. 

Table B-4. Incremental Concentrations8 of Plutoniu~-239,240 in ~ in 2002 

Nwnber Plutonium-239 ,240 Average as a 
of 10"18 J.tCi/mL percent of 

Location* Samples Minimum Maximum AverageS.c DOEDCGd 

Off site 
101 4 e e e e 
102 4 e 0.35 e e 
103 4 e 0.15 e e 
104 12 e 0.68 0.18 ± 0.28 0.0009 
105 4 e e e e 
lll 4 e e e e 
112 4 e e e e 
115 -4 e ·e e e 
ll8 4 e 0.14 0.05 ±0.28 0.0003 
124 12 e 0.25 e e 

.CLN 12 e .. 0.84 0.13 ± 0.28 ... 0.0007 

212 12 e 1.03 0.20 ± 0.36 0.001 
217 12 e 0.83 0.19 ± 0.30 0.001 

On site 
211 12 e 0.75 0.11 ±0.28 0.0006 
213 12 e 1.58 0.30± 0.38 0.002 
214 12 e 1.69 0.27±0.40 0.001 
215 12 e L36· 0:19'±0.36 ... . 0.001 

215T. 12 e 1.11 0.19 ±0.33 0.001 
216 12 e 1.71 0.33 ±0.48 0.002 
218 12 e ::o.73 ·0.19±0.30·· .. 0.001 

a Average environmental level shown in Table B-1 subtracted from the data. 
b Error limits are estimates of the standard error of the estimated mean at the 95% confidence level. 
c LDL for monthly values is 0.6 x 10 -ts J.!.CilmL, for quarterly values the LDL is 0.1 x l 0 -ts J.I.CilmL. 
d DOE DCG for plutonium-239,240 in air is 20,000 x }O :ts J.I.Ci/mL. 
e Below environmental level. 
T = Supplemental sampling height (2m). 

• Onsite·samp1ing locations shown on Figure 4-4. Offsite sampling locations shown on Figure 4~5. 
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EitvitOnlitental. Surveillance.P.rogram.Results ... 

Table B-5. Incremental Concenttationsa, of Thorium-228, Thorium.;230, and Thoriuin-232 
. in.Airin.2002 

Location* 

Offsite 
124 

Onsite 
213 
21ST 

216 

218 

Location* 

Off site 
124 

Onsite 
213 
21ST 
216 
218 

Location*. 

Offsite 
.124 

Onsite 
213 
21ST 
216 

Number 
of 

-~Samples 

12 

12 
12 
12 
12 

Number 
of 

Samples 

12 

12 
12 
12 
12 

Number 
of 

Samples 

12 

12 
12 

12 

·Minimum 

g 

g 
g 
g 

g 

Minimum 

g 

g 
g 

g 

g 

·Minimum 

~ ·. 
g 

g 

. Thorium-228 Average as a 
10'18 JlCi/rriL · percent of 

Maximum Averageti,c. DOEDCGr 

1.99 g g 

6.43 g g 

2.91 g g 

9.39 g g 

27.42 0.55 ± 18.08 0.001 

Thorium-230 Average as a 
10'18 JlCi/mL percent of 

Maximum Average6·a DOEDCGr 

g g g 

0.51 g g 
2.74 g g 

3.67 g g 
18.50 g g 

Thorium-232 Average as a 
1 o-ts JlCilmL percent of· .. 

Maximum Average6·e DOEOCGr· 

.2.05 .g .. g 

5.46 g g 
3.22 g g. 

6.72 g g 
218 ....... 12 ----------.8---------23.34----Q;-30c±-l5;-73-. -····-. -0,004-. -. · 

a Average environmental level shown·in Table B-1 subtracted from the data. 
b Error limits are estimates of the standard error of the estimated mean at the 95% confidence level. 

c LDL for Th-228 for monthly values is 0. 7 x 1 0'18 JlCi/mL, for quarterly values the LDL is 0.3 x 1 0"18 !!CilmL. 
d LDL for Th-230 for monthly values is 1.3 x 1 0'18 JlCi/mL, for quarterly values the LDL is 0.3 x 1 0'18 JlCi/mL. 
e LDL for Th-232 for monthly values is 0.5 X 1 0'18 JlCilmL, for quarterly values the LDL is 0.1 X 1 o·ts f.l.Ci/mL. 
f DOE OCG for thorium-228 and thorium-230 in air is 40,000 x 1 0'18 JlCi/mL. The DOE DGC for thorium-232 

in air is 7,000 X 1 0'18 JlCilmL. 
g Below environmental level. 
T = Supplemental sampling height (2m). 
* Offsite sampling locations shown on Figure 4-4. Onsite sampling locations shown on Figure 4-5. 
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. AppendixB 

Table B-6. Concentrations a of Tritium in the Great Miami River and Stream in 2002 

Number Tritium Average as a 
of 10-6!:!:CilmL Percent of 

Location* Samples Minimum Maximum Average6·c DOEDCGd 
2 12 e 0.31 e e 
4 12 e 0.74 e e 
5 12 e 0.17 e e 
7 12 0.32 5.97 3.30± 1.18 0.17 
8 12 e 0.48 e e 

Mound Ave Storm 12 e 0.39 0.16±0.10 0.008 

a Average environmental level below reagent blanks. 
b Error limits are estimates of the standard error of the estimated mean at the 95 % confidence level. 
c LDL for tritium in water is 0.52 x l0-61J.CilmL. 
d DOE DCG for tritium in water is 2.000 x t 0-6 !J.Ci/mL. 
e Below reagent blanks. 
* Sampling locations shown on Figure 4-7. 

Table B-7. Incremental Concentrations8 of Plutonium-238 in the Great Miami River in 
2002 

Number Plutonium-238 Average as a 
of I 0'12 !:!:CilmL ., percent of 

Location* Samples Minimum Maximum Average6·c DOEDCGd 

2 12 e 18.40 e e 

4 12 e 203.50 22.21 ± 39.76 0.06 

5 12 e 53.10 1.57 ± 17.82 0.004 

7 12 e 100.40 20.18 ± 22.97 0.05 

8 12 e 98.10 13.58 ± 27.21 . 0.03 

a Average environmental level shown in Table B-1 subtracted from the data. 

b Error limits are estimates of the standard error of the estimated mean at the 95% confidence level. 

c LDL for plutonium-238 in river water (including suspended sediment) is 47:3 x 10"12 ).1CilmL. 

d DOE DCG for plutonium-238 in water is 40,000 x 10'12 J.1CilmL. 

e Below environmental level. 

* Sampling locations shown on Figure 4-7. 
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Envifunmiintal Surveillance Program Results_, ..... 

"',, 

Table M. Incremental Concentrationsa ofPi~tonium;;.239;240 in the Great Miami ru~er in 
2002 

Number Plutonium-239,240 Average as a 
of 1 o·12 I!CilmL pereentof 

Locati5m*. Samples __ Minim,um Maximum. . Average6
,c DOEDCGd. 

2 12 e 5.49 e e 

4 12 e 8:09 ·o:s7±3.76 0.002. 
5 12 e 4.79 e ,. e. 

7 12 e 3.29 e e 

8 12 e 4.79 e e 

a Average environmental level s1town inT¢>le &-I subtracted from the data. . 

b Error limits. are. estima~s' of th~ standard error of the estimated mean at the 9S % confidence level. ' 

e LDL for plutonium-239,240 in river water (including suspended sediment) is 20.3 x 10"12 J.LCilmL. 

d DQE,DCG for pl~toni~-239,240 i~ ~ater is 30,000 x 10~12 J.LCilmL. . 

e Below environmental level. 

* Sampling'locations shown on Figure 4-7. 

---················-------~-~~------
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AppendixB 

Table B-9. Incremental Concentrations3 o( Uranium-233,234 a~~ Uranium-238 in the 
Great Miami River in 2002 

Number Uranium-233,234 Average as a 
of to·9 !:!;CilmL percent of 

Location* Samples Minimum Maximum Average6·c DOEDCGd 

2 12 e 0.07 e e 

4 12 e 0.10 e e 

5 12 e 0.27 e e 

7 12 e e e e 

8 12 e 0.05 e e 

•<-Yv,' 

Number Uranium-238 Average as a 
of w·9 !;!CilmL percent of 

Location* Samples Minimum .. Maximum Average6·c DOEDCGd 

2 12 e e e e 

4 12 e 0.08 e e 

5 12 e 0.16 e e 

7 12 e e e e 

8 12 e 0.08 e e 

a Average environmental level shown in Table B-1 subtracted from the data. 

b Error limits are estimates of the standard error of the estimated mean at the 95% confidence level. 

c LDL for uranium-233,234 and ilranium-238 is 0.05 X 1 0"9 ~CilmL and 0.03 X 1 0"9 ~CilmL, respectively. 

d DOE DCG for uranium-233,234 in water is 500 x 10·9 ~CilmL. The DOE DCG for uranium-238 in water is 
6oo x 1 o·9 ~CilrnL. 

e Below environmental level. 

* Sampling locations shown on Figure 4-7. 
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EnviroTi_mental Surveillance Program Results 

Table B-io.·Incremental·concentrations8 of Thorlum~228, Thorium~230, and Thorium-
. .. 

232 in the Great Miami River in 2002 
Thorium.,-228 . 

Number . Value a, b,c Average as a 
of 10~12 . ~Ci/mL percent of 

Location* Samples .Minimum ·Maximum .Average DOEDCGd 

2 ----~-.,5 ... . e. 30.62 .. .3.96 ± 30.48 . 0.001. 

4 5 e 8~82 e e 

5 5 e 22.02 e e 

7 5 e 19.92 e e 

8 5 e e e e 

Thorium-230 
Number Valuea.b.c Average as a 

of 1 0"12 ~Ci/mL percent of 

Location* S.~Ies Minimum Maximum Avern.g~-- .. ~ D.QEDCGd 
.. ;, .. 

2. 5 e : ,·18.40 e e 

4 5 e . -~ 28.40 e e 

5 5 e 43.00 e e 

7 5 e 36.40 -i4.28 ±38.43 o:oo5 
8 5 e 5.40 e e 

Thorium-232 
Number Valuea.b.c Average as a 

of ·- 10"12 ~Ci/mL percent of 
Location* Samples Minimum Maximum Average DOEDCGd 

--
2 5 e 23.08 . 1.88 ± 20.90 0.004 

"•> 
. . 

4 5 e 6.08 3.02 ±14.97 0.006 

5 5 e 15.08 3.16 ± 18.70 0.006 ... 

7 5 e 19.08 e. e 

8 5 e 10.08 0.14± 17.02 0.0003 

a Average environmental level shown in Table B-1 subtracted from the data. 

b Error limits are estimates of the standard error of the estimated mean at the 95% confidence level. 

c LDL for thorium-228 in river water is 31.7 X 1 0"12 ).LCi/mL. The LDL for thorium-230 in river water is 64.9 X 

10"12 ).LCilmL. The LDL for thorium.,-232 in river water is 22.1 x 10"12 ).LCilmL. 

d DOE DCG for thorium-228 in water is 400,000 x I 0"12 ).LCilmL. DOE DCG for thorium-230 in water is 300,000 
X 1 0"12 ).LCilmL. DOE DCG for thorium-232 in water is 50,000 X 1 0"12 ).LCilmL. 

e Below environmental level. 

* Sampling locations shown on Figure 4-7. 
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Table B-11. Concentrationsa of Tritium in Pond Water in 2002 

Number Tritium 
. of Valueb.c 

Location* Samples 10.-; 11CilmL 
11 1 e. 

12 e 

14 1 e 

15 1 0.01 ±0.05 

17 e 

18 e 

a Average environmental level below reagent blanks. 

b Estimated error at the 95% confidence leveL 

c · LDL for tritium in pond water is 0.52 x 1 0.-; J.LCi/mL .. 

d DOE DCG for tritium in water is 2,000 x ·1 0.-; J.L.Ci/mL. 

e Below reagent blanks 

* Sampling loeations shown on Figure 4-7. 

Value as a 
pe~tof 

DOEDCGd 
e 

e 

e 

0.0005 

e 

e 

. Appendix.B 

Table B-12. Incremental Concentrationsa of Plutonium-238.jn Pond Water in 2002 

Number Plutonium-238 Value as a 
of Valueb,c: percent of 

Location* Samples 10'12 J,1CilmL DOEDCGd 
11 1 e e 

12 1 e e 

14 e e 

15 1 1.60 ± 3.46 0.004 

17 5.30±3.92 0.01 

18 1 3.10 ± 3.61 0.008 

a Average environmental level shown in Table B-1 subtracted from the data. 

b Estimated error at the 95% confidence level. 

c LDL for plutonium-238 in pond water is 47.3 X 1 0'12 J.LCi/mL. 

d DOE DCG for plutonium-238 in water is 40,000 X 1 0'12 J.LCi/mL. 

e Below environmental level. 

* Sampling locations shown on Figure 4-7. 
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Environiil.ental Surveillance. Program Results . 

Table B-13. Concentrationsa ofPlutonium~239,240 in Pond Water in. 2002 

Location* 
11 

12 

14 

15 

17 

18 

Number 
of 

Samples 

1 

1 

Plutonium-239,240 
Valueb,c 

10"12 f.!.CilmL 
2.00± 1.33 

e 

e 

e 

3.96±2.60. 

1.90± 1.27 

a Average environmentaJ leyel below reagent blanks. 

b Estimated error at the 95% confidence level. 

c LDL forplutonium-239,240 in pond wateds20.3,x 10"12 !J.CilmL;. 

Value as a 
Percent of 

OOEDCGd 

0.007 

e 

e 

e 

0.01 

.0.006 

d DOE DCG for plutonium-239,240 in water is 30,000 x 10"12 !J.CilmL. 

e Below reagent bl'antcs~ 

* SampliJ;lgJocalions shown on Figure 4, 7. 
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AppendixB 

Table B-14. Incremental Conce~trations8 of Plutonium-238 in River and Stream Sediments 
in 2002 

Number. Plutonium-238 
of 10"9 f+Cilg 

Location* Samples Minimum Maximum Average6·c 

2 3 0.70 5.00 2.63 ± 10.54 

4 3 71.90 291.10 171.97 ± 275.50 

5 3 d 18.90 5.77 ± 29.84 

7 3 170.90 640.90 439.40 ± 601.42 

8 3 50.90 724.90 357.37 ± 847.52 

Mound Ave Storm 3 28.00 84.90 58.27 ± 71.68 

a Average environmental level shown in Table B-1 subtracted from the data. 

b Error limits are estimates of the standard error Of the estimated mean at the 95% ·confidence leveL 

c LDL for plutonium-238 in river sediment is 28.1 x 10~9 J.I.Cilg. 

d Below environmental level. 

* Sampling locations shown on Figure 4-7. 

Table B-15. Incremental Concentrationsa ofPiutonium-239,240 in River and Stream 
Sediments in 2002 . 

Number Plutonium-239,240 
of w-9 J.I.Cilg 

Location* Samples Minimum Maximum Average6·c 

2 3 d 2.07 d 

4 3 1.47 2.97 2.13 ±7.54 

5 3 d d d 

7 ... d 5.47 1.63 ± 11.02 ;) 

8 3 d 1.87 d 

Mound Ave Storm 3 3.47 9.37 6.17± 10.40 

a Average environmental level shown in Table B-1 subtracted from the data. 

b Error limits are estimates of the standard error of the estimated mean at the 95% confidence level. 

c LDL for plutonium-239, 240 in river sediment is 18.9 x 10"9 J.I.Ci/g. 

d Below environmental level. 

* Sampling locations shown on Figure 4-7. 
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En~ironmental Surveillance Program Results . . -

Table B-16. liicrementai Con"centrationsa ·of Thorium-228~ Tholium;..iJO~ and Thorium-232 
in River and Stream Sediments in 2002 ~ 

Number Thorium-2.28 
of. 10-6 J.l.Cilg 

Location* Samples Minimum ·Maximum· Averaae6·c =-

2 0.13 0.26 0.19 ± 0.19 

4 3 0.17 0.40 0.26±0.32 

5 3 0.18 0.35 0.25 ±0.22 

7 3 0.15 0.38 0.27 ± 0.30 

8 3 0.10 0.18 0.15±0.13 

Mound Ave Storm 3 0.19 0.90 0.49 ±'_0.91 

Nwnber Thorium-230.- · ·. 
of 10-6 J.l.Cilg 

Location* Samples Minimum Maximum· Averag~b,c 

2 3 0.07 0.31 0;19±0.35 ' 

4 3 0.27 0.68 0.43 ± 0.58 

o.sc ~ :;~ > 

5 3 0.27 0.37 ± 0.36 

7. 3 0.12 0.67 0.40±0.71 

8 3 0.07 0.25 0~17 ± 0.29 

Mound Ave Storm 3 0.03 0.53 . "~ 0.23.± 0.68 . 

Number Thorium-232 
of 10-6 J,1.Cilg 

Location* Samples Mini:fuuin Maximtiiri A veri.ge6·c 

2 3 0.13 0.26 0.18 ± 0.22 
4 3 0.12 0.39 0.22± 0.40 

-s-------~3 0.19 0.26 0.23_±_0.1_8 

7 3 0.07 0.46 0.26 ± 0.50 

8 3 0.03 0.22 0.12 ±0.28 

Mound Ave Storm 3 0.14 0.78 0.43±.0.81 

a Average environmenta11evel shown in Table B-1 subtracted from the data. 

b Error limits are estimates of the standard error of the estimated mean at the 95% confidence level. 

c LDL for thorium-228 in river sedim~i is'0.05 x 10-6 Jl.Cilg. ·The LDL for thorium-230 in river sedunent is 0.06 
x 10-6 Jl.Ci/g. The LDL for thorium-232 in river sediment is 0.02 x 10-6 J,l.Cilg. 

d Below environmental level. 

* Sampling locations shown on Figure 4-7. 

B-14 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

--I-
I 
I 
I 
1-
1 



I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

AppendixB 

Table B-17. Incremental Concentrations• of Tritium in Foodstuffsb in 2002 

Number Tritium 
of 10-6 !!Cilg 

Location Samples Valuec Minimum Maxi.rilum 

Franklin f 

Germantown f 

Miamisburg 5 0.03 0.48 

Springboro f 

a The environmental level shown in Table B-1 subtracted from the data. 

b Tomato samples were analyzed. 
. . . . 

Averageac 

0.23 ±0.22 

c In cases where only one sample was collected, minimum, maximum, and average values do not apply. 

d Error limits are estimated error at the 95% confidence level. 

e The LD L for tritium in foodstuffs is 1. 7 X 1 o.:C J1Ci/ g. 

r Below environmental level. 
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Envfronmental .. Surveillance,Pr:ogram Results 

Table B-18. Concentrations8 of Plutonium-238 i11_Foodstuffsb in 2002 __ _ 

Plutonium-238 
10"9 gCi!g 

Location 

Number 
of 

Samples . _ 'Valuee__ _ . Minimum- Maximum 

____ f~in-

Germantown 

Miamisburg 2 

f 

f 

a The environmental.level below instrument background -

b Potato samples were analyzed. 

f . 0.20 0.10±0.02 

e In cases where only one sample was collected, minimum, maximum, and average values do not apply. 
d Error limits are the estimated-error at the 95% confidence leveL--

e The LDL for plutonium-238 in foodstuffs is 2.2 x 10"9 J.LCilg. 
r Below instrument background. 

Table B-19. Concentrations8 ofPlutonium-239,240 inFood~tuffsb in 200l 

Number Plutonium-239,240 
of 10-9fJ.Cilg 

Location Samples Valuec Minimum Maximum 

Franklin f 

Germantown f 

Miamisburg 2 

a The environmental level below instrument background. 
b Potato samples were analyzed. 

f 0.20 

Average a:• 

0.10±0.02 

e In cases where only one sample was collected, minimum, maximum, and average values do not apply. 

d Error limits are the estimated error at the 95% confidence level. 

e The_LDLfor_plutoniUlll=232,2~_0_in foodstuffs is 1.3 X 10"9 jJ.Ci/g . .._. ----------
f Below instrument background. 
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AppendixC 

APPENDIXC 

NONRADIOLOGICAL MONITORING RESULTS 

Effluent and environmental samples are analyzed for nonradiological parameters. Tables 
summarizing monitoring results from 2002 are presented in this Appendix. Nonradiological 
airborne effluent rates are calculated using a mass balance approach and the annual emission rate 
is reported as a percent of the applicable EPA standard. The remainder of the tables show: 

• number of samples analyzed during the year, 
• minimum concentration measured, 
• maximum concentration measured, 
• average value, and, when appropriate, 
• a comparison to a DOE or EPA standard. 

Table C-1. Nonradiological Air Emissions Data for 2002 

Pollutant Emission Rate (tonslyr) b Emission Threshold . % of Standard 
Limit (tons/yr) a 

Total suspended 15.3 100 15.3 
particulates 

Sulfur dioxide 0.2 100 0.2 

Nitrogen oxides 12.8 100 12.8 

Organic compounds 0.9 100 0.9 

Carbon monoxide 3.5 100 3.5 

a Threshold limits defined in 40 CFR Part 70 and Ohio Administrative Code 3745-77, Title V Permits 
b Emission rates are calculated using a material balance approach or AP-42 (EPA, 1985) emission factors. 

C-l 



'Nonfadiological Monitoring Results 

Table C-2. 2002 Particulate Air Concentrations 

·Number Particulate ConceJ'liration - Arithmetic 
Sampling of ~J.Lg/m3} Average a.b 

Location* Samples Minimum Maximum (J.Lg/m3) 

Off site 
. - -- - 101 ' 50 15 45 27±2 

102 50 _·,10 131 - 24±5 

'103 50 12 43 23±2 .. 
104 50 11 . 49 26±3 
105 50 7 37 21 ±2 
Ill 48 18 .62 :33 ±3 
112 46 12 86' 27-±3 
115 50 11 4(j 23±2 
118 50 7 37 22±2 
119 c 50 12 i85 32±8 
124 50 13 48 ':25 ±2 

CLN 50 8 55 32±2 
212 51 13 40 25±2 
217 47 15 39 26±2 

Onsite 
211 51 15 171 35 ±6 
213 51 .. 1_6 ,, 57 .. '30±3 
214 49 11 59 28±3 
215 50 9 58 28±3 
215Td 51 17 72 30±3 
216 48 17 . 69 35±4 
218 51 12- 188 . 31 ±8 

a Values are weekly averages. Error limits are estimates of the standard error of the estimated mean at the 
95% confidence level. 

b Ohio ambient air quality standard is 50 J.Lg/m3
, annual arithmetic mean (OAC 3745-17-02). 

c Background location. 
d 215T ls an additionai piu-ticuiate air SaffiPier iocated 'at station 21s:~ 
* Sampling locations shown on Figures 4-4 and 4-5 for onsite and offsite sampling stations, respectively. 
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I AppendixC 

I Table C-3. NPDES Permit and A TD Data for 2002 

I NPDES Permit Limit 

'No. of Aiuiiial . Highest Monthly 

Sampling Location • Samples Minimum Maximum Average Monthly Daily Average 

I Avera e 

Outfall 601 Parameters 

I 
Flow rate, MGD a 0.009 0:132 0.039· 0.053 nla n/a 

pH,s.u. 202 7.09 8.72 7.95 8.12 6.5..;9.0 nla 

d 
Chlorine: total , mgiL 103 <0.01 <0.01 <0.01 <0.01 nla nla 

I Suspended solids, mgiL 105 <1 4.2 1.2 2.0 30 15 

d ge 21° Fecal coliform , n/1 OOmL 27 170 2000 1000 

I Ammonia, mgiL as N 27 <0.30 1.09 <0.30 0.55 nla n/a 

CBOD5, rngiL 105 <4 20.0 <4 4.2 15 10 

I b 
Oil and grease , mgiL 4 <5 <5 <5 <5 n/a nla 

Cadmium, Jlg/L 13 <1 <I <1 <1 n/a nla 

I Chromium, Jlg/L 13 <2 4.0 <2.0 4.0 nla nla 

Copper,~L 13 19.0 42.7 29.3 42.7 nla nla 

I Nickel, Jlg/L 13 <5 6.6 <5 6.6 nla nla 

Lead, Jlg/L 13 < 1 2.5 <I 2.5 nla nla 

I Zinc, Jlg/L 13 <50 86 <50 86 nla n!a 

VOCs b.f 4 ND 62 16 62 nla nla 

I OutfaU 602 Parameters 

Flow rate, MGD a 0.000 0.197 0.016 0.069 nla nla 

I 
pH,s.u. 58 6.50 8.72 7.76 8.43 6.5-9.0 n/a 

e 
57 <1 45.0 9.9 20.4 45 30 Suspended solids , rngiL 

Chemical oxygen demand, mg!L 58 <1 543 41 181 nla nla 

I Oil and grease, rng!L 12 <5 6 <5 6 10 nla 

I 
a Continuous. r Chloroform results reported (no other compounds detected). 

b Quarterly samples collected in Mar., Jun., Aug., Dec. Sampling locations shown on Figure 5-1. 

I 
e Limit n/a if> 0.25 inches ofrainfall2 days during the week. ND = below minimum detection limit 

d Summer months only (May I through October 31 ). MGD = million gallons per day. 

e Average reported as a geometric mean. nla = not applicable, no permit limits. 

I 
I 
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NonradiOlogical Monitoring Results _ 

-~ 

Table ~-3. -~PDES Permit and AID Data for 2002 (continued) 

~ .. : 

No. of Annual _Highest 
"' .-·--'(OP• ,•• • 

.. ,,, .,,..,,., '· 

Sampli~g Location• Samples Minimum Maximum Average Monthly 

Avera e 

Outfall 002 Parameters 

Flow rate, MGD a 0.008 4.584 0.459 0.832 

pH, s.u. 53 7.05 8.72 7.89 8.12 

c 
Suspended solids , mg!L 53 1.5 45.0 11.7 22.I 

Outfall 001 Parameters 

Flow rate, MGD a 0.009 0.247 0.049 0.096 

pH, s.u. 40 7.55 8.72 8.I6 8.50 

Cyanide, Jlg/L 12 <5 <5 <5 <5 

Cadmium, J.Lg/L 13 <I <I <I <I 

Chromium. J.Lg/L 13 <2 <2 <2 <2 

Copper, Jlg/L 13 14.9 42.7 26.8 42.7 

Nickel, J.Lg/L 13 <5 6.6 <5 6.6 

Lead, Jlg/L 13 <I 2.5 <1 2.5 

Zinc, J.Lg/L 13 <50 86 <50 86 

a Continuous. ' MGD =million gallons per day. 

c Limit n/a if > 0.25 inches ofrainfall 2 days during the week. nla = not applicable, no permit limits. 

Sampling locations shown on Figure 5-1. 

---·----------------------------------
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NPDES Permit Limit 

Monthly 

Daily Average 

nfa nfa 

6.5-9.0 nla 

45 30 

nfa nla 

6.5-9.0 nfa 

nfa nfa 

nfa nfa 

nfa nla 

120 nla 

nfa nfa 

nfa nla 

nfa nla 

I 
I 
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I AppendixC 

I Table C-3. NPDES Permit and ATD Data for 2002 (continued) 

I ATDLimit 

No. of Annual Highest Monthly 

Sampling Location• Samples Minimum Maximum Average Monthly Daily Average 

I Avera e 

Outfall 003 Parameters 

I Flow rate, MGD a 0.026 0.138 0.105 0.125 nfa nfa 

pH,s.u. 53 7.20 8.45 8.06 8.30 6.5-9.0 nfa 

I Dissolved oxygen, mg!L 53 9.20 13.83 10.34 11.72 nla nfa 

Dissolved solids, mg!L 27 694 955 841 929 nla n!a 

I 
Suspended solids, mg!L 27 <1 < l <l <1 45 30 

CBODs,mg/L 12 <4 6.0 <4 6.0 nla nla 

Mercury, J,J.g/L 51 <0.2 <0.2 <0.2 <0.2 2.2 0.023 

I Selenium, J,J.g/L 12 <5 <5 <5 <5 nla nfa 

Silver, J.lg/L 12 <0.5 <0.5 <0.5 <0.5 nla nfa 

I Chromium. J.lg/L 52 <2 <2 <2 <2 9800 1100 

Copper, J.lg/L 52 <5 5.0 <5 <5 120 65 

I Nickel, J,J.g/L 30 <5 6.5 <5 5.8 nla nfa 

Lead, J,J.g/L 30 <1 1.5 <I < l nla nfa 

I Zinc, J,J.g/L 30 <50 <50 <50 <50 nla n!a 

VOCs, J.Lg/L 13 ND 5.1 0.3 2.6 10 5 

I Bis (2-ethylhexyl) phthalate b, J.LgiL 4 <5 <5 <5 <5 nla nfa 

Ceriodapbnia dubia b 

·I 
acute, TU 4 ND. ND ND ND 1.0 nfa 

chronic, TU 4 ND 1.4 0.7 1.4 2.8 nfa 

I 
Pimephales promelas b 

acute, TU 4 ND ND ND ND 1.0 nfa 

I 
chronic, TU 4 ND ND ND ND 2.8 nla 

a Continuous. • Sampling locations shown on Figure 5-1. 

I b Quarterly samples collected in Mar., Jun., Aug., Dec. MGD =million gallons per day. 

TU = toxicity units. ND = below minimum detection limit. 

I n!a = not applicable, no permit limits. 

I 
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.AppendixD 

APPENDIXD 

GROUNDWATER MONITORING RESULTS 

Groundwater samples are collected from onsite and offsite drinking water supplies, monitoring 
wells, and seeps. These samples are analyzed for radionuclides, volatile organic . compounds· 
(VOCs), and inorganic substances. Results of groundwater monitoring activities in 2002 are 
presented in this Appendix. DOE or EPA standards for drinking water are also provided for 
comparison. Such standards are established to protect drinking water supplies. 

It should be noted that for monitoring wells, these standards are provided for reference only since 
these wells do not serve as sources of drinking water. 

Radionuclide results tables show the number of samples analyzed during the year, minimum and 
maximum concentrations measured, and the average value with error limits. Because of the large. 
volume of nonradiological data for onsite monitoring wells, VOC and inorganic results have been 
summarized. Generally, data for monitoring wells have only been included in the tables if 
detectable levels of VOCs or inorganics were observed during one of the sampling. 
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GroundiDater Monitoring Results 

Table D-1. Environmental ConcentratibJis ofRadionuclides in Groundwater in 2002 

Radionuclide Number ofSamples 
Average 

Concentration a. b 

Tritium 12 0.02±0.05 

Plutoniuril-238 '12 0.0002'±' '0.007 

Plutonium-239,240 12 0.002 ± 0.005 

, Uraniurn-,233 ,234 12 0.44±0.07 

Uraniurn-,238 12 0.36±0.06 

Thorium-228 6 0.004 ± 0.009 

' .~ ' Thoriliin~i30 6 0.007 ± 0.007 
·..:· 

Thoriurn-,232 6 c 

a Measured 25 mi (40 km) north ofMEMP in Tipp City. 

b Error limits are estimates of the standard error at the 95% confidence level. 

c Below reagent blanks. 
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Unit of Measure 

1 0-6 J.1Cilmt 

· 1 o·9 JtCilmi 

10·9 J.1Cil~ 

10c9 J.1Cilml 

10"9 JJClJml 

w·9 J.1Cilml 

· io-~:~¢V.ttu __ · 
c 
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. AppendixD 

Table D-2. Tritium Concentrations in Offsite Drinking Water and Private Wells in 2002 

Number Tritium Average as a 
Sampling Historic of nCi!L %oftheEPA 
Location* Designation Samples Minimum "Maxiinum Average a.t> Standard e 

0904 J-1 8 0.35 0.56 0.46±0.05 2.3 

0907 B-H 2 0.29 0.60 0.45 ±0.02 2.3 

0909e MCD 11 0.04 0.43 0.18±0.08 0.9 

Franklin" 12 d 0.25 0.02±0.07 0.1 

Germantown " 12 d 0.12 0.02±0.05 0.1 

Miamisbtirg " 12 0.03 0.29 0.18 ±0.06 0.9 

Middletown " 12 d 0.10 0.01 ±0.06 0.05 

Springboro e 12 d 0.28 0.05 ± 0.06 0.3 

W. Carrollton" 12 d 0.12 0.02±0.05 0.1 

a Error limits are estimates of the standard error of the estimated mean at the 95 % confidence level. 

b LDL for triti~ in private well water is 0.4 nCi!L. LDL for tritium in community drinking water is 0.34 nCi!L. 

c The EPA standard for tritium in drinking water is 20 nCi!L. 

d Below the blank value. 

" Municipality drinking water supply. 

* Well locations shown on Figure 6-2. 
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Table D-3. Plutonium ·concentrations in Offsite Drinking Water:in 2002 
• • ••• • • '. • ' •• ~ • • ' -·- --~ •• ,...-, , •• ¥ .... •• • ~ ' ' • >' '. • • • •• • ' - . - • : 

Number Plutonium-238 Average as a 
. SamJ)ling of w·9 f:!:CilmL %oftheEPA 
Location* Samples Minimum Maximum Average a.b · Standardc 

Miamisburg 12 d 0.13 0.01 ±0.03 0.6 

Number Plutonium-239 ,240 Average as a 
Sampling of w·9 f:!:CilmL %oftheEPA 
Location* Samples .Minimum Maximum Average a.b Standard c 

Miamisburg 12 d 0.007 0.0009 ± 0.002 0.08 

a Error limits are estimates of the standard error of the estimated mean at the 95% confidence level. 

b LDL for pluionium.;.238 is 0.05. x I0-9!J.CilmL LDL'for pl~ronium-239;240 is 0.02 x' I 0-9 !J.CilmL. 

c The averages have been repOrted a.S a percentage of the EPA dose s~dard of 4 mremfyear. The dose standard 
concentrations for plutoni\nn-238 and plutonium-239 ,240 are 1 ;6 x 1 0~9 !J.Ci/m.I:; and: 1.2 x · 1 0-9!J.CilmL, 
respectively. 

d Below reagent blank. 

* Well locations shown on Figure 6-2. 

D-4 

I 
I 
I 
I 
I 
I 

' I 
I 
I 
I 
I 
I -- .... 

___ ,_ 
I 
I 
I 
-I-
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

.AppendixD 

Table D-4. Uranium Concentrations in Offsite Drinking Water in.2002 

Number Uranium-233,234 Average as a 
Sampling of 10-9 ~CilmL %oftheEPA 
Location* Samples Minimum· · · Maximum Average a,h 

Miamisburg 12 0.54 0.76 0.63 ± 0.05 

Number Uranium-238 
Sampling of l0-9 gCi!mL 
Location* Samples ··Minimum Maximum Average a.li 

Miamisburg 12 0.46 0.61 0.53 ± 0.03 

a Error limits are estimates of the standard error of the estimated mean at the 95% confidence level. 

b. LDL for uranium-233,234js,0.03.x 10·9 J.LCilmL. LDL for uranium-238 is 0.03 x l o·9 J,LCilmL. 

Standard c 

3.2 

Average as a 
%oftheEPA 

Siaiid8rd c 

2.2 

c The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose standard : .. 
concentrations for uranium-233,234 and uranium-238 are 20 X 1 0"9 J,LCilmL and 24 X 1 0"9 J.LCilmL, respectively .. 

* Well locations shown on Figure 6-2. 
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.. Grounj/,water. Monitoring Results. 

Number Thorium-228 Average as a 
Sarripling of •• •"~"<'H•• 'y '•• '"" • .~·· .w-9 ~Ci/mL .. %oftheEPA 
LOcation* Samj)les ·Minimum · Maximinn A vera:ge a.& Standard c 

Miamisburg 6 d 0.02 0.009 ± O.ol 0.06 
~---~-- .• ',~. "'>. 

.. 
' Number Thorium-230 Aver:age as a 

Sampling ··Of·. l0"9 !!;CilmL % ofthe EPA 
'i'Ocation* Samples Minimum Maximum Average a.& Standard c 

Miamisburg 6 d 0.02 0.003 ±0.01 0.03 
....... ~- ,, -·.··· .;· ., ... ~_,.,., .. ---· 

.:" ·. 

.. 
Thofi;:nn:_232 

·.~<~ . ., .. 

Number Average as a 
Sampling or· l0-9~Ci/~. %oftheEPA 
Location* Samples Minimum Maximum Av~rage a,b Standard c 

Miamisburg 6 d 0.003 d d 

a Error limits are estimates of the standard error of the estimated mean at the 95% confidence leveL 

b LDL for thorium-228 is 0.03 x I 0"9 J.I.Ci/mL. LDL for thorium-230 is 0.07 x 1 o-9 J.I.Ci/mL. LDL for thorium-232 
is 0.05 x 10"9 J.I.Ci/mL. 

c The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose standard 
concentrations for thorium-228, thorium-230, and thorium-232 are 16 x l o-9 J.LCi/mL, 12 x 1 o-9 !J.CilmL, and 2 
x f0"9 J.i.Cii'JiiL, respectively. 

d Below reagent blank. 

*Well locations shown on Figure 6-2. 
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A.ppendixD 

Table D-6. Tritium Concentrations in Offsite Monitoring Wells in 2002 . 

Number Tritium Average as a 
Well of n~i/L %oftheEPA 
I.D.* Samples Value a Minimum Maximum Average b,c Standard d 

0007 1 0.60 3.0 
0123 2 e .e e 
0127 4 e 0.50 0.30 ± 0.14 1.5 
0128 4 e 0.44 0.28±0.15 1.4 
0158 2 e e e 
0301 l e 
0302 4 1..26 1.98 1.51 ± 0.29 7.5 
0303 4 5.55 6.19 5.75 ±0.26 28.8 
0304 4 2.32 2.68 2.54±0.14 12.7 
0311 1 0.54 2.7 
0330. 4 e 0.60 0.33 ±0.20 1.7 
0335 4 e 0.46 0.22±0.20 l.l 
0341 4 0.71 0.91 0.82±0.08 4.1 
0342' 4 0.48 0.67 0.57±0.08 2.8 
0343 4 5.82 6.31 6.13 ±0.19 30.7 
0376 4 e 0.84 0.56±0.26 2.8 
0377 4 e 0.96 0.46±0.30 2.3 
0378 1 0.44 2.2 
0383 4 e 0.93 0.59±0.36 3.0 
0386 4 0.59 . 1.36 0.83 ±0.31 4.2 
0387 4 0.89 Ll3 0.99±0.10 5.0 
0388 4 e 0.83 0.61 ± 0.21 3.1 
0389 4 0.86 1.42 1.14±0.24 5.7 
0392 1 1.37 6:9 

a In cases where only one sample was collected; minimUill, maximum, and average values do not apply. 

b Error limits are estimates of the standard error of the estimated mean at the 95% confidence level. 

c LDL for tritium in monitoring wells is 0.5 nCi/L. 

d The EPA standard for tritium in drinking water is· 20 nCi/L. 

e Below the blank value. 

* Well locations shown on Figure 6-2. 



··• Gro.""ndwater Monitoring Results 

!abl~ D-7. Plut!f!illm Concentf~tion~ in ()ffsite)\fonitoling Wells bt 2902 

.. ' 

Number · Plutonium-238 Averageasa 
Sampling of l0"9 !:!;<3ilmL %oftheEPA 

Location* Samples Value a Minimum Maximum Average 6 Standard c 

0303· 4 0.012d 0.056d 0.037 ± 0.018 2.3 
0376 4 O.OlOd 0.039d 0.018 ± 0.012 1.1 
0377 4 0.013 0.046(1 0.026 ± 0.013 1.6 
0383 4 O.Ol2d 0.040d 0.024 ± 0.012 1.5 
0386 1 0.013 0.8 
0388 4 O.OlOd o.ossd 0.032 ± 0.022 2.0 

Number Plutonium-239 Average as a 
Sampling of · 10-9 !;!CilmL %oftheEPA 
Location* Samples Value a Minimum Maximum Average 6 Standard c 

,, 

0303· 4 . 0.010d 0.040d 0.020 ± 0.012 1.6 
0376 4 . 0.011 d 0.040d 0.025 ± 0.013 2;1 
0377 4 O.OlOd . 0,040d 0.020 ± 0.012 1.6 
0383 4 O.Ol2d 0.047d 0.032 ± 0.013 2.7 
0386. I 0.013 1.1 
0388 4 O.OlOd o.ossd 0.033 ± 0.016 2.7 

a In cases where Qnly one sample was collec~d, minin:lum. maxim~ and average values do not apply. · 

b Error limits are one $Ddard deviation ofthe estimated mean. 

e The averages have been reported as a percentage ofthe EPA dos,e standardof4 mrem/year; The 
dose standard concentrations for plutonium-238, and plutonium-239,240 are 1.6 X 1 0"9 J..!.Ci/mL and 
1.2 X 10"9 .. . 

d Below the indicated LDL. 

* Well locations shown on Figure 6-2. 
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AppendixD 

Table D-8. Uranium Concentrations in Offsite Monitoring Wells in 2002 

Number Uranium-233,234 Average as a 
Sampling of 1 0-9 J,J.CilmL %oftheEPA 
Location* Samples Value a Minimum Maximum Average 6 Standard c 

0303 4 0.012 d 0.031 d 0.025 ± 0.008 0.1 
0376 4 0.210 0.364 0.290 ± 0.064 1.5 
0377 4 0200 0.220 0.210 ± 0.009 1.1 
0383 4 0.294 0.507 0.390 ± 0.076 1.9 
0386 0.484 2.4 
0388 4 0.359 0.450 0.403 ± 0.034 2.0 

Number Uranium-235 Average as a 
Sampling of to·9 gCilmL %oftheEPA 
Location* Samples Value• Minimum Maximum Average 6 Standard c 

0303 4 O.OlOd 0.039 d 0.025 ± 0.014 0.1 
0376 4 0.011 0.055 0.033 ± 0.016 0.1 
0377 4 0.013 d 0.040d 0.026 ± O.oll 0.1 
0383 4 0.017 0.054 0.041 ±0.014 02 
0386 I 0.025 0.1 
0388 4 0.020d 0.046 d 0.036 ± 0.011 0.1 

a In cases where only one sample was collected, minimum, maximum, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose standard 
concentrations for uranium-233,234, uranium-235, and uranium-238 are 20 X 1 0'9 J,J.Ci/mL, 24 X l 0"9 J1CilmL, 
and 24 x 1 0-9 J.LCilmL, respectively. 

d Below the indicated LDL. 

* Well locations shown on Figure 6-2. 
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.. GroJtndU1.ater Moni.toring Resu.lts 

Table D-8. Uranium Conc4.mn'itions iii Offsite Monitoring Wells.:m 200l(continued) 

Number Uraniwn-238 Average as a 
Sampling of I0"9 1:!CilmL %oftheEPA 
Location* Samples Value a Minimum Maximum · Average 6 Standardc 

0303 4 0.011 d 0.030d 0.018 ± 0.007 0.1 
0376 4 O.i56 0.270 0.223 ± 0.042 0.9 
0377 4 o:09o 0.117 0.136 ± 0.032 0.6 
0383 4 0.273 0.450 0.383 ± 0;066 1.6 
0386 1 0.380 1.6 . 
0388 4 0.250 0.396 0.329 ± 0.055 1.4 

a 1n cases where only one sample was collected, minimum, maximum, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c The averages have been reported as a percentage of the EPA dose standard of 4 nirenllyear; The dose standard 
concentrations for uranium-233,234, uraniwn-235, and uraniwn-238 are 20 x 10"9 ~CilmL,, 24 x 10"9 ~ilmL, 
and 24 x I o:9 J.LCilmL, respectively. 

d Below the indicated LDL. 

* Well locations shownonFigure 6-2. 
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Appendix D 

Table D-9. Thorium Concentrations in Offsite Monitoring Wells. in 2002 

Number Thorium-227 Average as a 
Sampling of I 0"9 l:!;CilmL %oftheEPA 
Location* Samples Value• Minimum Maximum Average 6 Standard c 

0303 4 0.015 d 0.040d 0.023 ± 0.0 IO 0.01 
0376 4 0.019d ·o,o6o 0.035±0.017 0.02 
0377. 4 0.014d 0.060d 0.031 ±0.018 0.02 
0383 4 0.020d 0.060 0.038 ± 0.015 0.02 
0386 1 0.060 0.04 
0388 4 0.019d 0.050d 0.033 ± 0.014 0.02 

Number Thorium-228 Average as a 
Sampling of 1 o·9 l:!;CilmL % ofthe.EPA 
Location* Samples Value a · Miriimmri · Maxinmrri · ·· . 6 Standarde Average ... 

0303 4 0.015d 0.057d 0.036±0.019 . 0.2 
0376 4 0.027d 0.055d 0.046 ± 0.011 0.3 
0377 4 0.019d 0.068 0.033 ± 0.021 0.2 
0383 4 0.015d 0.040d 0.027 ± 0.010 0.2 
0386 1 0.045 0.3 
0388 4 0.013 d 0.051 d 0.040±0.016 0.3 

• In cases where only one sample was collected, minimum, maximum, and average v~ues do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose 
standard concentrations for thorium-228, .thorium-230, and thorium-232 are 16 x 10"9 JLCilmL;,l2 x 10"9 

J!CilmL, and 2 x 10-9 J.~,CilmL respectively. 

d Below the indicated LDL. 

* Well locations shown on Figure 6-2. 

D-11 



·:· ·qn>undwat~r Mon.itoring Resu,lts 

Table D-9. Thorium Coitcentrationsln Offsite Monitoring-Wells ·m 2002:(coiitinu~) . . 

Number . Thorium-230 Average as a 
Sampling of l0"9 !;!;CilmL %oftheEPA 
Location• Samples Value 8 Minimum Maximum Average 6 Standard c 

0303 4 0.021 '0.090 0.046 ± 0.027 0.4: 

0376 4 0.020d 0.051 d 0.038 ± 0.013 0.3 
0377 4 0.020d 0.065d 0.034 ± 0.018 0.3 
0383 4 0.044 0.130 0.074 ± 0.034 0.6 
0386 1 0.060 0.5 
0388 4 0.019d 0.047d 0.027 ± 0.011 0;2 

Number Thorium-232 Average as a 
Sainpling of ., ... 1 0"9!!CilmL %oftheEPA 
Location• Samples · • Value a :Minimum Maxinium Average 6 · Standard c 

0303: 4 o.oi5d 0.020d 0.018 ± 0.002 0.9 
0376 4 0.019d 0.070d 0.034 ± 0.021 1.7 
0377 4 o.(H4 d 0;021 0.018 ± 0.003 0.9 
0383 4 '0:015 d 0.031 d 0.022 ± 0.006 1.1 
0386 1 0.020d 1.0 
0388 4 fi.Ol3 d 0.020d 0.017 ± 0.003 0.9 

.. ,,.,._., .. 

a In cases where only·one sample was·collected; rilinimum, maximum, and average values do not apply. 

b Error limits are one standard deviation of the estimated meaa 
c The averages have been reported as a percentage of the EPA dose Starid3.rd of 4 mrem/year. ·The dose 

standard concentrations for thoriUm-228, thoritinl-230, and thoriUm-232 are 16 X 1 0"9 ~CilmL, 12 X 1 0'9 ' 

~Ci/mL, and 2 X 1 0"9 J.lCilmL .. 

d Below the indicated LDL. 

• Well locations shown on Figure 6-2. 
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AppendixD 

Table D-10. Radium Concentrations in Offsite Monitoring Wells in 2002 

Number Radium-226 Average as a 
Sampling of ,eCiiL %oftheEPA 
Location* Samples Value• Minimum· Maximum Average 6 Standard c 

0123 0.496 9.9 
0301 0.543 10.9 
0311 0.243 4;9 
0335 4 37.30 47.10 41.38±4.06 828 
0341 4 3.210 5.280 3.865 ± 0.840 77.3 

Number Radium-228 Average as a 
Sampling of ,eCiiL %oftheEPA 
Location* Samples Value a Minimum Maximum Average·6 Standard c 

0123 1 1.080 d 21.6 
0301 1 1.440 28.8 
0311 1 1.250 25.0 
0335 4 40.90 56.20 49.15± 6.29 983 
0341 4 2.760 3.940 3.373 ± 0.477 67.5 

a ~n cases where only one sample was collected, minimum, maximum, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c The EPA standard for radium-226 and radium-228, combined in drinking water is 5 pCi!L. 

d Below the indicated LDL. 

*Well locations shown on Figure6-2. 
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Groundwater. Monitoring Results . .. 

Table D-11. VQC Con~~ntr~.tions·~!l.Qff~.i.te J\1o~j~oring.'WeUs:Pt ~:002 .. 

Well Number J.tgfL 
•A,_.., of . ··~· ... ~.-

I.D.* ·Compound Samples Value a Minimum Maximum Average 6 

0007 None detected c 

0123 1 , 1,1-Trichloroethane 0.6 

0158 None detected c 

0302 None detected 1 c 

0303 None detected 4 c c c 

0376 Chloroform 4 1.1 l.5 1.3 ± 0.2 
· · · '1; Ct-tnchloroethime 4' 0.7" 

. . . 
c 0.3 ± 0.2 

0377 OU<;~roform 4 0.6 1.5 0.9 ± 0.4 
1, I, 1-Trichloroetl:iai:le 4 0.8 3.6 . 2.5 ± 1.0 

0378' 1 ~1, t.:Trichloroethane 1 L7 

0383 Chloroform 4 2.4 4 .. 8 3.6 ± 0.9 
T etrachloroethene 4 c 0.6 0.3 ± 0.3 

0386 Trichloroethene · 3.6 

0388 ' · Chloroform · 4 c 2.0 1.2 ± 0.7. 
Tetrachloroethene 4 c 0.5 0.2 ± 0.2 

0389 Chloroform 1 0.6 
T etrachloroethene 1 0.6 

0392 Tetrachloroethene 0.4 

a In cases where only one sample was collected, minimum, maximum, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean.. 

c ResultS below the method detection limit. 

MCL =Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

* Well locations shown on Figure 6-2. 
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AppendixD 

Table D-12. Inorganic Concentrations in Offsite Monitoring Wells in 20~2 

Well Number J.Lg/L 
of 

l.D.* Compound Samples Value a Minimum Maximum Average b 

0123 Aluminum 2 17.7 . 20.3 19.0 ± 1.3 
Barium 2 57.4 58.4 57.9 ± 0.5 
Cobalt 2 1.5 1.6 1.6 ± 0.1 
Copper 2 2.0 1.2 ± 0.8 
Iron 2 5.0 12.4 8.7 ± 3.7 
Lithium 2 398 489 444 ± 45.5 
Manganese 2 423 426 425 ± 1.5 
Nickel 2 4.5 6.4 5.5 ± 1.0 
Thallium 2 1.6 1.2 ± 0.4 
Zinc 2 3.6 3.9 3.8 ± 02 

0158 Aluminum 2 23.4 28.5 26.0 ± 2.6 
Arsenic 2 i 1.3 0.7 ± 0.7 
Barium 2 53.1 62.3 57.7 ± 4.6 
Chromium 2 75.7 142 109 ± 33.2 
Cobalt 2 1.4 7.9 4.7 ± 3.3 
Copper 2 3.4 3.7 3.6 ± 0.2 
Iron 2 353 507 430 ± 77.0 
Lithium 2 4.3 4.5 4.4 ± 0.1 
Manganese 2 10.0 12.9 11.5 ± 1.5 
Molybdenum 2 11.2 21.2 16.2 ± 5.0 
Nickel 2 60.6 66.1 63.4 ± 2.8 
Selenium 2 1.3 1.1 ± 0.2 
Zinc 2 0.7 6.4 3.5 ± 2.9 

a In cases where only one sample was collected, minimum, maximum, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c Primary Maximum Contaminant Level. 

d Secondary Maximum Contaminant Level. 

c The secondary MCL for aluminum is a range; final MCL values have not b~n established. 

f Action level. 

s Guide value based on a Hazard Index = 1. 

h No MCL or any other standard assigned. 

i Results below the method detection limit. 

MCL =Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

*Well locations shown on Figure 6-2. 
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Gro~TJ,dwater Monitoring lf,esults. 

Table D-12. )norganic Concenfr3tions ~ Offsite M<mitoring Wells in 2002 (continued) 

Well Number Jlg/L 
.-~·· of 

J.D.* Compound Samples Value a Minimum Maximum Average b 

0301 Aluminum 1 195 
Arsenic 1 1.0 
Barium 1 270 
Chromium 1 12.9 
Cobalt 1 2.1 
Copper 1 2.2 
Iron 1 538 
Lead 1 3.2 
Lithium·· 1 10.3 
Manganese 1 250 
Molybdenum 1 3.5 
Nickel 1 . 13.0 
Zinc 1 7.7 

0302 Aluminum 16.6 
Arsenic 9.7 
Barium 350 
Iron 1 2200 
Lithium 1 9.3 
Manganese 1 42.8 
Molybdenum 1 3.5 
Nickel 1 1.3 
Zinc l 2.8 

a In cases where only one sample was collected, minimum, maximum, and average values do not apply. 
:- . -..,.;-·. . ,. ... ' . 

b Error limits are one standard deviation of the estimated mean. 

c Primary Maximum ·Contarniilant Level. 

d Secondary Maximum Contaminant Level. 

• The secondary MCL for aluminum is a range; final MCL values have not been established. 

_______ r Action-leveL-------------

s Guide value based on a Hazard Index= 1. 

h No MCL or any other standard assigned. 

i Results below the method detection limit. 

MCL =Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

*Well locations shown on Figure 6-2. 
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Table D-12. Inorganic Concentrations in Offsite Monitoring .Wells in 2002 (continued) 

Well Number JLgiL 
of 

J.D.* Compound Samples· Value a •Minimum Maximum Averageii 

0303 Aluminum 4 21.0 36.7 28.1 ± 5.6 
Antimony 4 i 1.0 0.7 ± 0.2 
Arsenic 4 i . 1.1 1.0 ± 0.1 
Barium 4 238 248 245 ± 4.1. 
Chromium 4 4.3 38.6 20.1± 12.5 
Copper 4 1.0 2.0 1.3 ± OA 
Iron 4 .7030 7630 7428 ± 234 
Lithium 4 . ·}.6 2.1 1.8 ± 0.2 
Manganese 4 399 408 404 ± 3.8 
Molybdenum 4 5.6 6.5 6;1 ± 0.3 
Nickel 4 1.7 16.0 9.7 ± 5.2 
Zinc 4 2.4 1.3 ± 0.9 

. 0311 Aluminum 1 38.3 
Barium 1 89.4 
Chromium l 150 
Cobalt 1 1.6 
Copper 1 5.9 
Iron I 950 
Lithium I 8.4 
Manganese I 16.2 
Molybdenum I 5.1 
Nickel 1 98.1 
Selenium 1 1.2 
Tin l 1.0 
Zinc 1 10.0 

a In cases where only one sample was collected, minimum, maximum, and average ·~allies do not apply. 

b Error limits are one standard deviation of the estimated mean. 

" Primary Maximum Contaminant Level. 

d Secondary Maximum Contaminant Level. 

• The secondary MCL for aluminum is a range; final MCL values have not been established. 

r Action level. 

s Guide value based on a Hazard Index = 1. 

h No MCL or any other standard assigned. 

i Results below the method detection limit 

MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

*Well locations shown on Figure 6-2. 
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. GroulidWater.Monitoring .. Results 

·- ----~ 

Well Number J.1WL 
. -of-.... 

LD:* Conipoood sam.,Jes ·. Value a Minimum Mliximum 'Average b 
. , 

0335 Aluminum 1 126 
Barium 1 383 
Bismuth 1 5.9 
Chromium 1 9.4 
Cobalt 1 4.5 
Copper I 4.4 
Iron 1 1630 
Lithitim I ·ss90 
Manganese 1 457 
Molybdenum· 1 4.6 
Nickel 1 23.0 
Zinc 1 252 

0341' Aluminum t· 35.5 
Barium 1 116 
Chromium 1 38.6 
Cobalt 1 8.9 
Copper 1 4.2 
Iron 1 777 
Lithium 1 1020 
Manganese 1 77.4 
Molybdenum I 1.3 
Nickel 1 117 
Zinc 1 3.4 

a In cases where only one sample was collected, minimUl'll, maximUl'll, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c Primary Maximum Contaminant Level. 

d Secondary Maximum Contaminant Level. 

. _ e The l;eCOndary MCL for aluminum is a,~~; final MCL value$ have not been estabJ~shed. _____ _ 

r Action level. . 

8 Guide value based on a Hazard Index= 1. 

h No MCL or any other standard assigned. 

; Results below the method detection limit 

MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

*Well locations shown on Figure_ 6-2. . 

D-18 

MCL 

so.:.2ooe 
2000c 

h 
100 c 

6000 8 

1300 f 
300d 

h 
sod 
soo 8 

100 c 

soooc 

50-200e 
2000c 
100c 

6000g 
1300f 
300d 

h 
sod 

500' 
woe 

soooc 

I 
I 
I 
I . 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-~-

I 
I 
I 
1-
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

AppendixD 

Table D-12. Inorganic Concentrations in Offsite Monitoring-WenS in 2002 (continued) 

Well Number J1giL 
of 

LD.* ·Compound . Samples Value a Minimum Maximum Average !i 

0343 Aluminum 1 34.8 
Arsenic 1 1.4 
Barium I 114 
Chromium 1 27.2 
Cobalt . 1 5.4 
Copper 1 1.4 
Iron 1 5860 
Lithium 1 1.4 
Mangapese 1 406 
Molybdenum I ] 1.4 
Nickel· 1 45.5 
Zinc 1 1.2 

0376 Aluminum 4 26.4 40.0 33.4 ± 5.2 
Barium 4 80.3 93.4 86.0 ± 5.7 
Bismuth 4 2.1 1.3 ± 0.5 
Chromium 4 78.9 200 135 ± 43.8 
Cobalt 4 12.3 6.7 ± 4.1 
Copper 4 1.7 10.4 4.3 ± 3.6 
Iron 4 664 1020 817± 147 
Lithium 4 5.3 7.2 6.3 ± 0.7 
Manganese 4 6.5 26.8 11.7 ± 8.7 
Molybdenum 4 4.4 29.8 12.4 ± 10.3 
Nickel 4 147 219 178 ± 26.2 
Selenium 4 1.0 1.6 1.1 ± 0.3 
Tin 4 3.6 1.5 ± 1.2 
Zinc 4 1.6 19.5 6.8 ± 7.4 

a In cases where only one sample was collected, minimum, maximum, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c Piimary Maximum Contaminant Level. 

d Secondary Maximum Contaminant Level. 

e The secondary MCL for aluminum is a range; final MCL values have not been established. 

r Action level. 

g Guide value based on a Hazard Index = l. 
h No MCL or any other standard assigned. 

i Results below the method detection limit 

MCL =Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

*Well locations shown on Figure 6-2. 
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Gr_oundwater Monitoring Results. 

Table·_D-12. Inorganic <;oncentration·sln Off~ite Moni~9.rtng Wells in 2004. (c~ntiJiued). · 

Well Number JLgfL 
of 

I.D.* Compotmd Samples Value a Minimum Maximum ·Average b 

0377 Aluminum 4 27.6 47.0 36.6 ± 8.5 
Barium 4 70.1 75.3 72.7 ± 2.5. 
Chromium 4 5~to 841 328 ± 312 

.. 

Cobalt 4 9.2 4.9 ± 3.1 
Copper 4 1.5 ll.S 5.2 ± 3.8 

. - "·.,-: ~ i 

Iron 4 400 2440 1186 ± 767 
Lithium 4 5.0 6.4 5.7 ± o.s 
Manganese 4 2.3 24.2 11.7 :!:.8.7 ··. 
Molybdenum 4 3.2 94.8 32.1 ±.37.4 ... 

85.4 ± 49.3 Nickel 4 . · .34.4 159 
Selenium 4 i 1.3 1.0 ± 0.2 
Tin 4 i 6.7 2.3 ± 2.6 
Zinc 4 1.2 3.9 2.5 ± 1.0 

0378 Aluminum 1 38.5 
Barilpll 1 74.4 
Chromium 1 156 
Cobalt 1 2.1 
Copper 1 3.3 
Iron 1 975 
Lithium 1 5.1 
Manganese' 1 14.9 
Molybdenum l 8.6 
Nickel· l 135 
Selenium 1 1.4 
Zinc 1 3.3 

a In cases where only one sample was collected, minimum, maximum, and average values do not apply. 

b Error limits are one standW-d deviation of the e~ed ~e~. . . . . . . 
) 

c Primary Maximum Contaminant Level. 

a Secondary Maximum Contaminant Level. 

e The secondary MCL for aluminum is a range; final MCL values have not been established. 

r Action level. 

g Guide value based on a Hazard Index = 1. 

b No MCL or any other standard assigned. 

i Results below the method detection limit. 

MCL =Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

• Well locations shown on Figure 6-2. 
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.AppendixD 

Table D-12. Inorganic Concentrations inOffsite Monitoring Wells in 2002 (continued) 

Well Number J.lg/L 
of 

I:D:* Compound Samples Value 3 
· 'Minimum Maximum Average b 

0383 Aluminum 4 9.8 185 60.8 ± 72.0 
Barium 4 129 143 138 ± 5.3 
Chromium 4 65.3 1200 370 ± 480 
Cobalt 4 1.2 61.2 17.0 ±25.5 
Copper 4 2.5 266 69.1 ± 114 
Iron 4 826 5170 2033 ± 1817 
Lead 4 19.0 5.1 ± 8.0 
Lithium 4 7.2 8.5 7.9 ± 0.7 
Manganese 4 9.2 120 42.5 ± 45.4 
Molybdenum 4 2.0 497 127 ± 214 
Nickel 4 107 861 309 ± 319 
Selenium 4 1.1 1.8 1.5 ± 0.3 
Silver 4 15.5 4.0 ± 6.6 
Tin 4 98.2 25.1 ± 42.2 
Zinc 4 1.7 395 103 ± 16~, 

0386 Aluminum 1 64.0 
Barium 1 129 
Chromium l 73.8 
Cobalt l 26.9 

·Copper l 4.5 
Iron l 897 
Lithium l 11.3 
Manganese l 18.0 
Molybdenum l 6.5 
Nickel I 233 
Zinc I 13.4 

a In cases where only one sample was collected, minimum, maximum, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c Primary Maximum Contaminant Level. 

d Secondary Maximum Contaminant Level. 

e The secondary MCL for aluminum is a range; final MCL values have not been established. 

r Action level. 

s Guide value based on a Hazard Index = I. 

h No MCL or any other standard assigned. 

i Results below the method detection limit. 

MCL =Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

*Well locations shown on Figure 6-2. 

D-21 

MCL 

50-200 e 

2000 c 
100 c 

60oos 
1300 f 
300d 
15 f 

h 
50 d 
500g 
100 c 

soc 
100 d 

60000g 
5000c 

50-200 e 

2000c 
100 c 

6000s 
1300 f 
300 d 

h 
50d 

.. 500 g 
100 c 

'5000 c 



Groundwater Monitoring. Results 

Well Number !lg/L 
-of ....... 

I.D.* Compound Samples Vali.ie 3 Minimum ·Maximum Average b 

0388 Aluminum 4 14.4 97.2 51.4 ± 31.1 
Barium 4 82.7 91.5 86.9 ± 3.7 
Chromium 4 37.4 173 Ill ±49.1 
Cobalt 4 1.9 14.9 8.7 ± 5.6 
Coppe~ 4 2.5 7.2 4.1 ± 1.8 
Iron 4 282 1030 772 ± 289 
Lithium 4 6.3 8.0 7.2 ± 0.6 
Manganese 4 7.6 10.3 8.9 ± LO 
Mol)i,denum 4 5.6 11.2 7.5 ±if 
Nickel 4 49.7 63.5 58.0 ±5.5 
Seleri.iunr 4 i 1.9 1.3 ± 0.4 
Zinc· 4 1.7 6.5 3.1 ± 2.0 

0389 Aluminum 1 15.4 
Barium 1 106 
Chromium 1 95.3 
Cobalt 1 1.9 
Copper. 1 3.1 
Iron 1 620 
Lithium I 9.2 
Manganese 1 9.4 
Molybdenum 1 3.9 
Nickel 1 121 

a In 'cases where only one sample was collected, minimum, maximum, and average values do not apply. 

b E~or limits are one standard deviation of the estimated mean. 
~. ,, ' ' .. ,~ 

c Primary Maximum Contaminant Level. 

d Secondary Maximum Contaminartt Level. · 

"' The secondary MCL for aluminum is a range; final MCL values have not been established. 

8 Guide value based on a Hazard Index = I. 

h No MCL or any other standard a5sigried. 

i Results below the method detection limit 

MCL =Maximum Contaminant Level (based on EPA Primary Dril'iking Water Standards). 

* Well locations shown on Figure 6-2. 
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AppendixD 

Table D-12. Inorganic Concentrations in Offsite Monitoring Wells in 2002 (continued) 
. . . . -

Well Number ~ 
of 

J.D.* Compound Samples Value a Minimum Maximum Average 0 

0392 Aluminum I 54.4 
Barium I 93.6 
Chromium 1 85.0 
Cobalt 1 11.6 
Copper 1 ,. 4.9 
Iron 1 688 
Lithium I ·. 9.8. 
Manganese I 19.1 
Molybdenum 1 9.6 
Nickel l 82.9 
Selenium 1 1.3 
Zinc I 38.9 

8 In cases where only one sample was collected, minimum., maximum. and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c Primary Maximum Contaminant LeveL 

d Secondary Maximum Contaminant Level. 

"' The secondary MCL for aluminum is a range; final MCL values have not been established. 

f Action level. 

g Guide value based on a Hazard Index = l. 
b No MCL or any other standard assigned. 

i Results below the method detection limit 

MCL =Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

• Well locations shown on Figure 6-2. 
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Groundwcz.terMonUoring Results 

TableD..;13. Tritium Concentrati<ms in Onsite Producqo~·wens ip 2002 

Number Tritium 
Well Historic of nCi!L 
I.D.* Designation ·Samples Minimum Maximum Averagea.G 

0071 1 34 0.14 0.60 0.38±0.04 
0271 2 34 0.14 0.64 0.41 ±0.04 
0076 3 35 0.04 0.96 0.42±0.06 

a Error limits are estimates of the standard error of the estimated mean at the 95% confidence level. 

b LDL for tritium in onsite well water is 0.39 nCi!L. 

e The EPA standard for tritium in drinking water is 20 nCiJL~ 
11 Below reagent blank: 

*Well locations shown on Figure 6-2. 
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AppendixD 

Table D-14. Plutonium Concentrations in Onsite Production Wells in 2002 

Number Plutonium-238 Average as a 
weu Historic of 10-9 !:!:CilmL %oftheEPA 
I.D.* Designation· Samples ·Minimum Maximum Average a,b Standard" 

0071 1 12 d 0.019 0.0006 ± 0.007 0.04 
0271 2 12 d O.o18 0.003 ± 0.004 0.19 
0076 3 12 d 0.029 0.003 ± 0.008 0.19 

Number Plutonium-239,240 Average as a 
Well Historic of 10·9 !:!:CifmL %oftheEPA 
I.D.* Designation ·· Saritp!es · Minimum Maximum Average a,!; Standard c 

0071 1 12 d 0.004 d d 
0271 2 12 d 0.004 0.0005 ± 0.002 0.04 
007p 3 12 d 0.013 0.002 ± 0.004 0.17 

a Error 1imits are estimates of the standard error of the estimated mean at the ~5 % confidence level. 

b LDL for plutonium-238 is 0.05 x 1 o·9 JJ.Ci/mL. LDL for plutonium-239,240 is 0.02 x .J 0"9 J.!.Ci/mL . -,, . ' 

" The averages ha..;.e been reported as a perccmtage ofthe EPA dose staltdard of 4 mrem/year. The dose standard 
t;oncentrations for plutonium-238; and plutonium-239 ,240 are 1.6 X 1 0"9 J.!.ClllnL and 1.2 X 1 0"9 JJ.CilmL, 
respectively. · · · 

d Below reagent blank. 

• Weil1ocations shown on Figure 6-2. 
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-- .Groundwater Monitoring Results 

Ta~l~ P:15. ur~riium>Co~~entranoils iil Onsite PrQductio~ Wells in2oo2 · -

Well 
I.D.* 

0071 
0271 
0076 

Well 
I:D:* 

0071 
0271 
0076 

.. .. 

.Historic 
Designation 

1 
2 
3 

Historic 
Designation 

1 
2 
3 

Number 
of 

Samples 

12 
12 
12 

Number 
..... ~ Of' 

Samples 

I2 
I2 
12 

Uranium-233,234 
9 :·: 

--10· ~Ci/mL 
Minimum Maximum Average·a.b 

0.16 0.25 0.22 ±0.01 
0.18 0.26 0.22 ±0.01 
0.19 0.30 0.24±0.02 

•. c ,,.. .... 

·-~~- "''·"'' ~ .. ·~ 

Uranium-238 
10'9 c "!mi.: .... -··· fl 1 

·Minimum Maxirniml · · · Average "-6 · 

O.I6 0.27 0.20±0.02 
0.15 0.23 0.19 ± 0.02' 
0.16 0.25 0.19 ± 0.01 
' ··~ ..... r.:·~--

A veragf? as a 
%of the EPA 

Standard c 

1.1 
1.1 
1.2 

Average as a 
%ofthe'EPA 

Standardc 

0.8 
0~8 

0.8 

a Error limits are .estimates of th~ ~tandard error of the estimated me'an at the 95 % confidence level. 

b LDL for uraniurit-233,234 is o:o3 X I 0~ J.LCVinL. LDL for uraniJrn-238 is 0.03 X I 0"9 p.Ci/rnL. 

c The averages have been repOrted as a percentage of the: EPA dose standard of 4 ~eiDtyear .. The dose standard 
concentrations for urani~233,234 and uranil.lm-238 are 20 x.·to·9 J.LCi/rnL and 24·x 10~9 p.Ci!inL, respectively. 

• Well locations shown on Figure 6-2. 
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I AppendixD 

I 
Table D-16. Thorium Concentrations in Onsite Production Wells in 2002 

I Well Historic Number Thorium-228 Average as a 
of 10-91:!:CilmL %oftheEPA 

I 
I.D.* ·Designation Samples Minimum Maximum Average a.b Stan,dard" 

0071 1 6 d 0.002 d d 

I 0271 2 6 d 0.018 0.006±0.01 0.04 
0076 3 6 d 0.018 0.0004 ± 0.018 0.003 

I 
I Well Historic Number Thorium-230 Average as a 

of to·9 ~CilmL %oftheEPA 

I J.D.* Designation Samples Minimum Maximum Average"'6 Standard c 

I 
0071 1 6 d 0.014 d d 
0271 2 6 d 0.010 d d 
0076 3 6 d 0.018 d d 

I 
I Well Historic Number Tborium-232 Average as a 

Of to·9 1:!:CilmL %oftheEPA 

I I.D.* Designation Samples Minimum Maximum Average a.S Standard" 

I 0071 1 6 d 0.008 0.0004 ± 0.005 0.02 
0271 2 6 d 0.004 d d 
0076 3 6 d 0.003 d d 

I 
a Error limits are estimates of the standard error of the estimated mean at the 95% confidence level. 

I b LDL for thorium-228 is 0.03 x 1 0"9 J.LCi/mL. LDL for thorium-230 is 0.07 x 1 o·9 ;.tCi/mL. LDL for thorium-232 is 
o.os x 1 o·9 J.LCi/mL. 

c The averages have been reported as a percentage of the EPA dose standard of 4 mrernlyear. The dose 

I standard concentrations for thorium-228, thorium-230, and thorium-232 are 16 x 10"9 J.LCi/mL, 12 x 10"9
, and 

2 X 1 0"9 J.LCi/mL, respectively. 

I 
d Below reagent blank. 

* Well locations shown on Figure 6-2. 
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G~oundwater Monitoring.R(!sults 

Table D-17. VOC Concentrations in Onsite Production Wells in 2002 
~ ' A • < ''' ~· ' • ,,,, < ' ' 

Well Historic Number of J.tgiL 
J.D.* Designation Compound Samples Minimum Maximum 

0071. l ,2-Dichloroethane 10 
Trichloroethene 11 
l, 1,1-Trichloroethane 11 

0271 2 Methyl-tert butyl ether 10 
T etrachloroethene 11 
Trichloroethene 11 
1 , 1, 1-Trichloroethane 11 

0076 3 Chloroform 11 
Trichloroethene 11 
Xylene, total 10 .. 

a Error limits are one standard deviation of the estimated mean. 

b Results below the method detection limit 

b 
b 
b 

b 
b 
b 

0.5 

b 
b 
b 

MCL =Maximum Contaminant Level (based on EPA Drinking Water Standards). 

*Well locations shown on Figure 6-2. 

1.4 
0.8 
1.6 

2.4 
0.8 
0.6 
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1.0 
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0.6 

Average • 

0.1 ± 0.4 
0.5 ± 0.3 
0.5 ± 0.5 
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0.3 ± 0.4 
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Appendi:&D 

Table D-18 .. Tritium Concentrations inOnsite ~onitoriJ1g Wells in 2002 

Number Tritium Average as a 
Well of nCi/L %oftheEPA 
J.D.* Samples Value a Minimum Maximlim · Average 6·" Standard d 

0063 4 0.55 1.20 0.84 ± 0.23 4.2 
0111 3 e 0.50 0.31 ± 0.22 1.6 
0117 4 3.03 4.99 4.11 ± 0.78 20~6 
0119 2 0.50 0.58 0.54 ± 0.04 2.7 
0125 2 1.82 1.94 1.88 ± 0.06 9.4 
0137 3 0.60 13.0 4.79 ± 5.81 23~9 

0305 4 0.66 0.95 0.83 ± 0.11 4.2 
0312 1 0.50 2.5 
0313 4 0.85 1.62 1.09 ± 0.31 5.4 
0314 2 1.05 1.56 1.31 ± 0.25 6.5 
0315 2 2.28 2.33 2.31 ± 0.03 11.5 
0317 4 e 0.48 0.35 ± 0.10 1.7 
0319 4 e 0.99 0.64 ± 0.25 3.2 
0326 4 e e e 
0345 4 e 0.94 0.61 ± 0.24 3:0 
0346 2 2.10 3.13 2.62 ± 0.51 13~1 

0347 4 0.61 4.63 1.94 ± 1.60 9.7 
0353 3 0.54 0.85 0.71 ± 0.13 3.6 
0370 4 1.95 2.64 2.30 ± 0.27 11.5 
0373 4 1.45 2.26 1.79 ± 0.35 9.0 
0374 4 1.05 2.08 1.52 ± 0.37 7~6 

0379 2 2.23 2.93 2.58 ± 0.35 12.9 
0382 2 e e e 
0395 2 2.53 3.17 2.85 ± 0.32 14.3 
0397 3 e 1.04 0.78 ± 0.27 3.9 
0400 4 e 0.72 0.30 ± 0.31 1.5 
0402 4 e 0.48 0.27 ± 0.19 1.3 
0410 3 0.62 2.04 1.13 ± 0.64 5.7 
o4tt 4 e 0.78 0.56 ± 0.15 2.8 
0415 4 0.51 0.77 0.67 ± OJO 3.3 
0416 4 0.81 0.92 0.87 ± 0.04 4.3 
0417 4 0.52 1.00 0.70 ± 0.18 3.5 

a In cases where only one sample was collected, minimum, maximum, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c LDL for tritium in monitoring wells is 0.5 nCi/L. 

d The EPA standard for tritium in drinking water is 20 nCi!L. 

e Below the blank value. 

* Well locations shown on Figure 6-2. 
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GroundioaterMonitoring Results 

Jable D~ 18.1)iti.uJit ~9J1C~J1tra~onsJ~ On~i!e 'Mo~i~9:ti_D,g\Vefis'ill ~QQi~ ( c9nfu.luedL. 

Number Tritium Average as a 
wen of . . ' ~ v ~- • .. nCi!L %oftheEPA 
LD;* Samples Value a · Miilimum' · · Maximum Average' S:c Standard d 

0418 3 0.53 0.91 0.70 ± 0.16 3.5 
0419 4 e 1.96 0.83 ± 0.69 4.2 
0420 4 0.65 1.50 1.21 ± 0.34 6.0 
0421 4 e 1.35 0.78 ± 0.37 3.9 
0422 4 1.05 1.63 1.26 ± 0.22 6.3 
0423 4 0.96 1.23 1.14 ± 0.11 5.7 
0424 4 e 0.73 0.44 ± 0.18 2.2 
0425 4 e 0.70 0.41 ± 0.21 2.0 
0433 1 0.75 3.8 
0434 1 1.05 5.3 
0439 1 2.43 12.2 
0440 1 .. 3.33 16.7 
0442 3 e 0.60 0.34 ± 0.18 1.7 
0443 3 e 0.60 0.34 ± 0.19 1.7 

~ 3 e 0.60 0.44 ± 0.15 2.2 
0445 3 e 0.60 0.32 ± 0.25 1.6 
0446 1 1.25 6;3 
0447 1 0.93 :4.7 
0448 l 1.00 5.0 
POOl 4 1.78 2.19 1.99 ± 0.20 9.9 
P003 4. 0.49 1.04 0.76 ± 0.20 .. 3.8 
P005 4 1.24 1.96 1.73 ± 0.29 8.7 
POlS 4 0.77 1.63 1.15 ± 0.33 5.7 
P025 1 1.32 6.6 
P027 4 0.61 0.88 0.77 ± 0.10 3.8 
).>031 4 e 0.53 0.40 ± 0.09 2.0 
P032 3 e 0.79 0.44 ± 0.27 2.2 
P033 4 e 0.50 0.23 ± 0.18 1.2 
):>043 4 0.83 1.18 1.04 ± 0.15 5.2 
P044 4 e e e 
P045 4 e e e 
P046 4 e 0.84 0.53 ± 0.26 2.7 

a In cases where only one sample was collected, minimum, maximum, and average values do not apply. 

b Error limits ~e one standard·d~viation ~f the estimated mean. . . 

c LDL for tritium in monitoring wells is 0.5 nCi/L. 

d The EPA standard for tritium in drinking water is 20 nCi!L. 

e Below the blank value. 

* Well locations shown on Figure 6-2. 
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AppendixD 

Table D-19. Plutonium Concentrations inOnsite Monitoring Wells in 2002 

Number Plutonium-238 Average as a 
Sampling of 10"9 !:!:CilmL %oftheEPA 
Location* Samples Vahi.e 8 .Minimum M8Ximum Average 6 Standard e 

0111 2 0.011 d 0.075d 0.043 ± 0.032 2.7 
0119 2 O.Ol3d 0.030d 0.022 ± 0.009 l.3 
0125 2 O.Ol2d O.Oi2d 0.012 ± 0.000 0.8 
0314 2 0.011 d 0.028d 0.020 ± 0.009 1.2 
0315 2 0.011 d .0.052d 0.032 ± 0.021 2.0 
0345 2 o.oood 0.016 0.008 ± 0.008 0.5 
0346 2 0.029d 0.029d 0.029 ± 0.000 l.S 
0395 2 .O.OlOd 0.060d 0.035 ± 0.025 2.2 

Number Plutonium-239 Average as a 
Sampling. of t o·9 1J.Ci!mL %oftheEPA 
Location* Samples Value a Minimum Maximum Average 6 Standard.: 

0111 2 0.017d 0.030d 0.024 ± 0.007 2.0 
0119 2 o.oood 0.013 d 0.007 ± 0.007 0.5 
0125 2 0.012d O.Ol3d 0.013 ± 0.001 1:0 
0314 2 O.Oll d 0.036d 0.024 ± 0.013 2.0 
0315 2 O.oi I d 0.053d 0.032 ± 0.021 2.7 
0345 2 o.oood 0.011 d 0.006 ± 0.006 0.5 
0346 2 0.011 d 0.029d 0.020 ± 0.009 1.7 
0395 2 O.OlOd .0.047d 0.029 ± 0.019 2:4 

a ln cases where only one sample was collected, minimum. maximum. and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c The averages have been report~d as a percentage of the EPA dose standard of 4 mrem/year. The dose standard 
concentrations for plutonium-238, and plutonium-239 ,240 are 1.6 x I o·9 pCi/mL and 1.2 x 1 o·9 J.LCi/mL, 
respectively. 

d Below the indicated LDL. 

* Well locations shown on Figure 6-2. 
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. Groundwater Moni.foring_ Re$ults 

TableD-20. Uranium'C~onc.en~t!ons Jn Qn~ite Moriit!»r,ing We_lls iJ.12QQ2. 
'. 

Number Uranium-233,234 Average as a 
Sampling of · . l<r9 ~;!CilmL %of the EPA. 

Location* Samples Value a 'Mininium •·Maximum ·Average 6 .· standard c 

0111 2 0.285 '0:293 0.289 ± 0.004 1.4 
0119 2 0.375 0:377 0.376 ± 0.001 L9 
0125 2 2;010 '2.974 2.492 ± 0.482 12.5 
0314 2 0.421 0.428 0.425 ± 0.004 . 2.1 
0315 2 0.475 0.611 0.543 ± 0.068 2:7 
0345 2 o.i92 0.308 0.250 ± 0.058 1.3 
0346 2 0:370 . 0.435 0.403 ± 0.033 2;0 
0395 2 0.636 0.795 0.716±0.080 3.6 
0445 1 0.706 3.5 

Number Uranium-235 Average as a 
Sampling of 1 o·9 1:!:ciiffiL "%oftheEPA 
Location* Samples Value .a Minimum MaxiiilUil!. Average 6 ~tand¥c;l.c 

OlH 2 0.012 d 0.055 d 0.034 ± 0.022 0.1 
0119 2 0;0l4d .0.041 0.028 ± 0.014 0.1 
0125 2 0;119 0.147 0.133 ± 0.014 0.6 
0314 2 O.Ol4d 0;023 0.019 ± 0.005 o~t 

0315 2 0.022 0.060d 0.041 ±0.019 0.2 
0345 2 0.014 11 0.028 0.021 ± 0.007 0.1 
0346 2 0.023 0.055 0.039 ± 0.016 0.2 
0395 2 0.034d . 0.071 d 0.053 ± 0.019 0.2 
0445 1 0.178d 0.7 

a In cases where only one sample was collected, minimum, maxinlum, and average values do not ~pply. 

b Error limitS are one standard deviation of the estimated mean. 
c The averages have been reported as a percentage of the EPA dose standard of 4 mremlyear. The dose standard 

concentrations for uranium-233,234, uranium-235, and uranium-238 are 20 x I 0-9 J.1CilmL, 
24 x 10'9 J.1Ci/mL, and 24 x 10-9 J.1Ci/mL, respectively. 

d Below the indicated LDL. 

* Well locations shown on Figure 6-2. 
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.AppendixD 

Table D-20. Uranium Co~centrations ip Onsite Mo1;1itoring Wells. in 2002 (continued} 

Nwnber Uranium-238 Average as a 
Sampling of · 10-9i:!;CilmL %oftheEPA 
Location* Samples Value a Miniminn · Maximwn Average 6 . Standard c 

0111 . 2 0.188 0.211 0.200 ± 0.011 0.8 . 
0119 2 0.233 ·0.338 0.286 ± 0.052 1.2 
0125 2 1.626 2 . .574 2.100±0.474 8.8 
0314 2 0.310 0.329 0.320±0.010 1.3: 
0315 2 0.416 .0.476 0.446 ± 0.030 1.9 
034.5 2 0.11.5 0.218 0.167 ± 0.051 0.7 
0346 2 0.260 0.282 ' 0.271 ± 0.011 1.1 
0395· 2 . 0.521 0.562 0.542 ± 0.020 . 2.3 
0445 0.364 1..5 

a In cases where only one sample was collected, minimum, maximum, and average values do not apply. 

t> Error limits are one standard deviation of the estimated mean. 

·C The averages have beeit reported as a percentage of the EPA dose standard of 4 mTenllyear. The dose'stmulaid 
concentrations for uraniwn-:233,234, uraniwn-235, and uranium-238 are 20 x 10"9 J!Ci/mL, 
24 x 10-9 J.tCi/mL, and 24 x 10-9 J!Ci/mL, respectively. 

d Below the indicated LDL. 

* Welllocations'shown on' Figure 6-2. 
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Nwnber Thoriwn-227 Average as a 
Sampling of 10"9 f:!CilmL %oftheEPA 
Locati<)n• ·. Samples Value a Minimwn ·Max:imwn Average 6 Standard c: 

0111 2 O.Ol4d 0.077 0.046 ± 0.032 0.03 
0119 2 0.018d 0.061 0.040 ± 0.022 0.03 

", y, ', 

0125 2· 0.049 0.063 0.056 ± 0.007 0.04 
0314 2 0.015 0.018 0.017 ± 0.001 0.01 
0315 2 0.016d ·o.o3I 0.024 ± 0.008 0.02 
0345 2 O.Oi6d o.o4I d 0.029 ± 0.013 0.02 
0346 2 0.015 d 0.018d 0.017 ± 0.001 0.01 
0395 2 O;Ol7d 0.020d 0.019±0.001 0.01 

Nwnber Thoriwn-228' Average as a 
Sampling of 1 0-9 IJCilmL %oftheEPA 
Location* Samples Value a Minimum Maximum Average 6 . :Standard" 

0111 2 0.063 0.072d 0.068 ± 0.004 0.4 
0119 2 0.049 0.062d 0.056 ± 0.007 0.3 
0125 2 0.040 0.536 0.288 ± 0.248 1.8 
0314 2 0.025 0.039 4 0.032 ± .0.007 0.2 
0315 2 0.045d 0.045 4 0.045 ± 0.000 0.3 
0345 2 0.041 d 0.055d 0.048 ± 0.007 0.3 
0346 2 0.015d 0.048d 0.032 ± 0.017 0.2 
0395 2 0.017d 0.053 d 0.035 ± 0.018 0.2 
0445 1 0.484<1 0.5 

- -----------

In cases where only one sample was collected, minimum, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

<> The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose 
standard concentrations for thorium-228, thorium-230, and thorium-232 are 16 x 1 0'9 J.!.Ci/mL, 12 x 1 o·9 

J.!.CilmL, and 2 x 10-9 J.!.CilmL, respectively. 

d Below the indi~ LDL. 

* Well locations shown on Figure 6-2. 
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AppendixD 

Table D-21. Thorium Concentrations in Onsite Monitoring Wells in 2002 (contiJlued) 
. . 

Number .Thorium-230 Average as a 
Sampling of .l0-9l:!;CilmL %oftheEPA 
Location* Samples Value• Minimum ··Maximum Average 6 Standard c 

0111 2 0.014d 0.031 0.023 ± 0.009 0.2 
0119 2 0.020 0.045d 0.033 ± 0.013 0.3 
0125 2 0.024 0.608 0.316 ± 0.292 2.6 
0314 2 0.014d 0.049 0.032 ± O.ot 8 0.3 
0315 2 0.045d 0.092 0.069 ± 0.024 0.6 
0345 2 0.016d 0.028 0.022 ± 0.006 0.2 
0346 2 0.042d 0.079 0.061 ± 0.019 0.5 
0395 2 0.017" 0.058 0.038 ± 0.021 0.3 
0445 1 0269d 2.2 

Number Thorium-232 Average as a 
Sampling of 1 o·9 JJ,Cilrii.L %oftheEPA 
Location* Samples Value• Minimum Maximum Average li Standardc 

0111 2 0.014 d 0.021 d 0.018 ± 0.004 0.9 
0119 2 0.017 d 0.018" 0.018 ± 0.001 0.9 
0125 2 0.021 d 0.361 0.191 ±0.170 9.6 
0314 2 O.Ol7d 0.049d 0.033 ± 0.016 1.7 
0315 2 0.017" 0.045" 0.031 ±0.014 1.6 
0345 2 0.016d 0.041 d 0.029 ± 0.013 1.4 
0346 2 0.018d 0.042d 0.030 ± 0.012 1.5 
0395 2 0.017d 0.053d 0.035 ± 0.018 1.8 
0445 1 0.246d 12.3 

" In cases where only one sample was collected, minimum, maximum, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c The averages have been reported as a percentage of the EPA dose standard of 4 mrem/year. The dose 
standard concentrations for thorium-228, thorium-230, and thorium-232 are 16 x 10-91J.Ci/mL, 12 x 10'9 

!J.CilmL, and 2 X i 0'9 !J.Ci/mL respectively. 

" Below the indicated LDL. 

*Well locations shown on Figure 6-2. 
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Table D-22: · Radium·Concentrations·m Onsite Monitoring Wells in.2002 . . .- ,, .. """·' '. \'•-" .-_ .. ;-~·,,.- ... ' . " . . ' .. .. -. --. . ' . ' . "'. - ' . . ~ 

Number Radium-226 Average as a 
S&npling of ~CiJL . %oftheEPA 
Location* Samples Value a ··Minitnum ·Maximum Average 6 Standard c 

0111 2 0.336 0.521 d 0.429 ± 0.093 8.6 
0119 2 0~610 d 0.690 0.650 ± 0.040 13.0 
0125 2 0.208 0;741 0.475 ± 0.267 9.5 
0314 2 0:350 d 0.358 0.354 ± 0.004 7.1 
0315 2 0.265 0.631 d 0.448±0.183 9.0 
0345 2 0.218 0.384 d 0.301 ± 0.083 6:0 
0346 2 0.487 0.672 0.580 ± 0.092 11.6 
0353 1 0.400 8:0 
0395 2 0.200 0.316 d 0.258 ± 0.058 5.2 

.0400 l 0.360 7.2 
0402 1 0.230 4.6 
0411 1 0.360 7.2 
0442 1 2.650 53.0 
0443 1 0.210 4.2 
0444 1 0.910 18.2 

-.0445 .. , 2. 9.80 42.10,. 25.95 ± 16.15 519 
P033 0.200 4.0 

a ln caseS Where only one sample was colle'cted, riiirrlmum, maximum, and aven:i:ge values do not apply. 

b · Error limits ·are one standard deViatiorfof the estimated mean. . 
" The EPA standard for radium-226 and radi~228, combined in drinking water is 5 pCiJL. 

d Below the indicated LDL · 

• Wellloeations shown on Figure.6-2. 
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AppendixD 

Table D-22. Radium Concentrations in O~site Mc)Ditoring Wells iD. 2002 (cOntinued) 

Number Radium-228 Average as a 
Sampling of ECiiL %oftheEPA 
Location* Samples Value a Minimum·· Maximum Average 6 Standard c 

·. 0111 2 0.542 2.470 1.506 ± 0.964 30.1 
0119 2 0.532 d 2.270 1.401 ± 0.869 . 28.0 

0125 2 0.559 2.280 1.420 ± 0.861 28.4 
0314 2 0.705 1.290 0.998 ± 0.293 20.0 
03.15 2 0.743 2.040 1.392 ± 0.649 27.8 
0345 2 0.415 l.llO 0.763 ± 0.348 15.3 
0346 2 0.588 1.720 1.154 ± 0.566 23.1 
0353 1 0.950 4 19.0 
0395 2 0.388 d 0.686 0.537 ± 0.149 10.7 
0400 1 0.410 d 8.2 
0402 I 0.560 d 11.2 
0411 1 0.760 15.2 
0442 l 2.670 53.4 
0443 I 0.550 d 11.0 
0444 1 2.180 43.6 
0445 2 30.80 34.00 32.40± 1.60 648 
P033 1 0.310 d 6.2 

a In cases where only one sample was collected, minimum, maximum, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c The EPA standard for radium-226 and radium-228, combined in drinking water is 5 pCi/L. · 

d Results below the method detection limit 

* 'o/ ell locations shown on Figure 6-2. 
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Groundwater Monitoring.Results._~--- .. 

Table ~~:3· .:YOC q~~C~J:l~anoJ:ls iJ!J~~~ite.M:ogit(,rillg Wells~it.l ~0.02 

Well Number Jlg/L 
of .-~·,..-~.'-- :· 

I.D.* Compound Samples Value a Minimum Maximum Averageb 

0063. Chloroform 4 d 2.5 L4 ± 1.0 
cis-1 ,2-Dichloroethene 4 'd Ll 0.3 ± 0.5 
. Tetrachloroethene. 4 2.0 5.6 3:8 ± 1.3 
1)ichloroethene 4 1.3 1.8 1.6 ± 0.2 

0111 Chloroform 2 0.7 1.1 o;9±0.2 

0117 None detected 4 d .d d 

0119 . None detected 2 d d d 

0125 None detected .2 d d d 

0137 Chloroform . 3 d 0;9 0.3 ± 0.4 
'Trichloroethene 3 d 1.2 0.7 ±0.5 
1,1,1-Trichloroethane 3 d 0.3 0.1 ± 0.2 

0305 Chloroform 4 0.5 1.9 1.3 ± 0.6 
'Tetrachloroethene 4 ''1:8 2.6 2'.2'± 0.3 
Trichloroethene 4 1.3 1.8 1.6 ± 0.2 
l.lJ~ Trichloroethane 4 o;9 1.3 1.1 ± 0.2 

0312 cis-1,2-Dichloroel}lene l 1.2 
Trichloroethene . 1 7.2 

0313 Chloroform 4 d 1.5 . . 0.9£0.6 
Tetrachloroethene 4 1.8 2.9 2.3 ± 0.5 
Trichloroethene 4 1.1 1.5 l.3 ± 0.1 

0314 None detected 2 d d d 

0315 Carbon Tetrachloride 2 2.1 2.1 2.1 ± 0.0 
-----------Chloroform ·····················-- 2 d········---1~0 0~5±0~5 

Trichloroethene 2 8.8 9.8 9.3 ± 0.5 

a In cases where only one sample was collected. minimum. maximum. and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c No MCL assigned. 

d Results below the method detection limit 

· MCL =Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

* WeUlocations shown on Figure 6-2. 
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I AppendixD 

I Table D-23. VOC Concentrations in Onsite Monitoring Wells in 2002 (continued) 

I Well Number . ).Lg!L 

of 

I 
I.D.* Compound Samples Value a Minimum Maximum Average b MCL 

0317 None detected 4 d d d 

a· 0319 None detected 3 d d d 

I 
0326 None detected 3 d d d 

0345 None detected 2 d d d 

I 0346 None detected 2 d d d 

0347 Carbon Tetrachloride 4 2.2 4.7 3.6 ± 0.9 5 

I 
Chloroform 4 d 0.8 0.2 ± 0.4 100 
Trichloroethene 4 18.0 22.0 19.3± 1.6 5 

0353 None detected 2 d d d 

I 0370 Carbon Tetrachloride 4 d 1.0 0.2 ± 0.4 5 -- ·~ -. -

Chloroform 4 1.3 3.8 2.9 ± 1.0 100 
"' 

I 
Tetrachloroethene 4 25.0 45.0 32.0 ± 7.7 5 ..... <." 

Trichloroethene 4 6.3 7.8 6.8 ± 0.6 5 
1,1, 1-Trichloroethane 4 d 1.2 0.3 ± 0.5 200 

I 0373 Carbon Tetrachloride 4 d 1.3 0.3.± 0.6 5 
Chloroform 4 1.0 1.4 1.2±0.1 100 ~--·---

T etrachloroethene 4 7.9 11.0 9.7 ± 1.4 5 

I T richloroethene 4 3.4 4.3 3.8 ±0.3 5 --
I, 1,1-Trichloroethane 4 d 0.4 0.1 ±0.2 200 

I 
0374 Chloroform 4 d 1.4 0.8.± 0.5 100 

cis- I ,2-Dichloroethene 4 2.6 21.0 11.9 ± 6.5 70 
Freon-113 4 d 2.0 0.5 ± 0.9 c 
T etrachloroethene 4 4.1 6.6 5.0 ± 1.0 5 

I T richloroethene 4 4.8 14.0 7.3 ± 3.9 5 
I, I, 1-Trichloroethane 4 d 0.7 0.3 ± 0.3 200 

I 3 In cases where only one sample was collected, minim~ maximum, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

I c No MCL assigned. 

d Results below the method detection limit. 

I 
MCL = M3.x.imum Contaminant Level (based on EPA Primary Drinking Water Standards). 

* Well1ocations shown on Figure 6-2. 
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. Gniuif,dwater Yt!Tl:#oring &,sults 

Well Number J.Lg/L 
of 

I.D;* Compound SarDples Value a Mmimum Maximum • Average 6 

0379 Carbon Tetrachloride 2 1.1 1.5 1.3 ± 0.2 
Tetrachloroethene 2 0.5 0.6 0.5 ± 0.1 
Trichloroethene 2 1.4 1.6 1.5 ±0.1 

0382 None detected 2 d d d 

0395 None detected 2 d d d 

0397 Chloroform 4 0.7 2.3 1.7 ± 0.6 
cis-1 ,2-Dichloroethene 4 d 63.0 15.8 ± 27.3 
Tetrachloioethene 4 2.9 4.7 3.8 ± 0.7 
Trichloroetliene 4 d 1.7 1.1 ± 0.1 
1, 1, 1-Trichloroethane 4 d 0.4 0.1 ± 0.2 
Viny,l chloride. 4 d 3.5 0.9 ± 1.5 

0400 None detected . 3 d d d 

0402 None detected 3 d d d 

0410 Chloroform 4 d l.l 0.3 ± 0.5 
cis-1 ,2-Dichloroethene. 4 d 9.0 2.7 ·± 3.7 
T etrachloroethene 4 1.3 3.0 2.1 ± 0.6 
Trichloroethene 4 2.9 17.0 10.0 ± 5.4 

0411 cis-1 ,2-Dichloroethene 4 1.4 3.5 2.4 ± 0.8 
Trichloroethene 4 8.4 16.0 12.4 ± 2.7 

0412 Chloroform ll d 1.2 0.6 ± 0.6 
Tetrachloroethene 11 4.0 5.5 4.9 ± 0.5 
Trichloroethene 11 2.7 3.4 3.i ± 0.3 

0413 Chloroform 11 1.1 1.4 1.2 ± 0.1 
----~"~ Tetrachloroet:liene ~~n--------- ···· ··· r.:~-- --~1.6 ___ 1-:-4 ± o~r--

Trichloroethene 11 d 1.1 0.1 ± 0.3 

a In cases where only one sample was collected, minimUni, maximurl:t, and average values do not apply. 

b Error limits are one standard deviation of the estimated· mean. 

c No MCL assigned. 

d Results below the method detection limit. 

MCL =Maximum Contaminant Level (based on EPA Primaiy Drinking Water Standards). 

*Well locations shown on Figure 6-2. 
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I AppendixD 

'I 
Table D-23. VOC Concentrations in Onsite Monitoring Wells in 2002 (continued} 

I Well Number ~ 
of 

I 
I.D.* Compound ·samples Value 3 Minimum Maximum .. Average b MCL 

0414 Chloroform 11 d 2.5 0.7 ± 0.8 100 

I cis-1 ,2-Dichloroethene 11 d 7.3 1.9 ± 1.9 70 
T etrachloroethene 11 2.0 5.0 4.1 ±.0.8 5 
Trichloroethene 11 2.5 14.9 4.7 ± 3.5 5 

I 0415 Chloroform 4 0.7 2.6 1.6.± 0.8 100 
Tetrachloroethene 4 0.7 1.3 1.0 ± 0.2 5 
1, 1,1-Trichloroethane 4 d 0.3 0.1 ± 0.1 200 

I 0416 Chloroform. 4 d 1.8 0.8 ± 0.8 100 
Tetrachloroethene 4 d 0.5 0.2 ± 0.2 5 
1,1, 1-Trichloroethane 4 d 0.8 

.. 
0.4 ± 0.3 200 

I 
0417 Chloroform 4 0.6 2.2 1.4.± 0.6 100 

J 

I 
T etrachloroethene 4 0.6 0.8 0.7± 0.1 5 
1,1, 1-Trichloroethane 4 0.6 1.2 0.9 ± 0.2 200 

0418 Chloroform 4 0.8 1.8 1.3 ± 0.4 100 

I T etrachloroethene 4 2.2 2.8 2.6 ± 0.2 5 
Trichloroethene 4 l3 2.1 1.6 ± 0.3 5 
1,1, 1-Trichloroethane 4 l.O 1.5 1.1.± 0.2 200 

I 0419 Chloroform 4 d 0.7 0.2 ±.0.3 100 ·,. -~ 

cis-1 ,2-Dichloroethene 4 d 9.2 2.3 ± 4.0 70 
Tetrachloroethene 4 3.1 8.9 6.3 ± 2.1. 5 

I 
. .:._ .... """' 

Trichloroethene 4 4.3 16.0 11.1 ± 4.7 5 

0420 Chloroform 4 0.7 2.2 1.6 ± 0.5 100 

I Tetrachloroethene 4 3.6 4.5 4.2 ± 0.4 5 
Trichloroethene 4 d 1.4 0.6 ± 0.6 5 

I 
0421 Chloroform 4 d 1.2 0.5 ±0.5 100 

Tetrachloroethene 4 1.0 2.0 1.6 ± 0.4 5 

I a In cases where only one sample was collected, minimum, maximum, and average values do not app]y. 

b Error limits are one standard deviation of the estimated mean. 

I 
c No MCL assigned. 

d Results below the method detection limit. 

MCL =Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

I * Well locations shown on Figure 6-2. 
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.. Groundwater Monitoring.Results 

Tal;!le P.~7~~.:VQC C:O.Ilc~ntr~tiQnsj" Onsi~e· M~nitoring Well~ in zo6:f( continued). 

Well Number J.Lg/L 
of·· · 

I.D.* Compowtd Samples Value" Minimum ·Maximum ·Average b MCL 

0422 Chloroform 4 0.5 2.1 1.3 ±;0.6 100 
Tetrachloroethene 4 2.2 4.0 : 3:i ± 0.6 5 

.. 

Trichloroethehe 4 d 2.4 1.7 ± 1:0 . 5 

0423 Chloroform 4 0.9 2.5 1.9 ± 0.6 100 
Tetrachioroethene 4 1.6 1.8 1.7'± 0.1 5 

.. 

1,1, 1-Trichloroethane 4 d 0.4 0.1 ± 0.2 200 

0424 Chloroform 4 d 0.9 0.2 ± 0.4 100 
Tetrachloroethene 4 d 0.4 0.2 ± 02 5 
1,1, 1-Trichloroethane 4 0.8 1.5 to·±o.3 200 

;·· 

0425 Chloroform 4 d 0.6 0.3 ± 0.3 100 
Tetrachloroethene 4 d 0.3 0.1 ± o.l 5 
I , 1 , 1-Trichloroethane 4 0.6 1.6 1.2 ± 0.4 200 

0443 Trichloroethene 3 3.5 8.7 6.3 ± 2.1 5 

0444 None detected 3 d d d 

0445 None detected 3 d d d 

0446 None detected d 

0447 Tetrachloroethene 0.4 5 

0448 None detected d 

POOl Carbon Tetrachloride 4 d 1.8 . 1.3 ±0.7 5 
ChlorOform· · 4 d 1.2 0.7 ± 0.4 100 
T etrachloroethene 4 3.8 5.1 4.7 ± 0.5 5 
T richloroethene 4 2.9 4.8 3.7 ± 0;8 5 

--------- t;l;l~Trichloroethane-·-.. -4 a-· ---r:-4---::-::o~5±0~6-· ___ 200-

a In cases where only one sample was collected, minimum, maximum, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c No MCL assigned. 

d Results below the method detection limit. 

MCL =Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

*Well locations shown on Figure 6-2. 
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I AppendixD 

I 
Table D-23. VOC Concentrations in Onsite Monitoring Wells in 2002 (continued) 

I Well Number ~ 
of 

I 
LD.* Compound Samples Value a Minim tim Maximum . Average~> MCL 

P003 Chloroform 4 0.7 2.1 1.5 ± 0.6 100 

I T etrachloroethene 4 1.6 3.4 2.8 ± 0.7 5 
Trichloroethene 4 1.0· 1.7 1.3 ± 0.3. 5 
l, I, 1-Trichloroethane 4 d 0.4 0.1 ±.0.2 200 

I P005 Carbon Tetrachloride 4 d 1.7 0.4 ± 0.7 5 
Chloroform •4 0:6 1.4 1.1 ± 0:3 . 100 

T etrachloroethene 4 9.4 11.0 10.4 ± 0.7 5 

I Trichloroethene 4 3.6 4.6 4.2 ± OA 5 

P015 Chloroform 4 d 1.0 0.4 ± 0.4 100 

I 
cis-1 ,2-Dich1oroethene 4 d 1.5 0.7 ± 0.7 70 
T etrachloroethene 4 4.2 5.2 4.7 ± 0.4 5 
Trichloroethene 4 8.0 . 9.8 8.9 ±0.8 5 

I P025 Chloroform 2 d 0.7 0.3 ± 0.3 100 
1,1 ,1-Trichloroethane 2 0.7 l.l 0.9 ± 0.2 200 . 

I P027 Chloroform 4 d 0.6 0.1 ± 0.2 100 
Tetrach1oroethene 4 0.8 1.0 0.9 ± 0.1 5 
1,1, 1-Trichloroethane 4 1.2 1.8 1.6 ± 0.2 200 

I P031 Chloroform 4 d 1.0 02 ± 0.4 100 
Tetrachloroethene 4 1.7 2.3 2.0 ± 0.3 5 
Trichloroethene 4 1.3 2.2 1.9 ± 0.4 5 

I 1, 1,1-Trichloroethane 4 1.0 1.3 12 ± 0.1 200 

P032 1,1,1-Trichloroethane 3 d 0.6 0.2 ± 0.3 200 

I P033 None detected 3 d d d 

I 
P043 None detected 4 d d d 

P044 1,1,1-Trichloroethane 4 1.8 3.6 2.9 ± 0.7 200 

I • In cases where only one sample was collected, minimum, maximum, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

I c No MCL assigned. 

d Results below the method detection limit 

I 
MCL =Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

*Well locations shown on Figure 6-2. 
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Well Number J.l.g/L 
of 

LD~* Compound Samples Value a Minimum Maximum Average b 

P045 None detected 4 d d d 

P046 Tetrachloroethene 4 0.6 0.9 0.8·± O.i. 
Trichloroethene 4 4.7 7.0 6:.2 ± 0.9·· 
1,1.1-Trichloroethane 4 0.5 0.9 0.8 ± 0.2 

a In cases where oruy ()ne sample was collected, minimum, maximum, and average values do not apply. 

b Error' limits are one standard deviation of the estimated mean. 

c No MCL assigned. 

d Results below the method detection limit. 

MCL = Maximurit·cpntaminant Level (based on EPA Primary Drinking Water Standards) .... 

·*Well locations shown on Figure 6-2. 
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AppendixD 

Table D-2.4. Inorganic Concentrations in Onsite Monitoring Wells in 200} 

Well Number ~ 
of 

tD.* Compound Samples Value a Minimum Maximum Average 6 

0111 Aluminum 2 39.0 45.9 42.5 ± 3.4 
Barium 2 130 132 131 ± 1.0 
Chromium 2 108 237 173 ± 64~5 
Cobalt 2 6.4 3.5 ± 2.9. ... 
Copper 2 3.5 24.2 13.9 ± 10.4 
Iron 2 499 576 538 ± 38.5 
Lithium 2 28.7 33.3 31.0 ± 2.3 
Manganese 2 10.1 21.5 15.8 ± 5.7 
Molybdenum 2 25.8 26:6 26.2 ± 0.4 
Nickel 2 52.0 127 89.5 ± 37.5 
Zinc 2 8.6 16.5 12.6 ± 4.0 

0119 Aluminum 2 14.3 78.7 46.5 ± 32.2 
Arsenic 2 1.0 1.3 1.2 ± 0.2 
Barium 2 99.7 106 103 ± 3.2 
Chromium 2 2.8 1.8 ± 1.0 ' 
Iron 2 1280 1790 1535 ± 255 
Lithium .2 30.2 30.3 30.3 ± 0.1 
Manganese 2 42.2 43.7 43.0 ± 0.8 
Molybdenum 2 2.3 2.5 2.4 ± 0.1 
Nickel 2 1.3 1.9 1.6 ± 0.3 
Zinc 2 1.6 4.1 2.9 ± 1.3 

a In cases where only one sample was collected, minimum. maximum, and average values do not apply . 

b Error limits are one standard deviation of the estimated mean. 

c Primary Maximum Contaminant Level. 

d Secondary Maximum Contaminant Level. 

e The secondary MCL for aluminum is a range; final MCL values have not been established. . 

r Action level. 

g Guide value based on a Hazard Index = 1. 

h No MCL or any other standard assigned. 

i Results below the method detection limit. 

MCL =Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

* Well locations shown on Figure 6-2. 
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Groundwater Mo.,itoring Results 

'fable D-2f .. lnorgani~ c;o,~~~ntrationsln Onsite l\1onitoring W~llsJn 2002 (~ontin~~dt 

Well Number J.1g/L 
... ~of 

I.D.* Compound S8mples Value a Miriimum Maximum Average b 

0125 Aluminum 2 89.5 906 498.±468 
Antimony 2 i 1.4 1.1 ± 0.3 
Barium 2 54.8 57.0 55:9 ± Ll 
Chroririum 2 2.0 2.6 2.3 ± 0.3 
Copper 2 1.7 12.0 6.9 ± 5.2 
Iron 2 38.7 93.1 65.9 ± 27.2 
Lithium 2 12.7 13.2 13.0 ± 0;3. 
Manganese 2 2.0 25.9 14.0 ~± 12.0 
MolYbdenum 2 16.8 18.9 17.9 ±t:o 
Nickel· 2 3.1 5.3 4.2 ± 1.1 
Zinc 2 6.7 194 100 ± 93.7 

0314 Aluminum 2 19.5 84.2 51.9 ± 32~4 
Arsenic 2 10.6 11.5 11.1 ± 0.4 
Barium 2 76.3 80.4 78.4 ± 2.1 
Chroinium 2 1.3 4.3 2.8 ± L5 
lrori 

.. 
2 3500 3510 3505 ± 5.0 

Lithium 2 41.1 41.4 41.3 ± 0.2 
Manganese 2 34.2 38.2 36.2 '± 2.0 
Molybdenum 2 9.1 9.4 9.3 ± 0.2 
Nickel 2 1.8 10.8 6.3 ± 4.5 
Zinc 2 3.1 1.6 ± 1.5 

a In cases where only one sample was <:ollected. minimum, maxunum, and average values do not apply. 

b Error limits are one standard deviation of the estiinated mean. 

c Primary Maximum Contaminant Level. 

d Secondary Maximum Contaminant Level. 

e The secondary MCL for aluminum is a range; final MCL values havenotbeen established. 

f Action level. 

8 Guide value based on a Hazard Index = 1. 

h No MCL or any other standard assigned. 

; Results below the method detection limit 

MCL =Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

*Well locations shown on Figure 6-2. 
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AppendixD 

Table D-24. Inorganic Concentrations in Onsite Monitoring Wells in 2002 (continued) 

Well Number f.1glL 
of 

l.D.* Compound Samples Value 3 Minimum Maximum Average!i 

0315 Alwninum 2 25.9 42.2 34.1 ± 8.2 
Antimony 2 i 1.2 0.9 ± 0.3 
Barium 2 161 175 168 ± 7.0 
Chromium 2 91.4 231 161 ± 69.8 
Cobalt 2 8.8 11.9 10.4 ± 1.5 
Copper , 2 3.2 39.3 21.3 ± 18.1. 
Iron, · 2 939 945 942 ± 3.0 
Lithium 2 17.8 26.5 22.2± 4.4 
ManganeSe. 2 15.4 25.4 20.4 ± 5.0, 
Molybdenum 2 8.0 132 70.0 ± 62.0 
Nickel 2 112 203 158 ± 45.5 
Tin 2 31.1 15.9 ± 15.2 . 
Vanadium 2 i 1.3 0.7 ± 0.6 
Zinc 2 4.5 10.8 7.7 ± 3.2 

0319 Aluminum 4 27.8 139 69.8 ± 42.7 
Barium 4 152 161 156 ± 3.9 
Chromium 4 21.3 35.6 27.1 ± 5.3. 
Cobalt 4 1.5 3.3 2.2 ± 0.7 
Copper 4 2.3 3.5 2.9 ± 0.5. 
Iron 4 295 574 420 ± 100 
Lithium 4 10.3 11.9 10.9 ± 0.6 
Manganese 4 182 260 221 ± 36.6 
Molybdenum 4 3.4 4.2 3.8 ± 0.3 
Nickel 4 82.9 174.4 109 ± 26.2 
Selenium 4 L9 Li £o.6 
Tin 4 i 2.3 1.2 ± 0.6 
Zinc 4 5.4 14.3 8.0 ± 3.7 

a In cases where only one sample was collected, minimum, maximum, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

" Primary Maximum Contaminant Level. 

d Secondary Maximum Contaminant Level. 

e The secondary MCL for aluminum is a range; final MCL values have not been established. 

r Action level. 

g Guide value based on a Hazard Index = 1. 

h No MCL or any other standard assigned. 

i Results below the method detection limit. 

MCL =Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

*Well locations shown on Figure 6-2. 
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, Groundwater Monitoring Results,.~ . , .·.. . . . ... . .. . __ 

Well Number p.g!L 
of-

I.O;* COmpound Samples · Value a Minimum· MaX.imum Average!; 

0345 Aluminum 2 9.5 36.8 23.2 ±13.7 
Barium 2 82.0 87.6 84.8 ± 2.8 
Chromium 2 7.7 4.2 ± 3.5 
Cobalt·-· 2 2.3 3.3 2.8 ± 0.5 
Iron; 2 9.1 149 79.1 ± 70.0 
Lithium 2 31.9 32.0 32.0:!: 0.1 
Manganese 2 20.6 33.1 26.9 ± 6.3 
Molybdenum 2 1.3 3.1 2.2 ± 0.9 
NiciCef · 2 14.7 . 49.2 32.0;± 17.3 
Zinc'·-=··· 2 4.0 2j ± L8 . ' "' ~ .. 

0346 Aluinin:um 2 31.9 - 36.2 34.1 ±2.2 
Barium 2 55.3 64.0 59.7 ± 4;4 
Chromium 2 11.6 17.8 14.7:!: 3.1 
Cobalt 2 2.2 3.2 2.7 ± 0.5 
Copper 2 i 1.2 1.0 ± 0.2 
Iron'· 2 290 771 531 ± 241 
LithiUfu . 2 47.9 52.2 5o. I•± 2:2 
Manganese· 2 60.4 66.6 63.5:!: 3.1 
Molybdenum. 2 2.5 2.8 2.7 ± 0.2 
Nickel • 2 10.9 70.3 40.6 ± 29.7 
Zinc 2 4.1 6.7 5.4 ± 1.3 

a ,In cases where only one sample-was collected, minimum, maximum, and average values do not apply. 

b Error limits~ one standard deviation of the estimated mean. . . 

c . Primary Maximum .Contaminant .LeveL 

d Secon~_Max!mllll!Co~t,_Le,v:el. ··~ _ ... 
e The secondary MCL for aluminum is a range; final MCL values have not been established. 
r Action le~et: · 

_________ g_Guide-value-basedonaHa.za.rd-lndex=-1 .. --~ 

h No MCL or any other standard assigned. 
i Results below the method detection limit. 
MCL =Maximum Contaminant_Level.(based on EPA Primary Drinking Water Standards). 
*Well locations shown on Figiiie 6-2. 
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AppendixD 

Table D-24. Inorganic Concentrations in Onsite Monitoring Wells in 2002 (continued) 

Well Number J.Lg/L 
of 

I.D.* Compound Samples Value 3 Minimum Maximum Average b 

0353 Aluminum 2 62.4 82.5 72.5± 10.1 
Barium 2 94.2 98.1 96.2 ± 1.9 
Chromium 2 1.0 1.2 1.1 ± 0.1 
Cobalt 2 1.7 4.7 3.2 ± 1.5 
Iron 2 482 576 529 ± 47.0 
Lithium 2 30.6 30.9 30.8 ± 0.2 
Manganese 2 133 169 151 ± 18.0 
Molybdenum 2 L4 1.6 1.5 ± 0.1 
Nickel 2 22.4 79.2 50.8 ± 28.4 
Zinc 2 3.1 8.9 6.0 ± 2.9 

0379 Aluminum 2 26.7 40.0 33.4±6.6 
Barium 2 162 191 177 ± 14.5 
Chromium 2 12.3 244 128 ± 116 
Cobalt 2 2.0 7.0 4.5± 2.5 
Copper 2 7.9 4.1 ± 3.8 
Iron 2 187 971 '579 ± 392 
Lithium 2 49.7 51.5 50.6± 0.9 
Manganese 2 17.4 26.1 21.8 ± 4.4 
Molybdenum 2 4.8 35.1 20.0 ±15.2. 
Nickel 2 149 271 210 ± 61.0 
Zinc 2 i 5.0 2.8 ± 2.2 

" In cases where only one sample was collected. minimum, maximum, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c Primary Maximum Contaminant Level. 

d Secondary Maximum Contaminant Level: 

e The secondary MCL for aluminum is a range; final MCL values have not been established. 

r Action level. 

8 Guide value based on a Hazard Index = 1. 

h No MCL or any other standard assigned. 

i Results below the method detection limit 

MCL =Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

* Well locations shown on Figure 6-2. 
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Groundwater Monitoring Results .. 

Ta):)le ~~2,4. Inorganic. C6ncell~tion~ in. QJ.isite Mtl.n.i!()ring .W ~liS i_n:2()(t2J continue~l) 

Well Number ~ 
of 

LD.* CompoWld Samples Value a Minimum Maximum ·Average b 

0382 Aluminum 2 22.8 39.0 30.9 ± 8.1 
Barium 2 195 233 214 ± 19.0 
Chromium 2 2.2 19.7 11.0 ± 8.8 
Iron 2 628 726 677 ± 49.0 
Lithium 2 246 248 247 ± 1.0 
Manganese 2 38.9 41.9 40.4 ± 1.5 
Nickel 2 10.1 279 145 ± 135 
Zinc 2 1.7 2.0 l.CJ±O.I 

0395 Aluminum 2 52.4 93.7 73.1 ±20.7 
Barium 2 57.5 68.9 63.2 ± 5.7 
Chromium 2 27.7 53.9 40.8 ± 13.1 
Co batt 2 2.1 5.0 3.6 ± 1.5 
Copper 2 2.0 2.0 2.0 ± 0.0' 
Iron 2 492 588. 540 ± 48 
Lithitim 2 38.0 39.1 38.6 ± 0~6 
Manganese 2 19.8 24.8 22.3 ± 2.5 
Molybdenum 2 4.2 4.9 4.6 ± 0.3 
Nickel · 2 198 436 317±119; 
Zinc 2 73.1 87.0 80.1 ± 6.9 

a In cases where only one sample was collected, minimum;·maximum. and·average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c Primary Maximum Contaminant Level. 

d Secondary Maximum Contaminant Level. 

• The secondary MCL for aluminum is a range; final MCL values have ~ot been established. 

r Action level. 

g Guide value based on a Hazard Index = I. 
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i Results below the method detection limit 

MCL =Maximum Contaminant Level (based on EPA Primary Drinking Water Sta!tdards)~ 

*Well locations shown on Figure 6-2. 
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AppendixD 

Table D-24. Inorganic Concentrations in Onsite Monitoring WeDs in 2002 (contiJlued) 

d Secondary Maximum Contaminant Level. 

e The secondary MCL for aluminum is a range; final MCL values have not been established. 

r Action level. 

g Guide value based on a Hazard Index= 1. 

b No MCL or any other standard assigned. 

; Results below the method detection limit. 

MCL =Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

*Well locations shown on Figure 6-2. 
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Groundwater Monitoring Results .. 

Tab~e :0 .. 24. Inorganic Con~~nft~tiOJ~~ i~ Onsite Monitopng Wells in 2Q:02 (continued) 

Well Number J.Lg/L 
of 

I.D.* Compound Samples Minimum MaX:imum Average b 

0411 Aluminum 4 15.1 220 74.7 ± 85.0 
Barium 4 68.6 79.3 73.7 ± 5.1 
Chromium 4 14.3 80.3 42.9 ± 23.8 
Cobalt 4 7.2 24.3 17.1 ± 6.4 
Copper 4 1.8 4.0 2.6 ± 0.9 
Iron 4 84.9 641 323 ± 202 
Lead 4 2.3 1.0 ± 0.8 
Lithium 4 42.5 49.2 46.6 ± 2.5 
Manganese 4 3.1 18.1 9.1 ± 5.6 
Molybdenum 4 i 1.8 1.3 ± 0.6 
Nickel 4 21.9 57.8 35.2 ± 14.3 
Zinc 4 3.4 74.4 23.9 ± 29.2 

0442 Aluminum 3 65.1 148 109 ± 34.0 
Barium 3 17.7 20.7 18.9 ± 1.3 
Chromium 3 1.4 0.9 ± 0.3 
Cobalt 3 22.7 8.0 ± 10.4 
Copper 3 1.5 2.2 1.9 ± 0.3 
Iron 3 232 260 242 ± 12.8 
Lithium 3 350 426 381 ± 32.6 
Manganese_ 3 15.1 31.7 24.6 ± 7.0 
Nickel 3 2.8 1.7 ± 1.0 
Zinc 3 4.7 7.7 6.0 ± 1.3 

a In cases where only one saniple was collected, minimum, maXimum, and average vaiues do not apply. 

b Error limits are one standard deviation of the estimated mean. ·. 

c Primary Maximum Contaminant Level. 

d Secondary Maximum Contaminant Level. 

e The secondary MCL for aluminum is a range; final MCL values have not been established. 

f Action level. 

g Guide value based on a Hazard Index= 1. 

h No MCL or any other standard assigned. 

i Results below the method detection limit. 

MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

* Well locations shown on Figure 6-2. 
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AppendixD 

Table D-24. Inorganic Concentrations in Onsite Monitoring Wells in 2002 (continued) 

Well Number Jlg/L 
of 

LD;* ~· Compound · Samples · Value• Minimum Maximum Averageii 

0443 Aluminum 3 49.3 805 317 ± 346 
Barium 3 33.6 44.5 39.2 ± 4.5 
Chromium 3 1.7 11.4 5.4 ± 4.3 
Cobalt 3 6.7 4.1 ± 2.7 
Copper 3 2.2 1.4 ± 0.6 
Iron 3 67.4 809 339 ± 334 
Lithium .3 24.4 30.4 26.4 ± 2.8 
Manganese 3 12.1 4.7 ± 5.2 
Molybdenum 3 i 1.6 0.9 ±0.5 
Nickel 3 1.8 8.1 3.9±2.9. 

;. 

Thallium 3 1.1 1.6 1.4 ± 0.2 
Zinc 3 1.9 4.3 2.8 ± 1.0 

0444 Aluminum 3 73.8 241 134 ± 75.7 
Barium 3 26.1 38.3 31.7 ± 5.0 
Chromium 3 13.6 5.6 ± 5.7 
Copper 3 2.1 1.3 ± 0.5 
Iron 3 248 472 330 ± IOL 
Lithium 3 76.9 96.6 88.5 ± 8.4 
Manganese 3 22.0 39.5 32.6 ± 7.6 
Nickel 3 1 . 3.3 1.9 ± 1.1 
Zinc 3 2.8 13.9 9.5 ± 4.8 

• In cases where only one sample was collected, minimum, maximum, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c Primary Maximum Contaminant Level. 

d Secondary Maximum Contaminant Level. 

• The secondary MCL for aluminum is a range; final MCLvalues have not been established. 

r Action level. 

g Guide value based on a Hazard Index = 1. 

h No MCL or any other standard assigned. 

i Results below the method detection limit. 

MCL = Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

*Well locations shown on Figure 6-2. 
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Groundwater Monitoring.,Results _ 

Well Number J.l.g/L 
of. 

I.D.* Coiripound Samples Value a Minimum Maximum Average b 

0445 Aluminum 3 232 844 471 ±'267 
Barium 3 3090 .· 7140 5488 ± 1736 
Chromium 3 i 4.7 2.8 ± 1.8 
Cobalt 3 . 5.0 18.5 10.6 ± 5:8 
Copper 3 5.2 6.1 5.6 ± 0.4 
Iron 3 614 1001 745 ± 181 
LithiUm 3 1710 3705 2755 ± 8"t7 

~eSe 3 350 1585 1067£523 
Molytxienum 3 6.2 10.4 7.8± 1.8 
Nick~ I 3 13.5 32.8 24.6 ± 8.1. 
Zinc 3 13.3 70.0 33.9 ± 25.6 

POlS Aluminum 2 21.7 299 160 ± 139 
Barium· 2 93.5 97.1 95.3 ± 1.8 
ChrOmium 2 4.7 12.9 8.8 ± 4.1 
Copper 2 1.1 2.8 2.0 ±0.9 
Iron 2 . 52.2 395 224 ± 171 
Lithium 2 17.8 20.5 19.2± 1.4 
Manganese 2 1.2 9.4 5.3 ± 4.1 
Molybdenum 2 2.5 3.2 2.9±0.4 
Nickel 2 22.6 26.3 24.5 ± 1.8 
Zinc 2 3.5 13.6 8.6 ± 5.1 

a Incases where only one ~ple WaS collected, minimum, inaximurri, and a~erage values do not apply. 

b Error limits are one standard deviation of the estimated me"an. 

c Primary Maximum Contaminant Level. 

d Secondary Maximum Contaminant Level. 

" The secondary MCLfor allmiinum is a range; final MCL values have not been established. 

f Action level. 

g Guide value based on a Hazard Index= 1. 

h No MCL or any other standard assigned. 
1 Results below the method detection limit. 

MCL =Maximum Contaminant Level (based on EPA PriiDary Dri.nking Water Standards). 

*Well locations shown on Figure 6-2. 
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AppendixD 

Table D-24. Inorganic Concentrations in Onsite Monitoring Wells~ 2002 (continued) .. 

Well Number JlflL 
of 

I.D.* Compound Samples Value a Minimum· Maximum Average 6. 

P031 Aluminum 2 16.4 53.0 34.7 ± 18.3 
Barium 2 60.3 72.3 66.3 ± 6.0 
Chromium 2 1.4 4.3 '2.9 ± 1.5 
Copper 2 1.3 4.6 3.0 ± 1.7 
Iron 2 19.2 80.1 49.7 ± 30.5 
Lithium 2 4.7 5.7 5.2 ± 05 
Molybdenum 2 5.1 5.3 5.2 ± 0.1 
Nickel 2' 6.9 9.1 8.0 ± l.l 
Zinc 2 1.3 0.9 ± 0.4 

P033 Aluminum .. 2 11.8 155 137± 18.5 
Barium 2 49.1 59.4 54.3 ± 5.2 
Chromium 2 3.2 28.7 16.0 ± 12.8 
Cobalt 2 5.2 7.7 6.5 ± 1.3 
Copper 2 1.0 2.5 1.7 ± 0.8 
Iron 2 143 394 268 ± 125 
Lithium 2 .2.8 3.9 3.4 ± 0;6 
Manganese 2 5.6 7.8 6,7 ± 1.1 
Molybdenum 2 1.2 4.5 2.9 ± 1.7 
Nickel 2 2.5 30.1· 16.3 ± 13.8 
Zinc 2 7.6 22.1 14.9 ± 7.3 

a In cases where only one sample was collected, minimum, maximum, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c Primary Maximum Contaminant Level. 

d Secondary Maximum Contaminant Level. 

e The secondary MCL for aluminum is a range; final MCL values have not been established. 

f Action level. 

g Guide value based on a Hazard Index = 1. 

h No MCL or any other standard assigned. 

i Results below the method detection limit 

MCL =Maximum Contaminant Level (based on EPA Primary Drinking Water Standards). 

* Well locations shown on Figure 6-2. 
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Groundwater Monitoring Results . . 

Number Tritium Average 'as a 
··-Seep · Historic -. .. of-· ' '-¥- ........ ' nCi/L. %oftheEPA 

LD.* Designation Samples· Value·a Minimum Maximum Average S.c Standard d 

0601 S001 351 13.27 82.16 51.63 ± 14.92 258 
0602 8002 1 8.6 43.0 
0603 S003 I 0.68 3.4 
0605 soos 3 22.16 33.44 26.30±5.07 132 
0606 S006 3 7.74 8.64 8.14 ± 0.37 40.7 
0607 8007 '' 306 2.99 14.34 8.82±2.46 .. 44.1 
0608 S008 4 8.56 11.62 9.61 ± 1.19 48.0 
0617 2 0.44 0.70 0.57 ± 0.13 2.9 
SOl 3 e 0.71 0.40 ± 0.27 2.0 

¢ 

a In cases where only·one sample Was collected, minimum, maximum, and average values do not apply. 

b Error limits are one standard deviation of the e~timated mean. 

c LDL for tritium .in seep water is 0.5 nCi/L. 

d The EPA standard for tritium in drinking water.is 20 nCi/L. 

e Below the blank value. . . 
. . . . ,: 

* Seep locati_ons are shown on Figure 6-8. 
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AppendixD 

Table D-2~. VOC Concentrations in Seeps in 2002 

Number 
Seep of !!giL 
ID.* Compound Samples Value a Miriirnum Maximum .. Average 6 

0601 Tetrachloroethene 4 4.0 12.0 8.5±2.9 
Trichloroethene 4 1.2 4.9 3.0± 1.3 

0602 cis-1 ,2-Dichloroethene .l 1.4 
Trichloroethene 1 3.0 

0605 cis-1,2-Dichloroethene 3 c 5.4 2.8 ± 2.2 
Trichloroethene 3 4.0 7.8 6.4 ± 1.7 

0606 Trichloroethene 3 c 3.4 1.1 ± 1.6 

0607 Trichloroethene 4 ·c 3.1 1.5 ± l.l 

0608 None detected 4 c .. .c c 

0617 cis-1 ,2-Dichloroethene 2 1.3 2.0 1.7 ±0.4 
Trichloroethene 2 3.8 7.9 5.9±2.1 

SOl None detected 4 c c c 

a In cases where only one sample was collected, minimum, maximum, and average values do not apply. 
0 Error limits are one standard deviation of the estimated mean. 

< Results below the method detection limit. 

MCL =Maximum Contaminant Level (based on EPA Drinking Water Standard). 

* Seep locations are shown on Figure 6-8. 
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Grouiidwater.Monitoring.Results 

Capture Number Tritiiim Average as.a% 
Pit Historic. -of nCi/L oftheEPA 

LD.* Designation Samples: Minimum Maximum· Average a.S Standard e 

0712 P012 162 0.48 2.61 L32±(t36 6.6 
0714 P014 82 55.79 171.82 94.10 ±'i7~20 471 
0726 W006 149 e 114.44 12.07± 19.65 60.4 
0727 W007 100 127.26 439.99 249.17±49.54 1246 

a In cases ~here only one ~le was collected, minimum, maximum, and average ~al~es do t14)t apply. 

b Error limits are one standard deviation of the estimated mean. 

e LDL for tritium in seep water is 0.5 nCi/L. 

d The EPA standard for tritium in drinking water is 20 nCi/L. 

e Below the blank value. 

* Capture Pit locations are shown on Figure 6-8. 
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AppendixD 

Table D-28. VOC Concentrations in Capture Pits in 2002 

Capture Number 
Pit of ~ 

I.D.* Compound Samples. Value a Minimum Maximum Averager; MCL 

0712 cis-1 ,2-Dichloroethene 2 c 1.0 0.5 ±0.5 70 
Trichloroethene 2 1.2 2.1 1.7 ±0.5 5 

0714 Benzo( a)anthracene 4 c 1.10 0.42 ±0.42 
Benzo( a)pyrene 4 c 1.40 0.56±0.53 0.2 
Benzo(b )fluoranthene 4 c 1.10 0.43 ±0.41 
Benzo(k)fluoranthene 4 c 0.66 0.22±0.27 
Benzo(g,h,i)perylene 4 c 1.70 0.43 ±0.74 
Fluoranthene 4 1.63 4.20 2.87 ± 1.03 
Indeno( J ,2,3-cd)pyrene 4 c 1.30 0.33 ±0.56 

0726 cis-1,2-Dichloroethene 2 3.9 4.4 4.2±02 70 
Tetrachloroethene 2 0.4 0.5 0.5 ±0.1 5 
Trichloroethene 2 23.0 24.0 23.5 ±0.5 5 .. ..;. 

0727 Tetrachloroethene 1.7 5 
Trichloroethene 5.1 5 

a In cases where only one sample was collected, minimum, maximum, and average values do not apply. 

b Error limits are one standard deviation of the estimated mean. 

c Results below the method detection limit 

MCL =Maximum Contaminant Level (based on EPA Drinking Water Standard). 

* Capture pit locations are shown on Figure 6-8. 
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Groundwater Monitoring.Results . . 
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APPENDIXE 

DOSE ASSESSMENT METHODOLOGY · 

E.l Eiposure Routes 

Members of the public receive radiation doses via various exposure pathways. For radionuclides 
discharged to the :atmosphere, a person may inhale or be iriunersed in airborne radionuclides. 
Other routes of airborne exposure inClude ground deposition of radionuclides and conSumption 
of food products that were contaminated by airborne releases. For radionuclidesreleased .to 
water, a person may consume contaminated water or ,fish; . The other potential water-based 
exposure pathways (e.g., swimming and boating) generally do not add significantlyto the dose. 

E.2 Dose Calculations Based on Measured Data 

For DOE reporting requirements, d()ses are presented as 50-year committed effective dose 
equivalents (CEDEs). The CEDE is the total dose equivalent that will be received by an 
individual over a 50-year time period as a result of one year of exposure to ionizing radiation. 
The total CEDE reported for MCP is the sum of the CEDEs from the air, drinking_ water, and 
foodstuff pathways. 

' 

CEDEs for tritium, plutonium-238, plutonium-239,240, and thorium-228 were calculated for 
2002. (Concentrations of other radionuclides were below background levels or were~too small 'to 
affect the overall dose.) The CEDEs are evaluated using environmental monitoring data 
measured on and near the site. A CEDE for a given radi()nuclide is calculated as shown below. 
Specific input values for 2002 are shown in Table E-1. The CEDEs for all radionuclides are then 
summed to provide a single value for reporting purposes. 

p 

. CEDE=~C •I •DCF £.J r a 
l 

where CEDE =total committed effective dose equivalent, mrem. 

p 

L = summation over the exposure pathways 1 through p. 
1 . 

C,·= maximum average concentration oftheradionuclide. 

I a = annual intake of the environmental medium. 

DCF = dose conversion factor for the radionuclide and intake type. 
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Dose. Assessment Methodology 

Table E-1. Factors Used to Calculate 2002 CEDEs 

Radionuclide 

Tritium 
Air 

,Drjnking water 
Foodstuffs 

Plotoniuin-238 
Air 

·Drinking water 
Foodstuffs 

Plutonium-239,240 
Air 
: Dririking water . 
Foodstuffs 

Tborium-228.. . . . 
Air 
Drinking Water 
Foodstuffs 

. Tb().rium-230. 
Air· 
~gWater 
FoOdStuffs 

Tborium-232 
Air 
Drinking Water 
·FoodStuffs 

Concentration a 

2.89 X 10'12 J.LCi/mL 
0.16 X 1 0~ J.LCilmL 
0.13,;r< 10-o JJ.Ci/m~ 

9.37 X 10'18 J.LCilmL 
11 A 1 X 10"12 J,.!.Cilml 

0.1 X 10'9 J,.!.Ci/ g 

0.21 x 1 o-•s JJ.Cilml 
ND 

0.1 X 10:9 J,.!.Ci/g 

NA 
5.1 x 10'12 JlCi/ml 

NA 

NA 
ND. 
NA 

NA 
ND 
NA 

Location• 

. 214R, ' 
Miamisburg 
Miamisburg 

214R 
Miamisburg 
Miamisburg 

214R 
Mia.D:risbmg 
Miamisbt.irg 

Miamisburg 

Miamisburg 

Miamisburg 

Dose Conversion 
Factor, mrem!J,.!.Ci 

§.3 x 10'2 (a) 
6.3 X 10-l 
6.3 x w·2 

3.8 x 105 (b) 
L9 X 103'(b) 
1.9x 103 (b) 

4.2 X 105 (b) 
NO 

2.2x 103 (b) 

NO 

NO 

a Represents the average radionuclide concentrations in air corresponding to the location of the maximmn offsite 
dose, average incremental radionuclide concentrations from the Miamisbi.trg water supply, and average produce 
concentrations from the Miamisburg area. · · 

NO = concentrations not detectable above the environmental level or reagent blanks. 
NA = not applicable (not measured). 
•-Air sampling locations sbown on Figure 4=4. 

Annual Intake Rates: 
Air 
Drinking water 
Foodstuffs 

8400m3 

130L 
260kg 

____ ............................... ----~ 

(a) To calculate the CEDE, the dose factor shown in the tableds multiplied by 1..5 to include absorption of tritium 
through the skin. 

(b) Plutonium releases from MCP are believed to be insoluble (ClassY). However,. to provide a reasonable degree 
of conservatism in the dose estimates, the Pu-238 and Pu-239 dose factors are averages of Class W and Class 
Yvalues. 
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AppendixE 

E.3 Dose Calculations for NESHAPs Compliance 

To demonstrate compliance with the requirements of the National Emission Standards for 
Hazardous Air Pollutants (NESHAPs, 40 CFR 61, Subpart H), MCP performs additional dose 
calculations each year for all airborne releases. As approved by the EPA, the computer code 
CAP88-PC is used to calculate those doses. 

The CAP88-PC computer model is a set of computer programs, databases, and associated utility 
programs for estimation of dose and risk from radionuclide emissions to air. CAP88-PC was 
developed by the U.S. EPA to demonstrate compliance with the National Emission Standards for 
Hazardous Air Pollutants (NESHAPs) or radionuclides under 40 CFR Part 61, Subpart H. 

Whenever available, MCP uses site-specific data as input to the code. Meteorological data 
measured onsite are used to evaluate transport and dispersion. Stack specific release rates are 
used as showi:l below (Table E-2). Table E-2 also lists the relevant stack information used for the 
2002 CAP88-PC runs. 
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Appf!nd" F 

. PE D F 

p .C L S OF RADIATIO 

'be tom 

Ail ubstance nre compos d of atoms. Atoms: are exceedingly small with an a ·era e dimneler of 
·only about 0.000,000,,001 incb. To put lhis in p rspective, approximately 100,00fi a toms lying 
side by side in a ~traight lin touching one another would span the thicknes of a . heet o thin 
paper. Atoms are composed ofthrc basi'· parts: 

1rot ns 11r1d nl:aliinm~'' 

• elecrrons. 
• prot ns and 
• n utrons 

electron 

Atom Model orb iwls 

Proton· and ncutr ns ~om:po e U1e part of an atom ai le the nuc eus. The proton's have a positive 
ele..ctrical h ge while the neutrons bnve no Jectrica · charg . Protons and neutrons ar _ simi Jar lll 

mass and ar con 'derably n ore mas. ive thane .. ctrons ~ app xim' t ly l .800 tim s a " ma iv ). 
Th re ore the nud u conta'n. nearly all of the mass o the atom The eleclron ·• wbi b carry a 
nega 've electrical charge, orbi.t the nucleus. Typically lhe number of p otm1 (po itive charge.) 
10 the nucleus is equivalent to flrl number of electrons (negative charges) 'n the orbits, thus 
creating an atom mal is electrically neutral {nQ net charg ). 

Th nromic number i· an idenrifyin chars · ristic o at'! dement . nd equals the number of 
protons in the atomic nucieu · of an atom. Each clem ·n ha an associated aton ic number Lhal 

c e a. an iden[tfi r. For example. hydrogen ba an atomi~ number of one corresponding lo one 
proton in the nucJeus lhe hydroge atom al ba an \ectroo l at orbi th nucleus thus k ping 
t 1e atom electrically m:ul.ral). rlutooium, a mucb more m · s1 e atom, h.a an atomic numbet of 
94 oo espoJiding ~o 94 protons in the oudeus and 94 elc'troo orbiting the nu lew o maintain 
1 "ctncaJ neutml it:y. 

The sum of the proton and n utron in an atom' oucl u I.S caHccl th" ma . number ]though 
the number of proton· in lh~ nucleus will alwa)\ be the arne for any g' en element, the number 
of neutrons in the nucleus can vary. For ampl ", mo~t hydr gen atom hav a nucleus compos d 
o, . ingle proton with no neutrons giving i a m numb ·r o · J. Hydrogen atom with mas 
nun ber lWo are known as deuterium and ha ·• both a proton and 1:1 neutron in the nucleu~. 
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Principles of Radiation 

Tritium, a form of hydrogen important to pa.St MCP operations, has a nucleus composed of one 
proton and two neutrons. As can be seen from this example, all three forms of hydrogen have 
exactly one proton in the nucleus, but have differing numbers of neutrons. Chemically, these 
three forms of hydrogen all behave in a similar manner. These forms ·of hydrogen all having the 
same atomic n\nnber but different mass numbers are known as isotopes. 

The radionuclides that are of concern at MCP are: 

Radionuclide Mass Number Half-Life (years) 

plutonium-238 (94 protons+ 144 neutrons= mass number 238) 87.7 
plutonium-239 (94 protons+ 145 neutrons= mass number 239) 24,100 
plutonium-240 (94 protons+ 146 neutrons= mass number 240) 6,560 

uranium-233 (92 protons+ 141 neutrons= mass number 233) 1.6 X 105 

uranium-234 (92 protons + 142 neutrons = mass number 234) 2.5 X 105 

uranium-235 (92 protons+ 143 neutrons= mass number 235) 7.1 X 108 

uranium-238 (92 protons+ 146 neutrons= mass number 238) 4.5 X 109 

thorium-228 (90 protons+ 138 neutrons= mass number 228) 1.9 
thorium-230 (90 protons+ 140 neutrons = mass number 230) 7.5 X 104 

thorium-232 (90 protons+ 142 neutrons= mass number 232) 1.4 X 1010 

hydrogen-3 (tritium) (one proton+ two neutrons = mass number 3) 12.3 

Radioactivity and Radiation 

The atomic nucleus is held together by exceedingly. strong forces of attraction w.l;tich act 
indiscriminately between its protons and neutrons, protons and protons, neutrons and neutrons. 
Certain isotopes, because of their own physical makeup, are unstable. This instability is due to an 
unbalanced ratio between the number of protons and the number of neutrons. This instability in 
the nucleus causes the atom to change spontaneously to a more stable, less energetic state. This 
spontaneous change is called radioactivity and the atom is said to decay or disintegrate. Radiation 

~~ ~-is-the-particles-and-energy-associated ~with the-radioactivity;-The-three-major-types-of-radiation · ~ 
are alpha, beta, and gamma. 
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WheD a mdioac lve atom decays, its nucJ u. changes :1nd •he r . Jtanl atom generally is no 
longer the am kind of atom· jt tmn fonn in o an element of different atom· c numb r. 1!\.s note.d. 
abov • llie radioactiv de .a.y i brought about by instability in the nucleus. By the proceSJ of 
r&dioacfi e d cay the otom · trives to achieve a more stable onfigumtion. The u1timate table 
configuration i not always reacbed in d ay 'transfonnalion. In fa ~ the new element, called a 
•daught .r" re 1 Jting from the radioa tiv . d a:y may be more unstable man the "parent .. 

ltimately the original radionuclide will b , transformed into .a table element through l3l s.mies of 
r:mnsfonn,a.tion .. The decay sequenc from mdioactive parent to radioactiv,e daughter is called a 
radioactive decay chain. The time requir d. for oDe-hldf of aU th atoms of a mclionuclide io 

· 'ccay ts aJJ d its ''llalf-lifl .. ' · The half-life is an av .rage value for .ooy very large number of 
atoms. It do~ not ac.cl.lnltely pply ton small number of atoms. 

Each at m e, ent'ally t e•~ 1L<:~ own fme to deca. and tbere is no predi ting wb n its instability 
will cause it to do Sll. RadionucHd s with short half-tit· s su h as iodino.-131 (used in medical. 
radiothernp,y) decay away rapidly and may no pose a much of an environmeotal conccm as a 
long rved (long h.n1f bte) radionuclide Uk plutonium- 39 whlcb .Ql8iy r: _main in the environment 
for many thousands of years. 

As noted above. h are thr-ee primary typ -s of rndiatioo: 

• aJpha. 
• eta 
• gamma 

Alpha particle resull wben he un ·table nuclcu of a radionuclidc ejects a particle "'onsisting of 
two protons and n o neurrons . The rcsuJting particle ba.s a n,et po itive char(7e and will therefore 
rea ·t ith any atom that ue n - y (j,,e . with the negative el cimnic charge of the orbital 
,electrons -or the positi e electronic charge of the protons in the nuc1eu ). The. e interactions, cause 

the alpba partic1e to give up orne of the origina) energy it oontain d wben ~jected from lh · 
nucleus Tn fact there nre enough atoms within the thickness of an ordinary heet of piip. r to react 
v ' l:b .and bring to r st must alpha particle . The alpba particle w·u thcretbr Dot pene te o, id 
material to any significanl depth. If an alpha pa.rticle · rclea ed .m ide the: human body (by means 
su h as inhaling radioa ·ti .. partie! ). th emitted aWpba particle will b broughr toO rest rapid y 
within a small volume of human ti ~ · s u.e. Thus lll1 of th 1 ergy f th • alpb.a particle 's relem~ed 
within a mall olume of Li ~ u md cellular damage an ~cur. Isotopes of plutonium nnd 
unm.iwn a£i exampl ofradionuclide us d by M "P thar de<:ay by emitting alpha particles. 

Beta pwticl s re ult when the un ·t· , t· nucl.c 1s 1f a radionuclidc cjc "ts a, particle oru i ting of a 
negatively char• (] Jectron" As'~ nh a phD p rticles , the charged beta particle interacts with any 
atoms that ar o arby tbu lo mg ome of its initial energy. However because beta particles ha e 
on1y half the harge of an a pha parUdc and are ejected from the ucleu.<; ith a much greater 
velocity mo l can p n ~trate olids more ,readily han aJpha part· ~ . Trifum is an exi.UIIple of a 
radionu lide used by MCP lh t decay by emitting a very low-energy beta particle. 
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Principles of Radiation 

Gamma rays, unlike alpha and beta particles, are not physical particles. Instead a gamma ray is a 
package of energy that behaves as though it were a particle. Gamma rays are exactly the same in 
nature as visible light, heat waves, radio waves, radar rays and x-rays. They have very short 
wavelengths that are typically shorter than those of most x-rays and are generally more energetic 
than x-rays. The penetrating power of x-rays is well known and since gamma radiation is very 
much like the radiation of x-rays, the penetrating power of gamma radiation is also very high. 

. Q~a rays can P_!~s t~ough the human body giving up small amounts of energy along the way. 
Many radionuclides emit both alpha and gamma or beta and gamma radiation upon decay. 
Isotopes of plutonium are examples of radionuclides used by MCP that decay by emitting both 
alpha and gamma radiation. 

Units of Measurement 

Radioactivity is typically measured in terms of"activity." Activity corresponds to the number of 
atomic nuclei of any particular radionuclide that decay over a specified time intervaL A "curie" 
(Ci) is a unit typically us·ed to define activity. One curie is equal to the amount of radioactive 
material that decays at a rate of 37 billion atoms per second. This disintegration rate is almost 

. exactly the rate at which one gram of radium-226 decays. As noted earlier, each radioactive 
isotope follows its own specific decay schedule in accordance with its half-life. As a result, for a 
given quantity of material (e.g. one gram), different radionuclides will vary in the number of 
nuclei that will disintegrate over a given time period. Therefore equal masses of different 
radionuclides have varying activity levels that are dependent on each radionuclide's half-life. As 
an example, one gram ofradium-226 (radium-226 has a half-life of 1,600 years) is equivalent to 
one curie of activity.· It would take about 1.5 million grams ofuranium-238 (half-life 4.5 billion 
years) to have an activity of one curie. In other words it would take 1.5 million grams of 
uranium-238 to yield 37 billion disintegrations per second. As can be seen from the example, 
radionuclides that decay rapidly (short half-lives) have relatively high activity levels compared to 
radionuclides that have very long half-lives. 

It should be noted that a curie is only related to the number of disintegrations that occur in a 
given time frame and does not indicate the biological damage that the radionuclide could cause if 
it comes into contact with a person. That is to say that one curie of tritium is not equivalent to 
one curie of plutonium-238 in tenns of the biological effect on living tissue. The activity levels 
of radionuclides in the environment due to MCP activities operations are typically very small 

--·--·---fractions-of-a-curie;A-convenient-way-to-express-these·very·small-curie-ftactions ismtroducing -
two additional units: the microcurie (J!Ci) (one millionth of a curie) and the picocurie (pCi) (one 
trillionth of a curie). Thes~ units are used throughout this Report. 
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. Appendix F 

Radiation Dose 

Radiation dose is a measure of the amount of energy delivered to a body. As _no~ in the 
previous section, for a !Pven activity level, different radionuclides will vary in thek ability to 
cause biological damage (e.g., at a given activity level, alpha radiation is more damaging than 
beta). A "dose equivalent" is a means of comparing the dose resulting from exposure to various 
radionuclides. The Roentgen Equivalent Man (rem) is ·the unit used to express the dose 
eqUivalent A rem is defined as the dose, measured in terms of·a specific amount of energy, 
which produces the biological equivalent to that produced by the same 'amount of x-ray energy. 
The rem allows for a direct comparison· of the potential damage that may be cailsed by exposure 
to various radionuclides. 'The higher the· rem value; the greater the ·potential for biological 
damage. · · · 

Dose can be viewed in~several <,tifferentways ·and is typically reported.with respect to either a 
specific organ, an effective dose, a committed effective. dose, or. a whole body dose. ·Each dose 
measure will be discussed belQvv. 

The organ dose is the estimated dose received by a specific organ due to exposure to radiation. 
Certain radi9np.clides may tend to accumulate within specific organs ·Of the body. Critical organs 
can . be .identified based on .. the chemistry of the radionuclide,. the. amount of radiation, the 
sensitivity of the organ to radiation, and the importance of the:organ to the body. · 

The effective dose estimates· the health risk that a radiation dose poses to an individuaL The 
effective dose is calculated by summing the weighted organ dose for each organ:.The :weighted 
organ dose is simply the original calculated organ,dose multipli~d by an importance factor that 
takes into .account the relative risk to the·exposed organ. . , 

Some radionuclides assimilated into the body can remain in the body for long periods of time. 
When particulate material {e,g., dust) contaminated with plutonium is breathed, the plutonium is 
de~osited in the lung tissue. 'fhe plutonium will slowly be removed from the body ~·the original 
qua.Jltity will be reduc~ over time due to radioactive decay .and biological. factors. The plutonium 
is continually emitting a.}pha and g!Uililla radiation while in .the body. The .individual is. therefore 
exposed to this radiation for the remainder of his life (or approximately 80years). 

The.committed effective dose equivalent indicl:l,tes the .total dose over the individual's projected 
remaining lifetime (assumed to be SO years) vvhlch results from an intake during one year. The 
committed effective dose equivalent (CEDE) expresses the dose of internal radiation received 
when an individual has ingested, inhaled or absorbed a radionuclide that will remain inside the 
body. It is also expressed in rem or Sieverts. 
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Dose Due to Exposure to Bac~qp-ound Radiation Sources 

Every day our bodies absorb ioniZing radiation. . Most of it oomes from natUral sources. 
Consumer products and medical procedures. that use radiation are other common sources of 
ionizing radiation. · · · · · · · 

Natural Sou~ces. NatUral radiation comes from. two sources: .cosmic and terrestriaL Cosmic 
radiation-results-when :energetic particles from .01Jter space, traveling at-~~ly the spe¢ of light, 
collide with .. nuclei in. out atmosphere, ~ting .. showerS of radioactive. particl~. that. continue 
towards earth~ The average.annuai dose ~qlrlvalentreceived from .cosmic radiation is 26 mrem 
for an individU31 living at sealevel. Because cosmic radiation dissipates as it travels through the 
atmosphere,.· indiVidu~s living ~t lower altitudes r~ceive less' dose from this souree than those 
living at higher altitudes. 

Terrestrial radiation results when radionuclides that a:re a natural part of the earth's rocks and 
soils emit ·ionizing radiation. · 'Because tlie· concentrations ·Of these · radionuclides vary 
geographically, an individual's exposure depends on his location. The average 'annual dose 
equivalent from terrestrial radiation for an individual living in the U.S. is 28 mrem. 

Besides absorbing :radiation from external· radioiluclides~ we can also absorb radiation internally 
when we ingest radionuclidesalong with the food,milk,':and.water we ingest or along·with the air 
we inhale. Once in"our bodies, .. radioiiuclides-follow the same metabolic paths as nonradioactive 
forms of the same elements (if there is one). The length of time a particular radionuclide remains 
and emits· radiation ·depends .on' whether 'the body eliminates it -quieldy or stores it for a long 
period, and on how long it takes for the radionuclide 'to decay into a nonradioactive form. The 
principal source of iritemal exposure in the U>S: is believed to be radon. In.halation of radon 
contributes about 200 mrem to the average annual-dose equivalent from internal ·radiation. ·Other 
radionuclides present in the body contribute approximately 39 mrem. 

Consumer Products •.. Many. familiar consumer products emit ionizing radiation. Some must 
emit i radiation. to perform their·. fimctions;; e::: g., smoke detectors and airport x:..ray baggage 
inspection sy8tems: .. ·Otherproducts~ e.g.;,fV sets~ emit radiation:·only incidentally to performilig 
their functions. The: average. arinual effective dose' equivalent to an individual from oonstimer 
products ranges from 6 to 12 mrem. . . 

··· ··· - · --Medicai~Uses.-Radiation~is·a-tool-fordiagnosing'and~treating-disease:-The-caverage~annual"dose
equivalent for an individual in the u~ s: from medical uses of radiation, not ·including therapeutic 
uses, is 53 mrem; · · 
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AppendixF 

Radiation Environment at MCP 

On average the annual radiation dose due to natural background radiation to a person living in 
the United States is about 300 millirem. The total contribution to this dose·due to MCP activities 
in 2002 was 0.17 mrem~ or a very small fraction of the dose received from background. 

MCP's dose contribution for 2002 was well within all applicable guidelines, limits, and 
regulatory standards. These guidelines, limits and standards are levels which present very low 
risk to individuals near the site. MCP, like all DOE sites~ strives to keep worker and public doses 
as low as reasonably achievable. 
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AppendixG 

APPENDIXG 

MEMORANDUM OF AGREEMENT 

The original seventeen buildings constructed at the MCP to support the polonium mission have 
been determined to be eligible for placement on the National Register of Historic Places, because 
of the contribution of the activities in those buildings to the development .of nuclear power and to 
the development of. the nuclear industry. in. the United States. .. Under the Miamisburg Closure 
Project, the site will be tnuisferred, and the seventeeJ1:Nationa~ Register eligible buildillgs will 
either be transferred or demolished. The transfer and or demolition of federally owned National 
Regi$ter eligible buildings is a potential adverse impact, as defmed by the National Historic 
Preservation Act (NHP A) and the implementing regulations-of that .Act. .. 

A iyfemorandum of Agreement (MOA) ·has been negotiated betWeen the DOE and the Advisory 
Council on. Historic Preservation (ACHP) to mitigate this potential ~dverse ._impact caused by 
MEP activities to Mound's National Register eligible structures. As stated in the MOA, the 
original seventeen buildings that were associated with Mound's original polonium mission will 
be adversely impacted as a consequence of MCP's environmental restoration activities and the 
subsequent transfer of the property. The MOA defines mitigationforpotential.adverse activities 
on building operations and building disposition-grouping basis, as follows: 

1. The first grouping is operations related buildings that will be (or have been) 
demolished or transferred. This group includes B, E, HH, I, M, R, and T Buildings. 

MITIGATIVE ACTIVITIES: Mitigative measures for these buildings is . a multi
phased process that proceeds as follows: 1) Before demolition begins, a physical 
description of the structure and a collection of photographs as the building exists 
today is compiled. 2) A "Historic American Buildings Survey" or HABS Level IT 
documentation package that contains specific information pertaining to that structure 
is prepared. These documentation packages will be submitted to the National Park 
Service (NPS) for inclusion in the HABS/Historic American Engineering Record 
(HAER) archive and to the Ohio Historic Preservation Office (OHPO). The 
documentation standards to be used are derived from the Secretary of Interior 
standards and guidelines for historic building documentation. 

2. The second grouping is support-type structures that will be (or have been) demolished 
or transferred. This group includes A, C, G, GH, H, P, PH, SD, W, and WD 
Buildings. 

MITIGATNE ACTIVITIES: Mitigative measures for these buildings includes color 
photographs, floor plans, a physical description of the building and a description of 
the building's historic function within the Mound plant will be prepared. This 
package shall be submitted to the OHPO. 
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Memorandum of Agrl!(!,ment 

A HABS Level IT documentation package that discusses the MCP_site and its historic perspective 
is also to be prepared. This documentation pacicage; titled the overview package, will also be 
submitted to the NPS for inclusion in the HABSIHAER archive and to the OHPO. A video tape 
production ofMCP's history is also to be prepared for submittal to the OHPO. 

Duririg 2001, four doc\llllentation packages were submitted to the ·oi:IPo for incorporation futo 
thefr archive. Packages were submitted for A (Administration} Building, G (Garage) Building, 
GH (Guard Hou~e) Building, and W (Warehotise)';Bullding. Submission of these packages 
comple~es the mitigative tp.ea.Sures for these buildiDgs. ·· · 

During 2002, three documentation packages were compieted and submitted under the terms of 
the MOA. Two packages, ·one foi;P Building and one for PH bUilding were submitted to the 
OHPO for incorporation into their archive. A HABS Level IT package was also completed for M 
Building, and submitted to the National Piuk SerVice (NPS) for inclusion in the HABS!Historic 
American Engineering Record (HAER) archive and to. the ·Ohio .·Historic Preservation Office 
(OHPO). ' 

Also during 2002, packages for Buildings B, C, H, HH, I, and WD were begun, with anticipated 
submission of these packages in 2003. · 
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