
__ _ A'_c"t'°°'°_:o':::e'"°n'nd'°"""'n'''°'°'

301/587-8202 °_'_,_ __

Centimeter
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 mm

i,,,,i, ,,,i,,,,i,,,,|,,,,i,,,,i,,,,I,,,,I,,,,I,,,,I,,,'l,"'l
1 2 3 4 5

Inches I.O _
,= I1_11_.
_,_ ilill_.o

IIIIINIllli_IluL',_

BY RPPLIED IMRGE, INC. _'b _





iiii '1 u i

FEMP-2342
SPECIAL

UC-_

_ _nv,r_nme-_tal N_A_L-D

L_ZJ

Site Environmental Report

=

Prepared for

U.S. Department of Energy

Fernald Field Office

Contract DE - AC05 - 92OR21972

Prepared by

Environmental Protection Department

Fernald Environmental Restoration Management Corporation

June 1994

_;t8_'ftON OF THI,6 DOCUMENT IS UNLIMITED



Notice Thisreportwas preparedas anaccount of work sponsoredbyan agency oftheUnitedStates (
government. Neither the United States government or any agency thereof,nor any oftheir
employees, nor any of its contractors, subcontractors nor their employees, make any
warranty, expressed or implied, or assume any legal liability or responsibility for the
accuracy, completeness, orusefulness of anyinformation, apparatus,product, orproces_
disclosed, or representthat its use would not infringe privately owned fights. Reference
herein to any specific commercial product,process, or service by trade name, manufac-
tureror otherwise, does not necessarily constitute or imply its endorsement, recommen-
dation, orfavoring by the United States government or any agency thereof. The views and
opinions of authorsexpressed herein do not necessarily state or reflect those of the United
States government or anyagency thereof, orFernaldEnvironmental Restoration Manage-
ment Corporation, its affiliates or its parent companies.

This report has been reproduced from the best available copy.

Available to DOE and DOE contractors from:
The Office of Scientific and Technical Information
P.O. Box 62

Oak Ridge, TN 37831

Pricesavailable from (615) 576-8401, FTS626-8401.

Available to the public from:
The National Technical Information Service

U.S. Department of Commerce
5285 Port Royal Road
Springfield, VA 22161

Printed Copy Price: A11

Microfiche Price: A01

This docurnen_ was reproduced on recycled and ;ecyclable paper.



i i iiiiii i i

Table of Contents

List of Figures ............................................................................................................ v
List of Tables .............................................................................................................. vi

Acronyms and Abbreviations ...................................................................................... vii
Conversion Tables ...................................................................................................... ix

Executive Summary xi

Environmental Monitoring ........................................................................................ xii
Air Pathway ...................................................................................................... xii

Radon Monitoring ........................................................................................ xiii
Liquid Pathway: Effluent and Surface Water ....................................................... xiii
Liquid Pathway: Groundwater ............................................................................ xiv

Estimated Radiation Doses for 1993 ........................................................................... xv
Dose Attributable to Radon ................................................................................ xv

Chapter 1 - Introduction to the Site 1

The Fernald Site Mission: Environmental Compliance and Restoration ........................... 2
An Overview of Former Production Operations ................................................... 4
Handling and Storing Radioactive and Hazardous Materials ................................. 4

Environmental Program Information ........................................................................... 8
Environmental Monitoring Program .................................................................... 8
Meteorology Program ........................................................................................ 9
Waste Minimization Program .............................................................................. 12
Natural Resource Management Program ............................................................. 13

Ecology ....................................................................................................... 13
Threatened and Endangered Species ............................................................ 14
Wetlands ..................................................................................................... 14

Floodplains .................................................................................................. 14
Cultural Resources ........................................................................................ 14

Local Geography ....................................................................................................... 15
Geologic History ................................................................................................ 15
Lithology ........................................................................................................... 17
Groundwater Hydrology .................................................................................... 17
Surface Hydrology ............................................................................................. 18
Demography and Land Use ................................................................................ 18

Exposure Pathways to Humans .................................................................................. 22
Air Pathway ....................................................................................................... 23
Liquid Pathway .................................................................................................. 24

Environmental Standards and Guidelines .................................................................... 25

Chapter 2 - Fundamentals of Radiation and Health Hazards 29

The Atom .................................................................................................................. 30

Radioactivity and Radiation ........................................................................................ 31
Radioactive Decay .............................................................................................. 31
Alpha Particles ................................................................................................... 34
Beta Particles ..................................................................................................... 34

Gamma Rays ..................................................................................................... 34
Interaction with Matter ....................................................................................... 35

Units of Measurement ................................................................................................ 35

Activity .............................................................................................................. 35
Dose Equivalent ................................................................................................. 36I

Exposure to Background Radiation ............................................................................. 38
Effects of Radiation .................................................................................................... 39

Somatic Effects ................................................................................................... 40
Genetic Effects ................................................................................................... 41

Health Hazards at the Fernald Site .............................................................................. 42
Definitions of Terms ........................................................................................... 42

....

Fernald Environmental Management Project i



Laws Regulating Health Hazards ......................................................................... 43
Types of Health Threats ...................................................................................... 44

Chapter 3 - Environmental Compliance Summary 45
Compliance Status ..................................................................................................... 46

CERCLA............................................................................................................. 46
SARA ................................................................................................................. 47
RCPVk................................................................................................................ 48
Clean Air Act ...................................................................................................... 49
Clean Water Act ................................................................................................. 51

NPDES Effluent Regulation ........................................................................... 51
NPDES Stormwater Regulation ...................................................................... 51

Safe Drinking Water Act ...................................................................................... 5 !
Toxic Substances Control Act .............................................................................. 53
Ohio Solid Waste Act .......................................................................................... 53

Federal Insecticide, Fungicide, and Rodenticide Act ............................................. 54
National Environmental Policy Act ....................................................................... 54
Endangered Species Act ..................................................................................... 55
Executive Order 11990, "Protection of Wetlands" . ............................................... 56

Executive Order 1 ! 988, "Floodplain Management" . ............................................ 56
National Historic Preservation Act ........................................................................ 56

Current Accomplishments and Issues .......................................................................... 57
CERCLA............................................................................................................. 57

Completed Removal Actions ......................................................................... 57

Ongoing Removal Actions ............................................................................ 59
Other CERCLAAccomplishments and Issues .................................................. 59

RCRA................................................................................................................. 61

Thorium Management ................................................................................. 61
Land Disposal Restriction Waste .................................................................... 61
RCRAClosures .............................................................................................. 62

Environment, Safety, and Health Assessments ..................................................... 62

Chapter 4 -Air Pathway Monitoring 65

Monitoring for Radioactive Pollutants .......................................................................... 67
Air Sampling for Radioactive Particulates .............................................................. 67
Comparison of Measured and Estimated Emissions .............................................. 72

Soil Sampling for Uranium ................................................................................. 72
Grass Sampling for Uranium ............................................................................... 74
Produce Sampling for Uranium ........................................................................... 75
Milk Sampling for Radionuclides .......................................................................... 77

Monitoring for Direct Radiation .................................................................................. 78

Monitoring for Nonradioactive Pollutants .................................................................... 78

Chapter 5 - Liquid Pathway: Effluent and Surface Water Monitoring 81

Monitoring for Radioactive Pollutants .......................................................................... 82
Effluent Sampling for Radionuclides .................................................................... 82

Sources of Effluent During 1993 ................................................................... 82
Sampling Methodologies .............................................................................. 84
Results of Laboratory Analyses ...................................................................... 86

Surface Water Sampling for Radionuclides ........................................................... 87
Sampling Methodologies .............................................................................. 89
Results of Laboratory Analyses ...................................................................... 89

Sediment Sampling for Radionuclides .................................................................. 91
Sampling Methodologies .............................................................................. 91
Results of Laboratory Analyses ...................................................................... 93

Fish Sampling for Uranium ................................................................................. 93
Sampling Methodologies ............................................................................. 93
Results of Laboratory Analyses ...................................................................... 95

Monitoring for Nonradioactive Pollutants ................................................................... 96
NPDES Summary for 1993 .................................................................................. 96

ii 1993 Fernald Site Environnlenl:al Reporl



Chapter 6 - Liquid Pathway: Groundwater Monitoring 97

History of Groundwater Monitoring at the Site ............................................................ 98
Monitoring for Radioactive Pollutants .......................................................................... 99

Private Well Sampling for Uranium ...................................................................... 99
Comprehensive Sampling for Uranium ................................................................ 02
Comprehensive Groundwater Monitoring for Other Radionuclides ....................... 05
South Groundwater Contamination Plume .......................................................... 05

Monitoring for Nonradioactive Pollutants .................................................................... 07
Private Well Sampling for Metals ......................................................................... 07
Comprehensive Sampling for Hazardous Substances ............................................ 07

Detections above Primary Standards ............................................................. 07
Detections above Secondary Standards ......................................................... 14

RCRAGroundwater Monitoring at the Fernald Site .............................................. 14

Chapter 7 - Estimated Radiation Doses for 1993 117

Methodology for Calculating Total Radiation Dose ....................................................... 118
Environmental and Dose Modeling ............................................................................. 118
Air Pathway Dose Calculations .................................................................................... 119

Estimated Doses from Airborne Emissions ............................................................ 119

Estimated Dose from Eating Foodstuffs Produced near the Fernald Site ................ 121
Direct Radiation Dose ......................................................................................... 122

Liquid Pathway Dose Calculations .............................................................................. 123
Estimated Dose from Drinking Well Water
in the Area around the Fernald Site ..................................................................... 123

Estimated Dose from Drinking Great Miami River Water ....................................... 123
Estimated Dose from Eating Fish from the Great Miami River ................................ 124

Total of Doses to a Maximally-Exposed Individual ......................................................... 124
Significance of Estimated Radiation Doses for 1993 ..................................................... 125

.....

Chapter 8 - The Radon Monitoring Program 127

Introduction to Radon ................................................................................................ 128
Radon in the Environment .................................................................................. 128
Radon at the Fernald Site ................................................................................... 130

Radon Monitoring at the Fernald Site .......................................................................... 130
Monitoring Methods .......................................................................................... 131
1993 Environmental Radon Monitoring Results .................................................. 135

Estimated Radiation Dose from Radon ........................................................................ 136
Control of Radon at the Fernald Site ........................................................................... 137

.....

Chapter 9 - Quality Assurance for the Environmental Monitoring Program 139

Sitewide CERCLAQuality Assurance Project Plan .......................................................... 40
Data Quality Objectives .............................................................................................. 40
Quality Assurance: Field Activities .............................................................................. 41

Field Analysis ..................................................................................................... 41
Field Documentation .......................................................................................... 41

Field QA/Representative Sampling ...................................................................... 41
Sample Custody ................................................................................................. 42

Analytical Laboratory Quality Assurance ...................................................................... 43
Analytical Methods ............................................................................................. 43
Analytical Performance ....................................................................................... 43
Detection of Data Problems and Corrective Action ............................................... 44

Independent Evaluations of the Fernald Site Laboratories ............................................ 44
DOE's Environmental Measurements Laboratory .................................................. 44
USEPA'sDischarge Monitoring Report ................................................................. 45
Commercial Proficiency Environmental Testing .................................................... 45
Ohio Department of Health Split Samples ............................................................ 46

Contract Laboratory Quality Assurance ....................................................................... 46

Fernald Environmental Management Project iii



Appendices

Appendix A - Fernald Site Environmental Data for 1993 ............................................ A - 1
Appendix B - Chemical Release Information for 1993 ................................................ B - 1
Appendix C - References .......................................................................................... C - 1
Appendix D - Glossary of lerms ................................................................................ D - 1

iv 1993 Fernald Site Envfronmental Report



. i i iiiii i i i,ilu ,i iii

Listof Figures
I Fernald Site and Vicinity ................................................................................... 3
2 Former Site Production Process ........................................................................ 5

3 Fernald Site Perspective ................................................................................... 6
4 1993 Wind Rose Data, 10-Meter Height .......................................................... 10
5 1993 Wind Rose Data, 60-Meter Height ........................................................... 10
6 Annual Precipitation Data, 1983 - 1993 ........................................................... 11
7 Cross-Section of the New Haven Trough, Looking North ................................... 16
8 Buried Valley Aquifer Underlying the Fernald Site and Vicinity ........................... 19
9 Great Miami River Drainage Basin ..................................................................... 20
10 Major Communities in Southwestern Ohio ....................................................... 21
11 General Air Pathways to Humans ..................................................................... 23
12 General Liquid Pathways to Humans ................................................................ 25
13 Structure of the Atom ...................................................................................... 30

14 Types of Ionizing Radiation .............................................................................. 34
15 Comparison of Disintegration Rate ................................................................... 35
16 Organs Affected by Substances Found at the Fernald Site .................................. 37
17 Exposure to Background Radiation ................................................................... 38
18 Breakdown of Average U.S. Radiation Exposures .............................................. 39
19 Total Kilograms of Uranium to Air, 1989 - 1993 ................................................ 50
20 NPDES Effluent and Stormwater Monitoring Locations ...................................... 52
21 Air Monitoring Locations ................................................................................. 68
22 Average Uranium Concentrations in Air, 1989 - 1993 ....................................... 70
23 Average Thorium-232 Concentrations in Air, 1989 - 1993 ................................ 71
24 Soil and Grass Sampling Locations .................................................................... 73
25 Range of Total Uranium Occurring in Surface Soils ............................................ 74
26 Produce Sampling Locations ............................................................................ 76
27 Direct Radiation Monitoring Locations .............................................................. 79
28 Fernald Site Effluent Flow DiagJam ................................................................... 83
29 Area of Controlled Stormwater Runoff .............................................................. 85

30 Continuous Sampling ...................................................................................... 86
31 Total Uranium Discharged from the Site, 1989 - 1993 ...................................... 87
32 Surface Water Sampling Locations .................................................................... 88
33 Average Uranium Concentrations in Surface Water, 1989 - 1993 ...................... 90
34 Sediment Sampling Locations ........................................................................... 92
35 Fish Sampling Locations ................................................................................... 94
36 Private Well Monitoring Locations ..................................................................... O0
37 Average Uranium Concentrations in Private Wells, 1989 - 1993 ........................ 01
38 Well Diagram .................................................................................................. 03
39 Monitoring Well Depths and Screen Locations .................................................. 04
40 South Groundwater Contamination Plume ....................................................... 06
41 1000-Series Wells ............................................................................................ 09
42 2000-Series Wells ............................................................................................ 10
43 3000-Series Wells ............................................................................................ 11
44 4000-Series Wells ............................................................................................ 12

45 Department of Energy Dose Limit_ ................................................................... 20
46 Dose to Maximally-Exposed Individutl, 1989 -1993 .......................................... 24
47 Decay Chains .................................................................................................. 29
48 Offsite and Fenceline Radon Monitoring Locations ............................................ 32
49 Radon Monitoring Locations Near the Silos ....................................................... 33
50 Continuous Radon Monitoring Locations .......................................................... 34
51 Quarterly Fenceline Radon Concentrations, 1993 ............................................. 35
52 QA Samples for Uranium in Milk, 1993 ............................................................. 47

Fernald Environmental Management ProJect v



I N III II UIINNU II NI II Ilmm I INI

Listof Tables
1 Meteorological Data, 1993 .......................................................................... A - 2
2 Estimated Population Distribution within 80 km (50 miles)

of the Fernald Site, 1993 ............................................................................ A- 3
3 Uranium in Air, 1993 ................................................................................... A - 4
4 Radionuclides in Air, 1993 ........................................................................... A - 5

5 Comparison of Measured and Estimated Airborne Uranium Concentrations
at the Fernald Site Fenceline ........................................................................ A - 8

6 Uranium in Grass and Soil, 1993 .................................................................. A - 9
7 Uranium in Produce and Soil, 1993 .............................................................. A- 0
8 Uranium in Milk, 1993 ................................................................................. A- 2
9 Radionuclides in Milk, 1993 ......................................................................... A- 3
10 Environmental TLD Direct Radiation Measurements, 1993 ............................. A- 4

11 Radionuclides Discharged to the Great Miami River, 1993 ............................. A- 5
12 Radionuclides in Surface Water, 1993 .......................................................... A- 6

13 Radionuclides in Great Miami River, Paddys Run,
and Storm Sewer Outfall Ditch Sediments, ! 993 ........................................... A - 18

14 Uranium Concentrations in Fish from the Great Miami River, 1993 ................ A - 19
15 NPDES Data, 1993 ...................................................................................... A - 20
16 Uranium in Private Wells, 1993 .................................................................... A - 23

17 Comprehensive Groundwater Samples with Uranium Concentrations
above USEPAProposed Standard, 1993 ....................................................... A - 24

18 Metals in Private Wells, 1993 ....................................................................... A - 28
19 Nonradioactive Substances

above Primary Drinking Water Standards, 1993 ............................................ A - 31
20 Summary of Radiation Dose ......................................................................... A - 37
21 Estimated Airborne Emissions for the Fernald Site, 1993 ................................ A - 38
22 Radon in Air, 1993 ...................................................................................... A - 39

23 DOE Quality Assessment Program for Environmental
Radionuclide Analyses Fernald Site Laboratories Performance Results, 1993 ... A- 41

24 USEPAQuality Assurance Program for Wastewater Analyses
Fernald Site Laboratories Performance Evaluation, 1"J93 ............................... A - 42

25 Proficiency Environmental Testing Quality Assurance Program
for Water Analyses, 1993 ............................................................................. A - 43

26 Fernald Site - ODH Uranium Sampling Comparison, 1992 ............................ A - 45

vi 1993 Fernald Site Environmental Report



miNI irnl III ii j I I I I I mill I

Acronyms and Abbreviations
ACA Amended Consent Agreement
AEC Atomic Energy Commission
AHF Anhydrous Hydrogen Fluoride

ALARA As Low As Reasonably Achievable
AMS Air Monitoring Station

ANSI American National Standards Institute

Al"_kl'_ Applicable or Relevant and Appropriate Requirement
ASER Annual Site Environmental Report

AWW"r Adva'lced Wastewater Treatment

BAT BestAvailable Technology
BDN Bic denitrification Facility
BMP Be_t Management Practices
BSL _iodenitrification Surge Lagoon

CEllCLA Comprehensive Environmental Response, Compensation, and Liability Act
CFR Code of Federal Regulations

CI Curie
CO Carbon Monoxide

CPID Closure Plan Information and Data

C_ Categorical Exclusion
D&D Decontamination and Dismantling
DCG Derived Concentration Guideline

DFO Director's Final Findings and Orders
DOE Department of Energy
DQO Data Quality Objective

EA Environmental Assessment

EDE Effective Dose Equivalent
E|S Environmental Impact Statement
EM Environmental Monitoring

EML Environmental Measurements Laboratory
ES&H Environment, Safety, and Health

ETS Effluent Treatment System
FEMP Fernald Environmental Management Project

FERMCO Fernald Environmental Restoration Management Corporation
FFA Federal Facility Agreement

FFCAct Federal Facility Compliance Act
FIFI"_k Federal Insecticide, Fungicide, and Rodenticide Act
FMPC Feed Materials Production Center

FONS| Finding of No Significant Impact
FS Feasibility Study

FS/PP Feasibility Study/Proposed Plan
_PP Groundwater Quality Assessment Program Plan

HSL Hazardous Substances List

HWMU Hazardous Waste Management Unit
|AWI_T Interim Advanced Wastewater Treatment

ICRP International Commission on Radiological Protection
LDR Land Disposal Restriction
MCL Maximum Contaminant Level

tJCi microcurie
mrem millirem

NAAQS National Ambient Air Quality Standards
NCRP National Council on Radiation Protection and Measurements

NEPA National Environmental Policy Act
NESHAP National Emission Standards for Hazardous Air Pollutants

FernaldEnvironmentalManagernerltProject vii



NOD Notice of Deficiency
NON Notice of Noncompliance
NOV Notice of Violation

NO,, Nitrogen Oxide
NPDES National Pollutant Discharge Elimination System

NPL National Priorities List

NRC National Response Center
NRC Nuclear Regulatory Commission
NTS Nevada Test Site

OAC Ohio Administrative Code

ODH Ohio Department of Health
OEPA Ohio Environmental Protection Agency
ORNL Oak Ridge National Laboratory
ORO Oak Ridge Operations

OSHA Occupational Safety and Health Administration
OU Operable Unit

PACD Proposed Amended Consent Decree
PCB Polychlorinated Biphenyls
pCi picocurie

PEIC Public Environmental Information Center

PET Proficiency Environmental Testing
PTI Permit to Install

PTO Permit to Operate
QA Quality Assurance
QF Quality Factor

RAO Remedial Action Objective
RAWP Removal Action Work Plan

RCRA Resource Conservation and Recovery Act
rem Roentgen Equivalent Man

RI Remedial Investigation
RI/FS Remedial Investigation and Feasibility Study
ROD Record of Decision

RM River Mile

RQ Reportable Quantity
$ACD Stipulated Amended Consent Decree
SARA Superfund Amendments and Reauthorization Act

SCQ Sitewide CERCLAQuality Assurance Project Plan
SDMIA Safe Drinking Water Act

$ER Site Environmental Report
SHPO State Historic Preservation Officer

$O 2 Sulfur Dioxide
$PCC Spill Prevention Control and Countermeasure

SSOD Storm Sewer Outfall Ditch
SU Standard Units

SWMU Solid Waste Management Unit
SWRB Stormwater Retention Basin

TLD Thermoluminescent Dosimeter
TSCA Toxic Substances Control Act

TSDF Treatment, Storage, and Disposal Facility
UNH Uranyl Nitrate Hexahydrate

USEPA U.S. Environmental Protection Agency
VOC Volatile Organic Compounds

WEMCO Westinghouse Environmental Management Company of Ohio
WM/PP Waste Minimization/Pollution Prevention

viii 199] I(,rr),fld Sii('t:rlvlr()rlr_l(,n(,iI Rep(:_rt



i1! iiiiii i i i i i re|l| ii i ii i ii i ii ii

Conversion Tables

N_,ultipIw ,, B_ To Obtain MultipIlf ,, ,Blf To Obtain

Length

inches 2.54 centimeters (cm) cm 0.394 inches
feet 0.3048 meters (m) m 3.281 feet
miles 1.61 kilometers (km) km 0.62 miles

Volume

cubic centimeters (cm3) 1 milliliters (rnL) mL 1 cm3
cubic inches (in3) 16.39 mL mL 0.061 in3
fluid ounces 29.59 mL mL 0.034 fluid ounces

grams (gl 1 mL (water) mL (water) 1 g
kilograms (kg) 1 liter (L) (water) L (water) 1 kg
mL 1,000 L L 0.001 mL

gallons 3.79 L L 0.264 gallons
qua, ts 0.95 L L 1.057 quarts
cubic feet (ft3) 0.02833 cubic meters (m 3) m 3 35.3 ft3

Mass

ounces 28.33 g g 0.035 ounces
pounds 455 g g 0.0022 pounds
pounds 0.455 kg kg 2.2 pounds
tons 0.907 metric tons metric tons 1.1 tons

Activity

Curies (Ci) 10_2 picocuries (pCi) pCi 10-_2 Ci
Becquerel (Bq) 27.02 pCi pCi 0.037 Bq
Ci 106 microcurie (!uCi) t_Ci 10.6 Ci
pCi 0.037 Bq Bq 27 pCi

Dose

rem 1,000 millirem (rnrem) mrem 0.001 rein
Sieverts (Sv) 100 rem rein 0.01 Sv

For Natural Uranium in Water

micrograms
per liter (l_g/L) 1 parts per billion (ppb) ppb 1 I_g/L

p.g/L 0.6757 pCi/L pCi/L 1.48 IJg/L
milligrams

per liter (mg/L) 1 parts per million (ppm) ppm 1 mg/L
mg/L 675.7 pCi/L pCi/L 0.00148 mg/L
pCilL 1.48 ppb ppb 0.6757 pOlL

For Natural Uranium in Soil

!ug/g 1 ppm ppm 1 t_g/g
!ug/g 0.67S7 pCi/g pCi/g 1.48 pg/g
pCi/g 1.48 ppm ppm 0.6757 pCi/g

For Temperature

F x 915 + 32 °C °C - 32 x 519 °F

FernaldEnvironmentalManagementProject ix



Multiple Decimal Equivalent Prefix Symbol

106 1,000,000 mega- M
103 1,000 kilo- k
10_ 1O0 hecto- h
10 10 deka- da
l 0-_ O.1 deci- d
10.2 O.01 centi- c
10̀ 3 0.001 milli- m

10,6 O.000001 micro- IJ
10.9 0.000000001 nano- n

10_2 0.000000000001 pico- p
10-t5 O.000000000000001 femto- f

10-T8 0.000000000000000001 atto- a

x 1993FernaldS_teErlvJronmentalReport



Executive Summary



i i i llm i ii iii llml

Executive Summary

The Fernald site is a Department of Energy (DOE) owned facility that pro-

duced high-quality uranium metals for military defense for nearly 40 years.

DOE suspended production at the site in 1989 and formally ended produc-

tion in 1991. Although production activities have ceased, the site continues to

examine the air and liquid pathways as possible routes through which pollut-

ants from past operations and current remedial activities may leave the site.

The Site Environmental Report (SER)is prepared annually in accordance with

DOE Order 5400. I, "C?neral Environmental Protection Program." This 1993

SERprovides the general public as well as scientists and engineers with the

results from the site's ongoing Environmental Monitoring Program. Also in-

cluded in this report is information concerning the site's progress toward achiev-

ing full compliance with requirements set forth by DOE, U.S. Environmental

Protection Agency (USEPA),and Ohio EPA (OEPA).

For some readers, the highlights provided in this Executive Summary may

provide sufficient information. Many readers, however, may wish to read more

detailed descriptions of the information than those which are presented here.

All information presented in this summary is discussed more fully in the main

body of this report.
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Environmental Monitoring

The Fernald site's Environmental Monitoring Program plays a key role in the effort

to investigate the effects that years of operation have had on the local environment.

Environmental monitoring primarily examines the air and water pathways; other

program components address contamination risks associated with cleanup proce-

dures. A summary of air and liquid pathway results is presented below.

Air Pathway

Monitoring the air pathway incorporates results from not only the air monitoring

stations but also from soil, grass, produce, and milk sampling. (Radon is discussed

separately below.) Overall, the air monitoring data from 1993 were consistent with

data from 1992. While Boiler Plant emissions were higher than in 1992, all emissions

were well below permit limits. The increase is attributable to returning the boilers to

full service after a coal bunker fire in 1992 limited Boiler Plant operations.

Data collected from fenceline air monitoring stations showed that average concentra-
tions of uranium were all less than 1% of the DOE standard. Airborne emissions for

1993 were estimated to be 0.2 ! kg (0.46 pound). This estimate is 9% lower than the

1992 estimate of 0.23 kg (0.51 pound). Airborne uranium emissions steadily dropped

after processing operations were discontinued in 1989, and they have remained

relatively constant since 1991.

Some onsite and nearby offsite soil samples continue to indicate elevated uranium

concentrations due to deposition of airborne particles from past operations. One

offsite sampling location, which is in the predominant wind direction northeast ot"the

site, had a total uranium concentration of 5.3 pCi/g. A background level for uranium

in soil is set at 2.8 pCi/g for the Fernald area.

The 1993 results from grass sampling indicated that uranium concentrations were

higher at the fenceline than at offsite sampling locations. The onsite grass concentra-
tions are better correlated to local airborne uranium concentrations than soil concen-

trations, which suggests that deposition of uranium is the source of the higher
concentrations.

Home-grown sweet corn and tomatoes are two of the major crops sold from roadside

stands within 5 km (3 miles) of the site. Local residents also grow and sell beets,

rotatoes, apples, lettuce, pumpkins, cucumbers, and peppers. Uranium concentra-

tions in produce in 1993 were consistent with previous years' data. Laboratory

analyses did not detect any significant differences in uranium concentrations between

produce grown near the site (0 - 5 km or0 - 3 miles) and produce grown at distant

locations ( 11 - 42 km or 7 - 26 miles).
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Executive Summary

In general, uranium concentrations from the local dairy's milk were comparable to

those from a background dairy in Indiana. The data demonstrated that milk from the

local dairy is not affected by site emissions.

Measurements of direct radiation indicated that levels were higher with proximity to
the K-65 silos, These measurements were consistent with.the fact that the silos

contain radium and radon gas which contribute to the direct radiation in the vicinity.

Radon Monitoring

Radon is transported through the air pathway and is, therefore, discussed here.

However, radon monitoring results are reported separately in this Site Environmental

Report from the air pathway in order to improve the presentation of information and

regulations that are unique to radon.

In 1993, the average fenceline radon concentration was 0.63 + 0.20 pCi/L. This

concentration is greater than the 1992 average concentration of 0.57 + 0.29 pCi/L,

but it is well below the guideline of 3.0 pCi/L. For comparison, some established

average background concentrations range from 0.2 to 0.4 pCi/L.

Liquid Pathway: Effluent and Surface Water

The effluent and surface water component of the liquid pathway is monitored to

determine any impacts from the Fernald site on the Great Miami River and Paddys

Run. The Environmental Monitoring Program examines the effluent and surface

water results, along with sediment and fish results because they are also part of the

liquid pathway.

Approximately 474 kg (1,044 pounds) of uranium were discharged to the Great

Miami River during 1993. Of that total, 453 kg (998 pounds) were from Manhole-

175, and 22 kg (48 pounds) were from South Plume groundwater pumping. Approxi-

mately 109 kg (241 pounds) of uranium reached Paddys Run through uncontrolled

stormwater runoff during 1993.

The liquid effluent discharged to the Great Miami River resulted in a slightly higher

measurement of uranium at the downriver sampling location than the upriver loca-

tion. However, the downriver concentration was consistent with 1992 sampling

results. Paddys Run continued to show effects of stormwater runoff from the site.

Although the average uranium concentration at the nearest Paddys Run sampling

location was higher than in 1992, it was only 1.7% of the DOE guideline tbr drinking

water. (That guideline is used for comparison purposes only since there is no estab-

lished guideline tor uranium in surface water.)

: Radionuclide concentrations in the Great Miami River and Paddys Run sediments tbr

1993 were consistent with previous years' data and did not indicate a build-up of

radioactive pollutants in the sediment.
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In 1993, fish from three locations along the Great Miami River were sampled R)r

uranium. Results indicated that uranium concentrations were no greater in fish

caught downslream of the site's eft]uent line than in those caught upslream.

The National Pollutant Discharge Elimination System (NPDES) permit specifies

sampling locations, sampling and reporting schedules, discharge limits, water quality

standards, and other restrictions on the Fernald site's eft]uents discharged to the

Great Miami River and Paddy,,;Run. There were only three violations ot' NPDES

limits at Manhole-175, the final NPDES monitoring point before eft]uents are

discharged to the river. Out of the 4,020 NPDES samples laken at internal and

external monitoring locations in 1993, only II were not within permit limits.

Liquid Pathway: Groundwater

The site carefully monitors the groundwater beneath and in the vicinity of the site to

identify and ti:tck the movement of pollutants which may be present in the Great

Miami Aquife:. In 1993 the Fernald site routinely sampled 36 private wells for total

uranium. Three of these wells, each of which is in an area of known groundwater

contamination, had an average uranium concentration above the proposed USEPA

standard of 13.5 pCi/L (20 ppb). These 36 wells were also sampled for several

metals. Four wells showed concentrations of lead at or above the PrimalT Drinking

Water Standard as listed tk)rthe control of lead. Additionally, as is common tor an

area with high natural concentrations of iron and manganese, such as the area

surrounding the Fernald site, several private wells showed concentrations of these

two metals _,bovethe USEPA Secondary Drinking Water Standards.

Aside from the private well sampling program, the Fernald site conducts comprehen-

sive groundwater sampling of several site-owned wells. In 1993, the site sampled
454 on- and offsite wells for uranium, and 127 wells showed detections above the

proposed USEPA guideline of 13.5 pCi/L (20 ppb). All of the oft\site locations were

in the South Groundwater Contamination Plume area. This comprehensive program

also sampled those 454 wells for I 1metals and 3 ! Volatile Organic Compounds that

have Primary Drinking Water Standards. Of these 42 constituents, 16 were detected

above their primary standards in more than one well. Four other constituents showed

single detections above their primary standards.
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Executive Summary

Estimated Radiation Dose for 1993

Scientists calculate potential radiation doses to nearby residents by entering offsite

radionuclide concentrations, which are determined through environmental monitor-

ing and sampling, into mathematical models.

In 1993, the hypothetical maxinmlly-exposed individual living nearest the Femald

site, exclusively consuming local lbodstufl:s and fish, along with drinking water from

a well in the Femald area, could have received a maximum committed effective dose

of approximately 1.0 torero. (This dose is exclusive of the dose received from

radon.) This dose can be compared to the limit of I(X)mrem tbr all pathways (also

exclusive of radon) that was e:¢tablishedby the International Commission on Radio-

logical Protection and adopted by DOE.

Dose Attributable to Radon

Just as radon monitoring results are discussed separately from the air pathway

" monitoring results, the dose attributable to radon is discussed separately from the rest
of the estimated radiation dose for 1993.

As discussed above, the radon concentration measured at the site fenceline in 1993

was 0.63 + 0.20 pCi/L. The efl'ective dose calculated from this concentration was

estimated to be 454 torero, and it includes the annual dose received from average

background levels of radon (approximately 2(R)mrem per year).
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Introduction to the Site

Today, the Fernald site, which is owned by the Department of Energy (DOE),

focuses extensively on environmental restoration. Because it was formerly a

uranium metals processing facility, scientists closely investigate the site and

surrounding areas for contamination. Remedial techniques are then devel-

oped accordingly.

This Fernald Site Environmental Report (SER)documents the results of the En-

vironmental Monitoring Program for calendar year 1993. In accordance with

DOE Order 5400.1, "General Environmental Protection Program," the infor-

mation in the 1993 SERis current from January 1, 1993, through December

31, 1993._ In order to put the material presented in this report into perspec-

tive, Chapter One contains the following introductory sections:

• The Fernald Site Mission: Environmental Compliance and Restora-

tion, a historical overview of the site's former operations and its current

cleanup mission leading to current site activities;

• Environmental Program Information, a description of site activities

aimed at monitoring and maintaining environmental quality;

• Local Geography, an introduction to the physical, ecological, and hu-

man characteristics of the area;

• Exposure Pathways to Humans, an examination of the physical and

biological surroundings as possible routes for contaminants to reach lo-

cal communities; and

• Environmental Standards and Guidelines, a description of the vari-

ous standards with which the Fernald site must comply to protect the
local environment.

Fernald EnvJronmentat Management Project 1



ChapterOne

The Fernald Site Mission:
Environmental Compliance and Restoration

In recent years, the mission at the Fernald site has become one of environmental

compliance and restoration. However, when the site was established in the early

1950s, its primary mission was to produce uranium metal.

Shortly after the end of World War il, the United States recognized a need fl_rnew

facilities to produce uranium metal in support of dct'ense activities. Existing facili-

ties, developed lot the war effort, were neither economical to operate nor able to

meet increasing demands. The Atomic Energy Commission (AEC) required an

increase in the quality and quantity of uranium metal as well as improvements in

the control and safety of production operations.

After evaluating several sites, the government selected a 425-hectare (I ,050---acre)

area, about 27 km( 17miles) northwest of downtown Cincinnati, Ohio, as the site tbr

a new production facility (see Figure !). This facility was sited.just north of Femald,

Ohio, a small farming community. Ground was broken on May 16, 1951, and the

first uranium derby was produced at the site's Pilot Plant on October il, 1951. The

major portion of construction was completed by 1954.

In general, the relative importance and corresponding ffmding of the former produc-

tion and environmental activities reflect the course of U.S. Defense history from the

end of World War II until today. Uranium-metal production reached a peak during

the height of the Cold War in the 1950s and 1960s. During the late 1970s, tunding

lbr production and supporting organizations, including environmental monitoring,

was significantly reduced, subsequently reducing supporting activities. Production

accelerated again in the early 1980s when the United States increased Defense

spending. By the late 1980s, however, m; increasing demand for enviromnental

accountability, combined with a decreasing demand for uranium metal at other DOE

tktcilities, inlluenced DOE to change the site's mission from uranium production to
environmental restoration.

Production was suspended in July 1989. In October 1990, DOE transferred manage-

ment responsibility tot the site from its Defense Programs organization to the Office

of Environmental Restoration and Waste Management. In February 199I, DOE

announced its intention to formally end the production mission and submitted a

closure phm to Congress, which became effective in June 1991.
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Figure 1"FernaldSite and Vicinity
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The Fernald Site covers about 425 hectares (1,050 acres).

2584
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ChapterOne

An Overview of Former Production Operations

Although prod,,ction at the Fernald site ended in 1989, a brief overview of the

production process will provide the reader with a perspective on the ongoing Envi-

romnental Monitoring Program and other environmental investigations. The major

steps in the production process are highlighted in Figure 2. A variety of materials

were used in the process, including many that were received from other DOE sites.

in fact, materials such as floor sweepings, dust collector residues, and production

residues were recycled in order to recover as much uranium as possible.

_:i::!::?!:'i The first production steps involved chemical

iJii!ii_31 AND ENRICHEDU_IUM processing that ended with an intermediate product

Mostof theuranium processedInmorerecentyears commonly called "green salt" (uranium tetratluo-
at the sitewas depleted in the uranium--235 iso. ride, UFa).The greensalt wasthen blendedwith
,tope;that is, it contained a smallerpercentageof magnesium-metalgranules,placedin a closed
uran[um-235 than doesnaturally occurringura- reduction pot,andheatedin furnacesin Plant5
nlum_ lessthan0.71%. (Isotopesarediscussedin

(see Figure 3). The product of this operation was
Chapter Two, "Fundamentals of Radiationand
Health Hazards.")Formanyyears, much of the ura- uranium metal (.:aileda "derby."
nlum processedwas slightlyenriched_ 0.71% to
2% uranium--235 Some derbies were sent directly to other DOE

sites, while tl_esite remelted the remainder, ahmg

with uranium scrap metal recovered from earlier

production, and poured them into graphite molds to t'oml ingots. Ingots varied in

weight, size, and shape according to how they were used at this and other DOE sites.

Machining of these ingots OCCUlTedin plants 6 and 9, after which the billets (ma-

chined ingots) were shipped to other DOE sites, principally the Sawmnah River Site

in South Carolina and the Hanford Site in Richland, Washington.

Handling and Storing
Radioactive and Hazardous Materials

Although the Fernald site no longer produces uranium metal, it continues to store
materials once used here and at other DOE sites. Some of the radioactive and

hazardous materials that were handled or stored onsite during 1993 include the

following:

Radioactive

• Magnesium fluoride (MgF,) contaminated with uranium,

• Pitchblende ore residues containing radium stored in the K-65 silos,

• Radioactive materials in the waste pits,

• Scrap metal contaminated with uranium compounds,

• Thorium and thorium compounds stored within the production area,

• Uranium compounds, and

• Uranium metal.

ICVl ('OIllitlt.'S On ptt t_e _
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Introductionto the Site

Figure 2" Former Site Production Process
iii iii I iii i iii i i ii iiiiii i
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Figure 3: Fernald Site Perspective i ii i i
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Introduction to the Site

Building Identification
I I IIII I I II I i II II I I I I I III ........

Building Grid Building Grid
ID No. Coordinates Title ID No, Coordinates Title

00 * * General 22c A-5 Truck Scale

I a C-3 Preparation Plant 23 * Meteorological Tower
1b C-3 Plant I Storage Building 24a D-3 Railroad Scale House
2a B-3 Ore Refinery Plant 24b 04 Railroad Engine Building
2b B-3 Lime Handling Building 25a _ Chlorination Building
2c B-3 Bulk Lime Handling Building 25b * Manhole-175
2d B-3 Metal Dissolver Building 25c A-5 Sewage Lift Station Building
2e 03 NFS Storage and Pump House 25d * UV. Disinfection Building
3a B-3 Maintenance Building 25e * Digester Control Building
3b B-3 Ozone Building 26a B-3 Pump House-H.P. Fire Protection
3c B-3 Control House 26b B-3 Elevated Water Storage Tank
3d B-3 NAR Towers 28a A-4 Secunty Building
3e B-3 Hot Raffinate Building 28b A-4 Human Resources Building
3f B3 Digestion Fume Recovery 30a 03 Chemical Warelqouse
3g B-3 Refrigeration Building 30b 03 Drum Storage Warehouse
3h B-3 Refinery Sump 31 A-5 Engine House - Garage
4a B-4 Green Salt Plant 32 D-5 Magnesium Storage
4b B-4 Plant 4 Warehouse 34a B-1 K-65 Slorage T_]nk - North
4c B-4 Plant 4 Maintenance Building 34b B-I K-65 Storage Tank - South
5 B-4 Metals Productton Plant 35a C-1 Metal Oxide Storage Tank - North
6 B-5 Metals Fabrication Plant 35b B-1 Metal Oxide Storage Tank -- South
7 B 4 Plant 7 37 A.3 Pilot Plant Annex

8a B3 Recovery Plant 38 D4 Pro_ane Storage
8b B 3 Maintenanc(: Buildsng 39a B-3 Incinerator Building
8c B-3 Rotary Kiln/Drum Reconditioning 39b B-3 Shelter Storage Building
9 05 Special Products Plant 39c B-3 InQnerator Buitding Spnnkler

0a D 4 Boiler Plant RIs(:.rHouse

0b D-4 Boiler Plant Maintenance Building 44a A.5 Trailer Complex ..... 6-Plex (East)
1 A-4 Service Building 44c A-3 Trailer Complex -- 7. Plex (South)

2a C.4 Maintenance Budding (Main) 44d A_3 Trailer Complex -- 7-Plex (North)
2b C. 4 Cyhnder Storage Betiding 44e A-4 Trailer Compl(;x -- 10-Plux
2c C 4 Lurnber Storage Building 45 B-3 Rust Engane(,rlng Building
]a A-3 Pilot Pl,tnt Wet SKle 46 A-5 Heavy Equipment Garage
3b A _3 Pilot Plant Malntenar_ce Building 51 A-2 UF,, to UF; Reduction FaQlity 11
3( A-3 Sump Pump House 53a A.4 Occupational Safely ,%Heallh
4 A 4 Adr_._JnJstralion Building 53b A 4 In_Vwo BuildJng
5 A-3 Laboratories 54a A_3 LJF to U_ 4 I_'educlior_ Facility I
6a A-5 Main Electrical Statlori 54b A-3 Pilol Plant Warehouse
6b A-4 Elecm(.al Subst, ltlon 55a B-4 Slag Recycling Plant

8_1 G2 Biodenltrfficatton Surge b-_goon 551) B.4 Slag Recychng PillElevalor
8b B3 Generai Sump 56 D-3 CP Storage Warehouse
8( 04 Coal Pde Runoff Basin (JO D-3 Quonsel Hu! #1
8d B-3 Biodenltrificallon lowers 61 lL)-3 ©uonsel Hut #2
8e St()rrnwater Rel(_,ntiorq Bdsirl 62 D-3 Ouortsel Hut #_
8I D 1 Pit 5 Sluic(_ Gate 63 D-4 K(_-.2 \Marehouse

8g C 1 Ctearwell Pump H(_)us(: 64 D-5 -lhonum Warehouse
8h B 3 BDN tffhwnt lrealment Faclhty 6!] D5 (Old) Plant 5 Warehouse

18k B.2 Mettqanol [arlk 66 03 Drum Re[:or_dltJorlJrlg f3utlding
181 C.2 Low N@,_le r_nk 67 C-.:I Planl 1 /horJurn Warehouse

18m B2 High Nitr, M:_lank 68 A-3 Pflol Planl Warehouse
18n B-2 Hl(lh N@ate Sk_rage lank 69 D,5 [)(_[orlt_rr]lr]atior] BuJtd_ng
19a C. 4 Main M(,tal Tank Farm 71 £ ._ General In Prort(,ss
19b A ] Pilot Plan1 Amnlon_,l lank Farm Storag(. Warehouse
2C)a C. 4 Pun) l) St_IK)r] ,t,qd Power C(:'nl(,_ 72 ( ] Drum Sloh_g(, Bultdlng
20b D4 W,+t+,r Plat _t 7 -J f+_e Brigade lrair+_ng
20£ ( 4 Couhng lowers ((,nt{,r Buildu_g
?0d B 5 Eluval('d Storag(, lank 77 ( 5 t Jr_lshed Products Wareh_usu

(P()tal)l(' H 0) /8 N('vv D&D t:a(flily
20(' B _, Well House #1 29 B 5 Pl,-_rlt6 W,_rehou!,(,
20f B _ W_,II Hour_e #2 80 B 3 Plant 8 W,4r(,hou_!

20g A3 Well t-lou',u #3 81 C-5 Plant 9 War_,l'_ods(.
20h li_)4 l:'ro_ u% W,_Ic'_ SI_;_,_q(' l,u _k 82 B 5 R'e_ew_ng & In( ormng
20j B.2 I.im(, Slurry P,s M,-_lerlaK In!,pe( t_or_ Area
22,4 B5 G,_', Meter Buitdlr/q ' r }ut'-,!d{'_1 P(.r_rrl_q('r%_',I_r_tyI_(,r_(•
22b A 3 Str._rmS(',vver tilt S!atl(Jf_ • • N,r)l.f A_'/ [Jru(J_.r_lflr('dAte',* It P_.h.rr/,(l 1__,4'. l)0 (#,r_.r, I
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Chapter One

Hazardous

• Heavy metals,

• Hydrochloric acid,

,, Laboratory chemicals,

• Methanol,

• Nitric acid,

• Process waste,

• Sodium hydroxide, and

,, Sulfuric acid.

The site has repackaged some materials into new drurns and removed materials no

longer needed since production ended. For example, thorium previously stored in a

deteriorating above-ground silo, in bins, and in drums on an outdoor pad has been

repackaged in new drums and stored in a warehouse. The Fernald site has signifi-

cantly reduced its inventory of chemicals once used tbr production by disposing of

them at designated waste disposal facilities.

Environmental Program Information

As a result of the continued onsile storage of radioactive and hazardous waste, the

Fernald site conducts environmental program activities to monitor and maintain

environmental quality in the area surrounding the site. Some of these activities

include the Environmental Monitoring Program, the Meteorology Program,

Natural Resource Management, and the Waste Minimization Program which are
described below.

Environmental Monitoring Program

Federal and state waste management requirements tha! were applied during the site

operation period are still in effect because of the onsite waste storage. Earlier

regulations were often less stringent, and the effects of past operations are still

evident. Today, Fernald site personnel continue to investigate these eft'cots on the

environment. The Environmental Monitoring Program plays a key role in lhis effort.

Like any complex program or invesligation, the Envir_,',,maentaiMonitoring Program

was developed after careful consideration of many componcpA_. F.orexample, tormer

site production processes, which involved both radioactive and nonradioactive

materials, resulted in air and liquid releases to the environment. The monitoring

prograrn is largely based upon the tlow of these materials through the air and liquid

pathways. Additional program components address contamination risks associated

with cleanup procedures.

8 1993 Fernald Sr_eEnwronmental Reporl
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Introduction to the Site

Environmental monitoring activities seek to determine the amount of radioactive and

nonradioactive materials that leave the site and enter the surrounding environment.

In short, this year-round Environmental Monitoring Prograrn has several responsi-
bilities:

• Ensure that the site has procedures in place to detect any release of materials

so that corrective actions can be taken as quickly as possible,

• Closely monitor releases to ensure that air emission and liquid effluent

standards and guidelines are not exceeded,

• Evaluate the impact of site activities (past and present) on the environment,

• Estimate the radiation dose that area residents may be exposed to as a result
of former production operations and current cleanup activities at the site, and

• Measure progress in correcting problems from past operations and in

implementing improved environmental management practices.

Meteorology Program

The Fernald site's meteorological monitoring system was installed in August 1986.

The meteorological tower is 60 meters (200 feet) tall, with monitoring equipment at

both the 10-meter (33-foot) and 60-meter (2(X)-foot)heights. The tower instruments

measure wind speed and direction, ambient air temperature, relative humidity,

barometric pressure, and precipitation (see Table 1on page A-2).

The meteorological instruments are inspected and re-calibrated regularly to ensure

that they are functioning properly. The system is down during these routine mainte-

nance periods but not for a length of time that significantly affects the database.

While the system is down, it is possible to obtain vneteorological data from the

Greater Cincinnati - Northern Kentucky lnternationa] Airport, located about 27 km

( 17 miles) south of the site.

The meteorological data gathered at the site are primarily used to evaluate climatic

conditions at the site. The Environmental Monitoring Program uses atmospheric

models to determine how airborne effluents are mixed and dispersed. These models

are then used to assess the impact of operations on the surrounding environment, in

accordance with DOE requirements.

Airborne 13ollutantsare subject to whatever weather conditions exist. Wind speed

and direction, rainfall, and atmospheric stability play a role in predicting how

pollutants are distributed in the environment. Weather data, particularly wind speed

and direction, provide guidance in collecting environmental samples and locating

monitoring stations.

Figures 4 and 5 are annual wind roses, which illustrate the average wind speed and

general direction measured at the 10-meter (33-foot) and 6()-meter (2(X)-fi_ot)levels

in 1993. The wind direction was predominantly toward the northeast, blowing from

the southwest sector approximately [ It_ of the time at the 10-meter (33-foot) level

Fernald Environmental Management Projec_ 9



Chapter One

Figure 4:1993 Wind Rose Data, 10-Meter Height
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Figure 5:1993 Wind Rose Data, 60-Meter Height
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Introduction to the Sit(.,

and l'ron] the south-southwest sector approximately 12+,+,of the time at the 6()-meter

(2(_)-foot) level. Winds were calm 13.4+,+of the time from the IO-metcr (33-toot)

level and 2.6r,+of the time from the 60-meter (2()0-foot)level.

Trees growing near the meteorological tower have had an effect on the measured

wind speeds itt the I()-meter (33-1"oot)level because they acted as a wind barrier.

After considering the options, the site decided that the most effective and economical
solution was tree removal. It] November 1993, in coordination with National Envi-

ronmental Policy Act (NEPA) requirements and after determining there would be no

radiological impact, trees within a 107-meter (350-foot) radius were cut down. These

trees were placed in several brush piles in the vicinity ot" the meteorology tower to

enhance existing wildlife habitat. The meteorological tower instruments and corn-

purer system are being upgraded as well. These changes should more accurately

retlect actual meteorological conditions at the Fernaid site and will be detailed in

the 1994 Site Envimnnlental Report.

In 1993, the precipitation measured at the Femald site was 98 cm (39 inches), which

is slightly less than the average annual precipitation of 104 cm (41 inches) tbr 1963

through 1992. Figure 6 shows 1993 total precipitation tot the area in relation to the

annual precipitation amounts recorded since 1983. (Precipitation totals tor 1983

through i 992 were taken t'rom the measurements made at the Greater Cincinnati -

Northern Kentucky International Airport becauseof a computer software problem

at the site meteorological tower. This problem wits corrected, and the 1993 total was
taken from measurements made itt the Fernald site.)

Figure 6: Annual Precipitation Data, 1983 - 1993"
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Chapter One

Waste Minimization Program

A challenge at the Fernaid site, whose mission is environmental remediation, is to

include waste minimization planning and concepts in all activities and minimize any

secondary wastes resulting from the remediation activities. The Waste Minimization

Program at Fernald matured in 1993. Programs that were initiated in 1992 began to

show cost savings, cost avoidances, and a reduction in disposal volumes. It also

became apparent in 1993 that there is a greater potential for minimizing wastes

during remediation with new technologies and updated policies and procedures.

Large-scale recycling and reuse activities were initiated with a total of 6,335 m:_

(223,700 ft3)of scrap metal either recycled or beneficially reused within the DOE

complex. The successful implementation of this activity focused attention on the

feasibility of recycling. A new Recycling Department was formed with the function

of establishing mechanisms for the recycling and reuse of waste and scrap material

from decontamination, decommissioning, and dismantling operations.

The Femald site Waste Minimization and Pollution Prevention (WM/PP) Policy

became effective in October 1993 and set forth a commitment to protect the environ-

ment through WM/PP efforts including source reduction, recycle/reuse, segregation,

and good operating practices.

In an effort to integrate WM/PP practices into each site activity, an educational

program was developed for all project and design engineers. The program's objec-

tive is to assist engineers in applying a life-cycle cost analysis of waste to determine

the most environmentally sound and cost-effective project alternative using WM/PP

practices.

Additional waste minimization accomplishments in 1993 include the following:

• Recycled 36,320 kg (80,(X)0pounds) of lead-acid batteries instead of

disposing them as hazardous waste;

• Recovered and reused 29 kg (63 pounds) of freon from drinking fountains

and air conditioning units:

• Recycled 1,453 kg (3,2(X)pounds) of metal from PCB- containing light
ballasts;

• Segregated 5,429 m3(191,7(K/ l't-_)of flyash and 130 m3(6,480 ft3) of asbestos

containing materials for disposal as sanitary waste instead of managing as
low-level waste;

• Recycled 7,264 m3 (256,5(X)ft3)of office paper, cardboard, glass, and

polystyrene:

• Recycled 2,588 kg (5,750 pounds) of aluminum cans and, as a result, donated

$1,4(X)to a local elementary school for an ecology program;

• Segregated controlled-area office trash and established administrative
controls in order to divert the trash from disposal as low-level waste, with a

cost-savings of more than $62,(XX);
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• Purchased laboratory chemicals as needed instead of in bulk;

• Revised the specifications for the purchase of paper products to require that

the paper contains a recycled fiber content of 50% waste paper and 10% post
consumer;

• Washed and reused cloth anti-contamination clothing instead of generating

paper anti-contamination clothing, reducing the generation of approximately

I.1 m_(40 ft-_)of waste per day;

• Sponsored three "Reuse Days" in which unused, old, or extra office supplies

were displayed tbr reuse instead of ordering new supplies; and

• Included waste minimization awareness in employee training courses.

Natural Resource Management

The management of natural resources will be an ongoing process as long as DOE

retains ownership of the site. Natural resources have aesthetic, ecological, educa-

tional, historical, recreational, and scientific value to the United States. The following

discussions provide information on the natural resources found on Fernald site

property.

Ecology

Representative of the regional ecology, the area's natural vegetation is comprised of

a broad-leafed deciduous forest, dominated by beech and maple hardwoods. Some of

these naturally wooded areas still exist north of the site and in the Paddys Run

watershed to the west. Sixty-two acres immediately north of the production area were

planted with white and Austrian pines as part of a i973 environmental improvement

project. Non-native grasslands cover most of the remainder of the site, and local dairy

farmers lease Fernald site pastures for their herds to graze, consistent with the

property's former agricultural uses. The plant diversity provides abundant cover for

deer, eastern cottontails, woodchucks, and bobwhite quail; predatory birds, such as

red-tailed hawks, have also been observed on Fernald site property. Song sparrows,

bluejays, cardinals, and robins nest in the pine plantations, while Paddys Run is

home to numerous species of small fish, including minnows, darters, and shiners.

In 1986, biologists from Miami University in Oxford, Ohio, began a comprehensive

ecological study of the site. In addition to collecting extensive ecological baseline

data, they also studied plants and animals to determine if any species were being

stressed by tk_nnersite operations. Based on statistical analyses, the study concluded

that the site's impact on the natural habitat did not appear to be different from the

ecological impact of any other local industrial site. Their report, published in !990,

also concluded that no plants or animals found onsite at that time were on the federal

endangered species list.:
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Threatened and Endangered Species

The Endangered Species Act stales that all federal agencies must seek to conserve

federal-listed threatened and endangered species. The sile has conducted surveys

since the Miami University study to gather updated inlbnnation on any thlvatened or

endangered species that may be tound onsite. The Indiana bat (Myotis so&dis)and

the running buffalo clover (Trifolium stolon(ferum), which are both on the federal

list, may occur at the site, and suitable habitat has been identified on Fernald site

property. Both of these species are found to occur in the summnding areas. Several

state-listed threatened and endangered species have been seen on or near the Fernald

site property, including the cave salamander (Em3'cea/ucilh,wl), Sloan's crayfish

(Orcmwctes slmmii), slender fingergrass (Di,_itariaill!forints), mountain bindweed

(Polygmuml cilinode), and spring coralroot (Corailorhi:.a wisteriami). There are

several species of threatened and endangered migratory birds that pass through the

site. Some of the birds that have actually been spotted onsite include the northern

harrier (Circus o'aneus), northern watenhrush (Seiurlts m_veboracensis), and dark-

eyed junco (Junt'o Iivemalis ).

Wetlands

Wethmds are defined as areas covered or saturated with water for enough time to

support water-loving vegetation. A wetland delineation wits conducted on the site in

December 1992 and Jarmary 1993. A total of 15hectares (36 acres) of freshwater
wetlands were delineated on the Fernald site. Delineated wetland_;!n,-luded 1I

hectares (27 acres) of palustrine forested wetlands, 3 hectares (7 acres) of drainage

ditches/swales, and I hectare (2 acres) of isolated persistent emergent and scrub/

shrub wetlands. A wetland delineation is scheduled to be conducted every three

years in order to provide current information.

Floodplains

Floodplains within the site property are confined Io the north-south corridor that

contains Paddys Run, Outside of the site boundaries, the 10()-and 50()-year tlood-

plains of the Great Miami Rive/"extend west of the "Big Bend" region, which is east

_1"the Fernald site. It also extends northward along Paddys Run from the contluence

of the two waterways past the southern boundary of the site. This area overlaps a

body of uranium-contaminated groundwater called the South Plume.

Cultural Resources

The population and cultural growth of an area are determined by liictors such as

geologic setting, surface waters, soils, vegetation, and climate. The F'ernald site and

surrounding area are located ina region of rich soil and many sources of water, such

its the Grea! Miami River. As a result, the area hits a rich cultural resource diversity.

This diversity is eviden! by the number of historical periods represented in the area's

history. These periods include the following:

• Paleo-lndian Occupation ( i2()(X)BC - 8()()()BC),

• Archaic ()ccupation (8(XX)BC - l(X)()BC),
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• Woodland Tradition (I(XX) BE"-- I(XX) AD),

• Mississippian Tradition (I(XX) AI) - 1660 AI)), and

• Historic Times (1660 AD- Present).

Local Geography

A variety of regional physical, ec_logical, and human characteristics form the

context in which envir(mmental re(tailoring results musl he analyzed. By studying

various elements of the local geography, scientists and engineers are belier able t_

identify the impacl of former produclion activities. Remedial techniques are lhen

designed lo restore the physical environment to its original stale or lo an established

cleanup standard. The following sectiCmsdescrihe several ¢_1"lhese characteristics,

beginning with the geologic origins_i the area.

Geologic History

About 450 million years ag_, in the l,ate Ordovician perked, sediments wcrc dcpos-

fled in a shalh_w sea. These sedirnents s_lidil'ied over time to become predominantly

shale with altemaling thin layers of limeslone. This strata is known universally as

the Cincinnalian Series. The shale is the relatively impermeable he(lnJck underlying
the sile.

An ancient river cul inlo the shale bedrock lo about fl()meters (2(X) feel) below the

present-day Great Miami River, forming a channel named the New Haw:n Trough.

l_ater, lhe I llinoisan and Wisconsin glaciers (about 4(},(100 years ago and I(),(XX)

years ago, respectively/advanced into the area during Ihe Pleistocene epoch. These

glaciers crushed n_cks as the ice moved snulhward from the arclic region. As the

glaciers receded, they filled the trough with sand and gravel sediments.

The last of the glaciers in the Fernald area deposited a relatively impermeable

,_4h_cialtill over the sands and gravel. A mix of clay, sill, sand, gravel, and cobbles,

this glacial till is unevenly deposited throughout the area and makes up the local
overhurden.

The Great Miami River and its lributaries have eroded significant portions of the

overburden and left wrra,'e renmanl.s' which stand higher than summnding bottom

lands _1"the river valley. The Fernald site lies on lop of one of these lerrace rem-

nants, about 177 meters (580 feet) above sea level. The properly rises to 213 meters

(7(X) feet) at the northern boundary of the site and sk_pes downward to 168 meters

(550 feet) al Paddys Run. Norlh and s{mth-southwest _t lhe site, the hills peak at

aboul 260 meters (85()feet) and 235 meters (77(I feel), respectively. The elevation o1

the Great Miami River, east ()f the site, is ab()ul 165 rnelers (540 feet), while the land

rises gently to about 183 meters (60t'1 feet) west _t lhe site. Figure 7 plvscnts a cross-

secli{m _1 the area.
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Inlroduf lion lo lhe Site

tithol_y

l,ithohJgy is the sludy, classification,andmappingo1"rocksandrock I'ormations.This

scienceis vital in determining thelocation, tlow, anddirectionof groundwater.The

shaleunderlying thesite forms the lloor and valley wallsof theNew HavenTrough

and is generallybetween 18and60 meters(60 and2(X)feet)below theground

surface. The elevation of the bedrock surface varies from i(X)meters (330 feet)above

sea level south of the production area to 122 meters (4(X)feet)just north of the site.4

Sand and gravel filling the New Haven Trough arc up to 60 meters (2(X)feet) thick.

This relatively porous material makes up the Great Miami Aquifer. About 30 to 38

meters (I(X)to 125 feet)below the sud'ace +,fthe Femald site, the sand and gravel is

divided by a grecnish-black silty clay layer, about 3 to 6 meters (1(1to 20 feet)

thick.+.sl)ata collected as parl of the ongoing Remedial Investigation and Feasibility

Study (RI/FS) suggest that the clay layer extends from west of Paddys Run to the

center of the production area and is present beneath the waste pit area. The clay layer

does not extend east or south of the production area.

A silty clay glacial till overlies the sand and gravel aquifer. This dense overburden,

ranging in thickness between 6 and 15meters (20 and 50 feet), varies in composition

both vertically and horizontally. The elevation of the base of the overburden is 165

meters (54() feet) above sca level?.5'"The silty clay overburden continues north and

east of the site, wherc it rests upon the shale bedrock. However, in the lower rcachcs

of Paddys Run and the oulfali ditch, the clay has crodcd, exposing thc underlying

sand and gravel and giving the aquifer direct contact with surface runoff.

Groundwater Hydrology

Hydrology is the study of the properties, distribution, and circulation ot"water through

the local environment. Surface hydrology, discussed in the next section, is the study

of drainage systems like rivcrs, streams, and rainwater runoff. Groundwater hydrol-

ogy, discussed here, focuses on the movement or"water below the eatah's surface.

Groundwater beneath the site exists in the glacial twerburden as perched water in a

sand and gravel aquifer and, to a much lesser extent, in the underlying bedrock.

Perched water occurs when water .sinking through the earth ti'om the surtilcc is

trapped abovc very dense clay. Some of this perched water may slowly sccp through

the clay, but most remains trapped. At the Fernald site, pcrched water is generally
found between 0.3 and 3 meters (I to I() feet) below the surface. Perchcd water in the

glacial overburden occurs sporadically and is n_t a sufficient :,ourcc of drinking

water. In the overburden, water does not move as easily as water in the sand and

gravel aquifer below since most perched water occurs in isolated pockets,v

Fernald Enwronmental M,-snagement Project | 7
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Water sinkingthroughtheglacialoverlmnJenquicklycollectsinlhesandand gravel

aquifer, saturating it. Most water is prevented lnml sinking t'ullher by the nearly

impermeable rock tloor. The top of the aquifer is about 25 meters 182 feet) beneath

the site, and the aquifer is between 38 and 53 meters ( 125 and 175 feet} thick. As

shown in Figure 8, the groundwater ill the sand and gravel aquifer ix moving east

tinder the waste pit and production areas, while on the southern edge of the facility,

groundwater moves generally to the south. These groundwater flow data are used to

track and forecast the nlovell+lent of contalninants w!'.ich may be found in the aquifer.

There may he gmundwaler even deeper in the slightly permeaMe rock layers below

the sand and gravel aquifer; however, this water I.Sessentially trapped in cracks and

fissures and does not contribute any significant arr|ounl to the entire tlow system.

Surface Hydrology

The Fernald site ix part ot' the Great Miami River drainage basin, although it ix above

the floodplain (see Figure 9). Natural drainage from the Fernald site to the Great

Miami River ix primarily via Paddys Run, a small creek which begins north of the

site and flows southward ahmg the western edge of tile site. This intermittent stream

begins losing llow to the underlying sand and gravel aquifer south of the waste pit

area. Finally, about 2.4 km (1.5 miles} south of the site, Paddys Run empties into the

Great Miami River.

In addition to natural drainage ttlrough Paddys Run, site runoff is collected, treated,

and discharged to the Great Miami River through an effluent pipeline. The river,

about I km (().6 mile) east and south of the Fernald site, runs in a southerly direction

and llows into the Ohio River about 39 km (24 miles} downstream of the site.

Although turbuler|ce inakes the Great Miami Rivet" unsafe for swinlming, some

people do fish thcre. The segrnent of the river between the Fernald site and the

Ohio River is not designated as a source of public drinking water.

The average l]mv nite for the Great Miami River in 1993 was !37 cubic lneters per

second t4,836 cubic feet pet second), rneasured daily about 16 kin I l() river miles)

upstream of the efl]uent discharge. Flow rate also tluctuates throughout the year.

In 1993, the maxinmrn rate was 860 crns (3(),4(}0 of s)measured in Novernber; the

minimunl flow was 19 cl-ns 1679 ofs)measured in Septernber. s

Demography and Land Use

Scattered residences ;+rodseveral vilhtges, including Fernald, New Baltimore, R_ss,

New' Haven, and Shandon, are located near the site (see Figure !()). l)owrm_wn

Cincinnati ix approximately 27 km( !7 miles) southeast of the site, and tile cities of

Hamilton and Fairlield are !() to 13 km (6 tu 8 miles) Io tile m_rtheast. There ix an

estimated popuhttiotl _t" 14,6(X)within 8 km {5 miles)of tile Fernald site, and an

estimated 2.74 rnilli_m w'ithin g() km (5()miles). Table 2 on page A-3 shows an

estimate of p_pulation distribution in the surrounding areas.
h'Al _+_,ntint.'_ +m l_ttk,t' 22
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Figure 8: Buried Valley Aquifer Underlying the Fernald Site and Vicinity
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Figure 9: Great Miami RiverDrainage Basin
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Introduction to the Site

Figure 1 O: Major Communities in Southwestern Ohio
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Chaplet One

The area's major economic activities rely heavily on the physical environment.

Farming and raising dairy and beef cattle account ior the majority of the land use in

the area. Major crops include field corn, sweet corn, soybeans, and winter wheat.

Several nearby farms also sell produce locally or in nearby urban markels,

Other important commercial products from the area include sand, gravel, and water

from the aquifer. Many gravel pit operations exist along the Great Miami River

valley. A water company is located 2 km ( 1.25 miles) upstream of the site's effluent

discharge to the fiver: presently, this company pumps about 76,(X)0 m3 (2(1 million

gallons) of groundwater per day, for sale pri marl ly to Grealer Cincinnati industries.

Exposure Pathways to Humans

To protect the local environment, the Environmental Monitoring Program focuses

on e._po.sHrepathways. A pathway is a route by which materials could travel be-

tween the point of release and the point of delivering a radiati(m or chemical dose to

a person. These pollutants may reach people direclly via a primary pathway, through

contaminated air or water, or through a secondary pathway, such as the food chain.

One example of a secondary pathway is the air-to-soil-to-roots-to-produce-to-human

pathway, in this scenario, a gas or dust particle released from a stack settles on a

field or at plant and is absorbed into the soil. A phmt may then absorb the pollutant

through its roots: the chemical would then pass into the rest of the plant, including

the edible portions.

This scenario presents a simplified pathway that materials may take. The actual

route of the material can be very complex, and the quantity of material that could

eventually reach people would be very small. To develop an understanding of the

complexity, take another look at the pathway and consider that not all matefials

released settle out of the air; some fraction may be washed out by rain and enter

surface water or groundwater. Of the fraction thal does settle, not all falls Ohio fields,

and not all of that fraction on fields is absorbed by the roots of plants. This process

of dilution and separation continues until some small fraction of what is released in

the air may reach the leaves or fruit of the plant. Although certain plants, animals,

and soils may concentrate specific materials and are therefore important points in

pathways tha! should be sampled, pathways frequently overlap, and it is difticuit to

trace them precisely. Environmental sampling and analysis are performed to detect

tile presence and concentratiort of pollutants throughout the air and liquid pathways.

Although both radioactive and nonradioactive materials can reach people through

the same pathways, the pathway scenarios presented here and throughout the report

will focus on radioaclive contamination since this is of significant concern at the

Femald site. Much of this reporl, as well as the Environmental Monitoring Program

itself, focuses on radioactive contamination. Uranium is the major radioactive

pollutant at the site: however, some of the uranium processed was recycled from

nuclear react¢_rs and contains trace concentrations of fission products (such as

22 !993 F('rr/HId '.;_t(.'[ rlwro,,-_m(,nlal Ret)or!



Introduction to the Site

strontium-90 and cesium-i 37) and transuranics (such as neptuniurn-237, pluto-

nium-239, and plutoniurn-24()). These nuclides are radioactive, and the site monitors

for them in air and liquid discharges t() the environment. These trace radionuclides

aim exist in the environment as a result of fallout from weapons testing and emis-

sions from other nuclear facilities.

To organize the many pathways that exisl, the Environmental Monitoring Program

centers on two major pathways: air and liquid. These pathways provide a basis for

the environmental sampling program and direct which environmental samples and

models will be used in estimating dose. (Direct radiation, a third pathway, is moni-

tored wilh radiation detection instruments that measure radiation emitted directly

from the site, particularly from the K-65 silos. Direct radiation is discussed further in

Chapter Four.) The following sections describe how materials may follow the air and

liquid pathways and briefly describe environmental monitoring procedures.

Air Pathway

The air pathway includes not only all the airborne pollutants that may be carried from

the Fernald site through emissions but also lhrough direct radiation (see Figure i 1).

Stack and building vent emissions are obvious sources of pollutants, but dusl from

construction and remediation activities, waste handling, and wind erosion are also

important potential sources. The tk)rm and chemical makeup of pollutants influence

Figure 11: General Air Pathways to Humans
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how they are dispersed in the environment as well as how they may deliver radiation

doses. For example, tine particles and gases may be inhaled, while larger, heavier

particles tend to settle and deposit on grass or soil. Chemical properties determine

whether the pollutant will dissolve in water, be absorbed by plants and animals, or
settle in sediments and soils.

For the environmental scientist, tile first step in monitoring the air pathway is to

measure the concentration of the pollutants at the point of release, after they have

gone through treatments and filtering. This provides preliminary intormation on

how much pollutant is released and how it will behave in the environment. It is also

possible to estimate the concentration of contaminants in the air once the emissions

pass through the stack. The site operated 20 air monitoring stations 24 hours a day,

seven days a week, during 1993 to monitor these air emissions.

Liquid Pathway

The liquid pathway includes all releases that could carry waterborne pollutants (see

Figure !2). The principal liquid pathways include the effluent discharge line to the

Great Miami River, the overtlow spillway from the Stormwater Retention Basin,

uncontrolled stomawater runoff, and groundwater. Just as with the air pathway, the

first step in monitoring the liquid pathway is to sample the effluent streams as they

leave the site, The potential dose that could bc delivered via the liquid pathway can

be estimated by the type and concentration of each pollutant. Some pollutants in the

, liquid effluent may be carried along as suspended solids, which eventually settle out

as sediment in the stream bed; other pollutants are dissolved in the water and could

be absorbed by plants and animals.

Sediment sampling in Paddys Run and the Great Miami River provides intbrmation

on whether poilut_ultsare accumulating in the stream beds. Fish sampling can show

whether pollutants are being absorbed by aquatic animals and how much radioactive

material could reach people if they eat fish from the Great Miami River. Fish are

known as biological indicatol:_'because they can concentrate certain pollutants as

they come into contact with them. Therefore, the longer-term inlluence of the

Fernald site can bc measured through fish sampling.

Groundwater is an important component of the liquid pathway because it is the

source of water tbr homes and farms in the area. Extensive sampling of the wells

on the site and in the surrounding area provides inlbrma!ion about the aquifer. By

sampling the aquifer in many locations and at varying depths, site personnel can

determine the extent of any contamination.

Each pathway has specific standards and guidelines which define the allowable dose

limits lot the pathway, and these arc discussed in the nexl section.
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Figure 12: General Liquid Pathways to Humans
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Environmental Standards and Guidelines

As part of data analysis, site personnel compare the data to established standards

and guidelines whenever possible, These standards and guidelines have been

established by numerous national and international scientific and government

groups, including the National Council o_ Radiation Protection and Measurements

(NCRP), the International Commission on Radiological Protection (ICRP), Uniled

States Environmental Protection Agency (USEPA), Ohio EPA (()EPA), and DOE.

These groups have studied the effects of radioactive and nonradioactive materials

moving through the many environmental pathways Io people, l=rom this infommtion,

standards and guidelines have been established 1oensure that employees, people in

the surrounding communities, and the environment are protected.

DOE adopts standards recommended by various groups of expexls and publishes

them in DOE orders, thereby establishing the recomn_endations as limils to be met

by DOE facilities. For example, DOE Order 54(X).5, "Radiation Protection of the

Public and the Environment," defines the guidelines for radiation exposure to the

public based upon recornmendations of the ICRP? ,m Through repo_ls and other
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guidance, the ICRP recommended a system of dose limits. Almost all countries with

nuclear programs have adopted these recommendations, which provide a scientific

basis for radiological protection and the selection of dose limits.

Once DOE publishes it standard in a DOE Order, such as 5400.5, each DOE site

must meet the limits of radiation exposure established in that order. These limits

refer to the amount of exposure that a person beyond it facility's boundary could

receive from breathing the air or drinking the water. The standards in DOE Order

5400.5 require that routine activities not cause a member of the public to receive an

annual effective dose fl'om all radioactive sources (except radon and its decay

products) greater than I(X) torero. This dose, known as the primary dose limit, is in

addition to natural background radiation (discussed in Chapler Two). Underlying all

roles and requirements is the philosophy of keeping exposures As Low As Reason-

ably Achievable (AI,ARA). Therefore, DOE expects doses from its operations to be

just a small fraction of the I00 mrem per year limit.

in addition to the requirements of the primary dose limit and the ALARA process,

DOE is subject to several pathway and source-specific limits defined in other federal

regulations. These imposed dose limits include, but are not restricted to, doses from

the air pathway and from the liquid pathway. For example, the Clean Air Act slates

that the air pathway (air emissions and fugitive emissions from a facility) canno!

contribute more than a !0 mrem effective dose in one year to a member of the

public. Again, doses from radon and its decay products are covered separately. II

For drinking water, DOE operations cannot contribute more than a 4 mrem effective

dose in one year to a member of the public. I-_

DOE Order 5400.5 also establishes guidelines for concentrations of radionuclides

in air emissions and in liquid effluent. These concentrations, referred toas l)erived

Concentration Guidelines (DCGs), are initial screening levels that enable site

personnel to review emissions and effluent data and delermine it"there is a need for

further investigation.

The Fernaid site follows these standards and guidelines in its daily operations and

must provide monitoring results on a regular basis to DOE, USEPA, and OEPA in

reports that include the tbllowing:

• Annual Radionuclide Air Emissions Report to DOE and USEPA,

• NPDES Monthly Discharge Monitoring Reporl to OEPA,

• Effluent Information Syslem/Onsite l)ischarge Information System to D()E,
and

• Monthly Consent Agreement Report to USEPA.
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This SER ccmlpares the results of the site's mcmit¢_ring progranl to specific standards

for various pollutanls. Some pollutants do not yel have slandards and l)('(}s eslab-

lished. Ftwthermore, there are instances where standards do n¢_texist for specific

media, such as uranium in soil, grass, produce, or fish. Wl'mre no standards or

guidelines are available, other points of reference are presented in order Io help the

reader assess lhe impact of Fernald site operations. For example, results are compared

with background data from areas unaffected by the Fernald site activities. Results

from 1_93 are also compared with results t)'om previous years to look for trends.

The remainder of this report discusses some basic facts aboul radiation and other

health hazards, compliance activities, and the lZ,nvironmental Monitoring Program

for 1993.

Fernald Enwronmental Manag__m_nt Proj_.,c_ 27



Fundamentals of Radiation
and Health Hazards



2
I _ I [. III I II III III1||1 I J III I(llHi II I II . I I I II I I

Fundamentals of Radiation
and Health Hazards

Since radioactive materials and hazardous chemicals are stored at the Fernald

site, it is important to understand the possible health hazards associated with

these materials. Also, terms unique to radiation and its potential health effects

are used extensively throughout this report. As a result, some of the impor-

tant information in the report may be difficult for the non-scientist to interpret.

This chapter provides a way to put that information into perspective and in-

cludes the following topics:

• The atom,

• Radioactivity and radiation,

• The units used to measure radiation,

• Background radiation,

• The effects of radiation,

• Definitions of terms,

• Laws regulating health hazards, and

• Types of health threats.

Readers who are already familiar with the concepts and terms used in the

study of radiation and other health hazards may wish to proceed directly to

the next chapter, the Environmental Compliance Summary.
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The Atom

The world ix made up of atoms. Air)ms consist of Iwo basic p;uls:

• The nucleus, and

• The electrons orbiting the nucleus.

The nucleus ix made up o1 prott)ns, which are positively charged, alld neutrons,

which have no charge. Proh)ns and neutrons ;.ire similar in size, and both arc consid-

erably larger than eleclr()ns (about I,_(X)times more massive). Therelbre, the weight

and mass t)l"the atom ix principally ctmcentraled in the nucleus. The electrons

circling the nucleus have a negalive charge. Aft)ins lend Io move loward a neutral

slale in which the negative electrical charge o1"the orbiting electrons balances the

positive charge tfl the nucleus. 1"o keep the atom electrically neutral, the number

of electrons in an atom must equal the number or

Figure 13: Structure of the Atom prutt)ns (see Figure 13).
IIII IIII II

• Protons and electrons have many characteristicsThe Nucleus of an Atom

The nucleus has many similar to magnets. Just as opposite magnetic poles
protons (white) and are drawn toward e;_cll _)lher, pn)lons anti elecU'ons
neutrons(blue). Notice
that there are never two _ are attracted toward each other. This attraction keeps

protons touching each the electrons orbiting ;JrOtllld the ntlcletls. 1"heelec-other. Similar to a magnet,
the positively charged protons Irons are nt)t pulled into the nucleus because tfl" the
repel each other.There must
be neutrons separating the protons, electrons' energy. This energy keeps them constantly

moving and away from the protons. The energy in the

Electrons Orbiting the Nucleus electrons and the attraction o1 the electrons It) the
The electrons, like the pnfl()ns halance each other and keep lhc electrons in

• protons, repel each
• other. Only two electrons ()rhit. Jtlst ;.|Senergy in the electrons keeps them

_ can be on a path around orbiting, energy in the nucleus keeps the prt)tt)ns

the nucleus, and the two
are always at opposite and neutrons together.

ends of the path. There
will be as many paths

• •
as needed to hold all The number t)l protons in the nucleus ix referred It) asof the electrons.

• the atomic number, and it is the identifier of the atom.

if the atomic number changes, then the number of
C9+

The Hydrogen Nucleus r'qP electrons and the chemical properties of the atom
The hydrogen nucleus always has +' j change. For example,for an atom to be hydrogen,
one proton and can have zero, one
or two neutrons. The protons are + it must have one proton. If a hydrogen atom were Io

positive and the neutrons are neutral, gain a prt)l(m, it w()uld nt) h)nger he hydrogen; it

" • would he helium, which has two protons, t.lranium,

The Hydrogen Atom ttle substance ()I most concern at this site, has 92
The hydrogen atom consistsof the protons. Since l)rolt)ns are positively charged, the

nucleus and the electron orbiting the
¢ + nucleus. Since the hydrogen atom al_)mmust also have 92 eleclrt)ns I'_)rit to he electri-

has one proton, it must have one tally neutr;d.
electron to be electrically neutral.
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The sum of lhe protons and neutrons in the Vlucleus is called the mass mlmher.

tlnlike pr,lons, lhe number of neutrons contained in a specific atom can vary since

neumms have no charge and do not need Io be balanced hy electrons. Therefore, the

mass number can vary. F¢,"example, a hydrogen atom always has one proton, hul it

can have either zero, one, or two neutrons.The difl'crenl hydrogen atoms are called

isotopesof hydrogen.Isotopes are labelled with their mass number. A hydrogen
i|lOlll without a nculron is refeited to as hydrogen- I where I is the mass number.

The hydrogen isotope with one neutron is referred to as hydrogen-Z, and the isotope

wilh two neutrons is referred to as hydrogen-3.

Most of the uranium at the Fernald site contains 146 neutrons to go with the 92

protons present in every uranium nucleus; therefore, the mass number in 238 114fi

ncumms + 92 protons = 238 I, Uranium-234 hits 142 neutrons + 92 protons, ura-

nium-235 hits 143 neutrons + 92 protons, and uranium-236 has 144 neutrons + 92

protons. All isotopes of uranium are radioactive. Radioactivity and radiation are

described in lhe next section.

Radioactivity and Radiation

Radioactivity is a process in which a nucleus of an unstable al(m_ spontaneously

decays or disintegrates. Radiation ix the energy that is released its panicles or waves

when the disinlegrali_m or decay of the nucleus occurs. This section includes a

discussion of radioactive decay and the three main li_rms of radialion produced

by radioactivity:

• Alpha panicles,

• Beta panicles, and

• Gamma rays.

It should be noted, h_,,wever, thai not all radioactive substances emit all throe lypes of

radiation. Some homeowners have expressed concern about receiving radiation from

ganlmit rays due t_ the presence of uranium-238 in well water, th_wever, uranium-

238 emits alpha particles, not gamma rays. The differences between alpha particles

and gamma rays will he claritied in the discussions thi|l follow.

Radioactive Decay

Atoms are radioactive because their nucleus is too large (because of the number ¢)1

protons ;rod neutrons) or has to_ much energy to remain stable. By emitting radia-

lion, the nucleus releases energy and moves toward a more stable, less energetic

state and eventually becomes a stable atom. Radioactive decay occurs everywhere

on emlh because of naturally occurring radioaclive elements. When most radioactive

elements decay, the resulting alom is also radioaclive. This is called a radioactive

decay chain. There are four natural radioactive decay chains. A common chain

begins with uranium--238 and ends with lead-2()6 (this isotope of lead is stable,
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Ch,_pt{,r Two

which means it does not decay). Each o1"the wtrious radioactive atoms (radionu-

elides) created during the decay sequence has its own natural rate o1"decay.

It takes a different amount of time for each dement to decay to the next element in

the chain. The amount of time it takes for a radioactive substance to lose hall"of its

radioactivity, or for half to become the next dement in the chain, is its half life. All

decay chains found in nature begin with

_NG HOMEO_I_£R CON_RN$ an isotope with an extremely long
USESOF WELL WATER half-life. I! i. assumed that these atoms

were formed at the same time as all the
Severalhomeowners near the Fernald site _ expressedcon-
cern as to why well water with low concentrations of natural other atoms on earth and are still
uranium may be acceptable for household utility usessuchas present because their half-lives are

washing clothes, bathing, and watering plants, but may not comparable to the age of the earth.
be acceptable for drinking or cooking, To some, this has
seemed an inconsistencyand cause for misunderstanding.

The uranium decay sequence is a

The key to understanding why the water isacceptable for ex- common example in nature and here
ternal usesisan understanding of how alpha particles,of prime at the Fernald site. (The uranium and
concernwhen dealing with uranium, delivera radiation dose.

thorium decay chains are presentedAlpha particles are large, charged particles that readilyinter-
act with other materials. Thisinteraction prevents the particles on the following page.) Uranium-238
from ever penetrating very deeply. Even the most energetic emits an alpha panicle (two protons and
alphas from uranium are stopped by the outer layers of dead two i:eutrons) and becomes thorium-

skin. 234. Then a neutron in thorium-234

However, inside the body, there are no protective dead cell becomes a proton and an electron. The

layers to prevent the alpha particl_ from interacting with live electron is emitted as a beta particle.

organ ceils; all emitted energy is delivered as dose to the or- Then thorium-234 decays to protac-
gan. The alpha-emitting radionuclide may also be incorporated

tinium-234. The decay process pro-into specifickindsof cells,depending on its chemical proper-
ties. For example, the body processesseveral radionuclides as ceeds in this manner until the element
though they were calcium; predictably, they end up being becomes stable as lead-206. Much of

deposited in the bones. Research has shown that uranium the uranium and thorium at the Fernald
tends to concentrate in the bone and, to a lesser extent, in

the liver, kidneys,and other tissues, site has been chemically purified and
separated l'nml other elements shown in

There ts also a chemical toxicity associated with uranium, in- the decay series. Elements separated

dependent of its associated radiation hazards. Studies on ani- from uranium and thorium are some of
reals have indicated that uranium is toxic to the kidney at
concentrations of approximately 70,000 pCi/k, t3 the wastes stored onsite. The material

stored in the K-65 silos is an example

Although the concentrations of concern in these studies are of such waste.
several thousand times greater than the concentration of ura-
nium in local groundwater, it isdesirable to limit the intake of
uranium. While no measurable increase in health effects can

be expected by drinking water with slightly higher than typi-
cal background concentrations of uranium, decreasing the
amount of uranium ingested may provide valuable peace of
mind to those concerned. And, even with slightly higher ura-
nium concentrations, the water is stillacceptable for external,
household utility use.
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Nuclides Isotope Half-life Radiation

of the Uranium Ur+)rm#)_--,.?3_+ 4.500,()00,000 years alpha

Decay Chain
I hor,um 2 H 24 days bet, t, cjarrTr)],)

Dro[d(. |lrllLJrT1 -234rY1 1 2 rTltrx.Jtes beL), g_)mr_),)

Ur,)naLtm +2 i_4 250.000 years alph.), qar)lr'n, l

lhc)rJL)rr)-2 ]0 80.000 year", , dph, L c],.))r)la

RadiL)m--226 l. 622 y(:,tt-,; ,)lph+). @)n)m,

[_+tdo))-222 ") ,9 d, vy_, ,llpha

I'c)lOrlltJrV)--218 _ 05 rnonLit_"_ ,tlpt'l,)

l..e,vd-214 26 8 mlrxltc,', bet,), (i,))))m,)

Aq_)t)r)e+ 218 2 0 '>econds ,)Ip))+)

B)smuth--214 19 7 n))nLJtes beta, c],,)vr)),)

Polon)um+-+214 0 000164 second alpha, gamma

7halhurr)-2lO I :_rr)lr)utes Ix't,). g,-)mn),)

Le,+d-2 I() 22 years bet,), (},.))m,)

B)smuth- 210 .5 0 days bet+)

Pok.)rm Jrn--210 I _}8d,-)ys ,)Ipha garnrn, )

Jh, llllLlm-20G 4 2 rT+)IrllJtes be't,)

Le,)d--20G Stabk' n()r)e

Nuclides Isotope Half-life Radiation

of the Thorium T)x_rJura- 2 _ 2 14, (.)00.()()()000 y,_,+)r'> , )lp__,

Decay Chain [,_aChLir)-1+_228 6 7 y(',)rs L)(I,)

Actlr)lur))-228 6 1_ hc)t,s tx,t,_,(l,)m)'_+)

lh()num.-.228 1 9 y(',)rs ,d!)h,), cl,)r))r)_,)

R,)chum 224 3 64 d,)ys ,)Iph,). (l,)r))n)+)

Radon 220 55 '>('c(>r)ds , dpt_,)

l_ol()n)LJm 216 0 16 s,,.'(ond ,dptl,+

I(',)d +212 l() 6 hours De'hi. (J, ln')m,)

O+smtJth- 212 60 ') mJrx+tc"., ,)If)If,). b('t,k (l+,))m,+

l+cJlon)un)+2 12 C)0000()0 _,04 _('( ()n(J , )tph, )

II+,+lhtJm-.208 "}I r)1)rILJtk.'S tx't,t, cj,)r))n),)

I (',)(1 ,,>(}_ %)t_I(' n( _)I('

++:. •

? EXAMPLE To illustrate the idea of half-life, let's look at the isotope thorium-234.
Its half-life ts 24 days. If you started with 1,000 atoms of thorium-234, after 24
days you would have 500. After another 24 days you would have 250, and so
on. The half-life of some isotopes,such as uranium-238, is very long. The middle
column in the uranium and thorium decay chain examples contains the half-life
periods of the elements in the decay chain. All the radionuclides in the Uranium
Chain can be thought of as "potential" lead--206 atoms. This will be the case
many billions of years into the future when all natural radioactive isotopes will
have decayed to their stable end products.
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Chap[erTvvo

Alpha Panicles

Alpha Fulicles consist of two protons and two neutrons and have a positive charge.

Because they are charged, they interact with other atoms by scattering off other

charged panicles, thus losing their energy. Moreover, because of their large size,

alpha panicles do not travel ve U far when emitted (1 to 8 centimeters in air). They

are unable to penetrate any solid material, such as paper or skin, to any significant

depth ¢see Figure 14). However. if alpha particles are released inside the body. they

can dama,,ee, the soft internal tissues because they. deposit all their energy, in a very.
small volume. Lira-

Figure 14: Types of Ionizing Radiation nium decays by
........... emitting alpha par-

ticles, so if uranium

Alpha Particles ,__.. Paper--, panicles are inhaled or

0 0 0 _ _ sw='aliowed, the einiltedAluminum Foil alpha panicles may

Beta Particles _ __-_'_jk dainage internal tissue.• • @ 0/ • '-',,':_7 Some other radionu-
• • 0 • 0_.0 _ • _ Concrete elides presenl at the

--,. _'--:.,-q_'--7 "_ by emitting alpha

Gamma Rays panicles include

thorium-22_, -230.

Beta Particles

Beta panicle,, are electrons that curt\ a negative electrical char<,e They are much_.. •

smaller than alpha panicles and travel at nearly the speed of light: thus. they can

traxel appn_xintutely 2 to 4 meters (6 to 12 feet)in air und penetrate s_lid materials

about I c111(().4 inch ). Beta panicles interact with other _.II()lllS in \_,a\.;s similar to

alpha panicles, but since the\ are smaller, faster, and have less chan-e, they cause less

concentrated damuge x_hen interacting with tissue. Thorium-234. a decay producl _I

uru.lllUlli-_.'_g, emits beta particles.

Gamma Rays

Oanilil;.i i;.i}s ;.irebundles of ¢leclnmlagnetic ellcrgy which behave as though the\

v,ere pailicles. The,,e p,,eud<!-parlicle_,are called pholoris. The) ;.ile sinlilar Io visible

light, bt.ll tlf ;3liltich higher energ). Fllr exai?llplc, X-r;i\'s are ;.itype _>Ihigh-energy

¢lecll_llllaellelic rtidiali{lil, and excessive exposun.' tc_X-ia_s el-indal-lla_,elhe bed\.

(kirnma li.i\ ,, ;.llCgenerall\ more energetic tll_.illX-rl.i\'s,.rhev el.inira\el long dis-

lalice,, and can pent.'iratenol _ml_ skin. btlt. dependinL,,_m lheir ellerov_..,can peilelrale
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substantial distances into solid materials such as concrete or steel. Gamma rays are

often released during radioactive decay along with alpha and beta particles. Some of

the materials stored in the K-65 silos decay by emitting gamma rays. Potassium-40

is an example of a naturally occurring radionuclide found in all human tissue thai

decays by emitting a relatively high-energy gamma ray. The typical human body

contains about I I().(XX)picocuries of potassium-4(). (Units of radiation are

discussed below. )

Interaction with Matter

When radiation interacts with other materials, it affects the atoms of those materials

principally by knocking the negatively charged electrons out of orbit. This causes

the atom to lose its electrical neutrality and become positively charged. An atom

thai is charged, either positively or negatively, is called an ion. Anything that creates

an loll is said to he ionizing.

Units of Measurement

To measure the effect of radiation, scientists have developed ways to measure

levels and intensity of radiation. Some of these measurement units are technical

and may require some explanation. Additional terms are included in the glossary of

this report.

Activity

Activib is the number of nuclei in a material thai decays per unil of time. An

amount of radioactive nlaterial that decays at a rate of 37 billion atoms per second

has an activity of one Curie (Ci). Smaller sub-units of the Curie are often used in

this report. Two common units are the rot-

Figure 15: Comparison of Disintegration Rate* cr()curie (_Ci), one millionth ota Curie, and
............................. the picocurie (pCi I, one trillionth of a Curie.

, _• ,,,,j_ The amount of radioactive material required
(....... 1Curie ( J 1 Curie to emil one Curie depends on the disintegra-

[_ tion rate. For example, about ()ne grail1 of
radium-226, with a half-life of I (__'_years,

1 Gram
• of Radium-226 is one Curie of activity. ()n the other hand,

it would require about 1.5 million grams of

natural uraniunl, which has a half-life of4.5

billi(m years, to equal one Curie because

natural urailitlll] is less radioactive IhaFi ra-
1 Curie

[_ dium-226. Radon-222, with a half-life of
only 3.7,days, is overt more radioactive than

1,5 Million Grams 0.00000653 Gram
of Natural Uranium of Radon-222 radium-226, and only ().()()()()()65grain of

- [ _ 93")!;.1(. (. 11----- is needed to equal (HIe Curie

• Not Drawnto Scale (see Figure 15).
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Chapter Two

Dose Equivalent

When a person cornes into contact with radiation, that person has been exposed to

radiation. Dose equivalent is a measure of the amount of radiation that is delivered

to the body. Alpha, beta, and gamma radiation affect the body to different degrees.

To take these different effects into account, each type of radiation is assigned a

quality factor (QF). The more damaging the type of radiation, the higher the QF. For

beta and gamma radiation, the QF is one. For alpha radiation, the QF is 20. The QF

number is multiplied by an absorbed dose to calculate an exposed person's dose

equivalent. Dose equivalent, or simply dose, is used when comparing the effects of

different types of radiation. The Roentgen equivalent man (rein) unit is used to

express dose equivalent. The more rein, the higher the potential damage. Since the

amount of radiation we receive from background and the Fernald site is so small,

millirem (torero) is often used instead of rein. One mrem is equal to 1/!(XX)ofa rein.

The term dose is used in four different ways in this report:

organ dose, effective dose, commiued effective dose, and

whole body dose.

The organ dose is the amount of radiation received by an

individual organ in the body. The amount of radiation any

organ will absorb depends upon a variety of factors (for example, the way the

radiation entered the body and the type of radiation). Therefore, when discussing the

organ dose, scientists often refer only to the organ of greatest importance called the

_'ritical ot;t_an.The critical organ varies from situation to situation. It is determined

based on things such as the amount of radiation received, the chemistry of the

radionuclide, the sensitivity of that organ to the particular form of radiation, and the

importance of that organ to the body. Based on the radionuclides tk)undonsite.

scientists have identified the critical organs as the lung, kidney, and bone surface

(endosteum). Figure 16 shows which organs are most affected by various substances
lbund at the site.

The effective dose expresses how much of a health risk radiation doses pose to

individuals. To determine the effective dose, scientists first estimate each organ

dose. Then, since some organs are more sensitive to radiation than others, the organs

are given different weighting factors, similar to quality factors. The greater the risk

an organ has of developing cancer and the more imporlant that organ is to hurnan

health, the higher the weighting factor. The weighting f_lctoris multiplied by the

organ dose for each organ. These numbers a_vthen added together to give the
effective dose.

The NCRP and ICRP recommend that an individual be cxposed to no more than I(X)

mrem clTective dose per year liarall pathways (over and above the amount a person

receives from background and medical radiation). This recommendation applies to

the general public lk)rhmg-terrn, continuous exposures, i,_The DOE guideline tot
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dose to members of the public is I(X)mrem

Figure 16: Organs Affected by Substances per year from all pathways (excluding radon).
Found at the Fernald Site

..... The National Emission Standards for Hazard-

ous Air Pollutants (NESHAP) limit for

effective dose is I() mrem per year from
Organic Lead ...... Arsenic

radionuclides (except radon)released via the

Manganese Chromium air pathway.l_
Cadmium ............. Fluoride
Cadmium Seleniurn

The committed effective dose is the total
Manganese
Magnesium amounl of radiation an individual receives
Beryllium over a specified period of time fi'om radioac-Zinc

live materials inside the body. When a person
Radon

Fluoride Asbestos breathes or eats something that contains radio-
Lead _ Selenium active materials, the radiation within those

materials is not all released at once. Half of
Zinc Cadmium
Lead Uranium the radiation is released over a period of time

Arsenic Arsenic equal to the half-life of the radioactive mate-
Fluoride Beryllium

Chromium rial. Meanwhile, the body excreles radioaclive
materials at various rates determined by the

I Fluoride individual's metabolism and the biochemistry

Cadmium of the radioactive material. Scientists have de-

veloped the concept of the committed effective
dose to estimate the total amount of radiation

one will receive _)ver time (generally a 50-year

peric_d) fixml the radioaclive malerials taken

into the b_)dy in a given time period.

The whole body dose is the amount of radiation an individual receives when the

entire body is irradiated evenly by direct (gamma)radiation. Most radionuclides

present at the Fernald site do not contribute toward a whole body dose because they

concentrale more in _ome organs than others and do not emit signilicant amounts of

gamma radiation.

..

Gonads 0.25 .... Remainder" means the five other or->
w, h h,gh ,eo,o1 9,,v r,

;+"" Breasts i:. :_-- " " - :_ kidney, spleen, thymus, adrenal, pan-
, RedBone Marrow O.12 creas, stomach, small intestine, or upper...... _ _ •

" lungs 0,12 . . - and lower large intestine, but excluding
__ • _ - . __

skin, lens of the eye, and extremities).
Thyroid 0.03 .

The weighting factor for each of these
Bone SUrfaces 0;03 L_._ organs is 0.06.

_. _ ...... .... L

' Remainder
't_-
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ChapterTwo

Exposure to Background Radiation

The dose terms defined in the preceding paragraphs apply to more than just the

radiation we may be exposed to from facilities like the Fernald site. All people are

constantly exposed to other background and man-made sources of radiation. Such

radiation includes the decay of radioactive elements in the earth's crust, a steady

stream of high-energy panicles from space called cosmic radiation, naturally occur-

ring radioactive isotopes in the human body like potassium-40, medical procedures,

man-made phosphate fertilizers (phosphates and uranium are often tound together in

nature), and even househoM items like televisions. _5In the United States, a person's

average annual exposure to background radiation is 360 mrem. _'*The DOE guidelines

(as well as other radiologicai guidelines) apply to exposure_; individuals receive in

addition to background radiation and medical procedures.

As the Exposure to Background Radiation Chart shows, radon is the largest contribu-

tor to background radiati,m (see Figure 17).At an average of 2(X)mrem per year,

naturally occurring radon accounts tot more than hail"of the background dose in the

United States. _ (Radon is discussed further in Chapter Eight.)

Background radiation dose will vary in different parts of the country. For example,

living in the Cincinnati area will produce an exposure level of approximately 110

torero, while the dose received annually from living in Denver is approximately 125

Figure 17: Exposureto BackgroundRadiation
,inn I II I I IIIII I I IIIIn n inn in imnu

ConsumerProducts3% Other< 1% Occupational 0.3%
FallOut < 0.3% Man-made

NuclearMedicine4% / NuclearFuelCycle< 0.1% 18% _11,
Miscellaneous 0.1%

Medical/X-rays11%_ . NaturalSources
Radon55% 82%

Internal11%
Background= 360mrem/year

....

NationalCouncilonRadiationProtection
Terrestrial8% andMeasurements,IonizingRadiation

Exposureof thePopulationof theUnited
Cosmic8% States,NCRP-93,1987.
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torero. This difference can be attributed to soil

Figure 18: Breakdown of Average U.S. composition and distance above sea level. Another
Radiation Exposures

..... factor which affects annual radiation dose is tile

type of building material used in homes. Figure 18

130 shows that the annual dose received from living in

120 a brick or concrete house is about two times greater

110 than from living in a wood ti'ame house. Also

100 shown in the bar chart is that a single round trip

90 flight from Cincinnati to London (or the equivalent)

80 produces an exposure of approximately 4 torero. _('
In comparison, the dose received ;.it the site's

E 7O
fenceline fronl an entire year is approximately

E 60 1.() torero.

50

40 One way to measure how much radiation we are

30 exposed to is to complete a persorlal radiation dose

20 worksheet, like the (me on the next page. The next

section provides inliwmation on the effects of10
low-level radiation, whether it is riaturaily occurring

0

@e," o4,?',,,xo_,,,_ c@ e .@e," or originates from a tiiciliiy Dikethe FernaM site.l +.o°:,o
*Imremforeach4,030km (2,500miles)

Effects of Radiation

The effects of radiatiori on humaris are divided into two catego,ies, somatic and

genetic. Somatic effects are th()se that develop in the directly exposed individual,

including a developing fetus. Genetic effects are those that are observed in the

offspring of the exposed person.

Because we are constaritly exposed to both ll;.itl,li'al ;.illd nlail-illade sources of radia-

tion, and because the body has the capacity to repair damage fronl low levels of

radiation, it is extremely difficult to determine the effects from low-level radiation.

This section explains why this is true and how' somatic and genetic effects may {)tour.
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Ctlapter ;wo

Personal Background Radiation Dose W'orksheet*
Annual Dose

Source of Radiation (rnrem)

Earth and Sky

Cosmic radiation at sea level 26

Cosmicradiation above sea level

Add i mrern for every 100 feet above sea level
(Cincinnati isapproximately 600 feet above sea level.)

Jet plane travel/high altitude exposure to cosmic radiation
Add 1 mrern for every 2, 500 miles flown

TerrestrialRadiation 28

Radon (background) 200

Nuclear testing fallout 5

Your Body 40

Television Viewing Add 0. I 5 mrem for every hour of viewing per day
(For example, if you watched an average of 4 hours of TV a clay
tn 1993, add 0.6 rnrem.)

Medical X-ray and Radiopharmaceutical Diagnosis

Add 10 mrem for each chest X-ray

Add 500 rnrem for lower gastrointestinal-tract X-ray procedure

Add 300 mrern for each radiopharrnaceutical examination

Total

* The information is drawn from two major sources:

• BEIRReport-Ill-National Academy of Sciences, Committee on Biological Effectsof Ionizing Radiations,
'The Effectson Populations of Exposure to Low Levelsof ionizing Radiation," National Academy
of Sciences, Washington, DC, 1980, and

• National Council on Radiation Protection and Measurements Report No. 93, 1987.

Somatic Effects

C(mtinu()us exposure to low levels of radialit)n can produce gradual somatic changes

over extended lime. For example, someone may develop cancer from man-made

radiatit)n, background radialion, t)r some other source not related to radiation.

Because all illnesses caused by h)w-level radialion can also be caused by other

laclors, it is presently inw)ssihle It) determine individual health effects ()1"It)w-level

radiation. H()wever, there are a few groups ()1"people under medical observation

because they have been exposed to higher levels ()f radiation. These include the

surviw)rs of Hir()shima and Nagasaki, uranium miners in the United States and

eastern Europe, a group ()1"workers who used paint containing radium, early users of

X-ray machines, some DOE employees working in the defense facilities, and people

suffering from illnesses where radioactive material was used for treatment.
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Even afterstudyingtheheaIlhelfeelsofradiation_m thesegroupsofpeople,scien-

fistsarestillnotableto(lelerminewithcertainlyhow much cancer,ifany,may have

been caused by low-level radiation.

Those individuals exposed to high levels of radiation are at greater risk. We know

this because at these higher radiation doses, we see that the number of radiation

effects increases as the level of radiation dose increases.

A whole-body dose of 1,0(R) rein of radiation delivered instantaneously will probably

kill a person. A dose of 6(X)to i,(lO() rein causes severe sickness, but there is some

chance for recovery. A dose of 200 t_ 6(_) rein causes some sickness with a very

good chance for recovery. A dose of I(X)to 2(R) rein could possibly cause some

vomiting, but probably no demonstrable hmg-lasti ng effects. 17

Significant clinical symptoms of radiation probably will not be seen in individuals

who have been exposed to less than l(R)rein. _s(The dose to the maximally exposed

individual I'rom all pathways, except radon, was approximately I.(} mrem in 1993.1

Most scientists believe that there arc nt) directly observable short-term radiation

effects on human beings exposed to less than 1()rein because the biological damage

created by this level ot radiation is too small to result in near4m'm clinical symptoms.

Estimates on the value of the threshold level to, radiation effects, if stich a level

exists, vary significantly. As mentioned above, some scientists believe it c(_uld be its

high as 1()rein. _:Others insist there is no threshold level bel()w which radiation

exposure is sale. _'_They feel there is always a direct relation between the amount of

radiation to which people are exposed and the number of related radiation effects.

Somatic effects have been documented only at high radiation levels. These include

clouding of the lens of the eye, lowered fertility rate, and a reduced number of while

cells in the blood. Problems caused by radiation seen in the development of the

embryo result from large doses, not the low levels characteristic of background

radiation. Therelore, the most likely somatic effect of low-level radiation is believed

to bca small increased risk of cililcer. Is

Genetic Effects
I'

A single ionizing event has the potential t(_cause a genetic effect. To undersland why

this is true, it is helpful It) iot)k at the structure of a human cell.

ltuman cells normally contain 46 chromosomes-23 transmitted fl'Olll the' mother

and 23 from !he father. These 46 chr_mu_somes contain about l(),(}t)()genes which

arc passed (m to the next gerlerati(m and determine many physical and psychol{_gicai

characteristics of the indivMual.
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Radiationcancausephysicalchangesormulati_>nsinlhesegenes.Chromosonle

fiberscan breakand rearrange,causinginlerI_'r'¢ncewilhlhenormalcelldivisionof

chromosomes byaI'IL'clingthenumberand slruclure.A cellcanrejoinlheendsofa

brokenclu'om_semle,hutiftherearetwo breakscloseCIl()LIg]llogelherinspaceand

IJnlc,thebrokenendsfi'omone breakmay jojllincorrectl,vwiththoseln_manolher.

Thiscan causetI'mlslocalJems,inversions,rings,and othertype.,.,(_Isll'UCluralrear-

rangement._ Radiationixm_ttheonlymechanismhy whichsuchchange.,,canoccur.

Sf_otHmleousrnutatJ_msand cllemicallyinducedmutationshavebeenobserved.

The IllUl_.itedgeIleSfr(_lllOIleparentcanthenhe passedon tooflslwinD They lylfi-

cattyhaveno effecton theoffspringash_nga.sthegeneslrorntheotherparenlarenot

mutatedin thesame way. However,thegenesstay inthebody of theol'l_pringand

arepassedon tofollowinggenerations.Iftheymeetsimilargeneswhen ref_roducinD

theywouh.Ithenbecome presenlintheCIlaracteristicsoftheoffspring,j7

Thereixn_>evidencethatthereareradiationlevelsbelowwhichchromosomes are

notaffected;however,geneticeffectsofradiationhaveneverbeenclearlydernon-

strated t¢_occur Jnpeople._ _

Health Hazards at the Fernald Site

Aside from radiation and its effects, there are other health hazards associated with

theFernaldsite.Inordertounderstandthese_tllerhealtllhazards,itinhelpl_lltohe

familiarwiththeterminoh_gyand lawsthaldefineand regulatethesehazards.

Definitions of Terms

Many termsreferIosubstancesthataresuhjeclIoregulationtinderone ormore

IL'deralenvironmenlallaws._li,llelawsi.llldregulationsalsoprovidesimilarlerrninol-

ogy thalmay heconfusedwiththefederallydefinedlerms.Many oftheseterms

appear Io he synonymous and are easily confused.

A hazarduus chemical, as defined by ()Sft/\, in any chemical which is a physical

hazard or a health hazard. Physical hazards include conlhustihle liquids, compressed

,,"s exl_losi\es, llammahles, organic peroxides, oxidizers, pyroi_h_wics, and

reactive,,. A health hazard, on the other hand, ix any chemical for which there ix g<_<_d

evidence that acute <_rchr_>nichealth effects occur in exposed people. Am_ng the Iisl

of hazardous chemicals are c_.llCJtlo_2ellS, JtTJtants.cot-r_sives, neurotoxins, and _.l_2elllS

that,damage the lungs, skin, eyes, or mucous me_nhranes.

A hu=ardmL_' material. 'd_ defined by the l)eparlment of Transportati_m, in a sub-

stance or malel"ial in a quantity and fewln which may pose an unreasonahle rink Io

health and safety (H"property when Iransf_orted in C_mlnlefCe. A ttazardous Materials

Table, withmore Iha1_16,()()()entries, includesexph_sives, oxidizing materials,
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c(_rmsivcs, llallllllahl/0s, _.ISON,pois_ms, radi_activo StlbSlallCeS,alld agents capable of

causing disease.

A hax_rdous subslmwe is any substance designated under Section 31 I of the Clean

Water Act; any element, compound, mixture, solution, or substance designated as

hazardous under Section 102 of CERCI.A; any listed _)rcharacteristic RCRA

hazardous waste; any toxic or p()llulant listed under Scclicm 3()7 of the Clean Water

Act; any hazardous air polhltant listed under Section I 12_ff the Clean Air Act; and

any imminently hazardous chemical suhstance or mixture subject to ,_eclJ()il7 ()f the
T()xic Substances C()ntrol Act.

A hazardous waste in a solid waste that must be treated, stored, transported, and

disp()sed of in accordance with applicable requirements under Subtitle C of RCRA.

Hazard(ms wastes may cause or nignificanlly c(mtribtlle to an increase in mortality or

an increase in serious irreversible, or incapacitating reversible, illness. These kinds of

wastes may also pose a substantial presentor potential hazard to hulllarl health or the

environment when ilnproperiy treated, stored, transported, _r disposedot,or other-

wise managed. Hazard(ms w:lstes are either listed in the regulations pr()illtllgliting

RCRA or are "characteristic" wastes. "Characteristic" hazard(ms wastes include

those that arc ignitable, corrosive, reactive. _)r toxic. All RCRA Subtitle C listed or

characteristic hazard()us wastes are also CERCI,A hazard(ms substances. :2

Laws Regulating Health Hazards

Some of the fcderal laws that rcguhitc health hazards are discussed helciv,'. The first.

CERCLA, provides li)r the remediation of hazard(_us substances lit Nail(real Prioity

l_ist (Superfund) sites. As well, CERCI,A has ils _)wn reporting and resp()nsc require-

ments when a hazardous substance released to ti_eenvironment exceeds a rep()rtablc

quantity.

RCRA Subtitle C, as discussed ahm'c, lm)vidcs lot the safe treatment and disp(isal ()f

hazardous waste and regulates hazardous waste management praclices ti)r generators,

transporters, lind t)wners and operators ()1 treatment, storage, and disposal facilities.

Section 6 (1t 7SCA authorizes [JSEPA 1o initiate civil actions regarding hazardous

chemical substances ()i"mixtures which present an imminent and unreasonable risk ()f

serious ()l"widespread injury t() health or the eilvir()nlllent. There ix n() "lisf' ()f

imminently hazardous chemical substances _)r mixtures, but t,fSEPA currently

regulates PCBs, fully halogcnatcd chh)roflu_)r()aikancs, ashcst()s, and hcxavalcnl

chromium under Section 6 of TSCA.

Under the Clean AirAct, National Enfissi()n Standards li)r ttazardous Air Pollutants

(NES HA P) arc cstahli shed. There are man y hazardous air pollutants, including

asbestos, benzene, beryllium, c_)ke oven emissions, inorganic arsenic, mercury,

radionuclidcs, and vinyl clal(iridc.
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There are many types of potential health threats (asidefrom the radioactive risks

already discussed} related to the hazardous subslilnces at the site. They should all be

addressed and understood by both area residents and onsit¢ workers so the substances

will be handled properly and safdy or avoided whenever possible. Carcinogens,

corrosives, explosives, flammables, iltitants, and pt)isons/toxins are all potentially

harmful.

Carcinogens are substances fllat have the potential to cause canter. A common tart

inogen located at the Femald site is asbestos. When asbestos panicles are inhaled into

the lungs, they may damage tile alveoli (the air sacs lining the lungs). ]'his damage

makes the lungs more susceplible to cancer, especially in smokers.

When a chemical causes a substance It) wear away ()r deteriorate, it is sltid t() be

corrosive. Many tomm(m chemicals are potentially corrosive. For example, vapors

from ammonia may be tom)sire to the eyes, respiratory system, and other moist

lissues. Blindness may result from a large exposure to these vapors.

l_;xplosioas tan occur in many situations, if an unstable solid or liquid changes sud-

denly into a quickly expanding gas, especially in a tightly closed container, an explo-

sion tan occur. Rapid nuclear fission may also cause a substance to explode. During

these explosions, energy is released, often in the form of heal and sometimes radiation.

This energy release may cause injury resulting from the impact of debris or burns to

exposed skin.

Flammable materials are any materials which can he easily set on lire and burn readily.

Paints, gases, and fuels are it,tureen tlammable materals at the site. Hydrogen, tk)r

example, is a very tlammable gas. An obvious health hazard associated with flammable

material is the potential tier burns.

An irritant is a substance which causes an organ ()r any pan of the body to become

inflamed or sore. A common solvent used at the site, I, I, l-tdchloroethane, can be an

initant to the skin and the eyes upon contact.

Poisons and toxins are substances that may cause illness or death when ingested or

absorbed into the body. Nearly all chemicals have the potential to become poisonous

()r lt)xic when used improperly or in excessive amounts. A toxin that destroys nerves or

nervou_ tissue is called a neurotoxin.

The next chapter, "Envirt)nmental Compliance Summary," presents the Fernald site's

status with several environmental regulations. The environmental monitoring data are

presented in chapters Four, Five, and Six. Chapter Seven presents it discussion of the

estimated radiation doses t_ which the people near tile site might be exposed and how

these results were calculated. The.I, in Chapler Eight, the Radon Monitoring Program

is discussed, and the 1993 radon monitoring and d()se results are presenled.
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Environmental Compliance Summary
The Fernald site must comply with environmental requirements established

by a number of agencies governing daily operations at the site. These require-

ments fall into four general categories:

• Requirements imposed by federal statutes and regulations,

• Requirements imposed by state and local statutes and regulations,

• Requirements imposed by DOE Orders and directives, and

• Site-specific requirements imposed through agreements with

regulatory agencies.

Becausethese requirements are initiated by several different sources, enforce-

ment likewise falls under several federal, state, and local agencies. OEPA is

the primary agency that issues permits, reviews compliance reports, inspects

facilities and operations, and oversees compliance with applicable regulations.

USEPARegion V governs the Comprehensive Environmental Response, Com-

pensation, and Liability Act (CERCLA)process with the cooperation and active

participation of OEPA. In addition, USEPAdevelops, publishes, and enforces

environmental protection regulations and technology-based standards as di-

rected by statutes passed by Congress. For some programs, USEPAhas autho-

rized the State of Ohio so that the regulatory program is enforced in lieu of

the federal oversight. For these programs, OEPA promulgates state regula-

tions which must be at least as stringent as the federal requirements and may

exceed the federal requirements. The site is also subject to several legal agree-

ments with USEPARegion V and OEPA. DOE Headquarters issues directives

to its field offices and conducts compliance audits. In addition, the Fernald

site conducts internal audits.

The Fernald site's progress toward achieving full compliance with all environ-

mental regulations is summarized in this chapter. It is divided into two main

sections _ "Compliance Status" and "Current Issuesand Accomplishments."

Additionally, the status of several environmental permits is discussed within

the appropriate regulatory categories. Thissummary covers calendar year 1993

as required by DOE reporting requirements.
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Compliance Status

This scclionpresemsa summaryof the Fcrnaldsilo's compliancesta(uswith rcslx'cl

Io l'edcralandslate¢nvironmcnlal rcgulalicms.

CERCLA

The l:ernald sile is _mlhe National Priorities l_is!(NPI.)of silesrequiring environ-

nlenlal cleanup under the Comprehensive Environmental Response, C_m_pensation,

and Liahilily Act (CERCI,A), as amended. Consislenl wjlh lhe requirements of

Seclion 12()ot"CERCI, A, a Consent Agreemenl was signed by I)OE and USEPA in

April 1990 which outlined activities and .schedules Io be pertbrmed in order to

remedy the site condition. This agreement was amended in Seplember 199i. Collec-

lively. Ihe Consent Agreement and the Amended Consent Agreement (ACA), .jointly

referred Io as the ACA, established the lbllowing operable units to more effectively

manage the ong_ing CERCI,A cleanup:

• Operable Unil I (()UI) - Waslc Pil Area,

• ()perable Unit 2 (OLI2)- Other Waste Unit.s,

• Operable Unit 3 (()U3)- Former Production Area,

• Operable Unit 4 lot!4) - Silos i - 4,

• Operable Unit 5 (OLI5) - Environmental Media, and

• Sitewide Operable Unil - A comprehensive unit encompassing operable units

I through 5 Io ensure thai action.,, taken under the individual operable unils are

protective of human health and the environment on a sitewide basis.

The ACA provided new schedules l'_rthe completion of the ongoing Remedial

Invesligalion and Feasibility Sludy (RI/FS)aclivities for each operable unit; initialed
removal actions,which are tasksundertakento ahaleimmediatethreatsto the

environmentandhealth:andprovideda mechanismtbr thesile to addadditional

removal atriums on a yearly basis.

Addilionalb', lhe ACA, which establishe._a CERCI,A mileslone compliance sched-

ule agreed upon by both [ISEPA and DOF,, required the completion of the fl_llowing
RI/FS aclivities in 1993:

• The submittal deadline lor lhe ()U I RI Repora/Baseline Risk Assessmenl was
October 12, 1993. The tinst draft R! Baseline Risk Assessment tbr O[JI was

submitted on October 5. 1993. The Iinal drati was .scheduled to be submitted

in January 1994.

• The submittal deadline tot the OLt4 RI Report/Baseline Risk Asse.ssment was

April 19, 1993. q'he rt.porl was .submitted in drati lorm on April 19, 1993 and

approved by OEPA on November 23, 1993. Approval by USEPA is expected
in 1994.

• The .submittal deadline tbr the OU4 Feasibility Study F'roposed Plan was

Scptclnber I(), 1993. The reporl was submitted on September 9, 1993.

USEPA reviewed Ihis document, and their approval on lhe revised plan is

expected in 1994.
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• The submittal deadline for the OU5 Initial Screening of Alternatives was April
16. 1993. The final draft was submitted to USEPA on March 26, 1993.

Additionally, tile OkI3 RI/FS Work Phm Addendtm3 was approved by USEPA on

August 4. 1993.

In l)ecember 1992, comments were received from USEPA on the Remedial Investi-

gation (RI) reportlor OU2, including requirements for additional field investigations.

The site agreed lhal additional investigation was needed and requested an extension

of the schedule imposed by the ACA for submittal of the RI reporl. This prompted a

dispute with USEPA thal was resolved lhrough informal dispute resolution. As a

result of this resolution, USEPA has accepted the revised schedule for submittal of

the RI Report and for submittal of the Feasibility Study and Record of Decision

(ROD). The revised schedule requires the submittal of the OU2 Feasibility Study/

Proposed Plan tFS/PP)on April 29, 1994, and the OU2 ROD on Janua U 5, 1995.

USEPA also agreed that, as an alternative to paying a large stipulated penally, DOE

will fund and implement a Supplemental Project in OU5 to provide additional

treatment for uranium removal from Fernald site wastewater streams. The dispute

resolution also accelerated the schedules for OUs 1,2, 3. and 5.

SARA

The Superfund Amendments and Reauthorization Act of 1986 (SARA) was written

to clarit}' and expand CERCLA ("Superfund") requirements. The SARA Title II!,

Section 312 report for 1993 was completed and submitted to OEPA. This report lists

the amount and location of hazardous substances stored or used in amounts greater

than the minimum • "reporting threshold.

The SARA Title 111,Section 313 Toxic Chemical Release Inventory Report was

submitted to OEPA and USEPA on July i, 1993. This report is required for any toxic

chemical thal is manufactured, processed, or otherwise used at a facility in quantities

greater than a minimum reporting threshold. A report was completed for methanol

and sulfuric acid which were processed or otherwise used at the Fernald site. The

Foxic Chemical Release Inventory Report lists routine and accidental releases, as

well as inlormation about the activities, uses, and waste for each rep(nl.ed toxic

chemical. The report also included source reduction and recycling information as

required by the Pollution Prevention Act of 1990.

For any of fsite release exceeding the reportable quantity, SARA Title II1, Section 304

requires immediate notifications to Local Emergency Phmning Committees and State

Ernergency Response Conanaissions. All releases are evaluated to ensure that proper

notifications are made in accordance with SARA. In addition to SARA. releases are

also evaluated lot notification under CERCLA Section 103, Resource Conservation

:rod Recovery Act (RCRA), the Toxic Substances Control Act ('I'SCA), the Clean Air

Act, the Clean Water Act, Ohio environmental laws and regulations, and the Ohio

Fire Code. Department of Transportation regulations are also followed. Depending
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on the respective requirements, notifications may also be made to the National

Response Center (NRC), and to the appropriate federal, state, and local regulatory
entities.

Although not reported under SARA, three release notifications were issued to offsite

agencies during 1993. First, on April 28, 1993, there was a release of approximately

30 gallons ( 113 kg or 250 pounds) of uranyl nitrate hexahydrate (UNH) solution to

the sidewalk and gravel outside Plant 2/3 in the former production area. This solution

contained barium, chromium, and uranyl nitrate but not in concentrations resulting in

a release above their respective reportable quantities. The material was classified as

RCRA hazardous waste. This release was reportable under RCRA because it

exceeded the 1 pound reportable quantity for release from a hazardous tank system.

This was reported to the OEPA Regional Administrator. Also, the pH of this solution

was less than 2.0. This pH and the quantity (greater than 45 kg I I()0 pounds])

qualified as a reportable CERCLA release and was reported to the NRC. It was not

a reportable SARA release because it did not leave the site.

On August I !, 1993, there was a spill of approximately 0.5 pint or 0.2 kg (0.46

pound) of hydraulic fluid into a suspected wetland in the K-65 area. Site personnel

determined that this release qualified as "immediately reportable" under the Clean

Water Act, and it was reported to the NRC. Follow-up investigations revealed that

the release had not actually occurred in a designated wetland and, therefore, would

not have been reportable.

On December 22, 1993, approximately 6 liters (! .5 gallons) of antifreeze, containing

80% ethylene glycol, or approxirnately 5.2 kg (11 pounds), was released t?om the

water line of a portable trailer into the gravel near Plant 7 in the production area. This

CtHTentlyqualifies as a reportable CERCLA release and was reported to the NRC. It

was not SARA reportable because it did not leave the site.

ItCitA

The Resource Conservation and Recovery Act regulates treatment, storage, and

disposal of hazardous waste. OEPA has been authorized to enforce its hazardous

waste regulations (which are derived from federal RCRA regulations).

Past operations and ongoing cleanup activities generate both hazardous wastes and

mixed wastes (containing hazardous and radioactive components). As a management

practice, some wastes are accumulated in quantities less than 55 gallons at the point

of generation in loca_tionsknown as satellite accumulation areas. The waste may

remain in these areas until 55 gallons have been a,"cumulated, at which time it must

be moved to a permitted RCRA storage area.

Because there arc a limited number of facilities in the United States that can treat or

dispose of mixed waste, a final disposal site tot all Fernald site mixed waste is not

yet available. Although some waste was shipped to the K-25 incinerator in Oak

4.8 1993 Fernald Site Environmental Report



Env,ronmentalComplianceSummary

Ridge for incineralion in 1993. mosl of the mixed waste currently remains onsile.

The Federal Facilities Compliance Act (FF(?AcI} of October 1992 prtMdes DOE

wilh relief l'ronl enforcemenl un{ler the l.and Disposal Restriction storage prohibi-

lion until 1995, provided thai the waste is stored in accordance with all other RCRA

requirements. The site submitted an iailial conceptual treatment plan to OEPA in

()clober 1993 and is scheduled t{} submit a draft plan in August 1994.

in addition to being subject to slate and federal regulation, RCRA wasle is handled

according It} the 1988 Consent Decree between the State of (}hio and i)OE. In 199{},

negolialions between the Slate of ()hit}, DOE, and the former operating contractor

(Westinghouse Environmental Management Corporation (WEMCO)} resulted in lhe

Proposed Amended Uonsent Decree {PACD}. The PACD was signed by all parties

in January 1993 and became known its the Stipulated Amended C{msent Decree

{SAUl)}.

In accordance with the SACD and RCRA, the site completed {}r initialed several

activities relating It} mixed waste sit}rage during 1993. These included submittal of

the RCRA Annual ReD}a, revision of the P,CRA Parl B Permit Application, addi-

It{real RCRA training {if pers{}nnel, ;rod c{mlinucd weekly inspecti{ms {}fthe mixed

waste sit}rage areas. Tw{} storage area.s were also upgraded It} include ll{}{}rc{}atings

and secondary c{}ntainment f{}rstorage {}fliquids.

{}EPA conducted a routine compliance ewduali{m inspection {}t"the Fernald site in

June 1993. The physical inspection of the facility wits conducted on June 16 and !7

and wits continued on June 23 in order to review specific records. As a result of

these inspections, the Fernald site received a Notice of Vioh.llion, which addressed

sit}rage of wastes restricted from hind disposal f{w a period of time greater than

allowed by law.

An required by the FI<_A, on September 14, 1993, USEPA ctmducted a Compre-

hensive Monitoring Evalualion of the site's Alternative RCRA Groundwater

M{}nit{}ring ProgranL A report {}1"the evaluation is anticipated fr{}m USEPA in eltrly

1994.

in l)ecember 1993, OEPA issued notice {}tseveral deficiencies resulting from an

inspectit}n by OEPA {}t"the uranyl nitrate soluti{m tank system, but it did not initiate

an enf{}rcement action. A response will he submitted to OEPA in early 1994 ad-

dressing ivstflutitm ol these findings. Addili{mal inf{}rmation is pn}vided under

"Neutralizatitm of UNtt Inventories" on page 60.

Clean Air Act

In Ohio, authority It}cnf{}rce requirements {}fthe Clean Air Act has been delegaled

by USEPA t{}{)EPA, excep! f{}rthe enf{}rcement {}1the National Emissi{}n Stan-

dards for tlazard{}us Air Pollutants {NI{SHAP} f{}rradi{muclides and rad{m. Most
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Fernald site air emission sources are regulated by USEPA as radionuclide sources

and by OEPA as paniculate, chemical, or toxic emission sources.

The NESHAP standard fl_r radionuclide air emissions from DOE facilities imposes a

limit of l0 mrem per year on the effective dose equiwflent (EDE) to the maximally-

exposed individual as a result of all emissions (with the exception of radon) from the

facility in a single year. This standard also imposes requirements for continuous

monitoring of certain emission sources and periodic confirmatory measurements of

smaller sources. All NESHAP monitoring points at the Femaid site are in c()mpli-

ante with the requirements.

Because the Fernald site is a tbnner uranium processing plant, uranium is the

radioactive parliculale of most concern in monitoring airborne emissions. The

Femaid site estimated lhat airborne uranium

emissions for 1993 totalled 0.21 kg (0.46

Figure 19: Total Kilograms of Uranium to Air, pound). This is slightly lower than the 0.23 kg1989 - 1993
........ (0.51 pound) estimated in 1992 (see Figure 19).

30 Airborne uranium emissions steadily dropped

after processing operations were discontinued

5 , in 1989, and they have remained relatively
constant since i 991.

4 i

: 3.2
E 3 : In 1993, the State of Ohio regulation limiting

sulfur dioxide (SO_) emissions became effectiveo 2 '
_ which reduced the allowable SO 2 emission level

1 from the Femald site's coal-fired burners (sole

0.29 0.23 0.21 Clean Air Act-defined major source) fi'om 0.9 I

1989 1990 1991 1992 1993 kg (2.0 pounds) SOJlff'btu heat input to 0.60 kg

(! .33 pounds) SOJlff'btu heat input. The~

Fernald site began purchasing a low-sulfur coal

in 1991 when the regulation was revised, and the site has been in compliance with

the reduced limil since that time.

Under the Ohio Administrative Code, the Fernald site mus! obtain a Permit to Install

(PTI) prior to the construction of an air pollutant source. The Fernald site is also

required to obtain a Permit to Operate (PTO) lor all operating air pollutant sources.

Applications have been prepared for all required air permits. Due 1o the ongoing

remedial activities (as c_pposed to production activities), the number of air permits

will continue to diminish.
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Clean Water Act

Under the Clean Water Act, the Femald site is governed by National Pollutant

Discharge Elimination System (NPDES) regulations that require lhe control of

dischtu'ges of nonradioactive pollutants to Ohio waters.

NPDES Effluent Regulation

The NPDES permit issued by the State of Ohio specifies discharge and sampling

locations, sampling and reporting schedules, and discharge limitations. The permit

wits modified effective May 20, 1993, deleting two monitored outfalls and adding a

sewage sludge monitoring location. Current monitoring locations are referenced in

Figure 20. Other changes to the NPDES permit include eliminating certain pollul-

ants, modifying monitoring frequencies and clarifying sampling techniques.

In 1993, the Fei'nald site was compliant will] the discharge limits specified by the

NPDES permit 99.730f of the time. Of the 4,020 monitoring results, only I I were

not within the discharge limits specified by the permit. Of those I I instances, three

occurred at the site's discharge point (Manhole-175) and eight occurred at internal

monitoring points. The Manhole-175 occurrences inwflved pH and suspended solids.

Occurrences at the internal monitoring points inw)lved pH and chromium.

NPDES Stormwater Regulation

Issuance of a "Stormwaler Permit Associated with Industrial Activity" is still

pending OEPA review and action. The application for this permit wits submitted for

four stormwaler discharges into Paddys Run in September 1992. These four monitor-

ing locations are shown in Figure 20 its li)liows:

• STRM 001 - Collecting runoff t'mm the east and south:

• STRM ()02 - Coilecling runoff l)'om the Inactive Flyash pile;

• STRM 003 - Collecting runoff from the western property perimeter,

excluding the wasle management facilities; and

• STRM 004 - Collecting runoff fi'om the northern property perimeter.

Safe Drinking Water Act

The Safe Drinking Water Act (SDWA) regulates generation and treatment of

drinking water supplied Io the public. The Fernald site drinking water system is

regulated by OEPA us a non-transient, non-community public drinking water system.

During 1993, the site monitored and reported results for nitrate, nitrite, lead, copper,

coliform bacteria, and 58 volatile organic compounds in addition to alkalinity, pH,

slability, pi-u_sphate, hardness, and chlorine residuals. All results met applicable

standards.
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Figure 20: NPDES Effluent and Stormwater Monitoring Locations
iINIII I II I IN
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Toxic Substances Control Act

The Toxic Substances Control Act (TSCA)regulales the manufacturing, use, storage,

and disposal of toxic materials. Under TS('A, [JSEt_A regulates polychlorinaled

hiphenyl (PCl-_s) and PUB ilems al the l:ernald site. The sile ships non-radiol¢)gically

contaminated PUBs and P(:B items to commercial facilities I_)r recycle or disposal on

an ong_fing basis. Radiologically contan]inated PUBs and PUB items From past

_)perations, maintenance activities, and remediali_m are stored onsite as disposal

(_ptions are explored.

The site shipped four drums of PUB contaminated fluorescent light ball;.isls Io a

recycler it] New York in October 1993. Additional shipments (_1both radiologically

and non-radiologically contaminaled PUBs and PUB items are scheduled for 1994

and 1995. The radioh)gically contaminated PUBs and PUB items tire slorc'd in

Building 81 in compliance with TSCA requirements. Some PUBs and P(:B items

will remain onsite indefinitely due to the lack of treatment and disp_)sal facilities I'_)r

radiologically contaminated PUBs while <)n-and ot'fsile dispersal (_ptions are expl_)red.

The site prepares the PUB Annual l)(_cumenl l,()g by July I of each year. The Annual

Document Log includes signed manifests For P('B shipmenls, certificates (fldisposai,

conversation repotls, and PUB One-Year Exception P,eporls. The Annual i)ocument

Log fllUSl be maintained by the facility t'c)ra minimum ()1three years after the Facility

ceases using or storing PCBs or PCB items.

A Notice o1 Violation (NOV) was received on tile Spill (:(mtrol aild Countermeasure

(SPCC) Plan for PUB storage during 1993 as a result ¢)1a 1992 inspection. PUt:Is had

been moved from Building 79 to Building g l in 1992 with(mr the necessary revision

of the SF)(7(/. A revised SPCC Plan was compleled and pr_)vided to USEPA on a

timely basis along with phot()graphs of PUB storage Facilities. USEPA accepted the

submittal resolving the NOV during 1993.

Ohio Solid Waste Act

This 1988 act and its subsequent revisi(ms regulalc intecliou.,, waste. In 1993, the

l:ernald site generated m()re than the 23 kg (5() pounds) pet re(ruth limit of infecti()us

waste and subsequently registered will] OEPA as a large general(_r. All infectious

wastes generated in the medical department are transported t() a licensed treatment

titcility for incinerati(m. Fernald site personnel c()r]duct annual surveillances of the

onsite medical department, the transpoller, and the treatment facility t() ensure that

the waste is pr()perly managed.
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Federal Insecticide, Fungicide, and Rodenticide Act

Under the Federal Insecticide, FungicMe, and R()denticide Act (FIFRA), USEPA

regulates the regi:aration, storage, labeling, and use ()t"insecticides, herbicides, and

r()denticides. Femald site pesticide applicati()ns have been perf()rnled by site person-

nei since September 1993. Prior to this time, pesticide applications were pefli)rmed

by subcontractors. Herbicide applications are being performed by subc(mtractors.

All pesticide and herbicide applicati(ms at the site are c(mducted according t()

Federal and Mate regulatory requirements. All anntlal FIFRA inspection by USEPA

Regi(m V in August 1993 idenlified n() FIFRA violations. Pesticide applications are

made in the administrative area as well as the former pr()ducticm area. Herbicide

applications are made in various l()cati()n_ for weed c()ntroi within the former

production area.

C()nstrtlcl[()n began on a pesticide storage area h)cated ()n the Ill'St []()()r o["the

Services Building in October 1(.)93and is scheduled to be c()mpleted in 1(t(-)4.The

primary luncli()n ()1 this area will be f()r storage of chemicals and equipment that are

now being used li)r pesticide application. This area will house a pesticide recycling

station t()supporl the Wasle Mininfization/IMilution Prevention program.

National Environmental Policy Act

The National Envir()nmentul Policy Act (NEPA)requires a li)rmal evaluation of

environmental, social, economic, and cultural impacts before any acti(m, such as a

construction project, is initiated by a Federal agency. DOE has published li)rmal

regulali()ns specifically addressing the integration of Ni:_PA with other regulatory

requirements.

A total of I ! removal actions were appr()ved as Categorical Exclusions (CXs) in

1993. In addition to these remowil actions deemed as CXs, 23 other CXs were

approved. Other NEPA related activities in 1993 included:

• Natural Re_,',_Hce l)amage Assessment Trustees were n()i;l'iecl and a Stralegy

Paper was submitted to D()E,

• The OU I Feasibility Study/Proposed Plan-Draft Environmental Assessment
was submilted l() I)OE,

• The OU3 Proposed Phm-Envir(mrnenlal Assessment was approved by
USEPA,

• The OU4 Feasibility Study/Proposed Phm-l)rafl Envir(mmental impac!
Statemenl was submilled t() DOlL

• A culttlral resource survey was completed ti)r the Horiz(mtal Grout Barrier

project and tile repoll was subn-fitted lo D()E for submittal to the Ohio

Hisl()ric Preservation Office, and

• Surveys liwthe slate-threatened Sh)an's crayfish and cave salamander were

compleled and the reports were submitted t() I)OE.
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Endangered Species Act

The EndangeredSpeciesAcl requirestileprol¢clhmofany federal-listedthreatened

or endangered species found al the site as well as any critical habitat lha! is essential

for Ihe species' existence, in addition, t;SEPA ecological guidelines direct

CERCI,A sites t_ identify any threatened species present on Ihc pr_perly or in ol'fsile

areas al'fecled by site activities. The baseline ecological survey c_mducted by Miami

Unive,'si_y (()xli_rd, Ohio)in 1986 and 1987, as well as RI/FS surveys in 1988 and

consullali_m with the ()hio I)epartment of Natural Resources, have eslabli',,hed a list

of federal- and state-listed Ihreatened and endangered species thai are or may be at

the Femakl site _r have habilal at the site.

in 1993, surveys to update the information on federal- and state-listed threatened and

endangered species of the property were initiated. A study on the cave salamander

(Emy_'ea luc(/it,ga), which ix on Ohio's endangered species list, was conducted to

update information I)'om a 1988 study. Because of additional infornmtion gained on

the iItE hislory of this species since the 1988 survey, areas along Paddys Run are no

hmger considered suitable habitat, ttowever, preliminary data from tile 1993 study

show moderale habitat in one (rustic limestone-lined well, marginal habitat in a

northern ravine, and moderate habitat in an off site well adjacent to the southern

boundary ot" the site. No salamanders were found in any of these areas.

A preliminary study for the Sloan's crayfish (Otto,cotes sloa,ii) was initiated to

update :_pecies information found in the 199(I Miami University report. Qualitative

sampling in Paddys Run in September 1993 tound polmhttions of lhis species onsile

in the northern secti_m of Paddys Run and ot'fsile in the s_mthern section, ttowever,

Paddys Run was dry in seclhms between these locations. To verify that the popula-

lions are large enough to migrate upstream during regular water llow, an updated

survey is phrased lot the spring of 1994.

A Public Water Supply Pr_jecl Idiscussed further in Chapter Six} involves the of fsite

installation o1"water pipelines ahmg approximately 23 km (I 4 miles) of c_mnty and

state roadways. Along the route _l' the pipeline are areas which may include threat-

ened and endangered species _r habitat. A lhrealened and endangered species survey

for the pr_)jecl was completed in April 1993. While habitats liw both the cave

salamander and Sloan's crayfish were ['_tind, IlOlle of the species were seen because

of the season in which the study was conducted. Pri_>rt_ completion of the project, a

site ecologist will lemporarily move any individuals of these species seen at that

lime I(_an upstream location.
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Executive Order 11990, "'Protection of Wetlands'"

This ExecutiveOrder is a directive requiring federalagenciesto institute programsto

identify andprotectwelhmdsand is implementedby the sitethrough I()CFR 1022.
A wetlands delineation for the Fernald site was conducted in December 1992 and

approved by the U.S. Army Corps ofEngineers in August 1993. A total of 15

hectares(ha) (4{)acres)of li"eshwaterwetlandsweredelineated¢)1"theFernaklsite.

l)elineated wetlands included I I ha (27 acres)o1" palustrine forested wethmds, 3 ha

{7 acres)of drainage ditches/swales, and 1ha (2 acres) of isolated persistent emer-

gent and scrub/shrub wethmds. In 1993, this delineation was utilized to prepare I()
CFR 1()22wetland assessments for the OU3 Interim Remedial Action (decontamina-

lion and dismantlement of all OU3 facilities and structures), remedial actions

associated with OU4 (silos I-4 and associated propm/ies), and the Vitritication
Pilot Plant also for OU4.

Executive Order 11988, "Floodplain Management'"

This Executive Order instructs l'ederal agencies to avoid c,mstmction in river

tloodplains and implements the order for DOE Regulation I(}CFR 1022. in 1993,

HEC-2 modeling runs were conducted to determine the pool elevations tor both the

100- and 50()-year tlood for the portion of Paddys Run adjacent to the Fernaid site.

Modeling results predicted a maximum discharge rate of 15.8 m%ec (I I, 150 fl%ec)

at the conlluence ot"the Paddys Run and the Great Miami River at a I(X)-year flood

tlow. The I(X)-year tlood elevation ranged from 172 meters (567 ft) mean sea level

at the site's n(mhern boundary to 164 meters (542 ti) mean sewlevel at the southern

edge of the site. Based upon the pool elevations predicted by the model, the I(}0-year

and 5()()-year llood llow would be retained within the hanks of Paddys Run.

National Historic Preservation Act

In accordance with the NattionalHistoric Preservation Act, activities at the Fernald

site are required to take into account the impact on any cultural resources. Consulta-

tion and coordination with federal and state preservatkm agencies are required when

there amy he an impact to cultural resources.

Consultation with the State Historic Preservation ()l'ticer had established that certain

areas would not require a cultural resources survey due to radiological or chemical

contamination concerns. However, a survey andconsultation for hind disturbance

activities outside these areas and at oflsite locations are required. To address such

activities, a Cultund Resource Mmlagement Phm was drafted and is currently being
revised for the site.

The South Gnmndwater Conlaminati_m Plume Rem_val Action required an archeo-

logical survey imd consultation. Archeologicai surveys were conducted to verify the

South Plume projects will not adversely affect cultural resources. The reports identi-

lied several culttmd resources within the area. Thrc)ugh consultation with the State

Historic Preservation Officer, no adverse afl'ccls were found within the project area.
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The PublicWaterSupplyPrqjec!inw)lw.;stheinstallationoI'waterpipelinesalong

approximately 23 km (I 4 miles) of state and county roadways ill Hamilton and

Butler counties. An archeological survey for this prqjecl was conducted and revealed

a number ol"historic and prehistoric artifacts. Through consultation with tile State

Historic Preservation Ol'ficer, it was determined that artifacts found at the proposed

reserw_ir site were n_>tsignificant and the site would not bc eligible t'or the National

Register. However, consultation on other portions ot"the Public Water Supply is

currently ongoing, witll expected determinations to bc made av;tihtblc in early 1994.

A cultural res<mrces survey was required for the proposed site of the Horizontal

Gn)ut Ban ier Demonstration Project, a technology demonstration being conducted

by the mite. No adverse impacts were tound on cultural resources will-fin the area

surveyed.

Current Accomplishments and Issues

This section presents signilicant compliance-related accomplishments and issues

for 1993.

CERCLA

In the course of a RI/FS effort, conditions occasionally call for a necessary action to

abate an immediate threat to health and the environment, including actions necessary

to monitor, assess, or evaluate the threat. These actions, called removal actions, are

coordinated with USEPA and OEPA.

Completed Removal Actions

By i 993, the Fernald site had identified 30 removal acf ions. Ten of these had been

completed prior to this reporting period. The following six removal actions were

completed, in part or in whole, in 1993.

Scrap Mel,I Piles - The onsite portion of this removal action was completed in

October 1993 when approximately 2,2()0 tons of recoverable low-level radioactive

waste scrap metal were successfully containerized. This action eliminated potential

air pollutant emission sources and risks to the Great Miami River by surface water

runoff. The containerized material included appn_ximately 1,3(X)tons of scrap

copper and other small metal piles. All non-t'emms metal, a total of 1(15tons, has

been shipped to Quadrex. Additionally, the site completed the shipping of 2,278 tons

of ferrous metal tc_SEG. Both Quadrex and SEG are commercial Treatment, Storage,

and DisD_sai Facilities (TSDF), located in Oak Ridge, Tennessee. Through Decem-

ber 30, 1993, approximately 2,000 tons o1:ferrous metal had been melted for re-

stricted reuse. Metal melting at of fsite facilities is expected to be completed in March

1994. Also, processing for unrestricted reuse should be ccmlpleted in January 1994.
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C'o//e¢'t I/m'onlrolh'd I'r_J_h,'lm, Atea Rmu!/](Nm'llu'a._t) This renuwal acti(m wan

c(mlpleted in Augunl 1993. The objeclive of lhin rem_wal aclion was 1_collect

uncontn_lied princessarea runoff. This rem_wal actium inv_flved tile redirecti_m _1"

subdrainage areas and the collection _1'run-off fnml the perimeter of ttle l_wmer

process area to the Stormwater Retention Basin, thereby .,,ignificantly reducing the

release of tlraniurll and other colllalrlinanls I_)Paddy.,,Run. Additionally, Initigati(m

()1"the flow of col)lalninallln tl()ltl suM'acewater to t.h¢underlying aquifer will be

achieved as a result ()t'these activities.

Wu.s'lePit Area ('mtlainme, l Iml,'oveme, l - The lmrpon¢ of this rem(_val acti¢m was

to mitigate sources _I I_otential airb_wne dust emissions and c(mtanlirlaled ntn'fiIce

water runoff from the Waste Pit Area. The rem_wal action, completed in June 1993,

inv_lved both the revegetalion (needing)of the pit area fur erosi_m control and

Ivgrading (_I"s(m]c existing slorlllwaler dilches in lhe pit area Io promote positive

drainage.

Pilot Phml Sm,p---The stainless steel hump, I_cated notltheasl of the Pih)t t)lant, wits

intended t_ remove and collect liquids from the floors of the Pilot F'hmt. Analytical

sump sample resu!ts revealed high c()ncelltratiolln ()t"lead, copper, chromium, nickel,

ihorium, and v(_lalile organic otto]pounds. In (_rder to mitigate this source of potential

environmenlal releases, bolh the surnp and Ihe conlaminated liquids and solids

contained in the sump were rein(wed. The pnwcl was c(mlpleled in ()ct_ber 1993.

Nitric" .4_'id 7"a,k (',r am/Area--This stainless s_.cel tank car operated from 1952

until 1989 an a nitric acid storage vessel for production proposes at the Fernald site.

The tank car and surnmnding area are designated as a Itazard(_us Waste Manage-

menl L/nilinthesite'sPartA and Part13permilapplications.The remowd action

involvedthercmm/al_I"acidfrom tilelankcarpri_,l_itsdec(mtaminati(mand

disposal.In()eLf)her1993,thec(mtenlsoftherailcarwereIransIcn"edtotheTank

I:I-24el'tI_eNitricAcidRec_werySystemoftheWasIewaterTietitmerlISystemfor

eventual treatment. Samples taken from tile tank base and StUTounding area. tiller

c(m_plelion _l thin rem_wal action, indicated chromiun_ to be bel(_w regulatory

c_mcem. The final ielX_n was submitted to I)()E on October 18, 1993, and was

transmitted t(_both Ohi()and I,JSI;,PA _m N_velnber 2, I993.

._tahili:.atio, o[i_a&iy.s "Rtm Bank Ne,r the huu'tive i"h'a._h t'ih, - This "time

critical" removal actiem was performed in tw¢_phases. Phase I, an interim action

completed in May 1993, inwflved the placement of a 67-meter (22()-lbot) hmg rock

berm along the bank _fl Paddys Run in the immediate proximity of the flyanh pile.

This activity mitigated the threat ()f erosion-induced slope failure that could p_ten-

tiaily result in the discharge _1"llyanh t(_the creek. The rock herin enhancement

project, Phase 2, was accomplished in September 1993 by the addition o1"aggregate

material to the rock herin. Phase 2 was determined to he necessary 1o c(mlrol addi-

tional erosion not originally anticipated by Phase I phmning activities.
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Ongoing Removal Actions

The ti_ll_.'wingelevenremoval acli_msarcunderwayto alleviate immediatethreatsto
lhe cnvinmnlenl:

• ('ontaminatcd Walcr l!ndcr [:cmaldSIIc F}uildings,

' SOilth (ii'OillldWater ('ontanlitlatiotl F'lum¢,

• Plant I Pad('onlJlltlJllg Release,

, Removal of WasteInventories,

• SafeShukh)wn,

• Phmll OreSilos,

" COlllalllillaledSoilsAtljaceil110Sewage freallllenlPlantInt.'inerillOr.

• ScrapMetalPile(oI'IAileacliviIies),

° Plant7 I)ismanlling,

° StabilizationofUranylNitrateInventories,and

• AsbestusRemovals.

Theremainin/sremovalactions,listedbelow,arcintheplanningorinlplenlentation

process:

• ImprovedStorageof Soil and Debris,

• Management of Contaminated Structures, and

• Contamination at the Fire Training Facility.

Other CERCLAAccomplishments and issues
AtA'ttnt'ed Wtt.slewtlt('r "l't't'ttttltettl (A WWI') lq.'ilitv- Construction on the advance.:

wastewater treatment system began on May 1i. 1993. progressed throughout 1993.

and ixon-going. Tht purpose of thc AWWT is tt_provide uranium removal tor

contaminated w:|stewater, stormwater, and a portion ofthe South Plume.

Coml.'che..sivc (;rotoulw.ter Mo.itori.g t:.'rahtatirm- On September 14 and 15.

1993. USEPA Region V. joined by OEPA. conducted a RCRA Ct.mprehcnsivc

Groundwater Monitoring Evaluation of the site's RCRA grom_dwatcr monitoring

system, known as the routine system. The cvalualion was conducted per the

September !(). 1993, Director's Final Findings and Orders (l)f:Os) for groundwater

monitoring. The RCRA Cemlprchcnsivc Groundwater Monitoring Evaluation

inw)lved determining the condition of the monit¢_rwells and the groundwater

sampling procedures and documcntation. No violations of Ohi(¢s hazardous waste

regulations pertaining to groundwater monitoring were noted, ttowever, three

deficiencies for specific monitor wells were identified:

• The concrete pad at Well 3106 appeared to bc loose and musl bc replaced;

• The concrete pad at Well 3431 appeared to bc loose and must bc replaced;
and

• The tellon hose attached to the dedicated pump on Well 3070 wan crimped

and damaged and must he reph|ced.
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USIiPA also rec(mmlendedlhal eachroutinesystemmonitor well havebumper

guardsPlacedar()undtile wellheadanddedicaledsamplingI_tulipsinstalled.The site

ix currently addressingtheabovedcl]ciencivs and recommendations,

Ne.tr.li3tlion oj I/NIl hn'enlorie,s-The stabilization ot"UNH inventorieswill

rem¢ve andprepareapproximately23().(1111)gallons()I"acidicUNH forsafestorage

thaliscurrentlysit)redin21tanksinandaroundPhmt213.Thisactivitywasprevi-

ouslypartoi"lheSafeShuld()wnremovalacli(mbuti_beingperformedasa separate,

expeditedresponse.InApril1993,UNH I'r¢)nla sloragelankwasinadvertently

pumpedto'_,r'astewater tanksresultinginthespillaL.'eofapproximately3(1gallonsof

malerial.Theprojectwashaltedpendingimplement:,tionoftherecommendations

resultingfromtheDOE ClassB investigation.A December1993()EPAinspection

resultedinafindingofdeficienciesforthreeRCRA tanks.Two deficiencieswere

COZTecledbypumpingliquidI'nmlsec(mdarycontainmentwithin24hoursofthe

inspection.Repairstomin()rpipeleaksareinprogress.A dedicatedprojectteamhas

beenassembledto developa new tankconfiguration designedfor safeandet'ficienl

neutralizationanddispositionof thestoredmaterials.

Phmt ! Ore Silo,s-The Plant I Padore silo removal action will dismantle 14ore

silos and associated supporl structures. ]'his will eliminate the potential threat o1"

additional releases and Ihe sal_'lyhazard due tostructural deterioration of the silos

and associated support structures. On December 17, 1993, FERMCO issued a

contract terminalion letter to the Size Reduction Operation subcontractor for failure

to perform itscontractual obligations. A revised construction operation schedule has

been developed and all construction/dis,'nantling activities are tentatively scheduled

lot completion in Seplember 199,4. it is anticipated that there should be no delay in
theConsentAgreemenl commitmentdaleoi' l)ecember 19, 1994,tor this Removal
Action.

Phmt 7 Dis;;.m_tling - Plant 7 decontamination and dismantling (D&D) operations

will mitigate potential releases and support the DOE Integrated Technology Demon-

slralion Program. The Plant 7 D&D operations will also serve as a pilot program for

the future remediation of the :;ire.Phase I activities, primarily inw)lving the reloca-
tion of stored drum material and the removal of interior asbestos insulation, were

completed in October 1993. Gross decontamination activities of the interior building

components were essentially finished in November 1993. Subcontractor dismantling

operations are on-going.

Dire_'tor'.sFintd l:i,di, g.saml Order - The DFO, signed September IO, 1993,

describes an alternate groundwater monitoring syslem with a routine monilorirlg

program that allows hazardous waste monitoring requirements to be fulfilled by the

CERCLA process already underway. This resolves the integration process concern-

ing the state regulations and the CERCLA requireinents at the Fernald site.
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EnvironmentalComplianceSummary

The Stipulated AmendedConsentDecreerequiresthat thesite identify all Hazard-

ousWaste ManagementUnits (HWMUs) at the facility. Asa result,burners,

incinerators,furnaces,stills, processequipment,tank units,dustcollectors,andother

potential wastecontainmentunits wereevaluatedto determine if theseunits were

HWMUs or Solid WasteManagementUnits (SWMUs). Beginning in 1993,the site

reviewedtheevaluationprocess,regulatory basis,and technicalassumptionsusedto

determine whetherthedesignationof theseunits asHWMUs wasiustified. OEPA

approvalhasbeensoughtto changethedesignationfor the HWMUs which should

bedesignatedasSWMUs. In 1993,concurrencewasobtainedfrom OEPA to

changethe determinationof five of the 53 HWMUs to SWMUs. This review of the

evaluation processwill continue in 1994.

Thorium Management

A Thorium Management Strategy and schedule of accomplishments were developed

as pan of the SACD to provide a plan to complete RCRA detenninations of thori'_m

materials and to improve the storage of thorium materials at the Fernald site. The

Thorium Management Strategy was initiated as part of the SACD and is based on

three primary objectives:

• To maintain environmentally stable interim storage of the thorium inventory

while minimizing personnel radiation exposure,

• To implement required further actions to complete RCRA evaluations of the
thorium materials, and

• To implement long-term storage and disposal alternatives.

In 1993, three drums of thorium materials were shipped to the Nevada Test Site.

Also in 1993, the site completed the overpacking of 6,100 drums of thorium materi-

als and expects to have approval to ship those materials to Nevada in 1994.

Land Disposal Restriction Waste

The Fernald site stores mixed waste subject to the RCRA Land Disposal Restric-

tions (LDR). These restrictions currently prohibit the storage of certain hazardous

waste streams unless an extension is approved by USEPA or the appropriate state

regulatory agency. Due to the lack of available treatment and disposal facilities ti)r

mixed wastes, DOE facilities, including the Fernald site, are continuing to store this

mixed waste. The FFCA of October 1992 provides DOE with relief from enforce-

ment under the LDR storage prohibition until October 1995, provided that the waste

is stored in accordance with all other RCRA requirements. This time period may be

extended further if DOE submits and obtains approval of a plan tier providing the

required treatment for LDR mixed waste. Such a plan must be approved betore

October 1995. The Fernaid site submitted an initial c_mceptual plan in October 1993

and is scheduled to submit a draft plan to OEPA in August 1994.
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Chapter Three

RCRA Closures

During 1993, _lctivitieswere underway to plan a_ldimplement the closure ot"Fernald

site HWMUs. Many of these activities consisted of proposing, obtaining OEPA

approval, and implementing RCRA clo,;ures in conjunction with the CERCLA

response actions being undertaken under tlle Amended Consent Agreement with

USEPA. RCRA closure activities during calendar year 1993are charted on next page.

Environment, Safety, and Health Assessments

The concept of Environment, Safety, and Health (ES&H) Assessments was devel-

oped to evaluate compliance of all DOE facilities with regulatory requirements. To

determine the actions taken in response to previous ES&H Assessment findings, the

Secretary of Energy ordeJed that small, focused Progress Assessments be performed.

The ES&H Progress Assessment at the Fernald site. conducted from October 15

through October 25, 199I, was the pilot progress assessment for this program. Key

findings were cited representing potential compliance issues related to federal and

state regulations or DOE Orders.

The latest draft Action Plan in response to the Progress Assessment was submitted to

DOE Headquarters for review and approval in December 1993. The plan contains

103 response actions. FERMCO has completed all actions for which it was respon-

sible. Pending DOE approval, five actions, tk)rwhich DOE is responsible, are sched-

uled to be completed during 1994.

An Environment, Safety, and Health and Quality Assurance functional appraisal of

the Fernald site was conducted in November 1992. The lintelaudit report identified

72 deficiencies related to federal and state regulatory requirements. Deficiencies were

categorized into one of the three functional categories of FERMCO's Quality Assur-

ance Program Description as follows: 17 deficiencies in Program, 41 deficiencies in
Performance, and 14deficiencies in Assessment.

An Environmental Management Assessment of the Fernald site was conducted by

DOE Headquarters in March 1993. The assessment identified 20 findings. Fourteen

of these findings were in the management systems areas, and six were in the technical

areas of radiatiCmand quality assurance. A draft action plan in response to the 20
deficiencies identified was issued in June 1993. FERMCO has not received com-

ments on the action plan.

DOE-Headquarters, Office of Nuclear Safety. performed a Radiological Evaluation

in May 1993. The evaluation identified 32 deficiencies that were consolidated into

seven external corrective action reports. Deficiencies were categorized into one of the

three functional categories of FERMCO's Quality Assurance Program Description as

follows: eight deficiencies in Progrtml, 19deficiencies in Performance, and five
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HWMU No, HWMU Description Status Of Closure/Submittal
i i tt tt i i t i

1 Fire Training Facility RAWP1/CPID2 submitted August 6, 1993

2 Parts Cleaner in Welding Shop Received OEPA approval to withdraw
November 1, 1993

4 Drum Storage Area Near Loading ) CPID submitted to OEPAApril 4, 1993
Dock (lab

6 Drummed HF Storage Inside Plant 4 Responded to NOD 3 February 13, 1993;
closure certification due to OEPA in 1994

7 Drummed HF Residue Storage NW CPID to be replaced with administrative closure
of Plant 4

9 Nitric Acid Rail Car and Area RAWP/CPID approved March 8, 1993; RAWP/
CPID field work completed October 1993

10 Nitric Acid Recovery System Submitted CPID June 30,1993; in OEPA review
Components

23 Well Drilling Storage Area Received OEPA approval to withdraw
November 1, 1993

24 Equipment Storage Area Received OEPA approval to withdraw
November 1, 1993

26 Detrex Still Submitted CPID November 5, 1993;
in OEPA review

31/32 Bulk Storage Tanks T-5 and T-6 Amendment to CPID submitted November 18,
1993; in OEPA review

36 Storage Pad North of Plant 6 Amendment to CPID submitted December 30,
1993; in OEPA review

39 Clearwell Received OEPA approval to withdraw
June 7, 1993

43 Lime Sludge Ponds Received OEPA approval to withdraw
June 7, 1993

44 Coal Pile Runoff Basin Received OEPA approval to withdraw
June 7, 1993

45 Underground Storage Tank No. 5 Received OEPA approval to withdraw
November 1, 1993

46-50 UNH Tanks Undergoing closure under Removal Actions 12
and 20; CPID submitted June 22, 1993

52 North & South Spent Solvent Tanks CPID submitted December 30, 1993;
in OEPA review

i Removal Action Work Phm

2Closure Plan Information and Data

3Notice of Deficiency
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deficiencies in Assessment. As a result of the 32 deficiencies identified, a Corrective

Action plan was submitted to DOE-Femald Field Office. All deficiencies were

corrected prior to plan submittal.

A Technical Assist Visit was conducted by DOE-Headquarters in August 1993 of the

site's Emergency Preparedness Plan (as required by DOE Orders). The Technical

Assist Visit, a new program conducted at only three DOE facilities in 1993, was

developed to provide a mechanism through which the DOE-Headquarters inspectors

can provide program recommendations and advice in a non-enforcement capacity.

No verbal findings were received from DOE-Headquarters inspectors at the time of

the visit. The final Technical Assist Visit report has not been received by the Fernald
site at this time.

The remainder of this report presents the results from the Environmental Monitoring

Program at the Fernald site, beginning with a discussion on the Air Pathway. The

estimated radiation doses for 1993 are also presented, as well as the Radon Monitor-

ing Program results.

64 1993FernaldSiteEnvironmentalReport



id lB .Air Pathway Mon tor!ng



4
i i ii ii ii i i i i i i i

Air Pathway Monitoring
This chapter describes the air pathway and its components that may become

contaminated as a result of airborne emissions from the site. Although it is not

a true component of the air pathway, a discussion of the direct radiation

monitoring program and results are included here for convenience.

As discussed in Chapter One, the public may be exposed to radiation from

the site through the air pathway. This includes emissions from specific point

sources (such as plant stacks), as well as dust from large, open areas, such as

the waste pit area. When production operations were suspended in mid- 1989,

the major point source emissions from the site were eliminated. Since then,

the principal sources of airborne ura-

nium emissions have been the cooling

tower mists, which have low levels of

uranium contamination, and fugitive
dust from locations where environmen-

tal cleanup activities are underway.

Air pathway monitoring focuses on the

airborne pollutants that may be carried

from the Fernald site as a particulate or

_ _ gas and how these pollutants are dis-

tributed in the environment. Stack and building vent emissions are obvious

sources of pollutants, but dust from construction and remediation activities,

waste handling, and wind erosion are also important potential sources. The

form and chemical makeup of pollutants influence how they are dispersed in

the environment as well as how they may deliver radiation doses. For ex-

ample, fine particles and gases remain suspended, while larger, heavier par-

ticles tend to settle and deposit on grass or soil. Chemical properties determine

whether the pollutant will dissolve in water, be absorbed by plants and ani-

mals, or settle in sediments and soils.
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Results in 13rlef."1993 Air Pathway

Air - Data collected from fenceline air monitoring stations show that average
concentrations of uranium were all lessthan 1% of the DOE standard. Airborne
uranium emissions for 1993 were estimated to be 0.21 kg (0.46 pound).

Soil - Some onsite and nearby offsite soil samples continue to indicate elevated
uranium concentrations due to deposition of airborne particles from past opera-
tions. One offsite sampling location, in the predominant wind direction north-
east of the site, had a total uranium concentration of 5.3 pCi/g, which is above
the background level of 2.8 pCi/g for the Fernald area. 23

Grass - The 1993 results indicate that uranium concentrations are higher at
fenceline and onsite locations than at offsite locations. The onsite grass concen-
trations are better correlated to local airborne uranium concentrations than soil

concentrations, which suggests that deposition is the source of the higher con-
centrations.

Produce - Uranium concentrations in produce were consistent with previous
years' data. Laboratory analyses did not detect any significant differences in ura-
nium concentrations between produce grown near the plant and produce grown
at locations distant from the plant.

Milk - In general, uranium concentrations from the local dairy are comparable to
those from a background dairy in Indiana. The data demonstrate that milk from
the local dairy is not affected by site emissions.

Direct Radiation - Measurements of direct radiation indicate that levels increase

with proximity to the K-65 silos. These measurements are consistent with the fact
that the silos contain radium and radon gas which contribute to the direct radia-
tion in the vicinity.

Boiler Plant -All emissions were well below permit limits.
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Ai; Pathway Monitoring

Monitoring for Radioactive Pollutants

During 1993,Femaid site personnelcontinuedto monitor ','adioaclivematerials in the

air pathwayby sampling air, soil, grass,produce,andmilk. This monitoring enables

scientists to evaluate the effects ot' the cleanup et'torts a_the site, as well as t'ultili the

site's obligations toward ongoing environmental sur, eillance and dose estimating.

Air Sampling for Radioactive, Particulates

The first slep in moniloring the air pathway is measuring the emission rate of the

pollutants at the point of release atier they have gone through treatments and filler-

ing. This is done by means of slack sampling, and it provides preliminm y infomm-

lion on how much pollutant is released and how it will behave in the environment.

The second step in air pathway monitoring involves measuring the polluted concen-

tration in ambient air onsite and at the site boundary. Since only a few slacks and

vents continue to emit pollutants at the site, airborne emissions from monitored

stacks are substantially lower than during the years of production. However, monitor-

ing of overall site emissions (stack and fugitive emissions) continues through the use

of air monitoring stations (AMS) located onsile, near the site fenceline, and at several

locations in nearby communities.

Airborne pollutants are subject to existing weather conditions; thus wind speed and

direction, raintkdl, and temperature play a role in predicting how pollutants are

distributed in the environment. Weather data, pmlicularly wind speed and direction,

provide input li)r selecting locations for the collection of environmental samples and

locating monitoring stations.

During 1903, the site operated 20 air monitoring stations 24 hours a day, seven days

a week as pan of the Air Monitoring Program. Scientists selected the locations lot

the AMSs, as shown in Figure 21, for several reasons:

• AMS I through 7 provide data at the fenceline because this is where the

public has closest access to the site and guidelines for ot'tgite exposure apply.

In order to comply with DOE and EPA monitoring criteria, AMS ! was

moved to a location closer to the tormer production area in mid- 1993. The

new location was designated AMS IA and is no longer on the site boundau;

• AMS 8 and 9 are in the prevailing wind direction at the site. They were added

in 1986 to the northeast sector of the site based on a computer model that

predicted where the highest ground-level concentrations of airborne uranium

from plantoperationswould be found;

• AMS 10through 14 arelocatedat schoolsand industriesnearthesite and
provide additional monitoring of emissions at lhese points:

AMS 15 and 16 were installed in 1989 to obtain additional background data -

Aids 15 is located near the University of Cincinnati, in Cincinnati, Ohio:
AMS 16 is localed in Miamitown, Ohio, and
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Figure 21" Air Monitoring Locations
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Air Pathway Monitoring

• AMS 17 through 20 were installed in 1992 to provide increased monitoring of

waste pit emissions. These monitors will provide valuable inti)rmation on any

pit emissions which occur during waste pit remediation.

At each AMS, air is drawn through a 20 cm by 25 cm (8 inches by I0 inches) filter at

a rate of about 1.3 m3per minute (about 45 f13per minute). Technicians account lot

any changes in flow rate over the sampling period by inspecting charts that continu-

ously record flow data.

Environmental monitoring personnel collect the filters from the AMSs ti)r analysis at

weekly intervals. At the laboratory, technicians store the filters for at least three days

following collection to allow naturally occurring, short-lived r_,dionuclides (such as

radon daughters) to decay. It is important to note that this holding period does not

affect the amount of uranium on the filters. After the holding period, laboratory

technicians heat the filters to 550°C (! ,022°F) to remove organic matter. Finally,

they dissolve these filters in acid and analyze the resulting solutions for uranium.

A portion of each of these solutions is retained each week to prepare an annual

composite, which is then analyzed for trace concentrations of radionuclides such as

isotopes of radium, neptunium, plutonium, and thorium.
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Figure 22: Average Uranium ConcentrationsinAir, 1989 - 1993
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DOE Order 54(X).5,"Radiation Protection of the Public and the Environment,"

establishes guidelines tk_rconcentrations of radionuclides in air emissions. These

guidelines, refen-ed to its Derived Concentnttion Guidelines (DCGs), are concentra-

tions of radionuclides that, under conditions of continuous exposui'e lk)rone year by

one exposure mode. would result in a close of 10() torero. The intent of the DCGs is

to provide reference values that enable site personnel to review effluent data and

determine if there is a polentiai to exceed the limits on dose to members of the public.

The average concentrations (>1uranium at the seven fenceline AMSs CAMS I through

7) were all less than 1_,4of the DOE guideline. Table 3 on page A-4 lists 1993 data

for uranium concentrations. Figure 22 compares uranium concentrations at the air

monitoring stations for 1989 through 1993. The higher concentrations measured at

AMS 9, located within the fom_er production area, are in parl attributed to the

emissions from contaminated scntp metal pile that wits located in the northeast

section of the production area. The contaminated scrap metal wits packaged and

removed from the site during 1993.
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The data on thec_ncentrationsof traceradionuclMesin 1993 are presentedinTable

4 on pages A-5 through A-7. The resultsindicatethatconcentrationsof"traceradio-

nuclidesattheon_itcand IL'nceIinelocationsare wellbelow D()E guidelines.

Concentrations of thorium-232, rneasured at tile AMSs, for 1989 through 1993 are

presenled in Figure 23. Thorium-232 is stored in quanlily al several locations on.site

and is considered a polenlial environrnental contaminant.

Figure 23: Average Thorium-232 Concentrations in Air, 1989 - 1993
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Comparison of Measured and Estimated Emissions

Scientists compared average air concentrations of uranium measured at the seven

l'enceline air monitoring locations to the predicted concentrations at the stations

based on the t_missionsestimate of 0.21 kg (0.46 pound) ot"uraniunl. The compari-

son provides a means to evaluate the accuracy of the estimated emissions.

Results of the comparison are provided in Table 5 on page A-8. The results indicate

that the measured concentrations are higher than the predicted concentrations. This

finding suggests that the estimated emissions are higher than 0.21 kg (0.46 pound).

Fugitive dust I_om various remediation work is a possible cause of the higher

measured concentrations. All sources of fugitive dust are not accotmted for in the

O21 kg (0.46 pound) estimate. For example, wind erosion of contaminated soils is

not included. However, given the comparatively low emissions and limited accuracy

of the model used l_ predict the concentrations, the predicted results are considered

reasonably accurate. Currently, USEPA requires the site to use the estimated values

in its calculations for compliance with NESHAP.

Soil Sampling for Uranium

Site technicians take annual soil samples at the air monitoring stations and oil dr"

locations to evaluate changes in uranium concentrations that might occur through

deposition, soil rcsuspension or other mechanisms (see Figure 24 for sampling

locations). Any uranium found in the soil may be naturally occurring, added by

fertilizers, or a result of site operations. The amount of uranium naturally present in

rocks and soils varies greatly (see Figure 25). For example, out of twelve samples

collected throughout Ohio, the range of uranium-238 concentrations was 17).76pCi/g

to 2.2 pCi/g. 25(The total radioactivity from uranium would bc about twice this range

because naturally occmTing uranium in soil typically contains equal amounts of

uranium-238 and uranium-234 radioactivity.) As a result, it is not possible to

establish a single value for the background level of uranium and other minerals for

an area such as near the Fernald site. While no DOE or USEPA gt:;&liiJes or

standards have been established for uranium in soil, 35 pCi/g or greater is recog-

nized its a level at which to begin cleanup activities. However, this value may

change depending on the future use of the site and remediation guidelines, e¢'

To better evaluate the uranium concentration in soil, the site conducted a study to

determine the amount of uranium naturally present in soil near the site. Soil samples

were analyzed for a number of radionuclides: however, only uranium results are

reported here. Results from thi,; study show that the mean uranium concentration is

2. I pCi/g with an upper limit (95% tolerance limit) of 2.8 pCi/g. 23

As part of the soil sampling program, technicians collect cores of sod from undis-

turbed plots at two depths, (1-5 cm (0-2 inches) and 5-10 crn (2-4 inches), taking

care to exclude grass from the soil samples. Results show that uranium concentra-

tions in the soil samples taken at two onsite locations ranged between 6.9 and 18
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Chapter Four

Figure 25: Range of Total Uranium Occurringin SurfaceSoils
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pCi/g dry weight, while samples collected along the IEnceline ranged between 1,8

and 11 pCi/g dry weight (see "fable 6 on page A-9). The higher concentrations in

onsite soil are indicative of the soil contamination known to exist, particularly in the

northeastern quadrant of the site. The uranium concentration in offsite samples

ranged from 0.3 i pCi/g dry weight at sample location 36 to 5.3 pCi/g at sample

location 30, which is northeast of the site. Above-background concentrations at

sampling locations north and northeast of the site have been reported in past annual

reports and are probably the product of airborne emissions and deposition during ',lie

period of uranium production. With the exception
__N_ ____, ._

•!_,_r _..... results

_:,:__,,_;,+,_.o_!,_<,_:,_:,,_,_,_,,,_ _ _ of the several locations north of the site,

:_ __ from other off.sitelocations arewithin the range

i:_{+i.7!'.t_!iii71i:_?_:i(:;!_:i_:!_; of naturally occurring uraniuin c_)ncenIrati_)ns in
Ohio soil.

Grass Sampling for Uranium

Uranium contamination in vegetation may result from transfer of uranium from the

soil through absorption by the plant, deposition of eroded soil, or fiom uranium

deposited on the surface of the plani fi'om the air. As a general rule, uranium is not

selectively absorbed by plants since it serves no useful purpose in the plant's
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metabolic processes; how'ever, small amounts of uranium may be absorbed through a

plant's normal growth processes. Femald site personnel analyze grass for uranium It)

determine if airborne emissions are affecting the uranium concentration in grass.

Samples of grass were collected at the same locations as soil. Subsamples of grass

are collected from the area around the soil sample location and then combined to

_k)rma composite sample. Each grass sample was a composite of at least three

subsamples clipped near ground level. The composite samples each weighed about

500 grams (1 pound). An oft_ite laboratory air-dried and then analyzed the san_ples
lbr uranium.

Standards have not been established tbr uranium in grass; however, comparing

results of samples collected at the site with the results of samples collected ofllsite

and distant from the site provides a means to ewtluate the impact of site emissions on

uranium concentrations in grass.

In addition to soil sample results, Table 6 on page A-9 reports the following uranium

concentrations in onsite, fenceline, and offsite grass samples:

• Onsite and fenceline results ranged from 0.017 to 0.72 pCi/g dry weight, and

• Off'site results ranged from 0.004 to 0.026 pCi/g dry weight.

The results indicate that uranium concentrations are higher at onsite and fenceline

locations. The onsite grass concentrations are better correlated to local airborne

uranium concentrations than soil concentrations, which suggests thal deposition is

the source of the higher concentrations.

Produce Sampling for Uranium

As mentioned in Chapter ()ne, the Fernald site is sun'ounded hy farmland. Home-

grown sweet corn and tomatoes are two of the major crops sold from roadside stands

within three miles of the site. l,ocal residents also grow and sell beets, potatoes,

apples, lettuce, pumpkins, cucumbers, and peppers.

With air emissions reduced to very low levels, the possibility of uranium c{)ntamina-

tion in produce that is caused by air deposilit:n is also very low. While washing the

produce before eating removes any surface contamination which nattybe presenl,

some uranium may be taken up by plants through their root syslerns and incorpo-

rated into their edible portions. Uranium detected in produce may be uranium that is

naturally occurring in the soil, added by fetlilizers, or deposited olt the ground l)'om
airborne emissions.

Technicians sample produce each year to detern)ine if uranium concentrations in

produce grown near the site (0-5 km or 0-3 miles) are higher than concentrations in

produce grown at distant locations (1 !-42 km t)r 7-26 miles) and arc, therefore, a

pathway of exposure fronl site emissions (see Figure 26 for sampling locations).
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Figure 26: Produce Samplin_ Locations
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The sample results are then used to estimate the potential dose to people frorn this

component of the air pathway (see Chapter Seven).

The results of the produce and soil sampling program are reported in Table 7 on

pages A- 10 and A- 11. In general, uranium concentrations varied greatly for each

type of produce. A comparison between the uranium concentrations in corn and

tomatoes grown near the site with concentrations in corn and tomatoes grown distant

from the site determined that the average concentrations were higher in corn and

tomatoes grown distant from the site. These comparisons suggest that there is no

substantM impact today from past or cmTent Fernald site emissions on produce

grown in the area.

Technicians also sample the soil in which the produce is grown. This sampling is in

addition to the soil sampling described earlier and is conducted to compare uranium

concentrations found in soil with the concentrations found in produce. To date, no

strong correlation between uranium concentrations in soil and produce has been

established. Uranium concentrations in the soil taken along with produce ranged fi'om

0.4 to 2 pCi/g and were within the range of naturally occun'ing uranium concentra-
tions in area soils.

Milk Sampling for Radionuclides

Even though uranium is not normally concentrated in milk, the site monitors cows'

milk as a component of the air pathway in response to public concerns about the

dairy fhrm located next to the Fernald site. In 1993, technicians collected monthly

samples of milk from the dairy adjacent to the site, as well as milk from a dairy in

Indiana about 37 km (23 miles) west of the Fernald site. The milk samples were then

frozen and shipped to an offsite laboratory for uranium analysis. In addition to
monthly uranium analyses, once a year a set of milk samples is analyzed lbr radioac-

tive materials present in trace concentrations (radium, thorium, etc.) in site emissions.

Table 8 on page A- !2 presents the data from monthly milk sampling in 1993. in

general, the results show uranium concentrations in milk from the local dairy were

comparable to the uranium concentrations measured in milk from the background

dairy in Indiana. in fact, the average concentration at the background dairy was

higher than the concentration at the local dairy.

Table 9 on page A- !3 presents the results of the trace radionuclide analyses from

milk. Laboratory difficulties in analyses of trace radionuclides resulted in suspect

data for beryllium-7, bismuth-214, lead-214, radiurn-228, and strontium-9().
However, the results show that the concentrations of radionuclides in milk fi'om the

local dairy are similar to the concentrations in milk at the background dairy.
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Monitoring for Direct Radiation

Direct radiation (X-rays, gmnma rays, energetic beta particles, and neutrons) origi-

ntites l)'(:,nlsources such as cosnlic radiation, naturally occurring radionuclides in soil,

worldwide fallout, and radioactive malerials tit the Fernald site. The largest source of

direct radiation at the site is the material stored in the K-65 silos. Gamma rays and

X-rays are the dominant types of radiation emitted fi'om the silos. Energetic beta

particles and neutrons are not a significant component of direct radiation at the

Fernald site because uranium, thorium, and their decay products do not emit this

radiation tit levels that create a public exposure concern.

Direct radiation levels at and around the site are continuously measured at 29 loca-

tions with thernaoluminescent dosimeters (TLD). TLDs absorb and store the energy

of direct radiation within the tlaermoluminescent material. By heating the thermolumi-

nescent material under controlled conditions, the stored energy is released, measured,

and correlated to the amount of direct radiation. Figure 27 shows the location of the

TLD monitoring points. These monitoring points were selected based on the need to

monitor the K-65 silos, the site boundary, and several oflMte locations, including

background locations. Three TLDs are placed at each monitoring location for a

three-month period, yielding more reliable quarterly measurements.

Results of direcl radiation measurements lot 1992 and 1993 are provided in Table 10

on page A-14. Direct radiation fields vary from one location to another because o1:the

differences in the terrestrial and cosmic components of natural background radiation.

For example, varying concentrations of naturally occurring radium, thorium, and their

decay products in soil result in different measured radiation levels. Measurements of

direct radiation indicate that levels tire higher in the area near the K-65 silos as

expected. However, these levels are clearly lower than radiation levels measured in

!991 prior to the addition of the bentonite layer within the K-65 silos. An estimated

dose from direct radiation is provided in Chapter Seven.

Monitoring for Nonradioactive Pollutants

OEPA requires an estimate of emissions from the Boiler Plant as parl of the site's

elTort to demonstrale compliance with lhe Clean Air Act. The site estimated the

amount of nonradioactive pollutants including sulfur dioxide (S(L), nitrogen oxides

(NO x), and cttrbon monoxide (CO)and measured the shade, or density, of particulate

emissions from the coal-fired boilers. Shade, or density, is also called rqmcity and is a

measure of how much light is blocked by particulates present in slack emissions.
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Figure 27: Direct Radiation Monitoring Locations
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in order to estimate SO., emissions, scientists regularly determine the sulfur content

of the coal. Using this information and the total amount of coal burned, the amount of

SO, emissions can be calculated. For 1993, SO, emissions were calculated to be

290,000 kg (630,000 pounds). 27This was well below the allowable limit of 1.6

million kg (3.5 million pounds) calculated from information in the Permit to Operate

issued by OEPA.

The NOx emissions are estimated using USEPA-developed emission factors. Nitro-

gen oxide emissions lor 1993 were estimated to be 150,()(X)kg (340,(X)0 pounds).

To date, the State of Ohio has not set NOx or CO limits for Fernald site industrial

processes. Carbon
monoxide emissions

were estimated

using USEPA-

developed emission
tktctors.Carbon

monoxide emissions

in 1993 were

estimated to be

54,000 kg (120,000

pounds).

Electrostatic

precipitators reduce

paniculate emis-
sions from the

Boiler Plant. These

emissions were estimated to be 16,0(X)kg (36,000 pounds) for 1993. This estimate

was based on en-fissionfactors developed fi'om stack testing in 1988. The opacity of

the emissions from the two site coal-fired boilers were continuously monitored by

instruments designed |br that purpose. During 1993, the boilers operated 11,128
hours, and 111,280 measurements were made and rccorded at six-minute intervals.

A total of five excursions hilled to meet the opacity standard. These excursions were

brief, typically less than 18 minutes in length, and associated with boiler start up or

load changes.

In addition to directly affecting concentrations of contaminants in soil, grass, and

other media discussed in this chapter, the air pathway can indirectly intluence

contaminant concentrations in the liquid pathway. Stormwater runoff is one way

materials deposited in the air can be transported into surface water such as Paddys

Run. Eventually, these contaminants may affect groundwater quality as well. The

next two chapters describe the Fernald site's monitoring program for the liquid

pathways, beginning with EITluent and Surface Water M(mitoring in Chapter Five.
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Liquid Pathway:
Effluent and Surface Water Monitoring

The Fernald site investigates the effects of past and current operations on the

second major pathway, the liquid pathway. Since contaminants can leave the

site through the regulated liquid effluents and uncontrolled stormwater run-

off, this chapter discusses sampling methodologies and results used to evalu-

ate the site's effluents. It also discusses any impacts from the site on the Great

Miami River and Paddys Run.

Results in Brief:
1993 Liquid Pathway: Effluent and Surface Water

Effluent - Approximately 474 kg (1,044 pounds) of uranium were discharged
to the Great Miami Riverduring 1993. Of that total, 453 kg (998 pounds) were
from Manhole-175 and 22 kg (48 pounds) were from South Plume groundwa-
ter pumping. Approximately 109 kg (241 pounds) of uranium reached Paddys
Run through uncontrolled stormwater runoff during 1993,

Surface Water - The liquid effluent discharged to the Great Miami River re-
suited in a slight increasein downriver uranium concentration from the upriver
location, However, the downriver concentrations were consistent with 1992.

Paddys Run continued to show effects of stormwater runoff from the site, AI-
though the average uranium concentration at the nearest offsitesampling Ioca-
tion was higher than in 1992, it was only0.71% of the DOE guidelinefor drinking
water, which is used for comparison purposes,

Sediments - RadionucUdeconcentrations in the Great Miami Riverand Paddys
Run sediments for 1993 were consistent with previousyears' data and did not
indicate a build-up of radioactive pollutants in the sediment,

Fish - Uranium concentrations in 1993 were no greater in fish caught in the
Great Miami River downstream of the site'seffluent line than in those caught
upstream.

NPDES - During 1993 there were only three violations of NPDESlimitsat Man-
hole-175, the final NPDES monitoring point before effluents are discharged to
the river. Out of the yearly total of 4,020 NPDESsamples taken at internal and
external monitorirlg locations, only 11 were not within permit limits.
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Monitoring for Radioactiv Pollutants

The first section of this chapter centers on tile radioactive pollutants and hegins with

an examin;llitm o1"the liquid el'fluent sampling and analysis program. A discussion of

Ihe river and creek surlklcc water smupling progrmn I'ollowx. The Fernald site

conducls tllcsC l_rograms because radionuclides ill the regulated liquid el'lluenl and in

unconlroiled slormwaler runoff may he a source of radiation exposure to the public.

Effluent Sampling for Radionuclides

The site's liquid cftluents have been categorized into eleven basic sources. All site

generated liquid cffluenls arc monilored and, il"necessary, treated belbrc lhcy leave

tile silo. Figure 28 illustrates the flow of the cI'fltlcnts and where they arc lreated and

monitored bclbre they are discharged.

Sourcesof Effluent OuL'ing 1993

The firs! lwo sources of liquid el'lluent are controlled contaminated stormwater

rung['[_'from the waste pit area and perimeter, which are collected and pumped to

the Biodenilrificalion Surge Lagoon (BSI,).

The third source of liquid cI'tlucpt isperched groundwater, which is treated Ibr

volatile organic COml3ounds (V()('s)and sent tm to tile Plant 8 Stmlp for I'urlhcr

|rcil|lllCll|.

The fourth source t_t"cMuenl is the combination ol'sanitary sewage attd liquMfron_

the iaund_, which is processed at tile Sewage Treatment Plant to remove biological

contaminanls. After Ircalmenl, the liquid is sent to Mmlhole- 175 and lhe sewage

sludge is trucked Io the Plmlt _ Sump.

At tile Plant 8 Sunlp, sludges arc dew;tiered. The rcxulling liquid is sent to the

ctmta,ninatcd side of the General Sump, and the dcwalcred sludge is drummed and

stored ;is a low-level radioactive waste.

The comhinalion olplant effluent andpad st_rmwater is I!1c111111source of ct'llucnt,

and it is xcnl directly to the ctmtaminatcd side o1"Ih¢ General Sump. All liquids From

the conlaminatcd side of lhc General Sump arc combined ;rod, if needed, are sen! to

tile Plmlt 8 Sunlp where ll/cy arc treated. I1"treatment is not required, they are sent on
to the BSI,.

At the BSI,, runoff mixes with liquid from lhe conuuninated side o1 the (;choral

Sump and IIwcc_mbincdliquidcllhlcnIistreatedintilel-_li¢_dcnitril'icati_ml:acilily

(I:'ti)N) I_)wers to reduce nilratcs. From there, the liquid flows through lhc BI)N

clllucnt treatment system, after which tile c_mlbincd trcalcd clTlucn! flows to an

inlcrim Adwmccd Waslcwalcr Treatment (IAWWT)System where uranium may be

removed before it Ilows Io Manhole-175.
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Chapter Five

The sixth through the eighth sources of effluent are all collected in the

noncontaminated side of the General Sump. Boiler plant blowdown and eoalpile

runoff are collected in the coal pile runoff basin and, alter clarification, are sent to the

noncontaminated side of the General Sump. Waterplant effluent and Lime Sludge

Pond decants are sent directly to the noncontaminated side of the General Sump.

After settling, the liquid in the noncontaminated side of the General Sump is then

sent to Manhole-175, and the sludge is sent to the North Lime Sludge Pond.

The ninth and tenth sources of effluent are produced from rain which has been

collected by the production area storm sewers and parking lot runoff (see Figure

29). Stormwater runoff from the tbrmer production area is collected by a network of

storm sewers that converge at Manhole-34. Normally all runoff is directed to the

Stormwater Retention Basin (SWRB); but if needed, effluent can be pumped to
Manhole-175 from the Storm Sewer Lift Station. At the SWRB the effluent mixes

with runoff from the parking lot storm sewers and is allowed to settle t,e_,i:'_eb,fing

pumped to an IAWWT. From there the effluent is sent to Manhole,-l 7:. A: ;v!',anhole-

175, the effluents are monitored, and sent to Manhole-176B.

The final source of effluent is generated from the pumping

of the South Plume groundwater. The South Plume

groundwater is monitored at SP3 before being pumped to

the South Plume Aeration building where it can be aerated
if needed and then sent to Manhole-176B.

In summary, the Fernald site controls site-generated liquid

effluents, monitors, and treats them as necessary before

they all eventually enter Manhole-176B. There, the ell]u-

ents combine to fore1 a single liquid before the effluent
flows to the Great Miami River.

On an average day during 1993, about 12 billion liters (3.1

billion gallons) of Great Miami River water flowed past the

site's effluent line._ The site discharged an average of 5.8

million liters ( 1.5 million gallons) of effluent, with 3.4

million liters (0.89 million gallons) coming from the South

Plume and 2.4 million liters (0.65 million gallons) originat-

ing from Manhole- 175, into the river each day. Therefore, on average, each liter of

eftluent discharged was combined with about 2,100 liters of river water.

Sampling Methodologies

The mixed effluent, described above, is sampled at Manhole-175 and SP3 by

flow-proportional samplers, continuously operating devices that collect the amount

o_"the effluent proportional to the volume of effluent flow. After every 24 hours of

operation, the collected liquid is removed from the automatic sampler to provide a

daily flow-weighted sample of the effluent (see Figure 30).

84 1993 Fernald Site Environmental Report



Liquid Pathway: Effluent and Surface Water Monitoring

Figure 29: Area of Controlled Stormwater Runoff
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Scientists analyzed a portion of each daily

Figure 30: Continuous Sampling sample of effluent t]owing through
mm mm iml

Manhole- 175 and SP3 to determine the

amount of total uranium discharged to the

Great Miami River. in addition, monthly

composites are formed for Manhole- 175

and SP3 by combining the month's daily

Continuous Sample samples at each location. The monthly
composites were analyzed for four ura-

nium isotopes and nine other radionuclides

--} I% listed in Table ,, on page A-15. Compos-
Portion ites, rather than daily samples, were
Composited
then Analyzed analyzed because many of the radionu-

for Trace clides have been present in only traceRadionuclio_,s
amounts, and it is neither practical nor

N cost-effective to pedbrm more ti'equentPortion analyses for them.
Analyzed for
Nonradiological
Contaminants

Portion Analyzed The Fernald site also monitors any

for Uranium dischmges to Paddys Run that occur from

the ovedlow of the SWRB. Since the

SWRB began operating in 1986, the

amount of uranium entering the outfall ditch has been substantially reduced. During

1993 the SWRB did not overtlow.

Results of Laboratory Analyses

Table 11 on page A- !5 is a summary of the radionuclide analysis of the liquid

el'fluent discharged to the Great Miami River. The table shows the total Curies

discharged during 1993 and the average concentration (in pCi/L)of each radionu-

clide in 1993.

The average concentration of each radionuclide is compared to the Derived Concen-

tration Guideline (DCG) or standard. DOE Orders state that a dose must be estimated

based on all of the radionuclides present in the effluent. The annual average percent-

ages of the DCG for each radionuclide, when added together (Manhole- 175 and SP3

combined), must not exceed 10()c,4.When the total is above I()0%, the site is required

to use the "best available technology" to reduce radionuclide concentrations in its

effluent.

An Advanced Wastew_!ter Trea!menl Facility is presently under construction to

provide "best available technology" treatment of both stormwater and process

wastewater beliwe their discharge to the Great Miami River. Similar technology has

been used at the SWRB with an Interim Adwmced Wastewater Treatment facility. In

1993. another Interim Advanced Wastewater Treatment system began operation to

extract uranium from wastewater discharged from the BSL.
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Liquid Pathway: Effluent and Surface Water Monitoring

During 1993, a total of 0.27 Curie (474 kg or 1,044 pounds) of uranium was dis-

charged to the Great Miami River. This was a decrease of 7% on an activity basis

and an increase of 7% on a mass basis, in comparison to the 0.29 Curie (443 kg or

975 pounds) of uranium discharged to the river during 1992. However, the uranium

contained in all effluents discharged from the site decreased from an estimated 595

kg (1,309 pounds) in 1992 to an estimated 583 kg (1,283 pounds) in 1993. The total

decrease may be attributed to the

completion of the Waste Pit Area

Figure 31" Total Uranium Discharged from the Site, Stormwater Runoff project that- 1989 - 1993
, , collects runoff"(which previouslym

1100 -_- flowed uncontrolled to Paddys Run),

i _ Uncontrolled allowing it to be treated before being
1000 , stormwaterrunoff discharged to the river. Comparisons

of uranium discharges to the Great900 i _ Controlleddischarge
throughmanhole Miami river during 1993and thefour

80O
previous years are shown in Figure 31.

700 -!

,,, The Fernald site reports an estimateE 600 !
of uranium in uncontrolled stormwater

o 500 ! runoff into Paddys Run to USEPA.

Femald site personnel had developed a400 i
general estimate of 2.8 kg (6.3 pounds)

300 i of uranium in the runoff to Paddys

200 _ Run for every inch of rain. For !993.
" the estimate of uranium in stormwater

100 runotTto Paddys Run was reported as

0 109 kg (241 pounds). This estinaate
1989 1990 1991 1992 1993 was based on the anaount of precipita-

*- 1.0kgresultedfromoverflowof SWRB tion recorded by the site lneteorologi-

1.2kg resultedfromoverflowof SWRB caisystem(98 cm or 39 inches).
Actinium, radium, and thorium

concentrations were all within accept-

able limits. Their percentage of the applicable DCGs ranged from 0.0054% for
thorium-231 to 4.8% for radium-228.

Surface Water Sampling for Radionuclides

The site's surt:ace water sampling program measures the eft)cts of two potential

sources of contmnination on local waterways: the discharge ot"liquid effluents into

the Great Miami River and the effects of uncontrolled stormwater runolT into Paddys

Run and overflow from the SWRB (which did not occur in 1993). Figure 29 on page
85 shows the area of controlled stormwater runoff'.
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Figure 32: Surface Water Sampling Locations
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Liquid Pathway: Effluent and Surtace Water Monitoring

Sampling Methodologies

During 1993, surt'ace water was sampled at the following locations identitied in

Figure 32:

• Three locations ahmg tile Great Miami River (W I - upstreanl fl'om the
effluent discharge, W3, and W4);

• Five onsile locations along Paddys Run (W9, W I()-US, W 10, W 10-DS, and
Wl I);

• One location along the drainage ditch originating near the Pilot Plant (W10-
DD); and

• Three otTsite locations along Paddys Run (W5 - upstream from the site, W7,
and W8).

Each week, the onsite laboratory antflyzed one of the daily samples from each river

sampling location tbr total uranium. Portions of the daily samples collected along the

Great Miami River were combined to form weekly and monthly composites for each

location, which were then ana!yzed tot radium-226 and radium-228. Six-month

composites, taken frc,m the individual monthly composites, were analyzed tot

cesium-137, strontium-90, and technetium-99.

Weekly grab samples were collected at the five onsite locations along Paddys Run,

one location along the drainage ditch, one location upstream (north) of the site, and

two locations downstream (south) of the site. All samples collected along Paddys

Run were analyzed weekly for Iotal unmium. Two-month composites of weekly

samples from W5 were analyzed for isotopic radium, as were monthly composites at

W7 (or W8 if there was not enough water at W7). Oftentimes there is not enough

water present in Paddys Run to collect a sample.

Uranium concentrations tit W 10have varied greatly. This may be due to the fact that

uranium concentrations in surface water are not directly comparable over time due to

different states of dilution as a result of varying precipitation and tlow rates. Conse-

quently, representative samples cannot always be obtained because the effluent fi'om

the drainage ditch ()lien does not have sufficient time to completely mix with the

water in Paddys Run to provide a laonlogeneous liquid for sampling. In order to

accoun! for this problem, three sampling h)cations (WI()-US - upstream of W 10 and

near the K-65 silos, W I0-DD - along the drainage ditch, and W I0-DS -just down-

stream of WI0) were sampled.

Results of Laboratory Analyses

The radionuclide concentrations found in surface water samples collected during

1993 are sumnmarized in Table 12 on pages A-16 and A-17. The data indicate that

differences in uranium concentrations in the Great Miami River were very small.

However, they tire statistically significant. Average uranium concentrations at W3

and W4 ( !.2 pCi/L) were well below the DOE guideline ti)r drinking water (used for
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Figure 33" Average Uranium Concentrations in Surface Water, 1989 - 1993
i
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comparison purposes only). Both concentrations were at ().22q of the DCG. Figure

33 shows five-year trends of uranium concentrations in surface water from the

Great Miami River and Paddys Run.

Surface water samples collected in 1993 from the Great Miami River and analyzed
for radiup,i-226, radium-228, strontium-9(), cesium-137, and technetium-99 were

consistent with previous years. These data support the results in Table ! !, demon-

strating that the concentrations of these radionuclides in the liquid effluent dis-

charged to the river were very low and resulted in very little, if any, increase in the

concentralions already present in the river.
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Liquid Pathway: Effluent and Surface Water Monitoring

Environmental monitoring personnel used upstream sampling point W5 to determine

concentrations of uranium and radium normally present in Paddys Run. The dala

indicate that the uranium concentrations found in this stream were significantly

higher downstream (W7 and WS)of the site than they were upstream (W5). The

average concentration at W5 was ().67 pCI/L compared to 3.9 pCI/L at W7. H_w-

ever, average uranium concentrations at all Paddys Run moniloring locations were

well within DOE guidelines for drinking water (again used for comparison purposes

only), ranging from (1.44t_ of the DCG at W9 to 10_: at W I0-DS. W I0-DD, leading

into Paddys Rtm is 69¢_ of the DCG.

High average wtlues from W I0-US, W I0, and W I0-DS are due to a few very high

weekly results. The median value may belier represent lhe actual condflions of the

stream, rather than the average, because the median is not as easily changed by a few

extreme results. The median values of these Iocalions are 2.2 pCi/l, at W I()-US, 4.3

pCi/L at W 10, and i3 pCi/L at W I()-DS. The elevaled levels in W 10-DD, combined

with the tklctthat the average uranium concentratkm at W 10-DS and W. I() is higher

than W I()-US, suggest that the drainage ditch from which W i()-DD is collected

contributed to the uranium concentrations in Paddys Run (see Table 12 on pages

A-16 and A-17). The increase in both lhe median and average concentration from

W9 to W 10-US, indicates that factors other than the drainage ditch may have also

intluenced the uraniuln concentration levels in Paddys Run.

Sediment Sampling for Radionuclides

Contaminants present in surface water can sellle or precipitate and thereby accumu-

late in sediment. Sampling and analysis of sediments provide a way to evaluate

possible cumulative effects of routine discharges of treated effluents into the Great

Miami River and the effects of slormwater runoff into Paddys Run.

Sampling Methodologies

Technicians collected sediment samples only at those locations where sediment was

most likely to accumtflate. In early August, samples were collected from the follow-

ing localions identified in Figure 34:

• Eight locations at I()0-meter (33-foot) intervals along tile Storm Sewer
Outfall Ditch (SSOD):

• Nine locations along the Great Miami River:

• Twelve locations along Paddys Run north of the SSOD:

Twelve locations along Paddys Run sotJlhof the SSOI): and

• Four background locations along Paddys Run, north of the site.

Technicians collected one sample at each location. All samples were uLkenfrom

strategically chosen locations to ensure that they were representative t)t"tile mosl

recentand greatest amount of sediment depc_siled.

Fernald Environrnental Manacjenlerll Project: 91



Chapter Five

Figure 34" Sediment Sampling Locations

P1 (_7.1 km
At the beginning
of Paddy_ Run Sd.

" i
/

i

Alert-New London

--I=ERNALD i

SITE r
_ ....... 7_Production, _ Miami

¢. te 6.7 km_. , I Area I luent Line

i ce_nter; At the BoRon
rJArPlant ' Water Works

Samplesalong PaddysRun north G4
and south of the confluence taken
at strategic locations ensuringmost
recent sediment.

Confluence
p

_: Samplest, .,,Jnalong the Outfall
)itch at t00 meter intervals.

New Haven Rd.

_
_

New

G8 G7 Baltimore

LEGEND
......

Single Sampling Location _--y Plant Perimeter
Distance from Center _-_--× ProductionArea Perimeterof ProductionArea to
SamplingLocationsoff Map

2584

92 1993 Fernald SateEnvironmental Report



[.iquid Pathway: Effluent and SLJrfilceWater Monitoring

ill 1993, all sediment samples were analyzed for total uraniunl. Samples taken from

the SSOD, Paddys Run above the SSOD, and Paddys Run background were also

analyzed for radium-226 and isotopes of thorium. There arc cllrrcntly no DOE or

USEPA guidelines or standards for uranium or other radionuclides in sediment.

Results of Laboratory Analyses

The data m Table 13on page A-18 show there were no noticeable differences in the

concentration of uranium and other ntdionuclides tbund in sediment samples col-

lected from the Great Miami River upstream and downstream of the site's eMuen!

discharge line. Therefore, the site's liquid eftluent discharges did not cause any
discernible increase in the levels of radionuclides in Great Miami River sediment.

Radium and thorium results for 1993 were consistent with those found in recent

years. Total uranium results fl'om Paddys Run locations in 1993 were also similar to

those in 1992. However, the average uranium concentration in the outfall ditch (6.5

pCi/g) was still above background levels. Uranium concemrations in individual

locations along this ditch have been elewtted in previous years as well, probably

because of runoff"from onsite stormwater flowing into the outfall ditch over th years.

Fish Sampling for Uranium

The fish population of the Great Miami River is another component of the liquid

pathway. Femaid site personnel, with the help of a research team from the University

of Cincinnati, have been sampling fish in the river for ten years. The sampling team

collects fish by electrofishing. This method is among the most efficient methods of

collecting fish samples unbiased with respect to size and species.

Sampling Methodologies

in August 1993, the team collected over 224 fish representing 26 species from three

sites along the Great Miami River (see Figure 35t:

• River Mile (RM) 38 - below the Route 127 bridge, north of Hamilton;

• RM 24 - at lhe Fernald site effluent discharge; and

• RM i9 -- at the outfall point of Paddys Run.

The 1993 collection was made at the same time of year its in 1992. RM 38 is used as

a background location because the fish population is physically isolated from

downstream activity and migration of fish by the two Hamilton dams, whereas the

other locations are not. Location RM 24 and RM 19have the potential to be intlu-

enced by the backwater species thai migrate up from the Ohio River. The variety of

fish species collected included gizzard shad, skipjack herring, mooneye, golden

redhorse, shorthead redhorse, spotfin shiner, largemouth bass, striped bass, snlall-

mouth bass, white bass, immature bass, river carpsucker, highfin cltrpsucker, quill-

back carpsucker, drum, bluegill, hybrid longear and bluegill, hmgear sunfish, green

sunfish, immature sunfish, sauger, carp, mirror carp, channel catfish, llathead catfish,
and brown bullhead.
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Figure 35" Fish Sampling Locations
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[Iqt_lcl Pathway Fffluent and SIjrfa({. W,4t(.rMonitoring

The fish pol)ulati(m()f the GreatMiami River hasbeenstableover thecourse()1"this

sludy. In 1993,diversily of fish caughtwasnearly thesameatall locations.The fish

speciesrichnessat e,ch sile wasproportional [() lhe number(71"fish caught. The fish

speciesappeartobe in similar healthregardlessof sampling I()cation.>

Results of Laboratory Analyses

Table 14on pageA-19 containstheaverageuraniunlcc;ncenm_tionsrepolled in fish

from all three sampling locations. Since all uranium concentrations in fish were not

normally distributed, the geometric mean was provided rather than the arithmetic

mean (average)in order to make meaningful comparisons between locations and/or

families. Statistical comparisons were made to determine:

• if the manium concentrations of all fish in general caught at RM 38

(background location) were different from the fish caught at RM 24 and RM

19taken collectively,

• If the uranium concentrations of all fish caught in any cme site were greater

than the fish caught from the other two locations taken individually, and,

• [f any one family of fish had higher uranium concentrations when sampled at

one location as opposed to the other two locations.

1Iwas statistically proven with p _<().()5that:

• No single location had statistically greater uranium concentrations than the

other two locations taken collectively:

• in general, all fish caught at RM 24 had statistically higher concentrations

then those caught at RM 38 and RM 19 taken individually; and

• Families one and two were found at no locations with statistically higher

concentrations than the other two locations, families three and five displayed

statistically higher concentrations at RM 24 then at RM 19(family five was

not found at RM 38), and family four showed statistically higher

concentrations at RM 19 then at RM 38 (RM 24 provided only one fish from

family flmr).2'J

Overall, the 1993 total tlranium results are consistent with or lower than results from

recent years at all locations. The estimated dose from eating fish caught in the Great

Miami River at the Fernald site oull'all is discussed in Chapter Seven.
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Moniloring for Nonradioactive Pollutants

This sectionof thechapterlooks Ill concentrationsoi nonradioactivepollutants

dischargedthroughthe site's liquid effluent, to theGreatMiami River, and to

PaddysRun.The site controlsthe dischargeof nonradioactivepollutants in liquid
eflluent to meettherequirementsof the site's National Pollutant DischargeElimina-

tion System(NPDES) permit.

NPDES Summary for 1993

The NPDES permitting process for the site is under the,jurisdiction ot"the Stale of

Ohio to control the discharge of nonradioactive pollutants to Ohio waters. The

permit specilies sltrnpling locations, sampling and reporting schedules, discharge

limits, and other restrictions on the site's ct'tluenls discharged I¢5the Great Miami

River and Paddys Run. Table 15on pages A-20 through A-22 contains the NPDES

compliance data for 1993 with a diagram of all monitoring locations in Figure 28.

Fernald site personnel did not collect NPDES samples from Paddys Run since the

SWRB did not overfl¢_wduring 1993. Out of 4,020 NPDES samples taken in 1993,

only I I were not in compliance (99.Tt,_rcompliance). Effective May 20, 1993,

modifications to the NPDES permit were made including:

• pH monitoring wits reduced to daily grab samples at internal monitoring
locations;

• Sampling of sewage sludge was added;

• Fluoride, copper, nickel, and total chromium sampling were reduced to

monthly monitoring at the sewage treatment plant;

• Cyanide, silver, :rod lead at Manhole- 175were eliminated;

• Chromium (+6) and pH a! discharge 602 were eliminated; and

• All monitoring at discharges 6()4 and 606 (shown in Figure 2g on page 83)
waseliminated.

By controlling tile concentration ¢5t"radionuclides in the effluent and by reducing the

amount o1"stormwater runoff to Paddys Run, the site can lessen its impact on the

various components of the liquid pathway. In particular, surface water runoff"can

enter the aquifer and intluence groundwater quality. The next chapter looks at the

groundwater component of the liquid pathway.
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Liquid Pathway:
Groundwater Monitoring

This chapter continues the discussion of the liquid pathway, as surface water

runoff can leach through the soil and may contaminate the groundwater.

The site carefully monitors the groundwater beneath and in the vicinity of the

site to identify and track the movement of pollutants which may be present in

the Great Miami Aquifer. Scientists can analyze the groundwater and soils

sampled during drilling operations to learn much about the soil and its ability

to restrict the movement of contaminants into the groundwater. This enables

the site to better define the steps it should take to control present contamina-

tion and to prevent additional contamination from occurring.

lts in
1993 Liquid Pathway: Groundwater

Private _l/ell Sampling - A total of 36 private wells were routinely sampled for
total uranium in 1993. Three of these wells had an average uranium concentr&
lion above the proposed USEPAstandard of 13,5 pCVL (20 ppb). Each of these
wells is in an area of known groundwa_,,r contamination, These 36 wells were
also sampled for several metals. As is common for an area with high natural con-
centralions of iron and manganese, such as the area surrounding the Fernald
site, several private wells showed concentrations of these two metals above the
USEPASecondary Drinking Water Standards.Additionally, four wells showed con-
centrations of lead at or above the USEPAaction level guideline,

Comprehensive Sampling - Of the 454 on- and offsite site-owned wells that
were sampled for uranium, 127 wells showed detections above the proposed
USEPAguideline of 13.5 pCi/L (20 ppb). All offsite locations were in _he South
Plume area, The Comprehensive Groundwater Monitoring Program also samples
for 11 metals and 31 Volatile Organic Compounds which have applicable Pri-
mary Drinking Water Standards.Of these 42 constituents, 16 were detected above
the primary standards in more than one well. Four other constituents showed
singledetections above their primary standards.
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History of Groundwater Monitoring at the Site

Several groundwater monitoring programs have evolved throughout the history of

the site. The original three production wells drilled during the construction of the
Feed Materials Production Center in 1951 were the first to be monitored. From 1959

to 1965, the site installed eleven monitoring wells in the waste pit area to see if pit

operations were affecting the groundwater. These waste pit and production area

wells constituted the original Environmental Monitoring Groundwater Program.

In late 1981, the State of Ohio sampled three wells south of the site and found

elevated levels of beta activity. It was found that this activity was due to potassium-

40, a naturally occurring radionuclide which was not present in site production

materials. However, sampling also detected above-background concentrations of

uranium in other wells near the site. This int'onnation was reported to the State in
November 1981.

These lindings prompted an expansion of groundwater monitoring in the area.

Environmental Monitoring began sampling existing area wells in February 1982,

and by 1984, the Fernald site officially established the Radiological Environmental

Monitoring (Private Well) Program with the monthly sampling of 19 privately
owned wells.

Around this same time, the site tbcused more attention on onsite groundwater

contamination. The disposal of barium chloride in Waste Pit 4 from 1980 to 1983

led to the establishment of the RCRA Detection and Groundwater Quality Assess-

ment Programs, separate from the existing environmental monitoring activities.

Federal and state environmental regulations required the Fernald site to detemaine

whether or not hazardous waste had entered the groundwater, and, if so, to identify

the rate and extent of migration and the concentration of any hazardous waste in the

groundwater. When the RCRA Detection Program confirmed that the groundwater

had been impacted, the RCRA Groundwater Quality Assessment Program began in

May 1988 and has since provided valuable intbrmation on the quality of groundwa-

ter beneath the waste pit area. (Analytical results of this sampling and assessment

can be found in the RCRA Ammal Reportf()r/993. _¢_)

Also in May 1988, additional groundwater sampling was initiated as pan of the

Remedial lnve,s'tigation and Feasib_li_ Study (R1/FS). This CERCLA-driven study

investigates the nature and extent of potential environmental impacts from past and

current operations tit the site, with particular regard to the Great Miami Aquifer.

By late 1989. more than 2(X)wells were being sampled under the various programs.

To eliminate duplication of ettk_rts,all long-term groundwater monitoring responsi-

bilities were shifted to the Environmental Monitoring group. In 1990, this group

developed the Comprehensive Groundwater Monitoring Program to coordinate

the sampling schedules of the original Environmental Monitoring Groundwater
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Program, and the RCRA Assessment Program. in December 1992, the administra-

tion of the Comprehensive Groundwater Monitoring Program was transitioned to

OU5. This change was implemented to consolidate all groundwater monitoring and

data interpretation under one group.

Today, as this Comprehensive Groundwater Monitoring Program monitors site-

owned wells in accordance with the applicable regulations, the private well sampling

program continues under Radiological Environmental Monitoring as a service to

local residents and as an additional source of offsite groundwater information.

Results are presented in this chapter"as either private well results or as comprehen-

sive sampling results.

Monitoring for Radioactive Pollutants

As part of the total liquid pathway, the movement of radioactive pollutants into and

through the groundwater is of significant concern. This section discusses the results

of private well sampling and of the Fernald site's comprehensive sampling program.

Private Well Sampling for Uranium

The Radiological Environmental Monitoring Program encompasses all sampling of

privately owned wells. The program itself is divided into non-routine sampling and

rouline sampling.

At a property owner's request, any drinking water well near the site will be sampled

for uranium to gain additional information about local groundwater quality, and the

one-time sample results are reported to the well owner. If one of these "special

request" samples shows a questionable or significant total uranium concentration,

or if the well is believed to be representative of an area b_._sedon its location, the

properly owner has the option to participate in the routine sampling program. This

program has grown from 19 wells in 1984 to 36 wells in 1993. Well locations arc

shown in Figure 36. The data t}om the routine sampling program are presented in

Table 16 on page A-23. Figure 37 shows average uranium concentrations found in

private wells from 1989 to 1993.

During 1993, the 36 offsite wells belonging to individuals and industries in the

vicinity of the site were sampled monthly or quarterly and analyzed for total ura-

nium. Average uranium concentrations in all but five wells were less than 2 pCi/L

(3 ppb) and, thereli_re, less than 159_:of the proposed USEPA standard. Only wells

12, 13, and 15 exceeded this proposed standard in 1993. These concentrations can

also be compared to national background levels liar total uranium in groundwater of

0.07 to 6.8 pCi/L (0.1 to 1()ppb) or local background levels of 0.07 to 2.0 pCi/L (0.1

to 3.0 ppb), which scientists have determined using a 95ch confidence interval. -_,;-_
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Figure 36: Private Well Monitoring Locations
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Figure 37: Average Uranium Concentrations in Private Wells, 1989 - 1993
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i • The uranium concentration at Well 13

...... ' _-_--_:.-..... has been slowly increasing since 1989.

In Jtme 1992, an ion exchange system

"ld levels for was installed at this location. This

:_;_r:'_'I J monitoring re- .; system is designed to remove the

These scan- uranium from the well water by
In a medium.

filtering the water. Results from the

to humans or the water filtered through the iori ex-

.. -: change system indicate thai the
- " uranium is removed and the uranium

;:::= i drink-
concentration in the treated water is

.... National PrimaryDdnk-

.;_:;;. are,enforceable byfederal law. However, within the background range for this
:- standard for a particular substance, area. Well 13 is located just south of

;_ the site, in an area of known ground-
_,". however, are only

overned sites, water c(miaminaiion, and continues

7 _ r : "" " " _ t() be a point of monitoring.

; in drinking wa-
: _of 20 pC,i/L or 30 parts per billion (ppb), The urariiuni-contaminated water in
• Pa_ site reportx have used this reference for comparison. How-. this area, known as the South Plume,

in ! 991, USEPAproposed a standard for uranium in drink-
'of 13.5 pCi/L (:it 20 ppb. As of December 1993, this will be pumped from the aquifer as

.:::i _.' s 1993 report will con- pail of the South Groundwater
tlnue to use this proposed USEPAstandard for comparison with Contamination Plume ken]oval
well monitoring results,as it is the more stringent of the two.

Action. The plume itself is discussed

later in this chapter.

Comprehensive Sampling for Uranium

The Comprehen stve Gmundwater Monitoring Program encompasses all sampling of

site-owned monitoring wells. Groundwater monitoring perso,mel do not monitor all

wells each quarter, nor do they monitor all wells for the same constituents. As

discussed earlier, site personnel sample as necessary to provide each of the ground-

water monitoring subprograms with a complete database for reporting purposes.

However, when taken together, as done here, the comprehensive sampling results

present a rather detailed and complete description of groundwater under and around

the site.

The nlovenlent of uranium in the groundwater has been a key factor in determining

the sources of contamination in the area. In 1993, the Groundwater Monitoring

Program received results from 2,(}(}3analyses lot total uranium from samples at 454

on- and off site locations. As compared to previous years' monitoring activities, there

were several more detections of total uranium found in 1993. This greater number of

detections is clue to an increase in monitoring activities that were required in 1993 tbr

the final OU5 Remedial Investigation, and it is not an indication of greater contami-

nation in the area.
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Ot" these 2,(X)3 uraniunl analyses, the highest concentration was 9 I, 120 pCi/L

(136,(}(}0 ppb), well above the proposed USEPA standard ot" 13.5 pCi/L (20 pp5).

This sample was drawn frorn Well 1324 in the glacial overburden directly bmleath

the production area. Most above-guideline detections at the other sampled wells were

below 6,757 pCi/[, (i 0,(X)()ppb). More than 240 uranium conccntrations abovc the

proposed USEPA drinking water guideline were Iound al 126 other on- and off site

locations. (All off site locations were in the South Plume area, cun'ently being

addressed by a RI/FS removal action.) All of the above-guideline sample concentra-

tions and their relative locations are listed in Table 17 on pages A-24 through A-27.

Figure 38: Well Diagram*
i i i1,111 i i nl i i, ii I i ul| i i

This diagram depicts the construction of a typical well used for
sampling groundwater.These wells are located both on and off the
Fernald site. They range from 11- 76 meters (35 - 250 feet) deep.

Locking Cap and Padlock --- Vent Hole

Protective Casing _ Inner Well Cap

Concrete Pad -1 _ Weep Hole
J, Ground Surface
¥

FERNN.D SrrE G_NDWATER _/ELi_ Casing

Figure 38 depicts a typical well at the Fernald site.
The depth of a Femald site well and the water- Grout
bearing zone into which it extends are denoted (holds and protects casing)

by the first digit of the well number (see Figure Plug
39). Wells extending into the perched ground- (prevents grout from
water within the till are denoted as 1000--sedes entering sandpack)
wells. Wells extending into the upper portion of
the sand and gravel aquifer are denoted as 2000-
series wells. The 3000-series wells are placed
within the middle portion of the sand and gravel
aquifer, and the 4000-series wells are installed Sandpack
in the sand and gravel aquifer beneath a layer of
"blue clay." Sometimes a group of two or more
wells of different depths are drilled at the same Screen
location to sample different water-bearing zones (allows formation water
within the groundwater; these groups are called to enter well, holds
cluster wells, back sandpack)

-- Coupling

Sump (collects debris)

Bottom Cap
" Not Drawn to Scale
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Figure 39, Monitoring Well Depths and Screen Locations
tt t t t tt t t i ] tt ttt

Well Series
1000 2000 3000 4000

Ground Surface

Till

Upper Sand
and Gravel
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Lower Sand
and Gravel

Aquifer

Metric Conversio..r)
1 Foot = 0.3048 Meters
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Comprehensive Groundwater
Monitoring for Other Radionuclides

The Comprehensive Groundwater Monitoring Program also samples t'or radium-226,

radium-228, strontium-9(), technetium-99, and thorium-232. Gross alpha activity,

gross beta activity, cesium, plutonium, ruthenium, and neptunium in the groundwater
are also monitored as indicators of radionuelide contamination. Results from 199i

and 1992 monitoring for these radionuelides have been invalidated and cannot be

reported with any assurance of data quality.

The Comprehensive Groundwater Monitoring Program sampled for these radionu-

elides again in 1993. These data are not available at this time, hut they will be

included in the Operable Unit 5 Remedial Investigation report and in the 1994 Site

Environmental Report.

South Groundwater Contamination Plume

Groundwater monitoring results over the past several years have led to the identifica-

tion of the South Groundwater Contamination Plume, an area immediately south of
the site with known levels of uranium

' " r' "_ "_' _:_" _'_" contamination. Contamination from the

site flows with the groundwater, gener-

ally to the east and south, toward the
Great Miami River.

homeown_w_Is

the aquifer and to provlde_ Because groundwater in the Femald area

public water supply, travels very slowly as compared to

surface water, some areas may not see

reliable, and safe water supply the effects of the contamination for years.
has committed to _c_dir_j itsfairstmre Also, since the contamination moves in

the water maim inttm South Plume about the same direction as the greund-
isin conjunctionwith the HamiltonCounty

'PublicWorks,the agencyresponsibleforcoor- water, environmental monitoring person-
all water supply within Hamilton County. nel can track the movement of tiffsplume

by monitoring the movement ot"the
proposedactionthat isof concernto DOE groundwater. Figure 40 shows the South

installationof approximately23 km (I 4 miles)of
and Butlercounties,Thisinstallation Groundwater Contamination Plume as it

EastMiamiRiverRoad from Boll:onWater Works appeared at the end of 1993.
stateroutes 126 and 128, then south

_tateRoute 128 to al:_:_roxtmately2.7 km (1.7 miles)south The South Groundwater Contamination
intersection. Installationwill also oc-

along Willey, New Haven,and PaddysRunroads. Plume Removal Action was initiated to
rcstrict further southward movement of

: Water SUpply Program was proposed in 1992. The the plumc, to limit access and exposure
constructionscheduleof

to contaminated groundwater, and to
tentative completiondate of the

watersup_ Issetfor mid-1995, protect the groundwater environment.
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Figure 40: South Groundwater Contamination Plume
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Monitorin 9 for Nonradioactive Pollutants

Protectiono1"tIle Great Miami Aquifer alsoincludesnl(,lii()ring for a numberof

nonradioactivepollutanlsandgeneralwaterquality indicahu's.Site lechnicians

generallysamplefor Ih()secoflstiltlellls listedin theNationalprimary andSecondary

Drinking Water Slandards. primary stall(lards apply to thosestlbstat|¢es Ih;.ll pose

definile heallh threatsif presenlbey_)ndthe regulaledconcenlraliCms:secondary

standardsconlr()l conlalllill,'lilts lha! Primarily affecl lhe ;,leslhelicqualitiesof drinking

Water alld are not federally enfi)rceable._ In addition to theseLISEPA-lisIedcollslittl-

enls,theR('RA wells within theComprehensiveGroundwaterMonitoring Program

aresampledfor many RCRA-listed c(mslituellts.

Private Well Sampling for Metals

The 1993 samples fr()m the private wells were analyzed for the 16 metals listed in

Table 18 on pages A-28 through A-3(). Of these 16 metals, no I)()F or USEPA

standards have been establishc(I for calcium, magnesium, nickel, potassium, or

sodium, but they continue to be monitored for c(mlparison purposes. AIIhough

concentrations of iron and manganese were higher than the secondary drinkin_ water

guidelines in a number of wells, high concentrations of those natural elements ;ire

typical for groundwater in this area.-_.J2.;_As specified by LtSEPA, lead has an acti_,a

level of ().015 mg/i....Four wells .showed lead concentrations above this level. All other

metal concentrations were well within the appropriate guidelines.

Comprehensive Sampling for Hazardous Substances

Various groundwater sampling programs monitor for nonradioactive constituents in

the groundwater It)identify areas that might have harmful chemical concentrations as

a restllt of past and present site activities. All site wells _ampled are analyzed for

metals, volatile organic compounds (V()Cs), and water quality indicators listed in the

Nati()nal Primary and Secondary Drinking Waler Standards. This section focuses on

the incidences in which these consliluenls occur abt)ve the applicable slandards.

Those wells with (letecti_msabove the primary standards and the prop()sed USEPA

guideline for uranium ;ire mapped in figures 41 through 44.

Detections above Primary Standards

The site analyzes for I I metals mid 31 V()('s which have applicable Prilnary

l)rinking Water Standards. ()f those 42 metals and V()Cs, lhe collstittlenls that had

detectic)ns above their respective Primary Drinking Water Standard Maximu m

C(mtaminant l+evels (MCI,);ire listed on the next page and in Table 19on pages

A-31 through A-36.
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Metals

• Antimony • Cyanide

• Arsenic • Mercury

• Barium • Nickel

• Beryllium • Selenium

• Cadmiunl • Thallium

• Chromitnn

Volatile Organic Compounds

• Ben/.enu • Tohlene

• Carbon tetrachloride • I,l,I-Trichloroethane

• 1.2-Dichlon_thanc • l,l,2-Trichloroethane

• 1,2-Dichloropropanc • Vinyl chloride

• Ethylbenzcne

Toluene, 1,1,2-trichloroethane,1,2-dichh)ropropane, and ethyibenzene, had only

one detection each above their respective standards. The remaining sixteen constitu-
ents had more than one detection above their standards in i993. These detections

and the areas in which they were found are discussed below.

Antimony was detected above the ().(X)6mg/L MCL in 17wells during 1993.

These wells were located primaf, ly in the production area and the waste pit area.
Five detections were south or southwest of the Stormwater Retention Basin, one in

the northwest corner of the site, and one in the South Plume. There was also one

detection offsite, just northwest of the site prol_rty. These detections above the

MCL ranged from O.(X)61to ().i 35 mg/L.

Arsenic was detected above thc ().05()mg/L MCL at seven wells. Three detections

were in the waste pit area, six were in the northwest section of the site, two were

near Paddys Run just south of the silos, and two were in the Paddys Run Road Site

area. These detections above the MCL ranged from 0.071 ! to 0.3 i3 mg/L.

Barium hits a MCL of 2.(X)mg/L. It was detected at two wells, and the detections

wcrc 2.26 and 3.35 mg/L. One well wits located in the production area, and one was

just northof the production area.

Fourteen wells had detections of beryllium above the MCL of 0.(X)4mg/L. These

detections ranged from (I.(X)4to 0.131 mg/L. Most of these wells are in the produc-

tion and waste pit areas. Other detections were found south (71"the silt) area, south-

west of the Stormwatcr Retention Basin, and one each in both the northwest and

northeast sections ofthe site.

It'.ll _olllinnr,s oil l)_lgr 1/3
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Figure 42: 2000-Series Wells ii iiii i iiiiiiiiii
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Figure 43: 3000-Series Wells
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Figure 44: 4000-Series Wells
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Cadmium had detections at 35 wells above the MCL of 0.(X)5 rag/l_,. These detections

fell in the range of 0.(X)5 to 0.165 mg/L. Primarily these detections were in the

production area with a few in the waste pit and silo areas. Several detections also

showed at wells northeast, east, and southeast of the production area, and south ol"

the Stormwater Retention Basin. Three detections were shown in the northeast corner

of the site.

Twenty-five wells showed detections of chronlium above the MCL of 0. I(X) mg/L.

The detections ranged from 0.105 Io 7.710 rag/L, and were mainly in or near the

production area. in addition, there were detections in the South Plume, southwest of

the Stormwater Retention Basin, near the silos, and one in the northwest section of

the sile.

Cyanide had detections at one well of 0.354 and 0.360 mg/L. These detections were

at a well near Paddys Run, south of the silos. The MCL tot cyanide is 0.200 mg/L.

Two detections of mercury were found above the MCL of 0.(X)2 rag/L, These came

from a single well and were 0.(X)77 and 0.0139 mg/L. This well was near Paddys

Run, south of the silo area.

Nickel has a MCL of I.(X) mg/L. It was detected at 29 wells, and the detections

ranged from 1.()1 to 3.930 mg/L. Mosl of these were located in the production area

and waste pit area. However, detections were also shown southwest of the stormwater

retention basins, north and northeast of the production area, in the South Plume, at a

location near State Route 128, and at a location in the northwest section ot" the site.

Two wells showed detections of selenium above the MCL of 0.050 mg/L. These

detections were in the range of 0.0563 to 0.214 mg/L. The wells were located north-

ea'_! of the production area and south of the silos near Paddys Run.

There were also detections of thallium that exceeded the MCL of 0.002 mg/L. They

ranged from 0.002 to 0.094 mg/L and came from a total of four wells. The locations

of these wells included the waste pit area and the area neal _the silos.

Benzene was detecled at two wells above the MCL of 0.005 mg/L. These detections

were 0.(X)5 and 0.011 rag/L, and were from a well in the production area and a well

south of New Haven Road.

Two detections of carbon tetrachloride were 0.005 and 0.021 rag/L, both of which

exceed the MCL ol"0.005 mg/L. These delections were in the production area,

Four wells showed detections of 1,2-dichloroethane to exceed the MCL of 0.(X)5

mg/L. These detections ranged from 0.011 to 0.072 rag/L, and came from wells

located in the production area and near lhe Fire Training Facility.

The MCL tot !, I, i-trichioroethane is 0.2(X) mg/l,. This was exceeded by detections

at i_)ur wells in a range o1"0.2(X) to 5.9(X) mg/L. These detections came from the

production area and a well from the Fire Training l_acility area.
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Finally, vinyl chloride, a volatile organic compound used in a variety of processes

involving solvents, paints, and gasoline, was found in two wells with detections

above the standard of ().(X)2 rag/L) a These detections were 0.031 and 0.120 mg/L.

The wells are located in the production area.

Detections above Secondary Standards

Seve;'al constituents were detected above their secondary standards in 1993. How-

ever, it should be noted that many of these secondary constituents are naturally

occurring, and their presence does not pose a threat to human health or to the

environment except at considerably higher concentrations. _s

Iron and manganese are two particularly noteworthy examples of such naturally

occurring elements. Both arc commonly found at high levels in southwest Ohio. Iron

was detected above its secondary star|dard at 525 on- and off'site wells, and manga-

nese was detected -lhove its standard at 622 wells.

One detection o1"copper at 1.030 mg/L exceeded the standard of 1.0()() mgll_. This

detection was t'rorn the Fire Training Facility.

Fifty-one wells had detections of lead in the range of {I.()!5 to 0.262 rag/L, all of

which exceeded its standard o10.015 mg/k These detections were primarily from

the production and waste pit areas, l)etections were also found south and southwest

of the Stormwater Retention Basin, in the South Plume, just east of the production

area, near tile sewage treatment plant, at the northeast corner of the site, in the

northwest section of tile site, tit the south access road, and just norlhwest of the site

boundary.

RCRA Groundwater Monitoring at the Fernald Site

The disposal of barium chloride in Waste Pit 4 from 1980 to 1983 necessitated

groundwater monitoring under RCRA at the Femald site. in response, a Detection

Monitoring Program was initiated at Waste Pit 4 in August 1985. The program

included monitoring of 41 wells upgradient and downgradient of Waste Pit 4 for

general water quality, drinking water suitabilily, and indicator parameters.

Based on the statistical comparisons that were completed as p_.trtof the Detection

Monitoring Program, USEPA and OEPA were notified in November 1987 that

Waste Pit 4 may be affecting groundwater quality in the vicinity of the pit. At that

time, tile RCRA Detection Monitoring Program was changed t()tile R(TRA Assess-

ment Monitoring Program, and tile RCRA Groundwater Quality Assessment

Program Plan (GQAPP) was submitted t() USEPA and ()EPA. Beginning in March

1988, wells were sampled quarterly lor one year. In March 1989, the GQAPP was

revised on tile basis of a detailed evaluation of tile available water quality and flow

inlormalion. Forty-three wells were identified lot quarterly monitoring of 35 site-

specific analytical parameters. Another revision of tile GQAH _ was submitted in
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April 1991 Io include findings fl'om previous RCRA sampling, address regulatory

comments, and provide more detailed sampling procedures. This revision also

expanded lhe program by adding I1 more wells.

The RCRA Assessment Monitoring Program at the Fernald site was altered in 1991

when the RCRA Pan A Permil Application identified 51 Hazardous Waste Manage-

ment Units, includingnine land-based HWMUs requiringgroundwatermonitoring.
Before June 1991, Waste Pit 4 was the only identified regulated unit requiring
groundwater monitoring. The RCRA Groundwater Monitoring Plan was submitted

to the EPAs in December 1991,replacing the GQAPP, The Groundwater Monitor-

ing Plan was designed to monitor groundwater downgradient of the nine land-based

units. Three monitoring well networks were defined to provide adequate monitoring

of the Waste Pit Area, the Production Area, and the site's property boundary.

By mid-1993, the property boundary network was near completion and well installa-

lion on the Production Area network was proceeding. At that time, it was deter-

mined that it would be both impractical and impossible 1o meet RCRA requirements

under the current monitoring program. Specifically, difficulties were encountered

while trying to comply with RCRA requirements, causing a duplication of efforts in

CERCLA and RCRA activities at the site.

In an effort to integrate CERCt, A and RCRA monitoring activities under a single

program, DOE proposed an Alternate Monitoring Program. This program is com-

prised of two components:

• Groundwater characterization activities under CERCLA as defined by the

OU5 RI/FS Work Plan and Addenda, and

° Quarterly groundwater monitoring of the downgradient property boundary

under the Routine Monitoring Program as defined in the "Project Specific
Plan for the Routine Groundwater Monitoring Program Along the

I)owngradient Boundary of the FEM P."

The Project Specific Plan was submitted in July 1993 and defined the objectives

of the Rouline Monitoring Program. This program is comprised of 33 Inonitoring

wells at the property boundary, including the monitoring wells installed for the

downgradient facility boundary monitoring nelwork defined in the RCRA Ground-

water Monitoring Plan. In September 1993, after negotiations with DOE, OF_,PA

issued the Director's Findings and Orders, which provided guidance on the Alternate

Monitoring Program, identified elements 1o he included in the 1993 RCRA Annual

Gmundwaler Report, and identified elements to be revised in the Project Specific

Plan for the Routine Monitoring Program. A revision of the Plan was submitted to

OEPA in October 1993.

Both the air and liquid pathways allow radioactive and non-radioactive materials to

leave the Femald site and are, therefore, monitored. The results from these monitor-

ing activities are used to estimate potential radiation dose, which is discussed next in

Chapter Seven.
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Estimated Radiation Doses for 1993

One of the chief public concerns about any facility that handles radioactive

materials is that people working and living in the area may be exposed to

harmful amounts of radiation. In response to this concern and environmen- I

tal regulations, Fernald site personnel are monitoring the ways in which ra-

dioactive material could move through the environment and reach people.

Background radiation levels and naturally occurring radioactive materials

present technical as well as practical problems in trying to directly measure

the dose people may actually receive from the Fernald site; therefore, scien-

tists estimate dose using models and the results of environmental samples.

This chapter provides the following information:

• An explanation of how dose estimates are calculated,

• Dose estimates from several different pathways for 1993, and

• An interpretation of the significance of these estimated doses.

Resu in Brief: 1993 Estimated Doses*

Air Pathway
Airborne Emissions - The estimated maximum committed effective dose to a

member of the public from 1993 airborne emissionswas calculated as 0.016 torero,

Foodstuffs - The committed effective dose from eating foodstuffs produced within
three miles of the site was estimated to be 0.01 mrem.

Direct Radiation - There was no statistical difference between direct radiation

measurements at the site fenceline and measurements at background locations.
Therefore, no dose was attributed to direct radiation for 1993.

Liquid Pathway
Well Water - The estimated committed effective dose from drinking well water
from the area around the Fernald site was 0.7 torero.

Fish - The estimated committed effective dose from eating fish from the river near
the Fernald site effluent line was 0.01 mrem.

* These dosesfor 1993 are also presented in Table 20 on page A-37. Information on
dosesreceivedfrom other sourcesisalso provided in that table.
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Methodology for Calculating Total Radiation Dose

i)()1_ ()rders and [IS_:t_A regulations require the FernaM sil.eIo demnnslrale thai its

radi_muclideairborneemissionsarelowenoughtoensurethaln_ one inthepublic

receives an effective dose of I()mrem or more in any one year. (This exclude,_ radon-

222 umissiollS,whicharecovereduru.lerdil'fcrcnlregulations.Radon regulations,

emissions, and estimated dose l'rom radon are presenled in Chapter Eight of this

report.) Moreover, to determine whether the site is well within the I)OE dose limit to

members of the public of I()()mrem per year from all exposure pathways, Fernald site

pers_mnelestimate doses From_lher componenls _t" Ihe air and liquid pathways, as
well as direcl radiation dose from materials stored onsite. The I)OE limil ot' I00

mrem per year from all pathways is the sum of the doses from radiation extern,'d Io

the body during the year plus tile dose from radionuclides taken inlo the body during

the year. This lauer dose is called the commi|ted effective dose and is received over a

50-year period.

As described in Chapter One, pathways are the mules along which radioactive

material moves and may deliver a dose to the public. Total dose estimates incorporale

dose from the air and liquid pathways, l)irect radiation ix included as a componenl of

the air pa|hway dose. Monitoring of Ihe uir and liquid pathways provides the basis for

lhe extensive environmental sampling described in chapters Four, Five, and Six.

Using these measurements, a dose from each pathway can be estimated using models.

Environmental and Dose Modeling

The Fernald site, like many other nuclear facilities, uses models to estimate doses to

the public. Models play an important role in environmental monitoring because

current technology and the low concentrations of radioactive pollutants in the envi-

ronment make it impractical to measure environmental doses with standard instru-

ments. The nature of radioactivity and the presence of naturally occurring radio_tctive

n-naterials create difficulties in detecting low levels of radioactivity and distinguishing

between natural radioactivity and radioactivity from the Fernald site. Models also

estimate pollutant concentrations and doses which are below the detection capabilities

of instruments and laboratory measurements. These concentrations and doses would

be left out in assessing the environmental impacts of the sile if models were not used.

Environmental and dose models are briefly explained below.

Environmental modeling is a way to represent a complex environmental process, such

as atmospheric dispersion of emissions _r tile _tir-to-soil-to-produce process, as a set

of mathematical formulas. By studying an environmental process, such as dispersion

of a pollutant from a stack as it is carried by the wind, scientists can develop a

mathematical forrnula that models the process. They can then use this model to

predict the concentration o1 the pollutant at a specific location. As additionnl pro-

cesses are modeled, it is possible to interconnect them so Ihal the movement of

pollutants is predicted by a larger environlnental model.
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Dose models are developed similarly. By modeling radioactive decay, ahs¢_rpticm

and removal of radicnlctive materials in the h¢_dy, and other physical and hiol_gical

processes, scieniists can develop a dose nu_del I_ evaluale how radi_active materials

deliver a dose. Connecting the dose model to the envirCmmental model Im_vides a

means of estimating dose rising infc_rmation gathered through erlvironmental sam-

piing. Models are usually tranMated inlo computer programs to c¢mveniently handle
tile data and calculdtions.

Although models may be tile only comparative way t¢_rscientists t_ estimate dose,

they do not necessarily predict all envinmmental processes. Since the mathematical

formulas that represent the enviromnental and biological processes are sitnplilica-

tions and generalizations, applying them to the specific conditions at the site may

lead to differences between predicted and actual concentrations or doses. The results

or outputs of models always involve some uncertainty in the accuracy of the esti-

mated dose, and many have built-in assumptions which strongly influence the

restllts. Models may be most beneficial because of their ability to estimate the upper

limit of the dose and identify the most influential pollutarlt or pathway of exposure.

Although the uncertainty associated with the radiation dose calculations has not been

quantified, whenever Fernald-specific data were not available for parameter values

{for exalnple, food consumpticm values l conservative values were selecled from the

literature tot use in the dose calculations. Thus, the estimated doses should be

viewed as maximum estimates of potential d¢_ses resulting from Fernahl releases.

Air Pathway Dose Calculations

The air pathway is a route for contaminants to reach people directly as emissions and

indirectly through foods contaminated by airborne emissions. This section uses data

from air and produce sampling as well as estimates of airborne releases {refer to

Chapter Four) to calculate doses. Dose from rad_m is presented in the following

chapter of this report.

Estimated Doses from Airborne Emissions

At the Fernald site, scientists obtain dose estimates lr_ml onsite airborne emissions

measurements using a set of computer programs called CAP-Sg. The site uses CAP-

88 to determine compliance with the NESHAP requirements of the Clean Air Act.

Within the CAP-88 set of programs, the AIRI)OS program calculates c¢mcentrations

of radionuclides in the air, on the ground, and in 1¢_¢_dbased on estimates ¢fl the

amount of airh_rne radioactive material released. The concentrations are then used I_

calculate the intakes and suhsequenl doses Io people.

The CAP-88 program calculates airborne radicmuclide concentrations based _m

onsite airborne emissions measurements. The results from the fenceline ambient air

monitoring stati¢ms are compared t¢_the CAP-S8 concentrations, but are not used in
inhalation dose calculations.
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The ('AI)-XX c_,npuler protzram,, calculale both individual and c_lleclive &)se.,,.

('(flleclive cl_).,,eis Ihe .,,urn_)f individual &)se.,, I_)pe_ple in the I:ernald area and i:,

reD)lletl in Ihe tlvlils t)l'pt'rsqm-rt'm. {l:_)rexample, if I() people each ret'eive I rein.

the t'olle_:tive th).,,ei.',"' I(1lwrson-rem;'" if 2()ly,.'ople ea_.'hreceive ().5 rein. that

c()lle_.'live tl_,,e al_o i,, "1()I_er,,_m-rem.")The per.,,_m-remmill is u.,,eda.,,a hr_ad
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The collcctiv+ +t't+_ctivedose t'rt_lll !¢)+._tth'h(_l'lluCmission.s (nut includin_ l't|don) to

thu Pt_puhltitm wilhin x() km (5()miles)of thu situ wtls +.llsoculculutcd by CAP-I,II4.

This ++h_.scw_t.s+stilll_.ltudIt>b+ ().._p¢l'son-I+ul+!I't_rtt PoPululion ut" 2,74(),()_X).For

ctmllmrison, lh¢ smtlu tzrtmPt_l+PcuPle rcccive¢l ml +.,,tim,.lIedcollective el'fcctiv¢ d_,s+

ul?I()<),()(_<)pcrs<m-romlr<mlhzlck_roundrtldi_itiorl,cxcludir1_r_lch>r+.

Estimated Dose from Eating
Foodstuffs Produced near the Fernald Site

Since the CAP-X,x pno_zrmnonly c_dcul_lteddoses from 1_)93_tirborne ,.'missions,

._cielllisls lilt.tale+.|ddilion++tldose ctllcul+ltions to estinlI.|tedoses tronl p+tstemissiuns

lh:_l Ill_+i)'h_tve_cculnul_tted through the t'uod chitin. The:se _tdditiolml c_dcuh_tions

esli_ll[tte lpolenli++dCh_seI'roill consuming Ioc_dly grown t'ruils, veget+.tbles,and milk.

I_lr_miumdep_siled in soil during the ye_trsthe Fernuh.I site was in pr_duction nifty be

_bsorbed by produce _tnd t+_rmm]imttls _md,lheret't_re,deliver _ second,try p_tthw_y

dose. This estim_led dose is b_tsedon the conserw_tive _ssumption lh+.III(RY,+of tt

person'.,,diel of fruit, vegel++_bles,mid nlilk c_mles from g+.trdensm_d t_rms in Ihe

FermN! urcu. This modeled diet _ssumes _mmmu_dconsumption of I X,k_ (4() Pounds)

of le+tly veBet;.tbles(c+._bb+_e.luttuce, etc. ), 45 kB (I IX) pounds) of _r++tins(corn, soy

be_.tns,whe+.lt,elc.), 614k_ (I _() p_mnds)of t'ruil, 2X k_ (62 Pounds) t_l'below-tzround

ve_zettlbles(pol+._toes,c_.trr(+ts,etc.), ,15kB (I (_) p_mnds)of other ve_etI.lbles,+tlld 112

liters I .+,()_ttlhm.s) of milk. +_'Scientists mml+yzedc+tbb+_e,corn. soybem+s,_tpPles.

pot_ttous,lOllI+.llOes.CtlCLIIllhCI'S.lindmilksumpledfromloc+d_+trdens+md l'm'rnsfur

uruniumtorepresenttheIuodsinthediet.The rn+tximumuruniumcon¢cnlrtttion

l'_)undinloc_llyproducedl_>dswus usedtouslim+._tedose.Thu m,,cia_zeb+.ick_rol.lnd

Ur_.tnJLmlc_m¢cnlr_ttJ_minI_od.,,v+'_tssublr_cludl'rtmlthellllIXJIllUIllconccnlr_ttJortI_

i.iccotiilll'oI"then_mmd occurrenceof"unmium m It_ods.

The I+tborutory mmlynis t_t lt_od++tulf,,determines the toutl mnuunt ot untnium lull

tlr;+lllJUnlJ.xotopc.s)Inthe.',Uml+le.l]ccm_.,,cunych_+,,el'rolnur+.tniulnisb+_sedtm the

i.,,t_tt_piccomp_sititmt>fut'm+Jum.+m+t.,,,,umptitmubtmttheisotopicctmtpositi_moI

UI'i.lIlJtIIllIllI't-_dstuI'I'slllUnlhclll;.Id¢t<_c+tlcuI+ttcthud_se.ScJentJ.st.sussumc_tny

uruniumdetectedintheI't_t_d.,,tuff.,,husthei.sott_piccomp<_sitJ_mofnutur+tlur+mium.

]'hi.,, u.s_,urnption is re_t+,,omthlchecuusc _tIm'+geurn_mnt oI ur_mium produced ut the

l+ernuldsiteh+tt.l+m i.sott_picc_m+pt_,,ition_,imilmIt+mttur+dlyt_ccurrin_urunium.

Scientists used dosu c_mvCrsitm l+_clt+rstt_c_mvcrt the Int+_kcof LIl'i.llliulll It) d_sc. The

conx'clni_>nl+_ch>l'sIhclnscl'+'¢+s;.irethcrcsLllt_imt_d¢lin_thel'_.tdit>;.lctivcdecuytold

mctubt_IismofruditmucIidc>,inthebudy._+

The committedclTcctivcdosereceiveduverthec_mt'scoI5() yc+tt'sv,,'+.t.',,culculutedtu

he(L()Imrcm. truly().()I+./+oItheI)01-_do.,,climitoI IIX)mrcm peryc_trlur+illputh-

v,u_,,.s.Thisdustiscump+trubluI_thecstin-mtcd_.I_sc,,Irtm+Io_dstuI'I'sinimstyc+tr+,,.
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Dh ct Radiation Dose

Unlike theair and liquid pathwayswherea radionuclide in the form ot'a particulate
or gay delivery its dose after inhalation _,ringestion, direct radiation dose is the result

ot"radiation (gamma and X-rays) entitled from radionuclides stored onsite. The

largest sources of direct radiation are the wastes stored in the K-65 silos and thorium

compounds stored at several locations onsite. Direct radiation dose ixestimated using

environmental thcrmolumincscent dosimeters (TLD) measurements (see Chapter

Fourl, rather than through the usc of models.

Direct radiation dose way estimated using the highest dose from the twelve fcnceline

monitoring locations (scc Table 1()on page A-14) and subtracting the average dose

measured at threc background TLI) locations (locations 18, 19, and 20 an shown in

Figure 27 on pagc 791. l_irnits in the precision on TLD data and variations in natural

background radiation requirc consideration of the unccrtainty (thc plus/minus (+1

valuesl associated with each measurement in calculating dose. The uncertainty is

calculated for a 95¢,_confidence interval (2 sigma) about the average.

From the data in Table 10, the highest 1993 fencclinc dose occurred at location 15

and is 73 _+9 rnrem per year (2 sigrna). The average background dose from locations

18, 19, and 20 is 6 ! + 15 mrem per year. At first glance, it appears that the direct

radiation dosc w'ould bc 12 mrem per year above background at the site fenceline.

Howcvcr, when the range of the background dose measurements ix taken into

account, there is no statistical difference between the fenceline dose and the average

backgrotmd dose. The data indicate that the highest fenceline dose is between 64

mrem per year (73-9) anti 82 mrem per year (73+9), while the average background

dosc ixbetwccn 46 mrem pcr year (61-151 and 76 mrcm per year (61+15). Since the

range of background doses largely envelops the range of fcnceline d,._ses,there is no

firm basis for stating that thcrc ixa diflcrencc between the fcncelinc and average

background doses. Given this lack of statistical difference between the doses, no
dose was attributed to direct radiation for 1993.
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Liquid Pathway Dose Calculations !

Dose estimates from the liquid pathway are calculated using environmental sample
results and dose conversion factors. Measurements of radionuclide concentrations in

groundwater, the Great Miami River, and fish from the fiver are used to estimate

dose from the liquid pathway. Descriptions of the monitoring programs for these

environmental samples are given in chapters Five and Six.

Estimated Dose from Drinking Well Water
in the Area around the Fernald Site

As discussed in Chapter Six, the site monitors a number of private drinking water
wells for uranium contamination. While most wells have uranium concentrations

which are within the 0.07 to 2 pCi/L (0. ! to 3.0 ppb) range of background concentra-

tions, several wells have higher concentrations and are considered to be a source of
dose from the site.

In order to estimate dose from drinking well water in the area around the site, the

average uranium concentration in wells k_:ated north and west of the site was sub-
tracted from the maximum concentration found in wells located south and east of the

site. Data from wells I, 3.4, 10, 22, and 30 were used to provide the average back-

ground concentration. The maximum concentration in a drinking water well south

and east of the site was found in Well 34. For the purpose of dose calculation, the

uranium in Well 34 is assumed to have the isotopic composition of natural uranium.

Using a consumption rate of 2 liters (0.5 gallon) of water per day, the committed

effective dose received from drinking water from Well 34 would be 0.7 torero.

Estimated Dose from Drinking
Great Miami River Water

Although the Great Miami River downstream ¢5tthe site is n(sldesignated as a public

water supply by OEPA, the site estimated the radiation dose to an individual if that

person drank only the water from the river downstream of the discharge poinl after

mixing had ¢_ccurred.

Scientist._,used data on the amounts of radionuclides discharged to the Great Miami

River (see Table I ! on page A-15) and the average river flow 1,5calculate concentra-
tions in river water. Dose conversion [kiCtOfs were used to convert the intake ,5t

radionuclides to dose. Assuming a daily consumption ot2 liters (0.5 gallon) of water,
the committed effective dose from Femaid releases received over the course of 50

years would be 0.()! mrem. _*'
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Estimated Dose from Eating
Fish from the Great Miami River

The estimated dose from eating fish from the river was calculated using the maxi-

mum uranitun concentration in edible fish collected at RM 19 and RM 24 (see Figure

35 in Chapter Five). The average background uranium concentration in edible fish
collected at RM 38 wax subtracted from the maximum concentration to account for

natural occurrence of uranium in the fish. As with other dose calculations, any

uranium detected in the fish was assumed to have the isotopic composition of

natu ral uran ium.

Assuming an annual consumption of4.5 kg (I 0 pounds)of fish from the Great

Miami River, the committed effective dose would be ().01 mrem.V'This dose ix well

below the DOE guideline of I()() mrem effective dose per year from all pathways.

Total of Doses to a Maximally-Exposed Individual

The maximally-exposed individual ix a hypothetical member of the public who

receives the highest calculated effective dose based on the location of his or her

home, weather conditions, and the individual pathway doses. Since it is not possible

m single out a specific individual in the Femald area who receives the most dose, the

results of the individual pathways anti the CAP-88 evaluation are added to predic! the

maximum dose thal a person could receive. The dose to the maximally-exposed

individual is a total of estimated doses from breathing 1993 airborne emissions

(excluding radon), consuming foodstuffs produced in the Fernald area, drinking

water from a well in the Femald area, eating fish

from the Great Miami River, and the direct racha-

Figure 46: Dose to Maximally-Exposed lion dose above background at the site fenceline.

Individual, 1989 - 1993 The c(mservative assumplions used throughout the

dose calculation process ensure that the dose to the

20 maximally-exposed individual is the upper limit of

15 ' the actual dose any member of the public receives.

E

OE 10 ' _ _ The dose to the maximally-exposed individual ix

I / estirnated to be l.()rnrem, well below the guideline

5 ' of !()() mrem per year for all pathways. Figure 46

0 • _ m sh()ws the doses to the maximally-exposed indi-

1989 1990 1991 1992 1993 vidual l'rorn 1989 I()1993.
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* Pathway Dose Attributable Applicable Guideline
tothe site

Air
Estimated 1993 emissions O.016 mrem 10 mremlair

Foodstu_ grown in Femald area 0.01 mrem 100 mrem/all pathways
Direct radiation 0.0 mrem I00 mrem/all pathways

Uquid
Well water in the Femald area 0.7 mrem 4 mrem/drinking water
Fishfrom Great Miami River 0.01 mrem 100 torero/all pathways

Maximally-exposed individual --I .0 mrem I O0 mrem/all pathways

Significance of Estimated Radiation Doses for 1993

One method of evaluating the significance of the estimated doses is to compare them

with doses received from background radiation (see Chapter Two). Background

radiation yields approximately 100 mrem per year from natural sources, excluding

radon. Comparing lhe max imally-exFosed indi vidual dose to the background dose

demonstrates that, even with the conservative estimates, the dose from the site is

much less than background. Although the estimated dose will be received in addi-

tion to the background dose, this comparison provides a basis tot evaluating lhe

significance of the estimated doses. A dose that is small in comparison to that of

background radiation will produce no measurable health effects.

Another melhod of determining the significance of lhe estimated doses is to compare

them with dose limits developed to protect the public. The International Commission

on Radioiogical Protection (ICRP) has recommended thal members of the public

receive no more than 100 mrem per year as a result of site operations, and DOE has

incorporated this limit into Order 5400.5 as well. The sum of all estimated doses

from sile operations for 1993 was well within this limil.

Radon is subject lo different regulations than other componenls of the air pathway.

Likewise, the dose received from radon is regulated separately. Therefore, the

Radon Monitoring Prograrn is discussed separately in the next chapter, as well as the

dose received from radon at th,e Fernald site.
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The Radon Monitoring Program
Radon is a radioactive gas that occurs naturally throughout the environment.

Everyone is exposed to radon at varying concentrations, and exposure to ra-

don is part of the annual background radiation dose that people receive. As

discussed in Chapter Two, this background exposure contributes approximately

55% to a person's average annual dose.

In addition to the radon found naturally in the environment, the Fernald site

stores some materials onsite that radioactively decay to form radon. Because

these materials are present, the Radon Monitoring Program has monitored

radon levels onsite since the early 1980s. This program operates in compli-

ance with the requirements of DOE Order 5400.5, "Radiation Protection of

the Public and the Environment." Radon monitoring results and attributable

dose are reported separately from the air pathway in order to improve the

presentation of information and regulations that are unique to radon.

Results in Brief: 1993 Radon Monitoring

Fenceline Concentrations -Average fenceline concentrations measured in 1993
were 0,63 ± 0.20 pCi/L well below the DOE guideline of 3,0 pCi/k The 1992
results were 0.57 + 0,29 pCi/L,

Dose Received from Radon - The calculateddose at the fencelinewas estimated

to be 454 mrem incorporating the methodology used by the National Council on
RadiationProtection. The 1992 dose would have been 410 mrem at the fenceline
if the same dose calculation method had been used, These dose calculationsin-

dude the annual dose received from average background levels of radon (ap-
proximately 200 mrem per year), and they were calculated using a more
conservative method than was previously used.
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Chapter Eighl

Introduction to Radon

The general term radon refers to the radon-222 isot(qw. Radon-222 is a naturally

occurring decay product of uranium-238 which is widespread in the earth's crust.

Radon-222 has the hmgest half-life of the radon isotopes, 3.8 days, which allows for

radon-222 to be a significant contributor of radon exposure to the public. Radon-222

is villuaily everywhere because of the widespread distribution of its parent radionu-

elides, radium-226 and uranium-238, in the earth's crust. The other isotopes of ladon

tkmnd in the environment are radon-219 (actinon), a daughter in the uranium-235

decay chain and radon-220 (thoron), a daughter in the thorium-232 decay chain.

The decay chains for the parents of the radon isotopes are shown in Figure 47.

Radon-222 decays into a series of short-lived radionuclides that are collectively

referred to as radon "daughter products." As radon and its daughter products decay,

alpha panicles are emitted. The daughter products are adsorbed on inert dust present

in the atmosphere. When the dust in the atmosphere is inhaled with the attached

daughter products, some of this dust is deposited in the lung, which may cause an

internal exposure to the lung. These daughter products, which are deposited in the

lung, will emit alpha pmaicles when they decay. The alpha panicles may then cause

damage to the cells lining the airways.

Radon-220, or thoron, with a half-life of 55.6 seconds, behaves similarly to radon-

222. Individuals may receive an internal exposure to the lungs, due to inhaling dust

with attached thoron daughters. However, the dose to the lung from thomn and its

daughters does not add significantly to the dose received from the radon series.

Radon in the Environment

Radon-222 is present in the environment virtually everywhere because of the wide-

spread distribution of its parent radionuclides, radium-226 and uranium-238, in the

earth's crust. The physical characteristics of the soil and local wealher conditions

affect radon's ability to migrate into air and water. Upon decay, radon may escape

into the air spaces around soil particles and diffuse into the atmosphere. Local rainfall

and snowcover may inhibit radon's ability to escape from the soil.

The outdoor concentration of radon in the atmosphere shows daily, seasonal, and

annual t]uctuations. These changes are caused, in part, by atmospheric conditions.

They are also caused by changes in the rate that radon is released from the ground

because of precipitation and freezing temperatures. Because radon tends to accumu-

late under stagnant weather conditions, concentrations increase during periods of

calm winds and temperature inversions, (During temperature inversions, warm air

traps cooler air near the earth's surface and prevents mixing and turbulence of the air

near the surface. When these inversions occur, radon is also trapped near the earth's

surface.)
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ChapterEight

Radon at the Fernald Site

!i1addition to the radon t'orn_ed naturally in tile environlnent, the Fernald site slores

some materials which radioactively decay to torm rad{,n. The principal source of

radon emissions from the site is the K-65 silos. The silos contain high concentrations

of radon producing elements. Radon can escape through the cracks and access ports

on top of the K-65 silos.

The site was required by the Federal Facility Agreement (FFA)to measure radon-

t]ux from till waste pits known to contain radium. These measurements were taken tit

pits !, 2, and 3 in 1991, and till were below the 20 pCi/m _ per second standard. In

January 1993, I)OE verified with USEPA that emissions from Waste Pit 4, which is

covered with a clay cap and liner, were below the 20 pCi/m 2 per second standard

and was, therefore, exempt from the requirement. Because pits 5 and 6 and the

Clearwell are water covered, radon-l]ux measurements would not be required if the

exposed material above the water line was submerged. After completion of the

"Control of Exposed Material in Waste Pit 5""and "Control ot' Exposed Material in

Waste Pit 6" removal actions, all exposed material was submerged, and radon-tlux

measurements for these pits were not required.

Radon Monitoring at the Fernald Site

All releases applicable t,, site activities are monitored tit each DOE facility and

radiation exposures to members of the public are assessed. This monitoring provides

assurance that members of the public and the environment are protected fr_,m

radiation exposure.

Radon concentrations and emissions in the atmosphere above facility surlktces or

openings are guided by DOE Order 540().5, "Radiatkm Protection of the Public and

the Envir(L,rnllent. '' This order del]nes radiological protection requirements and

guidelines for cleanup of residual radioactive material, the management of resulting

wastes and residues, and the radiological release of property. These requirements

and guidelines are applicable at the time the property is released. These requirements

state that radon levels must not exceed the lollowing limits when added to back-

ground levels:

• ItX) pCi/l, titany given poiqt,

• An annual average concentration of 30 pCi/l, over the facility site,

• An annual average concentration of 3 pCi/l_ at or above any location outside

lhe facility site, or

• lqux rates greater than 2() pCi/m 2 per second from the storage (,I"radon

producing wastes.
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The Radon Monitoring Program

Monitoring Methods

The Environmental Radon Monitoring Program tit the Fernald site uses two types of

radon detectors to measure radon concentrations in the environment: alpha-track etch

detectors and alpha-scintillation detectors.

An alpha-track etch detector is a cup that contains a special plastic chip inside.

Some of the alpha particles from the decay of radon (or its daughter products) will

interact with the plastic chip by leaving -i latent track in the material. The tracks are

made detectable by chemical or electrochemical etching. The number of etches or

tracks in the material is proportional to the number of alpha particles that have

reached the plastic. This number can then be related to the average concentration of

radon in the cup. Filters are placed over the cup to allow only radon to enter the cup

and be measured. All environmental radon data presented in this 1993 report are

from the alpha track-etch radon detectors, and pertinent environmental data can be

found in Table 22 on pages A-39 and A-40. These detectors are exchanged every

three months to provide long-term radon measurements.

The Environmental Radon Monitoring Program obtains data fronl 20 locations at the

site boundary using alpha track-etch detectors, as well as from three area residences

and four background locations (see Figure 48 ). The background locations are shown

as air monitoring stations 15 and 16 and background locations I and 2. Alpha

track-etch detectors were also used to measure radon concentrations adjacent to the

silos and in the predominant wind direction from the silos (see Figure 49).

Alpha-scintillation detectors use alpha-scintillation cells to continuously monitor

radon concentrations. These continuous monitors record radon concentrations on an

hourly basis. An allflUl-scintillation _'ell detects alpha panicles from the decay of

radon gas by the interaction of the alpha particle with the material inside the scintilla-

tion cell. The interactions produce light pulses which are amplified and counted. The

number of light pulses counted is proportional to the radon concentration inside the

cell. When monitoring the ambient outside air, the air diffuses into the scintillation

cell through a foam barrier. The radon gas present in the diffused air decays into its

daughter products, emitting alpha particles which are then counted, rhis technique

is called passive sampling. It takes approximately a half-hour to achieve the same

radon gas level insMe the cell as is present in the surrounding air.

Continuous monitoring was conducted at select fenceline locations during 1993,

namely, air monitoring stations I, 6, and 7. Continuous monitoring was also con-

ducted at wlrious locations on site. These locations include the perimeter of the silo

berm and headspace of the silos. The locations of these monitors are shown in Figure

50. Although the data obtained from the continuous monitoring are not included in

this report, some of the data are reported to USEPA through the Federal Facility

Agreement.

leAl _'oHliltUe,Soil pa¢t" 135
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Figure 48: Offsite and Fenceline Radon Monitoring Locations
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Figure 49: Radon Monitoring Locations Near the Silos
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Figure 50: Continuous Radon Monitoring Locations
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The Radon Monitoring Program

1993 Environmental Radon Monitoring Results

Table 22 on pages A-39 and A-40 summarizes the 1993 environmental radon moni-

toring results. These quarterly results are also shown in Figure 5I, Average fenceline

radon concentrations were considerably less than the DOE limit ot"3.0 pCi/l.. The

average radon ¢(mccntration at the fenceline was 0.63 + 0.20 pCi/L. The range of

wdues tot any l(_calionon the fenceline varied from less than 0. i pCi/L It)a maxi-

mum ot"!.58 pCi/L. The maximum measurement was still considerably less than the
DOE limit.

The average background radon concentration was greater than the average fenceline
concentration in 1993. The results in Table 22 show thai all monitored locations dem-

onstrated a significant increase in radon concentrations during the third and fourth

quarters of 1993. The average background radon concentration for 1993 was 0.95 +

0.24 pCi/L, The concen-

tration for anyof the four

Figure 51: Quarterly FencelineRadon Concentrations, 1993 background locations var-
i i i i

ied from ().13pCi/L to a

maximum of 2.15 pCi/L.3.,5 :

3.0 i - ,, DOE Limit Quality assurance prob-

lems were noted with the2.5 +
vendor analytical services

._"3 2.0 in 1993, which rendered
O

1.5 ; some of the quarterly data
suspect. The vendor

1.0 _ reported high errors in

0.5 i FencelineAverage background sample con-
RangeofAverageBackground centrationsin the magni-

0 , i ConcentrationsinU.S. tudeof severalhundred
1st 2nd 3rd 4th

percent. Therefore, the

Oua.ler radon datareported here

are more of a qualitative

nature than quantitative

and serve as a general indicator of relative radon concentrations. Radon data obtained

by other monitoring techniques supported an apparent increase in background radon

c_mcentrations for the third and fourth quarters, but it was substantially lower than the

data reported with the track-etch cups.

Since the 1993 background locations yielded radon concentrations much higher than

the typical values tot ambient outdoor radon concentrations throughout the country,

different locations may need to be selected to find locations that are more representa-

tive of background. The third and fourth quarter background concentrations were

extremely high in 1993. Background locations with concentrations less than onsitc

concentrations are needed for valid comparisons with onsite radon data tt_assess
otTsite radon contributions attributable to the Fernaid site.
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Estimated Radiation Dose from Radon

The radiation dose lronl radon in 1993 was estimated using a methodology thai is

nlore conservative lhan previousestimates. The lnelhodol()gy used incorporates Iha!

which is used by the National Council on Radiation Protecti_m (NCRP). TM

In 1993, the dose I'reml radon was estimated to be 454 torero. This dose was calcu-

lated from the average annual fcnceline radon concentration. As was previously

stated, the average background radon concentration was greater than the average

fencelinc concentration. The radon dose calculation here is only useful for compar-

ing the dose from "natural" radon at the fcnccline to lhe estimated national back-

ground average of 2(X) torero. The chart below presents the 1993 dose estimates for

1993 including any background radon present at the fcncclinc. For comparison

purposes, the chart also presents 1992 radon dose estimates using the same method-

ology as was used in 1993. The change,,, used in this year's calculation methodology

are expected to be continued in the future.

1_93 RADONDOSEESnMATESATTHEFENCEUNE

Annual Average Fencellne Values 1993 1992 Comments
| .... ............. ,

Radon Concentration, (pCi/L) 0,63 0,57

Estimated Dose, (mrem) 454 410 IndMdual engaged in light activity 24 hours
a day

Estimated Dose. (torero) 403 365 IndMdual engaged in light activity 16 hours a
day, 8 hours resting

Estimated Dose, [mrem) 189 171 Dose estimated using 1992 methodology
(assuming50% equilibrium), including
background

Tile 1993 dose estimate assumed that the anlbient concentration ratio of radon to

radon daughters of fsite (radon-222:RaA:RaB:RaC) was at a ratio of 1:0.9:0.7:0.7 -

approximately a 0.7 equilibrium ratio. (Figure 47 on page 129 labels radon-222

daughters RaA, RaB, and RaC.)This ratio for ambient outside air is in accordance

with widespread sampling conducted throughout the United State,, that in referenced

in the NCRP report. Actual value.,, for radon daughters have not been measured at

oft'site or fenceline monitoring locations.

"['he dose estimate also assumed that the dose was calculated for a maximally-

exposed individual who continuously breathed air at the fenceline while engaged in

light physical activity for 24 hours a day lbr an entire year. The dose estimates

presented in this report are tor tile "'standard person," which assumes an average

body size and breathing rale.
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All exposure conversion factor, using the above mentioned assumptions, was used to

calculate the radiation exposure to the lung tiom radon and its daughters based on

radon concentrations in the air. The exposure was converted to a lung dose by using

the quality factor for internal alpha particles. _'_The lung dose was c(mverted to an

estimated dose equivalent (whole body dose) by using the weighting factor for the

lung. -m

The second dose estimate is presented to illustrate the effects of ch_mging any one

factor in the calculation of an estimated dose from radon. This estimate used a more

realistic assumption that the hypothetical person continuously breathed air at the

fenceline for 24 hours a day but spent 8 hours resting and 16 hours engaged in light

activity each day for the entire year. Dose estimates for radon use variables with a

range of possible values. Therefore, the radon dose conversion factor can be as high

as approximately 1209_ of the values reported if all parameters except the radon-222

c_mcentration are unspecified.

Control of Radon at the Fernald Site

DOE strives to operate its facilities and conduct its activities so that radiation

exposures to members of the public are As Low As Reasonably Achievable

(ALARA).

Steps have been taken at the site to control radon emissions. In November 199 I, a

bentonite (clay) sealant layer was placed over the residues contained in the K-65

silos to reduce the amount of radon emitted to the environment. This removal action

was performed with the approval of USEPA. The clay layer essentially acts as a

filter. As a result, lower concentrations of radon are observed in the silo headspace

than were observed before the bentonite addition. Concentrations that were initially

estimated at 25 to 30 million pCi/L were recently observed at less than 4 million

pCi/t,. This value is slightly higher than previously recorded values observed since

the bentonite addition, and it appears to be rising slightly. Efforts to validate the data

obtaine I thus far are scheduled for 1994.

The next chapter discusses the procedures and practices at the Fernald site that are

used to ensure that environmental monitoring data are accurate representations of the

conditions at the site.
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Quality Assurance
for the Environmental Monitoring Program

Acquiring data of known quality is essential to environmental sampling and

analysis. Because decisions are made and regulatory compliance is derived

from environmental data, the Fernald site has developed comprehensive pro-

cedures that define how environmental sampling and analysis are to be con-

ducted. These procedures generate consistency between programs and ensure

that USEPA, DOE, or industry-accepted practices and standards for conduct-

ing environmental sampling and analysis are used. Quality Assurance (QA)

provides the guidelines necessary to monitor the performance of these pro-

cedures in a controlled and consistent manner.

Adherence to QA requirements generates confidence that environmental data

are reliable. The QA process identifies the variability in data, establishes the

objectives, and defines the level of confidence needed to meet the objec-

tives. The consistency and precision of sampling and field analysis are rnea-

sured using QA. In the laboratory, QA measures the accuracy and precision

of the analyst and analytical procedures used.

Results in Brief: 11993 Quality Assurance

DOE's Environmental Measurements Laboratory (EML) Evaluation - Soiland
air analysesof the DOE EML samples were shown to be within acceptable limits.

USEPA's Discharge Monitoring Report -All but one of the Femald site analyses
of USEPAwastewater sampleswere within acceptable limits.

Proficiency Environmental Testing (PET) - G; the 477 PET samples analyzed,
96% were within acceptable limits.
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Sitewide CERCLA Quality Assurance Project Plan

USEPA requires that environmental sampling and analysis activities that they

mandate or support contain a centrally managed QA program. Since the Femald site

generates data under CERCLA, it is required to implement procedures that ensure

precision, accuracy, completeness, and representativeness of the entire program.

Collection and analysis of environmental samples are integral parts of fulfilling the

site's mission and complying with environmental regulations. A single sample of a

specific item l'mm a specific location may provide intbrmation for a number of

remedial investigation, restoration, waste management, and regulatory uses. There-

tore, it is necessary that environmental sampling and analysis be conducted in a

consistent manner. This will result in usable, valid data of known quality so that use

across programs is possible and the level of uncertainty associated with such data
is known.

The Sitewide CERCLA Quality Assurance Projed Plan (SCQ) was developed fi)r

environmental sampling and analysis activities. It established minimum standards

of pertonnance fl)roperational and analytical activities, while ensuring that these

standards are tollowed by all programs. Implementation of the SCQ is scheduled to

be completed in 1994 at the Fernald site.

Data Quality Objectives

Prior to sample collection, the Data Quality Objective (DQO) process begins. The

DQO process provides a means for the decision maker and the technical team to

define the level of quality needed in the data to support a decision. The regulatory

requirements are identified and the sampling and analysis plans are designed before

the samples are generated. In designing the sampling and analysis plans, the vari-

ables established through the DQO process are used to determine the number of

samples needed, including QA samples+and to ensure that the total level of uncer-

tainty from sampling and analysis is acceptable.
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Quality Assurance: Field Activities

QA on field activities is an importanl part of the cnvir()nmenlal monil(wing process.

The sile's environmental monitoring pr()cedures c()ntain detailed QA measures for

meeting the criteria established in the l)Q()s. Only trained personnel who have

dcm()nstratcd prol'iciency in making field measurements and collecting representative

samples arc pcrmiltcd to perf()rm these functi()ns, l'_xatnplcs ()f field aclivilics fi)llow.

Field Analysis

FieM nlcasurcnlents offer benefits in time and c()sl. The measurements provide

immediate results (>nenvironmental conditions, ensuring that the site maintains

compliance withcertain parameters. Measurements are made withinstruments

calibrated againsl known standards and according to accepted mcth()ds. QA measures

liar instruments include routine performance checks, maintenance, and calibration Io

help ensure pr()pcr opcrati()n and accurate field measurements.

Field Documentation

Technicians mus! accurately and syslemalicaily record rcsulls of field measurements

and inf()rmati(m pertinent to sample c_)llccti()n for subsequent cvaluati()n and refer-

ence. Procedures direct the environmental sampling process from before collection

begins It) delivery to the laboral()ry. In field I()gb()oks, technicians record events and

()bxervations such as weather, l()cali()n, time of san_pling, and any unusual events that

may inllucncc the sample. Signing and dating all documents helps ensure the trace-

ability and accountability ot"results when needed in the future.

Field QA/Representative Sampling

Environmental samples thai tield technicians collect lllUSl be rcprcscnlalivc ()f actual

conditions in the environment. As such, the site designs sampling programs to reduce

sample degradation, sampling wtriability, and cross-contaminatiCm.

The Fcrnald site takes prccauti(,ns t(, prevent changing (,t sample constituents by

purchasing cclli fled clean sample containers and using salnple preservatives when

needed. Such precautions arc necessary to prevent changes that can occur in some

samples due to biodcgradali(m li'om microorganisms, the loss ()f volatile comp()unds

with increasing lclnperaturc, ()r the loss ()f trace metals fn)m s()luti()n by ads()rr_lion

()nto sample c()ntaincr wails, i,',cfrigcrali()n, ()r icing, and the additi()n ()1 chemical

preservatives (such as nitric or sulfuric acid) arc used 1()decrease volatility of organic

c(Jmpounds, c(mtrol bioh)gical and chemical changes, and maintain trace metals in

s()luti()n.

The use ()f standardized pr()ccdurcs feduccs sampling wLriabilily. These procedures

ensure c_msislcncy l'r()m ()no coliccticm I() another. Sampling variability is nlcasurcd

by taking multiple samples ()t' the same lypc. The precision of Ihe site's sample
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collection and laboratory reproducibility is demonstrated when the analysis results for

the duplicate samples are within acceptable limits.

When conducting duplicate sampling, a technician collects two samples t'rom the

same location. The samples are then submitted to the same laboratory or submitted to

separate laboratories as a means of assessing tile precision of the analysis.

The quality of the sample collection process is also evaluated by means of field and

equipment blanks. These sample blanks provide valuable data and provide a means of

monitoring the sampling process for cros_-contamination. The blanks are transported

along with the sample containers being taken by the sampling team into the field.

When sampling is complete, the blanks are submitted along with the field samples for

laboratory analyses. A brief description of different types of blanks follows.

Trip blap_ksare prepared by t]lling sample containers with de-ionized water. Anything

that will be added to the samples to preserve them after collection is also added to the

blanks. The containers are then sealed with tamper-proof tape and transported to the

sampling location along with the empty sample containers. The analytical results of

the trip blanks detect contamination o1"samples from empty sample containers and

preservatives. Trip blanks are also used to determine the sensitivity of analytical

equipment. The result from a trip blank is subtracted from the rest of the samples to

obtain a result that has not been influenced by the sensitivity of the equipment used

to analyze the sample.

Field blanks are prepared in the laboratory or in the field by filling sample containers

with de-ionized water. Unlike trip blanks, field blanks are not sealed until after all

samples have been collected. The container is opened and exposed to the air while

other samples are being collected. Results from the field blanks determine if airborne

contamination may have entered the field samples during the collection process.

Equilmzent rinsate blanks consist of a composite of de-ionized water that has been

used for a final rinse ix,cleaning sampling equipment. Results of equipment rinsate

blanks are used to evaluate whether or not sampling equipme,lt was free of contami-

nation belbre being used to collect additional samples.

Sample Custody

Most environmental samples must be managed according to USEPA protocols. One

such protocol is referred to as chain-of-cu.s'tody. The custody procedure provides

requirements for maintaining sample custody by approved personnel. A sample

container and sample must be under custody titall times through final disposition.

All samples are obtained and documented according to the chain-of-custody proce-

dure. All personnel relinquishing and receiving custody of samples are required to

sign, date, and note the time on a chain-of-custody record. This practice is done so

that the sample integrity is maintained and all data are legally defensible.
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Analytical Laboratory Quality Assurance

The Fernald site uses a variety of procedures to ensure that the laboratories analyz-

ing its samples obtain reliable results. These procedures typically begin with the
receipt of samples t'rom the field technicians. Laboratory QA is designed to:

• Ensure use of appropriate measuring equipment,

• Ensure use of approved analytical methods,

• Evaluate analytical performance systematically and objectively,

• Detect and prevent the use of questionable data, and

• Identify appropriate corrective actions.

Analytical Methods

Many of the analytical methods used at the Fernald site are stipulated by federal

laws and regulations. From time to time, modifications to these rnethods are needed

to adjust for matrix effects or other interferences. In addition, other methods,
i

primarily those used in radiological analyses, have not been established as standard

USEPA methods. As part of QA, periodic review of the procedures verifies that the

appropriate procedures are being used and procedure changes have been approved.

Analytical Performance

QA sample analyses provide a day-to-day evaluation of the pertormance ot' the site

laboratory as well as the contract laboratories. This evaluation is conducted by

laboratories analyzing National Institute of Standards and Technology reference

materials, USEPA radionuclide solutions, standardized reference solutions, spiked

samples (samples to which known amounts ot"contaminants have been added),

blank samples, and external proficiency samples. In addition, the site prepares

duplicate samples and submits them to the laboratories conducting the analyses.

At least 10% of the total number of samples analyzed are duplicate samples that

are processed along with the field samples.

The Femald site evaluates the QA sample results and regularly submits reports to

the laboratories to identify potential areas of concern. In addition to analyzing QA

samples, all laboratories perform daily instrument calibrations, stability checks, and

reagent checks to monitor for laboratory interference.

Procedural perlbrmance is also monitored through sample and matrix spikes. Using

these spikes, laboratories determine the percent recoveries of known amounts of

analytes that were added to the samples. In addition, matrix interferences can be

identified and the accuracy of the analytical procedures can be established.
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Detection of Data Problems and Corrective Action

.As part of lhe QA program, internal and external groups perform surveillances on

laboratory operations. Successl'ul completion o1"on-the-job training and lest sample

performances arc required for all new analysis, and routine performance checks

assess their ability Io correctly perform the analytical procedures. The accuracy ot" the

analytical method is measured by lhc results ()f QA samples. If a problem is indi-

cated, the QA departmcnl notifies the laboratory so that corrective actions can be

taken and suspect resulls can be evaluated and qualified. As a means ()f managing

variations that occur in the analytical and data generation process, deviations arc

recorded on Corrective Action Reports. These reports are issued to the responsible

manager and can be used as a means to thick improvements in the quality system.

Independent Evaluations
of the Fernald Site Laboratories

In addition t() the comprehensive internal QA program, onsite laboratories regularly

take part in several QA programs conducted by independent organizations. Participa-

tion in these external QA programs provides unbiased evaluati()ns of the onsite

laboratory perti,rmance m_d generales added contidence that resulls obtained for

environmental samples are reliable.

External QA evaluations are conducted in the f()llowing manner. The organization

conducting tile evaluation prepares QA samples to which known anlounls ()1"a

chemical or radioactive componen,s are added. The samples, hut not the known

values of the test components, are distributed to the participating laboratories that

analyze the samples and return the results. The organization administering the

program then provides a performance evaluation report comparing the laboratories'

results l() the true values of the test componenls. In mc)sl cases, the report compares

the results obtained by the other participaling laboratories. These comparisons show

whether the laboratories' analyses are within acceptable limits of accuiacy or if

improvements arc required. The various programs are described below.

DOE_ Environmental Measurements Laboratory

The Environmental Measurements Laboratory (EML) Program evaluates lhe perfor-

mance of laboratories carrying out radi()nuclide analyses on environmental samples.

Routinely, the Fernald site receives and analyzes air filters and soil samples for

uranium and submits results for comparison with other laboratories in the program.

in making the comparison, DOE computes a ratio by dividing the site's result by tile
I

EMI_, result for each analyte. The ratio equals I.()0 when the results agree exactly.

Results within 5()q4 (rati()s greater than 0.50) are considered acceptable.

The ratios for samples analyzed for uranium during 1993 are listed in Table 23 on

page A-41. The resu!! for the 1993 soil sample was within acceptable limits since the
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(]ualily/'xssurantefor the Environm('r]lalMonrloring Progr,,n

ratio of the restlll was ().(_. The 1993 air filler sample ratio was (),91 which is also

acceptable. TheFernald site has established requirements for all of its contract

laboratories to pallicipate in the F,ML program and their results must be within 5(Y_
o1"the EMI, results.

USEPA_sDischarge Monitoring Report

USEPA requires all laboratories that perform NPDES permit wastewater analyses to

participate in the Discharge Monitoring Report (I)MR) OA program. The [)MR QA

evaluations oi"the Fernald site laboratories' perl'_rmance began in 1985. This

program evaluates the ability of laboratories to measure nonradioactive contami- I
nants in wastewaler. As directed by USEPA, a corresponding QA sample must be

analyzed for each parameter listed in the NPDES permit. The NPDES permit

parameters that are measured by the Fernakl site laboratories are discussed in

Chapter Five under "NPDES Summary for 1993." USEPA evaluates the results for

the QA sltrnples as acceptable or unacceptable.

Results oblained by the Fernald site laboratories for the 1993 DMR QA samples are

summarized in Table 24 on page A-42. All but one ot" the site results submitted

during 1993 for DMR QA were determined to be acceptable by USEPA. The

analysis designated its unacceptable was for lead. An investigation was conducted Io

determine the cause of the problem, but no apparent cause was found. This should

not cause a problem in the future since USEPA hits approved a m_dit]cation of the

permit to no hmger specify lead as a monitored pollutant under the NPDES permit

as of May 20, 1993.

Commercial Proficiency Environmental Testing

The Fernald site labon:tories also pmlicipate in the Proficiency Environmental Test-

ing (PET) QA program. This is a voluntary program administelvd by a commercial

vendor of analytical laboratory QA services. Each laboratory pays a fee to partici-

pate. Periodically, the Fernald site submits PET samples to the various onsite labora-

tories concurrently with field samples. Results obtained from these QA samples are

compiled and submitted tot ewtluation by 1he commercial vendor. A monthly ewtlu-

alton reporl is then provided by the ven&_r comparing lhe Femald sJle laboratories'

results to the reference values lk_reach sample and to the results obtained by other

laboratories participating in the PET program. By using this commercial service, the

site has an additional resource for evaluating its laboratory performance.

A summary of the performance of the site laboratories in the PET QA program

during 1993 is provided in Table 25 on pages A-43 and A-44. For the 27 pltrameters

reported, 96c/_ of the results met acceptable criteria. The PET program does not

specify criteria tk_roverall evaluation of a laboratory; h_Jwever, 969_ shows a good

performance, consistent with 96_,_,in 1992.
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Ohio Department of Heallh Splil lamplel

Another enhancement to the Fernald site QA program is the Ohio Department ot"

Health (ODH) Split Water and Milk Program. The site has participated in this pro-

gram with the state since 1987. As the split sample program compares results of

samples collected directly from the environment, the true variability in analysis

between laboratories is measured.

This program is very similar to the duplicate sample program described above.

Although the sampling is similar, the duplicate samples may measure a single

laboratory's precision, whereas the ODH split program measures proficiency be-

tween two laboratories.

To obtain split samples, technicians alternately add a portion of the sample being

collected to their individual sample containers. This collection method helps ensure

that both samples are as identical as possible. Split samples are then submitted to two

independent laboratories for analysis.

The site did not receive results for ODH samples collected during 1992 in time to bei

included in the 1992 SER, so they are presented in this repon (see Table 26 on pages

A-45 through A-47). Also, the results for the 1993 ODH split samples were not re-

ceived in time for inclusion in the 1993 report but will be presented in next year's

report.

Contract Laboratory Quality Assurance

Because of the great number of analyses required to support all its various environ-

mental sampling and analyses programs, the site uses commercial laboratories to

supplement its onsite analytical laboratories. CommercM laboratories must meet

stringent requirements before being selected to provide environmental analytical

services. Commercial laboratories, in many cases, must also be certified and have

licenses fl'om the state. To select the best qualified laboratory, experienced auditors

conduct comprehensive reviews of the laboratory's management, operations, and

performance. These reviews are conducted before and also during the service life of

the contract. Topics typically reviewed during the audits are:

• Analytical equipment:

• Analytical procedures:

• Personnel qualifications:

• Sample handling and preservation:

• Data evaluation and record keeping: and

• Requirements for precision, accuracy, and detection levels.
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Qt.Jahty Assuran{ e for the Environmental Moniloring Program

Auditors also review results obtained in independent QA programs as part of the

evaluation of eachcandidatelaboratoo,"sanalytical capabilities.Onsiteauditsof the

lai_oratories' facilities and operations are then conducted by Sit:npling and Analysis

Management, Procurement, and QA personnel betore final selections are made. After

selecting the laboratories, QA samples are submitted regularly with field samples in

order to evaluate the COl]tractlaboratories' performance on a continuing basis.

As pan of the ongoing activities tor evaluating the performance of contract hiborato-

ties, the site regularly submits QA samples along with field samples to the laboratory

that analyzes ol'fsite air filter samples. Nine QA air filter samples, prepared with

amounts of uranium known only to the site, were submitted to the laboratory with

!993 field samples. The known amounts of uranium on the QA filters were in the

range of the amounts normally present in field samples. The percent recovery of the

analyses ranged from 63 to 105%. All the results were in the acceptable range for

spiked san]pies (50 to 150%).

The Fernald site employed the same QA measures to evaluate the contract

laboratory's analysis of uranium in milk samples. Spiked sample recoveries measure

the accuracy of the analyses. Figure 52 shows the percent recovery for the milk QA

spike samples sent to the contract laboratory used for all 1993 milk samples (data

also inciuded in Table 8 on page A- !2). The values ranged from 59 to 131_ with an

average of 94e,4. All these recoveries were within the acceptable range and much

improved from the range obtained in 1992 (! to 233%).

Figure 52: Milk/Uranium QA Samples,1993
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Fernald Site Environmental
Monitoring Data for 1993

Numerous sampling and analysis data are required to evaluate compliance

with environmental regulations and to obtain accurate indications of the

Fernald site's operations during 1993. The sampling and analysis results are

provided in summary tables.

, Many of the numerical values listed in the following data tables are preceded

by the "less than" symbol (<). The less than symbol is used when the

concentration of a chemical species(ion, molecule, compound, or radionuclide)

in an environmental media (air, water, or sediment) could not be reliably

measured in the sample which was analyzed. That is, the amount of the

species, if present at all in the sample, was below the minimum measurable

concentration. Thus, a value of <0.68 pCi/L listed as the concentration of
uranium in milk means that the uranium concentration was less than 0.68

pCi/L but actually could have been anywhere from 0.00 to 0.67 pCi/L.

The minimum measurable concentration is not the same for all chemical

species.For example, 0.25 pCi/g of radium-226 and 0.21 pCi/g of plutonium-

238 are the approximate minimum measurable concentrations for sediment

samples. Thesevariations exist because of differences in chemical and physical

properties of species in addition to differences in the capabilities of instruments

available to measure these properties.

Also, the minimum measurable concentration is not always the same for a

specific species in all samples of the same environmental media. That is, the

minimum measurable concentration for uranium in groundwater samples may

vary for water samples from two different locations. This isso becausevariations

in the kinds or amounts of other substances in the two samples can influence
how well a substance can be measured.

In addition, the minimum measurable concentration of a specieswill not always

be the same for identical samples from the same location which are analyzed
at different times. This variance occurs because of unavoidable minor

fluctuations in the performance of analytical instrumentation used to perform

sample measurements.

Negative results indicate that the radionuclide activity in the sample was less

than the background activity within the measurement laboratory. A negative

value isobtained by subt acting the laboratory background measurement from

the sample measurement. Negative results are not actual conce_ltrations but

are useful in the statistical analysis of data.
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> TABLE 1" Meteorological Data, 1993

Units January February March April May June July August September October November December
i i i I i i I

10 - Meter Wind Speed

Maximum kph (a) 20 19 " 36 27 19 16 15 15 18 19 20 24

• hourly a_zerage ...............
Minimum " kph(a) 0.51 0.720.21 0174 0.60 0.31 0.51 0143 0.14 0.05 0.31 0.02

hourly average .......
60 - Meter Wind Speed.....

Maximum kph (a) 39 39 51 44 30 32 27 24 36 36 34 34
hourly average . .

Minimum Iqoh(a) 0.80 1.7 2.5 112 0.95 " 0.82 ' 1.3 0.56 0.80 0.02 0.21 0.80
hourly average i i i i

Ambient Air Temperature(b)

Average " "_C 1.2 -2.0 4.3 11 17 . 21 25 23 17 11 6.2 0.77
Maximum C 16 18 20 25 30 32 35 33 30 . 27 . 20 13

.... Minimum C -11 -19 -13 -0.29 5.0 5.5 10 il -0.52 -1.7 -5.7 -16

. i i i

Dew Point (b)

Average " '_'C (c) . (c) (c) (c) 8.5 (d). 15(d) 18(d) . 17 12(d) 4.3 0.5 (d) (c)

i Maximum ....... -C .. (c) (c) . (c) . (c) .... 18 .... 21 . 24 _ 23 . 21 _ 17 . 15 . (c)
Minimum °C (c) (c) (c) (c) -0.38 0.85 8.6 6.0 -2.0 -6.4 -10 (c)ii

Precipitation .... .

MonthlY Total i.i cm(e) . 10 . 7.5 ;................6.5 10 7.6 14 4.5 7.2 7.7 7.6 10 4.9
Daily Maximum fin (e) 3.9 2.1 1.9 2.8 3.0 7.5 1.6 3.7 2.5 2.4 3.0 2.1

i i i i i

(a) To obtain wind speeds in miles per hour, divide by 1.6093.

(b) Ambient air temperature is measured at the 10-meter (33-foot)level. To obtain _'F, multiply "C by 9, divide by 5, and add 32.

(c) Data not available due to sensor problems.

(d) Only partial data are available for calculations.

(e) To obtain precipitation amounts in inches, divide by 2.54.£).
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TABLE 2: Estimated Population Distribution within
80 km (50 miles) of the Fernald Site, 1993 (a)

rT'l / _ ii / iii

iCompass 0 1.6km 1.6 3.2km 3.2-4.8km 4.8-6.4km 6.4-8km 8-16km 16-32km 32-48km 48-64km i 64- 8O km

Sector (0- 1 mile) (1 - 2 miles) i (2- 3 miles) (3-4 miles) (4- 5 miles) !5- 10 miles)(10- 20 miles)(20- 30 miles) (30-40 miles) !(40- 50 miles)
N 2 54 193 20 140 2,157 15,117 7,201 16,590 13,291

t'_ ................ _.............................................................................................................................................................................................................................................._ -

_ !NNE 0 71 51 113 147 12,263 8,174 9,742 30,568 86,398

!-N-E...... ............._........!.........20-2-.............._............827-........_..........-67-............._..............9-0....._.....3_;i:_9-:_-......_..........-3_7_--_.......--881-47-.--_........2-1-4_4_5...._.....-3-31-i_340-.......
3 ENE : 5 87 1,766 219 13 31,999 32,998 32,039 14,739 29.771 :D#

E 3 3 179 301 248 38,285 75,213 50,799 17,863 : 10,218

i ESE 8 54 78 558 739 42,893 160,628 68,672 22,433 13,541
"-3 ...............................

-o _ SE 10 200 52 : 394 680 53,789 271,217 96,398 28,351 11,194

rD SSE 6 349 165 217 492 21,506 226,652 58,844 12,567 8,122
tm

_* " S 3 7 17 253 538 9,177 32,980 38,030 8,392 9.825

SSW 3 27 205 40 188 5,638 , 8,999 7,630 5,390 , 10,277

_SW 2 37 26 355 60 4,486 14,209 9,197 3,523 : 4,341

WSW 0 15 40 511 313 8,540 5,255 7,725 7,556 4,681

W 6 13 ' 37 286 596 1,664 3,547 ! 10,295 5,357 15,708

WNW 5 20 60 123 121 1,093 4,675 _..........................................................._................................................ _............. _...................... i...................................... 4,205 5,714 11,295

, NW 1 : 18 261 269 254 1,196 1,423 ' 3,757 22,376 8,795

)-%ia-i..................i8 ........ ! ....... ili64_ ...... t ..........4;054 ............ _4,-0(38...... t ..... 5._1 ..... : .... 2701217 ......_...........6i215-6-7.....; ....4911:36 ...............464;323 ......................5841653 .... :
"-1-I

Total for all sectors: 2,744,014

(a) Based on an extrapolation from 1990 census data by Geographic Data Systems Section, Computing __

and Telecommunications Division at Oak Ridge National Laboratory, April 1992. _
rrl
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> TABLE3: Uranium in Air, 1993 -O
i rD

: Sampling (a) Number Concentration (pCi/m 3 x 10"6) (b) Percent of Standard (c) ×
Location of Samples ; Minimum Maximum Average Minimum Maximum Average >

Fenceline
: ......... _ ....................................... _ .............................. : ..............

: AMS 1 28 _ -30 3,600 490 0.0 3.6 0.49

AMS 2 i 52 0.0 710 160 0.0 0.71 0.16

AMS 3 51
........ i ...... -60 3,300 380 " 0.0 3.3 0.38

AMS 4 52 : -20 330 63 0.0 0.33 0.063
73 0.0 0.35 0.073

AMS 5 52 i -10 350 _#...................... , ................. ....................................................................... _ .......................................... T

AMS 6 52 : 5 190 _ 62 0.005 0.19 0.062

AMS 7 52 -30 310 49 _ 0.0 : 0.31 0.049
, i I , i { i i

Onsite

AMS 1A ..... " -25 .......... ......... 64 ................ -4,_i00..... i.... 1,100 0.064 4.1 ...... ili ...............................................:.....................................t ........................................_-.........................................................................................................................................................

AMS 8 __ 51 43 4,100 650 0.043 4.1 0.65................ I

AMS 9 _ 51 i 100 i 17,000 _ 1,600 _i 0.10 i 17 i 1.6i

Waste Pit Area
............................................... r ......................... 7 .............. r ............................................................

AMS 17 52 -26 1 100 140 0.0 1.1 0.14

AMS 18 52 0.0 3,900 , 930 0.0 3.9 0.93
......................................... ,- ...................... -. .................. t .......................... t ...............................................

AMS 19 ' 52 -47 410 97 0.0 0.41 0.097

AMS 20 :I 52 i -38 i 730 : 150 0.0 , 0.73 0.15

Offsite
........................................ _ ................................ q- ...... T ...........................................................................................................

AMS 10 52 -30 55 19 0.0 0.055 0.019

AMS 11 52 : -30 54 17 0.0 0.054 . 0.0,7

_ AMS 12 52 -40 51 12 0.0 0.051 0.012
..o ................................................................._........................................................................_................................ 0.18 0.026..o AMS 13 52 , -30 180 = 26 ....t................0_0-..................................................-- ..............................

i
AMS 14 52 ' -30 58 22 0.0 0.058 0.022

_" _ _ 25 t 0.0 0.078 0.025AMS 16 52 -30 78

m (a) See Figure 21 on page 68 for locations.
<_.
S (b) The amount of uranium in each sample is chemically determined and converted to units of activity using the conversion constant of 0.68
3 pCi/pg (natural uranium). Negative results indicate that the amount of uranium in the sample was less than the amount of uranium
¢b
-_ measured in a blank filter.

(c) Standard is 100,000 x 10 -6 pCi/m 3, as listed in DOE Order 5400.5, "Radiation Protection of the Public and Environment."
"[3
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Page 1 of 33 TABLE4: Radionuclides in Air, 1993
_. _ I II I' II

m Concentration (a) (pCi/m 3 x 10 -6)

Sampling Strontium-90 Technetium-99 Cesium-137 Radium-226 Radium-228
3 Location( b) _ ! "

_' AMS 2 ' < 5.1 < 6.6 < 20 < 2.1 < 78

_: AMS 3 < 6.4 < 94 £ .... < 24 < 1.9 < 98
AMS 4 < 5.1 < 76 i < 19 15 + 7.1 < 75

u3

AMS 5 < 5.1 < 69 < 18 19 + 7.4 '. < 55

= AMS 6 < 5.1 < 73 < 18 <...................... i ...................................... i............................f............................................
-o AMS 7 < 5.1 < 64 < 20 54 + 11 _ < 58

A AMS8 39 + 12 ' 670 + 120 i <21 _ 19 + 6.9 <85

AMS10 _ <4 53 ,+ 13 <16 _ 650 _+ 95 __ <63....................................................................................... ..................._....................................................................................._ .............................
AMS11 <4 <20 <13 130 + 23 i 70 + 40
AMS12 22 + 6.5 <30 <15 210 + 30 ! <60

AMS13 <4 <38 <15 220 + 35 : 85 + 48

AMS14 <4 <28 . <15 220 + 28 <60

AMS15 14 + 4.5 <28 500 + 45 , 80 + 14 75 + 30

i AMS16 i 13 _+ 4.0 <25 1 <15 17 + 4.3 _ 78 + 43! , , _ ..... _ .........
DCG (c) 9,000,000 2,000,000,000 400,000,000 1,000,000 3,000,000
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)> TABLE 4: Radionuclides in Air, 1993 Page2 of3
I

-l

Concentration (a) (pCi/m 3 x 10 -6)
........................................... _ _>

Sampling Thorium-228 Thorium-230 Thorium-232 Neptunium-237 Plutonium-238
Locationlb ) : !

AMS 2 < 3.9 .......... < 6.6 < 6.2 < 2.2 < 0.66

AMS3 8.8 + 12 33 + 17 ': 5.9 + 10 <2.7 <0.17 ,
..................................................... --- ............... _ .................................. + ...............

AMS4 <3.4 12 + 11 <4.8 <:34 <1.7
........... . . -- ....... ,. ....................... L..........................................

AMS5 14 + 11 42 + 17 ' 7.8 + 8.5 <7.0 <3.0

AMS6 <21 <18 <15 : <1.6 0.71 + 0.35 _;. L ....................................... . .........................

........... < 1.6 < 8.6AMS7 <7.8 53 + 22 19 + 12

AMS8 12 + 11 27 + 14 5.2 + 8.0 <2.1 <0.85
+ 0.76AMS9 10 + 11 17 + 13 _ <8.7 <5.5 0.85 . ..........-- . ........ _ ............. , ......................................

AMS10 <8.3 13 + 8.5 <5.8 8.5 + 6.3 <6
+ 2 1.4 1.2AMS 11 7.8 + 2.5 8.3 + 2.8 5.0 < <

AMS 12 < 110 < 88 < 130 < 0.5 < 0.43' . ..................................................................................... i

AMS 13 9.8 + 3.3 9.3 + 3 : 7.5 + 2.5 < 1.2 <0.30

AMS14 53 + 24 21 + 11 38 + 18 0.55 + 0.45 <0.17

AMS15 19 + 14 <4.3 <13 <130 ....... <01ii ....... !
..................................... T..............................................................................................................................

AMS16 98 + 100 13 + 20 <33 <0.3 <0.3
i i

DOG (c) 40,000 40,000 7,000 20,000 30,000
, _ , i i ,

,,,.0
'.,...0
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TABLE4: Radionuclides in Air, 1993 Page3 of3
_" i i i , ii lil ii

__m Concentration (a) (pCilm 3 x 10 -6)

Sampling Plutonium-239/240 Uranium-234 Uranium--zao-,,_ (d) Uranium-236 (d) Uranium-238
Location (b) i

_, AMS2 <0.78 87 + 13 3.6 + 0.55 2.3 +_ 0.34 75 +_ 11

AMS3 <0.59 130 _+ 20 5.6 + 0.84 3.5 + 0.53 120 + 17

_, AMS4 <6.7 36 + 5.4 1.5 + 0.23 0.94 + 0.14 31 + 4.7

--,_ AMS5 <0.70 41 =+ 6.2 1.7 += 0.26 1.1 __+0.16 36 =+ 5.4
AMS6 <0.47 35 + 5.3 1.5 + 0.22 0.91 + 0.14 30 + 4.5

"-o AMS7 <0.35 _ 28 + 4.2 1.2 + 0.18 0.73 + 0.11 24 + 3.6

R AMS8 <0.93 370 + 55 15 + 2.3 9.6 + 1.4 320 + 48
AMS9 <1.9 .. 870 + 130 36 + 5.5 23 + 3.4 750 + 110

AMS 10 <6.0 24 + 6 2.0 + 1.1 2.2 + 5.5

AMS11 <1.2 24 + 6 1.5 + 0.95 28 + 6.8

AMS 12 <0.17 , 24 + 6 0.98 _+ 0.78 25 + 6.3

: 25+ 6 -AMS 13 <0.70 ..... ................= ...................................................................1.3 + 0.80 28 + 6.5 .
AMS14 <0.17 30 + 8 1.5 + 1.1 28 +_ 7.5

1.6 + 0.95 33 +AMS 15 0.35 + 0.30 : 30 + 7.3 7.8
................................................................................ __ ........................... . ...................................................................... -_...............................

AMS16 : <1.1 30 + 7.5 2.0 +_ 1.3 30 + 7.8
, . .... i . ? ! : i

DCG (C) 20,000 90,000 : 100,000 : 100,000 100,000
, i , 77

(a) Plus/minus (+) values are the uncertainty in the analytical results at the 95% confidence level. £1

(b) See Figure 21 on page 68 for sampling locations. Results from AMS 1 and AMS 1A were invalidated due to error in e_,
sampling and analysis, m

<

(c) Derived concentration guides from DOE Order 5400.5, "Radiation Prolection of the Public Environment," February 1990.
Continuous inhalation of this concentration will result in a committed effective dose equivalent of 100 mrem (1 mSv). 3

(d) Concentration of uranium-235 plus uranium-236. Offsite AMS samples analyzed for isotopic uranium by alpha _,
spectrometry which measures combined uranium-235 and uranium-236 activities; individual measurements of uranium
isotopes performed by mass spectrometry on samples from other AMS locations, o
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Table 5: Comparison of Measured and Estimated AirborneI "_

Uranium Concentrations at the Fernald Site Fenceline 3

Uranium Concentration (pCi/m3 x 10-6) >

Location Measured(a) Estimated

AMS 2 130 5.0
AMS 3 360 7.9
AMS 4 40 2.3
AMS 5 50 2.8

......................................................... i..........................

AMS 6 40 3.5
AMS 7 20 7.3

i i

(a) Corrected for background.
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TABLE 6: Uranium in Grass and Soil, 1993
_J I t

Distance from Grass Soil
m Sampling. Center of Uranium Concentration Uranium Concentration (pCi/g)(b)<_, Location_a_

the Site (km) (pCi/g dry)(b) 0 - 5 cm 5 - 10 cm

Onsite
cD

.E. 9 0.10 0.72 + 0.15 18 + 3.7 6.9 + 1.5

_: 8 0.15 0.19 + 0.04 18 + 3.9 12 + 2.4
t t i I I ii

_' FencelineL£3
('b ....
B 1 0.16 0.038 + 0.008 6.2 _+ 1.3 3.0 + 0.6

= 3 0.16 0.084 + 0.018 '. 11 + 2.4 72 + 1 5
"-o

_. 4 0.49 0.022 _+ 0.005 3.5 + 0.7 2.8 + 0.6
6 0.63 0.024 + 0.005 4.4 + 0.9 4.4 + 0.9
5 0.64 0.064 + 0.013 5.9 +..1:2 ......................... 5.5 ...._ .....!_._1_................
2 1.1 0.017 + 0.004 4.2 + 0.9 4.1 + 0.9

7 1.3 i 0.023 _+ 0.005 2.1 + 0.4 1.8 + 0.4i i J

Offsite

30 1.3 o.o10 + 0.002 _ 5.3 + 1.1 5.0 + 1.1

31 1.9 0.026 + 0.006 4.8 + 1.0 3.6 + 0.7

15 1.9 0.0095 + 00020 12 + 03 12 + 0.3

12 2.2 0.0080 + 0.0017 1.1 + 0.2 1.1 + 0.2

24 2.4 0.016 + 0.003 2.9 + 0.6 3.3 + 0.7

10 2.6 0.0091 + 0.0025 2.3 + 0.5 2.9 + 0.6 -_

25 2.7 o.020 + 0.o04 1.3 + 0.3 2.1 + 0,4
11 3.7 0,012 _+ 0.003 1.1 + 0.2 0.95 +_ 0.20 E.

17 3.7 0.0043 _+ 0.0009 0.65 + 0.14 0.67 + 0.14 :-,-

20 3.7 0.010 _+ 0.003 0.52 + O.ll 0.51 + 0.11 m

21 3.9 0.011 + 0.002 0.32 + 0.07 0.41 + 0.09 -<

33 4.2 0.010 + 0.002 0.54 + 0.11 0.60 + 0.13

..................... 4.3 0.011 +__ 0.002 0.52__+ _.0.11 0.62 + 0.13 ,':23 ............................................................................................ - (a) Locations (see Figure 24 on page 73) are

........................................... 5.0 0.014 _+ 0.004 0.56 + 0.12 0.50 + 0.11 E,22 ............................................................................ -- .......................................................................... listed in order of increasing distance from -
18 5.1 0.010 + 0.002 0.66 + 0.14 3.68 + 0.14 the center of the Fernald site production ;<-- -.............................. -- ............................................. ":-....................... O

14 5.4 0.013 _+ 0.003 0.60 + 0.13 0.53 + 0.11 area(Plant4). _

19 8.8 0.012 +_ 0.003 0.54 + 0.11 0.52 + 0.11 (b) To obtain Bq/g, multiply pCi/g by 0.037. <,_q

........ -36-...............--- ........... 9_6........................O_00:f4--+_.... 01001-9-......................-(3.38 -_--_0108...............................0.-3:1......_.......(3.-0:}.......... The plus/minus (_+)values are the ,-,
35 9.8 0.0065 + 0.0016 : 0.38 + 0.08 0.34 + 0.07 uncertainty in the analytical results at the........................ ._ ................................................................................................................................................................................................................. 5"

_, 29 24 0.016 + 0.003 0.41 + 0.09 0.40 + 0.08 95% confidence level. --,

t 28 40 : c 0.44 _+ 0.09 0.53 _+ 0.11 (c) No grass was available to sample. ,,o
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> TABLE 7: Uranium in Produce and Soil, 1993 Page1of2

Sampling Distance Concentration Sampling Concentration Sampling Concentration _"from Center

Location(a) of the Site (km) (pCi/g dry) (b) Location (a) (pCi/g dry) (b) Location(a) (pCi/g dry) (b) , , > ,
i i i

Soil Tomatoes Corn

.... 19...... 1.4......... 0.99_, 0.10 ..... 9 1010o14_+ 0.0002 19 _ 01000086± 0.000011
14 1.6 2.0 + 0.2 4 0.0011 __--4-0.0001 14 0.00013 __+ 0.00001

..............................................9 1.6 1.:i ± 01i...... 6 0.00040_+ 0.00005 23 :,000032_+0.000004
23 1.6 1.0 -z- 0.01 15 0.0013 + 0.0001 4 0.00078 .+_ 0.00009

23 1.6 1.2 + 0.1 26 0.0020 • 0.0002 18 0.00021 + 0.00002-- ................................... _ ..................

24 1.6 1.5 + 0.2 30 0.0019 __+ 0.0002 18 0.000086 __+ 0.000001• _ -

4 1.9 1.2 + 0.1 5 0.0017 + 0.0002 " 6 010014.... + 010002 .... :

18 1.9 0.87 + 0.09 12 0.0020 + 0.0002 21 0.00012 + 0.00001

18 1.9 0.98 + 0.10 13 0.0016 __ 0.0002 5 0.0015 +__ 0.0003

18 1.9 0.58 + 0.06 10 0.0010 + 0.0001 13 0.00032 + 0.00003

18 1.9 1.4 +__ 0.01 7 0.0035 + 0.0004 7 0.00019 + 0.00003

6 2.0 1.2 __+ 0.1 28 0.00091 ,__-20.00011 28 _ 0.0012 + 0.0001

20 2.1 1.4 +__ 0.2 17 0.0012 + 0.0001 17 0.000064 __+ 0.000008............................... i

15 2.4 1.8 + 0.2 11 0.0012 -,2-__0.0001

21 2.4 0.39 + 0.41 16 0.00060 +__ 0.0007

...... 2!..................._2.4...................o:82+--0,09 .

.......... N .................... -2-6 .................. 0.#9 ._+.... 0.06 ._
......._ .......................2.6.....................o:_ ..+ 0-07 .

5 2.9 0.92 _+ 0.10 Green (G) & Red (R) Pep_rs ....

12 3,6 1.2 __+ 0.1 4 (G) 0.0047 _+ 0.0005

13 3.8 0.74 +__ 0.08 4 (R) 0.0011 + 0.0001

10 4.0 0.83 __+ 0.09 30 (G) 0.0049 + 0.0005

7 4.9 0.68 + 0.07 5 (G) 0.0011 + 0.0001

..o 28 6.2 0.60 _+ 0.06 5(R) 0.00082 + 0.00010
Lm

m 17 16 0.52 + 0.05 12(G) 0.00078 + 0.00008

11 24 0.59 __+ 0.06 11 (G) 0.0013 _+ 0.0001

_- 16 30 0.56 +_ 0.06 16(G) 0.00035 _+ 0.00004i
L_

m

<_.
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m Page 2 of 2 ITABLE7: Uranium in Produce and Soil, 1993
_ i i _ iii ii i

m Sampling Concentration Sampling Concentration
-< _ Location(a) (pCi/g dry) (b) Location(&) (pCi/g dry) (b)

Ul i i i i

-7 Potatoes (P) & Onions (0) Cucumber (C), Eggplant (E),

r_ 15 (P) 0.0061 + 0.0007 Green Beans (G), & Squash (S)

12 (P) 0,0037 _+ 0.0004 4 (C) 0.0054 _+0.0006

.................................... 4is) _ oi0053+ 0.0o067(P) 0.0029 + 0.0003

_, : 0.0065+ 01000117 (P) 0.0020 + 0.0003 4 (S) _

3 17 (O) 0.0011 _+ 0.0001 4 (E) 0.00094 _+0.00010

6 (g) 0.011 + 0.001
-'O ....

_, 15 (S) 0.0017 +_0.0002

_APP!es ............................ i.. 15(Si.. o:o01i4 +-010002 1
9 0.00034 __+0.00004 30(C) 0.0017 _+ 0.0002

30 0.0015 + 0.00016 5(E) ; 0.00064 _+0.00007..... i ...........

13 0.00020 +__0.00002 10(S) 0.019 + 0.020

' 10 0.00035 +_0.00004 7 (S) 0.00027 + 0100004

" cs) T.......... ' ...... _ ..... o.ooo36_*o.0o0o417 0.00033 + 0.00004 7

....... ii ........... 0100084 -!--0.00010 " 17(C) : 0.00026 0.00004
i ii i i iii ......

17 (B) 0.0011 _+ 0.0001
i

Soybeans

23 0.00045 __+0.00005

...........................24 0.00030+_01o0001" _'--
18 0.00057Z&00006-
18 0.00093 +__0.00001 r_._J

........... T........................... <20 0.00017 _+0.00002 -_-
©

21 0.0025 +_0.0003 3

©

(a) Locations (see Figure 26 on page 76) are listed in order of
O

increasing distance from the center of the Fernald site production

area (Plant 4).

(b) To obtain Bq/g, multiply pCi/g by 0,037. The plus/minus (+) values are

the uncertainty in the analytical results at the 95% confidence level, o
I ..o

LM
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TABLE 8: Uranium in Milk, 1993

I "O

N Concentration of Uranium

QC Spike Recovery (pCi/L) (a) >
Month Local Dairy Background Dairy(b) Background Dairy

! (pCi/L) (a) (pCi/L) (a) Expected Measured

January 0.009 + 0.033 _ 0.036 + 0.042 3.4 _ 2.6 + 0.30._ .............. -- ..................... __.................... . ............................. _................................ 7 .......

February 0.059 + 0.054 0.094 + 0.057 3.4 3.7 + 0.42
March 0.047 + 0.039 0.22 + 0.09 3.4 , 2.1 _+ 0.4

: April 0.11 + 0.06 0.091 + 0.062 (c)

: May 0.14 + 0.04 0.058 + 0.050 3.4 2.5 + 0.4
June 0.15 + 0.07 0.11 + 0.07 (c)

July 0.020 + 0.032 0.067 + 0.060 10 6.9 + 0.70L.......................................... _ .....................................................................

August 0.019 + 0.033 0.11 + 0.050 3.4 4.1 + 0.43

September 0.020 + 0.033 0.034 + 0.059 ! 3.6 i 3.8 + 0.5

October 0.024 + 0.042 0.012 + 0.043 14 18 + 2.2

November 0.0050 + 0.16 0.052 + 0.12 3.4 i 4.4 + 1.4
December 0.095 + 0.17 0.13 + 0.21 3.3 2.6 + 0.90

i i i

(a) To obtain Bq/L, multiply pCi/L by 0.037. Plus/minus (+) values are the uncertainty in the analytical results
at the 95% confidence level.

(b) Dairy is about 37 km (23 miles) WSW of the Fernald site.

(c) Sample invalidated due to error in laboratory processing.
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TABLE 9: Radionuclides in Milk, 1993
Cu-- i i i ii i
£3.

m Radionuclide { Local Dairy Background Dairy (b)
<. ! (pCi/L) (a) (pCi/L)(a)

'Beryllium-7 " i , i-_ i (c) (c)
3 ,
_ Bismuth-214 ; (c) (c)

_-- Cesium-137 ! 9.1 + 5.8 8.2 + 5.7

_, Lead-212 _ 26 + 19 25 + 19

Lead-214 (c) (c)LQ

3 Radium-226 -1.4 + 0.31 -1.2 + 0.32

_ Radium-228 (c) (c)

__ Protactinium-234 1,300 + 940 660 + 900
CD

Strontium-90 ...................... (c) ............... _-..........................(_c)........................
Technetium-99 : -300 + 81 -180 __+6.3

Thallium-208 _ 11 + 8.0 8.5 + 7.9
............................................ 4 .................................................................................................

Thorium-228 1.5 + 1.1 0.047 + 0.19

Thorium-230 1.1 +_ 0.91 0.085 + 0.08

Thorium-232 -0.15 _+ 0.:34 0.047 _+ 0.19

Uranium-234 0.0013 +_ 0.0045 0.065 __0.033
Uranium-235 0.00065 + 0.0032 -0.0035 + 0.0076

Uranium-238 (d) 0.067 _+ 0.033

(a) To obtain Bq/L, multiply pCi/L by 0.037. Plus/minus (+) values are the -_

uncertainty in the analytical results at the 95% confidence level. Negative
results indicate that the radionuclide activity in the sample was less than the _-

background activity within the measurement laboratory. _

(b) Dairy is about 37 km (23 miles) WSW of the Fernald site. -_<_

(c) Laboratory difficulties in analysis resulted in suspect data.
©

(d) Results not available due to errors in laboratory analysis. _.

_2
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_> TABLE 10: Environmental TLD Direct Radiation Measurements, 1993 __>
I c

4= Location Description(a) Location 1992 Dose Rate 1993 Dose Rate
Number (mrem/yr)(b, c) (mrem/yr)(b, c) >

Fenceline

AMsI(d) 1 60 _+ 10 64 + 2.4

AMS2 2 70 _+ 12 72 + 1.5
.......

AMS3 3 68 + 11 65 + 2.1

AMS4 4 68 _+ 11 67 + 1.3

AMS5 5 69 _ 11 66 + 1.1

AMS6 6 65 + 11 68 +_ 0.9

AMS7 7 63 +_ 10 64 + 1.3

Site fenceline near K-65 silos 13 68 _+ 11 69 ± 1.3

Site fenceline near K-65 silos !4 64 +_ 11 65 + 1.2

Site fenceline near K-65 silos 15 67 _ 11 73 + 9.1

Site fenceline near K-65 silos 16 65 +_ 11 68 + 1.2

Site fenceline near K-65 silos 17 66 +_ 11 67 _ 0.9
i

Onsite

AMS 1A(e) 1A 120 + 2.0

AMS8 8 64 _+ 10 67 _+ 2.0

AMS9 9 87_ 14 91 + 2.7

K-65 perimeter fence 22 180 + 30 250 + 13

K-65 perimeter fence 23 o_ 170 +_ 29 . 260 _+ 10

K-65 perimeter fence 24 140 + 23 160 + 2.9

K-65 perimeter fence 25 150 _+ 24 200 -z-_6.4
............. (a) See Figure 27 on page 79 for locations.

K-65 perimeter fence 26 130 + 21 _ 140 + 4.3
..c _ (b) Plus/minus (+) values are the uncertainty in

OSH Building, Room 218 (f) 32 47 + 8 50 + 1.0
-n the analytical results at the 95£.oconfidence
:3 Offsite level.

_- AMS 10 52 + 1.110 51 _+ 8 (c) Dose is calculated from the sum of quarterly
AMS 11 11 63 + 10 62 + 1.0 measurements at each location.

r'r"] •

n AMS13 12 56 + 9 57 + 0.7
s .............. - ........ _- ....... (d) 1993 dose for AMS 1 is based on two

Westwood, OH 18 67 + 11 69 + 1.0 quarterly measurements.
B Brookville, IN 19 59 i 10 61 + 0.6

........................................................ (e) 1993 dose for AMS 1A is based on one
AMS-15, Miamitown 20 51 _+ 8 54 +_ 3.0 quarterly measurement. AMS 1A was not
AMS-16, University of Cincinnati 21 55 + 9 56 + 0.9__ ......... - . - . sampled in 1992."o

o AMS12 27 59 + 10 61 + 0.8
.................................................. (f) TLDs 30 and 32 are located inside buildings

Beta Building, St. Rt. 128 (f) 30 47 + 8 53 + 1.2 and are used as control locations.i



TABLE11: Radionuclides Discharged to the Great Miami River, I993
[3.

m Manhole-175
___. i i li i

Total Curies 1993 Average Concentration Standard(C) Percent
Radionuclide (a)

1993 (pCi/L)(b) pCi/L of Standard (d)
t_ i i i i

-,-(e) < 0.0043 < 4.8 60,000 0.008_" Actinium-22_

_, Radium_224(f) < 0.00015 < 0.17 400 0.042

_, Radium-226 < 0.0022 < 2.5 100 2.5

Radium-22 8 ...... < 010043 . _ < 4.8 ...... !00 4.8
Thorium-228 < 0.00015 < 0.17 400 0.042

Thorium-230 0.00018 < 0.20 300 0.067

Thorium-231 0.0058 5.4 100,000 0.0054

Thorium-232 < 0.00009 < 0.10 50 0.20

Thoriu m-234(g) 0.15 140 10,000 1.4

Uranium-234 0.099 96 500 19 (a) Radionuclide concentrations in the plant

Uranium-235 0.0058 5.4 600 0.9 effluent discharged to the Great Miami

Uranium-236 0.0040 3.7 500 0.7 River through the effluent pipeline are

Uranium-238 0.15 140 600 23 determined from monthly or quanedy
i i i • i i i i

composites of daily, 24-hour continuous

samples at Discharge 001 (Manhole-175)

South Plume (SP3) and SP3.
i

Radionuclide (a) Total Curies 1993 Average Concentration Standard (c) Percent (b) Averages are flow-weighted. To obtainStandard (d)1993 (pCi/L)(b) pCi/L of Bq/L, multiply pCi/L by 0.037.
ii ] i

Actinium-zzo-^n(e) < 0.00057 < 0.47 60,000 0.00078 (c) As stated in DOE Order 5400.5,

Radium_224(f) < 0.00017 < 0.14 400 0.035 "Radiation Protection of the Public and _".................. Environment."
Radium-226 < 0.0023 < 1.9 100 1.9
Radium-228 < 0.00057 < 0.47 100 0.47 (d) Percent of standard relates to the __

Thorium-228 < 0.00017 < 0.14 400 0.035 average concentration. Where less than

Thorium-230 < 0.00057 < 0.47 300 0.16 (<) is reported, the maximal possible

Thorium-231 0.00032 0.10 100,000 0.00010 value is assumed. __

Thorium-232 < 0.0024 < 0.10 50 0.20 (e) Calculated based on radioactive decay __

Thorium-234(g) 0.0061 0.14 i 0,000 0.0014 equilibrium with radium-22.8._

Uranium-234 0.0038 3.1 500 _ 0.62 (f) Calculated based on radioactive decay :--

Uranium-235 0.00034 0.28 600 0.047 equilibrium with thorium-228. =

i Uranium-236 < 0.00012 < 0.10 500 0.020
,.,,m

u_ Uranium-238 0.0073 6.0 600 1.0 (g) Calculated based on radioactive decay _"_
..... equilibrium with uranium-238.
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TABLE 12: Radionuclides in Surface Water, 1993 PageI of2 __I

nnlnll

o, Sampling Number Concentration (pCi/L) (b) Standards Percent of Standard _
Parameter Location(a) of Samples Minimum Maximum Average (pCi/L) (c) Minimum Maximum Average >

Great Miami River

Total Uranium

Upstream of Effluent Line . Wl 52 . 0.74 1.6 .... 1.1 ...... 550 . 0:13 . 0.29 . 0.20
Downstream of Effluent Line W3 52 0.74 .... !:8 ......... 1:2 ............ 550........... 0.! 3............. 0.33 ............ 0.22 ........

Downstream of Effluent Line W4 52 0.81 1.6 , 1.2 550 0.15 0.29 0.22 .

Radium-226(d)

..... UPS_t_r_e_am _ofEff!ue_nt_L'ne...... w ! . _ 12 . < 0.60 .......... 2:2 ........ <.2-I ............................................................................................
Downstream of Effluent Line W3 12 < 1.9 5.6 < 2.4 100 < ! .9 5.6 < 2.4

Downstream of Effluent Line W4 12 < 1.6 2.5 < 2.1 100 < 1.6 2.5 < 2.1
i i

Radium-228(d)

i ........UP.Sir__eam_f. Eff!u_e_tLine i " _.. Wl . _ 12 . < 0.34 _ 4.4...........i < 2.0 ..... 100 " < 0.34 ...... 4.4 " " < 2.0
Downstream of Effluent Line W3 12 < 0.34 4.4 < 2.0 100 < 0.34 4.4 < 2.0

Downstream of Effluent Line W4 12 < 0.34 4.4 < 1.9 100 < 0.34 4.4 < 1.9

Strontium-90(d)

_.- Upstream of Effluent Line . W1 2 " <0.39 -i ..< 0.39 -i.... < 0:39 .................... i,_ .............<-0-.03_)........ <0.039 ...... < 0.039 ....
Downstream of Effluent Line W3 2 ..... < 0.39 .......... < 0.39 ........ <.0.39_....................!, _0___..............<0:039 .............<_0-039 ....... <0-039 _.
Downstream of Effluent Line W4 2 < 0.39 < 0.39 < 0.39 1,000 < 0.039 < 0.039 < 0.039

Cesium-137 (d)

.......LJpstream-of--E-ffiuent-Line ................ Wl " 2 " < 4.4 ..... <4.8 ............< 4.6 ....................... 3,000 .......... <_-0.15......... < 0.16 ....... < 0.i5-. .
' Downstream of Effluent Line W3 2 < 4.7 " < 4.8 - -< 4.8 _ 3,000 . < 0.!6 . < 0.16 . . < 0.16 .

Downstream of Effluent Line W4 2 < 4.6 < 4.8 < 4.7 3,000 < 0.15 < 0.16 < 0.16
_ i rl ii

-_ Technetiurn_99 (d)

-T3 ........................................................._. Upstream of Effluent Line W1 2 < 7.2 < 7.3 < 7.2 ............. !00,000. .............< 0:0072 " < 0.0073 " < 0.0072 "
_ ...... < 0.0072 < 0.0072Downstream of Effluent Line W3 2 < 7.2 < 7.2 < 7.2 _ 100,000 . . < 0.0072 ........................

_ Downstream of Effluent Line W4 2 < 7.3 < 7.5 < 7.4 100,000 < 0.0073 < 0.0075 < 0.0074

m
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TABLE12: Radionuclides in Surface Water, 1993 Page2 of2
5.,

i ii i
£'_ i i ii ii :

m Sampling Number Concentration (pCi/L)(b) Standards Percent of Standard
, Parameter )(< Location(a) of Samples Minimum Maximum Average (pCi/L c) Minimum Maximum Average_, : .........

5
Paddys Run

['_ ii i i i liB II

Total Uranium

Upstream of the Site W5 _ 47 0.34 1.4 0.67 550 0.062 0.25 0.12

Onsite W9 37 0.34 , 40 2.4 550 0.062 7.3 0.44

_- Onsite W-10 US ' 30 0.88 430 32 550 0.16 78 5.8

Onsite Wl0 30 0.81 430 40 550 0.15 78 7.3
--o Onsite W-10 DD 34 1.2 1,100 380 550 0.22 200 69

Onsite W-10 DS 29 1.1 470 56 550 0.20 85 10
. Onsite Wl 1 24 1.6 13 4.4 550 0.29 2.4 0.80

Downstream of the Site W7 24 2.0 6.2 3.9

Downstream of the Site W8 39 1.2 5.7 2.8 550 0.22 1.0 0.51
i i I I I ] i I l I I II !

^-,=(d) ..........i Radium-_z"° .......................................................................................................................................................................................................................................... - ...........................
Upstream of the Site W5 6 < 1.6 2.5 < 2.1 100 < 1.6 2.5 < 2.1......... . ................. ; .... _............... : .......................... :.............

:. D_0wnst[eam °fthe Site ........................._ ........................... 8 ....................<1:6 ........................2-_2..............: ....._<.2_-1...............................100................._<!:_6..........................2.2_..........._........<2.1 ..................
Downstream of the Site W8 4 < 2.2 2.2 < 2.2 100 < 2.2 2.2 < 2.2

i i I i I I i ii ill i,' _ ' i i i i

Radium-228(d)

Upstream of the Site W5 6 < 0.34 2.2 < 1.6 100 < 0.34 2.2 < 1.6
Downstream of the Site W7 8 < 0.34 2.2 < 1.5 100 < 0.34 2.2 < 1.5

Downstream of the Site W8 4 < 2.2 2.2 < 2.2 100 : < 2.2 2.2 < 2.2 _,

(a) See Figure 32 on page 88 for sampling locations. ,_
m

_<
(b) To obtain Bq/L, multiply pCi/L by 0.037.

(c) Standards as listed in DOE Order 5400.5, "Radiation Protection of the Public and Environment." The standards are based on drinking 730 liters (about 200 3

gallons) of water per year. The Fernald site compares data from the Great Miami River and Paddys Run to these standards even though neither is designated

__ as a public water supply by OEPA (OEPA Regulations, Vol. 1, 3475-1-21).
o

= (d) Samples are composited as follows: _--
- 5'

• One-month composites of daily samples from W1 and W3, __.

• One-month composites of weekly samples from W4 and either W7 or W8,

• Two-month composites of weekly samples from W5, and
_

• Semiannual composites were used for those isotopes where two samples are recorded. 5"

I -.o
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TABLE 13: Radionuclides in Great Miami River, Paddys Run
-o0 and Storm Sewer Outfall Ditch Sediments, 1993(a) _

>
i Number of i Concentration (pCi/g dry)(b,c) Average for

_Radionuclide i Samples i All Samples (c)
i i i Minimum Maximum ,

Great Miami River North of the Effluent Line

',Total Uranium ! 2 0.50 + 0.05 0.75 + 0.08 E 0.62
i _ i -- I -- I

Great Miami River a";the Effluent Line

Great Miami River South of the Effluent Line, and North of Paddys Run
= ........................................... r ......................... _ ......................................... _ ................. ---+-- ................. T........................

i Total Uranium 4 i 0.30 + 0.03 _ 0.73 _ 0.08 i 0.57

Great Miami River South of Paddys Run

i Total......................................Uranium !............. 2 .......... _',..................................................0.78 + 0.08 0.82 +_...............................0.09 T,...............................................0.80
i i , I

Paddys Run Background (North of S.R. 126)

4i Radium-226 ! 4 _ 0.25 + 0.15 0.63 _ 0.15 _ 0.37

= ................................4-.......i........O_ S-....... ..... .... ..........',..................0:3s........
7 ............................... _-- ........................... X

Thorium-230 i 4 i 0.30 + 0.03 0.60 + 0.07 ] 0.43
i_Thorium'232 .............. i...... 4 ...............i .....0]26 ......._ .....0;03 ......! .......0]J,8.......±......0.()9 .................!..........................0;33 .................
.......................... -*-.................. _ ............................. T.................................
Total Uranium , 4 0.57 + 0.06 . 0.88 + 0.09 ; 0.72

Paddys Run North of the Storm Sewer Outfall Ditch

i-R-a-diu-m---22i_.......... _ ........ ;1_2-.............]-0.19 + 0.09 :_ 0.68 + 0.12 0.23

- Thorium-230 ,, 12 i 0.08 + 0.10 i 0.79 + 0.07 0.45
_ ......................................-f......................
..o Thorium-232 i 12 L 0.22 + 0.35 0.47 + 0.05 0.33

....................................... _......................... Z..................................... _-............................................ -<-...............................................

u_ Total Uranium ', 12 i 0.55 + 0.06 _ 2.5 + 0.27 1.3 (a) See Figure 34 on page 92 for sampling-1-1 i -- I i
locations.

Storm Sewer Outfall Ditch

_- Radium-226 i 8 0.29 + 0.08 0.95 + 0.13 0.61 (b) Multiply pCi/g by 0.037 to obtain Bq/g.
t/_ ............................................ -_-.............................. -+-- .......................... _- ........................................................................

_" Thorium-228 i 8 0.30 + 0.04 0.73 + 0.06 0.51 Negative results indicate that the radionuclide
rn ............................... + ...... ............. "............................................." ............................................._............................................. activity in the sample was less than theThorium-230 , 8 0.53 _ 0.05 1.9 + 0.15 _ 1.1= -- -- ---4_ ...............................
---........................ background activity within the measurement

Thorium-232 .........+-...............8-....... _ ....CI-;-:32--_+_.... 0_4 ................01-B1----+'----0-.06-- i 0.49
.................................................................................................................................................................._ .......................................... laboratory.

: _ Total Uranium 8 i 1.4 + 0.15 11 + 1.1 ! 6.5

(c) The plus/minus (+) values are the uncertainty
Paddys Run South of Storm Sewer Outfall Ditch

................................................ in the analytical results at the 95% confidence
iT0ta/uranium ............ =_......... i2 .............. £1149--_+.... 0-i05.......................318........_-- -0_<-0-....... 1.5

-£) I , , level.O



TABLE 14: Uranium Concentrations in Fish from the Great Miami River, 1993
t_] ii i i ii i ii i i

_- : ' Number
m Sampling Location(a) Family (b) Concentration pCi/g (c)of Samples
< Minimum Maximum Geometric Mean

I ! I I I I I I

RM 38 1 11 0.0027 0.0094 0.0061

co Upstream of 2 4 0.0013 0.011 0.0039
_" the Hamilton Dam 3 2 0.0013 0.0020 0.0016

4 6 0.0018 0.013 0.0041

5 0 w w N
LQ
co

Location 23 : 0.0013 0.013 0.0045

Summary =
"-o RM 24 1 : 8 0.0033 0.012 0.0071
,.9_o
co At the Effluent Line 2 3 0.0021 0.082 0.0075

3 4 , 0.0038 0.0081 0.0058

4 1 0,0083 0.0083 0.0083

....................................................5 6........................0:0_0_25........................0:_029........................................: 0._008__3.............
Location 22 0.0021 : 0.082 0.0066
Summary

,! , , , !
RM 19 1 2 : 0.0031 0.0052 0.0040

At Confluence 2 : 4 0.0012 0.0042 0.0026

of Paddys Run and 3 4 0.0013 0.0039 0.0020

the Great Miami River 4 5 0.0041 0.027 0.015

5 : 6 0.0008 0.0034 0.0014 m

Location 21 0.0008 0.027 0.0033
Summary _-

(a} See Figure 35 on page 94 for sampling locations, co, 1"1-1

(b) Family: <.
1 = Cyprinidae (carp and shiner) _o
2 = Ca_ostomidae (carpsucker, redhorse, and buffalo) 3CO

3 = Centrarchidae, Percidae, Percichthyidae and Sciaenidae (bass, sunfish, drum, sauger, bluegill, Iongear, and gar)
4 = Clupeidae (gizzard shad and skipjack herring)
5 Ictaluridae (catfish and bullhead)= ©

(c) All concentrations are reported in dry weight. Multiply by 0.037 to obtain 13q/g (dry weight). _
-._.

LQ

I 43
•,d ,43
"O L_



> TABLE 15: NPDES Data, 1993 Page 1 of 3
I%1 , "_

C_.

o Sampling Location Units(a) Monitoring Daily Monitoring Results ' Permit Limits(c) Percent _.
and Parameter Requirements ' Minimum Maximum Average(b) Daily Maximum Monthly Average Compliance(d) _,iI I ii = I I

Discharge 001 (MH175 to Great Miami)
............................................. ' ................................................. T.............................

Flow Rate MGD Continuous 0.052 1.7 0.64 NA NA NA
....................................... _......................................................... 4.........................................................................................................

pH S.U. Continuous 4.8 10 NA Range = 6.5 to 9.0 99.73 (e)

Dissolved Oxygen mg/L Weekly/Grab 5.6 12 8.7 _ Minimum = 5.0 100.0
Suspended Solids mg/L Wk/24hr Comp 2.0 : 70 9.0 45 30 98.28

Oil & Grease mg/L Weekly/Grab < 5.0 7 < 5.0 15 ! 15 100.0

Cyanide(e_,, mn/[=__ Weekly/Grab < 0.005 < 0.005 : < 0.005 0.076 0.036 100.0

Copper l,,g/L ww;)41irc0mp ..... _-<-i4 ..................i ....2() ............. ! < i4 .................! ........94 .......................- ..................}3 ........................................-1#;0- ..............i

Silver(e) pg/L Wk/24hr Comp ; < 10 . ,: 10 < 10 26 12 100.0

BOD-C mg/L Wk/24hr Comp . 0.35 4.2 1.4 30 i 20 100.0.................... ; .................. - ...... ; ......... _- ................ _ .......................................... ,....................................................... ..

Lead(e) p.g/L Wk/24hr Comp : < 3.0 5.8 : < 3.3 780 : 60 100.0
....................................................... t ......................... * ............................................................ ; ...............................

._ 150Suspended Solids kq/day Wk/24hr Comp _ 1.6 120 20 99 100.0............... _- ......................... ; ........... 4 ...................... _......................... - .................................... " ................................

Oil & Grease kg/day Weekly/Grab < 3.7 28 < 11 50 50 100.0

Cyanide(e),, kg/day Weekly/Grab i < 0.0061 < 0.028 < 0.014 0.25 0.12 100.0

• per kg/day Wk/24hr Comp : < 0.010 0.080 < 0.031 0.31 0.077 100.0Cop ........... _ ................................ . .................................................................
< 0.012 < 0.056 < 0.027 : 0.086 : .Silver(e) ! kg/day Wk/24hr Comp 0.040 100.0

BOD-C kg/day Wk/24hr Comp '. 0.33 : 16 3.7 99 66 100.0

Lead(e) kg/day Wk/24hr Comp < 0.0036 ' 0.019 < 0.0089 2,6 0.20 100.0
............................................................................................................................................................................. ....................................

Percent Compliance 99.79
i

Discharge 002 (SpillwaY to Paddy s Run) .................................................................................................................................................................................

..o Flow Rate MGD Estimate NA _ NA NA
_,=4 S.U. Event/Grab Range = 6.5 to 9.0 100.0 (e)_,,,

............................... _ ..................................................................... _..............................................

_ Suspended Solids mg/L Event/Comp 100 NA ........... 100.0

Chromium (total) IJg/L Event/Comp The Stormwater Retention Basin 3,986 _ NA ' 100.0

Chromium (+6) tJg/L Event/Comp did not overflow during 1993. 19 NA 100.0

m Oil & Grease mg/L Event/Grab 15 i NA 100.0

< Copper g_L Event/Comp 45 NA : 100.0- ! ................................................................................_.................

3 Nickel l,tg/L Event/Comp . 3,137 NA 100.0

r_ Silver #g/L Event/Comp 11.6 NA 100.0
Percent Compliance ; 100.0

rD
-(3
O



TABLE 15: NPDES Data, 1993 Page 2 of 3
ii i i i ii ii i

= Sampling Location _ Units(a) Monitoring Daily Monitoring Results Permit Limits(c) Percent
__ and Parameter Requirements Minimum Maximum Average(b) Daily Maximum Monthly Average Compliance(d)

m Discharge 601 (Sewage Treatment Plant)
<_,
S

, _ ...... pH (g) S.U. Continuous 6,5 8.a NA Range = 6.5 to 9.0 , 100.0................................................... ; .............. _. ............. _ .................. s......................................................................................................

.... Suspended Solids ..... mg/L ..... W_24hr Co_mP . .i .. <_2.0 ......... !6 ............ _ 3-0 ........................._0 ..........................._20...................:_ ....... !0# -0........

:_ Chromium (total/(f) pg/L Wk/24hr Comp < 6.0 < 6.0 < 6.0 32 13 100.0
m.Q,j

Fecal Coliform (h) #Col/100 ml Wk/24hr Comp 0.0 1,500 22 2,000 1,000 100.0
LQ
r_ Fluoride(f) mg/L WW24hr Comp 0.25 0.:34 = 0.29 5.1 2.3 100.0

rD Copper(0 #_L WW24hr Comp < 14 : < 14 < 14 110 : 53 100.0

_ Nickel(f) pg/L Wk/24hr Comp ' < 17 < 17 < 17 49 32 , 100.0-m

e BOD-5 mg/k Wk/24hr Comp 0.77 11 2.8 40 : 20 100.0('3

"-" . SusPended #olids ........ kg/day ...... WId24hr Comp : < 0.58 ....... 13 .... : _ 5 2-.£.........2 ...............?9 .................._.....................9.5 .................... 100:0 .........

. Chromium (total)(f) kg/day Wk/24hr Comp < 0.0022 <0:0053_ ....... <0.004! ..................0.015 : 0.006 . 100.0

Fluoride(f) kg/day Wk/24hr Comp 0.096 0.29 0.20 2.4 1.1 100.0................................ ; .......... 2 .................................. .. ................................................................................

........ Copper(f) ........ kg/day _ wW24h r comp < 0.0052 0.o12 < 0.0096 ........... £:£53 .... :................0.025 .....................!00:0 .........

• Nickel{f) _ kg/day Wk/24hr Comp < 0 0063 < 0.015 ; < 0.012 _ 0.023 0.015 ................ _!£0:0...........

. BOD-5 ..... kg/day .... Wk/24hr Comp. _ 0,39 ........ 6-8 ...... i..........2-0 ..........2................19 ................................9-5_......... ........... 100-0 ....
Percent Compliance 100.0

__ L I | I

Discharge 602 (General Sump)

i_ ._ FI0w_Bate. ...... " MGD " Continuous ..... 0.033 ........ 0.20 " [ " 01046 - .......... NA ..................... NA ...........................NA............... "!"1

. pH (e) S.U. Weekly/Grab 7.0 9.1 NA Range = 6.5 to 9.0 94.74 _q
%

Chromium (total) ug/L Wld24hr Comp < 6.0 22 < 7.1 : 54 : 41 100.0

Chrom um +6 (e) ug/L Wk/24hr Comp < 6 0 < 6 0 < 6 0 17 12 100.0.....................(....')............ •.....................................................;.............................;...............................:........................................................................................................................................=..@

Copper ;ug/L . Wk/24hrComp < 14 24 < 14 110 66 100.0 m,• .......... _ .................................................................................. _ ...................

Nickel #9/L WW24hr Comp < 17 110 < 20 160 91 100.0 <-.

i ....... Chromi_um.(tot_al) ......... i kg/_day ........ww24_(.C0mp. ....... : .....<.0:°°°- 8 .............-0:0°24 ............<-°-°--.0--1-!........................0-.-°-!3...........--...........0:.01.0................ lO0.O __
Chromium (+6)(e) kg/day Wk/24hr Comp < 0.0008 < 0.0040 < 0.0010 : 0.004 0.003 100.0 e

Cop.per kg_/day WW24hr Comp < 0.0018 0.0064 < 0.0022 0.027 : 0.016 100.0

• Nicke ! ...... kg/day . Wld24hr Comp . < 0.0021 ......... 0.01.7 ._ <0:0032 ............... 0:940 ......................0,O22................. !00.0 ........
Percent Compliance 99.76

i i i i i ii i ii i -_

Discharge 604 (LiftStation) (e) ,_

_ Flow Rate .............................. MGD ....... Con t!nupus _ NA '_
pH S.U. Continuous 6.7 9.2 NA Range 6.5 to 9.0 100 0 (i) _

I Suspended Solids mg/L Wk/24hr Ccmo < 2.0 83 < 12 100 30 100.0 ----'

Oil & Grease .................. mg(L Weekly/Grab < 5.0 11 < 5.0 15 15 100.0 ..o..................................................................................................................................................................................................................................................... tj, j

= Percent Compliance 100.00i ii ii i i p

_
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_> TABLE 15: NPDES Data, 1993 Page3 of3 -c_o,
N

N Sampling Location Units(a) Monitoring Daily Monitoring Results Permit Limits(c) Percent
and Parameter Requirements Minimum Maximum Average(b) , Daily Maximum Monthly Average Compliance (d) , >

Discharge 605 (Bioreactor) ..................

Flow Rate MGD Continuous " 0.002 0.22 0.10 NA NA NA
•

pH (g) S.U. Continuous 6.5 8.6 NA Range = 6.5 to 9.0 100.0 (i)

Suspended Solids . mg/L ...... WkJ24hr Comp .... 2.0 .......... 3 0 ............... 11...................... 45 30............................ 100"_U.......

Nitrate-Nitrogen mg/L Wk/24hr Comp 0.4 . _30 . 4.7 . 140 ......... 73 .... 100.0

Chromium (total) pg/L Wk/24hr Comp < 6.0 21 9.4 27 ' 12 96.43.................................................................................. +-................................................................

Copper _ . P-g/L .... Wk/24hr c°mp . < 14 1 < 14 90 45 100.0
Nickel l_g/L Wk/24hr Comp < 17 < 17 < 17 42 ....... 29 _ 100.0

" BOD-5 . mg/L ._ Wk/24hr Comp "- 0.30 _ 34 ..... _ 3 .8 . i........... 45 .................. 30.................. i_00-.0._...........

Suspended Solids kg/day Wk/24hr Comp 0.18 16 4.6 38 26 100.0

Nitrate-Nitrogen kg/day Wk/24hr Comp 0.10 16 1.4 120 62 100.0. . -. . . .......................

Chromium (total) . kg/day ..... Wk/24hr ComP .... <0.0003 0.010 ...... < 0.0038 0.023 0.010 100.0

Copper kg/day Wk/24hr Comp < 0.0006 0.012 < 0.0058 0.077 0.039 100.0

" Nickel . kg/day _ _ WW24hr Comp _ < 0.0008 _ . < 0.014 ._. < 0.0068 0.036 0.025 100.0
BOD-5 kg/day Wk/24hr Comp _ 0.027 . 14 ._ 1"5 ..... 38 ....... 26 100.0

Percent Compliance 99.78

Discharge 606 (Retention Basin) (e)

......... Fi0w Rate MGD Continuous_ 0.037 0.75 0.38 NA NA NA

pH S.U. - Continuous 4.5 9.6 NA Range = 6.5 to 9.0 ........97_34_(ii
................................................................................................................ -i_er-cent Compliance 97.34 nl

• Total Compliance 99.73
i

-.9

(a) MGD stands for million gallons per day, and S. U. stands for standard units.

(b) Flow-weighted daily averages are shown as less than (<) if more than one quarter of the values were less than the detection limit.
_j

£Z

(c) Values have been rounded for consistency of data presentation.

m (d) Percent compliance is determined by comparing the noncompliance with the compliance opportunities.
<_.

(e) Permit modified to eliminate monitoring requirement effective May 20, 1993.

(f) Permit modified to reduce monitoring requirement to monthly monitoring effective May 20, 1993.

(g) Permit modified to reduce monitoring requirement to daily grab effective May 20, 1993.
"O

o (h) Average value has been calculated as a geometric mean.

(i) Individual excursions of less than one hour and the sum of all excursions totalling less than 7.26 hours a month are not noncompliances.
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TABLE 16: Uranium in Private Wells, 19933

Well Number Concentration (pCi/L)(b) Percent of Standard (c)r-M

<_ Number(a) of Samples Minimum Maximum Average Minimum Maximum Average

o 1 12 < 0.1 0.14 < 0.7 < 1.0 1.0 < 0.52
3 3 12 < 0.1 0.14 < 0.7 < 1.0 1.0 < 0.50
/-j .................................................

4 12 0.81 2.2 1.4 6.0 16 10

7 _ 7 . 0.95 . 1.1 1.0 7.0 8.0 7.5
8 12 0.54 0.61 0.59 4.0 4.5 4.3

_J ......._o 9 . 12 . 0.74 _ 1.4 ....... 1.0 ............ 5.5 ..... 11...... 7.7
10 12 0.27 0.47 0.37 2°0 3.5 2.8

11 12 0.81 1.5 1.1 6.0 11 8.2

-_ 12(d) 12 28 110 59 210 800 440

c_ 13(d) 26 30 53 44 230 390 330

"" 14 24 1.0 1.4 1.2 7-5..................10_..........................9.0_......
15(d) 12 150 210 190 1,100 1,600 1,400

16 " 12 " 0.34 " 0.6 ! .... 0.50 ..... 2.5 ........ 4.5 ........ 3.7
18 12 0.20 0.34 0.27 1.5 2.5 2.0
19 11 < 0.1 0.10 < 0.05 < 1.0 0.74 < 0.37

_ 21_.............. 12 ............ 0.14 ........ 0:27 ............... 0.2_1.......................1:0_................. 2.0.................... 1_.6 ....
22 12 0.61...............1:2.............0:78_.....................4:.5...................._.8_.-.O_........................5._8._........

.....23..... 12..... 0.2? ............0:95_................0,__59_.......................2.0_....................7:0.......:_.............4.4.........
24 12 . 0.20 .........0_:41..............0.34_.......................1:5......................3.0...................2:6_.........

.... 25 .......... 4 ........ 0.20 ......... 0.27 ......... 0-_`2.5...................1:5__.......................2:._0......................!:,.9_...........
26 12 < 0.1 0.14 < 0.08 < 1.0 1.0 < 0.59

29 12 1.2 1.6 1.3 9.0 12 9.6

30 4 0.27. 0.34 ...... 0.32 ..... 2.0 ...... 2.5 .......... 2.4
32 12 < 0.1 0.20 < 0.07 < 1.0 1.5 < 0.51 _'

33 " 12 " 0.20 " 0.41 - 0.34 " i 1.5 .i- 3.0 ...... 2_5_ (a) See Figure 36 on Pa92 100 for well
34 7 2.7 5.1 4.0 20 38 29 locations. Wells are numbered in order _<.
35 12 1.2 1.6 1.3 8.0 12 9.6 of first time sampled.

" 36 12 " 0.68 " 0.95 .... 0.75 .... 5.0 ............ 7.0 ..... &6- :3
• 37 " 1 ........ 1.1 .......................... 8.1 .... (b) To obtain Bq/U multiply pCi/L by 0.037. _,--.t

38(e) 4 0.07 0.27 0.19 0.5 2.0 1.4 (c) Proposed USEPA standard of 13.5................................................................................................................................... O

39(d) 12 3.2 6.7 4.4 24 50 33 pCi/L (20 ppb).

40 (d) 12 2.0 2.9 2.4 15 22 18 (d) These wells are used for monitoring _

41 ...........12 _ 0.34 ............0-4!...................0:35....................?__5...................._3_:0......................-2:6......... purposesonly.
55 ....... 4 . . 0,14 ...........0:34...............0:25..................I_.:0..................2.5....................!:9........
56 5 0.27 1.8 0.71 2.0 13 5.3 (e) Sample collected from a cistern.

i ..o
i_ ,,o
w
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:> TABLE 17: Comprehensive Groundwater Samples with Uranium Page 1 of 4 -o-_i c_
N Concentrations above USEPA Proposed Standard, 1993 (a) CL

Well(b) Location Sample Date Concentration ConcentrationWell(b) Location Sample Date Concentration Concentration ' >(pCi/L)(C) (ppb)
(pCi/L)(C) (ppb) _ J ; ,

' ' 1110 ::Production Area June 10 " 28 421011 West of Pit#5 July16 30 45 ................_ ........................................ _............................................................. .............................

1011 West of Pit # 5 July 16 28 41 1111 Production Area June 10 17 25

........................................1025 Pit # 5 July 7 i9 ............... 28 ........... 1112 Production Area June 11 580 860

1027 Pit # 6 April 16 300 440 : 1112 Production Area June 11 330 480

1027 Pit # 6 April 16 280 420 1113 Production Area June 10 1,300 1900__......................................................... _ ......................... __ ............................................

1032 K-65 Silo Area July 7 140 210 _ 1131 Production Area May 27 430 640

1033 K-65 Silo Area July 12 19 28 1145 Production Area June 17 ' 17,000 25,000

1033 K-65 Silo Area July 12 19 27 1145 Production Area . June 17 17,000 -........2=51(_(_0-...........

1037 Production Area July 7 1,000 1,500 1149 Production Area February 3 63,000 94,000

1037 Production Area July 7 760 1,100 1157 Production Area June 10 24 35

1042 W of Production Area April 22 27 40 1157 Production Area June 10 20 30

10_42.....W of Production Area April22 21 30 1161 Production Area February 23 68,000 100,000

i0-46 -" sW ofs. WaterRet. -May 11 ...... 15 22 1177 Production Area May21 52 77

1048 SW of S. Water Ret. April 28 21 31 1177 Production Area : May 21 32 47

1054 Production Area June 23 48 71 1179 Production Area _June 16 87 130

1054 Production Area June 23 33 49 1179 Production Area June 16 60 89

......:1-()54....-Produ-ction-Aiea- .... _3une-25 ........_ .....38.000 ............ 5610-0-0.............. 1182 Production Area June 16 650 970

1055 Production Area May 15 28 42 1186 Production Area _June 25 40,000 59,000

1073 Pit # 1 July 15 1,700 2,600 : 1189 Production Area June 28 12,000 17,000

_- 1073 Pit # 1 July 15 1,600 2.400 1189 Production Area June 28 9,900 15,000
..o 15 23 1195 Production Area June 28 5,800 8,600
..o 1081 Production Area April 13 .... _ ............................. !........................................................................................................................................L_J ...................................

-_ 1081 Production Area April 13 15 22 1195 Production Area June 28 6,000 8,800

5 .........................................................................................................................................1082 Pit # 6 April 13 510 750 ..........................................1196 Production Area . October 27 7,700 11,000

1082 Pit # 6 April 13 460 690 1201 Production Area June 29 240 350

m 1083 Pit # 6 April 16 98 140 1201 Production Area June 29 150 220

-< 1083 Pit # 6 April 16 96 140 1210 Production Area July 14 36 54

-_ 1084 Pit # 4 July 24 83 79 1210 Production Area July 14 35 52
..................... -69 " i213 Pioducti0n ,_,rea........ March 9.......... 71600.............. 1i1000

2 1084 Pit#4 july 24 47 ........ : .............................................
production Area June 29 52,000 78,000

1085 Production Area April 21 3,700 5,500 1214 .i .............................................
CD

-o 1085 Production Area April 21 3,500 5,200 1214 Production Area June 29 61,000 75,000

"-" 1110 Production Area June 10 35 51 _ 12i6 ! Pr0ducti0nArea June9 340 510
i i i i



TABLE 17" Comprehensive Groundwater Samples with Uranium Page 2 of 4

Concentrations above USEPA Proposed Standard, 1993 (a)
t"r3 i i

< Concentration Concentration Location Sample Date Concentration Concentration
Well(b) Location Sample Date (pCi/L)(C) (ppb) Well(b) (pCi/L)(C) (ppb)

i - i i

' 1283 Production Area May 25 59 881216 Production Area June 9 280 410
_ •

1218 Production Area May 1- 62 92 1283 Production Area May 25 41 61

_ 1218 Production Area May 17 55 82 1287 Production Area May 25 140 200

_o 1230 Production Area May 17 1,400 2,100 1287 Production Area ....May 25 140 200
CD . * " '

-_-2 1230 Production Area May 17 700 1,000 1287 Production Area May ;-,2 140 200

_ 1234 Production Area May 17 970 1,400 1291 Production Area .....July 1 640 940

_ 1234 " Production Area May 17 930 1,400 1324 Production Area July 10 92,000 140,000

_ 1236 Production Area May 17 3,100 4,600 1324 Production Area July 10 87.000 130,000

1236 Production Area May 17 390 580 1336 Production Area May 27 110 170

1239 ' Production Area May 13 22 32 1336 Production Area May 27 110 160

1240 " Production Area May 15 770 1,100 1338 Production Area July 8 780 1,100

1240 Production Area May 15 740 1,100 1339 Production Area May 26 450 670

1241 Production Area May 15 580 860 1339 Production Area May 26 430 640

• 1241 " Production Area May 15 310 460 1339 Production Area July 7 410 600

1242 " Production Area May 15 860 " 1,300 1352 Production Area May 28 40 59

1242 " Production Area May 15 92 ' 140 " 1352 " Production Area May 28 39 58
.... " ....... -Tq

1246 Production Area July 22 78 120 1357 Production Area May 28 24 36

1246 Production Area July 22 70 100 1359 Production Area May 26 340 500

1255 Production Area May 13 520 760 1359 Production Area May 26 280 420

1255 Production Area May 13 310 460 1359 Production Area May 26 34 50 m
<

1267 Production Area May 16 44 65 1361 Production Area May 27 32 4b

1267 Production Area May 16 38 56 1403 Production Area May 16 32 48 _-_

1269 Production Area May 11 17 25 1403 Production Area May 16 100 160 2........ m_.j

1269 " Production Area May 11 14 ' 21 1441 Waste Treatment Plant May 25 96 140 _:

1279 " Production Area May 25 69 100 1441 Waste Treatment Plant May 25 78 120 __°

1279 " Production Area June 2 62 92 1442 Waste Treatment Plant July 8 200 290

1279 Production Area June 26 40 60 1447 Waste Treatment Plant May 26 180 270
3J

1279 Production Area June 29 35 52 1447 Waste Treatment Plant May26 290 430

_, 1279 Production Area June 29 32 48 1509 Production Area _June 2 240 360.
I

1281 Production Area June 30 550 . 810 1509 Production Area June 2 110 170 ...o"°
ul 1281 Production Area June 30 530 790 1511 Production Area June 2 93 140

i i p i i i



> TABLE 17: Comprehensive Groundwater Samples with Uranium Page3of4 _>__I
N Concentrations above USEPA Proposed Standard, 1993 (a) _o

- Well(b) Location Sample Date Concentration Concentration Well(b ) Location Sample Date Concentration Concentration >
(pCi/L)(C) (ppb) (pCi/L)(C) (ppb)i i I

_ j i i

1511 Production Area June 2 93 140 2032 K-65 Silo Area June 7 14 21

1523 Production Area April 16 20 30 2032 K-65 Silo Area May 14 14 20

1523 " Production Area - April i6 18 27 2045 " South Plume. Onsite *August 3 350 520

1643 - Pit # 4 April 13 63 93 2045 " South Plume. Onsite _ April 28 " 260 " 380

1643 Pit # 4 April 13 55 82 . 2045 . South P!urne,0nsite_ ..... 2 APr!128 250 360

1644 Pit # 4 April 17 49 73 2046 Southwest of SWRB May 11 310 460

1644 Pit # 4 April 17 49 73 2046 Southwest of SWRB May 11 290 420

1645 Pit # 4 April 17 24 36 2049 South Plume, Onsite May 10 75 110• _ .........................

• 1645 - Pit # 4 - April 17 21 32 2049 South Plume, Onsite May 10 61 90

1646 Pit # 4 April 17 290 420 2049 South Plume, Onsite August 11 42 62

1646 Pit # 4 April 17 280 410 2084 Southwest of SWRB April 8 18 27

1676 Production Area May 12 19 29 2084 Southwest of SWRB April 8 16 24

1676 Production Area May 12 18 26 2095 South Plume Offsite May 11 63 93

1840 Production Area May 4 160 230 2095 South Plume Offsite May 11 54 82

- 1842 Production Area Sept. 24 130 190 2106 South Plume Onsite July 26 47 70

- 1842 Production Area March 9 66 " 97 2106 South Plume Onsite August 16 39 57

1869 Production Area May 4 20 29 2106 South Plume Onsite April 17 46 68

1891 " K-65 Silo Area " April 23 " 210 320 " 2106 : South Plume Onsite April 17 42 62

1892 K-65 Silo Area April 23 840 1,200 2108 SW of K-65 Silo Area June 7 17 25
............................. t ...................... _ .............. t ......................................

_ 1941 Southwest of SWRB April 30 370 550 . 2108 SW of K-65 Silo Area June 7 15 22

._ 1941 Southwest of SWRB May 28 260 390 2125 South Plume, Offsite May 20 29 43........................................... . .....................................

_ _ ................

1942 Southwest of SWRB May 28 390 570 2125 South Plume, Offsite May 20 28 41

1942 Southwest of SWRB May 1 230 340 2166 South Plume, Onsite January 25 72 110

1952 NW of Production Area May 15 38 60 2385 South of SWRB April 28 67 99

1954 Southwest of SWRB June 22 44 64 2385 South of SWRB April 28 56 82

_ 1954 Southwest of SWRB June 22 26 39 2387 South Plume, Onsite 1April 23 240 350

-_ 2009 SW of K-65 Silo Area June 7 18 27 2387 South Plume, Onsite April 23 220 330

August 5 190 2902009 SW of K-65 Silo Area June 7 18 27 2387 South Plume, Onsite ...............................................................................

_ 2015 South Plume, Onsite May 24 130 200 , 2390 South Plume, Onsite June 2 82 120
82 120-_ 2015 South Plume, Onsite May 24 130 200 2390 South Plume, Onsite June 2

2028 Pit # 3 July 28 17 25 2397 South of SWRB August 2 340 500
ii ii i I i i



_. TABLE 17: Comprehensive Groundwater Samples with Uranium Page4 of4
__ Concentrations above USEPA Proposed Standard, 1993 (a)
£3.

i ii : ii i

-. Well(b) Location Sample Date Concentration Concentration Well(b ) Location Sample Date Concentration Concentration
(pCi/L)(C) (ppb) (pCi/L)(C) (ppb)i ii ,,,, ,m ,! i iii. _ ii

2397 South of SWRB May 12 210 320 3084 Pit # 5 August 17 22 33_.............. .. ......................................................

2397 South of SWRB May 12 200 300 3084 Pit # 5 August 17 20 30

_ 2545 South Plume, Offsite May 25 45 66 : 3108 South of K-65 Silo Area June 7 21 32

2545 South Plume, Offsite May 25 33 49 3108 South of K-65 Silo Area June 7 21 32
L._ ................................................................................. :

2550 South Plume Offsite May 11 64 94 3125 South Plume, Offsite May20 32 48

2550 South Plume, Offsite May 11 51 76 3125 South Plume, Offsite May 20 31 45'-' ................................... : ............. 2.............................................
--_ .................................... _

_. 2551 South Plume, Offsite May 17 40 58 3390 South Plume, Onsite June 3 70 100

2551 South Plume. Offsite May 17 37 55 3689 South Plume, Offsite May 14 35 52
! ............................................................................................................

2624 South Plume, Offsite May 25 41 61 3689 South Plume, Offsite May 14 23 34
............................. : .............................................. ._............... _ ..................................

2648 Pit # 4 April 16 16 24 3880 South Plume, Offsite April 28 35 52

2648 Pit # 4 April 16 15 22 4013 Production Area April 20 20 30i....................................................................................................................................................................

2821 Pit#2 April7 24 35 :11032 South of SWRB June30 15 23
a................................................................................................ _

2821 Pit # 2 April 7 22 33 !-i-id6-9--gw o_f--PiocJ-Uc_on-Area---Juiy2-l- ..........._...............18 ............................-27................
............................................... .................. c ....................................................................... _ : - ............ -,-........................................................................................................................................................

2822 Pit # 1 April 26 45 66 11069. SW of Production Area July 25 14 20

2822 Pit # 1 April 26 44 65 ' 11107 • Production Area August 3 310 460

2945 Southwest of SWRB April 28 i,400 2.100 : 11107 Production Area August 5 83 120

2945 Southwest of SWRB May 26 1,200 1,800 11107 Production Area July 30 21 31
2954 Southwest of SWRB June 21 790 1,200 11107 Production Area July 30 54 80 _-_

........................ - ......................... _ ............................................................................................................. (_

2954 Southwest of SWRB June 21 760 1,100 11107 Production Area August 3 36 54

3001 West of Pit # 2 April 5 19 28 11107 Production Area August 3 36 54

3001 West of Pit # 2 April 5 15 22 _ 11107 Production Area July 5 43 65 -<

3014 South Plume, Onsit.e May 6 14 20 11230 Production Area Sept. 8 630 940 -_

3037 Production Area April 22 20 29 11230 Production Area Sept. 9 280 420

• 3069 South Plume, Onsit e . April6 ..... 15 ...... 22 ......... 11229 Fire Training Facility Sept. 16 26 38
3069 South Plume, Onsite Apirl 6 14 21 11229 Fire Training Facility Sept. 16 25 37 o

3084 Pit # 5 April 8 55 82 21033 South Plume, onsite June 17 29 43 _=.
................................. L .................................................................................................... "-'J

3084 Pit # 5 April 8 53 78 21033 South Plume, onsite June 17 28 41 "_
i i ii i i iii i,, p i i ii iii

_> (a) Proposed USEPA standard of 13.5 pCi/L (20 ppb).

i (b) See figures 41 through 44 on pages 109 through 112 for well locations. -_

(c) To obtain Bq/L, multiply pCi/L by 0,037.

I II I I I'



TABLE 18: Metals in Private Wells, 1993 PageI of3

MetalsListedin PrimaryDrinkingWater Regulations

Well Concentration (mg/L) ___<

Number (a) Arsenic Barium Cadmium Chromium Copper Lead Selenium >
i

1 0.018 0.42 , < 0:0050 . < 0,010 . < 0.025 0.0048 < 0.0050

3 0.018 0.51 _-0.0050 < C.010 < 0.025 , < 0.0030 < 0.0050

4 <0.010. <0.20. <0.0050i <0.010i <0.025_ o.ooe8 <0.0050
7 < 0.010 < 0.20 < 0.0050 < 0.010 < 0.025 . < 0.0030 < 0.0050

8 < 0.010 < 0.20 < 0.0050 < 0.010 < 0.025 < 0.0030 < 0.0050

9 . < 0.010 . <0.20 . <0.0050 . <0.010 ....." <0.025 ' <0.0030 <0.0050
10 <0.010 <0.20 <0.0050 _ <0.010 , <0.025 . <0.0030 . <0.0050

11 < 0.010 < 0.20 < 0.0050 < 0.010 0.030 0.020 -,,3.0050

12 < 0.010 < 0.20 < 0.0050 ," .........< 0.010 " 0.055 " 0.043 < 0.0050

13 < 0.010 . <0:20 . < 0.0050 _ <0.010 . <0.025 . < 0.0030 . <0.0050
14 < 0.010 < 0.20 < 0.0050 < 0.010 < 0.025 0.0077 < 0.0050

15 < 0.010 i < 0.20 _ . _< 0.0050 . < 0.010 . 0:039 _. 0.0074 < 0.0050
16 < 0.010 < 0.20 < 0.0050 , < 0.010 , < 0.025 , 0.015 . < 0.0050

18 < 0.010 < 0.20 . < 0.0050 < 0.010 < 0.025 < 0.0030 < 0.0050

19 0.049 , < 0.20 , < 0.0050 . < 0.010 ..... < 0.025 . 0.018 __ < 0.0050
21 < 0.010 < 0.20 < 0.0050 < 0.010 < 0.025 < 0.0030 < 0.0050

22 < 0.010 < 0.20 < 0.0050 < 0.010 . < 0.025 0.020 < 0.0050

23 <0.010 < &20 , < 0.0050 <0.010 . 0_038 , < 0.0030 . < 0.0050

24 < 0.010 < 0.20 . < 0.0050 < 0.010 . < 0.025 . < 0.0030 . < 0.0050

25 < 0.010 < 0.20 < 0.0050 < 0.010 < 0.025 < 0.0030 < 0.0050

26 < 0.010 < 0.20 < 0.0050 < 0.010 < 0.025 0.013 . < 0.0050
........ _00050 <0.010" <0.025i <0.0030 <0.005028 < 0.010 < 0.20 .....................

29 < 0.010 < 0.20 < 0.0050 , < 0.010 . < 0.025 . 0.025 < 0.0050

30 < 0.010 < 0.20 ....... <0.0050 _ <0.0.! 0 0:.027 . < 0.0030 . < 0.0050

32 . 0.013 , <...................0.20 < 0.0050 < 0.010 , < 0.025 , 0.013 < 0.0050.
33 < 0.010 < 0.20 < 0.0050 . < 0.010 , < 0.025 < 0.0030 . < 0.0050

.........

34 . < 0.010 , < 020 .... i < 0"0050 .... <0.010 ._ 0.042 . 0.0085 . < 0.0050
35 , < 0.010, <0.20 .... < 0.0050 , < 0.010 _ <0.025 _ <0.0030 . < 0-0050
36 < 0.010 < 0.20 , < 0,0050 _ < 0.010 . 0.11 0.0075 < 0.0050

37 < 0.010 < 0.20 < 0.0050 ...... < 0.010 ._ < 0.025 _ < 0_0030 ..... <0.0050

38(b) < 0.010 < 0.20 < 0.0050 < 0.010 < 0.025 0.0076 . < 0.0050

39 " < 0.010" <0.20 " <0.0050.... <0.01-0. ....01078" 0.0077. <0.0050
40 < 0.010 < 0.20 < 0.0050 < 0.010 < 0.025 < 0.0030 < 0.0050

41 < 0.010 < 0.20 < 0.0050 < 0.010 < 0.025 < 0.0030 < 0.0050

56 < 0.010 < 0.20 < 0.0050 < 0.010 < 0.025 < 0.0030 . < 0.0050

55 < 0.010 < 0.20 < 0.0050 < 0.010 0.034 < 0.0030 < 0.0050
I I I I I L

Primary 0.05 2.0 0.005 0.1 1.0 (d) 0.015 (d) 0.05
Standard (c)

i I i i i I i



TABLE 18: Metals in Private Wells, 1993 Page2of3

MetalsListedinSecondaryDrinkingWaterRegulations
,.

_- Well Concentration (mglL)£3.

m Number (a) Iron Manganese Silver Zinc
<_ i j i

1 3.6 0.019 < 0.010 0.026• . _ , ........................

3 . 3 . 3.7 . O.0!5 . < 0.0!0 _ <0.020
c_

4 0.10 < 0.015 < 0.010 0.054
7 1.9 0.14 < 0.010 0,056

8 0.20 0.15 < 0.010 0.055

9 < 0.10 0.23 < 0,010 0.025k._ . -

3 10 , 4.0 _ . 0:29 .... < 0.0!0 ...... < 0.020
@

11 <0.10 <0.015 < 0,010 0.23
_ 12 3.3 0.13 < 0,010 1.5

_ 13 < 0.10 0.031 < 0.010 0.032
t'-'l ....................................

"-" 14 0.63 0.34 < 0.010 0.075

15 0.72 < 0.015 < 0.010 0.060
16 2.2 0.33 < 0.010 0.10

18 3.1 0.25 < 0.010 0.082

19 1.5 0.30 < 0.010 0.024

21 1.1 0.24 < 0.010 0,077

22 < 0.10 0.049 < 0.010 0,024

23 0.11 0.074 < 0.010 < 0,020

24 < 0.10 0.10 < 0.010 0.035

• 25 , <0.!0 .... <0.015 . <0.010 _ _<0:020 ,
26 3.9 0.30 < 0.010 . 0.064
28 0.11 0.076 < 0.010 < 0.020................................ _J

29 2.0 0.19 < 0.010 0.020 a.

30 < 0.10 < 0.015 < 0.010 < 0.020 _"

32 0.91 0.36 < 0.010 < 0,020 _m
....................................... <

33 .... <0.! 0 .... < 0.015 <0,010............. <0.020 _
D

34 _ 1.5 , 0.015 . < 0.010 . 0.22 . 3
35 < 0.10 < 0.015 < 0.010 < 0.020 _7

36 < 0.10 < 0.015 < 0.010 0.090

37 0.29 0.22 < 0.010 < 0.020 o

38 (b) < 0.10 0.015 < 0.010 2.5 _.............................................. O

39 0.18 0.027 < 0,010 0.021 _

40 0.20 0.019 . < 0.010 0.17
41 < 0.10 < 0.015 < 0.010 < 0.020

> .... 55 . 0.17 . < 0.015 . < 0,010 .... <.0.020 ,
I 56 1.9 0.13 < 0.010 0.051

I%/ " _ J ' _
,o Secondary 0.3 0.05 0.01 5.0

Standard( c-)
i i i i i



TABLE 18: Metals in Private Wells, 1993 Page 3 of 3 -o_

Metals Not Listed in Drinking Water Regulations _
>

Well Concentration (mg/L)

Number(a) Calcium Magnesium Nickel Potassium Sodium
I

1 80 25 i < 0.040

....................................3 78 +i......................25 t,..............................< 0.040 < 5.0 _ 35
............................................ = ...... i

4 130 60 i < 0.040 < 5.0 _ 48

7 110 32 [ < 0.040 < 5.0 i 9.3
' < 5.0 19

8 _ 94 i 29 _ < 0.040 ! ..............
...............................................T...... ....... <0.040 <5.0 309

10- ............... 120 33 ' < 0.040 < 5.0 15

<0.040 _ <5.0 11

13 91 25 < 0.040 < 5.0 21

< 0.040 < 5.0 18

16 110 31 _ < 0.040 < 5.0 59
100 26 i 0.040 i < 5.0 1318 _............................... <

19 74 34 _p < 0.040 63 28 ,........................ + ................ _ ............

21 96 ! 24 i < 0.040 < 5.0 ! 10 i

24 120 i 34 i < 0 040 < 5 0 9.4 !
.................. =- ..................... R-.............................. '

25 110 ' 31 < 0.040 < 5.0 ' 9.2 i
.......................... _- ..................... !- .................

26 _ 93 23 < 0.040 < 5.0 11
< 0.040 < 5.0 : 6.0

29 91 25 : < 0.040 < 5.0 9.7

30 86 24 _, < 0.040 : < 5.0 14 (a) See Figure 36 on page 100 for well locations. One sample was
collected from each well. All samples were taken during the month

of July.
34 100 26 . < 0.040 < 5.0 : 11............................................. -_.................. 4 ...............
35 120 32 < 0.040 < 5.0 33 (b) Samples collected from a cistern.

36 120 27 i < 0.040 < 5.0 15 (c) USEPA drinking water regulations taken from 40 CFR Part 141,

37 140 __ 36 < 0.040 < 5.0 8.3 National Interim Primary Drinking Water Regulations - Subpart B -

38-(6)....- ..........._,6 ....... 10 j <-_ <5-_ _ Maximum Contaminant Levels, July 1992, and from CFR Part 143,
190 33 < 0.040 < 5.0 6839 _ _ National Secondary Drinking Water Regulations - Section 143.3

40 140 30 i < 0.040 < 5.0 22 Secondary Maximum Contaminant Levels.

41 110 35 _ < 0.040 ; < 5.0 37 !

55 ..... ] i2 .............._i 3-1................i..........<0_040 --_-.......<-5_- .......................! 91i............._ (d) USEPA drinking water regulations taken from 40 CFR Part 141,........................................................................... _-.............................. : _ National Interim Primary Drinking Water Regulations - Subpart 1-
56 , 100 i 26 ! < 0.040 < 5.0 5.6 _ Control of Lead and Copper, July 1992.I i i



TABLE 19: Nonradioactive Substances Page 1 of 6

__ above Primary Drinking Water Standards, 1993
CL
m , ' ; , , ' ' ' "

Concentration Primary Standard<_. Substance Well Location(a) Sample Date ,
S ! , 1 Imp'L! i , (mg/L)(b)

3 Antimony 1332 Production Area ! April 17 _ 0.135 0.006

_ Antimony _ 4013 Production Area April 20 : 0.0792 0.006

Antimony ; 1645 Waste Pit Area April 17 0.0786 0.006

_ Antimony 1080 Waste Pit Area April 17 0.0771 0.006
LC Antimony 1646 Waste Pit Area April 17 0.0709 0.006

3 = 0.006Antimony 1230 Production Area May 17 0.0704 ___L

Antimony ' 1645 Waste Pit Area April 17 0.0679 i 0.006

. Antimony : 4013 Production Area 0.0662 , 0.006cD

"-" . _A£ti_mony......................... 1644 Waste Pit Area April 17 .......................... 0:0623_................................0:£0_6...................
Antimony 1080 Waste Pit Area April 17 0.06160 0.006................................................ - ................................................ _ ..................................... __.......................................... . ................................................

Antimony : 1646 Waste Pit Area April 17 0.0538 0.006

A _n.t!mo_ny............................ 1240 -Pr0_ducti_onArea .................. Ma_y_15..................................... 0:0_51__7........................ O:006 ..............

Antimony 2066 NW Corner of Fernald Site April 7 0.0439 0.006

Antimony 1361 Production Area May 27 0.0305 0.006
; ............................................. _........................................................... .,_.............................. 4-..................................... --.............................................. m

Antimony ! 1059 NW Offsite September 29 0.0272 0.006
................................................... __ ...................................................... __.................................. +............................................... ..................................................

; Antimony 1189 Production Area June 28 0.0156 0.006

Antimony 1065 South of SWRB May 4 ' 0.0141 0.006

= Antimony 1941 South of SWRB April 30 i 0.0132 0.006 -n

Antimony 1954 Southwest of SWRB June 22 0.012 0.006 3

Antimony • 11085 Southwest of SWRB June 16 0.0074 : 0.006 _-

i Antimony _ 11032 Southwest of SWRB June 30 0.0061 i 0.006 _
'' 050Arsenic 1644 Waste Pit Area April 17 0.313 ' 0. _m

<

: Arsen!c ........................................!64.4__,.aste.P!t A[ea .....................................A p_ri!17......................._......... 0.191 ' ...................0_950 ............

' Arsenic 3009 Paddys Run, South of Silos June 7 0.186 0.050
Arsenic 2094 South of Fernald Site . July 26 0.168 0.050 -_

Arsenic 2094 South of Fernald Site July 26 0.161 t 0.050 _ -

Arsenic 3066 NW Corner of Fernald Site April 7 0.156 0.050 _o
..................................................... --.

Arsenic 3009 Paddys Run, South of Silos June 7 . 0.15 i __............................................................................................................................._............0:050.............
: Arsenic ; 3679 NW Corner of Fernald Site May 24 0.148 0.050 '........................................ :_.................................. __

, E)
Arsenic 3066 NW Corner of Fernald Site April 7 : 0.145 0.050

Arsenic 3679 NW Corner of Fernald Site ; May 24 0.144 0.050

Arsenic 2679 NW Corner of Fernald Site May 24 0.136 0.050 :

Arsenic 2679 NW Corner of Fernald Site May 24 0.101 0.050 : ..o
L................................................................................................................................................................................................................................................................................. L_J

Arsenic 1189 Production Area June 28 0.101 0.050
r i i , I i i |



TABLE19: Nonradioactive Substances Page2 of6
> above Primary Drinking Water Standards, 1993 >
I r_

w Concentration Primary Standard

Substance Well Location(a) Sample Date imp/L! im_/t.l(b ) _.i i i ,c

Barium 11229 North of Production 'Area September 16 3.35 2.0

Barium 1189 Production Area June 28 2.26 2.0
i i i

Beryllium 3009 Paddys Run. South of Silos June 7 0.131 0.004

Beryllium . 3009 Paddys Run, South of Silos .... June 7..... 0.125 ............... 0.004 .....

Beryllium 1719 NW of Production Area July 7 0.0282 0.004

• Beryllium .... 11229 North of Production Area , September 16 .......... 0.023. ! ................ 0.004 .....

Beryllium 2754 NE Corner of Fernald Site .., July 22 ............. 0.0116 ................. 0:00.4 _ _.
Beryllium 1201 Production Area June 29 0.0113 0,004

Beryllium 1189 Production Area June 28 _ 0.0_11! ................. 0:004 .......

Beryllium 1152 East of Production Area June 11 0.01 0.004

Beryllium 1214 Production Area June 29 0.0099 0.004

• Beryllium .... 11085 Southwest of SWaB . . June ! 6 ...... 0:0096 .......... 0.004 ....
Beryllium 1728 NW Corner of Fernald Site July 24 0.0095 0.004

. Beryllium , 11.032 Southwest of SWAB_ _. June 30 , . 0.0061 _ 0.004 .,
Beryllium 1161 Production Area February 12 0.0050 0.004

Beryllium 1148 Production Area February 4 0.0046 0.004

Beryllium 1359 Production Area May 26 0.004 0.004
i

Cadmium .. 3009 PaddysRun, South of Silos . Jun e 7 ............. 0.1_65 .......... 0.005 ......
Cadmium 3009 Paddys Run. South of Silos June 7 0.161 0.005

• Cadmium . 2754 NE Corne r of Fernald Site i July22 ......... 0.127 ......... 0.005 .
Cadmium 1189 Production Area June 28 0.070 0.005.

Cadmium 2420 Production Area July 15 0.0459 0.005

Cadmium 2754 N E Corner of Fernald Site . JulY 22 .......... 0.0345 ..... 0.005 .........
,,.o Cadmium 1065 South of SWaB May 4 0.034 0.005

m Cadmium 2420 Production Area July 15 0.0333 0.005

Cadmium 1201 Production Area June 29 0.030 0.005

_- Cadmium 1267 Production Area May 16 0.0246 0.005L,_ .......

o Cadmium 1214 Production Area June 29 0.021 0.005

Cadmium 2754 NE Corner of Fernald Site September 24 0.0205 0.005

S Cadmium 2733 SE Corner of Fernald Site July 28 0.0197 0,005

3 Cadmium 2733 SE Corner of Fernald Site July 28 0.0191 0.005r0 .....

Cadmium 2171 East of Production Area June 7 0.01690 . 0.005
Cadmium 2417 East of Production Area June 8 0.0168 0.005

"o
o Cadmium 1281 Production Area June 30 0.0155 0.005

Cadmium 2424 NE of Production Area July 28 0,0155 0.005
i I i



TABLE19: Nonradioactive Substances Page3of6
-_ above Primary Drinking Water Standards, 1993
r-_

<-. ' Well Location(a) Sample Date i Concentration i Primary Standard
Substance i i (_m_-I i (mg/L)(b)_7 i i ,

3 Cadmium _ 1363 Production Area July 1 _ 0.0141 ! 0.005

Cadmium 3024 North of Waste Pit Area April 12 0.0135 0.005

Cadmium 2426 East of Production Area July 28 0.0115 0.005

Cadmium 1025 Waste Pit Area July 7 _ 0.0113 0.005.................................................................................... . ....................................... _,_....................................

Cadmium 2432 SE of Production Area July 28 0.0102 0.005

Cadmium 1230 Production Area May 17 0.0097 0.005

-_ Cadmium 2432 SE of Production Area July 28 0.0096 0.005

_ _ Cadmium .......................... 2431 SE of Production Are a..........................S_ept_ember_]_4 ..............................0:0095_.................................0..0_0_5..................
Cadmium 2429 East of Production Area September 21 0.0094 _ 0.005

Cadmium 1357 Production Area May 28 0.0090 ! 0.005

Cadmium 2417 East of Production Area June 8 0.0083 * 0.005

Cadmium 1719 NW of Production Area July 7 0.0082 0.005

Cadmium i291 Production Area June 30 0.0082 0.005

Cadmium 1345 Production Area May 28 0.0079 ; 0.005

Cadmium 1353 Production Area July 7 0.0072 : 0.005
i

Cadmium 1354 Productiun Area July 9 0.0070 0.005

Cadmium 2426 East of Production Area July 28 0.0065 0.005

Cadmium 11071 Production Area 1 0.0061 _ 0.005July =

Cadmium 2432 SE of Production Area September 15 0.0059 _ 0.005 o.
• . i _ 0Cadmzum 1029 Silo Area July 12 , 0.0056 0.0 5 _"

Cadmium ' 11032 Southwest of SWRB June 30 0.0056 0.005

Cadmium 1719 NW of Production Area July 7 _ 0.0055 0.005

_--Cadmium 1352 Production Area May 28 0,0054 0.005 9
: =3

Cadmium 2733 SE Corner of Fernald Site September 17 0.0054 0.005 _.
Cadmium 2398 South Edge of Fernald Site September 17 " 0.0053 0.005 _:

Cadmium 2011 Waste Pit Area June 10 0.0053 0.005

Cadmium 1281 Production Area June 30 , 0.0052 .. 0.005 o

! Cadmium 1218 Production Area May 17 0.0051 _ 0.005 LQ
J

_3
Cadmium 1034 Silo Area July 12 , 0.0050 0.005 _,

5"

I -,0
W ,,o
W
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TABLE 19: Nonradioactive Substances Page 4 of 6 -u_u
rDI

above Primary Drinking Water Standards, 1993
4_ ×

' Concentration Primary Standard >

Substance Well Location (a) , Sample Date _i Im_/l'l i !mg/L)(b) J
Chromium 2754 NE of Production Area July 22 i 7.710 0.1

Chromium 1766 Waste Pit Area June 24 : 2.750 ......... 0.1

...........................................................................................................................................................................1.110 ...........................&l-....................Chromium 2624 South of Fernald Site

Chromium 11229 North of Production Area September 16 : 0.820 ........................... O.1

Chromsum i 1032 Silo Area July 25 ! 0.491 0.1

Chromium 1182 Production Area June 16 ...........................................................................

Chromium 1728 NW Section of Fernald Site

: Chromium 3009 Paddys Run, South of Silos June 7 0.278 .......... , 0.1 !

Chromium 3009 Paddys Run, South of Si os June 7 0.262 0.1

Chromium 1073 Waste Pit Area July 16 0.261 _ 0.1

Chromium 1189 Production Area June 28 0.261 ...................0.1 ................

Chrom=um 1152 East of Production Area

Chromium 11069 SW of Production Area July 24 0.236 9.1

Chromium 1201 Production Area June 29 0.223 0.1: .............................................................................................. -,.......................

Chromium 1031 Waste Pit Area April 26 0.221 0.1

Chromium 2754 NE of Production Area September 24 ; 0.213 0.1

Chromium 1214 Production Area June 29 0.202 0.1t
, Chromium 11085 Southwest of SWRB June 16 0.196 i 0.1

Chromium 11032 Southwest of SWRB June 30 0.167 i 0.1

Chromium 2636 South Plume May 25 0.155 0.1

Chromium 2125 South Plume May 20 0.151 0.1

--chromium ..............................1-074 wastePitArea ....................................April i3 ........................[ ....... 01i-'_5 .....................................-0-:1...........................

i 0.144 0.1-_ Chromium _ 1267 Production Area May 16
0.1

Chromium 41066 Production Area July 25 0.142
'q Chromium 1324 Production Area July 10 0 140 0.1............................................ _........................................-.................................... 4L....................................................................................................................

_- Chromium 1179 Production Area June 16 0.126 ' 0.1
_ 0.121r_ Chromium 1324 Production Area July 10
r-m

: Chromium 1359 Production Area May 26 0.116 0.1<

Chromium 1073 Waste Pit Area July 22 0.105 0.1

B ! Cyanide 3099 Paddys Run, South of Silos June 7 0.36 0.2¢ r
-m

_, Cyanide 3099 Paddys Run, South of Silos June 7 0.354 i 0.2 i

rD Mercury 3099 Paddys Run, South of Silos : June 7 0.0139 0.002

-oo .....................................................................................................Mercury 3099 Paddys Run, South of Silos " .......................................June 7 ;......................................0.0077 !.........................................-0[0C)2 i



TABLE19: Nonradioactive Substances Page5 of6
above Primary Drinking Water Standards, 1993

r-_ il li iiii i

Concentration Primary Standard
-< Sample Date

Substance Well Location (a) lm_/Lt (mg/L)(b)i i i i i

Nickel 2754 NE of'Production Area ' July 22 3.930 0.1

_ Nickel 2754 NE of Production Area September 24 2.0 0.1

......N!ckel ................................................_!_!2.29_N°__rth._£f_P r0d_ucti°,n_Area .............September ,16 ........................ ! .47 .............................. 0.1 .................
Nickel 2624 South Plume May 25 0.621 0.1

2_J ...............................................................................................LQ
Nickel 2754 NE of Production Area July 22 0.589 0.1

Nickel 1074 Waste Pit Area April 13 0.536 0.1

-c Nickel 1728 NW Section of Fernald Site July 24 0.442 0.1

_ Nickel 1074 Waste Pit Area April 13 0.398 0.1

Nickel 11069 SW of Production Area July 24 0.361 0.1

.....Nickel .......................................1!89 Prodf.JctionArea ...................................june 28 ..................................... 0:.352 ....................... 0:_!................................
Nickel 11085 Southwest of SWRB June 16 0.339 0.1

Nickel 1267 Production Area May 16 0.333 ..... 0.!...........
0.1

Nickel 1201 Production Area June 29 0.300 0.1

....N!cke! .......................................11032Southwest.ofSWR B .............. June 30 ................ 0.243 ......................... 0:1..........................

• N!cke!.........................................1._!45_p_r.0ducti°__nArea__.......................... June. 23 ........................... 0.206 ............................... 0.1.............................

• Nickel ............ 1214 Production Area ....... June 29 .......... 0.202 .... 0.1 .
Nickel 1031 Waste Pit Area April 26 0.201 0.1 m

Nickel 1182 Production Area June 16 0.185 0.1

Nickel 1149 Production Area February 3 0.144 0.1
................................. _--4"

Nickel 3009 Paddys Run, South of Silos June 7 0.137 0.1

. Nickel . 1941South of SWRB .... May28 .....................0.136 0.1 <__

....Nickel ....................................2560 South of Fer.na[d, near SR128 .........May 15 ................................... O.! 3# ...................................0:.1................................
Nickel 3009 Paddys Run, South of Silos June 7 0.131 0.1

Nickel 1359 Production Area May 26 0.130 0.1

Nickel 1246 Production Area July 22 0.128 0.1

Nickel 1954 Southwest of SWRB June 22 0.127 0.1 __

Nickel 1952 NW Corner of Production Area May 15 0.118 0.1 __.
.................................................................................................................................................................................................................. -3

Nickel 41066 Production Area July 25 0.117 0.1

Nickel 1942 South of SWRB May 28 0.116 0.1

_, Nickel 1110 Production Area June 10 0.110 0.1 5"
t Nickel 1179 Production Area June 16 0.101 0.1
W ..o

Nickel 1317 Production Area June 15 0.101 0.1
i i i i ii ii



> TABLE 19: Nonradioactive Substances Page 6 of 6 -o>
I "o

w above Primary Drinking Water Standards, 1993 E_

Substance Well Location (a) Sample Date Concentration Primary Standard >
Imp/El , (my/L) (b)[ !

• Seleniu_m .............. 3°09paddYS_ Run_,__S_.°uth°f..S!!0S_...........Ju.ne7_ ..........................! ............... 0:_192.............................................°:°50 ............
Selenium 0.189 0.0503009 Paddys Run, South of Silos June 7.................... _ ........ .. ....... ._ ......

Selenium 2754 NE of Production Area July 22 0.0563 0.050
i [ [ I I i i

_Thallium ........................ 3009 Paddys Run,. Sout h of_Silos ..........._June.7 .............................................0.094 ............. _ .................0-o02 ............. i
Thallium 3009 Paddys Run, South of Silos June 7 0.0895 0.002

Thallium 1025 Waste Pit Area July 7 0.006 0.002

. Thallium ...................... 2034 S!Io Area_ ..........................................JUne 14_...... : .................°:°022. ................__............ 0.002 .............
Thallium 1733 SE Corner of Fernald Site ' July 30 0.0020 0.002

i j iii I i i

Benzene 2639 South of New Haven Road March 29 0.011 0.005

Benzene 1196 Production Area October 27 i 0.0050 0.005
Carbon Tetrach_oride ' 1149 Production Area February 3 0.021 _ 0.005

Carbon Tetrachloride 11092 Production Area August 6 0.0050 0.005
i i ii

1,2-Dichloroethane .... 1149 Productio n Area ......... Februa_ a ........... 0.072 .......... _ 0.005

l_,.2?Dic_hloroethane ........... ! ! 4_8_Pr0duct!°n Area ............................... Febma_-3 ................................ 0068 ..........................................o:o95 .....................
i ,2- Dichloroethane 1145 Production Area June 17 0.061 0.005

|

1,2-Dichloroethane 1509 Fire Training Facility June 2 . 0.011 0.005

1,2-Dichloropropane 1196 Production Area October 27 0.0050 0.005
i _ I '

Ethylbenzene 2639 South of New Haven Road March 29 1.6 i 0.7
ii I J !

Toluene 2639 South of New Haven Road March 29 1.6 1.0

1,1,1-Trichloroethane 1509 Fire Training Facility : June 2 5.9 0.20

1,1,1 -Trichloroethane 1287 Production Area May 25 0.31 0.20

Z 1,1,1-Trichloroethane 1145 Production Area June 17 0.27 0.20

1,1,1-Trichloroethane 1283 Production Area May 25 _ 0.20 0.20........................................................................ .-...................................................................... _..........................
@
_ 1,1,2-Trichloroethane 1196 Production Area October 27 0.0050 0.005i
_j [ I [

_- Vinyl Chlodde 11096 Production Area August 5 0.12 0.002

Vinyl Chloride 11098 Production Area August 7 0.031 0.002i i i p
r'[q

<. (a) See figures 41 through 44 on pages 109 through 112 for well locations.
S

3 (b) USEPA drinking water regulations taken from 40 CFR Part 141, National Uranium Primary Drinking Water Regulations
- Subpart B - Maximum Contaminant Levels, July 1984.

©
;:::; ,



TABLE 20: Summary of Radiation Dose( a)
_ i ii i ii i

Percent
m Type of Dose Dose(b) Standard (c) ,_of Standard

...... rem ( L i l r , (a) Including dose from all radionuclides listed_ I. Individual m d) mmm(d in Table 21.

A. Maximum individual dose from air emissions, 0.016 10 0.16 (b) The effective dose is the weighted sum of
doses delivered to the individual organs of

the body. Effective doses are comparable to
B. ingestion (f)

:_ ....................................................................................................................................................................................... whole body dose equivalents whenL_
Produce (204 kg/year or 449 pounds/year) 0.01 100 0.01 considering the effects and risks of low-level=

N and milk radiation doses.

Well water 0.7 100 0.7
_ (2 _'day or 0.5 gallons/day) (c) Standards are as included in DOE Order_. .......................................................................................................................................................................................... 5400.5., "Radiation Protection of the Public
t"h

"- Great Miami River fish 0.01 100 0.01 and Environment." Also incorporated are the
(4.4 kg/year or 10 pounds/year) air emission dose standards of regulation 40

C. Direct radiation (g) 0.0 100 0.0 CFR 61, Subpart H (NESHAP).

D. Radon 450 (h) (d) To obtain mSv, multiply mrem by 0.01.
Maximum dose to public at the site
fenceline 8,760 hrs/year (e) Effective dose equivalent received as a

..................................................................................................................................................... result of 1993 estimated emissions

II. 80 km (50 miles) Population Dose (e) person-rem
....................................................................................................................... (f) Fifty-year committed dose equivalents

Total collective dose equivalent from air 0.3 (h) based on environmental measurements of

emissions excluding radon for 2,740,000 uranium in produce, milk, water, and fish.
people living within 80 km (50 miles)

III. Other Sources of Dose (i) (g) Whole body dose calculated from highest _.......................................................................................................................................... measurement along the Fernald site

A. Natural radioactivity mrem/year fenceiine, using environmental
.............................................................................................................................................. thermoluminescent dosimeters corrected for

1. Radon...........in homes 200 ..... background. =_
2. Other natural background radiation: cosmic 100 -<

radiation plus natural terrestrial isotopes. (h) There are no applicable standards. 5

both external and internal. .................................................. (i) From NCRP-93. "Ionizing Radiation
3. Well water in Fernald site area 0.4 Exposure of the Population of the United r

B. Medical diagnosis(J) 50 States."
............................................................................................................... .._

C. Consumer products 10 (j) Medical dose estimates are population 5
.................................................................................................................. "_

averages and will not necessarily be .
D., Atmospheric weapons tests ,, , 4.6 , ,,, , ,,,, applicable to each individual. _

,.,.



>

:> TABLE 21" Estimated Airborne Emissions for the Fernald Site, 1993 _
I -_

lag -- _--

c0 Radionuclide Total Curies Measured Curies (a) Estimated Curies (b) _
Waste Pit 5(c) Remaining Sources (d) >

Uranium-234 0.000056 0.00000012 0.0000019 0.000054

• Uranium-235 0.0000029 0.000000012 0.000000078 . 0.00000028

_rUranium-236 0.0000022 (e) 0.00000019 0.0000020

Uranium-238 0.000061 0.00000010 . 0.0000014 _ 0.000069 ......

Radium-226 0.0000012 (e) 0.0000012 0.000000046 .

Radium-228 0.00000033 (e) 0.00000015 0.00000018

• Thorium-228 0.000013 0.000000043 0.00000020 _ 0.000013

Thorium-230 0.000023 0.000000019 0.000022 0.0000013

Thorium-232 0.00000045 (e) 0.00000015 0.00000030

Thorium-234 0.00028 0.0000000025 0.0000014 0.00028i

(a) Measured emissions are from a single laboratory stack that was updated in 1993.

(b) There were no nonroutine radiological releases during 1993.

(c) .....Fugitive emissions from the waste pits.

(d) Includes three unmonitored stacks, two building vents, laboratory hoods, and the cooling tower.

(e) No analyses were conducted for these radionuclides.

m
,,O
.,,O
LAJ
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TABLE 22: Radon in Air, 1993 Page1of2

i i i H=

--- Fenceline Radon Concentration (pCi/L)(b)
Locations( a)

First Second Third Fourth Average
Quarter Quarter Quarter Quarter

AMS 1 0.10 0.13 (c) (c) 0.12
'-3 ..... _
5J

AMS 2 0.10 0.13 0.58 0.95 0.44

3 AMS 4 0.10 0.13 0.68 1.2 0.52

AMS 6 0.10 0.03 0.78 0.95 0.47
'"o

AMS 7 0.30 0.23 0.58 1.0 0.54

A 0.40 0.03 0.28 1.2 0.49
B 0.60 0.13 0.58 1.0 0.59

C 0,70 0.23 0.28 0.95 0.54

D 0.80 0.33 0.58 1.2 0.74

E 0.50 0.23 0.48 1.2 0.62

F 0.30 0.23 1.6 0.55 0.67

G (d) . 0.33 . 0.78 . 1.0 . 0.72 _
H 0,60 0.03 0.48 0.75 0.46

! 1,2 0.13 0.48 0.95 0.69

J 1.0 0.03 0.58 0.75 0.59

..................................................................... Z
K 1.5 0.13 0.68 . 0.95 . 0.82 . 3
L 0.40 0.43 1.2 0 85 0.72

...... _L

M 1.6 0.23 1.1 (d) 0.97

N 1.6 0.03 0.98 0.85 0.87

O 1.5 0.23 1.5 0.75 0.99 <_

P 0.10 0.33 1.1 (d) 0.50

Quarterly 0.68 0.18 0.76 0.96 0.63 ,-q
Averages

i |l i i i i

©

©
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-O)' TABLE 22: Radon in Air, 1993 Page 2 of 2

4= -_.
x

Background Radon Concentration (pCi/L) (b)
Locations(a)

ii|
J

First Second Third Fourth Average
Quarter Quarter Quarter Quarter iii

• Bkgd 1 .... 0:40 ...... 0.13 .... !:2 ..... 2.2 ..... 0.97 .....
gkgd 2 0.40 0.13 1.3 2.0 0.97

AMS 15 0.40 0.23 1.5 1.6 0.92

....AMs 16 0.50 0.13 1.3 i 18 " 0194.....
i I i i

Other Radon Concentration (pCi/L) (b)

Locations( a)
I

First Second _Third Fourth Average
Quarter Quarter Quarter Quarter

t I I

AMS 1A ' (c) _ (c) 0.48 0.85 0.67

• AMS 9 ......... 055 ........: .... 0113 .............. &78 ...... ; .......... 0169

" AMS 10 .... 0.30 0.03 0.58 (d) 0.30

AMS 11 0.30 0.13 0.48 0.75 0.42

......A_MS_12 ................ 0.10 ..................O:03_.............: .........0"78 .....................0.65 ...................._0_'_39_............
AMS 13 0.10 0.03 0.28 1.2 0.42

• RES1 - 0130 ...... 0'03 .... _ 0178 .......... 0185.........'0149-

; RES2 ...... "_ 0130........;..... 0.33 - _ 0.68 1.23 0.62

..........................................51go..........' ....51gg....................oi- g.............................................5 g7...........RES 3

m_ ................Quarterly 0_26...................0,1-4........ _ o16i ..... "- .... 0.89 ...................o150.....rb

Averages
_j i i i i

CL

(a) See Figure 48 on page 132 for locations.

(b) Corrected for instrument background except for the first quarter.<__
S
__ (c) Fenceline monitoring location AMS 1 was relocated to AMS 1A for the third and fourth quarters of 1993.

Cb
(d) Data invalidated due to instrument error.

"O
O

i



3 TABLE 23: DOE Quality Assessment Program for Environmental
Radionuclide Analyses Fernald Site Laboratories

_ Performance Results, 1993
<

I I IIII

° ; Sample Sample Units Uranium Values Ratio
Type Number _ Site Laboratories EML(a) Site Value/EML Value

............................ -_................. .. . ...............................................................................................................

Air Filter 93-09 gg/Filter 4.9 5.4 0.91
......................................... 4-...................... _ ........... _ ..........................................................

_ Soil _ 9:3---09 gg/g 1.3 2.0 ! 0.64
_ t i I t i i I i , i i i i

._ (a) DOE's Environmental Measurements Laboratory (EML).3

nO
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)> TABLE24: USEPA Quality Assurance Program forI
Wastewater Analyses Fernald Site Laboratori_-_s CL

Performance Evaluation, 1993 (a) >

Values USEPA USEPA

Parameter Units (b) Site True(C) Acceptance Performance
Laboratories Limits(d) Evaluation (e)

i I

Chromium _L 460 460 380- 530 ACCEPTABLE

Copper pg/L 460 410 360 - 460 ACCEPTABLE

Lead pg/L 340 450 390 - 510 UNACCEPTABLE

Nickel _g/L 1.300 1o300 1,200 - 1.400 ACCEPTABLE

pH S.U. 6.1 6.1 6.0 - 6.2 ACCEPTABLE

Total Suspended Solids mg/L 33 33 24 - 35 ACCEPTABLE

Oil & Grease mg/L 27 32 14 - 28 ACCEPTABL E

Ammonia - Nitrogen mg/L 9.5 9.8 7.8 - 12 ACCEPTABLE

Nitrate- Nitrogen mg/L 7.2 7.1 5.7 - 8.4 . ACCEPTABLE

Carbonaceous BOD mg/L 14 20 6.3 - 32 ACCEPTABLE

5 Day BOD mg/L 24 22 12 - 32 ACCEPTABLE

Total Cyanide mg/L 010 0.13 0.082 - 0.17 ACCEPTABLE

(a) USEPA Discharge Monitoring Report (DMR) Quality Assurance (QA) Program. The Fernald site, along with all other

National Pollutant Discharge Elimination Systems (NPDES) permit holders, is required to participate in these annual

laboratory performance evaluation studies (Section 308[a] of the Clean Water Act).

(b) S.U. stands for standard units.

(c) Actual parameter concentrations established by USEPA based on theoretical calculations or a reference value when

necessary.

Cc (d) Laboratory measured values which fall within this range are considered acceptable by USEPA.,,,O
k.J_J

(e) USEPA DMR-QA Study Number 013 conducted during 1993.
5J

<

o
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TABLE25: ProficiencyEnvironmentalTestingQualityAssuranceProgramfor WaterAnalyses,1993 PageI of2
S
3_

Summary of Performance of the Fernald Site's Laboratories
m

_ i i ii i ii

< Number Range Deviations
-_ Percent Recovery(a) Percentage

Parameter Units of of True from Mean( b)Min. Max. Avg. Acceptable (c)
Analyses Values Min. Max. Avg. :i ii ii I I i I

' ' - 0.002 4.5 _ 0.86...... 94....Ammonia-Nitrogen mg/L 16 0.19 9.2 57 110

Biochemical Oxygen mg/L 18 6.7 - 290 88 120 100 0.063 1.1 0.50 100
Demand

L£3
Calcium mg/L 18 2.3 - 56 93 100 98 0.094 0.76 0.35 100

Chloride mg/L 20 20 - 150 93 120 100 0.031 2.7 0.81 90

-_ Fluoride mg/L 18 0.060 - 14 92 150 100 0.018 2.2 0.44 100 '

_ Magnesium mg/L 18 1.9 - 24 91 100 96 ....................0.022 0.95 0.48 100

Nitrate-Nitrogen mg/L 16 0.35 - 9.8 92 . 100 _ 99 . 0.017 ._ 2.8 .... 0:50.............. 94 .............i

Oil & Grease mg/L 16 2.1 45 89 120 110 0.005 2.1 0.76 100

Potass=um mg/L 18 2.6 - 79 92 . 110 . 100 . 0.25 . 2.4 . 0.81 , 100....

Sodium . mg/L . 18 _ 22 - 140 95 110 100 0.021 2.6 0.56 94

Sulfate mg/L 20 12 - 150 78 150 100 0.12 4.5 1.5 85

Total Suspended Solids mg/L 16 24 - 330 . 83 . !00 . 92 . 0.00_4 . !.5 ........ 0:75........ 100

pH S.U. 18 2.6 - 9.6 98 100 100 . 0.007 . 0.92 . .050 .... 100 ...... ,

Arsenic pg/L 18 19 - 470 72 110 96 0.32 2.9 1.3 83. . - .......... + .............. .,

Barium pg/L 18 180 - 2,500 9.6 100 93 0.014 17 1.3 94

Cadmium lug/L 18 24 - 240 100 110 100 . 0.051 . . 1.2 _ 0.43 ....... 10....... :
Chromium (Total) pg/L i8 22 - 290 96 110 100 0.040 1.1 0.29 100 3.............................................................................. _ C_J

Chromium(Hexavalent) pg/L. 13. 0.022- 0.42. 86 .... 110 _ 100 ....... 0.037 ...... 1.7 ............. 0_.5! ............... 1._0_0.................... _.(j"l

Copper pg/L 18 30 - 270 62 110 98 0.079 4.6 1.3 100 _ _,............................... t"D

Iron pg/L 18 42 - 780 94 110 100 0.002 1.1 0.48 89

Lead _Jg/L . 18 33 - 480 10 1.500 170 . 0.048 140 9.0 100

Manganese pg/L 18 28 - 480 97 110 100 0.009 1.6 0.30 89 3

Nickel pg/L " 18 " 27 - 290 92 110 100 0.13 1.2 0.54 100 :

Selenium !ug/L 18 14 - 200 76 110 96 0.048 1.5 0.44 100 -
O

Silver _Jg/L 18 21 - 380 940 100 100 0.033 0.82 0.33 100

Uranium pg/L 18 80 900 1.00 130 98 0.099 37 4.1 83 o

Zinc pg/L 18 24 - 240 77 120 97 0.030 1.8 0.64 100
II ] t I i I i i i i ii l

Total 477 96 _ _:
i i i i i i i ,

I ,O

W



_' TABLE 25: Proficiency Environmental Testing Quality Assurance Program for Water Analyses, 1992 Page2of2
4_

x

>

(a) Percent recovery is the site's measured value, divided by the true parameter concentration, multiplied by 100.

(b) The standard deviation indicates the closeness of the site's measurement result to the mean value reported by Analytical Products

Group, Inc., which conducts the testing program. The standard deviation would be 0.00 if the site's result and the mean value were

exactly the same. The mean value is calculated from the results obtained by all laboratories participating in the control program. Any
measurement results which are significantly different from the true parameter concentration or statistically different from the majority

of results obtained by the other laboratories are not included in evaluating the mean value.

(c) This is the percentage of the site's measurement results for each parameter which met the USEPA "Acceptable" criteria of being
within 2.58 standard deviations of the mean value.

,,D
L_
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TABLE26: Fernald Site- ODH Uranium Sampling Comparison, 1992 Page1of33
_J

Groundwater Sampling Locations
m

<- Sampling : Sampling Concentration (pOt/L)(b) Sampling Sampling Concentration (pCi/L)(b)
Location(a) Date Fernald Site ODH _ Location(a) Date Fernald Site ODH

Welt 3 September 29 0.07 < 1.0 :_ Well 15 (c) April 22 140 I 160
_,_ _ .............................................................................. _ .................. -_

_ Well 15 (c) May 27 160 170
Well 4 January 22 1.2 1.5 ......._ _............................................................................. __

.....Wel-14....................Febru-a_-2(3 ......................1.-0-.........T ..........1_9-...... Well 15 (0) . June 30 180 ! 150
Well 4 March 25 1.2 1.4 Well 15 (c) July 22 160 ' 130

rb

3 Well 4 April 22 1.4 2.0 Well 15 (c) August 26 160 110
r'D ............... _ ............................................................. - .................................. I

Well 4 May 27 ' 1.3 < 1.0
"o

Well 4 June 30 0.95 1.9 Well 15 (c) October 28 160 150..................................................................... +-................... _ ................................... _

Well 4 July 22 1.3 1.4 ' Well 15 (c) November 30 150 120

Well 4 August 26 1.1 < 1.0 : Well 15 (c) December 26 170 130

Well 4 October 28 1.1 2.0 Well 16 August 26 0.47 < 1.0

Well 4 November 30 1.4 < 1.0 i Well 19 January 22 0.07 ._ < 1.0

Well 4 , December 26 1.2 2.0 Well 19 February 26 0.07 , < 1.0

...........Well 7 ..........................................May 27 0_47 ..........................< !:0 ............. , Well 19 March 25 0.07 < 1.0
• Well 11 January 22 0.95 1.0 ;-Weili 9 .....................Aprii-22 ....................T..............................0.07 - ........................................< 1.0

Well 12 February 26 120 1.1 Well 19 May 27 , 0.07 < 1.0
............................................. i ................................................................ ;.................................. _".................................... . ....................................... ........................................ "

Well 14 January 22 1.3 1.4 Well 19 June 30 _ 0.07 < 1.0

__We!l!4 ....................Februa_26 ......._.........__1.6_6_........__...... 2.5 ............. Well 19 July 22 0.07 < 1.0
Well 14 March 25 : 1.7 1.3 Well 19 August 26 0.07 < 1.0

Wel; 14 April 22 1.7 1.5 Well 19 September 29 0.07 < 1.0

Well 14 May 27 1.6 < 1.0 Well 19 October 28 0.07 < 1.0
Well 14 June 30 1.5 1.4 Well 19 November 30 i 0.20 4.0._.............................................................................. ._........................................ _..................................... _ rT-I

Well 14 July 22 1.5 < 1.0 Well 19 December 26 0.07 < 1.0 <
..........................................................................................................................................._ 25 0.68 < 1.0 =

Well 14 August 26 1.4 < 1.0 i Well 22 Marc h ...................-;...........................................-............................................_ -_
Well 14 September 29 1.2 < 1.0 Well 24 December 26 0.41 < 1.0 rD
Well 14 October 28 1.7 < 1.0 ' Well 25 April 22 0.34 < 1.0 __

Well 14 November 30 1.2 2.0 Well 28 .........................0Ctober28 ...........L.............°:6_1_..........._ ................!: ° ..............

Well 14 December 26 1.4 1.8 __Well_29......................June30 ......... 1.6 1.4 _,-

.......Wefii5ic) ...............Janua-_-2-2 ............- .........1-40-................_- .....1-70..................._ Well 35 . July 22 1.2 1.3 _
Well 41 November 30 i 0.61 1.0

m I _ m i _,

Well 15 (c) March 25 160 130
i i i i i ii i

I -o
,¢_ ,o
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:> TABLE 26: Fernaid Site - ODH Uranium Sampling Comparison, 1992 Page2 of3 -o_>t'D
I -_

£3.4_
e, Surfacewater Sampling Locations _

Sampling Sampling Concentration (pCi/L) (b) " Sampling Sampling Concentration (pCi/L) (b) >

Location(a) Date , Fernald Site ODH ,, Location(a) Date Femald Site ODH
Wl January 22 1.0 1.7 W4 . August 26 _ 0.9.5 . . < 1.0....

W1 February 26 1.1 1.1 W4 September 29 1.1 1.0

Wl " March 25 " 1.2 1.6 .. .W4 _ Octobe r 28 ..... ! .3............ <_!..0........

W1 April 22 1.1 < 1.0 . W4 . November 30 1.5 2.0

. W1 _ May2 7 . 1.1 < 1.0 ....... W4 _ _ December23 _ !.:3 ....... <.._!..:0............
W1 June 30 1.5 " < 1.0 VV7 March 25 . 6.6 7.0

W1 July 22 1.1 < 1.0 = W7 . April 22 . .2.5 _ 2.3 .

W1 August 26 1.1 < 1.0 . .. W7 ... N°vember_ 30.......... ! .4 ........... 4:7 ...........

" = W1 - SePtember 29 0.81 " 1.0 w7 . December 23 . 7.4 .... 5.0 . .

W1 October 28 1.1 < 1.0 ' W8 January 22 4.9 7.4

W1 November 30 " " 1.4 " 2.0 • W8 . February 26 . 2:7 . 3.2 .

W1 December 23 1.1 1.7 . W8 . March 22 _ . 2.4 . 4.0 . .

W3 January 22 . 1.4 2.1 W8 May 27 1.7 1.2
W3 February 26 1.4 1.5 . W8 . July 22 . . 2.0 1.0

W3 March 25 1.1 2.1 W8 August 26 1.4 2.0

W3 April 22 " 1.2 < 1.0 . W8 . September29 . 1.6 .... 1.4 .

W3 May 27 1.0 < 1.0 W8 . October 28 . 1.8 . < ! .0 __

W3 June 30 1.5 1.3 . . W8 ..... November 30 ...... 6:0 .......... 8:1 ........

" W3 July 22 1.4 < 1.0 W8 . December 23 . 1.8 1.0

W3 August 26 1.0 3.0 . W9 . January 22 ..... 2.4 ....... 1:9 ......

W3 September 29 . 0.89 < 1.0 W9 February 26 2.2 2.1..

Co W3 October 28 1.2 < 1.0 W9 March 25 2.1 1.4

W3 November 30 1.5 1.2 W9 April 22 1.7 1.2

W3 December 23 1.3 2.0 W9 . May 27 0.95 1.0

W4 January 22 1.1 1.6 W9 June 30 0.88 1.4£3.

W4 February 26 1.4 1.6 W9 July 22 1.5 1.5

W4 March 25 1.1 1.4 W9 August 26 0.68 _ < 1.0 .
" " 2.2 ..... 1.0 ..........< W4 April 22 1.3 1o0 W9 " September 29 <

So ...............W4 May 27 1.0 1.8 .......................................W9 October 28 1.7 . 1.0 .

- " " . _ 2.O ..W4 June 30 1.4 1.3 W9 _ November 30 . . 2.7

E_ " W4 July 22 1.5 1.3 W9 December 23 1.8 2.0
i I

-'O
©



TABLE26: Fernald Site - ODH Uranium Sampling Comparison, 1992 Page3of3

o_ Milk Sampling

<___ Sampling Concentration (pCi/L)(b) 'o
-_ Date Fernald Site ODH

March25 0.072 < 1.0
-., .............................................................

June 30 0.059 < 1.0

"_ September29 0.027 < 1.0
December 23 - 0.02 < 1.0
ii ii ii ii

"-d

(a) See figures 32 and 36 on pages 89 and 100for locations.
c

- (b) To obtain Bq/L, multiply pCi/L by 0.037.

(c) These wells are used for monitoring purposes only.
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Chemical Release Information for 1993

Among the information presented in the SERfor the Fernald site are estimates

on both radiological and nonradiological emissions to the environment. The

information in this appendix includes chemical release estimates from the

Superfund Amendments and Reauthorization Act of 1986 (SARA)313 report

for 1993 and a summary of emissions from the Boiler Plant during 1993. This

summary includes the chemical name, type and quantity of release, major re-

leasesources, and the basis of estimate.

To estimate releases, the Fernald site used a method that followed guidelines

defined by SARA313. These estimates do not reflect actual measured emis-

sions. Rather, the Fernald site estimated releases through material balance cal-

culation, monitoring data, or engineering calculations.

In caseswhere quantitative monitoring data, inventory estimates, or emission

factors were not readily available, release estimates were based on best engi-

neering judgments. Information obtained from air permits, rate of operation,

quantities used, and known treatment efficiencies were used to estimate quan-

tities released into the environment. Typically, assumptions based on best engi-

neering judgment were required in order to perform the calculations when all
variables were not known.

Calculations for Boiler Plant emissions were based on published AP-42 emis-

sion factors and coal use and analysis records for the Fernald site during 1993.

The SARA313 chemicals included in this appendix are a summary of the SARA

Title III,Section 313 Report, required by SARAlegislation. This legislation requires

facilities to report any listed chemical manufactured or processed the previous

year in excessof 25,000 pounds, or otherwise used in excessof 10,000 pounds.

This report is submitted to USEPAand OEPAeach year on July 1 for the previ-

ous calendar year and contains chemicals on USEPA'stoxic substance list.

FernaldEnvironmentalManagementProJect B - I



Appendix B

Fernald Site Chemical Release Information for 1993

Section One: Summary of SARA 313 Report
iii

Chemical Type Quantity - Release i Basis
Name of Release Released (Ib/kg) Sources "i of Estimate

, ....... i ! .....
Methanol Air: fugitive 860/390 :.Chemical Published

Processing Aid Emission Factors

Air: point source 150/70 Chemical , Published
Processing Aid Emission Factors

Water: 1,700/770
Great Miami River Chemical Best Engineering

Processing Aid _Judgment
Sulfuric Acid None 25/11 Battery Spills i Best Engineering

Judgment

Section Two: Boiler Plant Emissions
. i i

Chemical Type Quantity Major Release i Basisz

Name of Release Released (Iblkg) Sources of Estimate
I i I ii i

Particulates Air: 36,000/16,000 Fossil Fuels Stack Testing
stack emissions Combustion

Sulfur Dioxide Air: 630,000/290,000 Fossil Fuels AP-42 Emission
stack emissions Combustion Factors(a)

Nitrogen Oxide Air: 336,000/152,000 Fossil Fuels _AP-42 Emission
stack emissions Combustion ' Factors

Carbon Monoxide Air: 120,000/54,000 Fossil Fuels AP-42 Emission
stack em=ssions Combustion _Factors

Non-methane Air: 1,700/760 Fossil Fuels AP-42 Emission
Volatile stack emissions Combustion Factors
Organic
Compounds

i i i i i ii i

(a) Calculations were based on AP-42 emission factors and 1993 Fernald site coal use and analysis
records.

FernaldSite Source Reduction Information for 1993

Section One: Summary of SARA 313 Report
ii iii ! i

Chemical Type Quantity Treatment " Basis
Name of Treatment (Ib/kg) Method of Estimate

"' i ' ! , _ t ...........

Methanol ! Treated onsite 78,000/35,000 Biological-Aerobic Best Engineering
' Judgment

i I i i i ii

B -2 1993FernaldSiteEnvironmentalReport
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Glossary
Activity the rate of disintegration, expressed as disintegrations per second (Becquereis)

or in units of Curies (one Curie = 3.7 x I()mBecquerels).

ALARA a phrase and acronym (As Low As Reasonably Achievable) used to describe

an approach to radiation exposure and emissions control or management

whereby the exposures and resulting doses to the public are maintained as

far below the specified limits as economic, technical, and practical consider-

ations will permit.

Aliquot the fraction of a field sample taken for complete processing through an
analytical pr(x:edure (a "laboratory sample" of a field sample).

Alpha Particle type of particulate radiation (identical to the nucleus of the helium atom)
consisting of two protons and two neutrons.

Anion the negatively charged atom in an ionic compound.

Aquifer a body of r(_,'kthat is sufficiently permeable to conduct groundwater and

to yield economically significant quantities of water to wells and springs.

Background Radiation the radiation in the natural environment, including cosmic rays and radiation

fr(ml the naturally radioactive elements, both outside and inside the bodies
of humans and animals.

Backlog onsite waste awaiting permitted treatment, storage, or disposal options.

Beta Particle type of particulate radiationemitted from the nucleus of an atom that has

a mass and charge equal in magnitude to that of the electron.

Billet machined ingots. During production times at the site, these billets were shipped
to other DOE sites tbr use.

Biological Indicator organisms that reveal the presence of pollution in an ecosystem. For instance,

algal blooms indicate organically or nutrient enriched waters.

Blank a sample of the carrying agent (gas, liquid, or solid) normally used to selectively
measure a material of interest that is subjected to the usual analytical procedures

pr(x:ess to establish a baseline or background value. This value is then used to
adjus! or correct the routine analytical results.

Calibration the adjustment of the system and the determination of system accuracy using
known sources and instrument measurements. Adjustment of flow, temperature,

humidity, or pressure gauges and the determination of system accuracy should

be conducted using standard operating procedures and sources that are traceable
to the National Institute of Standards and Technology.

Confidence Coefficient the chance or probability, usually expressed as it percentage, that a confidence

interval includes some defined parameter of a population. The confidence

coeMcients usually associated with contidence intervals are 9()c/,,959_,

and 99t,4. For a given sample size, the width of the confidence interval
increases as the confidence coefficient increases.

FernaldEnvironmentalMan,4gerner_tProject D - I



Appendix D

Confidence Interval a value interval that has a designated probability (tile confidence coefficient)

el" including some defined parameter ()I"the population.

Conservative Estimate used frequently in environmental monitoring and dose calculation, it is based on

assumptions about an exposure situation that should result in the highest esti-
mate of a dose.

Contamination any substanceor material that is somewhere it is not supposed to be.

Critical Organ the human organ or tissue receiving the largest fraction of a specified dose limit.

Critical Pathway the specific route of transfer of radionuclidcs from one environmental compo-
nent Io another that restiits in the greatest fraction of tin applicable dose limit to a

population group or an individual's whole body, organ, or tissue.

Curie (Ci) and tire units of radioactivity that measure the rate ot" spontaneous, energy-emitting

Becquerel (Bq) transformations in the nuclei ,,1"atoms. One Curie equals 37 billion transforma-

lions per second. One Becquerel equals one transformation per second.

One Curie (37 billion Bq) of natural uranium is equivalent to a mass of about

1,5(X) kilograms (3,3(X) p,)unds).

Daughter a nucleus that results from radioactive decay; also, progeny.

i Decay the disintegration process o1'tin atomic nucleus.

Derby the main pi'odt_ct of the former site processing of uranium metal.

Derived the concentration _)l'a radionuclide in air or water that, under conditions

Concentration Guideline of continuous exposure for one year by one exposure mode (for example,

drinking water or breathing the air) that would result in either an effective

dose equivalent of ().I rein (I roSy) or a dose equivalent of 5 rein (50 mSv)

to any tissue, including skin and the lens of the eye.

Dose quantity of radiation absorbed in tissue.

Drum Equivalent the number of 55-gallon drums that it would take to contain a given volume
Of waMe.

Effluent Monitoring the collection ;.uld analysis of samples or measurenlents of liquid, gaseous,

or airborne effluents fl)r the purpose of characterizing and quantit3,ing

contaminants and process stream characteristics, assessing radiati()n exposures

it) members of the public, and demonstrating compliance with applicable
standards.

Enrichment a process to increase the percentage of a desired isotope such as uranium-235.

Environmenlal the lowest concentration tit which a radionuclide in tin environmental medium

Detection Limit can be unambiguously distinguished l'or a given c()nfidence level using a

particular combination ()f sampling and measurement procedures, sample

volume, analytical detection limit, and processing procedure.

Exposure Pathway a route by which materials could travel between the poinl of release and

the point (fl"delivery oI"a radiation or chemical dose to a person.

D - 2. 1993 Fernald Sit(: Environmental Report



Glossary

Fission the splitting of a heavy nucleus into two approximately equal parts,

accompanied by the release of large amounts of energy and generally
one or more neutrons.

Flux Rate a measurement of the emission rate of radon.

Fugitive Dust dust that did not flow through a production stack. This includes materials

such as dust from the waste storage areas, administration areas, and dust that

originated from construction activities.

Gamma Ray type of electromagnetic radiation of discreet energy emitted during radioactive

decay of many radioactive elements.

Glacial Till the mix of clay, silt, sand, gravel, and boulders deposited by the glaciers.

Half Life the length of time for half the atoms of a given radioactive substance to decay.

Hydrology the study of the properties, distribution, and circulation of water through the
local environment.

ICRP International Commission on Radiological Protection is an organization founded
in 1928 and whose function is to recommend international standards for radia-

tion protection.

Ingot remelted derbies and uranium scrap-metal from the tbrmer site production

process. They varied in weight, size, and shape according to how they were used
at this and other DOE sites.

Ionization removal of electrons from an atom, such as by means of interaction
with radiation.

Isotope atoms with the same atomic number but different mass number. Isotopes usually

have the same chemical properties, but could have very different radiological

properties (such as half life and type of radiation emitted).

Less than Detectable refers to a measurement or calculated concentration that is not statistically

different from the associated background or control value at a selected
confidence level.

Lithology the study, classification, and mapping of rocks and rock tormations.

Lower Limit of Detection the smallest amount of a contaminant that can be distinguished in a sample

by a given measurement procedure at a given confidence level.

Minimum Detection Level the minimum amount of the constituent or species of interest that can bc ob-

served by an analytical instrument and distinguished from background

and instrument noise with a specified degree of probability.

Mixed Wastes hazardous waste that has been contaminated with low-level radioactive

materials.

Monitor 1) to measure certain constituents or parameters in an effluent stream continu-

ously or at a frequency that permits a representative estimate of the amount over

a specified interval of time;

2) the instrument or device used in monitoring.
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N_CRP National Council on Radiation Protection and Measurements chartered by

Congress in 1914 and charged with developing radiation protection standards.

Nuclide a general term applicable to all atomic forms of the elements, including isotopes.

Null Allele an inactive group of genes.

Occurr_:nee any sudden release or sustained deviation from a regulated or planned

pedonnance of an operation that has environmental protection and

compliance significance.

Onsite refers to the area within the boundaries of a facility or site that is or can be

controlled with respect to access by the general public.

Opacity how much light is blocked by particulates present in stack emissions.

Operable Unit a discrete action that comprises an incremental step toward comprehensively

addressing site problems, Operable units may address geographical portions of a

site. specific site problems, or initial phases of an action performed over time, or

any actitms that are concurrent but located in different parts of the site.

Overburden the soil, rock, and other naturally occun'ing material overlying lhe bedrock.

Overpacking the act of placing a deteriorating drum inside a new, larger drum to preven!

further deterioration or the possible release of contaminants during storage.

Parent Material a radionuclide that produces a specific "'daughter" product either directly

or as a later result of radioactive decay or disintegration.

Person-rem a collective dose to a population group. For example, a d(_se olone rein to ten

people results in a collective dose of len person-rein.

Plate Out a thermal, electrical, chemical, or mechanical action thai results in a loss of

material by deposition on surfaces.

Point Source the single defined point (origin)of a release such as a stack, vent, pipe, or other

discernable conveyance.

Positive Interference during sampling analysis, this produces a result that indicates the presence

of a radionuclide when, in fact, there ix very little or no presence ef this radionu-

elide in the sample.

Potable Water water that ix suitable for consumptive purposes.

Radioactive Emissions releases of radioactive materials to the environment.

Radioactive Material refers to any material or combination of materials that spontaneously emits

ionizing radiation.

Radioisotope a radioactive isotope.

Radionuclide refers !o a radioactive nuclide. There are several hundred known radionuclides,

both arlificial]y produced and naturally occurring: radionuclides are characterized

by the number of neutrons and protons in an alom's nucleus and their characteris-

tic decay princesses.

Random Samples samples that are obtained in such a manner that all items or members of the lot,

_r population, have an equal chance of being selected in the sample.
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Glossary

Remedial Action an action that is consistent with the final remedy following a t_)rmal examination
of the nature and extent of the release, or threat of release, assessment of the risk,

and selections of the final remedy based on an evaluation of possible alternatives

(R I/FS process).

Removal Action any necessary action to abate an immediate threat to health and the environment,

including actions necessary to monitor, assess, or evaluate the threat.

Representative Sample a sample taken to depict the characteristics of a io1 or population as accurately

and precisely as possible. A representative sample may be a "random sample" or

a "stratified sample" depending upon the objective of the sampling and the

characteristics of the conceptual population.

Roentgen Equivalent Man units of dose which account for the relative biological damage due to the type of

(rein) and Sievert {Sv) radiation inw_lved. Ot_e rein equals 0.01 Sv.

Roentgen (R) and Coulombs units of exposure to radioactivity. One R equals 2.6 x 10'_ C/kg, and is a measure

per kilogram (C/kg) of the ionization in air due to a source of radioactivity.

Sample I ) a subset or group of objects selected from a larger set, culled the population:

2) an extracted portion of a subset of an effluent stream or environmental
medium.

Sampling the extraction of a prescribed portion of an effluent stream or of an environmental

medium for purposes of inspection and/or analysis.

Scintillation (,'.ell produces a light pulse when struck by an alpha particle and is able to be counted.

Sensitivity the minimum amount of a radionuclide or other material of interest that can

repeatedly be detected by an instrument, system, c_rprocedure.

Site Characterization designed tc_provide the information needed to identify site hazards and to select

worker protecticm methods.

Spikt_! Sample a normal sample of material (gas, liquid, or solid) to which a known amount of

some substance of interest is added. Spiked samples are used to check on the

perliwmance of a routine analysis or the recc_veu efficiency of an analytical
method.

Terrace Remnants land that stands higher than its summndings due to erosion.

Thermoluminescent used it) monitor the ;|mount of radiation to which it has been exposed.
Dosimeter

Tolerance Limit,_ a parlicular type of confidence limit used frequently in quality control work,

where the limits upply to a percentage eft the individual values

(_t the pc>pulation.

'rransuranic an element with an atomic number greater tharl uranium.

Wetland areas covered _t saluraled with water for enough time to support w'ater-h_ving

vegetati_m. Typical wetlands include swamps, marshes, and bogs.
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