CALENDAR YEAR 2018
PADUCAH GASEOUS
DIFFUSION PLANT
ANNUAL SITE
ENVIRONMENTAL
REPORT (ASER):
STUDENT SUMMARY

ABSTRACT

Student Summary of the DOE Paducah
Gaseous Diffusion Plant Anhnual Site
Environmental Report (AGER) document for
2018.

MARSHALL COUNTY HIGH
SCHOOL

2020 - 2021 MCHS Ecology Classes




Calendar Year 2018

PADUCAH GASEOUS DIFFUSION PLANT ANNUAL
SITE ENVIRONMENTAL REPORT (ASER): Student
Summary

October 2021
Marshall County High School Ecology and Physics Students

Based oh {J.S. Department of Energy PaducCah Gaseous Diffusion Plant Calendar Year 2018 Anhnual Site
Environmental Report (ASER), September 2018 (FRNP-RPT-0083)

Prepared by
Kentucky Research Consortium for Energy and Environment
for
United States Department of Energy Portsmouth/PaducCah Project OfFice

AcCknowledgment: This material is based upon work supported by the Department of Energy under Award
Number DE- EM000%146

DiscClaimer: This report was prepared as ah accounht of work sponsored by ah agency of the (Jnited States
Government. Neither the United States Goverhment hor any agency thereof, hor ahy of their employees,
makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, Or usefulness of any information, apparatus, product, or process disclosed, Or represents
that its use would hot infringe privately owned rights. Reference herein to any specific commercial
product, process, Or service by trade hame, trademark, manhufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the UUnited States Governhment or
any agency thereof. The views and opinions of authors expressed herein do hot necessarily state or
reflect those of the (United States Goverhment or ahy agency thereof

Cover Photo: Tupelo Swamp [oCated in the West Kentucky Wildlife Management Area in the ViCinity of
the Department of Energy’s PaducCah Gaseous Diffusion Plant Reservation.

2|Page Calendar Year 2018 PGDP ASER: Student Summary



Table of Contents

TabIE OF CONTENTS «euverererrrrererrreeeerereeeesereeeeseeens 3
LISt OF FISUYES weveeerrrreeervreeeerrerereesvereeeesssesesseseenns 4
LSt OF TADIES cevvveerrreerrreerreerreerreeenrvrensresssreessnenes 5
Message from the Department of Energy........... 6
O =T 1 7
LEtter £rOM ClASS wvererverereeerrerereerereeresresssnesanee 7
B3 0] 0) 711 YRS 8
1. History & BaCKEroUNd....cccecerreeemmmerreeerrenennnnne 9
1.1. The Need for JraniUM....eeeeeeeeeeeeeeeeeeeeeees 9
I TRV [V 2T Yo [U 0T | F O 10
1.3. PGDP CONStrUCtion ...cceeeeeevreeeeeeeeeeeeeeees 11
1.4. PGDP OPerations .....cceeeeeeeeeeeeeeeeeeeeeeeeens 12
1.¢.1.  Uranium EnriChment......ccceeeeveennne 13
1.4.2. QOther Industrial & Technical
ACTVITIES ceieeeeeeeeeeeieecccrrereeeereeeccrneeeeeeeees 13
1.5. [,egaCy Operations....c.cceecerreerreerreereennes 14
1.5.1. Deactivation, Decontamination ¢
Decommissioning ¢ Demolition.......cceee...... 14
1.5.2.  ENVIironmMental ...ceeeeeeeeeeeeeeeeeeeeeeeeeees 15
2. Gite Getting ¢ Environmental Setting ........ 18
2.1. it LOCAtION ..cevnriinriiriireieiiiccneecnaeeane 18
2.2. ClMATE curereeeerereeeerereeeerereeeerrereeessereeeenens 18
2.3. Hydrology/HYdrOZeo(|08gY.......ccovuveervreervnenns 19
3.  PGDP Environmental Compliance Summary
21
3.1. BACKErOUNd...ceeeeeereericeeeeeenens 21
3.2. Calendar Year 2018 Environmental
ComplianCe SUMMAYY .coevurriiiiiieiiiiieeiciieeeans 21
3.2.1.  Primary Environmental
LaWS/RESUIGTIONS c.eeereeeeeenrreeeenreeeeecnreeeeenens 22

3.2.2. TRadiation Protection Regulations. 23

3.2.3.  Additional Major Regulations....... 23
3.2.¢. QOther environmental Statutes ...... 25

4. Environmental MONitoring .....ceceeeeeevreeveenne 26
L T V) [ 26
G2, HOW revreeiieeneieeeneeeeeneeeeeneeeernneesesaneeeennnns 26
4.3. Gite MONItOring ..ccceevvuvvrvuriiiieiieeeiaiennns 26
175 e TR+ N ) RN 26
4.3.2.  Surface Water......cceveeevnriecnenns 26
4.3.3.  Sediment....cceeeveeeeniecicicnenens 26
4.3.4. TPBIOtaA/FOOd ...cceeereerrerrrrrrrrrrrrrrrrrennnns 33
4.3.5. GrOUNAWALEY c.uvvveeerrereeenrereeenreneen 33

5.  Environmental Radiatioh Monitoring........ (5]

3|Page

5.1. Background: The Atom & Radioactivity 41
5.2. Environmental Radiation Background...¢3

5.2.1. TRadioactive Materials....cccoveeeeernn. 43
5.2.2.  SOUrcCes/PathWways «...cccceeveerreereernces 44
5.2.3. TRadiation ProteCtion .........eeeeeeeeeees 44
5.2.4. DOSE ASSESSMENT....ueereeeraereraneenanee 45

6. GiteRadiation Monitoring & Dose
ASSESSMENT c.ceveevinreerereereeeessesseestessessesseessessesseens 46
B.2. AT e 46
6.2. SUrfaCe Water ....ccoveeececnrenueniciennenne 47
6.3. DrinKing Tater..cccvueeeeereereerereeerrereeescnes 47
6.4. Landfill LeaChate ...cccceevrrervrrercreereeerennens 48
6.5. SEAIMENT c.eevuerirneeeererriiececnreneeecceennene 48
6.6. Wildlife and Food Consumption............. 48
6.7. Exterhal Radiation EXposure.........ce..... 48
6.8. Total Dose to the MET...ccccueerveerveeeeenenns 48
7. PUDIIC iNVOIVEMENT...uerrrercrercrercrereereereenanes 51
7.2. PGDP CAB .ceeevveeeertreeeerereeeeveeeeeeveeeens 51
7.2, Gt VISIES ceveeverrerrieeenreniiieeecneseeeeseenens 51
2% T =o [V oF: ) o [o] s Ot 51
74 QUEIrEACH ceeeeteeeeeeeerreerrrteeeeeeeeeenaneereaeseeens 51
(€ [015.Y:) o 25T U RRN 52
Classroom and Field ACtIVItieS...cccccereereerreeenenn. 56

REFEIENCES....eevereeeeriererereeeeresteserssesessesessssessssenens 65

Calendar Year 2018 PGDP ASER: Student Summary



List Of Figures

Figure 1. Einstein’s [etter to the President........ 9
Figure 2. Clinton WWorks facilities in Qak Ridge,
TENNESSCEL ceeeeeeeeeeeerereeeereeereseeeeeessereseesasesesssseenns 9

Figure 3. PGDP 8th Stage Converter ¢ Its Crew10
Figure ¢. Gaseous Diffusion Converter details.. 10
Figure 5. Flow of (JFsin a Gaseous Diffusion
CASCAUC e cevreerrereerretrectreerrestressresseensressrenseessrensnes 10
Figure 6. AEC & DOD Choose Paducah Site......11
Figure 7. Paducah Suh Headlihe, Friday,

DECEMDET 15, 21950.c.uueeerrecreecreacrrecreesreaerressessesnens 1
Figure 8. 19408 KOW Guard Shack (Read the

GIENS) wenvenrenerrerrenteteersertesteessessestetssessessesessessessenees 1
Figure 9. Workers in Line at PGDP Portal .......... 11
Figure 10. C-331 Early CONStruCtion.....cccceereeneeen. 12

Figure 12. C-331 Process Building Completed .....12
Figure 12. PGDP Opehing Ceremony, September.

1952 ceuiieireiiiiriiieetiritreereresressastessnssnnsenssnssnssanssnnne 12
Figure 13. PGDP Cylinder Yard ....ccceceeervecvecrennen. 13
Figure 1¢. Urahium metal button..........ccueeeneeeneenee 13
Figure 15. The PGDP DUFs Conversion FacCility..1¢
Figure 16. The DUFs Conversion Process ............ 14

Figure 17. C-3¢40 Metals Complex with transite
siding that is sealed to stabilize hazardous and

radioacCtive materials during demolition .............. 15
Figure 18. Workers deactivate C-3¢0 Instrument

CYSTOMS cevuerereneenernerrerueeenerseseeeesessesseeeneeneenesenees 15
Figure 19. Demolitionh of C-3¢0 Structures.......... 15
Figure 20. The C-3¢0 Site following Demolition .15
Figure 21. C-410 & C-420 COMPIEX..euveercueeraeereneen. 15

Figure 22. Deactivation radiation sCreening....... 15
Figure 23. Gteel girder removal during C-¢410/C-

LYo X0 (11101 LS [0) 1 N ORTOR TR 15
Figure 2¢. PGDP Reservation and Surrounding

165 o YT 18
Figure 25. PGDP ¢ VIiCiNity MaP..eccreeeeeereecrreerennns 18

Figure 26. PGDP Watersheds (KRCEE, 2019)
based on KY 2013 LIDAR for McCracken

COUNTY. ctteterenreerertestesseseessessessessessessessesssessessesses 19
Figure 27. Amphibian Study Wetland Tracts
SUrrouNding PGDP -eeeeeeererrerrrerereccscecseeeeceeeeeeenens 20
Figure 28. PGDP Air Monitor [,ocations ........... 27
Figure 29. PGDP Surface Water Sampling

50 107 o [0 3 Y 28
Figure 30. Surface Water ahd Seep Monitoring
WIth TCE TYENAS eeevverrerereenrenrerereesrenseseeseessennes 29

4|Page

Figure 31. Surface Water and Sediment

Monitoring [LOCAtiONS 2018....c.cccurerreueeerirnuneerannnne 32
Figure 32. Cross-section of the PGDP GW Flow
CYSTOM wenveneenermeereneeeenerseneeeeeesesseneentssesseeesessessensens 33
Figure 33. PGDP Groundwater Surveillance and
Compliance Monitoring THEIIS..cccevveeeerrvrerecrveeraens 3¢
Figure 3¢. PGDP Groundwater Contaminant
COUICe ATQAS...ccurirrrrirrieitrrinreinrresaresare e cnaees 36
Figure 35. TCE Removed through Northeast
Plume COontainment SYSEM c..eeeueereereerreerreereennees 37
Figure 36. TCE Removed Through Northwest
Plutme Groundwater Treatment System............... 37
Figure 37. Scanning Transmission Electron
Microscope Photo of @ Hydrogen Atom............ 41

Figure 38. Bohr Mode| of the Hydrogen Atom....41
Figure 39. Bohr Mode| of Hydrogen Isotope

AATOMS cerereereeererrcreeerecereereeeeseeereeseseressesneeesaens 41
Figure ¢0. Stable and Unstable Atoms................. 42
Figure 41. Average Anhnual Radiationh Dose......... 43
Figure ¢2. Radiation Exposure Pathways ............. 44
Figure ¢3. Dosimeter Direct Dose [Monitoring
LOCAtIONS cceieeereeeeieeceereeeereeceeeeeee e s e eenneneees 49
Figure 4¢. MCHSE Student displays a satmple

during WKWMA field daY...ccceeeeerrmereereeneernennneens 56
Figure ¢5. MCHS Students collecting samples
during WKWMA field daY....ccceeevrveerereerreerereesanns 57
Figure 46. MCHS Student collecting a water
sample from @ WKWMA Stream.......ccevevevevnene 58
Figure 47. MCHS Student handling wildlife during
WKWMA Field daY....ceveverererererererereresvereseseserenans 59
Figure 48. MCHS students collecting soil

SAMPILS ceveeveeueenrerrerereetenreseeseetesseseeeensessasseseenes 60
Figure 49.MCHS Students catch wildlife at
WKWMA FIeld daY...ccoeeeeeeeeeeeeeeeeeeeeceeneensnns 61
Figure 50. MCHS Students catching wildlife in a
stream duringWKWMA field day.......cceeeevnernnennne 62
Figure 51. MCHS Student handling WKWMA
wildlife in the ClasSSrOOM....cuueevnrererreeirerinrerennnee. 63
Figure 52. MCHS Student reCreates a sample
Water aNd SOI| SYSTEM.uuureerererreeveeemeevvreeveeenmennnennens 64

Calendar Year 2018 PGDP ASER: Student Summary



List of Tables

Table 1. Surface Water Monitoring [ocations

2018 ceuvreerreenrreenereerreessreersreenaressreesresssesssaeennaees 30
Table 2. Range of Anhalytes Detected in Surface
ALY ceeeiireeeecreeececreeeeereeeesreeeeesaneesssnneessssnneeens 31
Table 3. Groundwater Monitoring 2018.............. 35
Table ¢. TCE Removal at Groundwater Source

B = LYY 36
Table 5. MCL Exceedances at the C-746 Landfill
COMPIEK e enrvreenrreerreeerveeevreessreessresssseessssessssessssesnsns 39
Table 6. Groundwater Monitoring Analytes ¢
TRANGE OF RESUILS cevvreenrreerreerrrrenrreereeensveensneeeenes 40
Table 7. TYPeS OF radiatioN..c.cceevveeeveeercreereeerennens 7y}
Table 8. Radioactive Air REI€ASES.....cccevvurrreeernne. 46
Table 9. Air Release Dose EStiMates ....ccceveeneeenn. 46
Table 10. Collective Dose from PGDP Airborne
TREICASES «eevveeereeereereeeeeeeeeeeecteereesreeeseeeeeeeenreeesenns 47
Table 11. Radiation Effluent Monitoring............ 47
Table 12. Sediment Ihgestion DOSE ........cceeuveruee 50

Table 13. Summary of Potential Radiological Dose
to the MEI from the Paducah Site for CY 2018 50

5|Page Calendar Year 2018 PGDP ASER: Student Summary



Message from the Department
Of Energy

Every calendar year the U.S. Department of Energy (DOE)
conducts comprehensive environmental monitoring at the
Paducah Gaseous Diffusion Plant (PGDP) site and nearby
areas to ensure protection of human health and the
environment. Each year the PGDP site publishes a summary
of its environmental monitoring activities in a
comprehensive Annual Site Environmental Report (ASER).
This report is available online on KRCEE’s website and
widely distributed to elected officials, the Marshall County
Public Library, The Citizen Advisory Board, and Marshall
County High School.

Environmental work at DOE’s facilities is technically
complex and challenging. The scale of the PGDP industrial
compley, its infrastructure and impacts on the surface and
subsurface environment magnify the technical complexities
faced by the DOE in its management and cleanup efforts.
Beginning in 2014 DOE’s challenges increased with the
shutdown of PGDP’s enrichment operations and the
preparation for the dismantling of enrichment process
facilities.

During the 2020-21 school year, Marshall County (Kentucky)
High School Ecology and Advanced Placement (AP) Science
students participated in classroom and field activities
related to the DOE’s Paducah Site Environmental Report for
Calendar Year 2018 (2018 ASER). Students compiled the
results of their ASER review in the document CALENDAR
YEAR 2018 ANNUAL SITE ENVIRONMENTAL REPORT (ASER):
Student Summary Report.

The annual ASER Student Summary Report is an important
tool DOE uses to explain the PGDP environmental
monitoring and remediation programs to stakeholders and
the public. PGDP environmental data collected from sail,
surface water, sediment, air, and groundwater during 2018
indicated that the site was in compliance with regulatory
and human health standards and was also actively pursuing
the remediation of on-site sources of environmental
contamination and the deactivation and dismantlement of
the site’s industrial facilities and infrastructure.

The PGDP site sincerely appreciates the work of the
students and staff at Marshall County High School in the
production of the CALENDAR YEAR 2018 ANNUAL SITE
ENVIRONMENTAL REPORT (ASER): Student Summary
Report. On behalf of the entire Department of Energy, we
congratulate each of you for your effort, enthusiasm, and
willingness to support DOE with this project.
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We hope that you enjoy and appreciate your interest in the
CALENDAR YEAR 2018 ANNUAL SITE ENVIRONMENTAL
REPORT (ASER): Student Summary Report.

Sincerely,

Jevrunifer Wooolaards pok paducah site Lead

Production Team:
Thomas Pinkerton, UK Center for Applied Energy Research

Special Thanks to:

Tina Marshall, Marshall County High School Science Teacher
Steve Christmas, Four Rivers Nuclear Partnership, Public Relations
Tracy Taylor, DOE, PPPO Support Contractor

Robert Smith, DOE, Paducah Site Public Relations

Dr. Steve Price, UK College of Agriculture Assistant Professor
Andrea Drayer, Wildlife Technician, UK Dept. of Agriculture
Dr. Richard Halbrook, SIU emeritus, Ecological Sciences

Ms. Stephanie Brock, Kentucky Radiation and Environmental
Monitoring Laboratory Manager

Tim Kreher, West Kentucky Wildlife Management Area
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Credits

Letter from Class

Dear Reader,

The students of Mrs. Marshall’s ECology and AP
Physics classes at Marshall County High School
Collaborated to Create this Student Summary of the
U.S Department of Energy Paducah Gaseous
Diffusion Plant (PGDP) Calendar Year 2018 Anhual
Site Environmental Report (ASER). We hope this
report helps you understand the history and
importance of the PGDP, what industrial operations
related to Urahium enrichment occurred at the
PGDP and what activities the DOE conducted in
2018 tO ensure complianCe with environmental [aws
and regulations.

We are thankful for the opportunity to explore the
PGDP and learn about Urahium enrichment. The
nearly 80 students that partiCipated in the
preparation of this ASER Summary report are listed
below.
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AcCronyms

AEC Atomic Energy Commission

ASER Annhual Site Environmental Report

CAB ‘Paducah Citizens Advisory Board

CERCLA Comprehensive Environmental Response,
Compensation, and Liability ACt

CFR Code of Federal Regulations

CY Calendar Year

D¢D Decontamination and Decommissioning
DOE United GStates Department of Energy
EIS Environhmental ImpaCt Statement

EPA U.S. Environmental Protectioh Agency
FFA Federal FacCility Agreement

Y Fiscal Year

GW Grounhdwater

KAR Kentucky Administrative Regulations

KDAQ Kentucky Division of Air Quality

KDEP Kentucky Department for Environmental
Protection

KDWM  Kentucky Division of Waste Mahagement

KOW Kentucky Qrdinance WWorks

KPDES  Kentucky Pollutant Discharge Elimination

System
LLW low-level (radioactive) waste
MCL maximum contaminant level
ME1 maximally exposed individual
MW monitoring well

NEPA National Environmental Policy ACt

NESHAP National Emission Standards for Hazardous
Air Pollutants

NOV Notice of Violation

NPL National Priorities List

OREIS Oak Ridge Environmental Infortmation System

PGDP ‘Paducah Gaseous Diffusion Plant

PEGASIS PPPO Environmental Geographic and Spatial
Information System

PPPO Portsmouth/Paducah Project Office

QA quality assurance

QC quality contro|

RCRA TResource Conservation and Recovery Act

RGA TRegional Gravel Aquifer

SMP Site Management Plan

SWMU  solid waste mahagement unit

TCE trichloroethene

TLD thermoluminescent dosimeter
UCRS Upper Continental Recharge System
VOC Volatile organic compound

WKWMA  West Kentucky Wildlife Management Area
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1. History ¢ Background

1.1. The Need for Urahium

In the 19308, tensions were rising in Europe as Nazi
Germany Came to power. In 1938, German physicists
in Berlin successfully split a uranhium atom.

The physicists observed that the splitting of a
urahium atom Creates two lighter atoms. {Jsing
Albert Einstein’s famous equation relating mass to
energy, E=mcC?, they concluded that the mass lost
in the split was converted to energy and released.
Ih 2939 they termed the process “fission” and hoted
its ability to release Vast amounts of energy.

The scientific world hoted the possibility of
harnessing huclear fission’s energy to power
manhufacturing, produce electricity and atomic
weapons.

Albert Einstein (Figure 1) recognized the power of
atomiC weapons and wrote a letter to President
TRoosevelt explaining the dangers if Nazi Germany
were to harhess £ission for weapons prior to the
rest of the world.

1n 1939, President
TRoosevelt gathered the
world’s brightest
scientific minds and
Created the “Gecret
/ s Uranium Committee”
Figure 1. Einstein’s which inCluded German
Letter to the President  sCientists who had fled
Europe.

In 1942, the Committee beCame the Manhhattan
Project, and its mission was to harness the energy
from fission and develop ah atomiC weapon.

Large amounts of uranium ore had to be refined
t0 produce the quantity of urahium that could be
processed for use in weapons (Inset).

To accomplish uranium enrichment, three isotope
separation processes were conducted in large
Manhattan Project facilities at Clinton Works
(tnap: Clinton Works Map) (Figure 2) in Oak Ridge,
Tennessee: electromagnhetic separation, liquid
thermal diffusion, and gaseous diffusion.

9|Page

The element Urahiutm occurs in several
different forms Called isotopes.

Isotope, one Of two Or more species Of atoms
Of a Chemical element with the same atomic
humber and position in the periodic table and
hearly identical ChemiCal behavior but with
different atomiC masses anhd physical
properties. Every chemiCal element has one or
more isotopes.
(https://Www.britannhiCa.com/sCience/isotope)

Anh atom of each form, Or each isotope, of
urahium contains the same humber of protons
but different humbers of neutrons in its
hucleus. The three prinCipal urahium isotopes
in haturally occurring uranium are urahium-238
(U-238) which comprises 99.27% Of nhaturally
OCCuUrring Urahium, uranhium-235 ({J-235) which
comprises 0.72% Of haturally ocCcurring
urahium and urahium-23¢ ((J-23¢) which
comprises 0.005% Of haturally occurring
urahium.

{U-235 is a ‘fissile’ isotope Of urahium and that
means it Cah sustain @ huclear Chain reaction
that continuously releases energy. To Obtain
the quantities of {J-235 necessary for weapons
or fuel manufacture, the amount of (J-235
found in haturally ocCurring urahium had to
be increased or “enriched”.

CLINTON ENGINEER WORKS
Tonnessee
1943 1945

Figure 2. Clinton Uforks Facilities in Oak Rjage,
Tennessee
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Enrichment is the process of inCreasing the
percentage of (J-235 isotope to |evels higher than
what is found in haturally occurring uranium.
Enrichment was the key to producing the
material heeded for weapons or fuel.

The gaseous diffusion process was one of three
enhrichment processes developed ahd conducted
on an industrial sCale for the Manhattan Project
(electromagneticC separation and thermal
diffusion were the others). (Gaseous diffusion
required urahium to be mixed with fluorine to
produce gaseous urahium hexafluoride. Gaseous
uranium hexafluoride was propelled through
membranes in """ / |arge pieces of equipment
Knhown as “co o ters” (Figure 3). A barrier in the
converter contained holes, less thah ohe onhe-
millionth of an inch in diatmeter (Figure ¢), which
allowed the separation of gtoms of the lighter (-
235 isotope from atoms of the (J-238 isotope.

Gaseous diffusion required urahium hexafluoride
gas to be passed through converters many times
t0 reach the desired |evel of {J-235 enrichment.
So PGDP utilized many converters in sequence,
Called a ‘Cascade’, to accomplish enrichment.
Each converter was coupled with @ compressor, a
heat exchanger t0 remove the heat of
compression and ah airCraft engine motor for
propulsion which together comprised a ‘Ctage’
(Figure 5). The gaseous diffusion process at
PGDP contained more thah 1800 stages.

From 1942 — 1945 the three uranium enrichment
facilities were able to produce 50 kg (110 pounds)
Of uranhium highly enriched in the isotope {J-235. A
urahium and a plutohium path achieved the goal of
producing bombs by 19¢5.

The Aztomic Agebegan on July 16, 19¢5 with a
successful test of the “(zadget” Carried out hear
Los Alamos, New Mexico, followed by the
bombings which prompted the end of World War
11: the bombings of the Japanese Cities of
Hiroshima and Nagasaki.

The Cold y/ar began soon after the end of WWII.
The Soviet (Jhion tested their first atomiC weapon
in 1949 marking the beginning of a worldwide
Nuclear Arms Race. A year later the Korean ar
began when North Korea, supported by China and
the Soviet Jnion, invaded South Korea. Early in
the war, North Korea hearly drove {J.S. ahd South
Koreanh troops off the Koreah peninsula.

10|Page

Knowing that the Soviet (Jhion was beginnhing to
produce nhucClear weapons, fearing expanding world
conflicts and with growing concern about the
spread of communism, the Jhited States
determined it would heed to expand its huclear
arsenal.

Figure 3. PGDP &th Stage Converter ¢ Jts Crew

GASEOUS DIFFUSION STAGE

diffusion

Figure 4. Gaseous DifFusion Converter details

FIGURE 214
Partia) Cascade

od TO NEXT
STAGE

4= DEPLETED

!

TO PREVIOUS
STAGE

Figure 5. Flow of (JFs in 8 Gaseous DifFusion Cascade

1.2. Why Paducah

In July 2950, the Atomic Energy Commission (AEC)
and Department of Defense secretly identified
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military heeds for more atomiC weapons and began
plahning to build more enrichment facilities to
supplement the enriched urahium produced in Qak
TRidge, Tennessee. They developed several Criteria
t0 guide their site selection inCluding: workforce
readiness; proximity to rail ¢ river transportation;
proximity to industrial targets; heed to buy land;
and availability of coal ahd water resources.

In October 1950, the Department of Defense
secretly chose the Paducah Site (Figure 6) for the
construction of a hew gaseous diffusion
enrichment plant. In early December 1950,
President Truman approved the construction of
hew enrichment plants.

Figure 6. AEC ¢ DOD Choose Paducah site

The federal government remained silent about
months-long rumors of ah atomic plant being built
near Paducah. Oh December 15, 1950, the
Paducah Sun-Democrat made rumors offiCial with
the headline “AEC to Build A-Plant at KOW Site”
(Figure 7).

m-u-n... S ATE W10 1N, B ot N

Gfbt Bahmlj Fun-Democrat |

‘Building Foree
Of 10,000 May

Figure 7. Paducah Sun Headline, Friday, December 15,
2950
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Kentucky Qrdinance Works (KOW)

Among the sites that met Criteria £or the Siting of a hew
enrichment plant was the former KOW plant near
Paducah, Kentucky. The KOW was built during WWII to
supply explosive Trinitrotoluene (ThT) for the war effort.

The KOW was the hation’s [argest ordhance works and
supplied more TnT for WWII than any other {J.S.
ordnance works (Figure 8). The KOW was closed after
World War 11, but the government retained ownership of
the ¢,000 acCres Of land after it Closed.

Figure 8. 19405 KOW Guard Shack (Read the §igns)

1.3. PGDP Construction

The construction of the PGDP began oh Janhuary
2, 1951 and employed some 23,000 workers (Figure
9). An additional 6,000 workers constructed two
hew hearby steam power plants to feed elecCtriCity
t0 the Plant.

Figure 9. Workers in Line at PGDP Porta/

In early 1951 site preparation began with the
upgrade of KOW's water supply and treatment

PGDP ASER: Student Summary



facilities for PGDP use along with road and rail
upgrades.

Construction focused on the C-331 and C-333
“Process” buildings where the industrial Saseous
diffusion process of enrichment would take place
(Figure 10). The C-331 footprint covered 517,153
square feet (11.9 acCres) and the C-333 building
footprint covered more thah 1,065,060 sGuare feet
(2¢4.5 acres). When completed in 1953, the C-333
Process Building was one of the largest buildings in
the world with an immense volume of more than
9.6 million cubic feet. At the time of its
completion in 1955 the Shawnee Steam Plant,
which was built to supply electrical power to the
PGDP, was the largest and highest-Capacity steam
electric plant in the world.

ey g
7 Loonie v Towkew cie Meaccss sion
£ | TROM NE CORNER
8 o e MeGARY & €O, CONTRACTOR

[ ane(is)e 107

Figure 10. C-331 Early Construction

Figure 11. C-331 Process Building Completed

As work progressed oh the construction of the
process buildings, construction of support
facilities began, including: The C-300 Central
Contro| Building which housed state-of-the-art
instrumentation to runh and monitor the entire

22|Page
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enrichment process; the C-410 and C-¢20 Feed
Plant complex where refined uranium was mixed
with Fluorine £as to provide gaseous Uranium
hexafluoride “feed” (UFe) fOr the enrichment
process; the C-400 Cleaning Facility where process
equipment was routinely Cleahed; the C-600 Steam
Plant which provided steam for the enrichment
process in order to keep Urahium hexafluoride in
gaseous for.

BY late-fall 1951, the AEC announced that PGDP’s
enhrichment Capacity would be doubled with the
construction of two additional Process Buildings,
C-335 and C-337.

The C-420 Fluorine Plant was the largest fluorine
plant in the world. The C-410 and C-420 Complex
operated from 1952 until 1977, after which all feed
was produced off-site.

The officCial Ceremony opening the PGDP was held
in September 1952 as constructionh continued.
Construction of the PGDP was completed in 1956
at a Cost Of $800 million dollars.

EEE ARENAI
l"' -

Figure 12. PGDP Opening Ceremony, September. 1952

1.¢. PGDP QOperations

In October 1952, the first enrichment stages in the
C-331 building went online. In November 1952, the
first enriched urahium product was withdrawn
and shipped to Qak Rjdge.

From March 1951 until the shutdown of
enrichment operations in 2013, the PGDP operated
seven days a week to satisfy the Nation’s demand
for uranium. To operate the PGDP it took:

e 1,200 tO 1,800 employees

e 3 shifts per day 7 days a week to continuously run
the gaseous diffusion process

e 15 billion annual KWh of electricity
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e More annual electricity thah the ahnhual electriCal
demand of New York City,

e 4% Of all the electrical power produced in the (J.S

e 80,000 instruments to Contro| process equipment

e 7.5 million tons Of COal to generate electricCity and
steam

e 20,000 pounds of steam per day to keep (JFsin a
£3seous state for processing.

e 340 million gallohs of water Circulated through the
system every day to remove excess heat generated by
the diffusion process.

e  (p to 32 million gallons of water per day extracted
from the Qhio Rjver

e 10,000 miles of control Cables rah through the plant.

e The electrical system contained 25,000 tons Of stee|
and 10,000 tons Of copper.

e 100 miles of underground Cables to transfer
electricity to plant buildings

1.¢.1. UJrahium Ebhrichment

The primary mission of the PGDP was uranium
enrichment. Initially, that mission required PGDP
t0 produce enough enriched Urahium to Satisfy
the Nation’s defense heeds. In the 1960S, the
pritmary mission shifted to the production of
enriched urahium for domestic and international
nucClear reactors, as well as military needs, such as
nuclear fuel to power naval vessels.

During its 61 years of operation, the PGDP
processed more than 1 millioh tons of refined
uranhium to produce low-enriched uranium LEJ).
originally 2-3% ({J-235, and later up t0 5.5% ({J-235.

Qver 200,000 tons of [LE(J was shipped to other
facilities, primarily the K-25 Site in Qak Ridge, TN
and the Portsmouth Gaseous Diffusion Plant hear
Piketon, Ohio. The LEU was further enriched at
those facilities for use in weapons and fuel in
commercial and military reactors, including naval
fuel.

Peoleted uranium hexafiuoride (DUF s scored in

‘00t [Ohg X ¢ foot diameter Cylinders ih ‘Cylinder
yards’ at the PGDP which occupy nearly 100 acres
(76 football fields) of the industrial site (Figure 13).
More thah 46,000 cylinders of D{JFs how occupy
the cylinder yards ahd comprise the |argest
StoCKpile of mined uranhium in the world.

Unlike the secondary products of many industrial
processes, the D{ in the D{UFs is hot a waste
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product. D{UF¢ Was kept on-site to be used as
process feed material because it contained
SUfFicient (J-235 for “re”-enrichment.

Figure 13. PGDP Cylinder Yard

1.4¢.2. Other Industrial & Technical Activities

Other industrial and techhiCal activities have been
conducted at the PGDP. The C-3¢0 Metals
Complex produced various forms of urahium metal
for industrial and government customers.

The unique hature of the site’s process
components and machinery required that on-site
solutions be designed, built, and tested. Those
activities took place in the C-720 Maintenance
Facility.

The C-720 was a ‘State of the art’ engineering
design, fabrication, and testing facCility.
Development, Crafting, and utilization of on-site
solutions resulted in research patents and many
projects outsourced to government and industry in
a program knhown as “Work for Others”.

Figure 1¢. JJranium metal button
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Some of the ongoing work at the PGDP was the
recovery of metal ahd precious metals from the
site and Work for Qthers projects (Ihset).

Metals Recovery

Aluminum Recovery — From 1962 to the early
1980sS.

Nickel Recovery —Operated from 1976 until
the late 1980s. (Jncontaminated “Cleah” hickel
was processed through the smelter before
contaminated nickel. About 17 million pounds
Of hickel were smelted, Cast into ingots, and
sold. Approximately 19.6 million Ibs. of
contaminated hickel were Cast into ingots
and remain stored at the PGDP.

Gold Recovery — Approximately 60,000 troy
ounces was returned to the (J.S. Treasury Via
recovery of gold from dismantled weapohs
and equipment at the C-7364A smelter.

Gilver Recovery — Recovery of 102 bars of
silver from classified government and industry
X-ray filtn was conducted at the C-736A
stnelter. Approximately 7,650 pounds of silver
were reClaimed from the reprocessing of
Classified x-ray film from 1966 t0 1974 and
returned to the {J.S. Treasury.

Worldwide, as huclear weapons were dismantled
and reactors were decommissioned, a glut of
urahium feedstock became aVailable that resulted
in the shutdown of Oak Rjdge and Portsmouth
enrichment plants. Cheaper production of
enriched urahium by centrifuge technology led to
shutdown of the PGDP. With PGDP's large
stockpile of D{JFs ho longer heeded for re-
enrichment, DOE began to focus onh converting
DUFs into ah oxide for |ong term Storage or
disposal.

n 2011, PGDP’s DUFs conversion facCility (Figure 15)
beganh processing the site’s DUFg inventory into
uranium oxide and hydrofluoric acid (HF). The
oxide is a stable chemiCal fortm of depleted
urahium that can be disposed of, re-used, or stored
(Figure 16). HF from the conversion process is sold
to industry for re-use. The PGDP’s DUF;s inventory
is expected to be processed ih approXimately 30
years.
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Fisure 16. The DUF; Conhversioh Process

1.5. [L,egacy Operations

1.5.1. Deactivation, Decontamination ¢
Decommissioning ¢ Demolition

Thirty-two unused structures have been
demolished at the PGDP following deactivation,
decontamination and decommissioning (D & D) of
facilities and equipment, as of publication of the
2018 ASER:

Two of the demolished facilities, the C-3¢0 Metals
Plant Complex and the C-410/C-420 Feed Plant
Complex, played key roles in PGDP operations.

Deactivation involves reducing/removing
radioactive and hazardous materials from
process equiptnent, shutting down £acility
systems and de-enhergizing equipment in
preparation for future decontamination and
decommissioning (D¥D).

The C-3¢0 Metals Plant complex (Figure 17)
operated from 1956 into the 1980S tO produce
urahium tetrafiuoride (UFy), uranium metal, and
hydrofluoric acid (HF). The refining of uranium
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metal and processing of JF, and HF resulted in
radioaCtive contamination inside the C-3¢40
building. The deactivation and decontamination
(Figure 18) of the building was followed by
demolition (Figure 19) Of the structure which was
completed in 2013 (Figure 20).

Figure 17. C-3%0 Vjetals Complex with transite Siding
that is sealed to stabilize hazardous and radioactive
materials auring demolition

Figure 19. Demolition of C-3¢0 Structures

Figure 20. The C-3%0 §ite following Demolition

The C-410 Fluorine Plant was the largest fluorine
plant in the world ahd operated from 1952 until
1977, after which all feed for PGDP’S enrichment
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process was produced off-site. The Feed Plant
conhverted solid urahium trioxide (JQs) to urahium
oxide (JO,) and then produced gaseous urahium
hexafluoride, JFs which was used as the
‘FeedstoCK’ for the diffusion process. The
conversions utilized reactions involving hazardous
and radioactive materials including uranium,
hydrofluoric acid, hydrogen, and fluorine gas.

The demolition of the C-410 and C-420 Complex
required deacCtivation of compleX interhal process
system piping and machinery (Figure 21, Figure 22 &
Figure 23) and removal of residual radioactive and
hazardous materials including asbestos.

Figure 21. C-#10 ¢ C-#20 Complex

Figure 23. Steel girder remoVal auring C-410/C-420
demolition

1.5.2. Environmental

PGDP’s industrial facilities operated around the
CloCk for 61 Years to fulfill the Gite’s pritmary
mission producing enriched urahium. Site
industrial processes used resources and generated
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by-products and wastes like many industrial sites in
the (J.S and across the world.

Beginning in the 19¢40s and 50s, the understanding
Of industrial impacCts on worker health, the
envirohment and the publiC began to inCrease
sighificantly. In response, Congress began tO pass
legislatioh to control releases and disposition of
hazardous and radioactive materials.

In 1976 the Resource Conservation and Recovery
Act (RCRA) requiring ‘Cradle to grave’ (production
to disposal) management of hazardous materials
was passed.

In 1980 the Comprehensive Environmental
TResponse, Compensation, and Liability Act
(CERCLA) and its ‘Superfund’ Program were
implemented.

1n 1988, the McCracken County Health
Department and the Kentucky Radiation Control
‘Program found Trichloroethene (TCE) anhd
technetium-99 (TC-99) in residential drinking water
wells north of the PGDP. Public drinking water
was immediately supplied to potentially impacted
citizens through DOE’s Water Policy.

The US Environmental Protection Agency (EPA)
and the DOE entered ah Administrative Qrder by
Consent (AQC) to address known anhd suspected
environmental contamination. DOE currently
parthers with onsite contraCtors to ensure proper
environmental monitoring: Mid-America
Conversion Services LLC, Swift ¢ Staley InC, and
Four Rjvers Nuclear Partnhership LLC.

As a result of the AQC, extensive environmental
itnpacCt CharacCterization began at the PGDP.
TRoutine environmental monitoring, surveillance
and remedial activities followed, including:

1975 — PGDP tests biodegradation of waste 0ils containing
urahium, polychlorinated biphenyls (PCBS) and solvents at on-
site oil landfarm (SWMU 001) as a treatment option

1983 - 1300 drums of PCB-contaminated soil removed from
site ditches

1986 — TCE contamination found in groundwater at on-site
burial ground

1988 —TCE and Tc® detected in residential drinking water
wells north of the PGDP
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1988 — DOE Water Policy’ implemented which provided
municCipal drinking water to potentially impaCted properties
in Vicinity of the PGDP

1989 — 1993 Phase I and II environmental investigations were
undertaken and completed. Addressed nature and extent of
impacts to all media (surface water, soil, sediment,
grouhdwater, air, and ecological).

1991 — Sighs posted at (0Cal waterways to warh of potential
presence of harmful contamination

199¢ — The PGDP was placed on the National Priorities List
(NPL) ahd became a “Superfund” site.

199¢ - The PGDP re-routed contaminhated surface water
disCharges for treatment before its off-site release

199¢ - Phased GW Investigations determined that leaking and
leaching of disposed materials contaminated both soil ahd
groundwater at the site, resulting in the largest documented
TCE and Tc-99 groundwater plumes in the DOE complex.

199¢ — PGDP implemented the Northwest Plume Pump and
Treat action to mitigate Off-site releases of Trichloroethene
and TCc-99 groundwater contamination.

1996 — DOE., Monsanto, and General Electric test
LASAGNA™ technology to remove TCE from shallow soils
in-situ. Technology removes more thanh 200 gallons (Or 98%) Of
TCE from test plot soils

1997-PGDP constructs (J-Landfill to allow on-site disposal
Of Certain types of solid wastes

1997 — Northeast Plume groundwater treatment system
begins operation to contain highest concentrations of
groundwater |eaVving the eastern perimeter of PGDP

2000-66 Mmillion pounds of contaminated sCrap metal
removed from “Drum Mountain” (NW corner of industrial
area) containing traCe amounts Of Uranium and trahsuranic
radionuclides.

2002 - Contaminated sediments found ih Central industrial
site ditches removed.

2003 — Waste materials in on and Off-site Storage areas
shipped off-site for disposal

2004 - DOE begins removal of facilities with no use

2005-DQOE Nitrogen Facility undergoes D¢D
2006 — Site completes deacCtivatioh, decontamination, and
decommissioning of Lime House facility

2006 — Site completes removal Of 30,000 tohs Of sCrap metal
from NW cornher of industrial area

2007 - Depleted Jranium Hexafluoride (DUFg) Conversion
Facility construction completed

2008 — Construction begins on Phase 1 system to remove
TCE from soil and groundwater near the C-¢00 Cleanhing
Facility.
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2008 —Accelerated DD work begins with demolition of
KOW concrete water towers

2009 — Legacy Low-Level Waste (LLW) shipped from PGDP
tO facCilities for treatment and disposal

2010 - Phase 1 ElectriCal Resistance Heatihg operations
begin at C-¢00 Building TCE groundwater contamination
source areas

2010 — On-site metal reduction facilities and smelter undergo
D4D.

2010 - HF Lagoon removed
2010 - Additional site ditch soil removed.

2011 - D{JFs Conversion Facility in operation to convert
PGDP’s on-site stockpile of D{JFs into uranium oxide for
disposal ahd fluorine gas for industrial use

2013 — C-3¢0 Metals FacCility deactivation, decontamination
and demolition completed

2015 — C-410 ¢ 420 Feed Complex deacCtivation,
decontamination and demolition Completed

2016 - SWMU 0o1 Qil Landfarm in- situ deep soil mixing
utilized to remediate contaminated soils above PGDP’s
aquifer.

Summary of Environmental Actions

7,500 gallons of TCE have been removed by
Groundwater Pump and Treat operations,

Application of ElectriCal Resistance
Heating and Injection of Steam into the
groundwater aquifer and overlying soils to
Vaporize and vacuum extract TCE from
$0il and groundwater.

6 million cubic feet of waste including old
waste from environmental Cleahup and site
operations and waste from material Storage
areas has been characCterized and shipped
Off site for disposal.

1 million cubicC feet of contaminated $oils
and sediment has been removed from on-
site ditches and waterways.

Groundwater Pump and Treat operations
have removed and treated more thah ¢
billion gallons of contaminated
groundwater.
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2. Cite Setting ¢ Environmental

- 7 Ohig 4.
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The PGDP is a retired Uranium enrichment £acility s s
|located west of Paducah, Kentucky (Figure 25).
The PGDP is ownhed by DOE, operated and
managed by DOE contractors. {Jranium

enrichment operations were Carried out oh an
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industrial site of more thah one square mile. %’_
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2.1. Site [Location i
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The PGDP industrial site occupies ohe square mile L B
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(640 acres) of a 3,556-acre DOE reservation located i 3
10 miles west of Paducah and 3.5 miles south of "’/»4(% |
T 3

the Ohio Rjver (Figure 2¢4). The reservation Can be
broken down as £ollows: 628 aCres Of security-
fenced industrial site, 809 industrial acres outside
Of the security fence, 133 acres in acquired “{\
easements (Figure 2¢). The remaining 1,986 acres of \\
the reservation are licensed to the Commonwealth v
Of Kentucky as the West Kentucky Wildlife

Figure 2¢. PGDP Reservation and Surrounhding

Management Area (WKWMA). Traces
horseback riding, fishing, and general outdoor
The WKWMA and non-industrial portions of the reCreation.
DOE Reservation consist of woodlands, meadows,
wetlands, and cultivated fields. WKWMA is 2.2. Climate

popular for deer and waterfowl hunting, trapping,

hunting-dog training, hunting-dog competitions, The Paducah Plant and surrounding DOE

Reservation are in the eastern {Jnited States
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Figure 25. PGDP ¢ Vicinity Map
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humid continental zone Characterized by warm
summers and moderately cold winters.
Precipitation averages at 49 inches per year. The
prevailing wind is from the south-southwest at
approXimately 10 miles per hour.

2.3. Hydrology/Hydrogeology

The Paducah Plant is [oCated approximately 3 miles
south of the OQhio Rjver in the lower OQhio Rjver
Basin. The Cumberland and Tennessee Rjvers join
the Ohio Rjver approXimately 15 miles upstream of
the PGDP. The confluence of the Qhio and
Mississippi Rjvers is about 35 miles downstream of
the PGDP.

The PGDP DOE Reservatioh oCcCupies portions of
the Bayou Creek and Little Bayou Creek
watersheds (Figure 26). PGDP industrial area
rUnOFF and surface water enters drainhage ditches
that disCharge to Bayou and Little Bayou Creeks.
Surface water from the east side of the PGDP
industrial site disCharges into intermittent
upstream portions of Little Bayou Creek. Surface
water from the west side of the PGDP ihdustrial
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Fisure 26. PGDP Watersheds (KRCEE, 2019) based
on KY 2013 LIDAR for McCracken County.
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site discharges into perennial portions of Bayou
Creek. The confluence of Bayou and Little Bayou
Creeks is 3 miles north of the PGDP industrial site
and it immediately discharges into the Ohio Rjver.

Flooding in the area is assocCiated with Bayou
Creek, Little Bayou Creek, and the Qhio Rjver.
There is a possible 100-year flood hazard |oCated
slightly within the DOE boundary at the PaducCah
Gite.

Soils around the Plant are predominantly silt loam
soils. They are poorly drained, acCidic, and have
little organic content. Groundwater in the Vicinity
of the PGDP is utilized extensively for agriculture
anhd domestiC purposes.

More than 1,100 separate wetlands, totaling over
1,500 acres, are found inh 12,000 acres around the
PGDP. More thah 60% Of the total wetland area is
forested.

AS part Of activities assoCiated with the anhual
PGDP ASER Student Summary project, MCHS
students have provided hanhds-on assistance to the
University of Kentucky and the WKWMA with the
assessment of hatural and man-made amphibianh-
wetland habitats in 16 tracts surrounding the
PGDP (Figure 27).
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3. PGDP Environmental
Compliance Summary

3.1. Background

During calendar year 2018, DOE and its site
CcontraCtors cohducted extensive environmental
monitoring as part of Environmental Manhagement
Program (Inset) activities at the PGDP.
Monitoring and environmental management are
conducted to ensure that PGDP is protective of
public health and complies with Federal and State
environmental laws and regulations as well as DOE
Orders.

PGDP Environmental Mahagement Goals

1. Keep Visitors, workers, public, wildlife and the
environment safe from harmful chemicals and
radiation related to the site;

2. Follow current environmental regulations.

The primary regulations the PGDP must comply
with in its environmental activities are the
Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA), the
TResource Conservation and Recovery Act (RCRA),
DQOE Qrder for environmental radiation
protection, and DOE Qrders for the mahagement,
handling and disposal of radioactive materials.

On May 31, 1994, the PGDP was placed on the
EPA National Priorities List (NPL) which
identifies the hation’s sites with the highest need
for site Cleanhup based on potential impacCts to
human health and the environment. Section 120 of
CERCLA requires federal agencies responsible for
an N'PL site to enter into a Federal FacCility
Agreement (FFA) with EPA.

The FFA ensures requirements under CERCLA
and its amendments are coordinated with
requirements under the Resource Conservation
and Recovery Act (RCRA) and its amendments.
The PGDP entered its FFA with EPA and the
Kentucky Department for Environmental
Protection (KDEP) in 1998. The PGDP FFA also
addresses coordination of site activities with
other environmental regulations.
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EPA Region ¢ and KDEP are the maih regulatory
agencies that oversee the DOE’Ss PGDP
environmental activities.

EPA develops environmental stanhdards and
enforces environmental regulations to follow [aws
passed by Congress. EPA’s authority is delegated
t0 KDEP when Kentucky’s regulatory program
Criteria meet or exceed EPA requirements.

RCRA regulatory requirements are the
responsibility of the State of Kentucky and
administered through KDEP.

EPA and KDEP issue permits, review compliance
reports, provide input on remediation strategies,

partiCipate in joint monitoring programs, inspect

facilities and operations, and oversee Ccompliahce
with applicable laws and regulations.

3.2. Calendar Year 2018 Environmental
Compliance Summary

Tables on the following pages outline the laws and
regulations that DOE complies with annually in its
environmental management of the PGDP. The
tables are organized as: 1) Primary Environmental
Laws/Regulation; 2) Environmental Radiation
Protection Regulations; 3) Additional Major
Regulations; ¢) Other Environmental Statutes; and
5) Sustainability AcCtivities. The first column of
each table identifies the law, regulationh, or DOE
QOrder and the second column identifies the action
taken in Calendar Year 2018.

Calendar Year 2018 PGDP ASER: Student Summary



3.2.1. Primary Environmental Laws/Regulations

Applicable [,aw or Regulation

Cite Status (AcChievements) 2018

Comprehensive Envirohmental Response, Compensation, and Liability Act (CERCLA). CERCLA is
the framework of regulations that address the remediation of hazardous substances and sites where
hazardous substances have been handled or disposed. CERCLA commonly referred to as 'Superfund' and
PGDP is on National Priorities List as a Superfund Site. {Jnder Superfund PGDP is managed by under a
Federal Facilities Agreement (FFA) between DOE, EPA and KDEP. The FFA coordinates compliance
activities conducted for CERCLA, RCRA and other regulatory programs.

During 2018, the DOE completed the activities below relative
t0 CERCLA requirements and management under the FFA: 1)
Burial Grounds QOperable UJnit Solid Waste Management Uhit
(WMD) ¢ Feasibility Study D2/R1; 2) Interim Remedial Action
Completion Report for C-¢00 D2; 3) Northeast Plume
‘Postconstruction Report D2/R1; 4) FFA Community Relations
Plan D2; 5) CERCLA Waste Disposal Alternative Remedial
Investigation/Feasibility Study Report D2/R2; 6) C-400 Remedial
Investigation/Feasibility Study Work Plan D1; 7) C-400
Demolition Removal Notification D1; 8) C-400 Demolition
Engineering Evaluation/Cost Analysis D1; 9) C-400 Demolition
Action Memorandum D1; 20) C-400 Demolition Removal Action
Work Plah D1

Resource Conservation and Recovery Act RCRA). RCRA regulates the generation, storage, handling,
and disposal of hazardous wastes. Program is a 'Cradle to grave' approach for mahaging hazardous
substances and hazardous waste. KDEP is responsible for administration of RCRA treatment, storage,
and disposal of hazardous waste including Hazardous Waste Facility Permitting. PGDP'S Current
Hazardous Waste Facility Permit went into effect in August 2015. EPA administers air emission standards
relative to PGDP'S Current Hazardous Waste Amendments Permit that went into effect in March 2016.

1) Residual materials were found in the diked areas undernheath
SUlfuric acid and phosphoriC acCid tanks assoCiated with these
pump houses. NO evidence of a release to the environment was
found. 2) duplicate samples for were not being collected for the
C-404 Hazardous Waste Landfill. 3) The State of UJtah issued a
Notice of Violation (NOW) for failure to provide the required
Uniform Hazardous Waste Manifest for a shipment of
hazardous waste sent to an Off-site dump.

Superfund Amendments ahd Reauthorization Act. Amended ¢ updated CERCLA based on EPA's 10
years of CERCLA administration. Put a focus on human health problems posed by sites and inCreased
public partiCipation in CERCLA decision making.

Part of CERCLA above

Federal Facilities ComplianCe ACt - Site Treatment Plan. Waived immunity for Federal Facilities for
violations of RCRA hazardous waste management. Requires sites to develop approvable Site Treatment
Plans (STPs) for the management of DOE mixed (hazardous ¢ radioactive) waste and implementation of a
waste minimization and prevention program. DOE and KDEP entered an Agreed Qrder/STP in September
1997.

No mixed [ow-level waste was added during 2018.

National Envirohmental Policy Act (NEPA). Requires review of Federal activities for environmental
itpacts and determination of the need for an environmental assessment, environmental impacCt Statement
(EIS), or Categorical exclusion. CERCLA activities do hot require preparation of NEPA documentation.

PPPO initiated a supplemental environmental impaCt
assessment in 2018 tO assess the environmental impacts
assocCiated with transportation and disposal of urahium oxide
produced from the conversion of DUF6 in DOE inventory.
DOE will issue the assessment upon completion.
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Toxic Substances Contro| Act (TSCA). Requires that information about production and use as well as

environmental ahd health effects of chemicCal substances be obtained by EPA and that EPA has the

means to regulate ChemicCals and ChemiCal mixtures. Examples of regulated ChemicCal substances are lead,

polychlorinated biphenyls (PCBS), asbestos and Chlorofluorocarbons.

‘Paducah produced an Annual PCB report and a Compliance
Agreement Report for 2018.

3.2.2. Radiation Protection Regulations

TResgulation/Purpose

Gite Gtatus (Achievements) 2018

DOE Qrder ¢58.1 Radiation Protection of the Public and Environment'. DOE establishes
requirements for protection of the publiC and environment from radiation and activities at DOE sites.
The order ensures that risk from radioaCtive waste is protecCtive of worker and publiC health, safety,
and the environment. The order establishes the application of 'ALARA' (As Low As Reasonably
Achievable) to decisions regarding protection of publiC health, the environment and waste management.

The PGDP implemented and complied with a site-specific
Environmental Radiation Protection Program (ERPP) to ensure
compliance with Order 458.1 requirements.

DOE Qrder ¢35.1 Radioactive Waste Mahagement'. DOE t0 ensure that risk from radioactive waste
iS manhaged to be protective of worker and publiC health, safety and the environment.

DQOE operated storage and disposal units in compliahCe with
Qrder ¢35.1 during 2018.

3.2.3. Additional Major Regulations

TRegulation/Purpose

Gite Status (AcChievements) 2018

Clean Air Act at PGDP. Administered by EPA Region IV and/or the KY Division of Air Quality.
Authority for PGDP air emissions falls under several permits: 1) DUFs Conversion Facility Conditional
Major Air Permit; 2) the Four Rjvers Nuclear Parthership Title V Air Permit; or 3) CERCLA.

The Deactivation and Remediation Project has identified the
potential emission of hydrogen fluoride, a hazardous air
pollutant, in excess of 10 tons per Year. CERCLA response
actions also were a source of air emissions in 2018. On February
26, 2019, EPA issued notice of potential Risk Management
Program Vviolations, related to administrative and procedural
requirements SUCh as labeling, roles and responsibility
documentatioh, and compliance certification. DOE has
discussed these issues with EPA and modified procedures, as
appropriate.
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National Emission Standards for Hazardous Air Pollutants (NESHAPS). Radionuclide air emissions
at PGDP are regulated under NESHAPS and an EPA approved NESHAP Management Plan for
Emission of Radionuclides. Potential PGDP sources under NESHAPS are uranium transfer, demolition
Of facilities, environmental remediation activities.

DOE conducted ambient air monitoring at hine off-site [0Cations
t0 measure fugitive and diffuse sources from the PGDP and
PGDP activities. DOE prepared an annual NESHAPS report that
was submitted to EPA.

Pollutants ahd Sources Subject to Regulation. The PGDP Deactivation Project potentially releases
Carbon monoxide, hitrogen ¢ sulfur oxides from Coal burning boilers and hydrogen fluoride from the
site's Depleted Jranhium HeXafluoride (DUFs) Conversion f£acCility.

DUF, releases are permitted by the Kentucky DiVision of Air
Quality (KDAQ).

StratospheriC Qzone Protection. Ozone depleting substances are regulated at the PGDP under the
Clean Air Act Title V Permit. PGDP utilized industrial quantities of refrigerant contaihing
Chlorofluorocarbons to ool enrichment process equipment. The idled enriChment process cooling
system holds more thah 6.3 million pounds of R-11¢ refrigerant and anhother 2.2 million pounds of R-11¢ is
stored in railCars at the PGDP.

Freoh was properly stored and methods for re-use and/or recycCle
Of the freoh were pursued.

Clean Water Act. Non-radiological (non-radiation-Containing) discharges to waters of the {Jnited States
are regulated under the four major components of the Cleah Water Act: 1) Non-point source and
stormwater discharges 2) Qil and hazardous substance spill contro| ahd prevention; 3) Dredge and fill
discharges; ¢) FinanCial assistance for publiC sewage treatment construction.

Underwent routine sampling using Environmental Monitoring
Plan

Kentucky Pollutant Discharge Elimination Systetn. The Commonwealth of Kentucky Division of
Water issues Kentucky Pollutant Discharge Elimination System (KPDES) permits for Clean Water AcCt
non-radiological discharges to Bayou and Little Bayou Creeks at PGDP.

Two KPDES Notices of Violation (NOVS) were received in 2018.
One noncompliance Was a quarterly toxicity sample at Qutfall 001
that resulted in toxiCity Values that exceeded the chronic
tOXiCity permit litnit. Retest sampling for Qutfall 001 was
conducted in accordance with the KPDES permit and the TRE.
There were ho further toXiCity failures at Qutfall 001 in 2018. 2)
An exceedance of Zinc at Ko13. FRINP performed an evaluation
Of the wetland pond system upstreamn of Qutfall Ko13, which
resulted in the additional planting of wetland vegetation.

Seorm Water Management ¢ the Energy Independence and SeCurity ACt Of 2007. The Energy
Independence Act of 2007 requires DOE to conduct energy and water audits.

Gafe Drinking Water Act (SDWA). PGDP provides on-site drinking water (treated) from Ohio Rjver.

FRNP operates a hon-Community water system, regulated by
KDOW. KDOW's requirement to submit monitoring plans to
demonstrate compliance with regulations is applicable to the
FRINP honh-community water system. Various sampling loCations in
the FRN'P hon-Community water system are monitored in
accordance with these plans, and the monitoring results are
submitted to KDOW.
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3.2.4. Other envirohmental Statutes

TResgulation/Purpose

Cite Status (AcChievements) 2018

ENDANGERED SPECIES ACT. Addresses protection of species listed as endangered at site.

NO 2018 Projects or activities impacted listed Endangered
Species at site. Nohe of 1¢ potential endangered species at
site have been found at site.

Natiohal Historic Preservation Act. - There are 101 potential historic properties at PGDP based
onh role in developing commercial hucClear power development.

PGDP has conducted architectural ¢ historiC properties
survey and follow Cultural Resources Mahagement Plan for
Gite.

Migratory Bird Treaty AcCt. The Migratory Bird Treaty ACt Of 1918 is applicable to the PGDP.
DOE has MOU with federal Fish and Wildlife service and abides by Executive Qrder to minimize
impacts to migratory birds.

DOE documents that guide site work identify the need to
minimize impacts to avoid disturbing hesting sites of
migratory birds.

Asbestos Program. Asbestos was widely used in construction and maintenance of PGDP
facilities.

CompliahCe programs for asbestos manhagement include
identifiCation of asbestos materials, monitoring, abatement,
and disposal.

Floodplain Wetlands Environmental Review Requirements. PGDP must follow procedures under
two Executive Qrders and Title 20 CFR Part 1022 t0 eValuate impacCts to wetlands.

DOE activities during 2018 did hot impaCt Or pose impacts
€0 wetlands.

Underground Storage Tanks. Regulated under RCRA and Kentucky {Jnderground Storage Tank
TResgulations by KDEP.

There were no in-service underground storage tanks at
PGDP in 2018.
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4. Environmental Monitoring
¢.2. Why

In 2988, the McCracken County Health
Department and the Kentucky Radiation Contro|
Program found TCE and Tc-99 in residential
drinking water wells north of the PGDP. DOE
implemented its Water Policy program and supplied
public drinking water to potentially impacted
properties. The EPA and the DOE worked
together to address Khowh and suspected
environmental contamination. Rjgorous and
routine environmental monitoring ahd surveillance
begah at the PGDP.

Trichloroethene (TCE) is a Volatile industrial solvent
that was used at the PGDP for degreasing metal
components of enrichment process equipment. At
the C-400 Cleaning Facility, TCE was utilized ih hot
baths to immerse process equipment for degreasing.
Through the early 1990’s, Cleahing liguids containing
TCE were discharged to the site sewer system for
treatment. TCE Vapors were vented to the
atmosphere through the C-¢400 staCk system.

Technetium-99 (TC-99) is primarily a manh-made
radionuclide that is a fission product of urahium in a
nhuclear reactor or weapon. QOnly trace amounts of
TC-99 are found in the earth’s Crust. TC-99 is unique
because one of the compounds it forms (the
pertechnetate ion) is very mobile in the environment.

¢.2. How

Samples are collected using media-specific
procedures according to EPA guidelines. Sample
media consists Of air, Surface water, groundwater,
and sediment. Goils are sampled as part of specCifiC
site environmental investigations.

Sample information recorded during a sampling
event consists of the sample identification
humber, station (Or |ocation), date collected, time
collected, and the person who performed the
sampling. This information is documented in a
logbook or data form, oh a Chainh-of-custody form,
and on the sample container label, then is input
directly into the Paducah Environmental
Management System (PEMS) database.

For all environmental samples, Chain-of-custody
forms are maintained from the point of sampling,
and the handling of samples is recorded until they

26|Page

are placed in the custody of anh ahalytical
laboratory.

¢.3. Site Monitoring
4.3.1. Air

Coal-fired steam plant emissions were the |argest
permitted hoh-radiologiCal source at the Site until
2015 when coal was replaced by hatural gas fired
boilers which do not require monitoring. Air
monitoring (Figure 28) continues to be conducted
for radioacCtive constituents released by Site
activities including remediation (Chapter 5)

4.3.2. Surface Water

Clean Water Act regulations were complied with
through the KPDES permit for PGDP surface
water outfall discharges to the Bayou and Little
Bayou Creeks. Effluent discharges from permitted
landfills were monitored under separate [andfill
permits.

SurfacCe water sample locations (Figure 29) and the
monitoring programs that sampling is conducted
uhder at the Paducah site are listed in Table 1.
Calendar Year (CY) 2018 hon-radiologicCal surface
water sample results are summarized in Table 2.
Trends of TCE at select surface water sampling
locations are provided on Figure 30.

4.3.3. Sediment

TRadiological and non-radiological sediment
sampling at the Paducah Site was cohducted
throughout 2018. The sampling was conducted at
[oCations Chosen to assess areas of publiC access,
introduction of plant effluents to the
environment, unplanhed releases, and to ChecCk the
PGDP’s effluent controls (Figure 31) and
contaminated sediment removal.

The sediment concentration results for CY 2018
are similar to those measured during previous
years. {Jrahium isotope aCtivity was above
background activity (see Section 5.2 for discussion
oh background activity) in Bayou and Little Bayou
Creeks in the immediate ViCinity and downstream
Of the PGDP industrial site. Qther radionuclides
were detecCtable in trace concentrations that were
not significantly above background Values
presented in Methods for Conducting Rjsk
Assessments and Rjsk Evaluations (DOE 20183).
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Table 1. Surfrace Water Monitoring [ ocations 2018

Program and Reporting Location

Locations (see Figure 4.4)

Effluent Watershed Monitoring Program

C-746-S and C-746-T Landfill Surface Water
Quarterly Compliance Monitoring Reports:
First Quarter 2018 (January—March)

Second Quarter 2018 (April—June)

Third Quarter 2018 (July—September)
Fourth Quarter 2018 (October—December)

L135,L136, L154°

C-746-U Landfill Surface Water

Quarterly Compliance Monitoring Reports:
First Quarter 2018 (January—March)
Second Quarter 2018 (April—June)

Third Quarter 2018 (July—September)
Fourth Quarter 2018 (October—December)

L150, L154%, L351

KPDES
Discharge Monitoring Reports

K001, K002, K004, K006, K008, K009, K010, KO11,
K012, K013, K015, K016, K017, K019, K020

C-613 Northwest Storm Water Control Facility
Reported to KDWM via electronic mail

C-613

Environmental Surveillance Watershed Monitoring
Program

Surface Water

746KTBIA, C612, C616, C746K-5, L1, L10, L11,
L194, 1241, L29A, L30, L306, L5, L14

Seep

LBCSPS

30|Page

Northeast Plume Effluent

Semiannual FFA Progress Reports:

Second Half of FY 2018 (Data reported January—
June 2018)

First Half of FY 2018 (Data reported July—
December 2018)

C001

*Location is listed for both C-746-S and C-746-T and for C-746-U.
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Toble 2. Range of Anslytes Detected in Surrace Water

Analyte Range
Anions

Chloride (pg/L) 280-16,300
Sulfate (ug/L) 4,210-59,500
Wet Chemistry Parameters

Biochemical Oxygen Demand (pg/L) 3,550-26,500

Chemical Oxygen Demand (ug/L)
Dissolved Solids (pg/L)
Hardness—Total as CaCOs3 (pg/L)

34,700-505,000
97,100-233,000
18,000-207,000

Suspended Solids (pg/L) 600-748,000
Total Organic Carbon (ug/L) 7,980-27,900
Total Solids (pg/L) 109,000-472,000
Volatile Organic Compounds
Trichloroethene (ng/L) 0.34-35.5*
Analyte Range
PCBs
PCB-1248 (pg/L) 0.0636-0.0636
PCB-1260 (png/L) 0.0332-0.122
Total PCBs (ug/L) 0.0332-0.122
Other Organics
Oil and Grease (pg/L) 1,130-2,880
Metals
Aluminum (pg/L) 22.2-1,930
Arsenic (ug/L) 2.81-3.12
Barium (pg/L) 46.5-56.9
Calcium (pg/L) 8,550-27,400
Copper (ug/L) 1.71-10.3
Iron (pg/L) 94.1-4,860
Lead (pg/L) 0.775-2.06
Magnesium (pug/L) 2,160-5.,400
Manganese (pg/L) 39.9-457
Nickel (pg/L) 0.66-3.27
Phosphorous (pug/L) 21.3-567
Potassium (pug/L) 2,160-5,600
Sodium (pg/L) 844-35,500
Uranium (pg/L) 0.081-216
Zinc (pg/L) 8.11-151
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¢.3.4. Biota/Food

Biological monitoring was hot required by
regulatory programs that were ih place during 2018.

¢.3.5. Grouhdwater

Monitoring wells are used at the PGDP to assess
the impaCts Of plant operations on groundwater
quality. Figure 33 identifies the surveillance and
compliance monitoring wells sampled in 2018 and
shows the 2016 TCE plumes assocCiated with the
Paducah Site.

The groundwater flow system at the Paducah
Gite includes the following components (From
shallowest to deepest): (1) the Terrace GGravel
flow system, (2) UJpper Continental ReCharge
System (UCRS), (3) The Regional Gravel Aquifer
RGA), and (4) the MCNairy flow system.
Additional water-bearing zones monitored at the
‘Paducah Site are the Eocehe Sands and the
TRubble Zone (i.e., the weathered upper portion
Of the Mississippian bedrock). These components
are illustrated on Figure 32.

Groundwater compliance monitoring is conducted
t0 ensure that the site is in compliance with
environmental and health regulations.
Groundwater surveillance monitoring is conducted
fFor the early detection of contamination from past
and present PGDP activities, to detect the hature
and extent of groundwater contamination

including the types ahd concentrations of
grouhdwater contaminants and the movement of
grouhdwater, as well as detecting where there is
no contamination and to measure the progress of
environmental remediation.

The PGDP approach for site-wide groundwater
surveillance, monitoring, and compliance is
outlined in the PGDP Groundwater Protection
Plan and the Paducah Site Environmental
Monitoring Plan (FRNP, 2018).

Data obtained from PGDP groundwater
monitoring supports decision-making about the
treatment of groundwater contamination and the
manhagement and treatment of Contamination
sources (Figure 3¢). Grouhdwater monitoring is
conducted at the PGDP to ensure that the site is
in compliahce with enhvirohmental ahd health
regulations. Monitoring results are used to
measure progress as well as identifying release.

During 2018 over 200 monitoring wells and
residential water supply wells were sampled, in
accordance with DOE Orders, Federal, State, ahd
[oCal requirements. Table 3 identifies the
grounhdwater monitoring and surveillance programs,
number of wells and fFlow system Components for
2018.

SOUTH

DOE

NORTH

Little Bayou Creek
( Ohio River

Flow v
Systems PORTERS CREEK CLAY

AQUITARD Terrace

Slope

lllinois

RUBBLE ZONE

LEGEND

—> DIRECTION OF GROUNDWATER FLOW

DIRECTION OF GROUNDWATER FLOW
WITHIN THE RGA

Figure 32. Cross-sectionh of the PGDP GUW Flow System

NOT TO SCALE
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Figure 33. PGDP Grounadwater Surveillance and Compliahce Monitoring ells
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Table 3. Groundwater Monitoring 2018

Number of Wells®
Terrace Upper McNairy
Program and Reporting Location Gravel/ | Continental Flow Rubble
RGA Total
Eocene | Recharge System Zone

Sands System

Groundwater Monitoring Program for
Landfill Operations (Continued)

C-746-K Landfill Wells 3 0 0 0 0 3
Semiannual FFA Progress Reports:
Second Half of FY 2018 (Data reported
Januarv—June 2018)

First Half of FY 2018 (Data reported
July—December 2018)

Northeast Plume Operations and
Maintenance Program

Semiannual FFA Progress Reports: (sce
links above)

Quarterly Optimization Wells [ 0o | 0 [ 36 ] 0 [ 0o | 36

Northwest Plume Operations and Maintenance Program
Semiannual FFA Progress Reports: (see links above)

<
<
<
(8]
[\

Semiannual Wells 0 32

Quarterly Wells 0 0 1 0 0 1

C-400 Cleaning Building Interim
Remedial Action Monitoring Wells
Semiannual FFA Progress Reporis: (see
links above)

Semiannual Wells

=]
(=
oo
(=
=]
oo

Quarterly Wells 0 0 11 0 0 11

Former Qil Landfarm (SWMU 1)
Monitoring Wells

Five-Year Review (to be reported in
2018)

Semiannual Wells 0 0 7 0 0 7

Water Policy Boundary Monitoring
Program
Annual Site Environmental Report

<

Northwestern Wells (quarterly) 0 20 0

=)
(]
~|e

=
=

Northeastern Wells (annual) 0 7 0

Carbon Filter Treatment System 0 0 1 0 0 1
Annual Site Environmental Report

Environmental Surveillance Groundwater
Monitoring Program
Annual Site Environmental Report

Annual Wells 0 1 28 0 1 30

=1
=
(%]
=
=l
(%]

Semiannual Wells

Quarterly Wells 0 0 3 0 0 3

2 Some wells are sampled under more than one program.
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Figure 3¢. PGDP Groundwater Contaminant Source 4reas

Table 4. TCE RemoVal gt Groundwater Source 4reas

Cumulative TCE Removed (gal) **

Source Area

Northwest Plume Groundwater Treatment System 3,684
Northeast Plume Containment System 329
C-400 Cleaning Building Interim Remedial Action 3,572
(including treatability study)

Southwest Plume Sources Remedial Action 24
LASAGNA™ treatment at Cylinder Drop Test Site 246

* TCE values include liquid VOCs and recovered VOCs on carbon.

® Cumulative through December 31, 2018. Value taken from DOE 2019b.
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BSanrec: Dk 2190
Figure 36. TCE Removed Throush Northwest Plume Groundwater Tréatment System
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CY 2018 grounhdwater monitoring at the PGDP was
conducted at current and inhactive lahdfills
(ComplianhCe monitoring), groundwater plume pump-
and-treat operations (performance monitoring), C-
400 Cleaning Building Interim Remedial Action
(performance monitoring) and area residential wells
(surveillance monitoring). Results are compiled in
the Paducah Qak Rjdge Environmental
Information System (OREIS) database. A summary
Of detected materials in 2018 are shown in Table 6.

PGDP groundwater plume maps are revised every
tWO Years to include routine groundwater
monitoring and CharacCterization data,
demonstrate the progress of groundwater Cleahup,
and facilitate plannhing for ongoing groundwater
Cleanhup. Plume maps depict the general footprint
of the TCE and Tc-99 contamihatioh in the
regional gravel aquifer (RGA) and convey the
general maghitude and distribution of
contamination within the plumes.

TRecords of decision are in place at the PGDP to
Clean up the Northwest Plume, the Northeast
Plume, the C-400 Cleaning Building source area,
and sources to the Southwest Plume. Table ¢ lists
the total TCE removed through all of the plume
and plume source area remedial projects. Graphs in
Figures 35 and 36 illustrate the total TCE removed
by the Northeast Plume Containment System and
the Northwest Plume Grounhdwater Treatment
System.

The groundwater maximum contaminant level
(MCL) for TCE is 5 ug/L anhd exceedances of that
MCL at the PGDP C-746 landfill complex are
listed in Table 5. A Grouhdwater Assessment
TReport documented that there was ho evidence of
release from the C-7¢6-UJ Landfill. The report
found that the beta activity (assoCiated with TcC-
99) and TCE inh the wells were sourced from
upgradient of the C-746-(J Landfill ahd assocCiated
with migration of historiCal plumes. StatistiCal
ahalyses are also used to evaluate compliahce
monitoring wells (MWSs) at the landfills. Each
report |ists ahy StatistiCal exceedance that is
found.
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Table 5. MCL Exceedances at the C-7¢6 Landfill Complex

Upper Continental
Recharge System

Upper RGA

Lower RGA

C-746-S and C-746-T Landfills

MW390: beta activity

MW369: beta activity

MW372: beta activity, trichloroethene
MW384: beta activity

MW387: beta activity, trichloroethene
MW309LI: trichloroethene

MW394: trichloroethene

MW370: beta activity
MW373: trichloroethene
MW385: beta activity
MW388: beta activity
MW392: trichloroethene

C-746-U Landfill

No exceedances

MW357: trichloroethene

MW366: trichloroethene

MW369: beta activity

MW372: beta activity, trichloroethene

MW358: beta activity, trichloroethene
MW361: trichloroethene

MW364: trichloroethene

MW367: trichloroethene

MW370: beta activity

MW373: trichloroethene

Shading indicates a background monitoring well.
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Table 6. Groundwater VJonitoring Analytes ¢ Range of Results

Analyte Range Analvte Range
Volatile Organic Compounds Anions
1,1,1-Trichloroethane (pg/1.) 1.2-1.2 Bromide (pg/l.) 86.3-1.100
1.1,2-Trichloroethane (ug/L) 0.34-1.16 Chloride (pg/1.) 896-115,000*
1,1-Dichloroethane (ng/1.) 042-15 Fluoride (pg/L) 77.6-670
1,1-Dichloroethene (ng/1.) 0.36-53.5*% Nitrate as Nitrogen (pg/L.) 44.7-5.670
1,2-Dichloroethane (pg/1.) 0.34-0.75 Sulfate (pg/1.) 6,340-831.000
Acetone (ng/L) 1.79-8.09 Metals
Carbon tetrachloride (nug/L) 0.36-8.09 Aluminum (pg/L) 19.8-10.800
Chloroform (pg/1.) 0.37-20.7 Arsenic (pg/l) 2.04-289
cis-1.2-Dichloroethene (ng/1.) 0.34-14,900%* Barium (pg/L) 18.1-505
Tetrachloroethene (pg/1.) 0.36-1.94 Beryllium (pg/L) 0.255-0.479
Toluene (pg/l.) 0.46-0.46 Boron (pg/1.) 5.26-1.620
trans-1,2-Dichloroethene (pg/1.) 0.36-2.36% Cadmium (pg/L) 0.323-0.375
Trichloroethene (pg/L) 0.35-53.200%* Calcium (pg/L) 6.,480-207.000
Vinyl chloride (ug/L) 0.36-370 Chromium (pg/l.) 3.08-1,180
Radionuclides Cobalt (pg/L) 0.31-17.1
Alpha activity (pCi/L) 6.52-14.1 Copper (pg/L) 0.303-11.6
Beta activity (pCi/L) 8.75-254 Tron (pg/L) 34.5-70,500
Radium-226 (pCi/L) 0.522-1.55 Lead (pg/L) 0.554-7.23
Magnesium (pg/L) 3,520-45,700
Technetium-99 (pCi/L) 9.62-10,300%* Manganese (pg/L) 1.01-12,200
Thorium-230 (pCi/L) 2.15-28 Mercury (pg/L) 0.077-0.077
Uranium-234 (pCi/L) 0.278-4.73 Molybdenum (pg/L) 0.201-7.79
Uranium-235 (pg/L) 0.0371-0.0371 Nickel (pg/L) 0.606-316
Uranium-235 (pCi/L) 0.758-3.83 Potassium (pg/L) 134-34.,600
Uranium-238 (pg/L) 4.08-4.08 Selenium (pg/L) 2.01-2.98
Uranium-238 (pCi/L) 0.201-2.65 Silver (pg/L) 0.308-1.24
PCBs Sodium (pg/L) 14,600-154.000
PCB-1242 (ug/L) 0.0335-0.375 Uranium (pg/1.) 0.072-5.94
PCB-1248 (ug/L) 0.0503-0.0788 Vanadium (pg/1.) 3.39-16.1
Total PCBs (ug/L) 0.0335-0.375 Zine (pg/L) 3.32-494
Wet Chemistry Parameters Arsenice, Dissolved (pg/L) 2.03-12
Alkalinity (pg/L) 77.800-191,000 Barium, Dissolved (pg/L) 16.9-488
Chemical Oxygen Demand (pg/L) 9,590-65.200 Chromium, Dissolved (ug/L) 3.2-244
Cyanide (pg/L) 1.81-1.81 Selenium, Dissolved (pug/L) 2.01-4.03
Dissolved Solids (pg/L) 124.000-760,000 Uranium, Dissolved (pg/1.) 0.067-6.67
Todide (pg/L) 168-737 *Maximum results are from C-400 Cleaning Building Interim Remedial
Total Organic Carbon (pg/L) 420-33.300 Action monitoring wells.
Total Organic Halides (pg/1.) 3.72-148
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5. Environmental Radiation
Monitoring

5.1. Background: The Atom ¢
TRadioactivity

Atoms are the basiC building bloCk of everything
that surrounds us. They are Very small; the size of
the |argest atom is less thah 1/100,00th the width
Of a human hair. Each atom is composed of
subatomicC particles: protons, heutrons, ahd
electrons. The center Or “nucleus” of ah atom
Contains protons and heutrons which make up
most Of every atom’s mass. Qrbiting the nucleus of
every atom is ah electronh cloud that contains the
rest Of the atom's mass (Figure 37; Figure 38).

This is a hydrogen atom.

Figure 37. §canning Transmission Electron [Vjicroscope
Photo of 3 Hydrogen Atom

A bove: photo of the structure of a hydrogen atom — the
nucleus containing a single proton is reayyellow with
surrounding electron obit.)

Elements are composed Of atoms that contain the
same number of protons in their hucleus. Elements
are identified on the periodic table by their atomic
nhumber which is the nhumber of protohs ih an
element's nucleus. The lightest element, hydrogen,
is assigned atomiC humber 1 beCause it contains
only 1 proton in its hucleus and a single orbiting
electron (Figure 38).

Atoms of ah element may exist in several different
forms, Khown as isotopes. Each isotope of an
element contains a different number of heutrons
in its nucleus. For example, hydrogen has three
haturally occurring isotopes: protium with ho
heutrons and one proton in its hucleus, deuterium
with 1 heutron and 1 proton in its hucleus, and
tritium with 1 protoh and 2 heutrons in its hucleus
(Figure 39).
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Hydrogen Atom

4
electron (= proton

/

/

N, 7

Bohr model of the hydrogen atom

Figure 38. Bohr Model of the Hydrogen 4 tom

o ‘»

Hydrogen Deuterium Tritium

Bohr model of the hydrogen isotope atoms
Figure 39. Bohr Moadel of Hydrogen Jsotope 4toms

Uranium () is a primordial element and the
heaviest naturally-occurring abundant element
found on earth with atomic humber 92. Jranium
contains 92 protons in its hucleus, a varying
number of heutrons and 92 orbiting electrons.

Isotopes are identified by their mass humber which
is equal to the number Of protons + heutrons in
the nucleus. The most commonh isotope of
naturally oCcCurring urahium has 92 protons + 146
neutrons in its hucleus (92 + 146 = 238) and is
identified as the isotope urahium-238, {J-238.

Other haturally oCCurring isotopes Of urahium are
urahium-235 ({J-235) and urahium-23¢ ({J-23¢).

Some atoms have ah unstable nucleus (Figure ¢0).
Unstable atoms, inCluding |arge atoms like uranium,
Cah haturally split and instantaneously release a
portion of their hucClear mass as particles and pure
energy in the nuclear reaction process known as
radioactive decCay.

The energy and particles givenh off in radioactive
decay event are Called radiation. Three general
types of radiation (Table 7) can be emitted during
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radioacCtive decay: alpha particles, beta particles,
and gamma rays (energy).

Radiation Fundamentals

Stable and Unstable Atoms

An atom with too

many or too few

; neutrons contains

' N b AMAAN, excess energy and is
. ALY not stable.

« Unstable atoms give
off excess energy
¢ (radiation).

« Unstable atoms are
radioactive.

Kentudkip™

D T

Figure ¢o. Stable and nstable Atoms

Table 7. Types of radiation

Type Radiation Emitted [}
oha decay alpha particle (2 protons and 2 neutrons) + energy
Beta decay beta particle (1 electron) + energy

samma decay | energy (gamma ray)

TRadioactive decay results in the formation of a
hew isotope Of the parent element or the
formation of lighter elements that may either
undergo further radioacCtive decay or be stable
and hot uhdergo further radioactive decay.
Material that contains atoms which undergo the
radioactive decay process is Called radioactive
material (Inset).

Atoms Cah also be split by huclear reactionhs which
involve the collision of atomicC nuclei or the
bombardment of ah atom's nucleus by a proton,
heutron, Oor energeticC particle. NucClear fission is a
radioacCtive deCay process Or huclear reaCtion
where atoms split into Smaller parts and release
Vast amounts of energy. Energy is released
according to Einstein’s famous formula E = mc?,
where E = energy, m is the small amount of mass
and c is the speed of light, which is a very, very
large number.

Under certainh Circumstances, isotopes of some
elements are “fissile”, meaning that they are
Capable of supporting a self-sustained, or Chain,
huclear reaction. Non-fissile isotopes, like (J-238,
are not Capable of supporting a Chain nuclear
reaction. The isotope (J-235 is fissile and beCause
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TRadiation a. the process in which
enhergy is emitted as particles or
waves. b. the complete process in
which energy is emitted by one body,
trahsmitted through ah intervening
medium or space, and absorbed by
another body. C. the energy
transferred by these processes.

Radioactive decay (also khown as huclear
decay, radioactivity, radioactive disintegration,
or huclear disintegration) is the process by
which an unstable atomic nhucleus loses energy
by radiation.

Source:
https://en.wikipedia.org/wiki/Radioactive decCay

Of its Fissile property it is the desired uranhium
isotope to utilize as a source of energy.

In the 1930s and ’¢0s, prior to the onset of World
War 11, scientists discovered the energy released
during nuclear fission. They quiCkly recognized its
potential as a weapoh and as ah efficient heat
source for driving turbines and generating
electricity.

Radioactive Materials are substances
that contain unstable, radioactive
atoms that give Off radiation as they
decay.
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5.2. Environmental Radiation
Background

Members of the publiC are routinely exposed to
radiation from hatural and mah-made sources
averaging 660 mrems/year (Figure 41). Routine
operations at the PGDP may release radioactive
materials into the environment. The releases may
result in a radiation exposure (Inset) to the publiC
and/or the environment. An exposure may result
in a dose (Inset) to an individual.

Space
(background)
(background) o

Terrestrial oz &
(background)
3%

Internal Adapted from NCRP 2009

Radon, et al.
(background)
37%

Computed
tomography
(medical)
24%

Industrial
<0.1%
Occupational

<0.1%

Consumer

o

Conventional =

Interventional radiography /
fluoroscopy fluoroscopy

(medical) (medical)
7 5%

Nuclear .““,,(,,“\

(medical)
12%

Figure 41. Average Annual Radiation Dose

Exposure to radiation is a transfer of energy
frot a radioactive substance to an individual.
This transfer Of energy Cah result in tissue
damage. Exposures may be external from
radionuclides outside the body or internal
from inside the body.

DOE Order ¢58.1, Radiation Protection of the
Public and the Environment requires an
environmental surveillance program at DOE sites
and requires that the program include any pathway

Dose is the amount of energy absorbed by the
human body resulting from exposure to a
source of radiation. Dose is measured in rems
or millirems (mrem).

that could result in publiC exposure and a dose to
a member of the publiC. The environmental
surveillance and monitoring conducted at the
PGDP specific to radioactive materials is
commonly referred tO as radiological monitoring.
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PGDP radiological monitoring includes the
following media and pathways: surface water,
groundwater, sediment, direct radiation, and air.

DOE has established dose limits to the public so
that DQOE operations Will hot contribute
significantly to an individual’s dose from an average
ahnual exposure. Each Year, PGDP operations may
contribute to the public’s or individuals’ dose
through releases of and resulting exposure to
radioactive material. The PGDP monitors releases
Of its radioactive materials and CalCulates an
annhual dose amount through:

¢ The use of effluent release data
e Direct radiation monitoring data

« Environmental monitoring data (along with
relevant Site-specCifiC data)

DOE Order ¢58.1 establishes an acceptable dose
limit For the publiC Of 100 mrem per Year above
background dose. The PGDP monitors the
presence and releases of radiation as well as the
amount of radiation that the publiC receives. The
PGDP uses radiation monitoring data t0 Confirm
that doses are below the publiC and individual
dose limits established in DOE Qrder ¢58.1.

5.2.1. Radioactive Materials

Radioactive materials at the PGDP are the result
Of processing urahium. Techhetium-99 is a mah-
made element Created as a product of the fission
process in huclear reactors. TC-99 was introduced

TRadioactive Elements/lsotopes that Cah be or have
been found at the PGDP

Uranium-23¢ (245,000 year half-life)
Uranium-235 (704,000,000 Year half-life)
Uranium-238 (¢,470,000,000 Year half-life)
Thorium-230 (75,400 year half-life)
Technetium-99 (211,000 year half-life)
Plutonium-238 (87.7 year half-life)
Plutonium-239 (24,100 year half-life)
Plutonium-240 (6,560 Year half-life)
Neptunium-237 (2,140,000 year half-life)
Americium-241 (432 year half-life)

Cesium-137 (30.2 Year half-life)
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at the PGDP during the reprocessing (recycling) of
nhuclear power reaCtor returns.

5.2.2. Sources/Pathways

Anh exposure pathway is the route a released
radioaCtive material takes from a source to a
receptor (3 plant, person, or animal). Routine
operations at the PGDP and DUFs facilities
release inCidental radioacCtive materials into the
environment through atmospheric and liquid
discharges.

The prinCipal pathways (Figure 42) by which people
are potentially exposed are:

« Inhalation of gases and particulates

o Ingestioh of Vegetables, Crops, milk, and wildlife
« Ingestion of surface water and groundwater

e GKin absorption (also Called dermal absorption)
o External exposure to iohizing radiation.

Figure 2. Radiation EXposure Pathways

5.2.3. Radiation Protection

Under DOE orders 458.1 (Radiation Protection of
the Public and the Environmend and 435.1
(Radioactive lyaste Managemend, the DOE
establishes the requirements for protection of the
public ahd the environment against any undue risk
from radiation from the Gite. It also makes sure
radioaCtive waste is managed in a safe way, limiting
exposure to workers, the publiC, and the
environment.

The DOE utilizes authorized limits (Inset) to
ensure that doses to the public meet DOE
standards and are As Low As Reasonably
Achievable or “ALARA’ (Ihset), that groundwater
is protected, that future remediation would hot
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be heeded, and that no radiologiCal protection
requirements are Violated. The Gite complies with
DOE Order ¢35.1 and DOE Qrder ¢58.1. The ways
the Gite complies with these DOE Qrders are as
follows:

e (Conduct radiological activities so that exposure to
members of the publiC is mainhtained within the dose
litnits;

e To contro| the remoVval Of radiologiCal property;

e TO ensure that potential radiation exposures to
members of the publiC are ALARA (Ihset);

e TO monitor routine and hohroutine radiological
releases and to assess the radiation dose to members
Of the public; and

e ToO proteCt the environment from the effects of
radiation anhd radioactive material.

Authorized Limits have been approved for:

Disposal of residual radioactive materials at
the C-746-U Landfill and Release of residual
radioactive materials from DOE-owned
property outside the Limited Area.

Burning lube oil and transformer oil at Clean
Harbors in Deer Park, Texas, and Veolia in
Port Arthur, Texas;

Unrestricted release of agueous
hydrofluoric acid generated during DUFs
conversion;

Shipping low-level waste to Waste Control
Specialists, LLC, RCRA Landfill;

Disposal of waste containing residual
radioactive materials at the Energy Solutions
Carter Valley Landfill, Tennhessee.

ALARA means “as low as reasonably
achievable.” which is an approach to
radiation protection to manage and
control releases of radioactive material
to the environment. the workforce, and
members of the public so that levels are
as low as reasonably achievable, taking
mto account societal, environmental,
technical, economic, and public policy
considerations. ALARA 1s not a specific
release or dose limit, but a process that
has the goal of optimizing control and
managing release of radioactive material
to the environment and doses so they
are as far below the applicable limits as
reasonably achievable. ALARA
optimizes radiation protection.
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5.2.¢4. Dose Assessment

The assessment of dose at the PGDP is conducted
using methods consistent with DOE Order ¢58.1,
other guidance documents, and Methods for
Conducting Rjsk Assessments and Rjsk Evaluations
(DOE 20183. Methods For Conducting Rjsk
Assessments and Rjsk EValuations at the Paducah
Gaseous DifFusion Plant Paducah, Kentucky
Volume 1. Human Health, DOE/LX/07-0107¢D2/R9,
July 2018).

Measurements of radionuclide concentrations in
liquids and air released from the PGDP are
modeled to estimate the maximum exposure to an
individual ih a year.

The population living within a 50-mile radius of
Paducah Site is evaluated in the Gite’s assessment
Of complianCe with publiC off-site dose limits. In
the assessment, the “Maximally Exposed
Individual” (MED is a hypothetiCal resident who
could be affected the most by any radiological
release.

The exposure pathways evaluated for Calculating a
dose for the ME] are:

. The ME] is exposed t0 air releases at the highest
average concentration of radionuclides that were
measured in air during a year.

. The MEI consumes milk, meat, ahd vegetables
produced at that location.

. The MEI spends time on or near Bayou or Little
Bayou Creek.

. The MEI hunts on the wildlife reservation and
consumes hunted wildlife.

. The MET] ingests surfacCe water from the hearest
public water withdrawal in Cairo, 1llinois.

. The ME] ingests sediment with surface water as a
reCreational user of Bayou and Little Bayou Creeks
on the DOE Reservation.

. The ME] is evaluated as the nearest plant neighbor
for Calculation of the dose assocCiated with
airborne releases of radionuclides.

. The ME] does hot consume Groundwater because
all persons downgradient of the Paducah Site are
provided water from the loCal publiC water supply
system under DOE’S Water Policy.

Additiohal assumptions related to the Paducah
Site MEI are that surface water is hot used for
irrigation of crops. Little Bayou Creek is hot a
pertmanhent stream and does hot support aguatiC
life for consumption. Fish are not caught and
consumed from Bayou Creek, SO fish ingestion is
not considered.
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6. Site Radiation Monitoring ¢
Dose Assessment

6.2. Air

DOE operations that may result in airborne
radionuclide releases include CERCLA remedial
actions and inCidental emissions. Several potential
sources were evaluated at the PGDP in 2018
including groundwater treatment facilities and the
DUTFs Conversion facilities, including:

. Northwest Plume Groundwater Pump and Treat
System (Surface Water & Air Releases)

. Northeast Plume Groundwater Alterhate Pump
and Treat System (Surface Water & Air Releases)

. DUFs Conversion Facility (Air Releases)

o C-709/C-710 Laboratory Hoods (Air Releases)

. Seal and wet air exhaust systems in PGDP process
and support buildings (Air Releases)

. SpeCific activities that could generate
fugitive emissions inClude transport and
disposal of waste, decontamination of
contaminated equipment, and environmental
Cleanhup activities.

Ambient air monitoring is conducted of Paducah
Gite operations using eight continuous air monitors
surrounding the Paducah Site, portions of the
Paducah DOE reservation and one background air
monitor. Monitored radioacCtive substances are
identified in the FY 2018 and FY 2019
Environmental Monitoring Plans.

Table 8. Radioactive Air Releases

Dose to the Maximally
Emission Sources Exposed Individual for the
Plant (mrem/yr)

Laboratory Hoods 1.80E-05

Building Exhaust Vents 6.50E-06

Northwest Plume Treatment System 6.10E-05

Northeast Plume Treatment Unit C-765 2.40E-06

Northeast Plume Treatment Unit C-765-A 1.10E-06

DUF; Conversion Facility 1.20E-06

Total from All Sources 9.02E-05

Toble 9. Air Release Dose Estimates
Northwest Northeast Northeast
Plume thme . Ph{me DUF¢ e .
Radionuclide | Groundwater Containment | Containment Conversion Laboratory Building Tot‘al ?lte
Freitaient System System | Fality Hoods Exhaust Vents | Emissions
System C-612 Tr?atl‘nent Trea‘tment Unit]
Unit C-765 C-765-A

Tc-99 9.17E-05 1.24E-05 6.06E-06 | 0.00E+00 | 0.00E+00 2.28E-06 1.12E-04
U-234 0.00E+00 0.00E+00 0.00E+00 1.12E-06 | 1.16E-05 1.37E-05 2.64E-05
U-235 0.00E+00 0.00E+00 0.00E+00 | 5.11E-08 | 7.53E-07 7.38E-07 1.54E-06
U-238 0.00E+00 0.00E+00 0.00E+00 | 2.74E-06 | 2.63E-05 5.46E-06 3.45E-05
Np-237 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00 5.22E-09 5.22E-09
Pu-239 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00 1.20E-08 1.20E-08
Th-230 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00 1.22E-08 1.22E-08
Th-231 0.00E+00 0.00E+00 0.00E+00 | 2.05E-07 | 0.00E+00 | 0.00E+00 2.05E-07
Th-234 0.00E+00 0.00E+00 0.00E+00 | 1.88E-05 | 0.00E+00 | 0.00E+00 1.88E-05
Pa-234m 0.00E+00 0.00E+00 0.00E+00 | 1.88E-05 | 0.00E+00 | 0.00E+00 1.88E-05
[Total Curies/Year| 9.17E-05 1.24E-05 6.06E-06 4.17E-05 | 3.86E-05 2.22E-05 2.13E-04

*Values are taken from National Emissions Standard for Hazardous Air Pollutants Annual Report for 2018 (FRNP 2019d).
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Table 10. Collective Dose from PGDP Airborne Relesses

Effective Dose to . .
Maximally Exposed Individual Percent of Collective Effective Dose
Standard (%) (person-rem/yr)
(mrem/yr)
9.02E-05 6.01E-04

TRadioactive releases from stacks and diffuse
PGDP sources were modeled using the EPA-
approved computer code CAP-88. The CAP-88 air
dispersion models use meteorological data and
Calculate dose based on ingestion, inhalation, air
immersion and ground pathways. Table 8 provides
site estimates Of atmospheriC releases in Curies
and Table 9 provides the modeled dose to the ME]
from individual PGDP point sources.

The hypothetiCal maximally exposed individual was
Calculated potentially to receive ah effective dose
equivalent of 0.00009 mrem, which is well below
the Natiohal Emission Standards for Hazardous
Air Pollutants standard of 10 mrem. The
Calculated CAP-88 collective effective dose for
the entire population within 50 miles of the PGDP
is in Table 10.

6.2. Surface Water

During 2018, surface water environmental
surveillanCe monitoring was conducted quarterly
at four |ocations (Figure 29) and at a downstream
Ohio Rjver |ocation hear the Cairo, Illinois public
water supply. Ohe downgradient |oCatioh and two
background [ocations were sampled annually.
Locations were prioritized for areas Of publiC
access, introduction of plant material to the
environment, anhd places where the plant’s
discharge controls could be checked.

Isotope analysis for multiple possible radionuclides
is performed on samples collected at
environmental, quarterly, ahd permitted sampling
|ocations. If a sample contains alpha ahd beta
activity at levels below established sCreening
thresholds, ho further analysis is conducted. The
screening threshold is 1¢ pCi/L for alpha activity
and 300 pCi/L, for beta activity. During 2018 no
surface water environmental surveillance
monitoring (oCation samples exceeded the alpha or
beta sCreening thresholds.

In addition, samples were taken throughout the
year nhear twenty KPDES-permitted outfalls.
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Threshold Values were exceeded during CY 2018 at
KPDES Outfall 001.

Effluent surface water sampling is conducted at
five (5) locations assocCiated with the C-7¢6-S¢T
and C-7¢46-0U Landfills and one location associated
with Northeast Plume effluent. CY 2018 isotopic
ahalyses of surface water and KPDES outfall
samples is summarized in Table 11.

Table 11. Radiation EfFFIuent Monitoring

Isotope Maximum Detect
Technetium-99 (pCi/L) 5.78E+01*
Uranium-234 (pCi/L) 1.33E+01
Uranium-235 (pCi/L) 2.69E+00
Uranium-238 (pCi/L) 4.80E+01

*Technetium-99 detects were found only at location C001. CO01 sampling results are not used for

g dose of incidental ing of surface water because it is a direct discharge of a treatment
system and not representative of waters that a person may swim in; therefore, this sampling result for
technetium-99 is not used in dose calculation.

Surface water from the Paducah Gite is not used
as a drinking water source, but it is eventually
discharged into the Ohio Rjver, which is used as a
public drinking water source at Cairo, Illinois,
[oCated downstream at the Confluence of the
Ohio and Mississippi Rjvers. The concentrations of
radionhuclides detected near the surfacCe water
collection inlet at Cairo during CY 2018 were used
€0 Calculate the dose to the ME] resulting from
consumption Of surface water. The maximum
alpha and beta activities detected in Cairo samples
was 1.3¢ and 6.06 pCifL,, respectively. Maximum
contaminant level (MCL) for alpha and beta
activities are 15 pCi/LL and ¢ mrem/year,
respectively.

6.3. Drinking Water

The drinKing water pathway dose was CalCulated
for the ME] consuming water from the Cairo
drinking water loCation. The maximum annual MEI
dose was Calculated to be 0.00 mrem/yr in 2018 as a
default value since the Cairo |ocationh Ssamples did
not exceed alpha anhd beta sCreening thresholds
anhd ho isotopiC ahalyses were conducted on the
samples.

Dose to the hypothetical ME] is Calculated based
Oh inCidental ingestion Oof surface water due to
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wading or swimming ih Bayou and Little Bayou
Creeks and their tributaries. The assumptions on
inCidental ingestion Of surfacCe water are that
someone may swim or wade ¢5 days/year, 2.6
hours/day, and inCidentally ingest 0.05 liters per
hour while swimming. The highest monthly surface
water results from the various sampling loCations
are utilized to CalCulate the top concentration and
resulting dose. The ahhual dose due to the
incidental ingestion of surface water is 0.067
mrem/year.

6.¢. Landfill [.eaChate

C-746-U Landfill leachate is sampled routinely and
screened against DOE Order ¢58.1 limits. Treated
leachate is released through permitted outfalls to
ensure compliance with permit standards.

6.5. Sediment

The sediment dose to the ME] assumes potential
exposure to contaminated sediment in the Bayou
and Little Bayou Creeks during hunting, fishing,
and other reCreational activities. Exposure is
assumed to occur through inCidental ingestion of
100 mg/day contaminated sediment at ohe Creek
location every other day during the hunting season
(104 days/year). EXposure CalCulations for sediment
include ingestion, inhalation, and external gamma
pathways. The downstream [oCation with the
maximum dose is assumed to represent the dose
received from this pathway. The highest anhual
sediment exposure pathway dose was CalCulated at
locatioh §27 (0.05¢ mret/yr) downhstream of the
PGDP (Table 12) at the Bayou Creek and Qutfall
G1 confluence. The sediment exposure pathway is
a major contributor to the dose received by the
MEI (Table 13).

6.6. Wildlife and Food Consumption

AS part of PGDP environmental surveillance the
ingestion of contaminated wildlife and farm-raised
animal meat, eggs, and milk is evaluated as a
pathway for exposure through the animals’
ingestion of contaminated water, sediment, other
anhimals, or direct contaCt with contaminated
areas.

Irrigation anhd deposition of waterborne
radionuclides on food crops is an incomplete
pathway because muniCipal water is supplied to
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nearby residents for household and agricultural
use. Irrigationh and deposition Of radionuclides
does not contribute to dose.

6.7. EXternal Radiation Exposure

Due to Paducah Gite security protocols in CY
2018, ho members of the public were routinely
allowed past the security fence. The external
radiationh doses measured by thermoluminescent
dosimeter (TLDS) in areas accessible to the public
were not statistiCally above background and the
possible contribution to public dose is hegligible
(Figure ¢3).

6.8. Total Dose to the ME]

The combined (internal and external) dose to the
MEIT was calculated to be 5.1 mrem/yr, well below
the DOE annual dose limit of 100 mrem/year to
members of the public. The airborne releases to
the ME] were CalCulated to be 0.00009 mrem/year
which is well below the EPA airbornhe dose limit of
10 mremyyear o the public (Table 13).
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Table 12. Sediment Ingestion Dose

Total Effective Dose (mrem/year)—Sediment Ingestion

Location Am-241 | Cs-137 | Np-237 | Pu-238 | Pu-239/ | Tc-99 | Th-230 | U-234 U-235 U-238 Total
Pu-240 (mrem)

S20 (background)® |0.00E+00 | 8.51E-04 [0.00E+00 | 1.08E-04 | 7.76E-04 [0.00E+00 | 8.32E-03 | 1.04E-03 | 1.50E-02 | 9.64E-03 | 3.57E-02
S1° 0.00E+00 | 8.66E-03 | 9.61E-03 | 6.65E-04 |0.00E+00 | 1.58E-04 | 1.03E-03 | 4.25E-03 | 1.35E-03 | 2.83E-02 | 5.40E-02

S2° 2.62E-03 | 1.60E-03 | 1.65E-03 | 2.02E-03 |0.00E+00 | 5.76E-05 | 1.24E-03 |0.00E+00| 9.27E-03 | 1.52E-02 | 3.37E-02

S27° 0.00E+00 | 5.07E-04 |0.00E+00 | 2.07E-03 | 2.13E-03 | 5.17E-05 | 5.59E-03 | 9.86E-04 | 1.37E-03 | 2.15E-02 | 3.42E-02
S33° 0.00E+00 | 3.03E-02 | 0.00E+00 | 5.16E-04 |0.00E+00 | 9.44E-05 | 3.74E-04 | 3.51E-03 |0.00E+00| 1.75E-02 | 5.23E-02

S34° 2.87E-05 | 4.54E-03 | 0.00E+00 | 9.58E-04 | 2.14E-03 | 2.45E-05 | 4.63E-03 | 7.8 1E-04 | 0.00E+00 | 1.18E-02 | 2.49E-02

Net Exposure from Paducah Site to the Maximally Exposed Individual***! (Downstream Little Bayou) =  5.40E-02
*Maximum allowable exposure is 100 mrem/year for all contributing pathways and 25 mrem/year from one source (DOE Order 458.1).
b Radionuclide dose from S20 is considered background and has been subtracted from Paducah Site-related doses. If location dose is less than background dose or less than
zero, the dose is specified as 0.00E+00 mrem/year.
¢ Dose calculated as ratio of listed dose for Adult Recreator in Table A.8 in Methods for Conducting Risk Assessments and Risk Evaluations at the Paducah Gaseous
Diffusion Plant (DOE 2017a2018a)Methods for Conducting Risk Assessments and Risk Evaluations at the Paducah Gaseous Diffusion Plant (DOE 2018a), which includes
the ingestion, inhalation, and external gamma pathways.
4 When more than one sample is present at the listed location, the doses of each sample are averaged.

Table 13. Summary of Potential Radiological Dose to the ME] From the Paducah Site For CY 2018

Dose to
Maximally | Percent of DOE Estimated
Pathway* Exposed 100 mrem/ Collective Population

Individual year Limit (Population Dose) within

(mrem/year) (person-rem/year) 50 miles
Air® 9.02E-05 0.00009% 6.01E-04 ~534,116
Waterd d d d g
Ingestion of drinking water® 0.0E+00 0.00% 0.0 2,830
Incidental ingestion of surface water 6.7E-02 0.067% g g
Sediments (incidental ingestion) 5.4E-02 0.054% 8.1E-03" 150
Direct radiation 5.0E+00 5% 7.5E-01" 150
All Relevant Pathways® 5.1E+00° 51% 7.6E-01

* Pathways defined in previous sections.

® Maximum allowable exposure from all sources is 100 mrem/year (DOE Order 458.1), which is consistent with 902 KAR 100:019, Section 10
(D(@).

¢ Doses associated with atmospheric releases also include ingestion pathways considered in the AirDose EPA food chain modeling routines.
DOE source emissions were from Northwest Plume Groundwater Treatment System, Northeast Plume Treatment Units, DUF4 conversion
Facility, Building Exhaust Vents, and Laboratory Hoods.

4 Groundwater is not a viable pathway for the maximally exposed individual due to DOE’s providing public water to downgradient residents.

¢ Ingestion of drinking water is assessed from the nearest surface water intake, Cairo, Illinois.

f Population dose for ingestion of drinking water from Cairo, lllinois, is based on a representative assumption using the estimated population
of Cairo, Illinois, only.

¢ Incidental ingestion of surface water within plant creeks and ditches is not applicable for calculation of collective dose to residents who
reside within 50 miles of the Paducah Site. Collective dose is not calculated for the incidental ingestion pathway due to the lack of a plausible
exposure scenario. This pathway is more likely to involve individuals; therefore, it is more suited for the maximally exposed individual dose
calculation.

b Population dose for direct radiation and incidental ingestion of sediment is based on a representative assumption using the estimated visitors
hiking in WKWMA only.
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7. Public involvement

The DOE and Site contraCtors are committed to
enhancing public awareness of PGDP activities
through community and educational outreach
programs.

7.1. PGDP CAB

The Paducah Citizens Advisory Board (CAB) is a
site-specCific advisory board chartered by DOE
under the Federal Advisory Committees Act. The
CARB is composed of up to 18 members chosen to
reflect the diversity of the PGDP area. The CAB
commubnicates the community’s concerns regarding
the environmental mahagement of the PGDP site.
The CAB meets bimonthly to focus on early Citizen
partiCipation in environmental Cleahup priorities
and related issues at the DOE facility.

The PGDP CAB subcommittees addressed issues
related to the following PGDP subjects:

* Decontamination anhd Decommissioning
¢ Environmental Restoration
e Community Engagement

o Budget Priorities

PGDP CAB meetings were open to the public and
all regular board meetings were publicly advertised.
In addition to its Voting members, the CAB also
has non-voting members representing EPA Region
¢, Kentucky Division of Waste Manhagement
(KDWM), Kentucky Cabinet for Health and Family
Services, ahd WKWMA.

7.2.Site Visits

A comprehensive DOE Community Relations and
‘Public Participation Program was updated in CY
2018. The Program provides the publiC with
opportuhities to become involved in decisions
relating to environmental issues at the PGDP site.

During CY 2018 DOE’s PGDP Environmental
Management Program conducted ten guided
public tours of the PGDP site.
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7.3. Education

In a joint project between DOE anhd the Kentucky
TResearch Consortium for Energy and Environment
(KRCEE) at the {Jniversity of Kentucky, students
from Marshall County High School partiCipated in
a program that: produced a summarized version of
a previous year’s PGDP Annual Site Environmental
TReport; received briefings from subject matter
experts about PGDP history & operations, huclear
science, environmental itmpacts, ahd ecology; ahd
also partiCipated in field ecologiCal data Collection
activities in the WKWMA around the PGDP site.
The KRCEE continued development of a PGDP
Virtual Museum during 2018 to document the
history and accomplishments of the PGDP as an
interactive web resource.

7.4.Qutreach

DOE supported several educational ahd
community outreaCh activities during 2018. Gite
employees partiCipated in a “Feds Feed Families”
programm in which employees brought nonperishable
food items to donate to [0Cal food pantries.

DOE anhd its contractors engaged students
through educational outreaCh programs such as
the annual DOE National Science Bowl, for which
regional competitions were held in February for
Western Kentucky and Southern Jllinois middle
and high schools. DOE and its contraCtors also
supported the Westernh Kentucky Regiohal SCience
TFair, loCal sChool Career fairs, and a middle school
Science, Technhology, Engineering, and Math
program. In 2018, DOE contractors sponsored a 10-
week Internship Program for College students to
work and be mentored by engineers, project
managers, and |eaders in the business, safety, ahd
regulatory departments to get a first-hand
perspective of what they would like to do after
graduation.
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Glossary

absorption—The process by which the humber and energy
Of partiCles or photons entering a body of matter are
reduced by interaCtion with the matter.

activity—See radioactivity.

adsorption—The accumulation of gases, liquids, or solutes
on the surface of a solid.

air stripping—The process of bubbling air through water
t0 remoVve Volatile organic compounds (VOCS) from the
water.

alpha activity—A measure of the emission of alpha
particles during radioactive decay. Alpha partiCles are
positively Charged particles emitted from the nucleus of
an atom having the same Charge ahd mass as that of a
helium nucleus (two protons and two neutrons).

ambient air—The atmosphere around people, plants, and
structures.

ahalyte—A constituent or parameter being analyzed.

aquifer—A geologic formation, group Of formations, or
part Of a formation Capable of Yielding a sighificant
amount of groundwater to wells or springs.

assimilate—To take up or absorb.

authorized limit—A litmit on the concentration or quantity
Of residual radioactive material oh the surfaces or within
property that has been derived consistent with DOE
directives including the as |ow as reasonhably achievable
(ALARA) process requirements. An authorized limit also
may inClude conditions or measures that limit or control
the disposition of property.

beta acCtivity—A measure of the emission of beta particles
during radioactive decay. Beta particles are hegatively
Charged particles emitted from the hucleus of an atom. It
has a mass and Charge equal to those of an electron

biota—The animal and plant life of a partiCular region
considered as a total ecologiCal entity.

biota concentratioh guide BCG}—The litniting
concentration of a radionuclide in soil, sediment, or water
that would not cause dose limits for protection of
populations of aquatiC and terrestrial biota (as used in
DOE technical standard, DOE-STD-1153-2002) t0 be
exceeded.

chain-of-custody fortn—A form that documents sample
collection, trahsport, analysis, and disposal.

Clearahce Of property—The remoVval Of property that
contains residual radioactive material from DOE
radiological contro| under 10 CFR Part 835 and DOE
Order ¢58.1.
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Closure—Formal shutdown of a hazardous waste
management £acCility under Resource Conservation and
TRecovery ACt requirements.

compliance—Fulfillment of appliCable requirements of a
plan or schedule ordered or approved by government
authority.

concentration—The amount of a substance contained in a
uhit Volume Or mass of a sample.

cohductivity—A measure of a material’s CapacCity to
convey ah electriC current. FOor water, this property is
related to the total ConCentration of the ionhized
substances ih water and the temperature at which the
measurement is made.

conhfluence—The point at whiCh two Or more Streams
meet; the point where a tributary joins the main stream.

contaihed landfill—A solid waste site or facility that
accepts disposal of solid waste. The technical
requirements for contained landfills are found in 401 K4R
47:080, 48:050, ahd ¢8:070 tO 48:090.

contamination—Deposition of radioacCtive material on the
surfaces of structures, areas, objects, Or personhnhel; or
introduction of miCcroorgahisms, Chemicals, toxiC
substances, wastes, Or wastewater into water, air, and Soil
in a concentration greater thah that found naturally.

cosmic radiation—Jonizing radiation with very high
energies that originates outside the earth’s atmosphere.
Cosmic radiation is one contributor to hatural
background radiation.

Curie (Cir—A unit of radioactivity. One curie is defined as
3.7 x10™ (37 billion) disintegrations per second. Several
fractions and multiples of the curie are used commonly
Kilocurie (kCi)—10° Ci, one thousand curies; 3.7 x 108
disintegrations per second.
millicurie (mCi)»—1072 Ci, ohe-thousandth of a Curie; 3.7 x
107 disintegrations per second.
microcurie (u Cil—10® Ci, one-millionth of a curie; 3.7 x
10* disintegrations per second.
picocurie (pCi}—10" Ci, one-trillionth of a Curie; 3.7 x 10°
2 disintegrations per second.

decay, radioactive—The spontaneous transformation of
one radionuclide into a different radioactive or
nonradioactive huclide or into a different energy state of
the same radionuclide.

dense nonaqueous-phase liquid (DNAPL)—The liquid
phase of chlorihated organiC solvents. These liquids are
denser thah water and include commonly used industrial
compounds such as tetrachloroethene and
trichloroethene.

deteCted Value—The Value reported by the laboratory for
ah analysis that the laboratory or a third-party data
Validator does hot qualify with a “J” or “<.”
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disintegration, hucClear—4 spontaneous huclear
transformation (radioactivity) Characterized by the
emission of energy and/or mass from the nucleus of an
atom.

dose—The energy imparted to matter by ionizing radiation.
The unit of absorbed dose is the rad, equal to
0.01 joules per Kilogratm in any medium.

absorbed dose—The quantity of radiation energy absorbed
by ah organ divided by the organ’s mass.

Absorbed dose is expressed in units of rad (or gray) (1 rad
=0.01 @Y).

dose equivalent—The product of the absorbed dose (rad)
in tissue and a quality factor. Dose equivalent is expressed
in units of rem (or Sievert) (1 rem = 0.01 SV

committed dose equivalent—The CalCulated total dose
equivalent to a tissue Or orgah over a 50-year period after
Khownh intake of a radionuclide into the body.
Contributions from external dose are hot inCluded.
Committed dose equivalent is expressed in units of rem (or
sievert).

efrective dose equivalent/effrective dose—The sum of the
dose equivalents received by all organs or tissues of the
body after eaCh one has beeh multiplied by ah appropriate
weighting factor. The effecCtive dose equivalent inCludes
the committed effective dose equivalent from internal
deposition of radionuclides and the effective dose
equivalent attributable to sources external to the body.

collective effecCtive dose equivalent/coliective dose
equivalent—The sums of the dose equivalents or
effective dose equivalents of all individuals in an exposed
population within a 50-mile radius expressed in units of
person-rem (Or person-sievert). When the collective dose
equivalent of interest is for a specCific organ, the units
would be organ-rem (or organ-sievert). The 50-mile
distance is measured from a point [oCated Centrally with
respect to major facilities or DOE program activities.

downgradient—In the direction of deCreasing hydrostatiC
head.

effluent—A liquid or gaseous waste disCharge to the
environment.

effluent monitoring—The collection and analysis of
samples or measurements of liquid and gaseous effluents
for purposes of Characterizing and quantifying the release
Of contaminants, assessing radiation exposures to
members of the publiC, and demonstrating compliance
with applicable standards.

Environmental Restoration—A DOE program that directs
the assessment anhd Cleahup Of its sites (remediation) and
Facilities (decontamination and decommissioning)
contaminated with waste as a result of huclear-related
activities.
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exposure (radiation)—The inCidence of radiation on living
or inahimate material by accident or intent. Background
exposure is the exposure to hatural background ionizing
radiation. QCCupational exposure is that exposure to
jonizing radiation received at a person’s workplace.
Population exposure is the exposure to the total humber
Of persons who inhabit an area.

external radiation—EXposure to ionizing radiation when
the radiation source is |oCated outside the body.

formation—A mappable unit of consolidated or
unconsolidated geologiCc material Of a Characteristic
lithology or assemblage of lithologies.

gamma ray—High-energy, short-wavelength
electromagnetiC radiation emitted from the hucleus of an
excited atom. (zamma rays are identiCal to X-rays except
for the source of the emission.

groundwater, unconfined—Water that is in direct
contact with the atmosphere through open spaces in
permeable material.

half-life, radiologiCal—The time required for half of a
given humber of atoms Of a SpeCifiC radionuclide to
decay. Each radionuclide has a unigue half-life.

hardness—The amount of CalCium Carbonate dissolved in
water, usually expressed as part Of CalCium Carbonhate per
million parts of water.

high-level waste—High-level radioaCtive waste means: (1)
irradiated reaCtor fuel; (2) liquid wastes resulting from
the operation of the first CyCle solvent extraCtionh system,
or equivalent, ahd the concentrated wastes from
subsequent extraCtion Cycles, or equivalent, ih a facility
for reprocessing irradiated reaCtor fuel; and (3) solids into
which such liquid wastes have been converted.

hydrogeology—HydrauliC aspects of site geology.

hydrology—The sCience dealing with the properties,
distribution, and Circulationh of hatural water systems.

internal exposure—Qccurs when hatural radionuclides
enter the body by ingestioh of foods or liquids or by
inhalation. Radon is the major contributor to the annual
dose equivalent for internal radionuclides.

isotopes—Forms of ah element haVving the same number of
protons but differing humbers of neutrons in the huclei.

Depleted uranium (DU —is uranium with a lower content
of the fissile isotope 235(J than hatural uranium. Natural
uranium contains about 0.72% 235(J and D{J contains less
than 0.72% 235(J.

DUF6 - Depleted uranium hexafluoride, DUFS, is
uranium hexafluoride gas containing a deCreased content
Of the fissile isotope 235(J.
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lonhg-lived isotope—A radionuclide that decays at such a
slow rate that a quantity of it Will exist for an extended
period (half-life is greater than three years).

short-lived isotope—A radionuclide that decays so rapidly
that a given quantity is transfortmed almost completely
into decay products within a short period (half-life is two
days or [ess).

laboratory detection limit—The lowest reasonably
aCCurate concentration Of ah anhalyte that Cah be
detected; this value Varies depending on the method,
instrument, and dilution used.

limited area—The industrial area at PGDP, Comprising
approximately 6¢¢ acres.

low-level waste—Low-level waste is radioactive waste that
is hot high-level waste; spent huclear fuel; transurahic
waste; byproduct material (as defined in Section 11e.(2) of
the 4 tomic Energy 4ACt of 2954 as amended); or naturally
occurring radioactive material.

maximally exposed individual—A hypothetical individual
who remains in an uncontrolled area ahd would, when all
potential routes Of exposure from a £acility’s operations
are considered, receive the greatest possible dose
equivalent.

migration—The transfer or movement of a material
through air, Soil, or groundwater.

monhitoring—Process whereby the quantity and quality of
factors that Cah affect the environment or humanh health
are measured periodically to regulate and contro| potential
impacts.

mrem—The dose equivalent that is one-thousandth of a
rem.

natural radiation—Radiation from cosmic and other
haturally ocCurring radionuclide (such as radon) sources in
the environment.

nuclide—An atom specified by its atomiC weight, atomic
number, and energy state. A radionuclide is a radioactive
nuclide.

outfall—The point of conveyance (e.g., drainh or pipe) of
wastewater or other effluents into a ditch, pond, or river.

personal property—Property of any Kind, except for real
property.

person-rem—CollecCtive dose to a population group. For
example, a dose of 1 rem to 10 individuals results in a
collective dose of 10 person-ref.

pH—A measure of the hydrogen-ion concentration in ah
aqueous solution. Acidic solutions have a pH from o to 7,
neutral solutions have a pH equal to 7, and basicC solutions
have a pH greater thah 7.
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polychiorinated biphenyl (PCB)—Any Chemical substance
that is limited to the biphenyl molecule anhd that has been
chlorinated to varying degrees.

process water—\ater used within a system process.

qQuality assurance (QAJ)—Anhy action ih environmental
monitoring to ensure the reliability of monitoring and
measurement data.

quality control (QC)—The routine appliCation of
procedures withih environmental monitoring to obtain the
required stahdards of performance in monitoring and
measurement processes.

quality factor—The factor by which the absorbed dose
(rad) is multiplied to obtain a quantity that expresses, oh a
common sCale for all ionizing radiation, the biological
damage to exposed persons. A quality factor is used
because some types of radiation, such as alpha particles,
are more biologiCally damaging than others.

rad—An acronym for radiation absorbed dose. The rad is a
basiC unit of absorbed radiation dose. (This is being
replaced by the “gray,” which is equivalent to 100 rad.)

radioactivity—The spontaneous disCharge of radiation
from atomicC huclei. This is usually in the form Of beta or
alpha radiation, together with gamma radiation. Beta or
alpha emission results in transformation of the atom into a
different element, Changing the atomiC humber by +1 or -2
respectively.

radionuclide—An unstable huclide Capable of
sponhtaheous transformation into other nuclides by
Cchanging its hucClear configuration or energy |evel. This
trahsformation is accompanied by the emission of photons
or particles.

real property—[and and anything permanently affixed to
the lahd such as buildings, fences, and those things
attached to the buildings, such as light fixtures, plumbing,
and heating fixtures, or other such items, that would be
persohal property, if hot attached.

record of decision (ROD)}—A public document that
explains which cleanup alternatives will be used to Clean
up a Superfund site.

release—Any discharge to the environment. Environment
is broadly defined as any water, land, Or ambient air.

rem—The uhit of dose equivalent (absorbed dose in rads
multiplied by the radiation quality factor). Dose equivalent
is frequently reported in units of millirem (Mmrem), which is
ohe-thousandth of a rem.

remediation—The Correction of a problem. See
Environmental Restoration.

reportable quantity—An amount set by a regulation in
which release to the environment must be reported to
regulatory agencies.
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Resource Conservation ahd Recovery Act (RCRA}—
Federal legislation that regulates the trahsport, treatment,
and disposal of solid and hazardous wastes.

sievert (SVI—The S1 (Interhational System of (Jnits) unit of
dose equivalent; 1 SV = 100 rem.

source—A4, point or object from which radiation or
contaminhation emanates. stable—Not radioactive or hot
easily decomposed or otherwise modified chemically. storm
water runoff—Surface streams that appear after
precCipitation.

Strata—peds, layers, Or Zohes Of roCks.

surface water—A|l water on the surface of the earth, as
distinguished from groundwater.

suspended solids—Mixture of fine, honsettling particles
Of any solid within a liquid or gas.

terrestrial radiation—Jonizing radiation emitted from
radioactive materials, primarily K-¢o, thoriumm, and
uranium, in the earth’s soils. Terrestrial radiation
contributes to hatural background radiation.

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

tota| solids—The sum of total dissolved solids and
suspended solids.

turbidity—A measure of the concentration of sediment or
suspended particCles in solution.

UF6 - Gaseous urahium hexafluoride which contains the
the fissile isotope 2350 at it's haturally occuring content
Of approximately 0.72% 235(J.

Vvolatile organic compound (VOC)—Anhy organic compound
that has a low boiling point and readily Volatilizes into air
(e.g., trichloroethane, tetraCchloroethene, and
trichloroethene).

watershed—The region draining into a river, river system,
or body of water.

wetland—A lowland area, such as a marsh or swamp,
inundated or saturated by surface or groundwater
SUFFiciently to support hydrophytiC vegetation typicCally
adapted to life in saturated Soils.
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Classroom anhd Field Activities
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Figure 4¢. MICHS Student displays a sample during WKWiMA4 Field day
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Figure 5. MCHS Students collecting samples during WKWV Feld day
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Fisure 46. MCHS Student collecting 3 water sample From a WKWV stream
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Figure ¢2. MCHS Student handling wildlife during WKWIMA Feld day
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Figure #8. MICHS students collecting soil samples
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Figure 49. MCHS Students catch wildlire at WKWIMA field day
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Figure 50. MJCHS Students catching wildlire in a stream during WKWiMA Feld asy
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Figure 51. MCHS Student handling WKWMA wildlife in the Classroom
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Figure 52. MJCHS Student recreates g sample water and Sojl system
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