0200430477

5170

REMEDIAL INVESTIGATION REPORT FOR

D

OPERABLE UNIT 2 VOLUME 1 OF 6 TABLE OF

CONTENTS, SECTIONS 1-7, & REFERENCES
DRAFT FEBRUARY 1994

- 02/18/94

DOE-FN/EPA
1054
" REPORT

018p;




= 3170

REMEDIAL INVESTIGATION REPORT
FOR OPERABLE UNIT 2

FERN ALD{ ENVIRONMENTAL MANAGEMENT PROJECT
_! FERNALD, OHIO

REMEDIAL INVESTIGATION AND FEASIBILITY STUDY

| ~ VOLUME 1 OF 6
| TABLE OF CONTENTS
" SECTIONS 1-7

REFERENCES

FEBRUARY 1994

~ U.S. DEPARTMENT OF ENERGY

FERNALD FIELD OFFICE
poat DRAFT




" 5170

FEMP-OU02-4 DRAFT
February 18, 1994

TABLE OF CONTENTS

List of Tables . . . .. .. . e e xi
List of Figures . . . . . . .. . . e XXiv
List of Acronyms . . . .. . .. ... e XXXiv
Distribution List . . . . . . .. ... e xxxviii
GlOSSaATY . . . e e e G-1
Executive Summary ... ... .. ... L ES-1
1.0 introduction ................................................ 1-1
1.1 Purpose of Report .............. e 1-3

1.2 Historyof the FMPC . . . ... . ... . . . .. . . . . 1-4

'1.2.1  FMPC Production Process . . .................. .. ... .... 1-5

1.2.2  FEMP Compliance History . . .. ...... ... ... ... ........ 1-10

1.3 FEMP Operable Units . . . . .................0vuuoo.... L 1-15

1.4 FEMPOperableUnitInterfaces...............................; 1-18

1.5  Previous Regional Investigations and Site Monitoring . . . ... ............ 1-19

1.5.1  Meteorological Monitoring . . .. ....................... .. 1-19

1.5.2 . Surface Soil Investigation . . ... ...... ... ... ... ... ...... 1-20

1.5.3.  Geologic Investigations . ... ...... ... ... ... ... . .. . ..., 1-20

1.5.4  Surface Water and Sediment Investigations . . . ................ 1-21

1.5.5 Hydrogeologic Investigations . . . ... .................. 122

1.5.6 Vegetation and Wildlife Studies . . ............ ..., e 1-22

1.5.7  Environmental Monitoring . . . ... ... .. 1-23

1.5.8  Contamination Release Studies . . .. ............ .. ... ... ... 124

1.5.9 Historical Photographs of the FEMP . . . . .. .. ............... 1-26

1.6  Description of Operable Unit2 . . ...... ... ... ... .. ... . ........ 1-26

1.6.1 Historyof Operable Unit2 . ... ......................... 1-27

1.6.2  Solid Waste Landfill . ... ........................... 129

1.63 LimeSludge Ponds . ... ... ....... ... .. ... 1-31

1.6.4 Inactive Flyash Pile . . ... ... ..... ... .. ........ [P 1-34

1.6.5 South Field . ....... e e 1-35

1.6.6 . Active FlyashPile . ....... ... ... .. .. ... ... ........ o 1235

1.7  Operable Unit 2 CERCLA ACHONS . . . . ..o\ e

FER\CRU2RINTDOVTOC. TOCRIFebruary 14, 1994 8:25am i




2.0

0003

FEMP-OU02-4 DRAFT
February 18, 1994

TABLE OF CONTENTS

(Continued)
1.7.1  Firing Range Removal Site Evaluation . . . ... ... ............. 1-37
1.7.2  Active Flyash Control Removal Action . .................... 1-38
1.7.3  Inactive Flyash Pile/South Field Disposal Area Control

. "Removal Action . .. ... ... 1-38
1.7.4  Paddys Run Erosion Control Removal Action .. ............... 1-38
1.8 Organizationof Report . ... ... ... ... ... ... ...............0.139
Operable Unit 2 Investigations . . . ... ... .. ... 2-1
2.1 Previous Investigations . . ... .. ... ... ... ... 2-1
2.1.1  Environmental Survey . ........ ... ... ... ... ... ... 2-1
2.1.2  Characterization Investigation Study . . ... ......... .. ... ..., 24
2.2 Rl Field Investigations . .. ... ... . ... ... ..., G 2-8
2.2.1  Phasel Field Investigation . .............. ... .. ... ..... 2-8
2.2.1.1 Phase 1 Surface Media Investigation ... ......... ... . 29
22.1.2 Phase I Surface Water/Sediment Investigation .. ... ... .. 29
2213 Phas¢ I Subsurface Media Investigation . .. ... ... ... .. 2-11
2.2.1.4  Phase I Groundwater Investigation . . ... ............ 2-11
2215 Phase I Geotechnical Investigation . ... ............. 2-14
2.2.2  Phase Il Field Investigations . . .. ... ... ... ... .. ... .v..... 2-15
2221 Phase II Field Investigation Data Requirements . . ... .. .. 2-15
2.2.22  Phase Il Field lnvestigatidn Methods . . . ....... ... ... 2-15
22221 Phase II Geophysical Survey . ... ......... 2-20
22222 Phase II Soil Gas Survey ......... e 2-20
22223 Phase 11 Surface Media Sampling . ... ...... 2-20
22224 Phase Il Subsurface Media Sampling . . ... ... 2-22
22225 Phase Il Trench Investigations . ........ ... 2.22
22226 Phase II Hydropunch™ Groundwater Sampling . 2-25
22227 Phase I1 Monitoring Well Installations . . ... .. 2-25

22228 Phase 11 Groundwater Level Measurements
and Sampling . . ........ ... ... L. 2-26
22229 Phase II Surface Water and Sediment Sampling . 2-28
222210 Phase 11 Geotechnical Sampling . . ... ... ... 2-28

(-

2o
.l
ety
LI

. L .o
FER\CRU2RINTDO\TOC. TOCRI\February 14, 1994 8:25am 11




_°57@

FEMP-OU02-4 DRAFT
February 18, 1994

TABLE OF CONTENTS

FER\CRU2RNTDOVTOC. TOCRI\February 14, 1994 8:25am iii

(Continued)
222211 Phase II Project Surveying . ............. 2-28
222212 Phase II Field Quality Assurance Sampling . ... 2-30
222213 Phase 1T Sample Collection Documentation . ... 2-31
2222.14 Investigation Derived Waste
Handling/Storage/Disposal .. ... ......... 2-31
. 2.2.2.3  Phase Il Analytical Methods . . . ... ............... 2-32
2.2.2.4 Data Validation Methods . ... ................... 2-39
2.2.2.5  Phase Il Data Management Methods . . ... ........... 2-39
2.3 Environmental Characterization Information for the Solid Waste Landfill . . . . . . 2-42 v
23.1 Surface Sampling . ... ... .. ... 2-42 g
2.3.2  Subsurface Sampling o 2-43 B
2.3.3  Surface Water and Sediment Sampling . . ... ................. 2-47 Gk
2.3.4  Groundwater Investigations . . . . ........... ... ... .. .. ..... 2-49 Ch
‘ 2.3.5  Geotechnical Investigations . . ... .... ... ... ... .. ........ 2-50
23.6 Soil GasSurvey . . ... ... 2-51 | il
2.3.7 Geophysical Survey . ... ... 2-51 L
2.4  Environmental Characterization Information for the Lime Sludge Ponds . ... .. 2-51 ~
241 Surface Sampling . ... ... ... ... .. 2-52 o
242 Subsurface Sampling . ... ...... .. .. .. o o L 2-59 Cade
2.4.3  Surface Water and Sediment Sampling . . . ......... .. ... .. ... 2-60 e
2.4.4  Groundwater Investigations . . .. ........... ... ... ... .. .. 2-62
2,45 Geotechnical Investigations . ... ...............0... ... 2-63
2.4.6 Geophysical Survey . . ... ............. e 2-64
2.5  Environmental Characterization Information for the Inactive Flyash Pile
and South Field . . . ... . ... ... ... 2-64
2.5.1  Surface Sampling . . ... ... ... ... 2-64
2.5.2  Subsurface Sampling . ... ... ... .. 2-69
2.5.3  Surface Water and Sediment Sampling . . .. .................. 2-76
2.5.4  Groundwater Investigations . ... .......... ... .. .. .. ..... 2-78
‘ 2.5.5  Geotechnical Investigations . ... ............... I i 2:81
256 Geophysical Survey . .. ........ .. ... ... L. '.V. L2 81,,;_,“




o, BTTL

FEMP-OU02-4 DRAFT
Pebruary 18, 1994

TABLE OF CONTENTS
(Continued)

2.6  Environmental Characterization Information for the Active Flyash Pile

....... 2-85

2.6.1 Surface Sampling .. ... ... .. ... ... 2-85

2.6.2  Subsurface Sampling . ... ...... ... ... .. ... ... L 2-86

2.6.3  Surface Water and Sediment Sampling . . . ... .. .............. 2-87

2.6.4  Groundwater Investigations . . .. ... ..............u ... 2-88

2.6.5 Geotechnical Investigations . . ... ........................ 2-88

2.6.6  Geophysical Survey . . ... ........ P S 2-89

3.0 Physical Characteristics of the Study Area . ... ......................... 3-1
3.1 Site-Wide Characteristics . . . . .. . .. ... 3-1

3.1.1 Meteorology . ... ... ... ... 3-1

3.1.2  Topography and Surface Water Hydrology . .................. 37

3.1.3  Geology and Groundwater Hydrology ........... e e 3-13
3.1.3.1  Physiography ... ..... ... .. ... ... 3-14°

3.1.3.2  Geologic History . . .. ... ... . ... ... 3-14

3.1.3.3  Site-Wide Hydrogeology ............. e e 3-19

3134 Seismology . . ... ... 3-28

3.1.34.1 Historical Earthquake Affecting the FEMP Area . 3-28

3.1.342 Historical Earthquake Activity in Ohio . . . . . .. 3-35

3.1.343 Historical Earthquake Activity in

Surrounding Areas . .................. 3-36

3.1.4  Soils .. 3-37

3.1.5 Populationand Land Use . .......... ... ... ... ....... 3-43

306 ECOORY - o o ove e e e e 3-46
3.2 Solid Waste Landfill Characteristics . . .. ... ...................... 3-58

3.2.1 Topography and Surface Water . ......................... 3-58

3.2.2  Geology and Groundwater Hydrology . ..................... 3-60

3.3  Lime Sludge Ponds Characteristics . . . .. ......................... 3-63

3.3.1 Topography and Surface Water . ... ...................... 3-63

3.3.2  Geology and Groundwater Hydrology .. .................. .. 363

" 3.4 Inactive Flyash Pile and South Field . . . ... ........ .. ... .......... 3-70

0 O,O 0 3.4.1 Topography and Surface Water . ... ... AP Cee 3-78

' : PIERRIE R

FER\CRU2RINTDOATOC. TOCRI\February {4, {994 8:25am iv

|




Py

(el

FEMP-0OU02-4 DRAFT
February 18, 1994

‘ "TABLE OF CONTENTS
~ (Continued)
- 3.42  Geology and Groundwater Hydrology . ..................... 3-79
3.5 Active Flyash Pile . ... ... ... .. . .. 3-91
3.5.1 Topography and Surface Water . .................. o 391
3.5.2  Geology and Groundwater Hydrology ...................... 3-96
4.0 Nature and Extent of Contamination ................................ 4-1
4.1 Background Data ... . ... ... ... ... e L. 441
4.1.1 Opérable Unit 2 Process Data . .. ..o oo 4-2
4.1.2  Statistical Evaluation of Background Data . . . . ... ... .......... 4-4
4.1.3  Flyash Baseline Concentrations . .. ....................... 4-8 Wl
4.2 Solid Waste Landfill ... ...... ... .. ... . ... 4-13
4.2.1 Volume and Physical Characteristics . ..................... 4-13
422  Surface and Subsurface Media . . ... .......... ... ... ..., 4-15 e
4.2.3  Surface Water and Sediment . . .. ................. P 4-44
. 4.2.4  Groundwater . .. ... ... . ... 4-55
425 Biota ... ... 4-98
42.6 SUMMAIY . ... ... [P 4-99 -
43 LimeSludgePonds ............ ... ... .. ... " ................. 4-99 i
4.3.1 Volume and Physical Characteristics . ... . e 4-100
432  Surface and Subsurface Media . . ... ........ .. ........... 4-100
4.3.3  Surface Water and Sediment . . . ......... ... ... ... ..., 4-131
434  GroundwWater . ... . ... ... 4-147
435 Biota . . ... 4-148
43.6  SUMMALY . . oo ettt e e 4-148
4.4 Inactive FlyashPile . ............ ... ... ... ... . ... .. o 4-177
4.4.1 Volume and Physical Characteristics of the Waste . . . . . . .. e . 4-177
4.4.2  Surface and Subsurface Media . . ... ... .. e 4-180
4,43  Surface Water and Sediment . . . ... ... ... .. ... ... 4-204
444  Groundwater . . .. ... . ... 4-229

' 445 Biota .. .. ... e 4-239
446 Summary

.................. e .. 4255
4.5 South Field

0008 .
FER\CRU2RNTDO\TOC.TOCRN\February 14, 1994 8:25am v T : -




= 5170

FEMP-0OU02-4 DRAFT
Pebruary 18, 1994

TABLE OF CONTENTS

(Continued)

4.5.1 Volume and Physical Characteristics of Waste . . .. ............ 4-256
4.5.2  Surface and Subsurface Soils . . . ...... ... ... .. .. ... . ... .. 4-256
4.5.3  Surface Water and Sediment . . .. ....................... 4-284
454 Groundwater . ... ... ... 4-293
455 Biota ... .. 4-329
456  Summary .. ... 4-329
4.6  Active Flyash Pile . . . . . e 4-329
4.6.1  Volume and Physical Characteristics of Waste Material . ... ... ... 4-331
4.6.2  Surface and Subsurface Media . . ... ............... ... ... 4-331
4.6.3 Surface Water and Sediment . . ... ... .. .. .. .. ........... 4-361
4.6.4 Groundwater . . . . .. .. ... 4-378
4.6.5 Biota . ... ... 4-399
4.6.6 Active Flyash Pile Summary . .. ... ..................... 4-399
5.0 Contamihant Fate and Transport . . . .. ....... ... ... .. ... ... . . .. 5-1
5.1  Potential Migration Pathways . . . ... ... ... .. .. . ... L. 5-2
5.1.1 Surface‘Water Pathway . . ... ... ... . . ... 5-4
5.1.2  Groundwater Pathway . ................ o FIRIR I 5-4
5.1.3° AirPathway . ... ... ... ... 5-6
5.2 Persistence of Constituents . . . .. ........ ... ... ... . .. 5-6
5:2.1 Radionuclides . ............ ... .. ... .. ... .. ... IR 5-6
522 Inmorgamics................... e 5-11
523 Organics . ... .. 5-11
5.3  Surface Water Modeling . ................ [ 5-12
5.3.1  Conceptual Model ... .... ... ... ... ... 5-14
532 Technical Approach . .. ...... ... ... .. ... .. . ... ... 5-15

5.3.3  Screening Procedure for Groundwater CPC from the Surface Water
Pathway ... ...... PO 5-16
5.3.4  Results of Surface Water Modeling . . . ... .. ... ... ........... 5-18
53.4.1 Solid Waste Landfill . .. ... ... ... .. ... ... . ..., 5-18
5342 LimeSludgePonds .......................... 5-21
'06:07 53.4.3 Inactive Flyash Pile ... ....................... 5-21

FER\CRU2RRTD0§T‘c;c?1?6c§nFeb}u&>2 14, 1994 8:25am vi




(Continued)
5344 SouthField ...... ... ... .. .. .. ... ... .. .... 5-26
5345 ActiveFlyashPile ... ....... ... ............... 5-30
53.4.6 Combined Modeling Results . . . . . ............ ... 540
5.3.5  Uncertainties in the Model .. ....... ... ... ..... ... ... . .. 5-40
5.4 Groundwater Modeling . . .. ... .. ... 5-45
5.4.1 Conceptual Model . ........ ... ... ... ... ... ... ... ... 5-46
5.4.1.1  Solid Waste Landfill . .. ........ ............... 5-50
5412 Lime Shidge Ponds ... ....................... 5.50 W
5.4.1.3  Inactive Flyash/South Field . .................... 5-50 G
5.4.1.4  Active Flyash Pile ......... [ 5-57 . 3
5.42 Technical Approach . .......... ... .. .. . ... ... .. ... .. 5-64 W
5.4.2.1 Source Term Development for Vadose Zone and .
Groundwater Models .. ... ............ e 5-64 .
5.422  Methods of Eétimating Leachate Concentrations . . .. ... .. 5-66 SN,
5.42.3  Vadose Zone Modeling . ... .. .................. 568 W
5.4.2.4  Screening Procedures . . ........ ... ... .. ..., 5-70 W
5.42.5  Great Miami Aquifer Modeling . . .. ............... 574
5.4.3  Results of Vadose Zone Modeling and Screening of Contaminants of e
Potential Concern . . . . ... ... ... ... .. .. 5-75
5.4.3.1  Solid Waste Landfill . ... ...................... 5-75
5432 LimeSludgePonds .............. ... ....... .. 5-81
5.4.3.3  Inactive Flyash Pile/South Field . . . ... ............. 5-98
5434 ActiveFlyashPile .................... P 5-109
5.4.4  Great Miami Aquifer Modeling Results and Discussion .. ... ... .. 5-109
54.4.1 Solid Waste Landfill . . ... ... ... ... ... ........ 5-116
5442 Lime SlhidgePonds ......................... 5-116
5.4.4.3  Inactive Flyash Pile/South Field . . . e 5-117
5444 ActiveFlyashPile ... ... ... ... .. ... ... ... ... 5-125
5.4.45 Combined Impact of All Operable Unit 2 Subunits . . . . . . S-1410, -
5.4.5 Modeling Results of‘Waste at Background Concentration /. ...,.. ... . 5-:1;1"2;":}' Foo

FER\CRUZRINTDONTOC. TOCRI\February 14, 1994 8:25am vii

~y < 2 KRy L2 e
&_- LGN
! A :

FEMP-0U02-4 DRAFT
February 18, 1994

TABLE OF CONTENTS

0008




I . e B ——
L N ‘) .3
RPN P T
B < e M LS
. . < PN
; . . et
. . Ls
£ R % "_ g ..'-';
H = . Y < “tond
. .
[

FEMP-OU02-4 DRAFT
February 18, 1994

TABLE OF CONTENTS ‘
(Continued)
54.5.1  SolidWaste Landfill . .. ... ... ............. L. 5-142
5452 LimeSldgePonds ......................... 5-142
5.4.5.3  Inactive Flyash Pile and South Field . .. ............ 5-163
5454 ActiveFlyashPile . ......................... 5-163
5.4.6 Uncertainty Analysis . ... ......... .. ... .. ... . . ... ... 5-168
54.6.1 HELPModel .............. .. ... ... ... ..... 5-170
5462 ODASTModel .......... ... ... ... ......... 5-172
5463 SWIFTHIModel . .......................... 5-183
5.5 AirTransport Modeling ... ..... ... ... . .. ... ... ... ... 5-183
5.5.1 Emission Scenarios . . ........... .. ... ... .. .. . 5-184
5.52  Air Transport Contaminants . . ... ...................... 5-185
5.5.3 Constituent Emission Rate Estimates . . . . .................. 5-186
| 5531 Contaminated Particulate Matter . ... ... .......... 5-186
5532 Radon-222 . ... ... 5-192 ‘
5.5.4 Air Dispersion Modeling .. .......... ... ... ... . ..... 5-192
554.1 On-Site Meteorological Data . . ... ... ............ 5-193
5542 Modeling Approach . . ... ........... . .. ... ... 5-193
555 Solid Waste Landfill . . .. ... .. ... ... ... ... ... ... .. ... 5-195
55.6 LimeSludgePonds .. ...... ... ... . ... .. . ... .. ... ... . 5-198
5.5.7 Inactive Flyash Pile/South Field . ... ... ... ... ... .. ...... 5-198
55.8 SouthField ... ... ... .. .. .. ... .. 5-198
559 Active FlyashPile ....... ... .. . . ... . ... .. ... ... . ... 5-204
5.5.10 Combined Modeling Results and Summary .. ................ 5-206
5.5.10.1 Results for Constituents in Wind Blown
Particulate Matter . . . .......... .. ... ... ..., 5-206
5.5.10.2 Results for Gaseous Radon 222 .. ................ 5-209
5.5.11 Uncertainty Analysis . ... ......... .. .. .. . ... . .. .. . ... 5-209
5.5.11.1 Air Quality Modeling . . . ............ ... .. .... 5-209 J(
6.0 Baseline Risk Assessment . . . .. ... ... ... 6-1

6.1  Introduction . ... . ... . . . .. 6-1 ‘

7~ '.J{‘. .
Gy 6.2  Methodology . ........ ... ..., 6-2
ehiady

FER\CRUZRNTDO\TOC, TOCRI\February 14, 1994 8:40am viii




oy

FEMP-OU02-4 DRAFT
February 18, 1994
' . TABLE OF CONTENTS
(Continued)
6.2.1 Refine Conceptual Site Model .. ......................... 6-4
6211 LandUse.......... R T 64
6.2.1.2  Exposure Scenarios . ...................... .. 66
6.2.2  Constituents of Potential Concern (CPCs) . ... ................ 6-13
6.2.3  Exposure Assessment . ....... S 6-19
6.2.3.1 Exposure Point Concentrations . ................ .. 6-19
6.2.3.2  Intake Equations ......... D 6-22
6.2.4  Toxicity ASSESSMENt . . . . . .. vt e 6-22
6.2.5  Risk Characterization . .. ............o.ouuuiuinennno, 6-22
6.3 Results . ... ... .. 6-23
6.3.1 ActiveFlyashPile .. ... ... ... ... ... ... .. ... .. 6-23
632 SouthField ................. e SRR 6-31
6.3.3 Inactive FlyashPile . . . . ............ S 6-40
. 6.3.4 Solid Waste Landfill ... ....... .. .. .. ... ... .. . ... . .... 6-48
6.3.5 LimeSldgePonds ... ......... ... ... ... L 6-57
6.3.6  Operable Unit 2 Cumulative Risk . ... .......... ... ........ 6-65
6.3.7 Background Risks . ... ....... ... ... ... 6-65
6.3.8  Risks due to Estimated Ambient Radon Emissions . ............. 6-77
6.4 Uncertainties . . .. ... . ... . ... e 6-83
! 6.5 Potential Applicable or Relevant and Appropriate Requirements . ... ... .... 6-84
~6.5.1  Potential Chemical-Specific ARARs . . ................ B 6-85
o 6.5.1.1  Potential ARARs and TBC Guidance for Dnnkmg

Water and Groundwater . . . .. ................... 6-86

6.5.12  Potential ARARs and TBC Guidance for Surface
Water and Sediment . . .. ... ... . ... .. .. .. ... .. 6-86
6.5.1.3  Potential ARARs and TBC Guidance for Air Emissions . . . . 6-89
6.5.1.4  Potential ARARs on Waste Classification . . . ... ....... 6-89
6.5.1.5  Potential ARARs and TBC Guidance for Radiation . . . . . . . 6-89
6.5.2  Potential Location-Specific ARARS . .. ..................... 6-90
. 653 Useof ARARS .. ... . .. .. ... . ... . 6-90
7.0 Summary and Conclusions . .. ... ... .. ... ... ... ... 7-1
0010 41t

FER\CRU2RINTDO\TOC. TOCRN\February 14, 1994 8:25am ix

e (:'

o -:'1\._4' 0
Bl



[ >
‘

5176

¥

7.1

7.2
7.3
7.4

7.5
7.6

References

Appendix A
Appendix B
Appendix C
Appendix D
Appendix E
Appendix F
Appendix G
Appendix H

9011

FEMP-OU02-4 DRAFT
Pebruary 18, 1994

TABLE OF CONTENTS

Fate and Transport Modeling
Baseline Risk Assessment

Solid Waste Landfill Data Tables
Lime Sludge Ponds Data Tables
Inactive Flyash Pile Data Tables
South Field Data Tables

Active Flyash Pile Data Tables
Hydraulic Testing

SRENT

FER\CRU2RNTDO\TOC.TOCRN\February 14, 1994 8:25am X

(Continued)
Facility Description and Relevant History . ... ..................... 7-1
7.1.1  Solid Waste Landfill . ............ ... . ... . .. ... . ... 7-2
7.1.2 LimeSludgePonds . . ... ... ... ... ... ... ... . 7-2
7.1.3 Inactive Flyash Pile . . . ... .. ... ... ... .. ... . ... . ... 7-3
7.1.4 South Field . ... ... .. ... . . . . . 7-3
7.1.5 Active FlyashPile ....... ... .. ... . . .. ... . . .. .. ... 7-4
Operable Unit 2 Investigations . . ... ............. ... .......... 7-4
Physical Characteristics . . . .. ......... ... . .. . . ... 7-5
Process for Determining Nature and Extent, Fate and Transport :
and Baseline Risk Assessment . . .. .. ... ... .. ... ... ... ... 7-7
7.4.1 Solid Waste Landfill . ........... ... ... .. . ... ... . ... .. 7-10
742 LimeSludgePonds . ... .. ... .. ... ... ... 7-16
7.4.3 Inmactive Flyash Pile . . ... .. ... .. ... ... 7-21
7.44 SouthField .. ... ... .. . . .. . ... 7-26
745 Active FlyashPile . ..... ... ... . ... .. ... . .. ... 7-31
7.4.6 Operable Unit 2 Cumulative . ... ........................ 1-37
7.4.7 Risk Assessment Uncertainty . . . .. ........... ... ... ..... 7-39
Data Limitations . . . . . . . . . .. e 7-42
Conclusions and Remedial Action Objectives . . .. ................... 7-45
7.6.1 Conclusions . ... ... ... ... 7-45
| 7.6.2 Remedial Action Objectives . .. ... .. ... ....... ... ... ..., 7-46
...................................................... R-1




S R
£ o1 70
FEMP-OU02-4 D '

February 18, 1994

LIST OF TABLES

Table Title

1-1 Operable Unit 2 Waste Subunit Battery Limits
1-2 Operable Unit 2 Related DCRs

2-1 Data Requirements for the RI/FS

2-2 CIS Radiological Survey of Subsurface Soils. . . ... .. e

2-3 CIS Radiological Survey of Surface and Near-Surface Soils

2-4 Summary of Phase I RI/FS Surface Water and Sediment Sampling for Operable
Unit 2 . . e

2-5 Summary of Phase I RI/FS Phase 1 Field Investigation Subsurface Media
Sampling Within Operable Unit 2 Waste Area Limits . ... ... ..........

2-6 Summary of RI/FS Phase I Field Investigation Groundwater Sampling Within and
Adjacent to Operable Unit 2 Waste Areas . . . .. ....................

2.7 Variance Réquests, Sampling and Analysis Plan for Phase Il Field Investigétion .

2-8 Summary of RI/FS Phase Il Field Investigation Surface Media Samples Within
Operable Unit 2 Waste Areas . ... ... ... ...,
29 Summary of RI/FS Phase Il Field Investigation Subsurface Soil Sampling Wlthm
Operable Unit 2 Waste Areas . .. .. ... ...t ..
2-10  Summary of RI/FS Phase Il Field Investigation Groundwater Samples Within
Operable Unit 2 Waste AT€as . . . . . ..ot v vttt et
2-11  Summary of RI/FS Phase Il Field Investigation Surface Water/Sedlment Samples
Within Operable Unit 2 Waste Areas

2-12 FEMP RI/FS TAL 20.03.05B

2-13  FEMP RI/FS TAL 20/03/05C

2-14  Operable Unit 2 Target Analyte List, D E,F,G, and J, FEMP RI/FS TAL
20.03.05

2-15  Operable Unit 2 Target Analyte List, FEMP RI/FS TAL 20.03.05, H and 1

2-16  Data Qualifiers and Definitions

2-17  Analytical Support Levels

3-1 Ambient Air Temperature Measured by the FEMP Meteorological System

0012

FER\CRU2RNTDOVTOC. LSTTAB\February 14, 1994 9:24am Xi

o e
St



4-1B

4-2A
4-2B

4-3

4-4

4-6

4-7

4-14A
4-14B

4-15

013

FEMP-OU02-4 DRAFT
February 18, 1994

LIST OF TABLES
(Continued)

Title Page

Slug Test Results for Monitoring Wells Completed in Water Bearing

Lenses of the Glacial Overburden . . .. .. ... . ... ... ... ... ... ... ..., 3-26
Soil Conservation Service Soils Drainage Classificatins at the FEMP . . ... ... .. .. 3-40
Summary of Data Related to Saturated Groundwater Conditions, Inactive Flyash

Pile . . e 3-83
Background Concentrations for Soils and Groundwater .. ... ........... ..... 4-5
Elements Composition of Flyash (ppm) Total Metals . . .. .............. .. ... 49
Summary of Waste Characteristics and Analytical Results from Trenching

Activities and Soil Borings in the Solid Waste Landfill ... ............. ... 4-16
Chemicals Detected in Samples Collected From the Solid Waste Landfill and

Their Common USaZe . . . . . . v v ittt e e e 4-20
Solid Waste Landfill Surface Soil Phase Il Field Investigation .. ... ... o 4-22
Solid Waste Landfill Subsurface Soil Phase I Field Investigation . ......... .. .. 4-27
Solid Waste Landfill Subsurface Soil Phase Il Field Investigation . . ........ .... 4-35
Solid Waste Landfill TCLP Results . . .. ... ...... e 4-42
Solid Waste Landfill Surface Water Phase | Field Investigation ... ........ .... 4-45
Solid Waste Landfill Surface Water Phase II Field Investigation . .. .. ...... .... 4-50
Solid Waste Landfill Sediment Phase I Field Investigation .. ................ 4-56
Solid Waste Landfill Sediment Phase II Field Investigation . .. ... ........ ..., 4-57
Solid Waste Landfill Groundwater - 1000 Series Phase I Field Investigation ... .. .. 4-62
Solid Waste Landfill Groundwater - 1000 Series Phase II Field Investigation . . . .. .. 4-65
Total Uranium in Samples Collected During Phase Il from Wells in the Solid

Waste Landfill . . .. .. ... ... 4-75
Solid Waste Landfill Groundwater - 2000 Series Phase I Field Investigation ... ... . 4-77
Solid Waste Landfill Groundwater - 3000 Series Phase I Field Investigation . .. .. .. 4-85
Solid Waste Landfill Groundwater - 2000 Series Phase II Field Investigation .. .. .. 4-92

. H 24,
R P L S I

-t

FER\CRUZRNTDO\TOC. LSTTAB\Februsry 14, 1994 8:18am xii




Pebruary 18, 1994

LIST OF TABLES
(Continued)

Table Title

4-16 Lime Sludge Ponds Surface Soil Phase 1I Field Investigation

4-17  Lime Sludge Ponds Subsoil Phase I Field Investigation

4-18 Lime Sludge Ponds Subsurface Soil Phase Il Field Investigation

4-19  Comparison of Metals Concentrations in Lime Sludge and Soil Constituents in
MGIKG . . e

4-20  Summary of Radioisotope and Organic Data From Soil Samples Collected with
Depth in the Lime Sludge Ponds . ... ....... ... .. ... ... .. ... ...

4-21  Summary of Laboratory Analysis of Samples Collected During the K-65 Trench
Investigation Lime Sludge Ponds . . ... ...... ... ... .. ... ... . ...,

4-22  Lime Sludge Ponds TCLP Results .. .. ... ... .. ... ... .. . ... ..

4-23  Lime Sludge Ponds Surface Water Phase I Field Investigation

4-24  Lime Sludge Ponds Surface Water Phase II Field Investigation

4-25  Lime Sludge Ponds Groundwater - 1000 Series Phase I Field Investigation

4-26  Lime Sludge Ponds Groundwater - 1000 Series Phase II Field Investigation

4-27  Concentrations of Selected Analysis Detected in Groundwater Samples Collected

During Phase II Lime Sludge Pond . . ... ... ... ... ... ... ... ... ... ... :

4-28A Lime Sludge Ponds Groundwater - 2000 Series Phase I Field Investigzit'ion

4-28B Lime Sludge Ponds Groundwater - 4000 Series Phase I Field Investigation

429 Lime Slﬁdge Ponds Groundwater - 2000 Series Phase 11 Field Investigation
4-30  Inactive Flyash Pile Surface Soil Phase II Field Investigation . . e
4-31  Inactive Flyash Pile Subsoil Phase I Field Investigation . ............... ...
4-32  Inactive Flyash Pile Subsoil Phase II Field Investigation

4-33  Characteristics of Waste Material Detected at the Till/Flyash Interface,
Inactive Flyash Pile . . . ... ........... P [P

4-34  Inactive Flyash pile TCLP Results . .. ....... .. ... ... ... .. .........

4-35  Inactive Flyash Pile Surface Water Phase I Field Investigation

FER\CRU2RNTDO\TOC.LSTTAB\February 14, 1994 8:18am xiii

=

o IR

4 }’“,
s - -
o J

FEMP-0U02-4 DR%T

i

B e

Wy g ‘
0




Table

4-36

4-37

4-38
4-39
4-40
4-41

4-42

4-43A

4-43B

4-44

445

4-46

4-47

4-48A

4-48B

4-49

4-50
4-51
4-52
4-53

4-54

£33

0015

{7

FEMP-OU02-4 DRAFT
February 18, 1994

LIST OF TABLES

(Continued)
Title Page
Inactive Flyash Pile Surface Water Phase Il Field Investigation . .......... ... 4-212
Inactive Flyash Pile Summary of Detected Analytes in Phase Il Surface Water
and Sediment Samples . . .. . ... ... L 4-219
Inactive Flyash Pile Sediment Phase 1 Field Investigation . . ... .......... ... 4-220
Inactive Flyash Pile Sediment Phase Il Field Investigation . ... .......... ... 4-224
Inactive Flyash Pile Groundwater - 1000 Series Phase 1 Field Investigation ... ... 4-230
Inactive Flyash Pile Groundwater - 1000 Series Phase Il Field Investigation ... ... 4-232
Summary of Total Uranium in Perched Groundwater Hydropunch™ Samples
From the Inactive Flyash Pile . ... ... .. ... .. ... ....... ... e 4-238
Inactive Flyash Pile Groundwater - 2000 Series Phase 1 Field Investigation . . .. . .. 4-240
Inactive Flyash Pile Groundwater - 3000 and 4000 Series Phase I Field
Investigation . . . . . . .. ... 4-246
Inactive Flyash Pile Groundwater - 2000 Series Phase II Field Investigation ... ... 4-248
Concentrations of Selected Analytes From 2000 Series Wells During Phase Il
Inactive Flyash Pile . . . . . ... .. .. . 4-254
Summary of Phase II Trenching Data, South Field .. ................. ... 4-257
Screening Results of Wipe Samples Collected from Waste Material in Trenches
inthe South Field . . . .. ... ... .. . . . . e 4-259
South Field Surface Soil Phase II Field Investigation . . .. ... ........ ... ... 4-260
Lead Concentrations in Vertical Borings at the FEMP Firing Range . ... .... ... 4-268
Soutﬁ Field Subsurface Soil Phase 1 Field Investigation . ............... ... 4-270
South Field Subsurface Soil Phase II Field Investigation . . . . ... ... .. .... ... 4-276
South Field Surface Water Phase II Field Investigation . . . ... ........... ... 4-286
Summary of Radioisotope Concentration in Surface Drainage in the South Field . . . . 4-292
South Field Sediment Phase II Field Investigation . . . . ... ............. ... 4-294
A omparison of Concentration§ of Selected Constituents in Sediment and
Surface Water . . ... .. EEREE AR 4-299

SRR

FER\CRU2RNTDO\TOC .LSTTAB\February 14, 1994 8:18am Xiv




Table
4-55
4-56
4-57A
4-57B
4-58
4-59
4-60A
4-60B
4-61A
4-61B
4-62
4-63
4-64
4-65
4-66
4-67
4-68
4-69
4-70
4-71A
4-71B
412

4-73

@ L g
“ooldge -

FEMP-OU02-4 DRAFT
February 18, 1994

LIST OF TABLES

(Continued)
Title Page
South Field Groundwater - 1000 Series Phase I Field Investigation .. ... .... ... 4-300
South Field Groundwater - 1000 Series Phase II Field Investigation . ....... ... 4-303
. South Field Groundwater - 2000 Series Phase I Field Investigation . ... .. C.... 4313
South Field Groundwater - 3000 and 4000 Series Phase I Field Investigation . . ... 4-319
South Field Groundwater - 2000 Series i’hase 11 Field Investigation . . ... ... ... 4-322
Active Flyash Pile Surface Soil Phase II Field Investigation . . . .. ......... ... 4-334 |
Active Flyash Pile Subsoil Source (Flyash)‘ Phase I Field Investigation . . . . ... ... 4-335 1 o
Active Flyash Pile Subsoil Sourc¢ (Flyash) Phase II Field Investigation . ..... ... 4-336 “
Active Flyash Pile Subsurface Soil Source Phase I Field Investigation . ... ... ... 4-337 i
Active Flyash Pile Subsurface Soil Source Phase II Field Investigation . . . . ... . o 4-342 »
Active Flyash Pile Subsurface Soil Nonsource Phase I Field Invegtigaticn ........ 4-347 -
Active Flyash Pile Subsurface Soil Nonsource Phase II Field Investigation . ... ... 4-352 4
Active Flyash Pile TCLP ReSults . ... ............oooooiiiioaon .. 4357 - ®
Active Flyash Pile Surface Water Phase I Field Investigation . . ... ........ ... 4-359
Active Flyash. Pile Surface Water Phase II Field Investigation .’. .. ........ ... 4-362 M,
Active Flyash Pile Sediment Phase I Field Investigation . .. .. ... [ 4-368
Active Flyash Pile Sediment Phase Il Field Investi-gation .................. 4-373
Active Flyash Pile Groundwater - 1000 Series Phase I Field Investigation . . . . . . .. 4-379
Active Flyash Pile Groundwater 1000 Series Phase Il Field Investigation . . . L. 0. 4381
Active Flyash Pile Groundwater - 2000 Series Phése I Field Investigation . . . .. ... 4-387
Active Flyash Pile Groundwater - 3000 Series Phase I Field Investigation . . . .. . .. 4-389
.Active Flyash Pile Groundwater - 2000 Series Fhase II Field Investigation . ... ... 4-391
Summary of Uranium Isotopes and Total Thorium in Media in the Active
FlyashPile .. ..................... _..................;;_',....4-397k'
0016 "¢
Y

FER\CRU2RNTDO\TOC LSTTAB\February 14, 1994 8:18am XV Toee i



5-3
5-4

5-5

5-12

5-13

5-14

5-15

5-16

FEMP-OU02-4 DRAFT
February 18, 1994

LIST OF TABLES

(Continued)
Title Page

Loading to Surface Water From the Solid Waste Landfill . . . ... ... ..... . .... 5-19
Loading to the Great Miami Aquifer from Paddys Run and CPC Screening for
Groundwater Modeling, Solid Waste Landfill . ... ..................... S, 5-22
Loading to Surface Water from the Inactive Flyash Pile . . . .. .... ... ... . ... 5-24
Loading to Surface Water from the Soﬁth Field .......... ... ... ......... 5-27
Loading to the Great Miami Aquifer from Paddys Run and CPC Screening for
Groundwater Modeling, Inactive Flyash Pile/South Field . . ................. 5-31
Contaminant Loading to Surface Water from the Active Flyash Pile . .. ... .. .. .. 5-33
Comparison of Mbdeled Results to Measured Surface Water Concentrations in the
Storm Sewer Outfall Ditch . . .. ... .. ... . ... ... . . . . 5-36
Loading to the Great Miami Aquifer From the Storm Sewer Outfall Ditch and
CPC Screening (First Step) for Groundwater Modeling, Active Flyash Pile . . . . . . .. 5-37
CPC Screening for Groundwater Modeling Using Full SWIFT Cell Dilution,
Active Flyash Pile . . . .. ... ... 5-39
Comparison of Great Miami Aquifer Modeled Results From Surface Runoff
Pathway, Active Flyash Pile . ... .... ... ... ... ... . . . .. ... ... .... 541
Impact of All Operable Unit 2 Subunits on Paddys Run and the Great Miami
- 5-42
Summary of Constituents of Concern for Groundwater From Surface Water
Pathway . ............. e 5-44
Physical Parameters for the SWIFT III Cells Impacted by the Solid Waste
Landfill ... ... ... . . e 5-55
Physical Parameters for the SWIFT I1I Grid Cells Impacted by the Lime Sludge
Ponds . . ... 5-56
Physical Parameters for the SWIFT III Grid Cells Impacted by the Inactive
Flyash Pile and South Field . . . . ... ... ... .. ... .. ... ... . ... .. .. .... 5-60
Physical Parameters for the SWIFT III Grid Cells Impacted by the Active Flyash
Pile . e 5-65

............................ 5-72

FER\CRU2RINTDO\TOC. LSTTAB\February 14, 1994 8:18am Xvi




5-20
521
5-22
5-23
5-24
5-25
5-26
5-27
5-28
529
5-30
5-31

5-32

B 5170 -

FEMP-0OU02-4 DRAFT
February 18, 1994

LIST OF TABLES

(Continued)
Title Page

Source Characterization and Screening Summary for Constituents of Potential
Concern, Solid Waste Landfill . . . ... ... .. .. ... . ... . . .. ... ... 5-76
Comparison of Great Miami Aquifer Water and Background for Constituents of
Potential Concern in Groundwater ... ... ... ... ... ... .. 5-80
Summary of Constituents of Potential Concern and Source Pathways for the Solid
Waste Landfill . . . . . ... ... e 5-82
Predicted Perched Water Concentrations and Screening Summary for Constituents
of Potential Concern, Solid Waste Landfill . . ... ... ... ... ... ... .. .... 5-83
Solid Waste Landfill Comparison of Perched Water and Background for
Constituents of Potential Concern in Perched Water . ... .. ... ... ... ... .... 5-87
Source Characterization and Screening Summary of Constituents of Potential
Concern Lime Sludge Ponds . .. ... e 5-89
Summary of Constituents of Potential Concern and Source Pathways for the Lime
Sludge Ponds . . . . . . ... 5-92
Lime Sludge Ponds Comparison of Great Miami Aquifer Water and Background
for Constituents of Potential Concern in Groundwater . . . .. ...... ... ... ..., 5-93
Predicted Perched Water Concentrations and Sc}eening Summary for Constituents
of Potential Concern, Lime Sludge Ponds . . . ... ... ... ... ... ... ... .. .... 5-94
Lime Sludge Ponds Comparisori of Perched Water and Background for Potential
Constituents of Concern in Perched Water . . ... ... ... ... ....... ... . ... 5-97
Source Characterization and Screening Summary for Constituents of Potential
Concern for the Inactive Flyash Pile and South Field . . ... .......... ... .... 5-99
Flow Rates for Seeps and Perched Water Subsurface Seeps Inactive Flyash Pile

cand South Field ... .o 5-105
Screening for Constituents of Potential Concern After Dilution in the Great
Miami Aquifer for the Inactive Flyash Pile and South Field . ............ . .. 5-106
Summary of Constituents of Potential Concern and Source Pathways for the
Inactive Flyash Pile and South Field . . ... ....... ... ... .. ... ... .. .. 5-107
Comparison of Great Miami Aquifer Water and Background for Constituents of
Potential Concern in Groundwater South Field, Inactive Flyash Pile, and Actl\}p'-‘*'-i" .
Flyash Pile . . . ..ot R ".' "'. 5-108;

06013

FER\CRU2RINTDO\TOC.LSTTAB\February 14, 1994 8:18am xvii




FEMP-OU02-4 DRAFT

February 18, 1994

LIST OF TABLES
(Continued)

Table : Title

5-33  Source Characterization and Screening Summary of Constituents of Potential
Concern Active Flyash Pile

.....................................

5-34- - Screening for Constituents of Potential Concern After Dilution in the Great
Miami Aquifer for the Active Flyash Pile

5-35  Summary of Constituents of Potential Concern and Source Pathways for the
Active Flyash Pile

..........................................

5-36  Summary of SWIFT Modeling Results for the Solid Waste Landfill

5-37  Summary of SWIFT Modeling Results for the Lime Sludge Ponds

5-38  Summary of SWIFT Modeling Results for the Inactive Flyash Pile and South
Field '

5-39  Summary of SWIFT Modeling Results at the Time and Location of the U-238
Maximum Concentration for the Inactive Flyash Pile and South Field

5-40 Summary of SWIFT Modeling Results for the Active Flyash Pile

5-41  Summary of SWIFT Modeling Results at the Time and Location of the U-238
Maximum Concentration for the Active Flyash Pile

5-42  Summary of Vadose Zone Modeling Results if Waste and Perched Water
Concentrations Were at Background Levels, Solid Waste Landfill -

.............

5-43  Summary of Vadose Zone Modeling Results if Waste and Perched Water
Concentrations Were at Background Levels, Lime Sludge Ponds

5-44  Summary of Vadose Zone Modeling Results if Waste and Perched Water
Concentrations Were at Background Levels, Inactive Flyash Pile and South Field . . .

5-45 Summary of Vadose Zone Modeling Results if Waste and Perched Water
Concentrations Were at Background Levels, Active Flyash Pile

5-46  Sensitivity of Calculated Infiltration by HELP Model to the SCS Runoff Curve
Number

.................................................

5-47  Sensitivity of Calculated Infiltration by HELP Model to the Hydraulic
Conductivity of the Glacial Till

5-48  Sensitivity of Calculated Infiltration by HELP Model to the Hydraulic

0 @qu}cnviry of Waste/Fill ... ... ... ... ..

TANITIPR AL
. NN

FER\CRU2RINTDO\TOC .LSTTAB\February 14, 1994 8:18am Xviii




FEMP-0U02-4 DRAP'I‘
February 18, 1994

LIST OF TABLES
(Continued)

Table Title . Page

5-49  Sensitivity of Calculated Infiltration by HELP Model to the Hydraulic
Conductivity of the Great Miami Aquifer . . ... ... ... ... ... ... . ... 5-182

5-50  Surface Soil Contamination Activity Levels and Concentrations for the Active

Flyash Pile Current and Future Emission Scenarios . . . . ........ .. ... .. ... 5-187
5-51  Surface Soil Contamination Activity Levels and Concentrations for the Inactive
Flyash Pile Current and Future Emission Scenarios . . . ... ............. ... 5-188
5-52  Surface Soil Contamination Activity Levels and Concentrations for the South o
Field Current and Future Emission Scenarios ... ... ................ ... 5-189 -
5-53  Surface Soil Contamination Activity Levels and Concentrations for the Solid v -
Waste Landfill Current and Future Emission Scenarios . .. ............. ... 5-190 i
5-54  Surface Soil Contamination Activity Levels and Concentrations for the North and
South Lime Sludge Pond Current and Future Emission Scenarios . ... ...... ... 5-191 #,
5-55  Maximum Annual Air Concentrations Resulting From the Solid Waste Landfill
for the Current and Future Emission Scenarios . . ... ................ ... 5-196
5-56  Maximum Annual Air Concentrations Resulting From the North and South Lime
Sludge Ponds for the Current and Future Emission Scenarios . . . ......... ... 5-199 5.
5-57 Maximum Annual Air Concentrations Resulting From the Inactive Flyash Pile for
the Current and Future Emission Scenarios . . .. ..... ... ... .. ..... ... 5-201
5-58  Maximum Annual Air Concentrations Resulting From the South Field for the e
Current and Future Emission Scenarios . .. ..................... P 5-202
5-59  Maximum Annual Air Concentrations Resulting From the Active Flyash Pile for.
the Current and Future Emission Scenarios . ... .................... ... 5-205
6-1 Exposure Scenarios and Exposure Point Concentrations . . . .................. 6-7
6-2 Constituents of Potential Concern (CPC) for Active Flyash Pile . . ... ...... .... 6-14
6-3 Constituents of Potential Concern (CPC) for the South Field . . . .......... ... . 6-15
6-4 Constituents of Potential Concern (CPC) for the Inactive Flyash Pile . . .. .... .. .. 6-16
6-5 Constituents of Potential Concern (CPC) for the Solid Waste Landfill . ... ... .. .. 6-17
6-6 Constituents of Potential Concern (CPC) for the Lime Sludge Ponds . . . . P A 6-18
MRERETY
6-7 Active flyash Pile Contaminants of Concern (COCs) . ... ........ e 6-23 oo
0Cz0 Y

FER\CRU2RNTDO\TOC.LSTTAB\February 14, 1994 8:18am xix B




Q','ﬁﬂ 5.;1;,7‘ @-»
B G

Table

6-8A
6-8B
6-9A
6-9B
6-10A
6-10B

6-11
6-12A

6-12B

6-13A
6-13B

6-14A
6-14B

6-15
6-16A

6-16B

6-17A°

06021

L)
P
R
)
o T
3

FEMP-OU02-4 DRAFT
February 18, 1994

LIST OF TABLES

(Continued)
.Title Page

Current Land Use Active Flyash Pile Summary of Total Carcinogenic Risk By
Media . . .. .. e 6-25
Current Land Use for Active Flyash Pile Summary of Total Noncarcinogentic
Risk by Media . . . . ... ... .. . 6-26
Active Flyash Pile Future Land Use Summary of Total Carcinogenic Risk By
Media . ... . .. e 6-27
Active Flyash Pile Future Land Use Summary of Total Noncarcinogenic Hazard
By Media . . ... .. .. e 6-28
Active Flash Pile Summary of Total Carcinogenic for Selected Future Land Use
RECEPLOTS . . . . . o s e 6-29
Active Flyash Pile Summary of Total Noncarcinogenic Hazard for Selected
Future Land Use Receptors . . . ... .. ... ... . . . 6-30
South Field Contaminants of Concern (COCs) Carcinogenic Risk . .. ... .... . ... 6-31
Current Land Use South Field Summary of Total Carcinogenic Risk By Media . . ... 6-33
Current Land Use South Field Summary Total Noncarcinogenic Hazard By
Media . .. . e 6-34
Future Land Use Summary of Total Carcinogenic Risk By Media . . ... .. ... . .. .. 6-35
South Field Future Land Use Summary of Total Noncarcinogenic Hazard By
Media . . .. . . e 6-37
South Field Summary of Total Carcinogenic Risk for Selected Future Land Use
ReCepPtOrS . . . . o . e 6-38
South Field Summary of Total Noncarcinogenic Hazard for Selected Future Land
Use ReCeptors . . .. .. .. e 6-39
Inactive Flyash Pile Contaminants of Concern (COCs) . . .. ........ ... .. .... 6-40
Current Land Use Inactive Flyash Pile Summary of Total Carcinogenic Risk By
Media . .. .. . e 6-41
Current Land Use Inactive Flyash Pile Summary of Total Noncarcinogenic
Hazard By Media . .. ... ... ... .. ... 6-42
Inactive Flyash Pile Future Land Use Summary of Total Carcinogenic Risk By
Media ........ ... ... e 6-43

Croniy
FERGRORIDOVTOC LS TTAB\February 14, 1994 8:18am XX




6-18B

6-19

6-20A
6-20B
6-21A
6-21B
6-22A
6-22B

6-23

6-24A
6—24B
6-25A
6-25B

6-26A

FEMP-0OU02-4 DRAFl‘
Pébruary 18, 1994

LIST OF TABLES
(Continued)

Title Page

Inactive Flyash Pile Future Land Use Summary of Total Noncarcinogenic Hazard

170

By Media . . ... .. ... e 6-45

- Inactive Flyash Pile Summary of Total Carcinogenic Risk for Selected Future -

Land Use Receptors . ... .. ... .. . i 6-46

Inactive Flyash Pile Summary of Total Noncarcinogenic Hazard for Selected

Future Land Use Receptors . . .. ....... ... ... .. .. .. . L. 6-47

Solid Waste Landfill Contaminants of Concern (COCs) . .. .. .. ... ...... .... 6-48 3

Current Land Use Solid Waste Landfill Summary of Total Carcinogenic Risk By

Media . . . .. e e 6-50 Qg
Current Land Use Solid Waste Landfill Summary of Total Noncarcmogemc

Hazard By Media . . ... ... .. .. . 6-51 e

Solid Waste Landfill Future Land Use Summary of Total Carcinogenic Risk By

By Media . .. ... ... 6-52 :

Solid Waste Landfill Future Land Use Summary of Total Noncarcinogenic B
Hazard By Media . . .. . . . ... . e e 6-54

Solid Waste Landfill Summary of Total Carcinogenic Risk for Selected Future B
Land Use ReCeptors . . . ... ..ot e 6-55

Solid Waste Landfill Summary of Total Noncarcinogenic Hazard for Selected
Future Land Use Receptors . . . . . .. . .ot i 6-56 s
Lime Sludge Ponds Contaminants of Concern (COCs) . . .. ............. ..., 6-57

Current Land Use Lime Sludge Ponds Summary of Total Carcinogenic Risk By

Media . . ... e 6-58

Current Land Use Lime Sludge Ponds Summary of Total Noncarcinogenic Risk

ByMedia ... ...... ... ... . .. SN 6-59

Lime Sludge Ponds Future Land Use Summary of Total Carcinogenic Risk By

Media . . ... ... e 6-60

Lime Sludge Ponds Future Land Use Summary of Total Noncarcinogenic Hazard

By Media . . .. . ... .. e 6-62

Lime Sludge Ponds Summary of Total Carcmogemc Risk for Selected Future

Land Use Receptors . . ... ... ... .. e 6-63

goon it
FER\CRU2RINTDOVTOC.LSTTAB\February 14, 1994 8:18am xxi “




Table

6-26B
6-27A
6-27B
6-28A
6-28B
6-29A

6-29B
6-29C

6-29D
6-29E

6-30A
6-30B
6-30C
6-30D
6-30E
6-31
6-32
6-33
6-34

0023 .

FER\CRU'

FEMP-0OU02-4 DRAFT

February 18, 1994

LIST OF TABLES

(Continued)
Title Page

Lime Sludge Ponds Summary of Total Noncarcinogenic Hazard for Selected

Future Land Use Receptors . . . . . .. . . ... e 6-64
Operable Unit 2 - Wide Future Land Use Summary of Total Carcinogenic Risk

By Media . . ... .. e 6-66
Future Land Use Operable Unit 2 - Wide Summary of Total Noncarcinogenic

Hazard By Media . . .. ... ... .. . e 6-68
Operable Unit 2 - Wide Summary of Total Carcinogenic Risk for Selected Future

Land Use Receptors . . . . . . . .. .. e 6-69
Operable Unit 2 - Wide Summary of Total Noncarcinogenic Hazard for Selected

Future Land Use Receptors . . . . . . . . . . . e 6-70
Comparison of Background Risks to On-Site Risks Active Flyash Pile:

CarCiNOgENS . . . . . o o e e e 6-72
Comparison of Background Risks to On-Site Risks South Field: Carcinogens .. .. .. 6-73
Comparison of Background Risks to On-Site Risks Inactive Flyash Pile:

CarCinogens . . . . . . . . e e 6-74
Comparison of Background Risks to On-Site Risks Solid Waste Landfill:

CarCiNOBENS . . . . . ottt it e e 6-75
Comparison of Background Risks to On-Site Risks Lime Sludge Ponds:

CarCinOgens . . . . . . . e e 6-76
Active Flyash Pile, Risks Due to Estimated Radium-222 Emission . ........ .. .. 6-78
South Field, Risks Due to Estimated Radium-222 Emission . . ... ... ..... .... 6-79
Inactive Flyash Pile, Risks Due to Estimated Radium-222 Emission ........ .. .. 6-80
Solid Waste Landfill, Risks Due to Estimated Radium-222 Emission . . ... ... .. .. 6-81
Lime Sludge Ponds, Risks Due to Estimated Radium-222 Emission . ....... .. .. 6-82
MCLGs and MCLs for Operable Unit 2 Contaminants of Cdncem ............. 6-87
OEPA Water Quality Standards (OAC 3745-1-07) .. ...... ... ... .. ... .... 6-88
Waste Concentration Standards . . . ... ... ... ... L L 6-89
. Potentigl Radiation Protection Requirements . .. .. ................ .. ..., 6-91

2RINTDOVTOC.LSTTAB\February 14, 1994 3:18am Xxii




Table
6-35

7-1

7-3
7-4

7-5
7-6

7-7

7-9

7-10

7-11
7-12

7-13

7-14
7-15

7-16

7-17

7-18

FEMP-OU02-4 DRAFT
Pebruary 18, 1994

"LIST OF TABLES
(Continued)
Title Page

Potential Operable Unit 2 Location-Specific ARARs . ... ............ .. .... 6-93
Baseline Risk Assessment Summary .. ...... ... ... ... . ... ... ... 7-11
COCs Detected in the Solid Waste Landfill . . ... ..... ... ... ... ... ..... 7-14
Maximum Modeled COC Concentrations in the Solid Waste Landfill . .......... 7-15
Solid Waste Landfill, Future Land Use, Summary of COC Tofal Carcinoggnic '
Risk Contributions . . .. .. ... .. . 7-17
COCs Detected in the Lime Sludge Ponds . . . . ... ... .. ... ......... .. .. 7-19
Maximum Modeled COC Concentrations in the Lime Sludge Ponds .. ... ... .. .. 7-20
Lime Sludge Ponds, Future Land Use, Summary of COC ’Total Carcinogenic
Risk Contributions . . . ... ... .. . e 7-22
COCs Detected in the Inactive Flyash Pile . .. .. [ ... 124
Maximum Modeled COC Concentrations in the Inactive Flyash Pile .. ... ... .. .. 7-25
Inactive Flyash Pile, Future Land Use, Summary of COC Total Carcinogenic

" Risk Contributions . . . . . . ... ... .. e T 7-27
COCs Detected in the South Field . ................................ 7-29
Maximum Modeled COC Concentrations in the South Field ... .............. 7-30
South Field, Future Land Use, Summary.of COC Cércinogenic Risk
Contributions . . . . .. ... e 7-32
COCs Detected in the Active Flyash Pile . ... ..................... ..., 7-34
Maximum Modeled COC Concentrations in the Active Flyash Pile . . ... .. .. ... . 7-36
Active Flyash Pile, Future Land Use, Summary of COC Total Carcinogenic Risk
Contributions . . . .. ... ... ... . e 7-38
Operable Unit 2-Wide Future Land Use Summary of COC Total Contributions . . ... 7-40
Data Limitations and Recommended Actions . . ..................... . ... 7-43

FER\CRUZRINTDOTOC.LSTTAB\February 14, 1994 8:18am xxiii Ui




et A
5170 <

1-4

1-5

1-6

1-7

1-8

1-10

2-1

2-1a

2-2

2-3

24

2-6

2-7

2-7a

2-8

G2

%Y

FEMP-OUO02-4 DRAFT
February 18, 1994

LIST OF FIGURES

Title Page
FEMP Facility Location Map . . . ... ... .. ... .. .. ... . . .. . ... 1-2
FEMP Site Map . . . .. .. e 1-6
Waste Storage ATea . . . . .. .. ... 1-7
FMPC Uranium Metal Production Flow Diagram . ....................... 1-8
Former Production Area Layout . ... ... ... ... .. .. ... ... .. ... ...... 1-11
Uranium Metal Refinement Process Diagram . ... ... .................... 1-12
RI/FS Operable Units . . . .. .. .. . e 1-16
Solid Waste Landfill . . . . . .. .. S 1-30
Lime Sludge Ponds . . . .. ... .. 1-32
Flyash/South Field . . . . ... . ... . 1-36
CIS and ES Sample Locations in the Solid Waste Landfill Area ... .. . 2-44
Surface, Subsurface, and Geotechnical Sample Locations, :
Solid Waste Landfill (Phase I and Phase Il) . ............. P 2-45
Groundwater Monitoring Wells, Surface Water and Sediment Sample Locations, :
Solid Waste Landfill (Phase I and Phase 11} ... .. ... ... ... ... ... ....... 2-48
Soil Gas Survey Screening Results, Solid Waste Landfill . . . . ... ... ... .. ... .. 2;53
CIS Magnétic Survey Data Points, Solid Waste Landfill . ... .......... ... ... 2-54
CIS Electromagnetic Survey Data points, Solid Waste landfill . . . . ... ... .. o 2-55
CIS Ground Penetrating Radar Survey Profile Locations, Solid Waste
Landfill . . .. e 2-56
CIS and ES Sample Locations in Lime Sludge Ponds Area . . .. ............... 2-57
Surface, Subsurface, and Geotechnical Sample Locations, Lime Sludge
Ponds (Phase I and Phase II) . .. .. ... ... ... .. . . ... ... .. .. 2-58
Monitoring Wells, Surface Water, and Sediment Sample Locations, _

Lime Sludge Ponds (Phase I and Phase IT) . . . .. e e 2-61

P
& ‘e

FER\CRU2RRTDO\TOC.LSTFIG\February 14, 1994 8:18am XXiv




-

FEMP-0U02-4 DRAFT 1 7 0

February 18, 1994

LIST OF FIGURES

(Continued)
Figure Title
29 Total Magnetic Intensity Data Control Point Postings Map of the South
Lime Sludge Pond . . . . .. .. .. .. . e 2-65
2-10  EM 31 Data Control Point Postings Map of the South Lime Sludge Pond . .. ... ... 2-66 -
2-11 Ground Penetfating Radar Base Map of the South Lime Sludge Pond . . ... ... .... 2-67
2-12a  CIS and ES Surface Soil and Sediment Sample Locations in South Field/Inactive Flyash
Piles AT€a . . . . . . . e 2-68
2-12b  CIS and ES Subsurface Soil Sample Locations in South Field/Inactive Flyash
Pile Area . . . ... .. .. e e 2-71
2-12¢  Subsurface Sampling Locations for Firing Range Removal Site Evaluation . . . . . . w275
2-13  Surface Water and Sediment Sample Locations, South Field and .
Flyash Piles (Phase [ and Phase II) ... ..... ... .. ... . ... ... ... ... .. 2-79
. 2-14  Monitoring Wells and Hydropunch™ Sample Locations, South Field and
Flyash Piles Area (Phase I and Phase II) . .. ............ ... ........... 2-80 Vi
2-15 EM 31 Data Control Point Postings Map of the South Field/Inactive o
Flyash Pile Area . . . ... .. . ... e 2-82
2-16  EM 34-3 Data Control Point Postings Map of the South Field/Inactive ‘ i
Flyash Pile Area . ... ... . ... . ... 2-83 o
2-17  EM 343 Data Control Point Postings Map of the South Field/Active i
Flyash Pile Area . . ... ... . . . .. . 2-84
3-1 Wind Rose for the FEMP Site, Year 1992 . . . . ... ... ....... e 3-2
3-2 Monthly Precipitation Histogram for Greater Cincinnati/Northern Kentucky
International Airport . . . ... ..... . ... ... . L e 34
3-3 Precipitation Histogram for On-Site Data . . . . .. ....... ... . ........... 3-5
34 Topographic Map of the FEMP . . . . . .. ... ... . . ... . 3-8
~3-5 Surface Water Features and Drainage Patterns . . ... ......... ... ......... 39
‘ - 36 Surface Water Bodies On and Adjacent tothe FEMP . . ... ...... ... ... ..... 3-10
3-7 Storm Water Collection System for the FEMP . .. ............... GO26 - Xy
RN
FER\CRU2RNTDO\TOC.LSTFIG\February 14, 1994 8:18am XXV




3-14
3-15
3-16
3-17

3-18

3-19
3-20
321
322
3-23
3-24
325
3-26
321,
3-28

YR

AT
N

Pebruary 18, 1994

LIST OF FIGURES
(Continued)

Title

Generalized Stratigraphic Column of the FEMP Region

Schematic Cross Section of the FEMP Area

Schematic Diagrams of the Deep Stage Drainage and the Present Drainage System

Conceptual Map of Surface Geology

Generalized Map of Pre-Site Construction Surface Geology

Areas of Inferred Surface Water Infiltration to the Great Miami Aquifer
Along Paddys Run and the Storm Sewer Qutfall Ditch

Great Miami Aquifer Underlying the FEMP and Vicinity

Regional Groundwater Elevations, April 1986
Groundwater Elevations for Well 02E Between January 1981 and December 1989 . . . .

Hydrographs for Monitoring Wells 2016, 3016, and 4016, Inactive Flyash Pile

Hydrographs for Monitoring Wells 2011, 3011, 4011, West of the
Solid Waste Landfill

Groundwater Elevations 2000-Series Wells, December 1989 . . . ... ... ... ... ...

Groundwater Elevations 2000-Series Wells, May 1989

Soil Classifications and Prime Agricultural Land at the FEMP . ... .. ... ... ...

Land Use Adjacent to the FEMP

Sections of the Eastern Deciduous Forest Province in the Region of the FEMP

Great Miami River and Paddys Run 100-Year Floodplain ... ................
Jurisdictional Wetlands at the FEMP . . .. .. ... ... ... ... o o oL
Habitat Types Present onthe FEMP . . .. . . ... ... ... . ... ... . ... ....
Indiana Bat Sampling Sites and Habitat Evaluation at the FEMP and Vicinity

Population Locations and Potential Habitat for the Cave Salamander

.in'the’ Vicinity of the FEMP . . .. ... .......... e R

* “FER\CRU2RINTDO\TOC.LSTFIG\February 14, 1994 8:18am xxvi

FEMP-OU02-4 DRAFT




' T . 5]
- {f'"‘f ‘,' ; R0y
e 170
FEMP-OU02-4 DRAFT Y
February 18, 1994

{

LIST OF FIGURES

(Continued)

Figure | Title
3-29  Topography of the Solid Waste Landfill . ..o 3-59
3-30  Geologic Cross Sections of the Solid Waste Landfill . . . . . ......... .. ... ... 3-61
3-31 Groundwater Elevations for 1000-Series Wells, Solid Waste Landfill,

June 21, 1993 and July 19, 1993 . . . .. . ... 3-64
3-32  Hydrographs for 1000-Series Wells, Solid Waste Landfill . ... ........... ... .. 3-65

| 3-33 Groundwater Elevations for 2000-Series Wells, Solid Waste Landfill,

June 21,1993 ... ... ... .. B T T 3-66 .
3-34 Hydrographs for Monitoring Wells 2037 and 3037, Solid Waste Landfill . . . .. .. ... 3-67
3-35  Topography of the Lime Sludge Ponds . . ... ..... ... ... . ... ... ... .... 3-68
3-36 - Geologic Cross Sections, Lime Sludge Ponds . . . . .... ... ... ... ... ... 3-71
3-37 Groundwater Elevations for 1000-Series Wells, Lime Sludge Ponds,

July 8, 1993 and August 16, 1993 . . . . . ... . 3-72 R
3-38  Hydrographs for Monitoring Wells 1041, and 1042, Lime Sludge Ponds . . .. ... ... 3-73
3-39  Hydrographs for 1000-Series Wells, Lime Sludge Ponds . . .. .. ... ... ... . ... 3-74
3-40  Hydrographs for Additional 1000-Series Monitoring Wells, Lime Sludge Ponds . .. .. 3-75
341 Groundwater Elevations for 2000-Series Wells, Lime Sludge Ponds, 4

August 16, 1993 . . . . 3-76
3-42  Topography of the South Field and Flyash Piles . ... ... ... ... ... ......... 3-77
3-43  Geologic Cross Section West to East South Field/Inactive Flyash Pile . . . . ... ... .. 3-80
3-44  Geologic Cross Sections North to South, South Field/Inactive Flyash Pile . ... ... .. 3-81
3-45  Hydrograph for Monitoring Well 1711, Inactive Flyash Pile . . . .. .. .... ... ... . 3-86
3-46 'Groundwater Elevations 1000-Series Wells, South Field and Flyash

Pile Areas August 16, 1993 . . . . . . . . ... 3-87

' ‘ 3-47  Hydrographs for Monitoring Wells 1046 and 1047, South Field/Inactive SUERN

Flyash Pile . . . . . ... . . . . .. .. 3-88

3-48  Hydrographs for Monitoring Wells 1942,.1954, 11032, and 11085, South Field . .. .. 3-89

13
: - [
FER\CRU2RINTDO\TOC.LSTFIG\February 14, 1994 8:18am XXvii 0 OC’O v




0029,

v
n;g\z;&uiknmowocumc\mmry 14, 1994 8:18am Xxviit

w

3-49

3-50

3-51

3-52

3-53

3-54

3-55

4-1

44

4-5

4-6

4-7

4-8

4-8A

4-9

4-10

FEMP-OU02-4 DRAFT
February 18, 1994

LIST OF FIGURES

(Continued)
Title

Thickness of Till, South Field/Flyash Piles Area . ... . ... . ... 3-92
Groundwater Elevations 2000-Series Wells South Field and Flyash Pile

Areas, August 16, 1993 . . . L 393
Hydrographs for M;)nitoring Wells 2046 and 3046, Inactive Flyash Pile .. ... ..... 3-94
Hydrographs for Monitoring Wells 2016, 3016, and 4016, Inactive Flyash Pile . . . . . . 3-95
Geolégic Cross Sections, Active Flyash Pile . . . . . ........ ... ... ... . ... 3-98
Hydrograph of Monitoring Well 1045, Active FlyashPile .. ........... ... ... 3-99
Hydrograph of Monitoring Well 1048, Active FlyashPile . ... ... ... ... ... .. 3-100
Volume of Waste Material, Solid Waste Landfill . . .. ............ ... ... ... 4-14

Radionuclides and Organics in Surface Water, Sediment, and Surface Samples
Detected Above Background, Solid Waste Landfill . . . . . (See Volume 2 Oversized Figures)

Radionuclides in Subsurface Soils Detected Above Background, Solid
Waste Landfill ... ... ... ... ... ... .. ... .. ... (See Volume 2 Oversized Figures)

Organics in Subsurface Soils Detected Above Background, Solid
Waste Landfill .. ......... ... ... ... ... ... (See Volume 2 Oversized Figures)

Radionuclides in 1000-Series Wells Detected Above Background in the

Solid Waste Landfill . . . . . .. .. .. . 4-73
Radionuclides in 2000-Series Wells Detected Above Background in the

Solid Waste Landfill . . ... ... ... ... 4-74
Volume of Waste Material, Lime Sludge Ponds . . . . ... ... e 4-101
Radionuclides, and Metals of Concern in Surface Soil Samples Detected

Above Background in the Lime Sludge Ponds . . . ... ... ... ... ... .. ... 4-109
Organic Compounds in Surface Soil Samples Detected Above Background in

the Lime Sludge Ponds . . . ... ... . ... .. 4-110
Radionuclides in Subsurface Samples Detected Above Background, Lime

SludgePonds . . .. ... ... ... ........ [P (See Volume 2 Oversized Figures)
Radionuclides in 1000-Series Wells Detected Above Background in the Lime .
SludgePonds ... ............ e 4-149




4-14

4-15

4-16

4-17

4-18

4-18A

4-19

4-20

4-21

4-22

4-23

4-24

FER\CRU2RNTDO\TOC.LSTFIG\February 14, 1994 8:18am XXiX G ¥ 3 6 B

FEMP-OU02-4 DRAFT
February 18, 1994

LIST OF FIGURES

(Continued)
 Title
Radionuclides in 2000-Series Wells Detected Above Background in the Lime
Sludge Ponds . . ... ... ... 4-150
Volume of Waste Material, South Field/Inactive Flya;h Pile ................ 4-179

Radionuclides in Surface Soils Detected Above Background in the
Inactive Flyash Pile . . ... ... ... ... . .. . .. . 4-182

Radionuclides in Subsurface Soils Detected Above Background, Inactive
FlyashPile . . . .. ... . ... . ... ... ... ... ... (See Volume 2 Oversized Figures)

Organics in Subsurface Soils Detected Above Background, Inactive
Flyash Pile . . .. ... .. .. e (See Volume 2 Oversized Figures)

Radionuclides in Surface Water, Sediment, and Selected Hydropunch™ Samples Detected
Above Background, Inactive Flyash Pile . ... ..... .. (See Volume 2 Oversized Figures)

Radionuclides in Surface Samples Detected Above Background,
SouthField ........................:....(See Volume 2 Oversized Figures)

Organics in Surface Samples Detected Above Background,
South Field . .......... ... . ... ... ...... (See Volume 2 Oversized Figures)

Subsurface Sampling Locations for Firing Range Removal
Site Evaluation

Radionuclides in Subsurface Soil Detected Above Background, i .
SouthField . ....... ... ... .. ... ... ... ... (See Volume 2 Oversized Figures)

Organics in Subsurface Samples Detected Above Background,
South Field . ........ ... ... .. .. ... .. .. ... . (See Volume 2 Oversized Figures)

Conceptual Model for Subsurface Distribution of U-238 Contamination,
South Field/Inactive Flyash Pile ... ............. (See Volume 2 Oversized Figures)

Radionuclides, and Metals of Concern in Surface Water, Sediments and Selected

Hydropunch™ / Well Samples Detected Above Background in the South Field . . . .. 4-285

Radionuclides in 1000-Series Wells Above Background in the South Field

and Flyash Piles . . ... ... ... . 4-310

Distribution of Total Uranium in 1000-Series Wells and Hydropunches™

Detected Above Background in the South Field/Flyash Piles Area . . ... ... .. ... 4-311
2




B 32 S
:E}"

(Continued)

Figure Title
4-25  Radionuclides in 2000-Series Wells Detected Above Background, South

Field/Flyash Piles Area . . .. .................. (See Volume 2 Oversized Figures)
4-26 Distribution of Total Uranium in 2000-Series Wells Detected Above Background

in the South Field/Flyash Piles Area . . . .. .......... ... .. ............ 4-330
4-27 Volume of Waste Material, Active Flyash Pile . .. ... ... ... ....... ... ... 4-333
4-28  Radionuclides and Organics in Surface Samples Detected Above Background,

Active Flyash Pile . ... ...... ... ... ... ...... (See Volume 2 Oversized Figures)
4-29  Radionuclides and Organics in Subsurface Soils Detected Above Background,

Active Flyash Pile . . ....... ... ... ... ... .. (See Volume 2 Oversized Figures)
4-30  Radionuclides and Organics in Surface Water and Sediment Samples Detected '

Above Background, Active Flyash Pile . ... ... ... .. (See Volume 2 Oversized Figures)
5-1 Overall Fate and Transport Modeling Framework . . ... ................... 5-3
5-2 Principal Decay Scheme of the Uranium Series . . .. ................ ... ... 58
53 Principal Decay Scheme of the Actinium Series . . . .. .. ................... 5-9
5-4 Principal Decay Scheme of the Thorium Series . . . ....................... 5-10
5-5 Conceptual Model of Surface Water Runoff . .. ...................... ... 5-13
5-6 Surface Water to Groundwater Pathway Transport Modeling Diagram . ... .. e 5-17
5-7 Conceptual Model of Loading to the Great Miami Aquifer and

Contaminant Transport by Groundwater . . .. .......................... 5-47
5-8 Conceptual Vadose Zone Model . .. ... .. ... ... ... .. .. L 5-48
5-9 Extent of Waéte and Modeled SWIFT Grid Cells, Solid Waste Landfill . . . .. ... ... 5-51
5-10 Extent of Waste and Modeled SWIFT Grid Cells, Lime Sludge Ponds . . ... ... ... 5-52
S-11 Extent of Waste and Modeled SWIFT Grid Cells, South Field and Inactive Flyash Pile . 5-53
5-12  Conceptual Model for Lateral Drainage Infiltrating to the Unsaturated

Great Miami Aquifer . ... ... ... .. 5-54
5-13- 3 @ogceptua] Model for Perched Water Subsurface Seeps . . .. ................. 5-58

a
B2
o]

S ¢
LA

FEMP-OU02-4 DRAFT
Pebruary 18, 1994

LIST OF FIGURES

FER\CRU2RNTDO\TOC . LSTFIG\February 14, 1994 8:18am XXX




5-14

5-15

5-16

5-17

5-18

5-19

5-20

5-21

5-22

5-23

524

5-25

5-26

5-27

5-28

5-29

5-30

. . . L o
FER\CRU2RNTDOVTOC . LSTFIG\February 14, 1994 8:18am XXX1 ’ b {;‘A-_.,'ZJ

FEMP-0U02-4 DRAFT
Pebruary 18, 1994

LIST OF FIGURES

(Continued)
Title -

Extent of Waste and Modeled SWIFT Grid Cells, Active Flyash Pile . . . ... ... ... 5-59
Procedure for Estimating Leachate Concentration . ... .................... 5-67
Potential Constituent of Concern Screening Diagram - . . . . . ... ... ........... 5-711
Projected Increase in Technetium-99 Concentration in Great Miami
Aquifer After 70 Years Due to Loading from the Solid Waste Landfill . . ... ... .. 5-118
Projected Increase in Technetium-99 Concentration in Great Miami
Aquifer After 30 Years Due to Loading from the Lime Sludge Ponds . . . . . e 5-119
Projected Increase in Uranium-238 Concentration in Great Miami Aquifer
After 40 Years Due to Loading from the Inactive Flyash Pile and South Field .. .. 5-120
Uranium-238 Loading to the Great Miami Aquifer From the Flyash Pile and ‘
South Field ... .................. e e 5-121
Projected Increase in Uranium-238 Concentration in Great Miami Aquifer
After 160 Years Due to Loading from the Inactive Flyash Pile and South Field . . . .. 5-126
Projected Increase in Uranium-238 Concentration in Great Miami Aquifer
After 220 Years Due to Loading from the Inactive Flyash Pile and South Field . . . . . 5-127
Projected Increase in Uranium-238 in Great Miami Aquifer _
After 1000 Years Due to Loading from the Inactive Flyash Pile and South Field ... 5-128
U-234 vs. U-238 in Soil Samples, South Field & FlyashPiles . .............. 5-129
U-235/236 vs. U-238 in Soil Samples, South Field and Flyash Piles . . .. ... ... .. 5-130
U-238 vs. U-Total in Soil Samples, South Field & Inactive Flyash Pile . . . .. ... .. 5-131
Projected Increase in Neptunium-237 Concentration in Great Miami Aquifer
After 360 Years Due to Loading from the Inactive Flyash Pile and South Field . ... 5-132
Projected Increase in Neptunium-237 Concentration in Great Miami Aquifer at
1000 Years Due to Loading from the Inactive Flyash Pile and South Field . . . ... .. 5-133
Projected Increase in Technetium-99 Concentration in Great Miami Aquifer
at 40 Years Due to Loading from the Inactive Flyash Pile and South Field . . . . .. .. 5-134
Projected Increase in Technetium-99 Concentration in the Great Miami Aquifer
at 1000 Years Due to Loading from the Inactive Flyash Pile and South Field . ... .. 5-{.13;5

fran Y

AN S T
LR

Yy v el
Yo

By e

N

3
)




FEMP-OU02-4 DRAFT

February 18, 1994

LIST OF FIGURES

(Continued)

Figure Title
5-31  Projected Increase in Lead Concentration in Great Miami Aquifer

at 1000 Years Due to Loading from the Inactive Flyash Pile and South Field . . .. ..
5-32 Projected Increase in Manganese Concentration in Great Miami Aquifer at 560

Years Due to Loading from the Inactive Flyash Pile and South Field . ........ ..
5-33  Projected Increase in Manganese Concentration in Great Miami Aquifer at 1000

Years Due to Loading from the Inactive Flyash Pile and South Field . . . ... ... ..
5-34  U-238 vs. U-Total in Soil Samples, Active FlyashPile . .. ... ..............
5-35  Projected Increase in Uranium-238 Concentration in Great Miami Aquifer

at 100 Years Due to Loading from the Active Flyash Pile . ... ... ...........
5-36  Projected Increase in Uranium-238 Concentration in Great Miami Aquifer

at 120 Years Due to Loading from the Active Flyash Pile . ... ... ... .. ... ..
5-37  Projected Increase in Uranium-238 Concentration in Great Miami Aquifer

at 1000 Years Due to Loading from the Active Flyash Pile ... ......... ... ..
5-38  Projected Increase in Neptunium-237 Concentration in Great Miami Aquifer at

160 Years Due to Loading from the Active Flyash Pile . . .. ............ .. ..
5-39  Projected Increase in Neptunium-237 Concentration in Great Miami Aquifer at

1000 Years Due to Loading from the Active FlyashPile .. .................
5-40  Projected Increase in Strontium-90 Concentration in Great Miami Aquifer at

100 Years Due to Loading from the Active Flyash Pile . . . ... ......... ... ..
5-41  Projected Increase in Arsenic Concentration in Great Miami Aquifer at

1000 Years Due to Loading from the Active Flyash Pile .. ... ......... .. ...
5-42  Projected Increase in Lead Concentration in Great Miami Aquifer at 1000

Years Due to Loading from the Active Flyash Pile . . . ... ... ... ... ... ...
5-43  Projected Increase in Molybdenum Concentration in Great Miami Aquifer at

300 Years Due to Loading from the Active Flyash Pile . . . ... ... .. ... ... ..
5-44  Projected Increase in Uranium-238 Concentration in Great Miami Aquifer at

160 Years Due to Loading From All Area Subunits . . .. ..................
5-45  Projected Increase in Neptunium-237 Concentration in Great Miami Aquifer at

. 160 Years Due to Loading From All Area Subunits . . . .............. ... ..
0033,

FER\céhziih;‘f;é\:Toc.umG\Febmn- 14, 1994 8:18am XXxil

Coe ey
R Y




5-47

5-48

5-49
5-50

5-51

5-54
5-55

6-1

FER\CRU2RNTDO\TOC .LSTFIG\February 14, 1994 8:18am

»
(d

= 5170‘

FEMP-OU02-4 DRAFI‘
February 18, 1994

LIST OF FIGURES
(Continued)

Title

Projected Increase in Technetium-99 Concentration in Great Miami Aquifer at
40 Years Due to Loading From All Area Subunits

Projected Increase in Lead Concentration in Great Mlam1 Aqu1fer at 1000
Years Due to Loading From All Area Subunits

Sensitivity of ODAST Model Results to Dispersivity

Sensitivity of ODAST Model Results to Great Miami Aquifer Distribution
Coefficient for U-238 Inactive Flyash Pile and South Field

Sensitivity of ODAST Model Results to Glacial Till Distribution Coefficient
for Uranium-238, Active Flyash Pile

_ Sensitivity of ODAST Model Results to Biodegradation Half-life for

bis(2-Ethylhexyl)phthalate Inactive Flyash Pile and South Field

Sensitivity of ODAST Model Results to Blodegradatlon Half life for
1,1.1-trichloroethane, Active Flyash Pile

Sensitivity of ODAST Mode! Results to Biodegradation Half-life for
bis(2-Ethylhexyl)phthalate, Lime Sludge Ponds

Isopleths of Uranium 238 Ground Level Concentrations (mg/m’) Resulting
From All Operable Unit 2 Sources in the Current Emissions Scenario

Isopleths of Uranium 238 Ground Level Concentrations (mg/m®) Resulting
From All Operable Unit 2 Sources in the Current Emissions Scenario

FEMP Risk Assessment Proceés

General Conceptual Site Model/Operable Unit 2

Xxxiii

o
-
~
- 7
s
‘e
Lo

034

R



0035'

AEC
ALARA
ARAR
ASI

ASL
ASTM
BDN
BOB
CAA
CERCLA
CERCLIS

CFR
CIS
CLP
cm/s
COA
COE
cocC
COPC
CPC
CSM
CT
CWA
DCR
DOE
dpm
DQO
EIS
EM
EP
EPA

LIST OF ACRONYMS AND ABBREVIATIONS

Atomic Energy Commission

as low as reasonably achievable

applicable or relevant and appropriate requirement
Advanced Sciences, Inc.

Analytical Support Level

American Society for Testing and Materials
bio-denitrification

bottom of boring

Clean Air Act

FEMP-OU02-4 DRAFT
February 18, 1994

Comprehensive Environmental Response, Compensation, and Liability Act of 1980

Comprehensive Environmental Response, Compensation, and Liability Information

System

Code of Federal Regulations
Characterization Investigation Study
Contract Laboratory Program (EPA)
centimeter/second '
Certificate of Analysis

U.S. Arrhy Corps of Engineers
contaminant of concern

constituent of potential concern

contaminant of potential concern

conceptual site model

central tendency

Clean Water Act

Document Change Request

U.S. Department of Energy

disintegrations per minute

data quality objective

environmental impact statement
electromagnetic

extraction procedure

U.S. Environmental Protection Agency
U.S. Energy Research and Development Administration
Environmental Restoration Management Contract
degrees Fahrenheit

Federal Emergency Management Agency'
Fernald Environmental Management Project

XXXI1V




FERMCO
FFCA
FID
FIDLER
FMPC
FR

"FS

ft/yr
GC/MS
GFAA
GIS
GPR

HI

HQ
HSL
HWMU
ICAP
ILCR
IT

ngl's
pg/L
puglkg
pm
MCL
MCLG
MEK
mg/kg
mg/L
MSL
MUSLE
NAD
NCP
NESHAP
NEPA
NLO
NOAA

12 RS

FEMP-OU02-2 DRAFT
November 12, 1993

LIST OF ACRONYMS AND ABBREVIATIONS
(Continued)

Fernald Environmental Restoration Management Company
Federal Facility Compliance Agreement
flame ionization detector

field instrument for detecting low-energy radiation
Feed Materials Production Center

Federal Register

feasibility study

feet/year

gas chromatograph/mass s'pectrometry
Graphite Furnace Atomic Absorption
Geographic Information System

ground penetrating radar

hazard index

hazard quotient

Hazardous Substance List

hazardous waste management unit (RCRA)
Inductively Coupled Atomic Plasma
incremental lifetime cancer risk

IT Corporation

microgram/gram

microgram/liter

microgram/kilogram

micrometer

maximum contaminant level _
maximum contaminant level goal
2-butanone (synonym: methyl ethyl ketone)
milligram/kilogram

milligram/liter

mean sea level

Modified Universal Soil Loss Equation
North American Datum

National Oil and Hazardous Substance Pollution Contingency Plan

National Emission Standards for Hazardous Air Pollutants
National Environmental Policy Act

National Lead (Company) of Ohio

National Oceanic and Atmospheric Administration

FER\CRU2RNTDO\ACRON YMS\February 14, 1994 8:18am XXXV

LEY

P ey
. E R S 4
{ ;5 ‘i "’.? @1. A
- ’ /]

o




0(3

LIST OF ACRONYMS AND ABBREVIATIONS

(Continued)

NPDES National Pollutant Discharge Elimination System

NPL National Priorities List

NRC U.S. Nuclear Regulatory Commission

O&M operations and maintenance

OAC Ohio Administrative Code

ODH Ohio Department of Health

OEPA Ohio Environmental Protection Agency

ORAU Oak Ridge Associated Universities

PAH polynuclear aromatic hydrocarbon

PC personal computer

PCB polychlorinated biphenyls

pCi/g picoCuries/gram

pCi/L picoCuries/liter

PIC products of incomplete combustion

PID photoionization detector

PP proposed plan

PPE personal protective equipment

ppm parts per million

QA quality assurance

QAPP quality assurance project plan

QC quality control

RA risk assessment

RAGS Risk Assessment Guidance for Superfund

RCRA Resource Conservation and Recovery Act

RD remedial design

RFA/CC request for analysis/chain of custody

RfD reference dose '

RF1 RCRA Facility Investigation

Rl remedial investigation

RI/FS Remedial Investigation/Feasibility Study

RM river mile '

RME reasonable maximum exposure
. RMI Reactive Metals, Inc.
' ROD- record of decision

RSE Removal Site Evaluation

SAP-. .. Sampling and Analysis Plan
e | | |
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SARA
SAR/CR
SC/DM
SCQ
SDWA
SED
SHPO
SPA
SR
SVOC
SWIFT 1II
SWMU
TAL
TBC
TCA
TCLP
TLD
TOC
UCL
USCS
USDA
USGS
VOA
vOC
WEMCO

WMCO

FEMP- OU02-
November 12, 1993

LIST OF ACRONYMS AND ABBREVIATIONS
(Continued)

Superfund Amendment and Reauthorization Act of 1986

site-wide analysis request/custody record

Site Characterization/Data Management

Site-Wide CERCLA Quality Assurance Project Plan

Safe Drinking Water Act

Site-wide Environmental Database

State Historic Preservation Officer

scintillation detector

State Route

semivolatile organic compound

Sandia Waste Isolation Flow and Transport (computer model)
solid waste management unit (RCRA)

, target analyte list

to be considered

trichloroethane

toxicity characteristic leaching procedure
thermoluminescence dosimeters

total organic carbon

upper confidence limit

Unified Soils Classification System

United States Department of Agriculture
U.S. Geological Survey.

volatile organic analysis

volatile organic compound

Westinghouse Environmental Management Company of Ohio
Westinghouse Materials Company of Ohio
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OPERABLE UNIT 2
RI/FS GLOSSARY

This fact sheet has been prepared as part of the
effort to familiarize the reader with the specific
vocabulary used in discussions about

environmental restoration and waste

_management at Fernald.

1000-series wells - Wells extending into the
perched groundwater within the till.

Analytical Support Level - The level of
accuracy and documentation used to support
analytical analyses. There are five general
levels and these levels are distinguished by the

types of technology and documentation used.

Billet - A billet is an ingot with the top section
of each ingot is Cropped to remove shrinkage
cavities and impurities, machined, and heat

treated.

Blowdown - Water from the boiler in the boiler

plant.

Baseline Risk Assessment - The study

undertaken to characterize the current and

potential threats to human health and the

environment that may be posed by contaminants
within an area. The Baseline Risk Assessment

provides a framework for developing risk

FER\CRU2RI\TDO\GLOSS\February 10, 1994 4:39pm
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information necessary to

assist in developing remedial alternatives, and
considers the risks that currently exist at the site,
if no further response actions or institutional
controls are applied. There are four steps in the
Baseline Risk Assessment process: identification
of constituents of potential concern; exposure
assessment; toxicity assessment; and risk
characterization and analysis. The Baseline Risk
Assessment contributes to site characterization

and subsequent development, evaluation, and

~ selection of appropriate response alternatives.

Clay Lens - A body of clay with the general
form of a lens, thick in the central part and
thinning toward the edges.

Data Quality Objectives (DQO) - Defines 1)
the decisions, 2) the level of data quality needed
for those decisions, and 3) the specific
procedures required to produce this level of data
quality.
expended to collect and analyze each sample are
justified.

Deciduous (Woodlots) - Trees with leaves that
fall off or shed seasonally or at a certain stage of

0040

development in the tree’s life cycle.

Also, ensures that the resources

»
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Derby - UF, is blended with magnesium
granules and placed in a closed reduction pot;
the reduction pot is heated in a furnace until the
contents react to produce a uranium metal ingot

shaped in the form of a man’s derby.

Dose - Quantity of radiation absorbed in living

tissue.
DQOs - See Data Quality Objectives.

Enrichment - The percent of Uy isotopes in
the amount of total uranium above that which is

naturally occurring (greater than 0.71%).

Exposure Pathway - An exposure pathway
describes a unique mechanism by which an
individual or population is exposéd to chemicals
or physical agents at or originating from a site,
such as air transport of dust. Each pathway
includes a source or release from a source, an

exposure point, and an exposure route.

Feasibility Study - The study that evaluates and
develops remedial action alternatives to prevent
or mitigate the migrétion or release of hazardous
substances, pollutants, contaminants, or
hazardous constituents at and from the site. The
FS is generally performed in conjunction with
the RI and uses data gathered during the RI to
develop remedial action alternatives and
undertake an initial screening and detailed

analysis,of the alternatives. The FS includes a

T v
g2 A
Vel

A
R
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report that describes remedial action alternatives

and documents the selection process.

Fluvial - Deposits produced by streams or river

action.
FS - See Feasibility Study.

Gamma Spectroscopy - An analytical method of

measuring radiation of a sample.

Glaciofluvial - Pertaining to streams flowing
from glaciers or to the deposits made by such

streams.

Gross Alpha - The measurement of total alpha
activity for a sample. Total alpha activity is the
sum of the activities of all isotopes within a

sample that decay by releasing an alpha particle.

Ingot - An ingot is formed by melting a derby
until the metal reaches the proper temperature to
be poured into a graphite mold to form an ingot.
Ingots vary in weight, size, and shape depending

on how they will be used.

Isotope - The species of a chemical element
having the same atomic number but different

atomic mass.

Isotopic Uranium - The listing of uranium mass

or concentration in a sample by its isotope.

12
13
14

15




Isotopic Thorium - The listing of thorium mass

or concentration in a sample by its isotopes.

Joint - Fracture in rocks or soils generally more
or less vertical or horizontal to bedding, along
which no appreciable movement has occurred.

Kriging - The mathematical process of
interpreting data by a weighted-moving-average

interpolation method.

Lacustrine - Pertaining to, produced by, or
formed in a lake or lakes.

Leach - To dissolve out by the action of a

percolating liquid.

Loess - A consistent, nonstratified, fine-grained
silt which lacks any bedding but often has
vertical joints. Loess is transported by wind
from deserts, from dried-up flood plains, from

river courses, or from glacial deposits.

millirem (mrem) - A unit of radiation dosage
equal to one-thousandth of a rem. A member of
the public can safely receive up to S00 millirems
per year, according to federal standards, but the
U.S. EPA ordinarily limits public exposure to
25 to 200 mrem per year.

Moraine - Deposits of glacial till formed either
as curved or bowed mounds at the front of the

glacier (terminal moraine) or as sheets of till
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over considerable areas (boulder

clay).
Successive terminal moraines often mark retreat
stages of glaciers (recessional moraine).
Moraines are made up of a variety of unsorted

rock fragments in unbedded clay matrix.
mrem - (See millirem).

Nuclide - A species of atom characterized by the
constitution of its nucleus and hence by the
number of protons, the number of neutrons, and

the energy content.

Outcrops - The exposure of bedrock or strata

projecting through the overlying cover of soil.

Overburden - Material | of any nature,
consolidated or unconsolidated, that overlies a
deposit of wuseful material, ores, or coal,
especially those deposits that are mined from the
surface by open cuts. At the FEMP, glacial till
is the overburden that overlies the sands and

gravels of the Great Miami Aquifer formation.

Perched Groundwater - Groundwater separated
from an underlying body of groundwater by

unsaturated rock or soil.

Permeability - The permeability of a rock or
soil is its capacity for transmitting or yielding
fluids.

upon the size and shape of pores (porosity)

The degree of permeability depends

within the rock or soil, the size and shape of

0042 i}
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pore interconnections, and the extent of

interconnections between pores.

Photogrammetric Surveys - A shadow like
photograph made by placing objects between
light sensitive paper and a light source. To

examine as to condition, situation, or valve.
Radionuclide - A radioactive nuclide.

Receptor Populations - The human, animal, or
plant populations that may be exposed to

radioactive or hazardous materials.

rem - Roentgen equivalent man, a unit used in
radiation protection to measure the amount of
damage to human tissue from a dose of ionizing
radiation. Incorporates the health risks from

radiation.

Remedial Investigation - An investigation

conducted to determine the nature and extent of '

a release or threat of release of hazardous

substances, pollutants, contaminants, or
hazardous constituents. The RI emphasizes data
The Rl

includes sampling and monitoring, as necessary,

collection and site characterization.

as well as the gathering of sufficient information
to determine the necessity for remedial action
and support the evaluation of remedial

alternatives.

RI - (See Remedial Ihvostigation).

0043541
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Silt - Broken rock fragments grading down into |

particles of which are between 1/16 and

1/256 mm in diameter,

State Planar Coordinates - A coordinate system
based on a survey of the State of Ohio.

Till - Nonsorted, nonstratified sediment carried
or deposited by a glacier.

Transuranics - Manmade, radioactive elements

above atomic number 92.

Treatability Study - A laboratory or field test
designed to provide critical data needed to
evaluate and ultimately implement one or more
treatment technologies.  Treatability studies
generally involve characterizing untreated waste
and evaluating the performance of the
technology under different operating conditions.
Treatability studies conducted during the RI/FS
to support remedy selection are generally used to
determine whether the technology can achieve

the ROD goals.

Well Logs (also called boring logs) - The
written or recorded facts relating to the drilling
of a well (e.g., depth, soil consistency, texture,

color, etc.).

Vadose Zone - The portion of a geologic

formation that is not saturated with water.

10
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EXECUTIVE SUMMARY : 1
. 2
This report documents the Remedial Investigation (RI) phase of the Fernald Environmental 3
Management Project (FEMP) Operable Unit 2 Remedial Investigation/Feasibility Study (RI/FS). The 4
FEMP is a U.S. Department of Energy (DOE) facility located near Fernald, Ohio, which operated 5
from 1952 to 1989 providing high purity uranium metal products to support United States defense 6
programs. In 1989, the mission of the facility was changed to environmental restoration. Also in 7
1989, the facility was placed on the National Priorities List ("Superfund List"). The RI/FS for the 8
FEMP is executed according to an Amended Consent Agreement between DOE and the U.S. 9
Environmental Protection Agency (EPA), under authority of the Comprehensive Environmental 10
Response, Compensation, and Liability Act (CERCLA). The Ohio Environmental Protection Agency 1
(OEPA) also is participating in the FEMP RI/FS process through direct involvement in review 12
meetings, public meetings, and technical review of project documentation. 1
' 14

The RI/FS is part of a process through which decisions are made to determihe the specific 15
environmental cleanup methods that will be used at a site. The Operable Unit 2 Feasibility Study : 16
(FS) will develop and compare a range of possible remedial alternatives to identify the most effective 17
approach for meeting specific cleanup goals. Consistent with the Amended Consent Agreemént, 18
selection of the prefe;red cleanup alternative will be documented in a Record of Decision (ROD), 19
which is issued by EPA after consideration of comments received from the public and other interested 20
parties. The Operable Unit 2 RI Report provides a detailed understanding of the nature and extent of 21
the waste materials, their present and future impacts on the surrounding environment, and the present »
and future risks to human health if the Operable Unit 2 wastes were not remediated. Therefore, this 2
RI Report meets the need for the evaluation of risks due to the Operable Unit 2 wastes and provides 2%
the basis to develop and evaluate a wide range of remedial alternatives. 25
26
EPA approved the FEMP RI/FS Work Plan in May 1988. The work plan provided the overall 27
technical approach, identified areas to be investigated, and presented the objectives and data 2%
evaluation criteria for the planned investigations. The work plan identified 27 specific are.as, Or units, 29

within the FEMP for investigation. Subsequent evaluations increased the number of units to 39. 1t 0 .
soon became apparent that for purposes of effective management, the 39 units should be categorized 31
and grouped. The resultant groupings formed the five operable units of the FEMP. The operable )
units are: 33
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Operable Unit 1 - Waste Pit Area
Operable Unit 2 - Other Waste Areas
Operable Unit 3 - Former Production Area
Operable Unit 4 - Silos 1 through 4
Operable Unit 5 - Environmental Media

Operable Unit 2 is comprised of five subunits: Solid Waste Landfill, Lime Sludge Ponds, Active
Flyash Pile, Inactive Flyash Pile, and South Field. Large volumes of conventional industrial wastes,
assumed to have small amounts of hazardous chemicals and radionuclides, were placed in these

subunits during the period of production operations.

NEPA Integration
Consistent with DOE policy, the FEMP is integrating the requirements of the National Environmental

Policy Act (NEPA) into the RI/FS process. On May 15, 1990, a Notice of Intent was published in
the Federal Register to announce that DOE intended to prepare an Environmental Impact Statement
" (EIS) to evaluate the environmental impacts associated with the planned cleanup activities at the
FEMP. As identified in the Notice of Intent, the FS and Proposed Plan (PP) for the earliest
scheduled operable unit, (Operable Unit 4) will be issued as a FS/PP-EIS. The FS/PP-EIS will

examine the environmental impacts associated with Operable Unit 4 remedial activities as well as the

cumulative impacts associated with the implementation of remedial actions for all five operable units

at the FEMP. An additional element of NEPA compliance is the FEMP Site-Wide Characterization
Report, which supplements the Operable Unit 4 FS/PP-EIS by providing an assessment of cumulative

environmental impacts associated with the existing conditions at the FEMP on a site-wide basis.

The Operable Unit 2 FS and PP will be coordinated with the Operable Unit 4 FS/PP-EIS for purposes
of NEPA integration, and if necessary, the cumulative impact analysis presented in the Operable Unit
4 impact statement will be updated and attached to the Operable Unit 2 NEPA evaluation. The
Operable Unit 2 RI Report will be incorporated by reference into the Operable Unit 2 FS and PP
NEPA evaluation. This RI Report includes the characterization of Operable Unit 2 and hence, will
support the necessary description of the affected environment in the Operable Unit 2 NEPA
evaluation. This report also provides the baseline risk assessment that will support the evaluation of

the no action alternative for Operable Unit 2.
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DESCRIPTION OF OPERABLE UNIT 2 A 1
"The FEMP is a 1050 acre facility located about 17 miles northwest of downtown Cincinnati near 2
Fernald, Ohio, a small farming community. The site lies on the boundary of Hamilton and Butler 3
counties. The primary mission of the FEMP during its 37 years as an operating production facility 4
was to process, refine, and machine high-grade natural uranium ores into high purity uranium metal. 5
The high purity metals were shipped to other DOE or U.S. Department of Defense facilities for use 6
as "feed materials" in the nuclear weapons program. These uranium production activities generated 7
large quantities of waste materials. The storage and disposal of wastes at the site and their potential 8
for impacting human health led to the site being placed on the National Priorities List. Operable 9
Unit 2 is comprised of five areas, or subunits, in which various conventional industrial wasteé were 10
disposed. 1
12
The FEMP is situated on an area of glacial overburden deposits; the overburden primarily is 13
" composed of till, a dénse silty clay that may contain lenses of poorly sorted fine to medium grained 14
sand and gravel, silty sand, and silt. Undisturbed glacial till has relatively low permeability. The 15
thickness of the till varies from 0 to 50 feet on site, and the till tends to be thicker in the northern 16
part of the site (the Solid Waste Landfill, for example is sited in thick till) and pinches out completely 17
in the South Field area in the southern part of the site. Areas not covered with till may exhibit higher 18
infiltration rates than those covered with glacial till. ' 19
20
Erratically distributed pockets of sand and gravel within fhe till contain zones of perched 21
groundwater. Perched groundwater is separated from the underlying aquifer by the surrounding T o»
relatively impermeable till materials. Depth to perched groundwater at the FEMP ranges from 1 to 23
15 feet below ground surface. The depth may fluctuate seasonally by up to 10 feet at a given %
location, with the highest levels occurring in the early spring and the lowest in the late fall. 25
' 26
The FEMP is sited above a major aquifer system, the Great Miami Aquifer. The Great Miami 27
Aquifer is considered a sole source aquifer and sustains numerous industrial, municipal, and private 28
'drinking water wells. The FEMP includes several areas that probably function as recharge zones to 29
the aquifer, including Paddys Run, the Storm Sewer Outfall Ditch, and parts of the South Field. 30

N
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The subunits comprising Operable Unit 2 are briefly described below. ‘
2
Solid Waste Iandfill 3
The Solid Waste Landfill is located in the northeast corner of the Waste Storage Area, and is a flat, 4
rectangular area of about one acre. The landfill has been inactive since 1986 and is covered with a s
layer of soil. The operational history of the landfill is not well documented. A review of historical 6
site aerial photographs indicates that disposal activities may have occurred as early as 7
1954. Available documentation and interviews indicate that the landfill was intended to be used for 8
“nonburnable wastes"”; field investigations have revealed a variety of waste materials including 9
medical wastes, rubbish, wastes from areas other than the Production Area, and on-site A 10
constructidn/demolition wastes. 1
12
Lime Sludge Ponds 13
The North and South Lime Sludge Ponds are two unlined, rectangular ponds, each measuring 14
approximately 125 by 225 feet, located in the southeast corner of the Waste Storage Area. The 15
sludge is confined by earthen dikes of unknown origin. The operational history of the ponds is well
understood. Wastes disposed of in the ponds originated from water plant operations, coal pile storm ’
water runoff, and boiler plant blowdown. The South Pond is full and has been inactive since the mid- 18
1960s, and is now overgrown with grasses and shrubs. The North Pond currently remains in use. 19
The west side of the North Pond usually is covered with one to two feet of water, mainly depending 20
on precipitation. The remainder of the pond is dry and sparsely covered with vegetation. 2
2
The waste from water plant operations is generated from a water softening process. About one cubic 23
yard of waste sludge is generated each day and is pumped to Tanks 6 and 7 of the General Sump. %
Coal pile runoff is treated in a retention basin to settle out the solids, then pumped to Tanks 6 and 7 25
of the General Sump. The boiler plant blowdown consists of backflush water, generated when the 26
boilers are backflushed to prevent scale buildup. This water is also pumped to Tanks 6 and 7 of the 2
General Sump. Tanks 6 and 7 contain only sludges from these three sources. 3
2
Sludge is allowed to accumulate in the tanks for about two weeks. It is then pumped as a slurry to 30
the North Lime Sludge Pond. The bulk of the material comprising the slurry is sludge from the water 3
softening operations. The Lime Sludge Ponds have been operated in this manner since the early ’
1950s. Based on this process knowledge as well as the resulting analysis of the sludge, it appears that »
B 'x L |
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the lime sludge is relatively homdgenous (uniform in composition). The Lime Sludge Ponds are

presently classified as Solid Waste Management Units by OEPA.

Inactive Flyash Pile
The Inactive Flyash Pile is located about 2,000 feet southwest of the former Production Area and

covers approximately 2 acres. Paddys Run forms the western boundary; the South Field lies to the
east. The Inactive Flyash Pile and South Field are contiguous and lack a defined physical boundary.
In appearance, this subunit resembles a relatively steep hill covered with shrubs and trees. The soil

covering the southern half of the Inactive Flyash Pile is of unknown origin.

The operating history of the Inactive Flyash Pile is not well understood. The bulk of the waste

material in the pile is reported to be bottom ash and flyash from the facility’s boiler plant operations,

commonly referred to as flyash. Based on a review of historical aerial photographs, flyash appears to

have been taken by truck to an existing slope near Paddys Run and dumped. The photographs
indicate that flyash disposal at this subunit had ceased by the mid-1960s. Various other wastes,
including building rubble, gravel, asphalt, and process waste, were also deposited at the Inactive
Flyash Pile.

South Field
The South Field is an 11-acre area that lies between the Inactive Flyash Pile and the Active Flyash
Pile. A physical boundary with the Inactive Flyash Pile is not distinguishable. Currently, the South

Field is relatively flat and is covered with grasses, shrubs, and trees.

The operational history of the South Field is neither well documented nor understood. It is not an
engineered disposal site. A review of historical aerial photographs indicates that disposal may have
been initiated in 1954 and continued until the mid-1960s. Disposal appears to have taken place in a
random manner. Available documentation indicates that a number of wastes were disposed in the
South Field, including construction and demolition materials, flyash, soils that may have been

contaminated with low levels of radioactive materials, and possibly process wastes.

Active Flyash Pile
The Active Flyash Pile is bounded to the east and north by the Storm Sewer Outfall Ditch, and is

separated from the South Field to the west by an unpaved road. The Active Flyash Pile appears as a
RO %
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large, steep pile of black flyash, and covers about three acres. Wind screens and silt fences have ‘
been installed to prevent wind and water erosion, and a crusting agent has been applied. A crusting 2
agent is applied to harden the surface of the Active Flyash Pile to minimize erosion and resuspension 3
of dust. The operational history of the subunit is well understood. a

s
Flyash from the site’s coal-fired boiler plant was disposed at the Active Flyash Pile from the mid- 6
1960s until December 1992. Flyash presently being generated at the FEMP is disposed at an 7
approved, off-site facility. The waste at the Active Flyash Pile is comprised of about 70 percent 8
bottom ash and 30 percent flyash. Small quantities of unburned coal and rock are present, as is 9
typical of boiler ashes. Previous investigations have discussed the possibility that waste oils, which 10
theoretically could contain PCBs or uranium, might have been applied to the Active Flyash Pile as a 1
dust control measure. However, attempts to document this possibility have not been successful. 12

13
NATURE AND EXTENT OF CONTAMINATION ' 1
The nature and extent of contamination at Operable Unit 2 subunits have been established through 15
several environmental investigations. The investigations most relied on in this report are the
Environmental Survey (ES), the Characterization Investigation Study (CIS), and the CERCLA ’
Remedial Investigation. The ES and CIS primarily were focused on site-wide issues and were not 18
intended to provide a detailed analysis of contamination related to Operable Unit 2 subunits. The ES 19
data have not been validated; portions of the CIS data have been validated. The RI field 20
investigations rigorously examined the nature and extent of contamination in Operable Unit 2 subunits 21
and the potential for the spread of contamination into the various environmental media. All RI data n
were validated. The evaluation of the nature and extent of contamination is based primarily on RI 23
data, and CIS data were used in a supplementary manner. ES data were used only for descriptive %
purposes. Neither ES nor CIS data were used in the fate and transport modeling for the baseline risk 25
assessment. 26

| z .
The following sections briefly summarize the findings on the nature and extent of contamination. 28
A 29

Solid Waste Landfill : 3
Trenching and boring activities in the Solid Waste Landfill have determined that cafeteria, laboratory, 3t
construction/maintenance, and manufacturing wastes were disposed in the landfill. One waste '
disposal cell and an evaporation pond were identified in historical photographs and trench »

/'?:“?
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observations, but waste was observed in numerous other areas within the battery limits. The depth of

waste is generally 10 feet with the a maximum depth is the southeastern corner of the landfill of 15 2
feet. 3
4
Thirteen Contaminants of Concern (COCs) have been identified for the Solid Waste Landfill that 5
contribute greater than one percent of the total risk for a medium. These COCs consist of 6 6
radionuclides, 3 metals, and 3 organic compounds. The extent of COCs in the Solid Waste Landfill 7
is distributed throughout the surface and subsurface fill materials With the maximum levels in the 8
southeastern corner of the landfill. The COCs were also detected in the glacial till beneath the 9
landfill and in the perched groundwater near the southeast corner of the subunit. No impact has been 10
observed on the Great Miami Aquifer. The number of COCs detected in the surface water, sediment, 1
and perched groundwater are fewer than those detected in the surface and subsurface soils. 12
13
The media pathways considered significant for the Solid Waste Landfill as a result of the modeling 14
include air, surface water, groundwater, and perched water. Perched water was modeled under the 15
Solid Waste Landfill because of a potential for household use of the perched water. 16
_ v
Lime Sludge Ponds | 18
Field investigations of the Lime Sludge Ponds indicate that the sludge within the subunit is 19
homogeneous. Sampling in the berm soils and glacial till beneath the ponds has determined that the 20
soils have higher concentrations of most constituents than the sludge. This means that future impacts 21
from the sludge upon the soil are not likely. Elevated concentrations of uranium and thorium were »
detected in downgradient perched groundwater wells, but samples collected from the K-65 Trench 23
(outside of Operable Unit 2 boundaries) detected elevated radioisotope activities. The K-65 Trench is T
believed to be the source of the perched groundwater contamination. 25
' 26
Seven COCs have been identified for the Lime Sludge Ponds that contribute greater than one percent 27
of the total risk for a medium. These COCs consist of 4 radionuclides, 2 metals, and 1 organic 28
compound. The extent of COCs in the Lime Sludge Ponds is limited mostly to the berm soils 29
surrounding the ponds. Beryllium is the only COC that is believed to have originated in the lime %
sludge. Radionuclides and organics appear to have originated in the surface and berm soils. The 3
COCs, were. also,detected in the perched groundwater downgradient of the subunit, but the source of 2
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these contaminants is believed to be the K-65 Trench. No impact has been observed on the Great

Miami Aquifer.

The media pathways considered significant for the Lime Sludge Ponds as a result of the modeling
include the air and groundwater pathways. No surface water pathway exists near the Lime Sludge
Ponds and all surface water is contained within the subunit. Perched water was modeled under the

Lime Sludge Ponds because of a potential for household use of the perched water.

Inactive Flyash Pile
Field investigations of the Inactive Flyash Pile indicate that waste other than flyash were disposed of

in the subunit. Organic waste, sludge, clay tile drain pipe, wood, nails, wire, and construction debris
were found in addition to flyash. Field measurements with an alpha-beta meter indicated that all
materials except for flyash had elevated levels of radioactivity. The identified waste materials appear

to be resting on or near the interface between the flyash and the native glacial overburden.

The occurrence of uranium contamination in the perched groundwater appears to be related to waste
materials buried within or near this subunit. The perched groundwater appears to discharge through
seeps into the Paddys Run drainage channel or directly into the Great Miami Aquifer through regions
where the glacial overburden has been eroded. This means that a mechanism exists to transport
uranium contamination vertically into the Great Miami Aquifer. Uranium contamination in the Great
Miami Aquifer was not detected upgradient or from the northern part of the subunit. Uranium
contamination was detected in two wells in the Great Miami Aquifer downgradient from the central
part. of the subunit. This suggests that a source of uranium contamination to the Great Miami Aquifer

exists beneath the central part of the Inactive Flyash Pile.

Ten COCs have been identified for the Inactive Flyash Pile that contribute greater than one percent of
the total risk for a medium. These COCs consist of 6 radionuclides, 3 metals; and 1 organic
compound. The extent of COCs in the Inactive Flyash Pile covers most of the surface and subsurface
soils and groundwater within the subunit. Radionuclides appear to be connected to non-flyash waste
such as sludge, wood, and construction debris, whereas organics appear to be intermixed with the
flyash, possibly from dust control spraying. Uranium is the only COC detected in the Great Miami

0051

Aquifer downgradient of the subunit.
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The media pathways considered significant for the Inactive Flyash Pile as a result of the modeling

include air, surface water, and groundwater pathways.

South Field
Test trenches uncovered a range of waste materials including concrete, steel pipe, sheet steel, wood,
and clay tile. The results of wipe samples taken from these materials indicate that they represent a

potential source of the leaching of radionuclides to groundwater.

Sixteen COCs have been identiﬁ_ed for the South Field that contribute greater than one percent of. the
total risk for a medium. These COCs consist of 6 radionuclides, 3 metals, and 7 organic compounds.
The extent of COCs in the South Field covers most of the surface and subsurface soils and
groundwater sampled within the subunit. Radionuclides and organics were detected in higher

concentrations in the northern portion of the South Field.

The media pathways considered significant for the South Field as a result of the modeling include air,

surface water, and groundwater pathways.

Active Flyash Pile
The Active Flyash Pile contains only flyash from field observations and historical documentation.

Interviews with former processing personnel indicated that organic compounds could have been
sprayed on the flyash to reduce dust. The analytical results of the RI field investigation do not

support such speculation.

Eight COCs have been identified for the Active Flyash Pile that contribute greater than one percent of

the total risk for a medium. These COCs consist of 6 radionuclides and 2 metals. The extent of
COCs in the Active Flyash Pile covers most of the surface soil subsurface soil within the subunit.
The COCs uranium-234, uranium-235/236, and uranium-238 were detected in the Great Miami

Aquifer downgradient of the subunit.

The media pathways considered significant for the Active Flyash Pile as a result of the modeling

include air, surface water, and groundwater pathways.
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BASELINE RISK ASSESSMENT ’
The Operable Unit 2 baseline risk assessment accomplished the following for each subunit: 2
e  Determination of the constituents of potential concern (CPCs) j
e  Assessment of the potential for and magnitude of constituent transport from Operable Unit :
"~ 2 sources to potential points of human exposure 7
e  Quantification of potential exposures to human receptors under current and future land use :
scenarios 10
e  Characterization of the nature and magnitude of potential risks associated w1th Operable i:
Unit 2, assuming there were no remedial action in the future 13
e  Evaluation of the uncertainty associated with the risk estimations. i:
' 16
The Operable Unit 2 baseline risk assessment addresses only potential risks associated with waste Y
subunits within the battery units of Operable Unit 2. It does not consider existing sources or 18
contamination in soil, surface water, and sediment outside the boundaries of Operable Unit 2, nor 19 .
does it consider groundwater cqntamination. These risks will be evaluated in the Operable Unit 5 RI. )
Risks due to groundwater in this and other operable unit risk assessments are based on estimates of .
future concentrations which are based on modeling. This risk assessment does not consider the »
potential impacts on flora and fauna (ecological risks). Evaluation of site-wide ecological risks will 23
take place in the Operable Unit 5 RI/FS; areas likely to be remediated on the basis of human health 2
protection will not be evaluated. 25
26
Operable Unit 2 includes five subunits for which remedial decisions must be made. In order to 27
facilitate the decisions, risk was quantified separately for each subunit. The specific risk assessment 28
methodology followed was consistent across all subunits, and the cumulative risk from Operable 29
Unit 2 sources was calculated. 30
31
Potential human exposure to risk is evaluated in the context of three land use scenarios: (1) current £
land use having DOE ownership with both access and no access control, (2) future land use assuming 33
federal ownership, and (3) future land use assuming private ownership. For all scenarios, it is N
assumed that no additional cleanup of Operable Unit 2 occurs beyond that which already has taken 35
place. ’
CEfn |
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The postulated human receptors of incremental risk for the current land use scenario include a
trespassing youth, off-property residents, and onfproperty groundskeeper. For the future land use
scenario assuming federal ownership, the receptors are expanded trespasser and off-property farmers.
For the future land use scenario assuming private ownership, the receptors are on-property farmers,
homebuilders, and users of "perched" groundwater (isolated bodies of groundwater within the glacial
till). Recreational users of the Great Miami River were also considered future receptors regardless of
whether federal or private ownership is assumed. For thp future land use scenarios, the constituent
concentrations ‘at the specific geographical and temporal points of human exposures were determined
by the application of approved air dispersion, and surface water and groundwater transport computer

simulation models.

Epidemiological evidence indicates that the typical human being has a risk of developing cancer of
about one in three, or 3.3 x 10"'. Federal regulations for the management of waste sites limit the
allowable excess risk to any person, resulting from exposure to carcinogénic mateérials, to one in
10,000 or 10*. Accordingly, the baseline risk assessment presents the risks due to exposure to
carcinogens in terms of incremental lifetime cancer risk (ILCR); that is the additional risk to a given
person, given a lifetime of exposure to Operable Unit 2 wastes and impacted media. Hazards due to
exposure to noncarcinogenic constituents also are evaluated. Noncarcinogenic risks are reported as a
hazard index (HI). HIs of greater than 1.0 or "above unity" indicate a concern for potential health

effects.

To ensure that the most sensitive or most exposed individuals in the population are protected, EPA
guidance provides for calculation of reasonable maximum exposure (RME), which is the maximum
exposure a person reasonably could receive from the waste site being evaluated. For example, in the
Operable Unit 2 future land use scenario assuming private ownership, the on-property RME farmer
(adulf and child) builds a home on (where physically feasible) and actively farms the unremediated

Operable Unit 2 waste units and is exposed to the following for each CPC:
e  Inhalation of fugitive dust, Qolatile organic compounds, and gases

* Incidental ingestion, inhalation, and dermal contact while using groundwater (separate
evaluations for Great Miami Aquifer and perched groundwater) in the home

¢ Consumption of foodstuffs grown on the waste site, including fruits and vegetables, and
meat and milk

R
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e Incidental ingestion, external radiation, and dermal contact with soil

e  Inhalation of indoor radon

Thus, the RME receptors usually will have the highest estimated risks in a risk assessment. Risk and
hazard results are also.presented for a central tendency (CT) receptor, whose exposures are thought to
be more typical of the average individual in the exposed population. For all subunits, future risks to
off-property receptors (with the exception of the expanded trespasser, whose exposures primarily
occur on site) will be the same for federal or private ownership. A summary of results from the risk
assessment for each subunit is presented below. All site-related risks were calculated without

accounting for (removing) the potential contribution from natural background sources.

Solid Waste Landfill

e

L

For the current land use scenario, a total carcinogenic risk to a trespassing youth is 1.6 x 10 due
mostly to external radiation from radium-226 and thorium-228 and dermal contaét with beryllium in
soil. HIs are less than 1.0. Total risk to the on-property groundskeeper are within the same order of
magnitude as the trespassing youth. Major contributors to risk for this receptor are the same as those
to the trespassing youth. Off-property farmers have carcinogenic risks on the order of 10® and Hls of

less than 1.0.

For the future land use scenario assuming private ownership, total carcinogenic risk and hazard to the
RME farmer are 1.2 x 10;3 and 1.5, respectively. The greatest contributors to risk are from
radium-226, uranium-238, and thorium-228 in soils via external radiation and dermal contact with
beryllium in soil. Risks exceeded the 1.0 x 10 level for the perched groundwater users due

primarily to the estimated presence of carbazole in perched groundwater.

For the future scenario having federal ownership, the expanded trespasser has a combined
carcinogenic risk of 4.4 x 10 due mostly to external radiation by radium-228, thorium-228, and
uranium-238 and dermal contact with beryllium in soil. Total HI is less than 1.0. Total carcinogenic

risk for off-property farmers range from 10~ to 10°.

Risk to the recreational users of the Great Miami River is in the range of 1.0 x 10 to 1.0 x 10° due

mostly to external radiation from thorium-228, radium-228, and uranium-238 in sediment. Hls are

below 1.0. . 0055
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The media pathways with the most significant risk for COCs are related to ingestion, inhalafion, and 1
dermal contact with soil and consumption of fruit and vegetables, milk and beef contaminated by soil. 2
Two COCs, carbazole and technetium-99, contribute risk to the on-property resident farmer if 3
perched gfoundwater is used for as a household drinking water source. Approximately 86 percent of 4
the total risk to the on-property resident farmer is derived from four COCs: radium-228, 5
thorium-228, uranium-238, and beryllium in soil. 6
7
Lime Sludge Ponds g
For the current land use scenario, a total carcinogenic risk to a trespassing youth is 2.8 x 10" due 9
primarily to exposure to surface soil containing radium-228 and thorium-228, via external radiation, 10
and to dermal contact with beryllium and Aroclor-1254. Total risk to the current on-property 1
groundskeeper is 4.7 x 10”° due mostly to the presence of thorium-228 and beryllium in soil. Total 12
HI for these receptors is less than 1.0. Carcinogenic' risks to off-property residents are on the order 13
of 107 and the combined HI is much less than 1.0. ' | 10
o
For the future land use scenario assuming private ownership, the on-property RME farmer has a total 16
risk of .1.9 x 10? due almost entirely to the presence of radium-228, thorium-228, uranium-238, and 1
beryllium in soil. Total HI is less than 1.0 for the farmer, but for the on-property child, the HI 18
exceeded 1.0 due to the presence of total uranium in soil. ' 19
. 20
For the future land use scenario with federal ownership, the expanded trespasser has a total risk of 21
less than 9.8 x 10° due to the same compounds as the on-property farmer HI is less than 1.0. Off- -
property farmers have carcinogenic risks on the order of 107 and HIs of less than 1.0. uranium in 23
soil. 2
25
The media pathways with the most significant risk for COCs are related to ingestion, inhalation, and 26
dermal contact of soils. No COCs were determined for perched groundwater even if perched 27
groundwater is used for a household drinking water source. Approximately 88 percent of the risk to 28
the on-property resident farmer is derived from four COCs in soil: radium-228, thorium-228, 29
beryllium and Aroclor-1254. ' 3

31

32
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Inactive Flyash Pile
Because of the contiguous nature of the Inactive Flyash Pile and South Field, the complexity of the

geology and lithology, and the patterns of groundwater flow in the area, it was not possible to
completely separate these potential groundwater sources on other than an arbitrary basis. Therefore,
the groundwater modeling for these subunits included simultaneous inputs from the entire area of
these combined subunits. Hence, the risk contribution of the groundwater pathway is based on the

combined effects of these subunits.

For the current land use scenario, total carcinogenic risks range from slightly greater than 10~ for the
trespassing youth to about 10°® for off-property receptors. Total risk to the trespassing youth is 3.3 x
10° due mostly to the presence of radium-228, thorium-228, and beryllium in soil. Risk to the on-
property groundskeeper are on the same order of magnitude as the trespassing youth. Major
contributors are the same as those for the trespassing youth. Hls for all current scenario receptors are

less than 1.0.

For the future land use scenario assuming private ownership, the on-property RME farmer has a total
risk of 3.2 x 102 and HI far greater than 1.0. The inajor contributors of risk are thorium-228 and
beryllium in soil and uranium-234 and uranium-238 in groundwater and consequently in irrigated
produce, and in milk and beef from livestock that are watered with groundwater contaminated from
the combined Inactive Flyash Pile/South Field source area. The most significant components of the

elevated HI are due to total uranium in groundwater and consequently in irrigated produce.

For the future land use assuming federal ownership, the expanded trespasser has a total carcinogenic
risk of 1.2 x 10* and HI of less than 1.0. The off-property farmer has a total carcinogenic risk of
6.6 x 10° and HI of 3.4. Major contributors of risk to the off-property farmer are uranium-234 and
uranium-238 in groundwater contaminated from the combined Inactive Flyash Pile/South Field source
area. The major contributors to hazard are from total uranium in groundwater and consequently in
irrigated produce, and in milk and beef from cattle that are watered with contaminated groundwater
from the Inactive Flyash Pile/South Field source area.

Total estimated risk to future Great Miami River users are in the range of 1.0 x 10°to 1.0 x 107,
Major contributors to risk were from thorium-228, uranium-235/236, and radium-228. HIs are less

than 1.0.
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Pathways contributing to risk include ingestion, inhalation, and dermal contact with soil, and ingestion 1
of groundwater. Approximately 85 percent of the risk to the on-property resident farmer is derived 2
from five COCs: radium- 228, thorium-228, uranium-234, uranium-238, and beryllium. 3
' 4
South Field s
For the current land use scenario, total carcinogenic risks range from slightly greater than 107 for the 6
trespassing youth to about 107 for off-property receptors. Major contributors of risk to the . 7
trespassing youth are mostly due to radium-228, and thorium-228, and beryllium in soil. Total 8
estimated risk to the on-property groundskeeper is 6.5 x 10* due primarily to thorium-228 in soil. 9
HIs for all current receptors are less than 1.0. | ' 10
1
For the future land use scenario assuming private ownership, the on-property RME farmer has a total 12
carcinogenic risk of 3.8 x 107 and the resident child has a risk of 4.5 x 10*. The on-property RME ' 13
farmer, and resident child have Hls greater than 1.0. The largest component of risk to the on- 14
property farmers are from thorium-228, radium-228, beryllium and benzo(a)pyrene in soil, and 15
uranium-234, uranium-238, and total uranium in groundwater and consequently in irrigated produce, 16
and in milk and beef from livestock that is watered with groundwater contaminated from the 17
combined Inactive Flyash Pile/South Field source area. Risks for the on-property RME farmer at the 18
South Field are somewhat higher than for the Inactive and Active Flyash Piles because it is feasible to 19
build a house on the South Field. Therefore, the South Field RME farmer has higher direct radiation 20
exposures as well as exposure to indoor radon. ' 21
| 2
For the future land use assuming federal ownership, the expanded trespasser has a total carcinogenic 23
risk of about 2.2 x 10* and a HI of less than 1.0. Major contributor to risk is from beryllium in soil %
and sediment. Off-property farmers have carcinogenic risks as great as 10”° and HIs greater than 1.0. 25
The largest component of risk to the off-property farmers is uranium-234, uranium-238, and total 26
uranium in groundwater and consequently in irrigated produce, and in milk and beef from livestock 7
that is watered with groundwater contaminated from the combined Inactive Flyash Pile/South Field 3
source area. | 29
3
Total estimated risk to the Great Miami River users are within a 1.0 x 10 to 1.0 x 10 range. 31
Major contributors to risk include benzo(a)pyrene, thorium-230, and beryllium. Pathways . »
contributing most to risk include ingestion, inhalation, and dermal contact with soil, and ingestion of 3
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groundwater. Over 80 percent of the risk to the on-property resident farmer is derived from five

COCs: radium-228, thorium-228, uranium-234, uranium-238, and beryllium.

Active Flyash Pile
For the current land use scenario, total carcinogenic risk to a trespassing youth is 6.8 x 10° due to

the presence of radium-226, radium-228, and thorium-228 in soil. Total risk to the on-property
groundskeeper is 9.2 x 10° due mostly from thorium-228 and beryllium in soil. Total HI for all

current receptors are less than 1.0. Carcinogenic risks to off-property residents are on the order of

10°.

For the future land use scenario assuming private ownership, the on-property RME farmer has a total
carcinogenic risks of 1.9 x 10 due mostly to the presence of neptunium-237, radium-228,

thorium-228, and arsenic in surface flyash material. Total HI is less than 1.0.

For the future land use assuming federal ownership, the expanded trespasser has a total carcinogenic
risk of 2.4 x 10® and HI of less than 1.0. Exposure to the expanded trespasser is due mostly to
beryllium in surface flyash. Off-property farmers have carcinogenic risks greater than 1.0 x 10 due
mostly to uranium-234 and uranium-238 in groundwater contaminated from the Active Flyash Pile
source area. Total HI is less than 1.0. Total estimated risks to the Great Miami River users are in

the range of 1.0 x 10® to 1.0 x 10* due mostly to arsenic and beryllium in sediment.

The pathway which contributes most significant risk is dermal contact. Over 85 percent of the risk to
the on-property resident farmer is derived from three COCs in soil: radium-228, thorium-228, and

arsenic.

OPERABLE UNIT 2 CUMULATIVE RISK

Future land use receptors were evaluated for cumulative risk from the presence of contaminants
within Operable Unit 2. It is emphasized that the risks and hazards presented are those resulting
primarily from the three subunits contributing most to groundwater contamination: the Active Flyash

Pile, South Field and Inactive Flyash Pile.

The greatest carcinogenic risk posed was to the RME on-property farmer which had a total risk of 3.7
x 10®. The major contributors to risk for the on-property receptor is from the presence of
BT | 0059
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thorium-228, radium-228 and beryllium in soil, and the estimated presence of uranium-238 in _ 1
groundwater. ' ' 2
N , 3
Total risk to the off-property farmer slightly exceeded 1.0 x 10® due primarily to uranium-234 and 4
uranium-238 in groundwater, and thorium-228, thorium-230, and uranium-238 in soil. 5
6
Total HIs exceed 1.0 for both the on- and off-property farmers due primarily to the estimated 7
presence of total uranium in groundwater. ‘ 8
9
Total risk to the expanded trespasser was 6.6 x 10° due primarily to beryllium and thorium-228 in 0
soil which contributed 64.5 percent and 15.5 percent, respectively. Total HI for this receptor was u -
below 1.0. ‘ "
' 13
Approximately 68 percent of the total risk to the on-property farmer is attributed from four COCs in 1
soil and groundwater: thoriuri1—228, radium-226, beryllium, and uranium-238. ‘ 5
16
Risk Assessment Uncertainty ' : : 17
Every quantitative risk assessment is subject to sources of uncertainty. To ensure that risk is not 18
underestimated and that human health is protected, CERCLA guidance and the conventions followed 19
in this report address areas of uncertainty through application of conservative (i.e., protective) 20
assumptions. The greatest uncertainty associated -with the Operable Unit 2 baseline risk assessment is 21
due to the assumptions made to estimate constituent concentrations at the spatial and temporal points »
of human exposure. Specifically, the exposure point concentrations in groundwater, air, produce, and 23
beef and milk for human receptors in the future are the most conservatively estimated. All risk and %
hazard estimates for future on-property residents are subject to uncertainty, and hence conservatism, 25
because the future site ownership and access controls are unknown. Taken together and interactively, 26
the uncertainties identified with site data, exposure parameters, fate and transport, toxicity assessment, 27
and risk characterization are judged to be high, having the potential to overestimate risk by two 2
orders of magnitude or more. 29
30
One way to evaluate the degree of conservatism in the risk assessment methodology is to follow the 31
nsk estimation protocol, substituting natural background concentrations for the contaminants that were €
found in place of the values actually measured at the waste site. This was done for the Operable 3
£ ('J {J 5.)
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Unit 2 land use and human exposure scenarios. The use of background constituent levels in the
Operable Unit 2 risk assessment results in a carcinogenic risk for the on-property RME residents of
greater than 1.0 x 10, Major contributors to total background risk are from thorium-228,

radium-228, and beryllium in surface soil.

Conclusions

This RI presents a detailed understanding of the nature and extent of the contamination of the
individual subunifs that comprise Operable Unit 2. The contaminant data are used for two major
purposes: (1) after the application of rigorous validation and statistical procedures, the data are used
to drive the contaminant fate and transport models used in the risk assessment, and (2) the types and
quantities of contaminants are used in the FS in the screening of appropriate cleanup technologies and
the development of specific remedial alternatives. The data collected for the Operable Unit 2 RI are

completely adequate for both purposes and no data gaps have been identified.

The Operable Unit 2 baseline risk assessment utilizes a data set in which every data element has been
validated for its intended usability. The fate and transport models are approved by EPA and
calibrated to the specific site conditions. The risk assessment rigorously follows CERCLA guidance,
the approved Risk Assessment Work Plan Addendum, and specific guidance to the FEMP from EPA
Region V. ‘

This report concludes that none of the Operable Unit 2 subunits presents a risk to current off-property
receptors above allowable levels. Risk to the trespassing youth and the on-property groundskeeper
would be greater than the lower risk threshold (10%) but are within the same range as the risk due to
background levels calculated to test the conservatism (over estimate) of the risk assessment

methodology.

The risk assessment shows that in the future assuming federal ownership, in the absence of
remediation, the Lime Sludge Ponds present an unacceptable risk for both the on-property receptors

and the expanded trespasser.

The risk assessment shows that in the future, in the absence of remediation, the Active Flyash Pile,
Inactive Flyash Pile, South Field, and Solid Waste Landfill will present greater than allowable risk to
both on- and off-property receptors.
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Remedial Action Objectives v

15

The development of the following .general remedial action objectives (RAOs) is based only on the 2
results of the baseline risk assessment. The Operable Unit 2 FS will include a consideration of the s
ARARs for each subunit, and ARARs have the potential to significantly affect the remedial action 4
objectives. For the Operable Unit 2 subunits requiring remedial action, feasible remedial action 5
alternatives will be developed and evaluated in the FS Repdrt to be issued for Operable Unit 2. 6

7
The remediation of existing contamination in the Great Miami Aquifer is not considered here because 8
remediation of the aquifer is within the scope of the Operable Unit 5 remedial actions. During 9
remediation of Operable Unit 2, contaminated perched water will be controlled to prevent the 10
recontamination of the areas being cleaned up. The treatment or disposal of the perched water willbe =
coordinated with the remedial actions for Operable Unit 5. Also, during the remediation of Operable 12
Unit 2, storm water will be controlled to prevent the spread of contaminants. The treatment or 13
disposal of the storm water will be coordinated with the remedial actions for Operable Unit 5. 14
The RAOs for all subunits in Operable Unit 2 are to prevent the release or migration of contaminants 16
from waste materials and contaminated soils that could potentially (1) affect future groundwater users "
(perched and aquifer) on the site, (2) be harmful as sources of external radiation, (3) prevent the 18
availability of harmful waste materials or contaminated soils for inhalation or ingestion by on-property 19
resident farmers, and (4) prevent the availability of harmful waste materials or contaminated soils for 20
plant uptake, disposition on plants, or ingestion by animals raised for meat and milk products. 21

7

23
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1.0 INTRODUCTION 1

_ 2

This report documents the Remedial In§estigati0n (RI) phase of the Remedial Investigation/Feasibility 3
Study (RI/FS) for Operable Unit 2 at the U.S. Department of Energy (DOE) Fernald Environmental - 4
Management Project (FEMP) or "the Fernald site." The FEMP was known as the Feed Matg:rials 5
Production Center (FMPC) until August 23, 1991. Its primary function was the production of 6
metallic uranium fuel elements, target cores, and other uranium products for use in weapons 7
production reactors and other programs operated by the DOE. At times, thorium was also processed 8
and stored at the facility. As a result of these processes, the facility generated both radioactive and 9
non-radioactive hazardous wastes. 10
1

The FEMP is a 1,050 acre, government-owned, contractor-operated facility located in southwestern 12
Ohio, about 18 miles northwest of downtown Cincinnati, Ohio. The facility is located north of 13
Fernald, Ohio, a small farming community, and lies on the boundary between Hamilton and Butler 14
counties (Figure 1-1). Of the total site area, 850 acres are in Crosby Township of Hamilton County, 15
and 200 acres are in Ross and Morgan townships of Butler County. _ 16
Y

In 1989, the Fernald site was placed on the National Priorities List (NPL) (Superfund List) as a result 18
of past releases of hazardous waste as part of the Comprehensive Environmental Response, 19
Compensation, and Liability Act of 1980 (CERCLA). Under CERCLA, the RI/FS is a process 20
designed to investigate the extent of site contamination and risks to human health and the 21
environment, and evaluate the potential remedial (cleanup) alternatives. The Fernald site is defined as 2
all areas within the property boundary of the FEMP and any other areas that received released 23
hazardous substances, pollutants, contaminants, or hazardous constituents from FEMP activities. The %
RI/FS is being conducted pursuant to the terms of a 1991 Amended Consent Agreement with the U.S. 25
Environmental Protection Agency (EPA) to identify the mosf effective remedial actions to be 26
undertaken at the FEMP. Operable Unit 2 is one of five operable units at the FEMP and consists of 27
waste subunits with relatively large volumes of conventional industrial wastes that were assumed to 28
contain small amounts of hazardous chemicals or radionuclides. y 29
3

This section describes the purpose and organization of the report and presents a facility description 31
and history of operations for the FEMP site, more specifically for the facilities included as part of 2
Operable Unit 2. It also describes previous Operable Unit 2 studies and other relevant prior ER 3
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environmental investigations conducted at the FEMP. The overall objective of this section is to 1
provide a historical and regional perspective to assist in evaluating potential environmental and human 2
health impacts associated with Operable Unit 2. 3
.

1.1 PURPOSE OF REPORT 5
In the CERCLA remedial response process, a series of activities and subactivities are undertaken to 6
provide a permanent resolution of actual or potential hazardous substance releases from a site. These 7
activities consist of the RI, Feasibility Study (FS), Remedial Design (RD), Remedial Action (RA), 8
and Operations and Maintenance (O&M). The purpose of the Operable Unit 2 RI is to gather data 9
necessary to determine the nature and extent of contamination potentially posing significant risk to 10
human health and/or the environment, and support the technical and cost analysis of alternatives 1
carried out in the FS phase. Specifically, this report documents the investigations rélating to Operable 12
Unit 2; provides a detailed understanding of the nature and extent of contamination; determines the oow
fate and transport of constituents of potential concern (CPC); and defines the risk posed to human "
receptors from Operable Unit 2 waste materials. 15
16

Under DOE regulation 10 Code of Federal Regulations (CFR) 1021, NEPA reviews are required for 17
all DOE activities, including CERCLA actions. The NEPA/CERCLA integration plan, presented in 18
DOE Order 5400.4, is designed to avoid duplicate effort and a larger commitment of resources 19
needed to implement NEPA and CERCLA separately; to avoid conflicts in analysis and the choice of 20
a remedial alternative; and to minimize the risk of delaying remedial actions on procedural grounds. 21
The primary instrument for DOE’s NEPA/CERCLA integration is the RI/FS process, supplemented 2
as needed to meet the procedural and documentation requirements of NEPA. 23
. 2

This RI Report supports the Operable Unit 2 FS, which will evaluate the range of available remedial 25
alternatives (including the no-action alternative) for Operable Unit 2 wastes and certain associated 26
contaminated media. Resﬁlts of the Operable Unit 2 FS will be reported in a separate document. 27
The remedial aiternatives will be evaluated for overall protectiveness of human health and the 28
environment; compliance with applicable or relevant and appropriate requirements (ARARs); long- 29
and short-term effectiveness; reduction of toxicity, mobility, or volume; implementability; cost; and 30
state and community acceptance. As mandated by the 1991 Amended Consent Agreement, the 3
Operable Unit 2 FS will include a Comprehensive Response Action Risk Evaluation (CRARE) to 2
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evaluate the cumulative residual risks resulting from each operable unit following remediation. The ‘
CRARE will include consideration of current and future use scenarios of the FEMP site. 2
3
To facilitate public participation in the remedy selection process, a Proposed Plan (PP) for Operable 4
Unit 2 will be issued to the public for comment. The PP will present the proposed remedial action s
along with a summary of the RI findings and FS results. The PP will include an explanation of the 6
alternatives considered and the preference for the proposed remedial action. After evaluating public 7
comments on the PP, a Record of Decision (ROD) will be prepared to select the final remedial 8
actions and provide a legal and technical basis for the selection actions. 9
10
Remaining remedial response activities consist of the RD/RA and O&M. The RD consists of the 1
engineering design and preparation of the engineering drawings and specifications in a bid package 12
for the implementation of the remedy. The RA is the actual implementation of the remedial measures 13
through construction activities. After completion of the RA, any action necessary-to ensure the 14
sustained effectiveness of the applied remedy will be performed under the O&M phase. 15
1.2 HISTORY OF THE FERNALD ENVIRONMENTAL MANAGEMENT PROJECT ‘
The Atomic Energy Commission (AEC), predecessor to the U.S. Energy Research and Development 18
Administration (ERDA) and then DOE, established the FMPC in conformance with AEC orders in 19
the early 1950s. In 1951, National Lead Company of Ohio, Inc., (now NLO) entered into a contract 20
with the AEC as the O&M contractor for the facility. This contract was effective until 21
January 1, 1986. 2
23
The contractual relationship between NLO and DOE continued until January 1, 1986. Westinghouse 2
Materials Company of Ohio (WMCQ), a wholly-owned subsidiary of Westinghouse Electric 25
Corporation, then assumed management responsibilities for the site operations and facilities. 2
Production ceased in the summer of 1989 due to a decline in uranium metal demand, and plant 27
resources were focused on environmental cleanup activities. In June 1991, the site was officially 28
closed as a federal production facility. Also in 1991, WMCO was renamed the Westinghouse 29
Environmental Management Company of Ohio (WEMCO), and DOE renamed the site to Fernald 30
Environmental Management Project to reflect the change in mission. On December 1, 1992, Fernald 31
Environmental Restoration Management Company (FERMCO) assumed responsibility for the site ‘

I
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under the first Environmental Restoration Management Contract (ERMC) for DOE. FERMCO is a 1
wholly-owned subsidiary of Fluor Daniel, Inc. 2
, 3
Production operations at the FMPC began in 1951 and were limited to a fenced, 136-acre tract of ‘ 4
land known as the Production Area, located near the center of the site (Figure 1-2). The Waste 5
Storage Area was constructed west of the Production Area to dispose of large quantity liquid and solid 6
wastes and includes two of the Operable Unit 2 subunits. Prior to 1984, solid and slurried wastes 7
from site processes were stored or disposed in the Waste Storage Area. Figure 1-3 presents the 8
Waste Storage Area and identifies the battery limits of the Solid Waste Landfill and Lime Sludge 9
Ponds. 10
1
The remaining subunits in Operable Unit 2 are located in an area to the southwest of the former 1
Production Area (Figure 1-2). This area was used to dispose of construction rubble, boiler plant 13
flyash and bottom ash; and other waste. Wastes stored within Operable Unit 2 are belieQed to be 14
primarily generated from support operations and not from direct uranium production. Battery limits 15
are defined as the boundaries of the investigation for sources contained in the Operable Unit 2 16
subunits. 17
18
121 EEMP Production Process - 19
The primary mission of the FEMP during its 37 years of operation was the processing of "feed" 20
materials to produce high purity uranium metal, explaining the site’s original title, the Feed Materials 21
Production Center. These high purity uranium metals were then shipped to other DOE facilities for 2
use in the nation’s weapons program (Figure 1-4). The following discussion is an overview of the 2
production activities and materials handled at the FEMP. 2%
25
Raw materials at the FEMP consisted of pitchblende ores obtained from mines in the Belgian Congo 26
(an area now known as Zaire) and Australia; uranium concentrates (yellowcake) obtained from 2
uranium mills in Canada and the United States; uranium tetrafluoride (green salt or UF,) and uranium 28
hexafluoride (UFg) obtained from the DOE gaseous diffusion plants; uranium trioxide (UO,) as a 29
slightly enriched recycled material from the DOE Hanford Purex Plant; and recovered uranium- &N
bearing residues from processing operations at the FEMP site and elsewhere. Enriched uranium is 3
defined as uranium that contains a higher percentage of uranium-233 or -235 isotopes than that which »
occurs in natural uranium. »
FER\CRUZRINTDO\SECTION1. TEXT\February 10, 1994 11:37am 1-5
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The chemical and metallurgical processes for the manufacture of uranium metal products occurred in
seven of the FEMP’s more than 50 production, storage, and support buildings. The physical layout
of those buildings in the former Production Area is shown in Figure 1-5, and a flow chart of the
production process is illustrated in Figure 1-6. Much of the discussion of the refining process and
handling of wastes is taken from the following documents and will not be specifically referenced in all
instances in the text: |

¢ "Uranium Production Technology" (Harrington and Ruehle 1959)
¢ "A Closer Look at Uranium Metal Production, A Technical Overview" (WMCO 1988)

Impure starting materials were first introduced into the process through the sampling plant (Plant 1)
where they were sampled to determine the uranium concentration and the uranium enrichment status.
Impure starting materials were transferred to the refinery (Plant 2/3) where they were dissolved in
nitric acid; the uranium was purified through solvent extraction to yield a solution of uranyl nitrate.
Uranyl nitrate solution was changed to uranium trioxide (UO,) powder by evaporation and

denitrification.

Uranium trioxide from Plant 2/3 was transported to the green salt plant (Plant 4) where it was
converted to uranium tetrafluoride (UF,) by reaction with anhydrous hydrogen fluoride. The UF, was
then transported to Plant 5 (a metals production plant) where it was blended with magnesium metal
granules and placed in a closed refractory-lined steel pot for heating and melting. The resulting
product was a 300 to 375 pound piece of pure uranium metal and a by-product, magnesium fluoride

slag. The uranium metal had the shape of a gentleman’s top hat, or derby.

Some of the derbies were shipped directly to the Y-12 and Rocky Flats Plants. However, most
remained in Plant 5 where they were remelted along with uranium scrap-metal from earlier machining
operations and poured into graphite molds to form flat or cylindrical ingots. Flat ingots consisted of

depleted uranium and were top-cropped, machined into billets, then shipped to Rocky Flats.

The cylindrical ingots consisted of either slightly enriched or depleted uranium. The ingots were
center drilled into billets and then sent to Reactive Metals, Incorporated (RMI) in Ashtabula, Ohio.
The enriched uranium billets were upset forged, machined, and then shipped to the DOE Hanford
site. The depleted uranium billets were extruded into tubes and returned to the FMPC where they
were cut into sections, heat treated, and machined to final dimensions. The completed tubes were

¢ 0971
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finally shipped to the DOE Savannah River site to be used as target element cores. Small amounts of .
thorium were processed at the FEMP on several occasions from 1954 through 1975. Thorium 2
operations were conducted in Plants 1, 4, 6, 8, and 9, and the Pilot Plant. Although thorium 3
materials are no longer being received for storage, the FEMP serves as the thorium repository for . 4
DOE and maintains storage facilities for a variety of thorium materials. Existing thorium inventories 5
have now been declared as waste and are being shipped to DOE’s Nevada Test Site (NTS) for 6
disposal. 7
8
Production at the FEMP peaked in 1960 at approximately 12,000 metric tons of uranium per year. A 9
product decline began in 1964 and reached a low in 1975 of about 1,230 tons. During the 1970s, 10
consideration was given to closing the FEMP. Thus, capital improvements and staffing were n
minimized. The staffing level, which peaked at 2,891 personnel in 1956, slowly declined to 662 12
personnel in 1972 and then to 538 personnel in 1979. 13
| 14
In 1981, the FEMP once again began planning to accommodate increased production requirements. 15
Production levels significantly increased and there was a rapid staff buildup for several years. The .
renewed need for uranium metal resulted in the implementation of a major facilities restoration ‘
program. 18
19
1.2.2 FEMP Compliance History 20
Current environmental investigations and cleanup activities are being directed through the CERCLA 21
process and will meet ARARs. However, many other environmental regulations [e.g., NEPA, 2
Resource Conservation and Recovery Act (RCRA), Clean Water Act (CWA), and Clean Air Act 23
(CAA)] impact site activities. On-site activities Qill meet the substantive requirements of other %
regulations without complying with all of the administrative controls. CERCLA activities conducted 25
off site and non-CERCLA on-site éctivities are required to comply with both the administrative and 26
substantive requirements of the regulations. The following paragraphs describe a chronological 27
history of regulatory events at the FEMP. 28
. 29
On October 13, 1978, President Carter signed Executive Order 12088 (Federal Compliance with )
- Pollution Control Standards) mandating all DOE facilities to comply with existing environmental 31
’ statutes and regulations including the CAA, CWA, and RCRA. Consequently, on March 9, 1985, '
: EPA issued a Notice of Noncompliance to DOE identifying potential environmental impacts associated 33

R
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with the FEMP’s past and ongoing operations. Between April 1985 and July 1986, conferences were
held between DOE and EPA representatives to discuss the issues and to identify steps to achieve and

maintain environmental compliance.

A groundwater detection monitoring program for Waste Pit 4, an Operable Unit 1 area located in the
Waste Storage Area, was initiated in August 1985 pursuant to the substantive and administrative
RCRA, Subtitle C groundwater monitoring requirements. The detection monitoring program was

required because of the disposal of a hazardous waste, barium salts, in Waste Pit 4 after 1980.

On July 18, 1986 a Federal Facility Compliance Agreement (FFCA), detailing actions to be taken by
DOE to assess environmental impacts associated with the FEMP, was jointly signed by DOE and
EPA. The FFCA was entered into to ensure compliance with existing environmental statutes and
regulations. In particular, the FFCA required DOE to thoroughly and adequately investigate past and
continuing activities atthe FEMP to formulate, assess, and implement appropriate remedial response
actions. In response to the FFCA, a RI/FS was initiated pursuant to CERCLA as defined by the
‘National Oil and Hazardous Substances Pollution Contingency Plan, known as the National
Contingency Plan (NCP), and amended by the 1986 Superfund Amendment and Reauthorization Act
(SARA). The FEMP developed a CERCLA RI/FS Work Plan, Quality Assurance Project Plan,
Health and Safety Plan (DOE 1987a), a RCRA Assessment Monitoring Plan for groundwater (DOE
1987b), and RCRA Part A (DOE 1984) and B (DOE 1985) permit applications.

The Ohio Environmental Protection Agency (OEPA) brought suit against the DOE on March 11,
1986 for alleged violations of state RCRA and CWA regulations. The suit was settled when DOE
entered into a Consent Decree with the State of Ohio on December 2, 1988. The Consent Decree
outlined specific actions necessary to attain compliance with RCRA and CWA regulations, including
characterization and proper management of hazardous waste, groundwater monitoring of RCRA

regulated units, and control of wastewater discharges and storm water runoff.

The FEMP was added to the NPL on November 21, 1989 [54 Federal Register (FR) 48184]. On
June 29, 1990, a Consent Agreement (the 1990 Consent Agreement), amending the 1986 FFCA, was
signed by the DOE and EPA. The agreement included continued compliance with the FFCA, the
division.of the site into five operable units, and an outline of activities and schedules for the RI/FS
and ROD for each operable unit in accordance with the requirements of Sections 106(a) and 120 of
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CERCLA. The 1990 Consent Agreement was revised in September 1991 to address additional
environmental issues and revise the CERCLA schedules. The revised Consent Agreement is referred

to as the 1991 Amended Consent Agreement.

In December 1990, amendments were proposed to update the Consent Decree of 1988 to reflect the
new agreement between EPA and DOE (i.e., the 1990 Consent Agreement) and to resolve compliance
issues raised by the OEPA. The Stipulated Amended Consent Decree was signed on January 22,
1993.

The 1991 Amended Consent Agreement was modified on April 9, 1993 by an agreement between
EPA and DOE resolving a dispute concerning EPA’s denial of DOE’s request for an extension of
time to submit Operable Unit 2 documents. This agreement established new schedules extending the
submittal dates of the Operable Unit 2 RI, FS/PP, and draft ROD, and also accelerated Operable
Unit 1, Operable Unit -3, and Operable Unit 5 draft ROD submission dates by 30 days each.

A Notice of Intent to prepare an Environmental Impact Statement (EIS) for the FEMP RI/FS was
published in the Federal Register (55 FR 20183, May 15, 1990). In this notice, it was proposed that:

* An RI/FS-EIS is the approprlate level of NEPA documentation for the "lead” operable unit,
(i.e., Operable Unit 4).

¢ NEPA/CERCLA integration will be provided in the remaining operable unit RI/FS-NEPA
reports. These documents will reference the lead RI/FS-EIS and will present impacts
specific to the operable units and update site-wide and cumulative impacts as necessary.

As identified in the Notice of Intent, the FS and PP for the earliest scheduled operable unit, Operable
Unit 4, will be issued as an FS/PP-EIS. The FS/PP-EIS will examine the environmental impacts
associated with Operable Unit 4 remedial activities as well as the cumulative impacts (Operable Unit 4
FS/PP-EIS, Appendix I) associated with the implementation of remedial actions for all five operable
units at the FEMP. An additional element of NEPA compliance is the FEMP Site-Wide
Characterization Report (DOE 1993), which supplements the Operable Unit 4 FF/PP-EIS by '
providing an assessment of cumulative environmental impacts associated with the existing conditions

at the FEMP on a site-wide basis.
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The Operable Unit 2 FS and PP will be coordinated with the Operable Unit 4 FS/PP-EIS for purposes
of NEPA integration. The cumulative impact analysis presented in the Operable Unit 4 EIS will be
updated and included in the Operable Unit 2 FS/PP-EA as Appendix G. The Operable Unit 2 RI
Report will be incorporated by reference in the Operable Unit 2 FS and PP. This RI Report includes
the characterization of Operable Unit 2 and, hence, will support the necessary description of the
affected environment in the Operable Unit 2 NEPA evaluation. This report also provides the Baseline

Risk Assessment that will support the evaluation of the no-action alternative for Operable Unit 2.

1.3 FEMP OPERABLE UNITS

To promote a more structured and expeditious cleanup of the FEMP, the facility and related
environmental issues have been partitioned into five study areas called operable units. An operable
unit is a definition to logically group similar environmental issues at a cleanup site. FEMP operable
unit study areas are depicted in Figure 1-7. Separate RI/FS documentation is being issued for each of
the five operable units at the FEMP. |

FEMP operable units are as follows:

Operable Unit 1 - Waste Pit Area
Operable Unit 2 - Other Waste Units
Operable Unit 3 - Former Production Area
Operable Unit 4 - Silos 14

Operable Unit 5 - Environmental Media

Operable Unit 1 consists of on-site facilities that were used during uranium production for storage of
low-level radioactive waste. The operable unit covers approximately 37 acres in the Waste Storage
Area and consists of:

Waste Pits 1 through 6

Waste pit liners

Berms

The Clearwell
The Burn Pit

Waste Pits 1 through 6, located west of the former Production Area, contain a variety of liquid and

solid wastes that were generated by the eight separate operations plants at the site. Pits 1 through 4
are covered with earth, and Pits 5 and 6 are covered with water. The Clearwell was a settling pond,

and the Burn Pit contains fesidue from burned refuse.
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Operable Unit 2 consists of those facilities used for the storage or disposal of solid wastes from the

nonprocess site operations. These waste subunits are:

Solid Waste Landfill

North and South Lime Sludge Ponds

Inactive Flyash Pile

South Field

Active Flyash Pile

Berms, liners, and soils within the Operable Unit 2 boundary

These waste subunits are discussed in detail in Section 1.3 and throughout this report.

Operable Unit 3 includes all plants and facilities that were involved in producing uranium metal

products and in processing thorium for other DOE programs. The former Production Area and

production-associated facilities and equipment (includes all above-grade improvements) included in
Operable Unit 3 are:

All structures Equipment
Utilities Drums
Tanks Solid waste
Waste Effluent lines

K-65 slurry line Wastewater treatment facilities

Fire training facilities Thorium :
Scrap metal piles Feedstocks
Coal pile Product

Operable Unit 4 is defined as the geographic area that includes:

The two K-65 silos (Silos 1 and 2)

The metal oxide silo (Silo 3)

The empty Silo 4

The decant sump system

The buried transfer trench

Soils and perched water that lie above the Great Miami Aquifer within the Operable Unit 4
boundary.

Operable Unit 4 is partially fenced and bounded by an exclusion zone that surrounds Silos 1 and 2

and extends to the north, towards Silo 3. Silos 1 and 2 are concrete storage structures that contain

radium-bearing residues from past DOE operations. Silo 3 received only dry materials that are

primarily metal oxides. Silo 4 was never used and, therefore, is not considered to be a past, current,

.or.future source of contaminant release to the environment. 0079
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Operable Unit S consists of environmental media that can serve as pathways for transporting

contaminants. The environmental media that make up Operable Unit 5 are:

Soils

Flora and fauna

Surface water and sediments

Groundwater (including perched groundwater)

Soils not addressed in the other operable units will be considered as part of this operable unit.
Investigations into the flora and fauna include terrestrial vegetation and animals, aquatic communities
in the Great Miami River and Paddys Run, locally grown produce and crops, and cattle grazing on

potentially affected land areas.

Surface water channels included in Operable Unit 5 are the Great Miami River, Paddys Run, and the
Storm Sewer Outfall Ditch. The Great Miami Aquifer underlying the facility is a major source of
drinking water and has been declared a sole-source aquifer by EPA Region V (53 FR 25670).

1.4 FEMP OPERABLE UNIT INTERFACES

The Rls for each operable unit will determine the current and future impacts that the respective waste
units have on the environment and the risk posed to human health from those impacts. The RI
activities for Operable Units 1 through 4 are specific and not directly related to other operable unit
activities. The Operable Unit 5 RI will assess the impacts of site production operations on
environmental media; its RI activities are coordinated with the RI/FS activities related to other

operable units.

The Operable Unit 2 RI characterizes the nature and extent of contamination in environmental media
within the five subunits (Section 4.0). Impacts to perched water and the Great Miami Aquifer from
waste subunit releases are presented. Data pertaining to physical and chemical characterization of
environmental media outside Operable Unit 2 are presented and discussed as necessary to define the
nature and extent of contamination within Operable Unit 2. The Operable Unit 5 RI will determine
the full nature and extent of contaminants in the Great Miami Aquifer and in soils outside the battery

limits (boundaries that define an area of responsibility) of the Operable Unit 2 waste subunits.

The Operable Unit 2 RI has investigated the fate and transport of constituents in air, surface water,
and groundwater released from its waste subunits to determine exposure levels for risk assessment.

ey
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The fate and transport assessment -(Section 5.0) includes analysis of contaminant migration to off-site
receptors. The Operable Unit 5 RI will determine transport of constituents from site-wide to off-site
receptors. A complete assessment of fate and transport of constituents in air, surface water, and

groundwater at the FEMP will be reported in the Operable Unit 5 RI Report.

The Operable Unit 2 Baseline Risk Assessment (presented in Appendix B and summarized in

Section 6.0) addresses only the risks to human health associated with the waste subunits within
Operable Unit 2. Risks due to waste material and associated contamination in groundwater, surface
water, sediment, and soil are considered. All risks due to existing groundwater contamination outside
the Operable Unit 2 battery limits will be evaluated as part of the Operable Unit 5 RI/FS.

Ecological risks are not addressed in the Operable Unit 2 Baseline Risk Assessment. Baseline
ecologicalArisks for the Fernald site will be addressed in the Site-Wide Ecological Risk Assessment to
be submitted as part of the Operable Unit 5 RI/FS. The site-wide ecological risk assessment will
address only on-site and off-site areas not likely to be remediated on the basis of human health
concerns. Since significant areas within Operable Unit 2 are likely to be remediated based on human
health concerns, ecological risks are not evaluated in the Operable Unit 2 RI. However, the FS/PP-
EA will contain a qualitative evaluation of residual ecological risks associated with Operable Unit 2 as
agreed to by the U.S. EPA in their concurrence with the Ecological Riak Assessment Strategy (Saric
to Craig, October 1993).

1.5 PREVIOQUS REGIONAL INVESTIGATIONS AND SITE MONITORING

Numerous environmental investigations have been conducted in and around the FEMP site by DOE
and other organizations. During operation of the FEMP, air, groundwater, surface water, soil, and
biotzi were routinely monitored. The following paragraphs describe the data from these previous
activities that were used for scoping the RI/FS and preparing the RI/FS Work Plan. Because of data
quality and validation issues, the historical data have been used as general information for screening
and support of nature and extent but will not be used directly in support of fate and transport

modeling or risk assessment.

1.5.1 Meteorological Monitoring
The Miami Conservancy District has collected precipitation records for the Miami River Valley since

the early 1900s (Houck 1921). Meteorological records have also been collected at the
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Cincinnati/Northern Kentucky International Airport since 1975. The FEMP installed a 60 meter
meteorological tower on site and southwest of the former Production Area in 1986 to collect site

specific meteorological data.

Meteorological records for regional and site specific weather patterns are comprehensive and provide
suitable information for the Operable Unit 2 RI. Meteorological records have been used in surface

water evaluations, air transport modeling, and hydrogeologic assessments.

1.5.2  Surface Soil Investigation
During 1986 and 1987, a Characterization Investigation Study (CIS) was performed at the FEMP site.

The CIS involved the investigation of the FEMP waste storage areas, including the Operable Unit 2
Study Area and the area surrounding the flyash piles. During the CIS, samples were collected from
the waste units, surrounding surface soils, and drainages leading to Paddys Run. The surface soil

sample results from the samples collected during the CIS have been used in a supplementary manner

to evaluate the nature and extent of contamination in Operable Unit 2.

1.5.3  Geologic Investigations
Geologic investigations of the area that surrounds and includes the FEMP site have contributed

substantial information to the RI/FS investigation. Fenneman (1916) performed an extensive survey
of the geology in the Cincinnati area. This report is among the first that describes in detail the
interbedded limestone and shale bedrock and its mantle of glaciofluvial and alluvial sediments that
constitute the buried-channel aquifers in southwestern Ohio. Later investigators such as Durrell

(1961) supported Fenneman’s observations.

The shape of the buried-channel aquifer was further refined by Watkins and Spieker (1971) via
geophysical surveys of the area around the Fernald site. More recent information includes various
maps of the geology of Hamilton and Butler Counties, Ohio, as well as individual quadrangle maps of
areas located in those counties (Leow 1985; Vormelker 1985; Ford 1974; Swinford in preparation).
Maps showing the extent and age of glacial till in the Operable Unit 4 Study Area have also been
produced (Brockman 1988). The Soil Conservation Service (USDA 1980, 1982) has performed
detailed soil surveys of Butler and Hamilton counties in Ohio, including the environs of the FEMP

site.
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The previous geologic studies have provided an adequate regional geological evaluation for the FEMP
site. The Operable Unit 2 RI utilized the previous studies to develop the regional and site-wide

geology and to guide more detailed geologic investigations of the Operable Unit 2 waste subunits.

1.5.4 Surface Water and Sediment Investigations
The Miami Conservancy District has kept runoff records for the Miami River Valley since the early

1900s (Houck 1921). Flood information for the Great Miami River and Paddys Run is available from
the Federal Emergency Management Agency (FEMA 1982). Additional information on the Great
Miami River has been well documented with respect to flow duration and water quality (Cross and

Hedges 1959; OEPA 1982).

Flow from the Great Miami River drainage basin is monitored by the U.S. Geological Survey (USGS)
using a gaging station on the Great Miami River at Hamilton, Ohio. Flow regulation on the Great
Miami River has been studied by Spieker (1968a); Paddys Run data have been compiled by Dames
and Moore (1985a). Realignments and other modifications of Paddys Run and its tributaries on the
FEMP site have been documented by Dove (1961) and WMCO (1987). Surface water quality data
have been collected for the FEMP area for the period 1950 through the present as part of the site
environmental monitoring program. The OEPA collected water quality data during the period 1977
through 1983.

In 1986, the FEMP performed a comprehensive radiological survey of the sediment in Paddys Run.
The survey included a walkover scan, with hand-held radiation detection instrumentation, of the creek
bed from above the facility to the coﬁﬂuence of the creek with the Great Miami River. Sediment
samples were collected and analyzed at points in the éreek bed displaying elevated radiological

readings.

In 1988, under the terms of a Director’s Findings and Orders issued by the State of Ohio, further
sampling was performed. Samples were collected from a series of drainage ditches and storm water

manholes on the FEMP property.

Previous surface water investigations provided sufficient information to develop regional data for use

in the Operable Unit 2 RI Report. Additional studies required to support the Operable Unit 2 RI
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include an evaluation of the 100-year and 500-year floodplain of Paddys Run. The floodplain

evaluation for Paddys Run was completed in October 1993.

1.5.5 Hydrogeologic Investigations
Dove (1961) and Spieker (1968a) described the general hydrology and hydrogeology of the Great

Miami Aquifer in the lower Great Miami River Valley. These studies document recharge rates,
permeabilities of various lithologies, and other aquifer characteristics. These studies also discussed
groundwater and surface water interactions, specifically for the Great Miami River and Paddys Run.
Other Astudies of the regional valley-fill aquifer in the vicinity of the FEMP site include a study by the
Miami Conservancy District (1985), several studies by the Ohio Department of Natural Resources
(Walker 1986; Walton and Schaefer 1956), and various contracted studies (GeoTrans 1985; Dames
and Moore 1985a; ATEC Associates, Inc. 1982)'. Two other studies by Spieker (1968b and 1868c)
deal with the potential effects of increased groundwater pumping and future development of the
groundwater resources, respectively. The Miami Conservancy District (1992) also performed a study

on the effects of FEMP pumping centers on the Great Miami Aquifer.

The Operable Unit 2 RI used the referenced information to develop the regional and site-wide
hydrogeology. The operable unit-specific hydrogeologic properties of the vadose zone and perched
groundwater above the Great Miami Aquifer were not a focus of previous studies, and Operéble
Unit 2 RI activities were developed to address the characterization of the geologic formations in
Operable Unit 2. Also, the Operable Unit 2 RI activities collected new hydrogeologic information to

supplement previous findings.

1.5.6  Vegetation and Wildlife Studies
Vegetation and wildlife in the FEMP Study Area have been studied and characterized by NLO/DOE,

WEMCO, and OEPA. Battelle (1977) performed an environmental impact assessment for the DOE
that included impacts on terrestrial and aquatic ecosystems. WMCO performed two studies of the fish
that are indigenous to Paddys Run and the Great Miami River in the vicinity of the FEMP site
(WMCO 1986, 1987). The OEPA performed a comprehensive study (1982) of the aquatic
environment in the Great Miami River. A survey study by Facemire et al. (1990), under contract to
WMCO, described the general terrestrial and aquatic environments of the FEMP site and surrounding
areas. The databasq\cvontl_piled in the Facemire study is the most complete characterization of the

vLd

LAl
FHz\CRuzkx\TpO\SEc"l'IONi.TE)chbmry 10, 1994 11:42sm 1-22 _ , O O 8 4

&
W
s

R P':i’.‘.»

[

~

w

»

10

1

12

13

14

15

16

17

18

19

21

26

27

28

29

31




& 5179

FEMP-0OU02-4 DRAFT
February 18, 1994

environmental resources available and will be used along with the other referenced sources in the

Operable Unit 5 ecological baseline risk assessment.

1.5.7 Environmental Monitoring '
Environmental monitoring has been conducted at the FEMP site since the late 1950s as part of

ongoing efforts at the facility to protect the health and safety of nearby residents. The monitoring
entailed a broad range of activities related to analytical sampling of surface water, sediment,
groundwater, soils, and air. These activities have been identified over the years in response to the

changing requirements of the facility and evolving regulations.

Water sampling and uranium analysis of the Great Miami River and Paddys Run have been conducted
since 1955. Beginning in 1974, sediment was sampled and analyzed for uranium in the Great Miami
River and on-site locations in Paddys Run and the Storm Sewer Outfall Ditch. Off-site sediment
sampling in Paddys Run was first conducted in 198S.

Groundwater monitoring has been performed since the early 1960s. Monitoring from 1960 through
1980 focused primarily on detecting contaminants that may affect the quality of the site production
wells. Groundwater monitoring expanded during the 1980s to include monitoring for off-site
contamination and home-owner well water quality. A continuous sampling and analysis program to
comply with the requirerhents of RCRA was initiated in 1985. Soil sampling for total uranium has
been performed on and off site since 1970. The focus of this sampling was to determine air

deposition from production operations.

Gummed-film testing of airborne deposition was conducted on site from 1952 to 1965. This testing
was used to determine uranium deposition from air as a function of distance from the center of the
Production Area. Environmental monitoring for direct radiation and airborne radionuclide
concentrations has been conducted at the boundaries of the FEMP site beyond the facility property
since the 1950s. Prior to 1958, samples from off-site locations were taken infrequently for short
periods of time. Samples were routinely obtained at the perimeter of the Production Area from 1958
through 1971. In 1971, site property boundary stations were established. In the mid-1980s,

permanent air monitoring stations at off-site locations were established.

0085

FER\CRUZ}RI\(‘PP;E)}SﬁC’I‘IONLTEX’I\F:bmAry 10, 1994 11:42am 1-23

13

14

15

18

19

2

26

27

29

31




& 55

FEMP-OU02-4 DRAFT
February 18, 1994

During the period of January 1985 through 1988, the Ohio Department of Health (ODH), through a
cooperative agreement with DOE, conducted a special environmental monitoring program on and
around the FEMP site (ODH 1988). The program included the collection of more than 300 water
samples from area wells, cisterns, and surface waters including ponds; 34 soil samples; the
measurement of direct radiation levels at 40 locations; and measurement of environmental radon at 16

on-site locations and 25 off-site locations.

The results of environmental monitoring conducted at the FEMP site were collected and stored in site
records whenever possible. Environmental monitoring data have been used for contamination studies
such as the site Annual Environmental Report, currently known as the Site Environmental Report.
Discussions of the environmental monitoring program data sets utilized in the description of the nature

and extent of contamination associated with Operable Unit 2 are presented in Section 2.0.

1.5.8 Contamination Release Studies

Dove and Norris (1951) were the first to describe the possible fate of chemical and radionuclide
releases that infiltrate the groundwater of the Great Miami Aquifer. Eye (1961) reported on the
potential for groundwater pollution as a result of production activities. Spieker and Norris (1962)
investigated radionuclide contamination of the groundwater and the transport of the contaminated
water through the Fernald, Ohio area. NLO reported on the results of the FMPC Ground
Contamination Study Committee in 1962. In 1977, the DOE conducted an assessment of
environmental impacts from site operations (DOE 1977), and NLO performed a study on the

radioactive waste storage area (NLO 1977).

Battelle Laboratories was contracted by NLO to conduct an environmental study in 1981 (Battelle
1981). NLO (Spenceley 1983) performed an internal investigation to distinguish between
contamination caused by FEMP activities and other sources. Sedam (1984) investigated the

occurrence of uranium in the groundwater in the vicinity of the FEMP site for DOE.

Other environmental contamination studies were conducted by DOE (1985a, 1987), Oak\ Ridge
Associated Universities (ORAU 1985), and various FEMP-related committees (WMCO 1986, 1987;
Fleming and Ross 1984). The DOE and ORAU documents include environmental impact assessments
and environmental surveys. Internal study reports by NLO and WMCO include the annual
Environmental Monitoring Reports and the Aquifer Contamination Control Reports (NLO 1965
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through 1985). Additionally, the ODH has documented radionuclide contamination in private wells in
the FEMP area (ODH 1988). In 1988, under the terms of a Director’s Findings and Orders issued by
the State of Ohio, the FMPC performed sampling at a series of drainage ditches and storm water
manholes on the FEMP property. Previous sediment investigations guided the development of
Operable Unit 2 RI sampling plans.

An environmental study was performed by Dames and Moore in 1985 to determine the source of
uranium contamination in off-site wells. The study performed surface water, sediment, and
groundwater sampling. The study concluded that a source of groundwater contamination in the Great
Miami Aquifer was due to storm water runoff into the Storm Sewer Outfall Ditch and Paddys Run.
The study also developed a groundwater model to predict future concentrations of uranium in

groundwater.

In the mid-1980s, the FEMP contracted two environmental investigations that provided the majority
of historical data used to supplement the Operable Unit 2 RI data. The first study, the Environmental
Survey of .the FEMP, was part of a larger DOE-wide environmental survey announced by the U.S.
Secretary of Energy on September 18, 1985. The purpose of the survey at each DOE facility,
including the FEMP, was to identify existing environmental concerns and areas of environmental risk.
Environmental concerns at that time were defined as:

® Concerns resulting from DOE operations where pollutants or hazardous materials exist in

the air, surface water, groundwater, or soil in concentrations that pose or may pose a
hazard to human health or the environment.

® Conditions at a DOE facility that pose or may pose a hazard to human health or the
environment. :

Levels of contaminants that constituted an environmental concern were generally those that exceeded
federal, state, or local statutes and regulations for release, contamination, or exposure to such
materials. The survey also evaluated the potential for some unregulated materials, if present, to

create an environmental concern.”

The Environmental Survey sampling and analysis program was intended only to confirm the presence
of contamination in selected locations. It was not intended to characterize the extent of

contamination, define the rate of contaminant movement, identify specific isolated incidents of
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nbncompliance, or analyze environmental management practices. The Environmental Survey sampled

surface media, subsurface media, and groundwater across the site.

The second study conducted was the Characterization Invesﬁgation Study (CIS) (Weston 1987a, b,
and c and 1988). Selected investigations of the waste storage areas were performed to provide
additional data to characterize the nature and extent of contamination. The investigations pertinent to
Operable Unit 2 include the Geophysical Survey (Weston 1987a), Chemical and Radiological Analysis
of Waste Storage Pits (Weston 1987b), Radiological Survey of Surface Soils (Weston 1987c) and the
Geotechnical Evaluation of Material Properties of Waste Pit Materials (Weston 1988).

The historical investigations differ in scope and data quality. Most were focused on site-wide
contamination issues. Data that are relevant to the Operable Unit 2 evaluations were utilized to
supplement data collected for the RI. Discussions of contaminant data sets utilized in the description
of the nature and extent of contamination associated with Operable Unit 2 are presented in Section

2.0.

1.5.9 Historical Photographs of the FEMP
Historical aerial photographs of the FEMP were presented in a 1988 EPA Report (Sitton 1988).

Additional aerial photographs were obtained to understand the operational history of the Operable
Unit 2 waste subunits and to identify locations for sample collection. Aerial photographs relating to

each subunit will be discussed in Section 1.6.

1.6 DESCRIPTION OF OPERABLE UNIT 2

Operable Unit 2 incorporates waste subunits with relatively large volumes of waste presumed to
contain small quantities of hazardous materials and radionuclides. Battery limits for the Operable
Unit 2 waste subunits have been identified to coordinate soil media remediation with Operable Unit 5
a}ld are presented in Table 1-1. Battery limits are boundaries that define the area of responsibility.
Since the physical separation between the Inactive Flyash Pile and the South Field is not clearly
defined, the two subunits have been grouped together.
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TABLE 1-1
BATTERY LIMITS FOR OPERABLE UNIT 2 SUBUNITS
Solid Waste Landfill - Fence lines to the north and east

- Railroad to the south
- Former fence line to the west

Lime Sludge Ponds - Roadway to the north and east
- Railroad on the west
- K-65 Slurry Line to the south

Inactive Flyash Pile/South Field - Access roadway to the north and east
' - Drainage ditch along the northwest perimeter
- Paddys Run bank to the west
- Nearby fence and roadway to the south

Active Flyash Pile - Access roadway to the west
- Drainage ditch to the east and south
- 50 feet from toe of the slope to the north

For sources of contamination within the battery limits, the Operable Unit 2 RI characterizes the waste
materials; determines the impact of contaminants on the surface water, soils, air, and groundwater;
defines the potential pathways for human exposure; and assesses the risk to the public through a
baseline risk assessment. These activities are completed for each waste subunit, and the cumulative
risk from all Operable Unit 2 waste subunits is presented. The Operable Unit 2 RI does not address
site-wide characterization of nature and extent of groundwater contamination or air contamination.
The Operable Unit 2 RI also does not address site-wide evaluation of ‘ecological and human health
risks. These subjects are within the scope of the Operable Unit 5 RI Report and the CRARE,

respectively.

1.6.1 History of Operable Unit 2

The FEMP was divided into five operable units in 1989 after the site was placed on the NPL and
during the negotiation of the 1990 Consent Agreement. In March 1991, EPA approved the Operable
Unit 2 Initial Screening of Alternatives, the first step in the RI/FS process (DOE 1991). This
document included development and screening of technologies and process options that were
potentially applicable to remediation of the specific wastes present in Operable Unit 2. Five potential

remedial alternatives were evaluated for each subunit.

The Operable Unit 2 Treatability Study investigated the effectiveness of solidification techniques for

possible use in the final remedial action for Operable Unit 2 wastes. The purpose of a treatability
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" study is to provide information needed for the detailed analysis of alternatives in the FS and

subsequent selection of remedial action.

In accordance with the 1991 Amended Consent Agreement, DOE submitted a Draft Operable Unit 2
RI Report to the EPA and OEPA on October 19, 1992. This draft document was based on results of

previous environmental investigations conducted up to 1987 as discussed in Section 1.2.5, and RI/FS

- sampling completed from 1987 through 1992 as discussed in Section 2.0. The RI/FS sampling was

performed according to a series of work plans and work plan addenda. The "Work Plan for
Conducting the Site-Wide Remedial Investigation and Feasibility Study of the Feed Materials
Production Center" (the RI/FS Work Plan) was approved in March 1988 and included a Work Plan,
Sampling Plan, Quality Assurance Project Plan, Health and Safety Plan, Data Management Plan, and
Community Relations Plan for the entire site. The document change requests (DCRs) in Table 1-2

contain addenda that were specific to the Operable Unit 2 subunits.

TABLE 1-2
OPERABLE UNIT 2 RELATED DCRs

DCR No. Title Effective Date
DCR 13 - Surface Soil Sampling ' 4 9/05/89
DCR 14 - Installation Plan for Additional Wells for the RI/FS 1/05/89
DCR 33 - Production and Additional Suspect Areas Work Plan 10/4/89
DCR 38 - Additional Monitoring Well Program for the RI/FS Work Plan 3/23/90
DCR 39 - South Plume Groundwater Sampling for the RI/FS Work Plan 4/24/90
DCR 44 - Additional Monitoring Well Program for the RI/FS Work Plan - 6/20/90

The trenching investigations conducted in 1992 in the Solid Waste Landfill and the South Field were
based on the "Work Plan Addendum for Excavation of Trenches in the Operable Unit 2 Solid Waste
Landfill, FEMP RI/FS" (February 1992) and DCR 33.
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EPA disapproved the initial submittal of the Draft Operable Unit 2 RI Report because the data ‘
collected for the report were not "adequate to characterize the sources of contamination, or determine 2
if the sources are contributing to the contamination of the various media." The OEPA commented 3
that the data were incomplete and that the report failed to determine if any of the waste subunits are 4
contributing to groundwater contamination. 5
6
Based on EPA and OEPA review comments (December 17, 1992) to the Draft Operable Unit 2 Rl 7
Report and responses to those comments submitted by DOE (February 7, 1993), additional field 8
investigations were planned and completed at the Operable Unit 2 waste subunits from April through 9
July 1993. These additional investigations were defined in the Operable Unit 2 Sampling and 10
Analysis Plan (SAP) submitted to EPA in April 1993. The objectives of the additional investigations 11
were to further characterize the nature and extent of contamination of the various media for fate and 2
transport modeling and risk assessment; determine and quantify the impacts of the waste subunits on 13
groundwater; and develop remedial alternatives. ' 1
15
1.6.2 Solid Waste Landfill
The Solid Waste Landfill is located in the northeast corner of the Waste Storage Area (Figure 1-8). ‘
This landfill, a flat rectangular area of approximately one acre, has been inactive since 1986. A soil s
cover has been placed over the disposal area. A drainage ditch serving the northwest portion of the 19
former Production Area is located in the northern portion of the Solid Waste Landfill. This drainage 20
ditch has been identified as a jurisdictional wetland (EBASCO 1993). , 2
2
The operational history of the Solid Waste Landfill is not well documented. The facility was planned 23
as a sanitary landfill for non-burnable trash with up to five cells and an evaporation pond planned 24
according to design drawiﬂgs. Limited operation records state that dumping commenced on June 19, 25
1974, with dumping planned for two to three times weekly. According to records, the evaporation 26
pond was to collect drainage from the exposed dumping area. The Solid Waste Landfill reportedly 27
was used for the disposal of cafeteria waste, rubbish, and other types of wastes from FMPC 2
nonprocess areas and on-site construction/demolition activities. Interviews conducted with former 2
employees of the FEMP revealed no new relevant information. A review of historical site aerial 30
photographs indicates that activity at the Solid Waste Landfill may have occurred as early as 1954. It 3
is thought that the landfill was organized into an original disposal area, one to five individual waste .
disposal cells, and an evaporation pond which served as a surface water drainage pond. One disposal 3
- FER\CRU2RNTDO\SECTION]. TEXT\February 10, 1994 11:42am 1-29 O O S 1
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cell has been confirmed from an aerial photograph taken in November 1974. Historical aerial
photographs from November 1974 to April 1976 show a drainage pond on the west side of the landfill
area; however, it is not present in photographs later than 1980.

Aerial photographs from November 1974 to 1976 indicate that a stock pile of an aggregate material
covered the northeast quarter of the site. Materials reportedly buried at the Solid Waste Landfill
include non-burnable and nonradioactive solid wastes generated on FEMP property, nonradioactive
construction-related rubble, and double-bagged and bulk quantities of nonradioactive asbestos. Field
investigation results, however, indicate that some apparent process wastes have been placed in the

landfill. The following wastes were encountered during a trenching investigation in 1992:
e Burnable wastes - bagged trash and wood

e Possibly burnable wastes - respirator cartridges, asphalt roofing materials, medical wastes,
firehoses, and rubber hoses/belts

e Non-burnable wastes - unidentified high-activity waste, medicine vials, bagged asbestos,
ceramic tiles, possible magnesium fluoride, glass acid bottles, steel cables/cans, paint cans,
and copper tubing

Nonradioactive, nonhazardous general refuse is now shipped for disposal to approved, off-site

locations.

Sections 2.3 and 4.2 present the characterization and nature and extent of contamination of the Solid

Waste Landfill.

1.6.3 Lime Sludge Ponds
The North and South Lime Sludge Ponds are two unlined, rectangular ponds, each measuring

approximately 125 by 225 feet, and are located in the southeast corner of the Waste Storage Area
(Figure 1-9). Wastes that were disposed of in the North and South Lime Sludge Ponds originated
from water plant operations, coal pile storm water runoff, and boiler plant blowdown. The waste
from the water plant operations is generated from a water softening process, which consists of the
addition of lime and aluminum sulfate to precipitate calcium and magnesium salts. Approximately
one cubic yard of lime sludge is generated on a daily basis and is pumped to Tanks 6 and 7 of the
General Sump. Solids from coal pile storm water runoff are allowed to settle in a retention basin,

and the remaining decant is pumped to Tanks 6 and 7 of the General Sump. Boiler plant blowdown

£
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consists of backflush water from the boilers at the coal plant. The boilers are backflushed to prevent

scale build-up. This water is also sent to Tanks 6 and 7 of the General Sump.

Currently, sludge from the above three sources is allowed to accumulate in the General Sump for
approximately two weeks. While there, the sludge is partially dewatered and polymers are added to
induce sludge thickening. After two weeks, the resultant slurry is pumped to the North Lime Sludge
Pond. Although this waste is from three distinct waste streams, the bulk of the slurry is lime sludge
from the water treatment process. Over time, the solids in the slurry settle in the Lime Sludge Pond
and the remaining decant is pumped from the pond back through the General Sump where it is
sampled and analyzed. Based on the analytical results, the water is discharged directly to the Great
Miami River or treated as required prior to discharge. The Lime Sludge Ponds have been operated in
this manner since the early 1950’s. The lime sludge is, therefore, considered to be relatively

homogeneous.

The South Lime Sludge Pond is full and has been inactive since the mid-1960s; it is now overgrown
with grasses and shrubs. The North Lime Sludge Pond is currently in use. A new water treatment

system, which will eliminate lime sludge generation, is scheduled to become operational in January

1995. The west side of the North Lime Sludge Pond is usually covered with 1 to 2 feet of water,

depending mainly on precipitation. The remaining area is dry and covered with sparse vegetation.

The Lime Sludge Ponds were identified as RCRA Subtitle C Hazardous Waste Management Units
(HWMUs) in the FEMP RCRA permit application of June 1991, based on the belief that the ponds
received a F-listed hazardous waste, 1,1, 1-trichloroethane (TCA), after July 26, 1982. This belief
was based on an assumption that TCA was discharged to the water treatment system at a
concentration greater than 25 parts per million (ppm). Based upon revised calculations, on May 13,
1993, FERMCO proposed that the FEMP permit application be modified to reclassify the Lime
Sludge Ponds as Solid Waste Management Units (SWMUs). OEPA concurred with the

reclassification on June 7, 1993.

Sections 2.4 and 4.3 present the characterization and nature and extent of contamination of the Lime

Sludge Ponds.
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‘ 1.6.4 Inactive Flyash Pile ' 1
The Inactive Flyash Pile is located approximately 2,000 feet southwest of the former Production Area. 2
The pile covers roughly two acres with Paddys Run as the western boundary (Figure 1-10). The 3
operating history of this subunit is not well understood. The Inactive Flyash Pile and the South Field 4
are contiguous without a ciearly defined boundary betv?een the two subunits. Based on a review of s
historical photos (EPA 1988b) and borehole logs (Weston 1988), the northern portion of this waste 6
area is located adjacent to a presently buried drainage ditch leading to Paddys Run. Beginning in : 7
1957, flyash appears to have been trucked to the working face of the flyash pile and dumped. 8
Historical aerial photographs from September 1962 indicate that dumping of flyash in the Inactive 9
Flyash Pile was in two working piles. The photographs indicate that flyash disposal at this location 10
ceased by the mid-1960s. Drill cuttings and water from RI/FS borings outside the former Production 11
Area and Waste Storage Area, including off-property wells, were disposed of on the Inactive Flyash A 2
Pile until March 1990. Composite samples of the water were analyzed to ensure that total uranium 13
was below a WMCO established action limit. 1

15
Based on information provided by WEMCO, 1,500 to 2,000 tons per year of flyash were generated 16

‘ during the period of disposal; however, an unknown quantity of flyash was also disposed of in the 17
Burn Pit and Pit 3 within Operable Unit 1 (Weston 1988). The Inactive Flyash Pile is curreﬁtly 18
covered with vegetation and soil of unknown origin. : 19

20

Previous investigations have mentioned that waste oils (possibly containing uranium or PCBs) may 21
have been spread on the flyash in this waste area to control dust (DOE 1988a; Weston 1987b). 2
Attempts to document this have been unsuccessful. An objective of this RI is to detérmine if uranium 23
detected in the vicinity of the pile is a result of such activities. Nonprocess wastes from the FEMP 2
and building rubble such as concrete, gravel, asphalt, masonry, and steel rebar from on-site 25
construction/demolition activities were also discarded in the Inactive Flyash Pile (DOE 1988a; Weston 26
1987b) and are visible along embankments surrounding the subunit. Transite containing asbestos was 27
also deposited in fhe Inactive Flyash Pile. Field investigation results also reveal that some apparent %
process waste may have been placed in the subunit. : 20
) 30

Section 1.7 discusses two removal actions that were performed at the Inactive Flyash Pile. Sections 3

‘ 2.5 and 4.4 present the characterization and nature and extent of contamination of the Inactive Flyash »
Pile. 33
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1.6.5 South Field

The South Field is an 11-acre area that lies between the Active Flyash Pile and the Inactive Flyash
Pile. The actual boundary with the Inactive Flyash Pile is not clearly defined (Figure 1-10). The
operational history of the South Field is neither well documented nor understood. This area was
reportedly used as a burial site for FEMP nonprocess wastes such as flyash, on-site
construction/demolition rubble, including debris from the razing of the old administration building

(DOE 1988a; Weston 1987b), and soils that may have contained low levels of radioactivity. The

| South Field was not an engineered disposal site. Historical information and aerial photographs

indicate that its use was on an as-needed basis. Disposal in the South Field apparently was performed
in a random manner, thus the thickness of fill and the nature of waste are variable. Discrete mounds

of waste material are visible in an aerial photograph taken in March 1957.

The southwest border of the South Field slopes toward the west and was used as the backstop for a
firing range for FEMP security personnel over a period of 35 years. Lead ammunition used during

target practice is deposited along the southwest border of the South Field (see Section 1.7.1).

A review of historical aerial photographs, topographical maps, and borehole logs (Weston 1988) was
undertaken to estimate boundaries of waste deposition and filled areas. Pre-construction aerial
photographs taken in 1938 and 1950 show a north-to-south trenching drainage that was filled and used
as a haul road. Aerial photographs taken from 1954 to 1964 show this haul road. This road is the
approximate western limit for the South Field. Disposal activities in the South Field appear to have

ceased during the mid-1960s. Currently, the South Field is covered with grasses, shrubs, and trees.

Section 1.7 discusses a removal site evaluation (RSE) and a removal action that were performed at the
South Field. Sections 2.5 and 4.5 present the characterization and nature and extent of contamination
of the South Field.

-~

1.6.6  Active Flyash Pile
This waste disposal area is located just east of the South Field and is bounded on the east and south

by the Stbrfn Sewer Outfall Ditch (Figure 1-10). The Active Flyash Pile has a surface area of
approximately three acres and has received flyash waste since the mid-1960s. The operational history

of this unit is well understood. The flyash pile has a crusting agent sprayed upon the surface as a
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means of dust control. A silt fence has been constructed at the base of the pile to prevent storm water

transport of the flyash off the pile.

Flyash from the FEMP coal-fired boiler plant was disposed of at the Active Flyash Pile. Flyash
waste is comprised of 70 percent bottom ash collected below the boilers; the remaining 30 percent is

a combination of precipitator ash collected from pollution control devices and ﬂyash removed from
the middle levels of the boiler. Some unburned coal and rock are also present in small quantities in
the active flyash material. Since December 1992, newly generated flyash has been transported off site
to a licensed disposal facility. Previous investigations have mentioned that waste oils (possibly
containing uranium or PCBs) may have been spread on the flyash in this waste area to control dust
(DOE 1988a; Weston 1987b). Attempts to document this practice have been unsuccessful. An
objective of this RI to determine if uranium or PCBs detected in the pile are a result of such

activities.

Section 1.7 discusses a removal action that was performed at the Active Flyash Pile. Sections 2.6 and

4.6 present the characterization and nature and extent of contamination of the Active Flyash Pile.

1.7 OPERABLE UNIT 2 CERCLA ACTIONS

A RSE and a removal action are CERCLA actions that are performed before the final remediation is
implemented to protect the public health, welfare, or the environment from a release or threat of
release of hazardous substances. A RSE is conducted to determine if a removal action is warranted.
This section discusses the RSE and removal actions that were conducted at the Operable Unit 2

subunits.

1.7.1 Firing Range Removal Site Evaluation

A RSE was conducted to assess lead contamination in the South Field firing range and to determine
whether the nature and extent of contamination warranted a removal action. In January and February
1992, vertical and horizontal borings were completed in the western embankment of the South Field,
just easi of the FEMP running track/firing range. It was determined from the sampling results that a

removal action was not necessary.
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1.7.2  Active Flyash Pile Control Removal Action (Removal No. 10)

The objective of the Active Flyash Pile Control Removal Action, a time-critical removal action, was
to mitigate the wind and water erosion of the Active Flyash Pile. This was accomplished by
implementing the following controls: (1) installation of a silt trap made from permeable geotextile
fabric around the entire perimeter of the pile at the toe of the slope; (2) installation of a wind barrier
made from high-density polyethylene around the top perimeter of the flyash pile; (3) alteration of the
active working surface to minimize the noncompacted area and to prevent an increase in the
maximum height of the existing pile; (4) minor regrading of the outer berm and compacting the
nonworking top surfaces of the flyash pile; (5) application of water, foam, and binding-type dust-
control agents on side slopes and top; and (6) periodic inspection and necessary maintenance identified
during inspection. Planning and design of the removal action began in December 1991 and
implementation was completed in June 1992. Periodic routine inspections and necessary maintenance

are ongoing.

1.7.3 Inactive Flyash Pile/South Field Disposal Area Control Removal Action (Removal No. 8)

The Inactive Flyash Pile/South Field Disposal Area Control Removal Action consisted of the
installation of ropes, fences, and warning signs around the perimeter of these waste areas to control
access. During the course of the removal action, walk-over radiation surveys were conducted over
the entire area to define locations that should be delineated as regulated areas. Implementation began
in September 1991. Phase I of the activities, which included fencing and roping the areas to be
controlled, was completed in December 1991. Pﬁase II, which included surveying the area for

additional hot spots, was completed on June 30, 1992.

1.7.4 Paddys Run Erosion Control Removal Action
A time-critical removal action was implemented in Paddys Run to provide bank stabilization adjacent

to the Inactive Flyash Pile. Continued erosion of the bank could have undermined the Inactive Flyash

Pile’s western slope and resulted in a discharge of contamination into Paddys Run.

During late April and early May 1993, interim slope improvement was performed with the installation
of a weighted berm to address the erosion problem. This interim action constituted Phase I of the
removal action. Phase Il was completed during September 1993 when additional riprap stone was

installed-at th¢ fop and toe of the weighted berm. The additional height was sufficient to cover the
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exposed soil face adjacent to Paddys Run, and toe protection was added to insure the long-term

stability of the berm.

1.8 ORGANIZATION OF REPORT
This RI Report was prepared in accordance with the latest EPA guidance (EPA 1988) and
recommended format. The report consists of an Executive Summary, Sections 1.0 through 7.0, and

appendices.

The environmental investigations of the site and each Operable Unit 2 waste area are presented in
Section 2.0. This includes a discussion of the characterization of each media (surface soil, waste
material, subsurface soil, surface water, sediment, and groundwater) and a summary of the geological
and geophysical investigations that were performed. The Phase II field program is explained in detail

in this section.

Section 3.0 describes the physical characteristics of the site and the Operable Unit 2 Study Area.
Meteorological, topographical, geological, hyrogeological, and ecological data is presented for the
FEMP site. The specific topography, geology, and hydrogeology of each Operable Unit 2 waste

subunit are also discussed and illustrated.

Section 4.0 presents the results of the Rl investigations identified in Section 2.0. The characterization
of the nature and extent of contamination associated with each of the five Operable Unit 2 waste

subunits is also presented. A summary of detected analytes is included in this section.
Section 5.0 summarizes the contaminant fate and transport modeling for contaminants originating
from Operable Unit 2. Modeling results for air, groundwater, and surface water are presented for

each subunit. A detailed discussion of the fate and transport modeling is presented in Appendix A.

Section 6.0 summarizes the significant findings of the Baseline Risk Assessment for Operable Unit 2.

The detailed Baseline Risk Assessment is included as Appendix B of this RI Report.

Section 7.0 summarizes the results, evaluations, and conclusions made from the Operable Unit 2 data.
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Appendices C through G consiét of tables of chemical and radiological data specific to each of the .
Operable Unit 2 waste areas. Each appendix contains data for surface media, subsurface media, 2
surface water, sediments, and groundwater data from all Operable Unit 2 investigations. Also 3
included in each of these appendices are boring logs, monitoring well construction records, biological 4
resources data, geotechnical data, water elevation data, and on-site screening results. The results of 5
Operable Unit 2 hydraulic testing are presented in Appendix H. _ 6

—
—
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2.0 OPERABLE UNIT 2 INVESTIGATIONS

This section discusses previous site investigation data useful to the Operable Unit 2 RI and the field
programs that have been implemented to address RI/FS data requirements. Data requirements for the
Phase II Field Investigation were defined by scoping the RI objectives and evaluating available
information. The data requirements for the RI objectives and an index identifying the specific section
of the report in which the data are presented are given in Table 2-1. Because the objectives, sampling
methods, and analytical procedures differed among the sampling programs, the data usability with
respect to the Operable Unit 2 RI is discussed. |

Studies of the waste units that make up Operable Unit 2 began as early as 1985; data from the
following two investigations were used to provide a preliminary characterization of the Operable
Unit 2 waste areas to assist in developing RI sampling plans: the Environmental Survey conducted
from 1986 to 1987 and the CIS conducted from 1987 to 1988.

2.1 PREVIOUS INVESTIGATIONS

Other previous investigations and environmental monitoring performed at the FEMP were site-wide in
scope and their objectives did not include an assessment of Operable Unit 2 specific waste units. The
Environmentai Survey and the CIS were the only two previous investigations that Iperformed sampling

in the Operable Unit 2 waste subunit areas.

2.1.1 Environmental Survey
~ The Environmental Survéy of the FEMP was part of a larger DOE-wide environmental survey

announced by the U.S. Secretary of Energy on Septerhber 18, 1985. The purpose of the survey at
each DOE facility, including the FEMP, was to identify existing environmental concerns and areas of
environmental risk. Environmental concerns at that time were defined as:

e concerns resulting from DOE operations where pollutants or hazardous materials exist in

the air, surface water, groundwater, or soil in concentrations that pose or may pose a
hazard to human health or the environment.

e conditions at a DOE facility that pose or may pose a hazard to human health or the
environment.

¢
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TABLE 2-1

DATA REQUIREMENTS FOR THE RI/FS
OPERABLE UNIT 2 REMEDIAL INVESTIGATION
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT

Characteristics of Waste

Physical Prevailing Winds Cincinnati and Dayton Airports, FEMP 3.1.1
Characteristics Meteorological Tower
Precipitation and Evaporation Cincinnati and Dayton Airports, FEMP 3.1.1
Meteorological Tower, Miami Conservancy District
Temperature Cincinnati and Dayton Airports, FEMP 3.1.1
Meteorological Tower
- | Topography Historical Pre-Construction Surveyed Map, Aerial 3.1.2
Photography
Surface Water Hydrology Miami Conservancy District, United States 3.1.2
Geological Survey (USGS), Federal Emergency
Management Agency (FEMA)
Regional Geology and Groundwater USGS, Ohio Department of Natural Resources, Ohio 3.1.3
Hydrogeology Geologic Society, Operable Unit 2 RI
Regional Soil Characteristics United States Department of Agriculture, RI field 3.14
investigations
Demography Ohio Department of Development 3.1.5
Ohio-Kentucky-Indiana Regional Council of
Governments
Ecology United States Forest Service, Shelford, Facemire 3.1.6
Subunit Specific Geology and Hydrogeology CIS, RI field investigations 3.2-35
Nature and Extent | Background Concentrations RI field investigations 4.1
of Contamination
Subunit Specific Volume and Physical FEMP Process Knowledge, RI field investigations 4.2-4.6
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TABLE 2-1
(Continued)
o0
I e
- =" |INature and Extent |Subunit Specific Surface Water and Sediment FEMP Environmental Monitoring, and RI field 42-4.6
of Contamination investigations
cont.
( ) Subunit Specific Surface Material (waste, fill, or | Environmental Survey, CIS, RI field investigations 4.2-4.6
soil)
Subunit Specific Subsurface Material (waste, fill, | CIS, RI field investigations and process knowledge 4.2-4.6
or soil)
Subunit Specific Groundwater Environmental Monitoring, and RI field 4.0
investigations
Fate and Transport | Geotechnical RI field investigations 4.2-4.6
Geochemical RI field investigations 4.2-46
5‘: Source Loading RI field investigations 4.2-4.6
Calibration Assessment CIS, RI field investigations 5.0
Risk Assessment |Exposure Point Concentration RI analytical data, transport modeling 4.0,5.0
Evaluation of Chemicals of Concern RI field investigations 4.0
Alternative ]
Exposure Route(s) and Receptor(s) Risk Assessment 6.0
Volumes or Areas of Media RI field investigations, fate and transport modeling 4.0,5.0
Geotechnical RI field investigations 4.0
<
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Levels of contaminants that constituted an environmental concern were generally those that exceeded
federal, state, or local statutes and regulations for release of, contamination by, or exposure to such
materials. The survey also evaluated the potential for some unregulated materials, if present, to
create an environmental concern. The objective of the Environmental Survey sampling and analysis
program was to confirm the presence of contamination in selected locations using limited sampling. It
was not intended to characterize the full extent of contamination or rate of contaminant movement, to
identify specific isolated incidents of noncompliance, or to analyze environmental management

practices.

The Environmental Survey samples included: surface media from Operable Unit 2 waste areas taken
by collecting composite and grab samples, subsurface media by collecting grab samples using hand
augers and open trenches, and groundwater when encountered in open trenches. Since the sample
locations were not surveyed, positions can only be approximated. Environmental Survey analytical
laboratory result packages did not contain sufficient documentation to perform validation. Due to
these uncertainties, the Environmental Survey data were used during the RI/FS only to guide field
activities. Environmental Survey analytical data were not used to determine nature and extent of
contamination, contaminant fate and transport, or risk assessment (see Table 2-1). Analytical results

for the Environmental Survey samples are provided in Appendices C through G.

2.1.2  Characterization Investigation Study

The CIS was comprised of selected investigations of the waste storage areas to provide a preliminary
Operable Unit 2 characterization of the nature and extent of contamination. The investigations
pertinent to Operable Unit 2 are:

Geophysical Survey (Weston 1987a)

Geotechnical Evaluation of Material Properties of Waste Pit Materials (Weston 1988)

Chemical and Radiological Analysis of Waste Storage Pits (Weston 1987b)
Radiological Survey of Surface Soils (Weston 1987¢)

The objective of the CIS Geophyéical and Geotechnical Surveys was to provide preliminary
information on waste volumes and shallow stratigraphy for optimizing the placement of soil borings
and groundwater monitoring wells at the Fernald site, and more specifically, to identify locations that
were potentially hazardous for drilling because of buried steel drums and tanks. Magnetic surveys
were performed in the Solid Waste Landfill and the South Lime Sludge Pond using an EG&G

Geometrics Model G-856 portable proton precession magnetometer. Electromagnetic terrain
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conductivity (EM) surveys were performed in all Operable Unit 2 waste areas using Geonics, Ltd. 1

EM 31 and EM 34-3 terrain conductivity meters. Ground-penetrating radar (GPR) surveys were 2
performed at the Solid Waste Landfill and the South Lime Sludge Pond using the Geophysical Survey 3
Systems, Inc., S/R System 8. 4

. s
Additionally, during March 1987 through April 1987, samples from the Solid Waste Landfill and the 6
Lime Sludge Ponds were collected for a geotechnical evaluation of material properties. The samples 7
were collected with a split-spoon sampler and were analyzed for grairi size, specific gravity, Atterberg 8
limits, and moisture content. 9

10

The CIS chemical and radiological analyses of the waste storage pits were completed by collecting 1

soil samples from soil borings installed in the waste areas to determine a preliminary vertical 12
distribution of chemical and radiological constituents. Soil borings that were drilled in the fill 1
material of each Operable Unit 2 waste are listed in Table 2-2. The original intent was to distribute 14
the borings evenly within each waste area, but boring locations were adjusted based on the results of 15
the geophysical survey§ to avoid areas with high potential for buried metal objects. Borings were - 16
advanced until native soil was encountered. Table 2-2 summarizes the subsurface sample collection 1”7
methodology for the Operable Unit 2 waste area from each boring. A sample interval of 18
approximately one foot was used to collect samples for on-site radiological screening. The samples 19
were then composited for each boring and sent to an off-site laboratory for analysis. These composite 2
samples were analyzed for organics, inorganics, radionuclides, and RCRA characteristics (in the Solid 21
Waste Landfill and Lime Sludge Ponds). 2

‘ 2
The objective of the CIS Radiological Survey of Surface Soils was to provide a systematic survey of 2
surface media throughout the Solid Waste Landfill, Lime Sludge Ponds, Inactive Flyash Pile, and 25
associated on-site drainages within the Operable Unit 2 Study Area to determine the locations(s) of 2
areas with elevated radionuclide activity. Before surface samples were collected, a gamma radiation 27
measurement was made on the surface using a field instrument for detecting low energy radiation : 2
(FIDLER). An Eberline SPA-3 scintillation probe was used in both the Inactive Flyash Pile and 2
South Field. Areas of field correlated levels of 35 picoCuries per gram (pCi/g) or greater were %
sampled and screened on site for radionuclides. Those samples with the highest screening levels were 31
sent off site for analysis. Table 2-3 summarizes the sample collection methodology for the Operable 32

5010
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4 TABLE 2-2 3
CIS RADIOLOGICAL SURVEY OF SUBSURFACE SOILS f.;
6D
SAMPLE SUMMARY G 6
NUMBER OF SAMPLES R
SOLID WASTE LIME SLUDGE INACTIVE FLYASH ACTIVE FLYASH
LANDFILL .~ PONDS PILE/SOUTH FIELD PILE
BORINGS CHOSEN IN A Number
NON-BIASED PATTERN Of Borings 6 6 12 1
FOR EACH UNIT
- North Pond:
Range of 8-18 ft 6-8 ft (betow 8-34 ft 8-16 ft
Boring Depth Residue/water Surface)
Below Ground
Surface : South Pond:
ALL BORINGS 8-9 ft
* Numper of
ON-SITE Swrmples
SCREENING ° 66 42 139 7
RADIOLOGICAL ONLY
O
b COMPOSITE SAMPLE
o) FROM ALL BORINGS
(@0
£e
+ Number of ‘E IO
OFF-SITE Composite :t; g
ANALYSIS Samples 7 6 12 1 = &
RADIOLOGICAL AND CHEMICAL b4 §
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FIELD
SCREENING

RADIOLOGICAL ONLY

>35 pCilg

v

(FIELD CORRELATED)

ON-SITE
SCREENING

RADIOLOGICAL ONLY

HIGHEST
VALUES

v

OFF-SITE

ANALYSIS
RADIOLOGICAL ONLY
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Fidler
Beta Gamma

Exposure rate

Number of
On-site
Samples

Number of
Off-site
Samples

’u‘

TABLE 2-3
CIS RADIOLOGICAL SURVEY OF SURFACE
AND NEAR-SURFACE SOILS
SAMPLE SUMMARY
_ , NUMBER OF SAMPLES
MR | RSP | BACINRRNND |empmes
Surface Surface Surface Surface
838 146 3637 522
69 54 209 -
7 5 19 5
Surface Near-surface S_urface Near-surface] Surface Near-surface | Surface Near-surface
16 3 21 8 90 125 |6 5
Surface Near-surface | Surface Near-surface| Surface Near-surface | Surface Near-surface
-1 3 - 17 16 |- 1

$661 ‘81 Arenigag

q ?IIO'&WEH

02 TE




e

50178

FEMP-OU02-4 DRAFT
February 18, 1994 .

Unit 2 waste area. The analytical results from the CIS sampling program are presented in Appendices
C through G.

The geophysical and radiological CIS data were used to guide the planning of RI field activities. A
portion of the analytical results for the CIS could be validated and were considered as supplementary
information. The CIS data were not used in contaminant fate and transport modeling or risk

assessment.

2.2 RI FIELD INVESTIGATIONS

The RI/FS investigative activities that pertain to Operable Unit 2 were conducted in two phases. All
RI field investigation activities conducted from 1988 through 1992 are referenced collectively as the
Phase I Field Investigation (Phase I). Additional field investigations carried out in 1993 are
referenced as the Phase II Field Investigation (Phase II).

2.2.1 Phase I Field Investigation
Phase I was carried out according to objectives and procedures outlined in the following documents:

e RI/FS Sampling Plan, Volume 1, and the Quality Assurance Project Plan, Volume 4, of the
"Remedial Investigation and Feasibility Study Work Plan,"” Revision 3, March 1988

e "Remedial Investigation Work Plan Addendum - Production and Additional Suspect Areas
Work Plan," Revision 1 (Document Change Request No. 33, October 1989)

e "Operable Unit 2 Sémpling and Analysis Plan Addendum” (Document Change Request No.
41, Rev. D, July 1991)

e Addenda to Volume 1 of the RI/FS Work Plan

Work plan addenda that apply to Operable Unit 2 are: (1) the Production and Additional Suspect
Areas Work Plan that cover trenching and sampling of the South Field, (2) a number of addenda that
cover the installation and sampling of monitoring wells adjacent to the Operable Unit 2 waste areas,
and (3) the Operable Unit 2 Sampling and Analysis Plan Addendum that cover drilling and sampling
of the contents of the waste areas. The latter work plan, the only addendum that focused specifically
on Operable Unit 2, outlines samples to be collected to fill specific data gaps in the Operable Unit 2

investigation.

0110
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In summary, the Phase I field sampling activities included surface and subsurface media, surface
water and sediment, geotechnical, and groundwater. The specific Phase I field activities are discussed
and sampling locations are illustrated in Sections 2.3 through 2.6. Analytical data collected for Phase
I field activities have been validated and were used to determine nature and extent of contamination,

complete contaminant fate and transport modeling, and perform the baseline risk assessment.

The objectives and methods of sample collection carried out in Phase I are described in the sections
below. Additional details of sample collection and sample management protocols may be found in the
Quality Assurance Project Plan (QAPP) and the Sampling Plan of the RI/FS Work Plan (1988b). For
some waste areas, the term "study area” is attached to the name of the waste area, indicating that
some sample locations outside the battery limits of the waste area are being considered because of

their proximity to that waste area.

2.2.1.1 Phase I Surface Media Investigation
Under this task, as outlined in the site-wide RI/FS Work Plan, Revision 3 (DOE 1988b), five surface

media samples were cdllected in and arouhd Operable Unit 2 areas. Three were collected near the
Solid Waste Landfill using the results of a radiation survey that was conducted pridr to the surface
media sampling (biased samples). At other locations where elevated radionuclide levels were not
measured, grid sampling was performed to collect nonbiased samples (Sample Nos. 5001 and 5017).
The three biased samples collected near the Solid Waste Landfill were located outside the battery
limits of Operable Unit 2 and will be considered by Operable Unit 5. Sample No. 5017 was collected
near the Inactive Flyash Pile and Sample No. 5001 was collected near the South Field; however,

results of both samples were rejected during data validation.

2.2.1.2 Phase I Surface Water/Sediment Investigation

“The site-wide RI/FS surface water and sediment sampling program included Paddys Run, seepage

from the eastern embankment of Paddys Run, the Great Miami River, and a number of drainages
across the Fernald site. Surface water and sediment samples were collected from various seeps and
trenches within Operable Unit 2. Table 2-4 summarizes the surface water and sediment samples
collected during Phase 1. Appendices C through G provide more detailed sampling information by

subunit.
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TABLE 24

SUMMARY OF PHASE I RI/FS SURFACE WATER AND
SEDIMENT SAMPLING FOR OPERABLE UNIT 2 .
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT

Number of Number of
Sediment Analytical Surface Analytical
Waste Unit Samples Parameters Water Samples Parameters
Solid Waste 1 Radionuclides 2 Radionuclides
Landfill Organics
Inorganics
Pesticides/PCBs
General Chemistry
Lime Sludge None - 4 Radionuclides
Ponds Organics
Inorganics
Pesticides/PCBs
General Chemistry
Inactive Flyash 6 Radionculides 7 Radionuclides
Pile Organics Organics
Inorganics Inorganics
Pesticides/PCBs Pesticides/PCBs
General Chemistry
South Field None - None -
Active Flyash 4 Radionuclides 12 Radionuclides
Pile Organics Inorganics
Inorganics General Chemistry
Pesticides/PCBs

General Chemistry

0112
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2.2.1.3  Phase I Subsurface Media Investigation
Subsurface media samples were collected during execution of each of the RI work plans. Subsurface

media samples were collected during the drilling of monitoring wells, from trenches excavated in the
South Field and Solid Waste Landfill, and from all borings completed in the subunits. Table 2-5

summarizes subsurface media samples that were submitted to an off-site laboratory for analysis.

Six trenches were excavated in the South Field in 1990 to evaluate areas that had not been previously
sampled. Forty-two subsurface samples were collected from location numbers 1455 through 1472.
Trenches were approximately 50 feet long and placed in an approximate north-south orientation
throughout the northern and eastern portions of the South Field where building rubble was thought to
be buried. Trenching continued until native soil was encountered. Depths of the trenches ranged
from 3.75 to 5.75 feet. Samples for radionuclide analysis were collected from the bottom of the fill
material and from the native soil immediately below fill material at the north, south, and middle

locations of each trench.

In 1991, additional borings were drilled in each of the Operable Unit 2 waste areas using continuous
flight hollow-stem augers. Continuous split-spoon samples were collected in 1.5- to 2-foot

increments.

In 1992, two additional trenches were excavated northwest of the South Field/Inactive Flyash Pile
area in the pine plantation. The purpose of these trenches was to investigate three historical trenches
observed in a 1954 aerial photograph. It was determined that no burial activity occurred in that area.

£

Four subsurface samples were collected from one trench for analysis.

Also in 1992, three exploration trenches were excavated in the Solid Waste Landfill. The purpose of
these trenches was to visually characterize the waste disposed in the Solid Waste Landfill. Five

leachate samples were collected from the trenches.

2.2.1.4 Phase I Groundwater Investigation
Forty-nine monitoring wells were installed within and adjacent to the Operable Unit 2 waste areas to

determine if contaminants were present in perched water or the Great Miami Aquifer. Table 2-6
summarizes groundwater samples collected from these wells. Appendices C throuﬁhlGlpr?vide more

detailed information by subunit.

Nog oy, Lo
PER\CRUZRI\CME\SFL’HON2\TB(§I_\F§;W 10, 1994 2:04pm 2-11

10

1

12

13

14

o

A

& o17¢:

}

15

31

32

33




a‘ .,-"\ 5 E i -3 ’::J
@ & ‘7@, ~{2} }
: FEMP-OU02-4 DRAFT

February 18, 1994 . :
TABLE 2-5 ‘

SUMMARY OF PHASE I RI/FS PHASE I FIELD INVESTIGATION
SUBSURFACE MEDIA SAMPLING WITHIN
OPERABLE UNIT 2 WASTE AREA LIMITS

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT

No. of Sample

Sample Depth Analytical No. of
Waste Unit Locations (feet) Parameter Analyses
Solid Waste Landfill 10 0-96.5 Radionuclides 23
Inorganics 16
: Organics 19 (3 dioxins only)
General Chemistry 10 (4 sulfide only, 6
TOC only)
EP Toxicity 3
TCLP 8 (2 organics only)
Lime Sludge Ponds - 5 0-46.5 Radionuclides 6
Inorganics 2
Organics 2
General Chemistry 2 (sulfide only)
TCLP 2 ‘
Inactive Flyash Pile 12 0-116.5 Radionuclides 21 (1 Total uranium and
: thorium only)
Inorganics 12
Organics 16
General Chemistry 6 (TOC only)
EP Toxicity 1
TCLP 10 (1 metals only)
South Field 48 0-1415 Radionuclides 121 (9 Total uranium
only)
Inorganics 17
Organics 17
TCLP 14 (5 organics only)
Active Flyash Pile 11 0-106.5 Radionuclides 28 (8 Total uranium
: only)
Inorganics 11
Organics “ 13
General Chemistry 5 (TOC only)
ooy EP Toxicity 3 (1 metals only) ‘
R TCLP 11 (1 organics only)
2-12 0114
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TABLE 2-6

SUMMARY OF RI/FS PHASE I FIELD INVESTIGATION
GROUNDWATER SAMPLING WITHIN AND ADJACENT TO
OPERABLE UNIT 2 WASTE AREAS
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT

Sample
No. of Depth Analytical No. of
Waste Unit Wells (Well Series) Parameters Analyses
Solid Waste 7 1000, 2000, 3000  Radionuclides 43 (1 Total uranium only)
Landfill : Inorganics 36
Organics 15 (6 VOCs only)
General Chemistry 40 (4 sulfide only)
Lime Sludge Ponds 7 1000, 2000 Radionuclides 21 (3 Total uranium only)
Inorganics 17
Organics 2 (1 VOC:s only)
General Chemistry 23 (6 nitrate only)
Inactive Flyash 9 1000, 2000, Radionuclides 26
Pile , 3000, 4000 Inorganics 26
Organics 4
General Chemistry 23
South Field : 19 1000, 2000, Radionuclides | 56 (5 Total uranium only, 1
3000, 4000 Gross Alpha/Beta only)
Inorganics : 47
Organics 8 (1 VOCs only)
General Chemistry 53 (6 nitrate only)
Active Flyash Pile 7 1000, 2000, 3000  Radionuclides 30
: Inorganics 27
Organics 0
General Chemistry 27
0115
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The depth of a Fernald site well and location in the water-bearing zone in which it was completed 2
(screened) are denoted by the first digit of the well number. Wells completed in the perched 3
groundwater within the glacial overburden are denoted as 1000-series wells. Wells completed in the s
upper portion of the Great Miami Aquifer are denoted as 2000-series wells. The 3000-series wells s
are completed in the upper portion of the Great Miami Aquifer, immediately above a layer of blue 6
clay which separates the upper and lower portion of the aquifer. The 4000-series wells are completed 7
in the Great Miami Aquifer beneath the layer of blue clay. Sometimes a group of two or more wells 8
of different depths are completed at the same location to sample different water-bearing zones; these 9
groups are called well clusters. On-site monitoring wells were installed between 1985 and 1993 using 10

cable-tool drilling techniques, with the exception of the 1000-series wells, which were typically drilled 1

using hollow-stem continuous flight augers. 12
13

The Operable Unit 2 groundwater investigation examined the potential for release of contaminants to 14

groundwater from the Solid Waste Landfill, Lime Sludge Ponds, Active Flyash Pile, Inactive Flyash 15

.Pile, and South Field. Releases from other operable unit study areas and the determination of rate

and the resultant extent of contamination from other operable unit waste areas were not evaluated.

Monitoring wells 1014, 1016, 2014, 2016, 3014, and 3016 were installed prior to the RI/FS as part 19
of the Groundwater Study Task C by Dames & Moore (1985a). A total of 27 monitoring wells were 2
installed within the Operable Unit 2 Study Areas dufing Phase I (see Figures 2-2, 2-8, and 2-14). 21
The locations were selected on the basis of data gaps identified from previous groundwater studies 2
and on sampling results from the existing wells. »
2%

Monitoring Well 1433 was installed in the South Field in August 1992 as part of Phase I to collect 25
leachate/perched groundwater for analysis and assist in determining the source of uranium 2
contamination found in the Great Miami Aquifer around Monitoring Well 2046. 2
. . 28

2.2.1.5 Phase I Geotechnical Investigation : »
In-place density measurements using the nuclear density technique were made on the wastes in each of 30

the five subunits of Operable Unit 2. An expanded suite of geotechnical analyses required to support
the FS was performed on subsurface samples from the Active and Inactive Flyash piles. These
analyses included the following: : ' 0116

¢ b
we s A
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Grain size, American Society for Testing and Materials (ASTM D-422)

o
e Atterberg limits, ASTM D-4318 ;
¢ Moisture content, ASTM D-2216 3
e Specific gravity, ASTM D-854 4
e Standard proctor, ASTM D-698 s
e Relative density, ASTM D-2049 6
¢ 1-D consolidation, ASTM D-2435 7
¢ Permeability, EPA METHOD 9100 (SW 846) 8
¢ In-place density, ASTM D-2922, D-2167, or D-1556 9
10
Additional RI sampling and analyses were undertaken to meet the objectives of the Operable Unit 2 1
RI. This supplemental Phase II sampling resulted from review comments received from EPA and 12
OEPA (December 17, 1992) on the October 1992 version of the Draft RI Report for Operable Unit 2 13
and respbnses to those comments by DOE (February 7, 1993). 14
15
2.2.2 Phase II Field Investigations 16
A sampling program was implemented in 1993 to meet the additional data requirémenfs. The scope 1
of Phase II field activities for the RI included sampling of all media. Field activities were defined by 18 |
identifying data requireménts not fulfilled by previous sampling efforts. Development of data 19
requirements and sampling objectives is summarized in the SAP for the RI/FS Work Plan Addendum 2
for Operable Unit 2 (DOE 1993b). A list of variances to the SAP is provided in Table 2-7. 2
' | - 2
2.2.2.1 Phase II Field Investigation Data Requirements - >
The Phase II Field Investigation data requirements were developed by defining the information %
required to achieve the RI objectives. The specific data requirement resultant field activities are 2
presented for each Operable Unit 2 waste unit in Sections 2.3 through 2.6. 2
27
2.2.2.2 Phase II Field Investigation Methods 28
Procedures used during the field operations were defined by the FEMP program plans procedures, 2
and EPA guidance. FEMP program plans, specifically the Draft (at the time) Site-Wide CERCLA 3
Quality Assurance Project Plan (SCQ), QAPP, Site-Wide RI/FS Work Plan, and FEMP Site 31
Characterization/Data Management (SC/DM) Department and Environmental Monitoring Section 32
Standard Operating Procedures were used as guidance documents. EPA procedure reference sources 3
include the "Compendium of Superfund Field Operations Methods" and "Hazardous Waste Site e
Disposal Operations." T : ' - 38
3%
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TABLE 2-7
VARIANCE REQUESTS

SAMPLING AND ANALYSIS PLAN FOR
PHASE II FIELD INVESTIGATION
OPERABLE UNIT 2 REMEDIAL INVESTIGATION

j"‘: FERNALD ENVIRONMENTAL MANAGEMENT PROJECT
o
“[ Wvariance Request
Number Summary Justification

CRU2-93-1 Unused Not required

CRU2-93-2 Preselect screen size and filter pack, and proceed with 2000-series well | Review of existing 2000-series wells indicates they were
installation without receipt of sieve analysis results. Variance to SCQ, [completed with 0.010-inch screen and a medium to coarse
which states that the size of screen openings and filter pack shall be grain filter sand; a paper prepared by ASI/IT presented
determined based on the effective grain size of the monitored zone. justification for obtaining turbidity-free groundwater samples

from existing wells of similar construction.

CRU2-93-3 Relocate Hydropunch™ boring 11018 in South Field. Variance to the |Groundwater gradient information indicates that the new
SAP, which states ten Hydropunch™ borings will be completed at proposed location is more directly upgradient of well 1516,
specific locations in the South Field regardless of findings during field |which has exhibited high concentrations of total uranium in
activities. past sampling events. The new proposed location would be

more effective in determining the source of this
contamination.

CRU2-93-4 Relocate monitoring well 1941 from central part of South Field to Field data indicated that perched groundwater was not
north central South Field. Variance to SAP. encountered in a Hydropunch™ at the SAP original location.

Significant uranium contamination of perched groundwater
was encountered in hydropunches at the new proposed 1941
location.

CRU2-93-5 Collect six additional soil gas samples (AA-3, A-2, A4, C-1, CD-1, |A more focused second round of selected sampling and
and D-1) from the Solid Waste Landfill based on field data. Field data |analysis was performed to confirm the results of the initial
exhibited high organic vapor concentrations at the selected locations; | round and collect data to determine the location of several
analyze for VOC’s by EPA Method T-014. Variance to the SAP. discretionary borings.
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TABLE 2-7
(Continued)
Variance Request
Number Summary Justification

CRU2-93-6 Complete a Hydropunch™ boring (11029) that will penetrate the Great | To select monitor well location for uncontaminated upgradient
Miami Aquifer at the proposed 2944 monitoring well location using - | conditions, pre-evaluation of the proposed 2944 location for
hollow stem auger drilling. Variance is to SCQ, which requires presence of contaminants is necessary. A temporary casing is
installation of large diameter temporary casing in areas, even where not necessary due to data from adjacent boring 1966, which
contamination is NOT suspected. indicates that the subsurface has no perched water or elevated

radioactive readings.

CRU2-93-7 Drilling of Hydropunch™ borings (11019, 11020, 11021, 11022, The Hydropunches™ will be located in the vicinity of
11023) in southern portion of South Field without continuous split previous Hydropunch™ and monitoring well locations making
barrel soil sampling. Variance to SAP. the available data sufficient for lithological interpretation.

CRU2-93-8 Relocate monitoring well 1954 from Inactive Flyash Pile to South Perched groundwater was encountered at the new proposed
Field. Variance to SAP. location and not at the old location.

CRU2-93-9 Drill additional Hydropunch™ (11047) north of Inactive Flyash Pile in | Define uncontaminated groundwater at the most northerly
field. Variance to SAP. ' perched groundwater boundary near the Inactive Flyash Pile.

Groundwater contamination was detected in the most
upgradient Hydropunch™ samples collected from Inactive
_ Flyash Pile.

CRU2-93-10 Drill additional Hydropunch™ (11028) in South Field at boring Previous investigation indicates no perched water conditions
location 1965 with hollow stem auger to further determine or radioactive soil contamination; previous Hydropunch™
uncontaminated conditions prior to locating monitoring well 2944. indicated Great Miami Aquifer radioactive contamination
Variance to SAP. (Variance CRU2-93-6).

CRU2-93-11 Complete 10 additional borings (11048, 11049, 11050, 11051, 11052, |Previous investigation indicates contamination sources which
11053 11054, 11055, 11056, and 11057) at the Inactive Flyash Pile to |need to be further defined horizontally and vertically.
further define vertical and horizontal extent of contamination.

Variance to SAP.

CRU2-93-12 Delete surface water and sediment sample SF-SW-04,and SF-SD-04. | Surface water and sediment did not exist at the proposed
Variance to SAP. location.

CRU2-93-13 Collect additional targeted samples to provide data used in chemical Literature derived values for the distribution coefficient of
fate and transport modeling for subunits (K, samples). Variance to U-Total have not proved satisfactory in predicting the
SAP. migration of radionuclides in a transport computer model.
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TABLE 2-7
(Continued)
Variance Request .
Number Summary Justification

CRU2-93-14 Obtain procedural changes for screening, sampling, sample analysis, | Based on site specific conditions, procedures are more
and surveying of Lime Sludge Ponds and South Field investigative - |explicitly defined to provide the desired results.
trenches. Variance to SAP.

CRU2-93-15 Perform additional Hydropunch™ boring (11030) with hollow stem Previous investigation indicates no perched water conditions
auger drilling in the Great Miami Aquifer in the South Field, 75 feet |or radioactive soil contamination; previous Hydropunch™
northeast of boring location 1964 to further determine uncontaminated |indicated Great Miami Aquifer radioactive contamination
conditions for locating monitoring well 2944. Variance to SAP. (Variance CRU2-93-10).

CRU2-93-16 Perform additional Hydropunch™ borings (11082, 11083, and 11084) |Investigation of perched zone in north end of South Field
and install additional monitoring well (11085) east of the South Field |indicates contamination. Further definition of horizontal
(next to Great Miami Aquifer Well No. 2385). Variance to SAP. extent toward the east is required.

CRU2-93-17 Install additional 2000-series monitoring well (2954) adjaéent to 1954. |Investigation of Inactive Flyash indicates possible source of

' Variance to SAP. Great Miami Aquifer contamination, which needs further

definition. Well is downgradient of Inactive Flyash Pile.

CRU2-93-18 Perform an additional soil boring (11040) in the Solid Waste Landfill. |Obtain a lithological description of the deep part (> 40 feet
Variance to SAP. deep) of till beneath the Landfill, which has not been

accomplished in the past.

CRU2-93-19 Obtain core samples of unearthed concrete debris and analyze for Determine penetration of radioactivity into the concrete debris
radiological contaminants. Variance to SAP. to determine handling and disposal requirerflents.

CRU2-93-20 Collect seven additional surface water samples from the outfall ditch | More accurately define the source of radioactivity observed in
west of the Inactive Flyash Pile. Variance to SAP. early on-site analyses.

CRU2-93-21 Extend the depth (6-inches) of hand augering in boring 1963, Lime = |Extending the depth will not adversely impact the integrity of
Siudge Ponds, and move LSP-SS-10 location 30 feet west of LSP-SS- | the underlying soil, and moving the proposed location for
09. Variance to SAP. : LSP-8S-10 will improve the safety of the sampling crew.

CRU2-93-22 Collect soil samples from areas exhibiting the highest radiological field | Previous analytical results for the South Field indicate these
screening results in each trench excavation for on-site radionuclide are the contaminants of concern and the on-site lab can
screening (i.e., thorium, radium, uranium, and gross characteristics). |provide the quality levels necessary. Trenching activity is
Trenching will continue until the anomaly is adequately identified. being conducted to visually identify the anomalies detected
Variance to SAP. from the geophysical survey.
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TABLE 2-7
(Continued)
. ~|| Variance Request .
: / Number Summary - Justification
“: CRU2-93-23 Install additional monitoring well (11032) north of the South Field. Define uncontaminated groundwater at the upgradient perched
= Variance to SAP. - | groundwater boundary near to the South Field. Groundwater
. contamination has been detected in the most upgradient areas
investigated within the South Field.
CRU2-93-24 Obtain approval for data validation to deviate from procedure SSOP- | The IT laboratory contract did not stipulate SCQ-type
1004. Variance to SCQ. radiological QC requirements and thus, the new database is
not in place and SSOP-1004 was not implemented at the time
the samples were taken.
CRU2-93-25 Perform five additional soil borings (11036, 11037, 11038, 11039, Previous investigation indicates contamination which needs
11040) in the Solid Waste Landfill. Variance to SAP. further definition of nature and extent.
g CRU2-93-26 Collect three additional surface water samples from the ditch east and |More accurately define the potential surface migration of
) north of South Field. Variance to SAP. contaminants to complete fate and transport modeling.
D
., =
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2.2.2.2.1 Phase II Geophysical Survey
Magnetic and EM conductivity surveys were conducted in the South Field to locate buried

ferrometallic materials and areas of elevated conductivity that represent potentially contaminated metal
debris and reinforced concrete rubble. Instruments consisted of a EDA Omni Plus proton precession
magnetic gradiometer and a Geonics EM-31 DL terrain conductivity meter (with Omni digital data
logger). Spatial control was established with a 20-foot by 20-foot grid. Magnetometer data were
collected at all grid points with the instrument aligned with the magnetic north direction. EM
conductivity data were collected at all grid points with the instrument boom aligned with the north-
south grid axis. The EM survey was performed in both the vertical and horizontal dipole to further
evaluate near surface disturbances. The locations of all known metallic surface features were recorded
and considered in data interpretation. Trenching and subsurface media sampling were performed at

the ten strongest anomalies.

2.2.2.2.2 Phase II Soil Gas Survey
A soil gas survey was completed to locate sources of organic contamination in the Solid Waste

Landfill. Forty-seven gas samples were collected from 50 proposed locations by driving a holiow
stainless steel probe equipped with an extraction point approxirhately three feet into the subsurface
material_s. A vacuum was then applied to the probe to extract soil gas into Tedlar bags for séreening
with an organic vapor meter (OVM) and organic vapor analyzer (OVA). Based on these results, five
samples were selected and sent to an off-site laboratory for organic analysis by EPA Method TO-14.
Gas sampling points were located on a grid based on the reported east-west orientation of disposal
cells in the landfill. Sampling points were located with an east-west spacing of 50 feet and a north-

south spacing of 20 feet.

2.2.2.2.3 Phase II Surface Media Sampling
Surface media sampling locations were selected based on criteria established for each subunit

investigation. All surface soil samples were screened in the field for volatile organic vapor with a
photoionization detector (HNu) and screened with a beta/gamma pancake probe survey instrument for
radiation. All samples were visually described, and all sample collection points were surveyed to
define the surface elevation and the north and east location. Samples which exhibit screening levels
greater than 10 times background were considered "elevated” and were considered for further

laboratory analysis. Table 2-8 summarizes the surface samples collected and analytical parameters.

L . ' ‘0122
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‘ TABLE 2-8
SUMMARY OF RI/FS PHASE 11
FIELD INVESTIGATION SURFACE MEDIA SAMPLES
WITHIN OPERABLE UNIT 2 WASTE AREAS
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT
No. of Sample
Sample Depth Analytical No. of
Waste Unit Locations (feet) Parameters Analyses
Solid Waste 12 0-0.5 Radionuclides - 12
Landfill HSL 12
On-Site Screening 0
Geotechnical 1
Lime Sludge 14 0-05 Radionuclides 15
Ponds HSL 15 (1 Pest/PCBs
' only)
On-Site Screening - 4
Geotechnical 1
. Inactive Flyash 7 0-05 Radionuclides 7
' Pile : HSL 7
On-Site Screening 0
Geotechnical 1
South Field 21 0-05 Radionuclides 21
HSL 21
On-Site Screening -0
Geotechnical 0
Active Flyash 14 0-05 Radionuclides 14
Pile HSL 14
On-Site Screening 0
Geotechnical 2
;“ ,.,\' 3’}? (R
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2.2.2.2.4 Phase II Subsurface Media Sampling
Soil and waste borings were completed using a truck-mounted hollow-stem auger drill rig and split-

spoon or Shelby™ tube type sampler. Subsurface media were collected from monitoring well soil
samples and Hydropunch™ borings. Continuous samples were collected in advance of the hollow-
stem auger from six inches below surface to a planned total depth. All samples were field screened
with beta/gamma and photoionization detectors, and values were recorded. Depending on the
subunit, various samples of both fill and glacial till with the highest above background radiological
response were analyzed at an off-site contract laboratory. Table 2-9 summarizes subsurface samples

collected and analytical parameters.

After sampling objectives were accomplished, each boring not completed as a monitoring well was

plugged with Voiclay grout from the bottom to surface through the hollow stem auger or via a tremie .

pipe. After the grout settled, a minimum of a 12-inch cement plug was placed in the hole.

Hand augering was used to collect near surface soil and sludge samples in the Lime Sludge Ponds
subunit. Wastes identified for possible sampling were field screened with a photoionization detector
and alpha-beta meter. If field screening results indicated that a sample should be taken, the sample

for volatile analyses was collected first.

All soil samples were visually described. A sample was collected for toxicity characteristic leaching
procedure (TCLP) analysis if the sample contained significant volatile organic vapor readings. The
sample from each boring with the highest reading from the photoionization detector was also analyzed
for the analytes in the Target Analyte List (TAL) 20.03.05 C (see Table 2-13). Sarhples of elevated
radioactivity (10 times background and above) were candidates for on-site screening by gamma

spectrometry to quantify radionuclide activities for uranium, thorium, and radium.

2.2.2.2.5 Phase Il Trench Investigations
Excavations using a backhoe were completed at suspect locations in the South Field and Lime Sludge

Ponds to determine if rubble/debris might be a source of contamination to surrounding subsoils and
groundwater. Ten South Field trenching locations were selected according to anomalous
electromagnetic data (see Section 2.2.2.2.1). A trench at the Lime Sludge Ponds subunit was located

adjacent to the existing K-65 Slurry Line. Excavation procedures for trenching, screening, sampling,

P
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TABLE 2-9

SUMMARY OF RI/FS PHASE 11
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FIELD INVESTIGATION SUBSURFACE SOIL SAMPLING

WITHIN OPERABLE UNIT 2 WASTE AREAS

FERNALD ENVIRONMENTAL MANAGEMENT PROJECT

No. of Sample
Sample Depth Analytical No. of
Waste Unit Locations (feet) Parameters Analyses

Solid Waste 25 0-78.0 Radionuclides 36
Landfill HSL 38 (1 VOCs only)
: TCLP 6 (2 metals only)

Geotechnical 49

On-Site Screening 14

Lime Sludge 30 0-185 Radionuclides 33
Ponds HSL 36 (2 VOCs only)

TCLP : 8

Geotechnical 42

On-Site Screening 14

Inactive Flyash 26 0-65.0 Radionuclides 24
Pile HSL 35 (2 VOCs only)

TCLP 6

Geotechnical 15

On-Site Screening 70

South Field 48 0-65.0 Radionuclides 45

HSL 42

TCLP 0

Geotechnical 34

On-Site Screening’ 44

Active Flyash 4 0-60.0 Radionuclides 12

Pile ~HSL 12

TCLP 4

Geotechnical 6

On-Site Screening 0

G Fi
0125
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backfilling, and regrading are defined in the SAP for the RI/FS Work Plan Addendum for Operable
Unit 2.

South Field trenching began at the center point of an anomaly and proceeded toward either end to a
maximum depth of 15 feet. The trenches were excavated by segments. If groundwater was
encountered during trenching, that segment of the trench was temporarily abandoned, the backhoe

was moved to another position along the centerline, and a new excavation was begun.

Soil debris or waste material was taken from the bucket of the backhoe for sampling. Sample
locatidns were selected in the field by the project geologist based upon radiological and organic vapor
screening and upon visual descriptions. During and following excavation of the trench, the project
geologist constructed a cross-section profile of one sidewall of each trench. Cross sections showed all
significant soil, subsoil and unconsolidated material, and differentiated depositional, lithologic, or
visual differences revealed in the trenches. Areas of fill, debris, or other obvious cultural-related fill
material were clearly labeled and shown on the cross sections (see Tables D-18B and F-18B in

Appendices D and F). In addition, the trench excavations were photographed.

Upon completion of the cross sections, if sidewalls were stable, a vertical radiological survey of one
of the trench sidewalls was performed. This survey was performed with a SPA-3 probe. The results
were recorded on the project geologist’s trench cross sections. As material was removed, samples
were collected from the backhoe bucket and screened. Undisturbed native materials were sampled
only if screening detected elevated (greater than 10 times background) readings. If no previous
disturbance of the soils or soil material was evident and no elevated field readings were observed, no
samples were collected. Five trenching samples from three trenches were submitted to an off-site

contract laboratory.

Upon completion of the investigation at each trench, the trench was backfilled with the materials
which were removed during the excavation; no clean fill was imported for trenching purposes. The
area was then graded and returned to its approximate original contour and slope. Trenching was

accomplished at a minimum rate of one trench per day.
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2.2.2.2.6 Phase II Hydropunch™ Groundwater Samgiing
Hydropunch™ sampling was performed in conjunction with hollow-stem auger drilling to collect

groundwater samples with a bailer from saturated till depdsits. Thirty-five groundwater samples were
analyzed for total uranium by laser phosphorimetry in the on-site laboratory. These analyses provided
a total uranium concentration value for characterization purposes, typically within 24 hours of
collection. The detection limit varied depending upon the concentrations of total uranium, but was at
or below 0.10 ppm. The objective was to define saturated soil conditions and determine approximate

boundaries of groundwater uranium contamination prior to selecting monitor well locations.

The procedure was to drill borings and collect soil samples for lithologic description. The expected
depth to water at the sampling site was estimated from nearby wells, and a I-Iydropunch1~M sample was
collected once saturated conditions were encountered in soil samples recovered from the borings.
Hydropunch™ samples were not collected if clay soil or unsaturated soil conditions were encountered.
These conditions typically do not yield sufficient water in a timely manner to justify sampling

activities.

2.2.2.2.7 Phase II Monitoring Well Installations
Eleven monitoring wells in perched water formations (1000-series wells) were drilled with a truck-

mounted auger rig using nominal 8-inch or 10-inch hollow stem augers as available. Continuous 18-
inch long split-spoon samples were collected in advance of the auger through the till to an
approximate maximum depth of 20 feet. Wells were completed using two-inch diameter, 316
stainless steel risers and 0.010-inch slotted screen across the perched water interval. Filter f)ack
material was well-sorted quartz sand, ranging between 10-20 mesh (coarse) and 20-40 mesh
(medium).

Thirteen monitoring wells in the upper Great Miami Aquifer (2000-series wells) were drilled by
cable-tool methods, using a nominal 10-inch diameter drill casing. Continuous 18-inch long split-
spoon samples were taken in the glacial till and at five-foot intervals in sand and gravel of the upper
Great Miami Aquifer. Wells monitoring the Great Miami Aquifer in waste or contaminated areas
requiréd the advance placement of a shallow surface casing. Depending upon the combined thickness
of the fill and till, approximately 35 feet of nominal 12-inch inner-diameter (ID) steel surface casing

) 3 3 - - - -
was cemented in place within a boring of 14 to 16 inches. The cement was allowed to cure for a
Ty oy : ? !
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minimum of 24 hours before continuation of drilling to the planned total depth with an 8-inch ID

casing.

Wells were completed using four-inch diameter 316 stainless steel slotted screen (15-feet) and riser.
Either a 0.010-inch or 0.020-inch screen and medium or coarse quartz sand filter pack as defined in
the RCRA Groundwater Monitoring Plan (DOE 1991b) were installed based on field classification of
the formation material or sieve analysis. However, for expedience, 0.010 inch screens were installed

in lieu of sieve analyses, which commonly required a minimum of 24 hours to complete.

2.2.2.2.8 Phase I Groundwater Level Measurements and Sampling
At least three complete rounds of groundwater level measurements from the existing monitoring wells

in each subunit were taken at two week intervals during the Phase II Field Investigation. After the
well installations were complete in each subunit, a final round of measurements was taken from both
the existing and newly installed wells. All groundwater level measurements for each round were
collected within a 24-hour period of consistent weather conditions to minimize changes due to
atmospheric and precipitation effects. In addition, groundwater levels were recorded for all new wells
at the time of completion and after well development. All measurements were recorded to the nearest
0.01 feet. Individual monitoring well hydrographs characterized whether water levels had reached

equilibrium.

One round of groundwater sampling was conducted within 24 hours of developing the newly drilled
monitoring wells and within 24 hours of purging the existing wells. Equipment included bailers,
surge blocks, pumps, and hoses. All wells were developed to achieve turbidity-free water (less than
five turbidity units); no less than five times the standing water in the well (casing volume) was purged
during development. Existing wells were purged of at least three times volume, depending upon
available rates of recharge. Samples were collected according to the SCQ and RI/FS QAPP. Water
levels were measured using a Hazco Water Level Meter and recorded in all new and existing wells
prior to sampling to establish baseline information. Field measurements of water temperature, pH,
conductivity, and dissolved oxygen were taken and recorded. Groundwater samples were properly
preserved and transferred under chéin of custody protocols to the contract RI/FS laboratory for the
designated analyses. Table 2-10 summarizes the groundwater samples collected and analytical

parameters.
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TABLE 2-10

SUMMARY OF RI/FS PHASE 11
FIELD INVESTIGATION GROUNDWATER SAMPLES
WITHIN OPERABLE UNIT 2 WASTE AREAS
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT

E

FEMP-OU02-4 DRAFT
February 18, 1994 .

No. of  Sample Depth Analytical
Waste Unit Wells (Well Series) Parameters No. of Analyses
Solid Waste 162 1000, 2000 Radionuclides 20
Landfill HSL 20 (6 metals only)
(2 metals and cyanide only)
On-Site Screening 20
Lime Sludge 10 1000, 2000 Radionuclides 20
Ponds HSL 21 (5 metals only)
(3 metals and cyanide only)
(1 VOCs and TOC only)
On-Site Screening 15
Inactive 5 1000, 2000 Radionuclides 6
Flyash Pile HSL 6 (1 metals only)
On-Site Screening 6
South Field 16 1000, 2000 Radionuclides 25
HSL 26 (7 metals only)
(2 metals and cyanide only)
(1 VOCs and TOC only)
On-Site Screening 20
Active Flyash -6 1000, 2000 Radionuclides 6
Pile HSL 6 (1 metals, VOCs, and
' cyanide only)
On-Site Screening 7 '

2 Four of these locations are not wells, but are groundwater samples collected from borings.

frog, ot
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2.2.2.2.9 Phase II Surface Water and Sediment Sampling _
Surface water sampling was accomplished by the use of a grab bottle or, where necessary, a length of

rope or an extension pole was attached to the grab bottle. The sample was then transferred to the
sample containers allowing minimal disturbance. Field determinations of temperature, cohductivity,
and pH were made on aliquots of the selected sample. Sampled water was placed into the appropriate
container with preservative where required, capped, and placed into a cooler. Ten surface water

samples were collected for risk assessment purposes and shipped unfiltered to the laboratory.

Unconsolidated sediment was collected using a glass or plastic grab bottle. The sediment was allowed
to dewater prior to emplacement into the sample collection container. Once the sediment settled, the
water sample was decanted into the sample container. During the sample dewatering period, the

sample underwent field screening for radiological activity and the presence of organic contamination.

For sediment samples to be taken at nonflowing surface water locations, sampling consisted of
obtaining bottom sediments with a stainless steel trowel. For sampling locations where the standing
water was too deep for trowel sampling, a stainless steel bucket auger was used. For flowing surface
water bodies, samples were collected from the downstream positions first, followed by the upstream
samples. Table 2-11 summarizes the surface water and sediment samples collected and the analytical

parameters.

2.2.2.2.10 Phase II Geotechnical Sampling
Geotechnical tests were conducted to characterize the engineering properties of the soil and waste

material from the Operable Unit 2 subunits. Soil and waste material samples were collected from
borings completed by truck-mounted hollow-stem auger drill rigs and by means of split-spoon of
Shelby™ tube type samplers. Samples were selectively analyzed for specific gravity, liquid limit,
plasticity index, natural moisture content, particle size and distribution, maximum density, optimum
moisture content and color, and physical state. Table 2-9 includes a breakdown of geotechnical

samples by subunit.

2.2.2.2.11 Phase II Project Surveying
Locations of sampling points, borings, and wells were surveyed by a Registered Professional Land

Surveyor. All surveyed locations are accurate to the nearest 0.01 feet vertical accuracy and 0.10 feet

horizongqlancﬁzur?cy. Survey points were located and integrated into the existing FEMP Geographic
e 0130
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’ TABLE 2-11

SUMMARY OF RI/FS PHASE 11
FIELD INVESTIGATION SURFACE WATER/SEDIMENT SAMPLES
WITHIN OPERABLE UNIT 2 WASTE AREAS
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT

Waste Unit No. of Sample Locations  Analytical Parameters No. of Analyses

SURFACE WATER

Solid Waste Landfill -3 ' Radionuclides
) . HSL
On-Site Screening

Lime Sludge Ponds 2 Radionuclides
: HSL
On-Site Screening

Inactive Flyash Pile 11 - Radionuclides
v HSL
On-Site Screening

South Field | 6 Radionuclides
HSL
On-Site Screening

‘ Active Flyash Pile 1 Radionuclides
: HSL
On-Site Screening

RO W Lo

N - XY

SEDIMENT

Solid Waste Landfill 2 Radionuclides
HSL
Geotechnical
On-Site Screening

Lime Sludge Ponds 0 Radionuclides
HSL
Geotechnical
On-Site Screening

Inactive Flyash Pile 3 Radionuclides
HSL
Geotechnical
On-Site Screening

South Field , 3 Radionuclides
HSL
Geotechnical
On-Site Screening

WNWW [ OCNVNAE [ COOCO [N

Active Flyash Pile 1 Radionuclides

B HSL
‘ Senl _ Geotechnical

On-Site Screening

OO =

FER\CRUZRICME\SECTIONSTAB2-11\February 10, 1994 10:47am  2-29 01 31
it vt . X

~.




Y

U

Bl

S - ‘7 FEMP-OU02-4 DRAFT

February 18, 1994 .

Information System (GIS) and incorporated into the site database. The basis for map coordinates is
the State Planar North American Datum (1927).

2.2.2.2.12 Phase II Field Quality Assurance Sampling

Field quality assurance (QA) samples were coilected during the sampling program for each of the

Operable Unit 2 subunit investigations. Trip and preservative blanks were provided by the QA group

and the remaining samples were prepared or collected by the sampling teams. The QA sample types

and requirements are:

Trip blank samples for volatile organic analyses (VOA) were prepared in a controlled
environment by pouring distilled water meeting the ASTM Type II standards into 40
milliliter (mL) vials. A trip blank for VOA accompanied each sampling team during each
day’s sampling to the field location and was shipped to the laboratory with the field
samples for analyses. Trip blanks were required during sampling events for all media types
when the target analytes included volatile organics for analytical support levels (ASLs) C,
D, and E.

Field blank samples were prepared for every 10 groundwater and/or surface water samples
and analyzed for the same target analytes specified for the field sample collected during the
sampling event. The 1/10 frequency of field blanks is based on the number of
groundwater/surface water samples collected from each Operable Unit 2 subunit. A field
blank sample was prepared at the sampling site by the field team by pouring
deionized/organic free water into the appropriate sample containers.

An equipment rinsate sample was collected for every 20 field samples of any media type
following decontamination of the sampling equipment. Rinsate samples were collected after
a sampling event entailing Full Hazardous Substance List (HSL) and Full Radioisotope
parameters and in conjunction with sampling events having the highest potential for
contamination coming in contact with the equipment. This assessed the effectiveness of the
field decontamination procedures.

Duplicate water samples were collected at a frequency of 1 per every 20 groundwater or
surface water samples. The duplicate samples were collected at sampling locations which
were known or suspected of being contaminated. These samples were assigned a unique
sample number and sent to the laboratory as a blind sample. No duplicate soil samples
were collected due to the lack of an effective field compositing technique which would
produce meaningful data where discrepancies could absolutely be considered a laboratory
precision problem.

One preservative blank for each type of preservative used was prepared and analyzed for
the respective parameters of interest. This consisted of an analyses of separate ASTM
Type 11 water samples preserved with each respective acid and base preservative. The
hydrochloric (HCI) acid-preserved sample was analyzed for volatile organic compounds, the
sodium hydroxide (NaOH) preserved sample for cyanide, and the nitric acid (HNO?)
preserved sample for metals.
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e Container blanks were not included in the QA samples since all containers used for RI/FS
sampling activities were precleaned by the manufacturer and had a certificate of analysis for
each lot of containers. :

2.2.2.2.13 Phase II Sample Collection Documentation
Surface water and groundwater samples collected in the field were documented on the Sample

Collection Log and Water Quality Field Collection Report forms. The collection of soil and subsoil
materials were documented on the Sample Collection Log, Visual Classification of Soils, and
Subsurface Soil Sample Collection Log. In addition to these forms, daily field activities were
recorded on the Field Activity Daily Log form. Examples of these forms are found in Appendix B of
the FEMP SCQ.

Consistent with standard FEMP RI/FS practice, a unique six-digit sample number was assigned to
each collected sample. Specific number ranges were allocated for each Operable Unit 2 subunit being
characterized. Each sémple container was affixed with a RI/FS label containing, at a minimum, the
information specified on Form 7-2, Appendix B of the FEMP SCQ.

“Sample custody procedures as outlined in the FEMP SCQ were adhered to throughout the sample

handling process from field collection to shipment or delivery of the samples to the laboratory. A
combined Request for Analysis/Chain of Custody (RFA/CC) record was used to document collection
data, chain of custody, and the analytical parameters requested for each sample in accordance with
FEMP RI/FS Procedure FPP-401. The Site-Wide Analysis Request/Custody Record (SAR/CR) form

was completed for all samples delivered to the on-site sample processing laboratory.

2.2.2.2.14 [Investigation Derived Waste Handling/Storage/Disposal

During field work, wastes were generated in the form of excess surface water, sediment, sludge and
solid wastes sampling media, contaminated well purge water, contaminated sampling equipment,
contaminated drilling equipment, contaminated personal protective equipment (PPE), drill cuttings,

and decontamination.

Contaminated drill cuttings from auger drilling and cable tool drilling were placed in clean 55-gallon

drums and labeled according to project and location of origin. Contaminated PPE consisting of

disposable items were labeled as radiological wastes and placed in designated disposal containers,

AN . R . .
labeled, arid-sent to the appropriate interim storage location.

FER\CRUZRI\CME\SECTION2\TEXT\February 10, 1994 2:07‘me 2-31 " 01 33

10

N

32

33



g-5170

FEMP:OU02-4 DRAFT
February 18, 1994 .

Decontamination of drilling and sampling equipment was performed at authorized FEMP
Decontamination Areas. Fluids and solid material residuals were handled in accordance with the
normal operation of that facility’s contamination treatment/control devices. Well sampling purge

water was disposed of in the General Sump.

Material excavated during trenching was backfilled into the trench it was removed from; no clean fill

was added.

2.2.2.3 Phase II Analytical Methods
Project specific TALs were developed for analytes of interest for the Operable Unit 2 RI. The TALs

were based on the following data gaps from previous investigations:
e The lack of sufficient characterization data in some portions of the subunits.

e The need for consistency with the Operable Unit 5 investigaﬁon, particularly when
addressing fate and transport modeling and risk assessment.

e The need to define source areas and the upgradient and downgradient extent of groundwater
contaminant migration across the Inactive Flyash Pile, South Field, and Active Flyash Pile
areas.

The TAL 20.03.05 A is equivalent to total uranium screening at the FEMP laboratory. The other
Phase 1I project specific TALs are provided in Tables 2-12 through 2-15. These analyses were
performed by IT Corporation Analytical Service, an off-site contract laboratory. The analytes that
compose TAL 20.03.05 B and TAL 20.03.05 C are referred to as the Full HSL and Full
Radioisotope lists. Because TAL 20.03.05 B is for aqueous matrix samples and TAL 20.02.05 C is
for solid matrix samples, general chemistry parameters are included in TAL 20.03.05 B only.

EPA contract laboratory program (CLP) or SW-846 methods were followed for organic and inorganic
analyses. Analytical methods for radioisotopes followed performance-based criteria cited directly by
the SCQ. In all cases, the laboratory generated a CLP data package or equivalent for non-CLP
“analytes such as general wet chemistry. The goal of the analytical documentation was to provide CLP
data packages for all samples that were able to be validated to ASL C, with 10 percent ASL D

validation for each matrix.
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TABLE 2-12

FEMP RI/FS TAL 20.03.05 B
OPERABLE UNIT 2 TARGET ANALYTE LIST
PHASE II FIELD INVESTIGATION

GROUNDWATER AND SURFACE WATER SAMPLES

FULL HAZARDOUS SUBSTANCE LIST (HSL)

Inorganics

aluminum chromium (total) manganese silver
antimony cobalt mercury sodium
arsenic copper molybdenum thallium
barium cyanide nickel vanadium
beryllium iron potassium zinc
cadmium lead selenium
calcium magnesium silicon

Volatile Organics
1,1-dichloroethane 2-hexanone chlorobenzene tetrachloroethene
1,1-dichloroethene 4-methyl-2-pentanone chloroethane toluene
1,1, 1-trichloroethane acetone chloroform total xylenes
1,1,2-trichloroethane benzene chloromethane trans-1,3-dichloropropene
1,1,2,2-tetrachloroethane bromodichloromethane cis-1,3-dichloropropene trichloroethene
1,2-dichloroethane bromoform dibromochloromethane vinyl acetate
1,2-dichloroethylene bromomethane ethylbenzene vinyl chloride
1,2-dichloropropane carbon disulfide methylene chloride
2-butanone carbon tetrachloride styrene

Semivolatile Organics

1,2-dichlorobenzene
1,2,4-trichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
2-chloronaphthalene
2-chlorophenol
2-methylnaphthalene
2-methylphenol

2-nitroaniline
2-nitrophenol

’ 2,4-dichlorophenol

2,4-dimethylphenol
2,4-dinitrophenol
2,4-dinitrotoluene '
2,4,5-trichlorophenol
2,4,6-trichlorophenol

2,6-dinitrotoluene
3-nitroaniline
3,3-dichlorobenzidine
4-bromophenyl phenyl ether
4-chloro-3-methylphenol
4-chloroaniline
4-chlorophenyl phenyl ether
4-methylphenol -

4-nitroaniline
4-nitrophenol
4,6-dinitro-2-methylphenol
acenaphthene
acenaphthylene

anthracene

benzoic acid
benzo(a)anthracene
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TABLE 2-12
(Continued)

FULL HAZARDOUS SUBSTANCE LIST (HSL)

Semivolatile Organics
(Continued)
benzo(a)pyrene butyl benzyl phthalate fluoranthene nitrobenzene
benzo(b)fluoranthene carbazole fluorene n-nitroso-di-n-propylamine
benzo(g,h,i)perylene chrysene hexachlorobenzene n-nitrosodiphenylamine
benzo(k)fluoranthene dibenzofuran hexachlorobutadiene pentachlorophenol
benzy! alcohol dibenzo(a,h)anthracene hexachlorocyclopentadiene phenanthrene
bis(2-chloroethoxy)methane diethyl phthalate hexachloroethane phenol
bis(2-chloroethyl)ether dimethyl phthalate indeno(1,2,3-cd)pyrene pyrene
bis(2-chloroisopropyl) ether di-n-butyl phthalate isophorone
bis(2-ethylhexyl)phthalate di-n-octyl phthalate naphthalene
Pesticides / PCBs
4,4’-DDD aroclor 1221 delta-BHC endrin ketone
4,4’-DDE aroclor 1232 dieldrin gamma-BHC
4,4°-DDT aroclor 1242 endosulfan sulfate gamma-chlordane
aldrin aroclor 1248 endosulfan-I heptachior
alpha-BHC aroclor 1254 endosulfan-11 heptachlor epoxide
alpha-chlordane aroclor 1260 endrin methoxychlor
aroclor 1016 beta-BHC : endrin aldehyde toxaphene
GENERAL GROUNDWATER QUALITY
alkalinity fluoride phosphate total organic carbon (TOC)
ammonia nitrate sulfate total organic halogens (TOX)
chloride phenols sulfide total organic nitrogen (TON)
FULL RADIOLOGICAL

cesium 137 plutonium 239/240 technetium 99 total uranium
gross alpha radium 226 thorium 228 uranium 234
gross beta radium 228 thorium 230 uranium 235/236
neptunium 237 ruthenium 106 thorium 232 uranium 238
plutonium 238 strontium 90 total thorium
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TABLE 2-13

FEMP RI/FS TAL 20.03.05 C

OPERABLE UNIT 2 TARGET ANALYTE LIST

PHASE II FIELD INVESTIGATION

SOIL, SLUDGE, SEDIMENT, AND WASTE SAMPLES

Sy
o . FULL HAZARDOUS SUBSTANCE LIST (HSL)
i Inorganics
aluminum chromium (total) manganese silver
antimony cobalt mercury sodium
arsenic copper molybdenum thallium
barium cyanide nickel vanadium
beryllium iron potassium zinc
cadmium lead selenium
calcium magnesium silicon
Volatile Organics
1,1-dichloroethane 2-hexanone chlorobenzene tetrachloroethene
1, 1-dichloroethene 4-methyl-2-pentanone chloroethane toluene
1,1,1-trichloroethane acetone chloroform total xylenes
1,1,2-trichloroethane benzene chloromethane trans-1,3-dichloropropene
1,1,2,2-tetrachloroethane bromodichloromethane cis-1,3-dichloropropene trichloroethene
1,2-dichloroethane bromoform dibromochloromethane vinylacetate
1,2-dichloroethylene bromomethane ethylbenzene vinylchloride
1,2-dichloropropane carbon disulfide methylenechloride
2-butanone carbon tetrachloride styrene

Semivolatile Organics

1,2-dichlorobenzene
1,2,4-trichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
2-chloronaphthalene
2-chlorophenol

2-methylnaphthalene
2-methylphenol
2-nitroaniline
2-nitrophenol
2,4-dichlorophenol
2,4-dimethylphenol

2,4-dinitrophenol
2,4-dinitrotoluene
2,4,5-trichlorophenol
2,4,6-trichlorophenol
2,6-dinitrotoluene
3-nitroaniline

3,3-dichlorobenzidine
4-bromophenyl phenylether
4-chloro-3-methylphenol
4-chloroaniline
4-chlorophenyl-phenyl ether
4-methylphenol

LETO
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'*':':’ TABLE 2-13
- (Continued)
FULL HAZARDOUS SUBSTANCE LIST (HSL) (continued)
Semivolatile Organics
(Continued)
4-nitroaniline benzo(k)fluoranthene diethylphthalate isophorone
4-nitrophenol benzyl alcohol dimethylphthalate naphthalene
4,6-dinitro-2-methylphenol bis(2-chloroethoxy)methane di-n-butyl phthalate nitrobenzene
acenaphthene bis(2-chloroethyl)ether di-n-octyl phthalate n-nitroso-di-n-propylamine
acenaphthylene bis(2-chloroisopropyl) ether fluoranthene n-nitrosodiphenylamine
anthracene bis(2-ethylhexyl)phthalate fluorene pentachlorophenol
benzoic acid butyl benzyl phthalate hexachlorobenzene phenanthrene
benzo(a)anthracene carbazole hexachlorobutadiene phenol
benzo(a)pyrene chrysene hexachlorocyclopentadiene pyrene
benzo(b)fluoranthene dibenzofuran hexachloroethane
benzo(g,h,i)perylene dibenzo(a,h)anthracene indeno(1,2,3-cd)pyrene
Pesticides / PCBs
4,4’-DDD aroclor 1221 deita-BHC endrin ketone
4,4'-DDE aroclor 1232 dieldrin gamma-BHC
4,4’-DDT aroclor 1242 endosulfan sulfate gamma-chlordane
aldrin aroclor 1248 endosulfan-I heptachlor
alpha-BHC aroclor 1254 endosulfan-II heptachlor epoxide
alpha-chlordane aroclor 1260 endrin methoxychlor
aroclor 1016 beta-BHC endrin aldehyde toxaphene
FULL RADIOLOGICAL
& [l cesium 137 plutonium 239/240 technetium 99 total uranium
; gross alpha radium 226 thorium 228 uranium 234
oo || gross beta radium 228 thorium 230 uranium 235/236
" || neptunium 237 ruthenium 106 thorium 232 uranium 238
plutonium 238 strontium 90 total thorium
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TABLE 2-14

OPERABLE UNIT 2 TARGET ANALYTE LIST
PHASE 11 FIELD INVESIGATION
GEOTECHNICAL TESTING
OPERABLE UNIT 2 REMEDIAL INVESTIGATION
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT

FEMP RUFS TAL 20.03.05 D |
General Chemistry "

total organic carbon

Geotechnical
specific gravity liquid limit particle size - hydrometer
water/moisture content plastic limit sieve analysis

[ FEMP RI/FS TAL 20.03.05 E | |
" one dimensional consolidation , "

[ FEMP RI/FS TAL 20.03.05 F I
" permeability (constant head) "

I FEMP RIFS TAL 20.03.05 G |
" unconfined compressive strength direct shear - slow CU triaxial (3pts) "

[ FEMP RUFS TAL 20.03.05 J |
" dry unit weight : "
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TABLE 2-15 ' ‘

OPERABLE UNIT 2 TARGET ANALYTE LIST
PHASE 1I FIELD INVESTIGATION
TOXICITY CHARACTERISTIC LEACHING PROCEDURE
FERNALD ENVIRONMENTAL MANAGEMENT PROJECT

FEMP RI/FS TAL 20.03.05 H
" Inorganics
arsenic cadmium lead selenium
barium chromium mercury silver
Volatile Organics
1,1-dichloroethene benzene chloroform vinyl chloride
1,2-dichloroethane carbon tetrachloride tetrachloroethene
2-butanone chlorobenzene trichloroethene
" Semivolatile Organics
|t 1,4-dichlorobenzene 2,4,6-trichlorophenol hexachlorobutadiene pyridine
2-methylphenol 3-methylphenol hexachloroethane
2,4-dinitrotoluene 4-methylphenol nitrobenzene
2,4,5-trichlorophenol . hexachlorobenzene pentachlorophenol
Herbicides
2,4-D 2,4,5-TP
Pesticides
alpha-chlordane gamma-BHC heptachlor methoxychlor ‘
llfndrin gamma-chlordane heptachlor epoxide toxaphene '
I FEMP RI/FS TAL 20.03.05 I
“ Inorganics
arsenic cadmium lead selenium
IParium chromium mercury silver
“ Additional Inorganics
“fopper iron manganese zinc
" Volatile Organics »
1, 1-dichloroethene benzene ) chloroform vinyl chloride
1,2-dichloroethane carbon tetrachloride tetrachloroethene
“ 2-butanone chlorobenzene trichloroethene
Semivolatile Organics
1,4-dichlorobenzene 2,4,6-trichlorophenol hexachlorobutadiene pyridine
2-methylphenol 3-methylphenol hexachloroethane
2,4-dinitrotoluene . 4-methylphenol nitrobenzene
2,4,5-trichlorophenol hexachlorobenzene pentachlorophenol
Herbicides
[2,4-D 2,4,5-TP '
Pesticides .
alpha-chlordane gamma-BHC heptachlor methoxychlor
o endrin gamma-chlordane heptachlor epoxide toxaphene Or 4 O
o U
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2.2.2.4 Phase Il Data Validation Methods - )

RI/FS data, which is used as the basis for remedial action decision-making, has been validated. This 2
section presents discussions of the data validation process for the RI/FS. o3

s
Data validation is an independent, systematic process of evaluating data to provide confirmation that s
the data is of the technical quality necessary to meet its intended use, and assure that a legally 6
defendable "road map" can be established to trace each sample from the time it is collected in the 7
field to its ultimate end use. To verify that the analytical data met its data quality objectives (DQOs) 8
and to determine compliance with appropriate and applicable procedures, the validation process 9
examines field measurements, sampling and handling procedures, laboratory analysis and reporting, 10

and any nonconformities and discrepancies in the data. Data qualifiers are assigned to the analytical 1

data to alert the user of any nonconformances to quality assurance/quality control (QA/QC) ' 12
requirements. The list of qualifiers assigned and their definitions is provided in Table 2-16. 13
14
The level of quality required depends on the intended use of the data, which in turn dictates the 15
appropriate level or extent of validation. The FEMP SCQ classifies data into one of five ASLs as 16
described in Table 2-17. - : _ 7
18
The validation program is divided into two phases. The first phase considers field data, which is 19
collected at ASL A or B. The second phase deals with analytical data, which is collected at ASL C, 2
D, or E. For most of the organic and inorganic data, reviews are performed under the CLP 2
Statement of Work, corresponding to data collected at ASL D. Data reported under a Certificate of 2
Analysis (COA) are reviewed and qualiﬁed as ASL C. Radiological data are normally qualified based P
on deliverables provided for ASL E. Separate evaluations are conducted for radiological, erganic, %
and inorganic analytes. 25
2

2.2.2.5 Phase II Data Management Methods : 1

Once the samples were collected and sent to the appropriate laboratory for analysis, field information 2

was collected and reviewed to verify that all required field information was received. Copies of all 3

appropriate records were made and the originals were stored in a secure place. Copies of the field 4

records were used for data entry into the Site-Wide Environmental Database (SED) and for data 5

validation if the analyses generated for the task are either ASL C, D, and/or E. Field records 6
Shid

0141
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TABLE 2-16 .

Data Qualifiers and Definitions

DATA QUALIFIERS AND DEFINITIONS

J Analyte was analyzed for and positively identified, but the associated
numerical value may not be consistent with the amount present in the
environmental sample. Data should be seriously considered for making

decisions and are usable for many purposes.

N Analysis indicates that an analyte is preSent and there are strong indications

that the identity is correct.

R Data are unusable for any purpose. Analyte was analyzed for, but the"
| presence or absence of the analyte was not verified. Resampling and

reanalysis are necessary to confirm or deny presence of the analyte.

U Analyte was analyzed for and was not present above the level of the associated
value. Associated numerical value indicates the approximate concentration

necessary to detect the analyte in the sample.

uJ This is a combination of the "U" and "J" qualifiers. Analyte was analyzed for
and was not present above the level of the associated value. The associated
value may not accurately or precisély represent the concentration necessary to
detect the analyte in the sample. If a decision requires quantitation of the
analyte close to the associated numerical level, reanalysis or alternative
analytical methods should be considered.

(Notation from QAPP March 1992)

0142
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ANALYTICAL SUPPORT LEVELS

Support
Level

Description

Typical Data Uses

Qualitative Field Analysis - This level is characterized
by the use of portable instruments that can provide real-
time data to assist in the optimization of sampling point
locations and in providing health and safety support.
Data can be generated regarding the presence or
absence of contaminants (e.g., radionuclides, volatiles)
at sampling locations. Analogous to EPA analytical
level 1.

e Site characterization
® Monitoring during implementation
¢ Establishing worker protective equipment

Qualitative, Semi-Quantitative, and Quantitative
Analyses - This level may include the use of more
sophisticated screening techniques, such as portable
analytical instruments that can be used on site (close-
support laboratories). Depending upon the types of
contaminants, sample matrix, and QC checks applied,
qualitative and quantitative data can be obtained.
Analogous to EPA analytical level 2.

o Site characterization

e Evaluation of alternatives

¢ Engineering design

® Monitoring during implementation

Quantitative with fully defined QA/QC - Laboratory
analyses generated with full QA/QC checks of types
and frequencies specified for ASL D according to
FEMP-specified analytical protocols for radiological
and nonradiological parameters. The analytical
methods are identical to ASL D for QA/QC sample
analysis and method performance criteria. However,
the data package does not typically contain raw
instrument output but does include summaries of
QA/QC sample results. ASL C may be used when
analyses require a rigid, well-defined protocol, but
where other information is available, so that a complete
raw data package validation effort is not required.
Laboratories are required to retain raw instrument data
to upgrade ASL C reports to ASL D in the project file.
Analogous to EPA analytical level 3.

o Risk assessment

® Site characterization

¢ Evaluation of alternatives

¢ Engineering design

® Monitoring during implementation

Confirmational with complete QA/QC and reporting -
Provides data generated with a full complement of
QA/QC checks of specified types and frequencies
according to FEMP-specified analytical protocols for
radiological and nonradiological parameters. The data
package includes raw instrument output for validation.
These data may be used to confirm data gathered at
ASLs B and C, and when full validation of raw data is
required. Analogous to EPA analytical level 4.

® Risk assessment
¢ Evaluation of alternatives
¢ Engineering design

Nonstandard - Analyses by nonstandard protocols that
often require method development or validation (e.g.,
when extracting detection limits or analysis of an
unusual chemical compound is required). New methods
may be-developed for ASL E data to allow for
parameters or matrices that cannot be analyzed by
existing standard methods. Analogous to EPA
analytical level 5.

® Risk assessment

7’:-:. :t:-i RN
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generated for ASL B analyses were also validated when the project specific plan specified that results
and data required validation.

After the completed laboratory analyses of the samples were received, the following activities took

| place:

e Verification that all required deliverables were received.
e Verification that contract performance requirements were met.
e Analytical data were entered into the SED.

¢ Data packages were reproduced for use in data validation and the original data packages
were stored in a secure location.

The data was validated according to standard validation protocols. The data was qualified, data
validation summaries were generated, and validation checklists were added to the data package. The
validated data packages were then copied for use in data entry and the originals were stored in a

secure location. The data validation qualifiers were entered into the SED.

Once data entry was completed, a printout of the SED was compared to the analytical and validation
information to verify the accuracy of the database. After the verification of the database was
complete, access to the data was limited and changes required documentation and approval. All

subsequent RI activities accessed the controlled database to ensure correct data was being used.

2.3 ENVIRONMENTAL CHARACTERIZATION INFORMATION FOR THE SOLID WASTE
LANDFILL

The Solid Waste Landfill has been preliminarily characterized by the Environmental Survey and CIS
Sampling Program followed by characterization by the RI/FS Sampling Program. The following

sections discuss the sample locations and analytical parameters from each of these sampling programs.

Results of these sampling programs are presented in Appendix C.

2.3.1 Surface Sampling
As part of the Environmental Survey (DOE 1988a), four surface media samples (0620, 0621,

L 0144
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0622, and 0623) were composited from the Solid Waste Landfill. These samples were analyzed for
radionuclides, total uranium, asbestos, TCLP metals, and PCBs. All but one of the samples (000623)

~

were also analyzed for VOCs. It is unknown as to why this sample was not analyzed for VOCs. 3
4

During the CIS (Weston 1987c), four surface media samples were collected, two within the Solid s
Waste Landfill and two north of the Solid Waste Landfill, for on-site gamma spectroscopy analysis 6
for cesium-137, radium-226, ruthenium-106, thorium-232, and uranium-238. Based on this initial 7
screening, four surface media samples (46-238, 46-348, 46-349, 'and 46-362) were sent off site to be 8
analyzed for 16 radionuclides. Locations of the samples that were analyzed off site are shown on 9
Figure 2-1. | : : 10
1

The objectives of RI/FS surface media (soil) sampling (1991-1993) in the Solid Waste Landfill were 12
to: | 1
) . R 14

¢ Characterize the nature and extent of contamination in the cover soils for risk assessment 15
purposes. 16

¢ Provide data to evaluate the potential for exposure via the direct contact pathway. ::

¢ Provide data to evaluate the potential for exposure via the air migration pathway. :

] 21

Twelve surface locations (SWL-SS-01 through SWL-SS-12) distributed across the landfill area were 2
sampled during the Phase II Field Investigation in the Solid Waste Landfill (Figure 2-1a). Each B
location had one sample analyzed for full HSL and full radiological parameters (TAL 20.03.05 C). %
| 25

2.3.2 Subsurface Sampling } ' 2%
During the Environmental Survey, Test Pit No. 8 was excavated on the west side of the Solid Waste 27
Landfill and the south side of the drainage ditch. The pit was not surveyed; therefore, the precise 28
location is unknown. Samples were collected in the pit from depths of 3.5 and 6.5 feet and were 2
analyzed for radionuclides, total uranium, and TCLP metals. %
o

During March and April 1987, six borings (49-01 through 49-06) were completed in the Solid Waste 2
Landfill for the CIS (Weston 1987b). Split-spoon samples were collected at 1- to 2-foot intervals and 3
were analyzed for radium-226, thorium-232, and uranium-238 at the on-site gamma spectroscopy 3
laboratory. The purpose of this sampling was to develop activity profiles for these three 3s

e 1
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radionuclides. Composite samples were also collected from each boring and sent to off-site
laboratories for chemical and radiological analyses. Chemical analyses included VOCs, semivolatile
organic compounds (SVOCs), pesticide/PCBs, metals, extraction procedure (EP) Toxicity, reactivity,
ignitability, and corrosivity. Locations of the samples that were analyzed off site are shown on

Figure 2-1.

During 1988, three borings (1035, 1038, and 3037) were drilled near the Solid Waste Landfill as a

part of the site-wide monitoring well installation program (Figure 2-1a). A total of five samples were

. collected from these borings and were analyzed for radionuclides.

The objectives of RI/FS subsurface media (soil) sampling in the Solid Waste Landfill were to:

¢ Characterize the physical nature of buried waste materials in the landfill and improve the
conceptual model for waste deposition.

o Characterize the nature and extent of contamination, particularly in the'suspect evaporation
pond area and the waste cells (see Section 4.0).

¢ Determine fill depths and volumes.
¢ Determine whether contaminants have migrated from fill into underlying native soils.

¢ Provide data to support the modeling of contaminant migration from the Solid Waste
Landfill.

During July and August 1991, six borings (1718, 1808, 1719, 1720, 1721, and 1722) were drilled
during the Phase I Field Investigation (Figure 2-1a). Boring Nos. 1888 and 1889 were drilled in
1992 (Figure 2-1a). Boring Nos. 1718 and 1808 were placed within the abandoned evaporation pond
near CIS Boring No. 49-03 (Figure 2-1), where elevated concentrations of radionuclidés were
detected in the CIS composite sample. Samples were collected from the shallow fill, deep fill, and
underlying native soils of each boring. These samples were analyzed for different combinations of
radionuclides, total uranium, total thorium, dioxins/furans, herbicide _organics, organophosphorus
pesticides, pesticides/polychlorinated biphenyls (PCBs), volatile organic compounds (VOCs), SVOCs,
metals, TCLP, and EP Toxicity.

TCLP VOC/SVOC samples were collected from the portion of the boring that displayed the highest

HNu reading during screening. When there was no Hnu reading, samples were collected from the
0148
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- &
midpoint of the boring. A composite sample from each boring was analyzed for the remainder of the
TCLP analytes. The purpose of TCLP analysis was to determine whether the waste met criteria for
regulation under RCRA and to determine leaching and transport potentials for waste transport

modeling."

Subsurface samples were taken from 26 borings (1947, 1950, 1952, 1982, 1983, 1984, 1985, 1986,
1987, 1988, 1989, 1990, 1991, 1992, 1993, 11036, 11037, 11038, 11039, 11040, 11041, 2037,
2947, 2949, 2951, and 2953) in the Solid Waste Landfill as part of the Phase II Field Investigation
(Figure 2-1a). A total of 37 samples were analyzed for full HSL and .full radiological parameters. In

addition, six samples were taken for TCLP analysis. Fourteen subsurface soil screening samples were

collected and analyzed for total uranium at the on-site laboratory. Three subsurface soil screening

samples were collected and analyzed for gross alpha and beta.

2.3.3  Surface Water and Sediment Sampling
Sediment samples were collected during the CIS (Weston 1987b) at five locations (21-007 through

21-011) in the drainageway and analyzed for cesium-137, radium-226, ruthenium-106, thorium-232, '
and uranium-238 at the on-site gamma spectroscopy laboratory. Sample Location 21-009 was selected
for off-site analysis of 16 radionuclides because it showed the highest results from the on-site

analysis. These sample locations are shown on Figure 2-1.

Storm water runoff and seepage from the landfill appears to reach the drainage ditch just north of the
landfill (Figure 2-2). This drainage flows westerly toward Paddys Run. The objective of surface
water and sediment sampling in the Solid Waste Landfill Study Area was to determine whether

contaminants from the landfill migrated from the area via the surface water pathway.

Two surface water samples were collected during the Phase I Field Investigation from one location
(ASIT-021) in the drainageway to the north of the Solid Waste Landfill. One sample was analyzed
for radionuclides, total uranium, pesticides/PCBs, VOCs, SVOCs, metals, and general chemistry.

The other sample was analyzed for radionuclides and total uranium only.

Surface water (SWL-SW-01 and SWL-SW-02) and sediment (SWL-SD-01 ‘and SWL-SD-02) samples
were taken both upstream and downstream of the Solid Waste Landfill during the Phase II Field
Investigation (Figure 2-2). One sample from each location was analyzed for full HSL and full
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radiological parameters. The water samples were also analyzed for general chemistry. Two surface
water screening samples were collected at the same locations where full samples were collected. In
addition, one surface water screening sample was collected at Boring No. 1947. Four sediment
screening samples were collected at location SWL-SD-01. The screening samples were analyzed for

total uranium at the on-site laboratory.

2.3.4 Groundwater Investigations
Three leachate samples were collected from Test Pit No. 8, which was excavated during the

Environmental Survey (Figure 2-1). The exact sampling location within the pit is not known because
the Environmental Survey locations were not surveyed. One leachate sample was analyzed for

radionuclides while the other two were analyzed for total uranium and metals.

The objectives of RI/FS groundwater sampling in the Solid Waste Landfill Study Area were to:
¢ Determine contaminant impacts to perched groundwater in the landfill. ‘
o Characterize the hydrology of the perched groundwater zone.

¢ Complete the physical characterization of, and determine contaminant impacts to, the upper
regional aquifer.

Seven monitoring wells (1035, 1037, 1038, 2027, 2037, 2052, and 3037) were installed in the
vicinity of the Solid Waste Landfill during the Phase I Field Investigation (Figure 2-2). Monitoring
Well 1037, located in a cluster with 2037 and 3037, was plugged and abandoned because of concerns
about installation practices. The monitoring wells were screened in the perched water and in the top
and bottom of the Upper Great Miami Aquifer. These wélls were sampled periodically during 1988
through 1990 and were analyzed for different combinations of radionuclides, total uranium, total
thorium, dioxins/furans, herbicide organics, pesticides/PCBs, VOCs, SVOCs, metals, and general
chemistry. Boring No. 1719, which was drilled in May 1992, was converted to a perched
groundwater monitoring well. This well was sampled and analyzed for total uranium, VOCs, metals,
and general chemistry. Detail on the sampling frequency and parameters for each well is included in
Table C-12 of Appendix C.

During July 1992, three trenches (Trench 1, Trench 2, and Trench 3) were excavated in the Solid
Waste Landfill (Figure 2-1a) to locate and visually inspect the buried materials (DOE 1992e). A total
( i\-’- - v
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of five in situ leachate samples were collected from the three trenches and four were analyzed for
radionuclides, herbicide organics, dioxins/furans, VOCs, SVOCs, pesticides/PCBs, metals, and
general chemistry. The fifth sample was analyzed for SVOCs and pesticides/PCBs only.

During the Phase II Field Investigation, three 1000-series wells (1947, 1950, and 1952) and four
2000-series wells (2947, 2949, 2951, and 2953) were completed (Figure 2-2), and wells installed
under the RI/FS Phase I and Phase II Field Investigations were sampled. Samples were analyzed for
full HSL, full radiological, and general chemistry parameters at an off-site laboratory or for total
uranium screening at the on-site laboratory. Well 1719 was planned to be sampled, but at the time of

sampling, the well was found to be dry.

Water samples were also collected using a bailer from soil borings during the RI/FS Phase II Field
Investigation if sufficient seepage occurred during drilling. Samples from Boring Nos. 1985, 11037,
11039, and 11040 were collected and analyzed for total uranium at the on-site laboratory.

2.3.5 Geotechnical Investigations

- During the Weston CIS Boring Program (Weston 1988), a composite sample was collected from
Boring No. 49-03 from a depth of 0 to 18 feet. This sample was analyzed for specific gravity, liquid
limit, plasticity index, natural moisture content, particle size and distribution, maximum dry density,
'optimum moisture content and color, and physical state. An additional CIS composite sample was
collected from a depth of 0 to 12 feet, but the CIS report did not specify the exact location. Due to
being composited, these samples and other composited samples had limited use in guiding the RI

Field Investigation.

In 1991, the Phase I RI/FS sampling team measured in-place density at three locations (GEO-9,
GEO-10 and GEO-11) in the Solid Waste Landfill by ASTM Method D-2922 for nuclear density
measurements (Figure 2-1a). Wet density, dry density, and moisture content were measured at each

sampling location.

During the Phase II Field Investigation, geotechnical samples were collected from SWL-SD-02,

- SWL-SS-02, and 12 of the subsurface borings (1947, 1950, 1952, 1982, 1983, 1984, 1986, 1988,
1989, 1990, 1992, and 2949). The samples from these locations were analyzed for different
combinations of specific gravity, water content, liquid lﬁnif,glgtic limit, sieve analysis, hydrometer
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analysis, consolidated isotropic undrained triaxial, direct shear, and dry unit weight. Sample intervals 1
and exact analytical parameters are presented in Table C-20 of Appendix C. 2

3
2.3.6 Soil Gas Survey ' s
A soil gas survey was performed in the Solid Waste Landfill to locate sources of organic s
contamination in the shallow disturbed surface that were detected during trenching activities. Forty- 6
seven soil gas samples were collected from fifty proposed locations in a grid pattern across the 7
surface of the Solid Waste Landfill. s

9
Figure 2-3 shows the grid and sample locations. Forty-seven of the fifty proposed locations were 10

measured in the field using an OVM and OVA. Samples were then collected in Tedlar bags and 1

screened at the on-site laboratory using an OVM and OVA to measure total VOCs and methane, 12
respectively. The five locations with the highest detections of total VOCs and one new location (CD- &)
1) were sampled and sent to an off-site laboratory for a gas chromatography/mass spectrometry 1
(GC/MS) scan (EPA Method TO-14). The results of the soil gas survey were used to select locations 15
for borings intended to collect subsurface samples of waste material. : 16
‘ 1
2.3.7 Geophysical Survey 18
The CIS performed geophysical surveys of the Solid Waste Landfill.. Three types of geophysical 19
methods were used to survey the Solid Waste Landfill: magnetic, EM, and GPR. Magnetic data 2
measurements were conducted on a 25 by 25 foot grid with the sensor oriented in a northerly 21
direction. Figure 2-4 represents the magnetic grid locations for the Solid Waste Landfill. The EM 2
survey was conducted on a 50 by 25 foot grid, with 50 feet separating the north-to-south trending 2
profiles. The EM survey was performed in both the vertical and horizontal dipole to further evaluate 2
rear surface disturbances. Additional data points were surveyed on a 25 foot grid between the 50 foot 25
grid lines when anomalies were detected. The grid locations for the EM survey are identified in 2
Figure 2-5. The GPR survey was performed on a 25 by 25 foot grid and is identified in Figure 2-6. 7
28
2.4 ENVIRONMENTAL CHARACTERIZATION INFORMATION FOR THE LIME SLUDGE 2
PONDS )
The Lime Sludge Ponds have been preliminarily characterized by the Environmental Survey and CIS :;
Sampling Program, followed by characterization by the RI/FS Sampling Program. The following »

. 0153
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sections discuss the sample locations and analytical parameters for each of these sampling programs.

Results of these sampling programs are presented in Appendix D.

2.4.1  Surface Sampling

" During the Environmental Survey, 12 surface media samples were collected from four locations

(0616, 0617, 0618, and 0619) in the South Lime Sludge Pond (Figure 2-7). Each location had
samples analyzed for radionuclides, total uranium, VOCs, and TCLP metals.

As part of the CIS radiological survey of surface soils, ten samples were collected and analyzed for
16 radionuclides. Seven of these samples (46-534, 46-542, 46-543, 46-544, 23-005, 46-526, and 46-
527) were collected at four locations along the K-65 Slurry Line (Weston 1987c). This slurry line,
which lies in a 3.5-foot-deep concrete trench, was used to pump waste from the former Production
Area to the K-65 silos. Two surface samples (23-012 and 23-013) were taken in the western portion
of the South Lime Sludge Pond and one sample (46-187) was collected about 40 feet north of the
North Lime Sludge Pond. Locations of the samples that were analyzed off site are shown on

Figure 2-7.

The objectives of RI/FS surface media (including soil and lime sludge residue) sampling at the Lime

Sludge Ponds were to:
o Determine surface contamination of the roadways at the north edge of subunit.
e Provide data to evaluate the potential for exposure via the direct contact pathway.

e Provide data to evaluate the potential for exposure via the air migration pathway.

Surface media samples were collected from 14 locations (LSP-TR-01, LSP-TR-02, and LSP-SS-03
through LSP-SS-14) in the North and South Lime Sludge Ponds under the Phase II Field Investigation
(Figure 2-7a). Fourteen samples from these locations were analyzed for full HSL and full
radiological analysis. One sample was analyzed for pesticides/PCBs only, making a total of 15
samples for off-site analysis. Screening samples were collected from four locations (LSP-TR-01,
LSP-TR-02, LSP-SS-03, and LSP-SS-04) and sent to the on-site laboratory for total uranium analysis.

A screening sample from LSP-TR-02 was analyzed for gamma activity by gamma spectroscopy.

T g Y
NEYE RS

0154

FER\CRU2RI\CME\SECTION2\TEXT\February 10, 1994 3:50pm 2-52

31

32

33




S—

FEMP-OU02-4 DRAFT
February 18, 1994

fig0203.dgn

1379600

1379800

482400 —

482200

POND

482000

EVAPORATION

482400

482200

482000

TOTAL VOC |- TOTAL METHANE TOTAL VOC | TOTAL METHANE - TOTAL VOC | TOTAL METHANE
LOCATION (ppm) (ppm) LOCATION (ppm) (pprm) LOCATION (ppm) (ppm)
A-O 22.0 44.0s c-0 80.0~ 89.0* £-0 0.0+ 24.0*
A-1 37.0 8.2« C-1 60.0. 1000.0* E-1 0.0 2.0, 0.0=
A-2 21.0 100.0» C-2 0.0 126.0- E-2 0.0 71.0, 36.0~
A-3 40.6 1000.0~ c-3 0.0 136.0x E-3 0.0 6.0, 0.6*
A-4 38.2 1320.0= Cc-4 0.0 0.0+ E-4 0.0 6.0, 0.0«
A-5 0.0 4.0* c-5 0.0 0.0- E-5 0.0 5.0, 2.0=
A-7 0.0= 0.0= Cc-6 0.2 0.0= E-6 0.0 6.0, 0.0+
A-8 10.0~ 12.0~ c-8 0.0: 0.0- E-8 0.0- 0.0~
TOTAL VOC | TOTAL METHANE TOTAL VOC § TOTAL METHANE TOTAL VOC | TOTAL METHANE
LOCATION (ppm) (pom) LOCATION (ppm) (ppm) LOCATION (ppm) (ppm)
B-00 6.8 26.0+ D-00 NA NA AA-O 12.0: 14.0-
B-0 4.8 48.0: D-0 1.3 2.0, 1000.0* AA-1 38.0- 42.0
B8-1 26 8.9 D-1 767.0 110.0, 100.0- AA-2 68.0x 74.0%
B-2 7.0 8.8: D-2 0.7 27.0, 27.0= AA-3 82.0: 98.0=
B-3 7.0 420.0- D-4 0.0 160.0, 100.0- AA-4 7.81 7.2+
B-4 0.7 92.0 D-5 0.4 0.0, 0.0- AA-5 12.0» 12.0-
B-5 0.3 0.0- D-6 2.0 2.0, 0.0 AA-7 0.0x 0.0+
B-6 0.0 0.0= D-8 NA NA AA-8 0.0 0.0x
"B-8 NA NA

o ol7g

~~575.. ELEVATION CONTOURS

\

=xw, RALROAD
o
°

LEGEND

== ROADS
"X STREAM

- - — DRAINAGE
FENCE

SOIL GAS SURVEY
SAMPLE LOCATIONS
ANALYZED

SOIL GAS SURVEY
SAMPLE LOCATION
SENT FOR LABORATORY
ANALYSIS

= INDICATES TEDLAR BAG READINGS

NOTE:

: ‘ Coordinates are in State

i Planar NAD 1927.
Surface contours based on
1992 flyover.

SCALE (FT)
© 25 58 100 150 _ 200
FIGURE 2-3

SOIL GAS SURVEY
SCREENING RESULTS
SOLID WASTE LANDFILL

o S

2-53




= ol7@

1t g3
FEMP-OU02-4 ' DRAFT
February 18, 1994

e

© 482450

482350

1379500 l379l500 13791700 1379'800 1379900
x =y r—% :
* > - S -
(-]
_N
* P - - ;
o
- - - -
- - - -
. - - - -
[~}
~N
- - - - W
n
o
- . - -
- - - . - - - - - - . .

o>
@ 3
N N
< o
oo
? 2
N -
® EH
- * - * PS - - - . X N
e S - * - - PS - N . L N
2 vL — X . &
o T e T -2
*1379500 1379600 1379700 1379800 1378800 o

Legend
+  Data Point Location

——— Approximate Sanitary

Landfill Boundary

1190299 490

STATE PLANE CBBRDINARTE SYSTEM

BHIB SBUTH ZBNE

-*—%* Fence
++-+++ Railroad Tracks .
Hydrology - PREPARED BY
REY F. HESTBN, INC. 8/1/87
FIGURE 2-4
CIS MAGNETIC . SURVEY
0158 DATA POINTS
SOLID WASTE LANDFILL

2-54




g 5170

FEMP-OU02-4 DRAFT
February 18, 1994

1378500

13791600

482450

482350

&

1378700 l379|800 1379900
e 4‘ -"'—'-'
[ d LY -
(-
_N
. - b
o
.

g .
o
@
N
[ [~ w
* wn
o

> ° s .

o>
% ]
o~ ~N
~ (24
- S
‘ $
! r )
. g * » : g
T * ¢ 8 B
2 . . | a
. T - 4 - .
. 3 . .
hd [4 . . 5 . L
-::3::1:::H:?::HHH::::H::::::H ‘:H!'H:a
2 g Bk
S T 1 | a
L1378500 1378600 1379700 1379800 1379900 o
Legend STATE PLANE COBBRDINARTE SYSTEM
+ Data Pqint Locall?n BH1B SﬂUTH 28NE
Approximale Sanitary
Landlill Boundary
-—1% Fence
+++++ Railroad Tracks PREPARED BY
Hydrology )
RBY F. WESTBN, INC. /1781

fig0208.dgn

FIGURE 2:5
CIS ELECTROMAGNETIC
SURVEY DATA POINTS

+6:3SOLID WASTE LANDFILL ®

0157

2-55




E 5 l 74 0 FEMP-OU02-4 DRAFT

Pebruary 18, 1994

fig0209.dgn

|

1379500 |3791600 1379700 13791800 1379900
»n " 0

; o>

o - / : o

T "k b o

) 3 -

!

!

H e 3
wn ~N
- * -3
¥ \/ i}
<

» -

i , o

PN N

- ”» . i 0

| - . L1 e

/ <
228
I %

|
. o
@ # 2
~— it
@ E
: 3
1

lllllllll . '

l .....rnvt....:H::H:H:H::::HH::: s .

i o
o r PR
< T -1 7 2
21373500 1379600 1379700 1379800 1379800 o

Legend STRATE PLANE CBBRDINRTE SYSTEM -
GPR Pr?lnle Loca.hon QH1B SBUTH ZBNE
Approximate Sanitary
Landlill Boundary
-#—% Fence N
+++++ Railroad Tracks PREPARED BY
Hydrology
RAT F. HWESTBN. INC. 8/1/87

- 0158

FIGURE 2-6
CIS GROUND PENETRATING
RADAR SURVEY
 PROFILE LOCATIONS
SOLID WASTE LANDFILL

@

2-56




4
u ]
wA

o170

FEMP-OU02-4 DRAFT
February 18, 1994

1
: , T STATE PLANAR COORDINATE GRID L
ot — - mmm s = s s s s s s s s T —\'{r LI NNt A St
Z T 4 |
< ’.! L}
| -t - '
X T b 3 l
| —+ Z
: 1 46-187 ] |
i L =
= ~ =
:/:- / |
Le— U7 e - .
: | % 7 s |
/ N .
I - i A . | '
! I NORTH LIME SLUDGE POND ' " |
| | | '
b I ' [
X B i TA ! |
I | 47-02 1 .
X - X A ! !
' 4 \ 47-83 ! |
| | N e e e e e e e - 7 :
— <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>