
m--m 
- U-006-402.3 - 

1804 e 

INITIAL SCREENING OF ALTERNATIVES FOR 
OPERABLE UNIT 4 TASK 12 REPORT AUGUST 
1990 

8-3-90 

DOE/EPA 
15 
REPORT 



INITIAL SCREENING OF ALTERNATIVES 
FOR OPERABLE UNIT 4 

TASK 12 REPORT 

August 1990 

U.S. DEPARTMENT OF ENERGY 
OAK RIDGE OPERATIONS OFFICE 

FEED MATERIALS PRODUCTION CENTER 
FERNALD, OHIO 

REMEDIAL, INVESTIGATION and WASIBILTY STUDY 

DRAFT 



1804 
DRAFT 

DETMLED A N ~ Y S I S  OF ALTERNATIVES 
FOR OPERABLE UNIT 4 

TASK 12 REPORT 

FEED MATERIALS PRODUCTION CENTER 
FERNALD, OHIO 

REMEDIAL INVESTIGATION and FEASIBILITY STU Y -P 

P 
P Prepared for 

US. DEPARTMENT OF ENERGY 
OAK RIDGE OPERATIONS OFFICE 

Prepared by 

ADVANCED SCIENCES, INC. 
IT CORPORATION 

August 1990 
FMPC-0412-5 

2 



TABLE OF CONTENTS 

List of Tables 
List of Figures 
List of Acronyms 
Distribution List 
Executive Summary 
1.0 Introduction 

1.1 Purpose 
1.2 Organization of Report 
1.3 Background 

1.3.1 Site Description 
1.3.2 Operable Unit Description 
1.3.3 Nature and Extent of Contamination 

2.0 Technology and Process Option Refinement 
2.1 Environmental Isolation Enclosure 
2.2 Mechanical, Hydraulic, Pneumatic Removal 

P 2.2.1 Mechanical Removal 
2.2.2 Hydraulic Removal 
2.2.3 Pneumatic Re val P 2.3 Silo Demolition 

2.4 StabilizationlVitrific tion 
Stabilization 

2. 217 2 Vitrification 
2.5 Air Treatment Process 

f 

2.6 

2.7 Impermeable Cap 
2.8 On-Site Disposal Facility 
2.9 Packaginflransponation 

Water Treatment - Metals Removal, Ion Exchange, an( 

2.9.1 Limited Quantities 
2.9.2 LSA 
2.9.3 Type A 
2.9.4 Type B 

3.0 Development of Alternatives 
3.1 Summary 

1.804 

- PAGE 
xi 
xii 
xiii 
xv 
ES- 1 

1-1 

1-1 

1-1 

1-2 

1-2 

1-2 7 1-6 

Denitrification 

2-1 

2-1 

2-5 

2-5 

2-5 

2-7 

2-7 

2-9 

2-9 

2-10 

2-11 

2-12 

2-13 

2-15 

2-15 

2-21 

2-21 

2-22 

2-23 

3-1 

3-1 

3 



TABLE OF CONTENTS 
(Continued) 

3.1.1 Remedial Action Objectives 
3.1.2 General Response Actions 
3.1.3 Current Status 

3.2 Summary of Alternatives 
3.2.1 Alternative 0 - No Action 
3.2.2 Alternative 1 - Nonremoval, Silo Isolation - Silos 1, 2, 3 
3.2.3 Alternative 2 - Nonremoval In Situ Stabilization and Cap - 

silos 1, 2, 3 
3.2.4 Alternative 3 - Removal, and On-Site Disposal - Silo 3 

3.2.5 

3.2.6 

3.2.7 

3.2.8 

3.2.9 Alternative 8 - Removal, nant Separation, and On-Site 
ilos 

emoval. Contaminant Separation, and Off-Site 
isposal - K-65 Silos 

3.2.10 Alternative 

Alternative 4 - Removal of Metal Oxides and Off-Site Disposal - 

Alternative 5 - Removal and Replacement in Rehabilitated Si1 

Alternative 6 - Removal, Treatment, and On 1 e Disposal - 

Alternative 7 - Removal, Treatment, and Of -Site Disposal - 

a Silo 3 

Silo 3 

I K-65 Silos 

4.1 
4.2 
4.3 

4.4 

4.5 

4.0 Alternative Screening Methodology 
I n l e t i o n  
Rewment  of Alternatives 
Alternative Evaluation Process 
4.3.1 Effectiveness Evaluation 
4.3.2 Implementability and Reliability Evaluation 
4.3.3 Cost Evaluation 
4.3.4 Innovative Technologies 
Compliance with Applicable or Relevant and Appropriate Requirements 
(ARARs) 
Waste Disposal Considerations 
4.5.1 Long-Term Effectiveness 
4.5.2 Short-Term Effectiveness 
4.5.3 Reduction in Toxicity, Mobility. and Volume through Treatment 

ii 

1804 

- PAGE 
3-1 
3-2 
3-2 
3-3 
3-3 
3-3 
3-3 

3-5 
3-5 

3-5 

3-5 

3-5 

3-5 

3-5 

4-1 
4-1 
4-1 
4-2 
4 4  
4-4 
4-5 
4-5 
4-5 

4-6 
4-6 
4-7 
4-7 

4 



TABLE OF CONTENTS 
(Continued) 

4.5.4 Implementability ' 

4.5.5 cost 
4.5.6 
4.5.7 Land Disposal Restrictions 

Overall Protection of Human Health and the Environment 

5.0 Screening of Alternatives 
Alternative 0 - No Action 
5.1.1 Description 

5.1 

5.1.1.1 System Requirements 
5.1.1.2 Size and Configuration 
5.1.1.3 Remediation Time Frame 
5.1.1.4 Spatial Requirements 
5.1.1.5 Packaging Requirements 
5.1.1.6 Waste Generated 
5.1.1.7 Permits Required 

5.1.2.1 Protection of Huma 
5.1.2.2 Protection of the E 

5.1 2.3 

r 
5.1.2 Effectiveness 

n in Toxicity, Mobility, and Volume though 
t 

5.1.3 Implementability . 
5.1.3.1 Constructability 
5.1.3.2 Reliability 
5.1.3.3 Maintenance/Operation 
5.1.3.4 Agency Approvals 
5.1.3.5 Special Engineering and Equipment 

5.1.4 Cost 
5.1.5 Additional Data Needs 
5.1.6 Screening Summary 

Alternative 1 - Nonremovd, Silo Isolation - Silos 1, 2, 3 
5.2.1 Description 

5.2 

5.2.1.1 System Requirements 
5.2.1.2 Size and Configuration 

PAGE 
4-7 
4-7 
4-8 
4-8 
5-1 

5-1 
5-1 
5-1 
5-1 

7 - ::: 
5-2 
5-2 
5-2 
5-2 
5-2 
5-2 
5-2 

5-2 
5-2 
5-3 
5-3 
5-3 
5-3 

5-3 
5-3 
5-3 
5 4  

5 4  

5 4  

5 4  

iii 
5 



TABLE OF CONTENTS 
(Continued) 

5.2.1.3 Remediation Time Frame 
5.2.1.4 Spatial Requirements 
5.2.1.5 Packaging Requirements 
5.2.1.6 Waste Generated 
5.2.1.7 Permits Required 

5.2.2 Effectiveness 
5.2.2.1 Protection of Human Health 
5.2.2.2 Protection of the Environment 
5.2.2.3 Reduction in Toxicity, Mobility, and Volume through 

Treatment 
5.2.3 Implementability 

5.2.3.1 Constructability 
5.2.3.2 Reliability 
5.2.3.3 Maintenance/Operation 
5.2.3.4 Agency Approvals 
5.2.3.5 Special Engineeri d Equipment 

5.2.4 Cost P 
5.2.6 Screening FNeeds ummary 
5.2.5 Additional 

5.3 tive 2 - Nonremoval, In Situ Stabilization and Cap - 
2.3 
Description 
5.3.1.1 System Requirements 
5.3.1.2 Size and Configuration 
5.3.1.3 Remediation Time Frame 
5.3.1.4 Spatial Requirements 
5.3.1.5 Packaging Requirements 
5.3.1.6 Waste Generated 
5.3.1.7 Permits Required 

5.3.2 Effectiveness 

5.3.2.1 Protection of Human Health 
5.3.2.2 Protection of the Environment 

1804 

PAGE 

5-5 
5-5 
5-5 
5-5 
5-5 
5-5 
5-5 
5-6 
5-6 

5-6 
5-6 
5-6 
5-6 
5-6 
5-6 
5-6 
5-7 
5-7 
5-7 

5-7 
5-8 
5-8 
5-8 
5-8 
5-8 
5-8 
5-9 
5-9 
5-9 
5-9 

iv 

6 



TABLE OF CONTENTS 
(Continued) 

5.3.2.3 

5.3.3 Implementability 

Reduction in Toxicity, Mobility, and Volume through 
Treatment 

5.3.3.1 Constructability 
5.3.3.2 Reliability 
5.3.3.3 Maintenance/Operation 
5.3.3.4 Agency Approvals 
5.3.3.5 Special Engineering and Equipment 

5.3.4 cost 
5.3.5 Additional Data Needs 
5.3.6 Screening Summary 
Alternative 3 - Removal and On-Site Disposal - Silo 3 
5.4.1 Description 

-T 5.4 

f 5.4.1.1 System Requirements 
5.4.1.2 Size and Confrguration 
5.4.1.3 Remediation Tim e 

5.4.1.4 Spatial Requirem 
5.4.1.5 ing Requirements 
5.4.1.6 Generated 
5.4.1.7 Permits Required 

5.4.2.1 Protection of Human Health 
5.4.2.2 Protection of the Environment 
5.4.2.3 

5. .2 Effectiveness 

Reduction in Toxicity, Mobility, and Volume through 
Treatment 

P 
5.4.3 Implementability 

5.4.3.1 Constructability 
5.4.3.2 Reliability 
5.4.3.3 MaintenancdOperation 
5.4.3.4 Agency Approvals 
5.4.3.5 Special Engineering and Equipment 

5.4.4 cost 
5.4.5 Additional Data Needs 

PAGE 
5-9 

5-10 
5-10 
5-10 
5-10 
5-10 
5-10 
5-10 
5-11 
5-1 1 
5-11 
5-11 
5-13 
5-13 
5-13 
5-13 
5-13 
5-14 
5-14 
5-14 
5-14 
5-14 
5-14 

5-14 
5-14 
5-15 
5-15 
5-15 
5-15 
5-15 
5-15 

V 

7 



TABLE OF CONTENTS 
(Continued) 

5.4.6 Screening Summary 

Alternative 4 - Removal and Off-Site Disposal - Silo 3 

5.5.1 Description 
5.5 

5.5.1.1 System Requirements 
5.5.1.2 Size and Configuration 
5.5.1.3 Remediation Time Frame 
5.5.1.4 Spatial Requirements 
5.5.1.5 Packaginflransportation Requirements 
5.5.1.6 Waste Generated 
5.5.1.7 Permits Required 

5.5.2 Effectiveness 

5.5.2.3 Reduction in Toxicity, Mobility, f d Volume through 

5.5.2.1 Protection of Human Health 
5.5.2.2 Protection of the Environment 

P 
Treatment 

5.5.3 Implementability 
5.5.3.1 Constructability 
5.5.3.2 R i ility 
5.5.3.3 P aintenance/Operation 
5.5.3.4 Agency Approvals 
5.5.3.5 Special Engineering and Equipment 

5. P .4 cost 
5.5.5 Additional Data Needs 
5.5.6 Screening Summary 
Alternative 5 - Removal and Replacement in Rehabilitated Silo - Silo 3 

5.6.1 Description 
5.6 

5.6.1.1 System Requirements 
5.6.1.2 Size and Configuration 
5.6.1.3 Remediation Time Frame 
5.6.1.4 Spatial Requirements 
5.6.1.5 Packaging Requirements 

- PAGE 
5-15 

5-15 

5-15 

5-16 

5-16 

5-16 

5-16 

5-16 

5-18 

5-18 

5-18 

5-18 

5-19 

5-19 

5-19 

5-19 

5-19 

5-19 

5-19 

5-20 

5-20 

5-20 

5-20 

5-20 

5-20 

5-21 

5-21 

5-21 

5-21 

5-21 

vi 8 



TABLE OF CONTENTS 
(Continued) 

5.6.1.6 Waste Generated 
5.6.1.7 Permits Required 

5.6.2 Effectiveness 
5.6.2.1 Protection of Human Health 
5.6.2.2 Protection of the Environment 
5.6.2.3 Reduction in Toxicity, Mobility, and Volume through 

Treatment 
5.6.3 Implementability 

5.6.3.1 Constructability 
5.6.3.2 Reliability 
5.6.3.3 Maintenance/Operation 

5.6.3.4 Agency Approvals I 
5.6.3.5 Special Engineering and Equipment t 5.6.4 Cost 

5.6.5 Additional Data Needs 
5.6.6 Screening Summary 
Alternative 6 - Removal, Treatment, 
5.7.1 Description 

P 5.7 On-Site Disposal - K-65 Silos 

Requirements 
d Configuration 

5.7.1.3 Remediation Time Frame 
5.7.1.4 Spatial Requirements 
5.7.1.5 Packaging Requirements 
5.7.1.6 Waste Generated 
5.7.1.7 Permits Required 

0 
5.7.2 Effectiveness 

5.7.2.1 Protection of Human Health 
5.7.2.2 Protection of the Environment 
5.7.2.3 Reduction in Toxicity, Mobility, and Volume through 

Treatment 
5.7.3 Implementability 

5.7.3.1 Constructability 

PAGE 
5-21 
5-21 
5-22 
5-22 
5-22 
5-22 

5-22 
5-22 
5-23 
5-23 
5-23 
5-23 
5-23 
5-23 
5-23 
5-24 
5-24 
5-24 
5-24 
5-26 
5-26 
5-26 
5-26 
5-26 
5-27 
5-27 
5-27 
5-27 

5-27 
5-27 

vii 9 



TABLE OF CONTENTS 
(Continued) 

5.7.3.2 Reliability 
5.7.3.3 Maintenance/Operation 
5.7.3.4 Agency Approvals 
5.7.3.5 Special Engineering and Equipment 

5.7.4 cost 
5.7.5 Additional Data Needs 
5.7.6 Screening Summary 

Alternative 7 - Removal, Treatment, and Off-Site Disposal 
5.8.1 Description 

5.8 

5.8.1.1 System Requirements 
5.8.1.2 Size and Configuration 
5.8.1.3 Remediation Time Frame 

5.8.1.5 Packaginflransportation Requirem k ts 

5.8.1.4 Spatial Requirements 

5.8.1.6 Waste Generated 
5.8.1.7 Permits Required P 5.8.2 Effectiveness 
5.8.2.1 
5.8.2.2 
5.8.2.3 

o tion of Human Health 33 tection of the Environment 
Reduction in Toxicity, Mobility, and Volume through 
Treatment 

5.8.3.1 Constructability 
5.8.3.2 Reliability 
5.8.3.3 Maintenance/Operation 
5.8.3.4 Agency Approvals 
5.8.3.5 Special Engineering and Equipment 

5.8 Q Implementability . 

5.8.4 Cost 
5.8.5 Additional Data Needs 

5.8.6 Screening Summary 
Alternative 8 - Removal, Contaminant Separation, and On-Site Disposal - 

5.9.1 Description 

5.9 
K-65 Silos 

PAGE 
5-27 
5-28 
5-28 
5-28 
5-28 
5-28 
5-28 
5-29 
5-29 
5-29 
5-29 
5-29 
5-31 
5-31 
5-31 
5-31 
5-32 
5-32 
5-32 
5-32 

5-32 
5-32 
5-32 
5-33 
5-33 
5-33 
5-33 
5-33 
5-33 
5-33 

5-33 

viii 



TABLE OF CONTENTS 
- (Continued) 

5.9.1.1 System Requirements 
5.9.1.2 Size and Configuration 
5.9.1.3 Remediation Time Frame 
5.9.1.4 Spatial Requirements 
5.9.1.5 Packaging Requirements . 

5.9.1.6 Waste Generated 
5.9.1.7 Permits Required 

5.9.2 Effectiveness 
5.9.2.1 Protection of Human Health 

5.9.2.3 
5.9.2.2 Protection of the Environment 

Reduction in Toxicity, Mobility, and Volume throug 
Treatment a 

5.9.3 Implementability 
5.9.3.1 Constructability 
5.9.3.2 Reliability 
5.9.3.3 
5.9.3.4 Agency Approval 

Engineering and Equipment 
5.9.4 cost 
5.9.5 Additional Data Needs 
5.9 6 Screening Summary 

5.10 Al 0 ative 9 - Removal, Contaminant Separation, and Off-Site Disposal - 
K-65 Silos 
5.10.1 Description 

5.10.1.1 System Requirements 
5.10.1.2 Size and Configuration 
5.10.1.3 Remediation Time Frame 
5.10.1.4 Spatial Requirements 
5.10.1.5 Packaginflransportation Requirements 
5.10.1.6 Waste Generated 
5.10.1.7 Permits Required 

5.10.2 Effectiveness 
5.10.2.1 Protection of Human Health 

PAGE 
5-36 
5-36 
5-36 
5-36 
5-37 
5-37 
5-37 
5-37 
5-37 
5-37 
5-38 

5-38 
5-38 
5-38 
5-38 
5-38 
5-38 
5-38 
5-39 
5-39 
5-39 

5-39 
5-39 
5-39 
5-41 
5-41 
5 4 1  
5-42 
5-42 
5 4 2  
5 4 2  

ix 



1804. 

TABLE OF CONTENTS 
(Continued) 

5.10.2.2 Protection of the Environment 
5.10.2.3 Reduction in Toxicity, Mobility, and Volume through 

Treatment 
5.10.3 Implementability 

5.10.3.1 Constructability 
5.10.3.2 Reliability 
5.10.3.3 Maintenance/Operation 
5.10.3.4 Agency Approvals 
5.10.3.5 Special Engineering and Equipment 

5.10.4 Cost 
5.10.5 Additional Data Needs 
5.10.6 Screening Summary 

6.0 General Summary 
6.1 Alternatives Recommended for Detailed Analysis 

P 
6.2 Additional Data Needs 

6.2.1 SamplinglStudies 
6.2.2 ARARs 

6.3 Detailed Analysis P w P 

PAGE 
5-42 
5-42 

5-43 
5-43 
5-43 
5-43 
5-43 
5-43 
5-43 
5-43 
5 4 4  

6-1 
6-1 
6-4 
6-4 
6-4 
6-4 

References 
Appendices 
A. AFL4Rs 

B. Silo Analytical Data 

X 



TABLE NO. 

ES- 1 
1-1 

1-2 

1-3 
3-1 
6- 1 
6-2 

LIST OF TABLES 

TITLE 
Alternative Evaluation Matrix 
Silo Waste Characteristics 
Radionuclide Concentration Summary in the Silo Waste 
Chemical Concentrations in the Silos 
Remedial Action Alternatives 
Alternative Evaluation Matrix 
Cost Estimate for Remedial Action Alternatives 

P 
P 

PAGE 
ES-5 
1-9 
1-10 

1-1 1 

3 4  

6-2 
6-3 

xi 



LIST OF FIGURES 
- 

FIGURE NO. TITLE 

1-1 
1-2 

1-3 
1-4 
1-5 
2-1 

2-2 
2-3 
2-4 
2-5 
2-6 
2-7 
2-8 
2-9 

2-10 
2-1 1 
4- 1 

5- 1 
5-2 
5-3 
5-4 

5-5 

5-6 

5 Mile Radius Map, Feed Materials Production Center 
Major Features of the Feed Materials Production Center 
Waste Storage Area 
Typical Cross-Section through Silos 1 and 2 
Cross-Section through Silo 3 
Conceptual View of Environmental Isolation Enclosure (EIE) 
Over K-65 Silos 
Plan View of EIE and Berm Modification 
Sectional View of EIE, Section A-A 

Hydraulic Removal of Silo Material 
Vacuum Removal of Silo Material 
Water Treatment - Metals Removal, Ion-Exch and Denitrification 

Capping Profile Y 

D Alternative 6 - Removal, Treatment, On-Site Disposal - Silos 1, 2 

Tumulus-Structural Slab 
Tumulus-Compacted Coarse S 
Greater Confinement Disposal 

Relationship of f+ Screening Criteria to the Nine Evaluation Criteria 
GCD with Stru Slab and Vault Placed Above Grade 

temative 3 - Removal and On-Site Disposal - Silo 3 
ernative 4 - Removal and Off-Site Disposal - Silo 3 

Alternative 7 - Removal, Treatment, Off-Site Disposal - Silos 1, 2 
Alternative 8 - Removal, Contaminant Separation, On-Site Disposal - 
Silos 1, 2 
Alternative 9 - Removal, Contaminant Separation, Off-Site Disposal - 
Silos 1, 2 

1804 

PAGE 

1-3 
1-4 
1-5 
1-7 
1-8 
2-2 

2-3 
2-4 
2-6 
2-8 
2-14 
2-16 
2-17 
2-18 
2-19 
2-20 
4-3 
5-12 
5-17 
5-26 
5-30 
5-35 

5-40 

xii 1 4  



LIST OF ACRONYMS 

AFT 
ARARS 

AWQC 
BDAT 
CAA 
CERCLA 
COE 
CWA 
DOE 
DOT 
EIE 
EPA 
FFCA 
FMPC 
FS 

GCD 
HEPA 
HIC 
W A C  
ISV 

LCDS 
LDR 
LSA 
MCL 
MCLG 
MPRSA 
NAAQS 
NCP 
NESHAP 
NLO 
NPDES 
NRC 
NTS 

Air Pollution Control 
Applicable or relevant and appropriate requirements 
Ambient water quality criteria 
Best demonstrated available treatment 
Clean Air Act 
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
U.S. Army Corps of Engineers 
Clean Water Act 
U.S. Department of Energy 
U.S. Department of Transportation 
Environmental isolation enclosure 
U.S. Environmental Protection Agency 
Federal Facilities Compliance Agreement 
Feed Materials Production Center 
Feasibility study 
Greater confinement disposal 
High efficiency particulate absol 
High integrity cont ’ ers 
Heating, ventilat 

@ 
, and air conditioning 

In situ vitrificati f n 
a hate collection and detection system 
d disposal restrictions I7 

Low specific activity 
Maximum contaminant level 
Maximum contaminant level goal 
Marine Protection Research and Sanctuaries Act 
National ambient air quality standards 
National Contingency Plan 
National Emission Standards for Hazardous Air Pollutants 
National Lead (Company) of Ohio 
National pollutant discharge elimination system 
Nuclear Regulatory Commission 
Nevada Test Site 

xiii 

I. 5 



LIST OF ACRONYMS 

OAC 
O&M 
ODNR 
OEPA 
ORC 
OSWER 
OU4 
RI 

RI/FS 
SARA 
sco 
SDWA 
SWDA 
TBC 
TCLP 
TSCA 
UIC 
WMCO 

Ohio Administrative Code 
Operation and maintenance 
Ohio Department of Natural Resources 
Ohio Environmental Protection Agency 
Ohio Revised Code 
Office of Solid Waste and Emergency Response 
Operable Unit 4 
Remedial investigation 
Remedial investigatiodfeasibility study 
Superfund Amendments and Reauthorization Act of 1986 
Surface contaminated object 
Safe Drinking Water Act 
Solid Waste Disposal Act 
To be considered 
Toxicity characteristic leaching procedure 
Toxic Substances Control Act 
Underground injection control P 
Westinghouse Mat 'als Company of Ohio P 

xiv 

1.6 



DISTRIBUTION LIST 

Project Director - John Wood, Femald 
Project Technical Manager - John Razor, Femald 
Technical Manager - Bob Galbraith, Femald 
Operable Uniflask Managers - Dave Harmer, Knoxville 

Robin Smith, Pittsburgh 
Sam Wolinsky, Femald 
Dan Smith, Oak Ridge 

Project QA Officer - Lany Sexton, Femald 
Technical QA Officer - Don Mack, Knoxville 
Site Project Files - Femald 
IT-Monroeville Project Central Files 
IT-Knoxville Project Central Files 
ASI-Oak Ridge Project Files 

DOE COR - Bobby Davis, Femald 
WMCO - Pat Hopper, Femald 
Lee Wan & Associates - M. Neal, Femald P 
DOE-HQ - Randi Allen, Was 

Carolyn Osbome 
L i m l d t  

V 
EPA, Region 5 - Catherine McCord, Chicago 
OEPA - Graham Mitchell, Dayton 

xv 





9804  
FMPC-0412-5 
August 05,1990 

EXECUTIVE SUMMARY 

This document presents the Initial Screening of Alternatives for Operable Unit 4 at the Feed 
Materials Production Center (FMPC), Femald, Ohio, which was conducted as part of the site-wide 
Remedial InvestigatiorVFeasibility Study ou/FS) pursuant to the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA). Operable Unit 4 includes the waste storage 
silos (two K-65 silos and the Silo 3) and the potentially contaminated soils sumunding them. 

REMEDIAL ACTION OBECI'IVES 

At the time of the activities of Task 12, the remedial action objectives came directly from the 
RI/FS Work Plan, Revision 3, March 31, 1988. The objectives directly 
4 were to: 

o Operable Unit 

0 Control and reduce the release of radon gas 

Control the migration of contaminants to 0 media that would exceed 
public health or environmental standards 

0 

0 sudden release of chemicals or 

U radionuclides. 

The remedial action objectiveslwere formulated to protect human health and the environment by 
isolating, re 
general and 
and receptors as they were not action levels or goals. 

, or treating the source of contamination. During Task 12, they were kept 
quantify the acceptable levels for the contaminants of concern for all pathways 

The previous task in the RUFS for Operable Unit 4 screened remedial action technologies, 
developed process options and identified viable remedial action alternatives based on those process 
options. A brief description of each remedial action alternative is provided in the following 
paragraphs. 

SUMMARY OF ALTERNATIVES 
In addition to the no-action alternative, nine distinct remedial action alternatives have been 
developed for Operable Unit 4. One reason for the relatively large number of alternatives is the 
significant differences in the material properties of the K-65 silos (Silos 1 and 2) and the metal 

ES- 1 



FMPC-0412-5 
-. August 05,1990 

oxide silo (Silo 3). There are two waste nonremoval and four waste removal alternative for the 
K-65 silos, and there are three waste nonremoval and two waste removal alternatives for Silo 3. 

Alternative 0 - No Action 
The no-action alternative provides no remediation and simply leaves the silos and silo wastes in 
their present state. The installation of monitoring equipment and silo maintenance would cost up to 

$1 million. 

Alternative 1 - Nonremoval, Silo Isolation - K-65 Silos and Silo 3 
This nonremoval alternative for both the K-65 silos and Silo 3 consists of enhancing the . 
containment integrity of the silos and utilizing them as permanent disposal 
impermeable clay cap and slurry walls are two of the technologies 

f The cost estimate for Alternative 1 is $13 million. 

Alternative 2 - Nonremoval. In Situ Stabilization,and CaD - K-65 Silos and Silo 3 

This nonremoval alternative for all silos consi 
conventional physical stabiliza 
are considered options. The 
wall, are identical to those de 

in situ stabilization and capping. Both 
hnologies (solidification, encapsulation, etc.) and vitrification 
and isolation technologies, with the exception of the slurry 
in Alternative 1. 

The cost esti 
waste is vitrified. 

for Alternative 2 is $19 million if the waste is solidified or $24 million if the D 
Alternative 3 - Removal and On-Site Disuosal - Silo 3 
This removal alternative for Silo 3 calls for mechanical, hydraulic, or pneumatic waste removal with 
disposal in an engineered on-site disposal facility without interim treatment or Stabilization. This 

includes silo demolition and disposal of the debris. 

The cost estimate for Alternative 3 is $49 million. 

Alternative 4 - Removal of Metal Oxides and Off-Site Disuosal - Silo 3 
This alternative for Silo 3 is identical to Alternative 3 with the exception that the waste is packaged 
for shipment to an approved off-site disposal facility. 
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The cost estimate for Alternative 4 is $9 million if the waste is transported as low specific activity 
(LSA) material or $25 million if the waste is transported as Type B material. 

Alternative 5 - Removal and ReDlacement in Rehabilitated Silo - Silo 3 
This alternative for Silo 3 provides for the removal of the metal oxides to a rehabilitated Silo 3 or 
Silo 4 reconstructed as a permanent disposal facility. 

A cost estimate for Alternative 5 was not fully developed because inadequate effectiveness and 
implementability caused the alternative to be dropped. 

Alternative 6 - Removal, Treatment, and On-Site Diswsal - K-65 Silos 
This removal alternative for the K-65 silos calls for the removal and 
vitrification of the waste prior to on-site disposal in an enginee 
silo demolition and disposal of the debris. 

The cost estimate for Alternative 6 is $65 milli 

Alternative 7 - Removal, Treatment. and Off-Site Diswsal - K-65 Silos 
This alternative for removal o 
the waste is packaged for shi 

disposal facility. This includes 7 
P 

K-65 waste is identical to Alternative 6 with the exception that 
to an approved off-site disposal facility. 

The cost esti ' a  for Alternative 7 is $37 million if the waste is shipped as LSA material or $42 Q 
million if the Waste is shipped as ~ y p e  B material. 

Alternative 8 - Removal. Contaminant SeDaration. and On-Site Dismsal - K-65 Silos 

This removal alternative for the K-65 waste is similar to Alternative 6 but adds an additional step 
of contaminant separation to remove various radionuclides and metals before stabilization and on- 
site disposal. This results in significant volume reduction and allows for the possible recovery of 
precious metals. This includes silo demolition and disposal of the debris. 

The cost estimate for Alternative 8 is $58 million. 
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Alternative 9 - Removal, Contaminant SeDaration, and Off-Site Dismsal - K-65 Silos 
This alternative is identical to Alternative 8, with the exception that the waste would be packaged 
and shipped to an approved off-site disposal facility. 

The cost estimate for Alternative 9 is $27 million with waste being shipped as Type B material. 
The specific radioactivity of the separated and concentrated contaminants is too high for LSA 
shipment. 

SCREENING OF ALTERNATIVES 
In order to reduce the number of alternatives subjected to the eventual detailed analysis phase, the 
alternatives were screened according to their performance in the areas of 

Guidance for Conductinp Remedial Investigations and Feasibility Studies 
implementability, and cost. These screening criteria are outlined in OSWER 

first activity in 

The short- and 

the selection process was to describe each altern 
System requirements 
Size and configuration 
Remediation time frame 
Spatial requirements 
Packaging requirements 
Wastes generated 

e in the following terms: F 
P 

evaluations were determined by these considerations: 

0 tection of human health 
0 ction of the environment 
0 ction in toxicity, mobility, and volume through treatment 

Evaluation of implementability determined the technical and administrative feasibility under these 
criteria: 

0 Constructability 
0 Reliability 
0 Maintenance/Operation 
0 Agency approvals 
0 Special engineering and equipment 

The cost estimate range (as defined in OSWER Directive 9355.3.41, page 4-24) were estimated and 
have been presented above with the descriptions of the alternatives. Operation and maintenance 
costs, however, constitute a small portion of this early estimate and were considered qualitatively as 
part of the implementability, but not shown as separate items. 

ES-4 



The nine alternatives were given numerical rankings under each of the above criteria. The criteria 
were applied equally to a l l  the alternatives; that is, they were not weighted. It was found that all 
except one of the alternatives had numerical scores that fell within a fairly narrow range. 
Alternative 5 was clearly ranked lower than the others. It failed to offer any advantages not 
provided by other alternatives. Therefore, Alternative 5 will not be carried into further detailed 
development. Table ES-1 Alternative Evaluation Matrix presents the numerical scoring. 

Applicable or relevant and appropriate requirements (ARARs) a 

A major factor in the inability to distinguish between the other alternatives is the limited 
information currently available. Characterization of the materials in Operable Unit 4 is not 
complete and treatability studies have not been started. The alternatives, therefore, must be carried 
into the subsequent detailed analysis of alternatives, where they will be 

light of available information. 

.- 

.$to be progressively developed and 

V 
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for effectiveness, implementability, and cost, followed by the 

1.0 INTRODUCTION 

al& tive screening process to 

1.1 PURPOSE 
In accordance with the Remedial InvestigatiorVFeasibility Study (RI/FS) Work Plan (Revision 3) for 
the Feed Materials Production Center (FMPC) at Femald, Ohio, distinct tasks have been established. 
There are three tasks: (1) to develop remedial action alternatives and to Screen technologies; (2) to 

refine, evaluate and screen alternatives; and (3) to conduct a detailed analysis of screened 
alternatives. 

identified in the previous task. Section 2.0 will 
discuss the refinement of technologies that has occurred since the previous task. Section 3.0 

reviews the development of alternatives as well as the remedial action objectives and general 
response actions. Section 4.0 will address the methodology for and the thought process behind the 
alternative screening process. This will include a discussion of the requirements for alternative 
development, evaluation, and screening as outlined in OSWER Directive 9355.3-1. In addition, 
Section 4.0 also discusses treatment and on-site/off-site disposal considerations. Section 5.0 will 
present the refinement and evaluation of the alternatives as they are rated against the evaluation 
criteria. Section 6.0 will rank the alternatives, recommend those alternatives for consideration in the 
subsequent detailed analysis of alternatives. and discuss additional data requirements. 
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1.3 BACKGROUND 
On July 18, 1986, a Federal Facility Compliance Agreement (FFCA) was jointly signed by the U.S. 
Department of Energy (DOE) and the U.S. Environmental Protection Agency (EPA) pertaining to 

the environmental impacts associated with the FMPC. The FFCA was entered into pursuant to 
Executive Order 12088 to ensure compliance with existing environmental statutes and implementing 
regulations. In particular, the FFCA was intended to ensure that environmental impacts associated 
with past and present activities at the FMPC are thoroughly and adequately investigated so that 
appropriate remedial response actions can be formulated, assessed, and implemented. Subsequent to 
the oral presentation of the Initial Screening of Alternatives for Operable Unit 4 in June 1989, a 
CERCLA Section 120 Consent Agreement was executed. 

In response, a site-wide R W S  is in progress pursuant to the Comprehensive E mental 

Response, Compensation, and Liability Act (CERCLA) 42USC9601. The perf0 f I ance of the RWS 
is in conformance with current EPA guidance and the 
forth in the National Contingency Plan (Ne) 

and considerations set 
Amendments and 

Reauthorization Act (SARA) 42USC11001 et. seq. of 1986. 

1.3.1 Site Description P 
The FMPC is a uranium met 
miles northwest of Cincinnati 
for the production of uranium 

uction facility located near Femald, Ohio, approximately 20 
re 1-1). The site covers approximately 1050 acres and is used 

cores, target element cores, and the interim storage of low- 
d mixed wastes. In addition to uranium production facilities, the site also con- 
facilities consisting of waste pits, storage silos, a bum pit, a clearwell, two fly 

ash piles, a sanitary landfill, and lime sludge ponds (Figure 1-2). 

1.3.2 ODerable Unit Description 
Operable Unit 4 consists of the K-65 silos (Silos 1 and 2) and the metal oxide silo (Silo 3) located 
south of the waste pit area (Figure 1-3). Silo 4, although an element of Operable Unit 4, was 
never used and is not being considered in this phase of the Feasibility Study for Operable Unit 4. 

All four domed waste storage silos are 80 feet in diameter, 36 feet high to the center of the silo 
dome, and 27 feet high to the top of the vertical walls. The walls are 8-inch concrete, as are the 
outer part of the domes, which taper to 4 inches in thickness at the center. The floor consists of 
4-inch concrete over an underdrain system. This underdrain system consists of a 2-inch slotted pipe 
in an 8-inch gravel layer underlain by concrete and compacted clay. The entire K-65 silo exteriors 
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have been coated with 0.75 inch of gunite and are surrounded by an earthen berm to a height of 
approximately 26 feet, while the Silo 3 is freestanding (Figures 1-4 and 1-5). 

The K-65 silos are used for the storage of radium-beaxing residues formed as by-products of 
uranium ore processing. Silos 1 and 2 received waste residues from 1952 to 1958. Waste 
raffinates were pumljed into the silos, where the solids would settle. The free liquid was decanted 
through a series of valves placed at various levels along the height of the silo wall. Settling and 
decanting continued until the silos were filled to approximately 4 feet below the top of the vertical 
Wall. 

Corrective actions have been performed in the past to maintain the integrity of the K-65 silos. 
These include repairing the walls and constructing a berm on a 1-1D to 1 slo 
enlarging the berm to a 3 to 1 slope in the early 1980s. In 1985 a structural f as essment was 
performed. This assessment revealed that the walls and base sla 
function as a containment of dry solids for a period of 10 to 
foot section of the dome was determined to be structurally uns F und for a load greater than the 
existing static load (Camargo, 1986). Remedial 
tective covers constructed of steel and plywoo over the center portion of each K-65 silo dome. 
Three inches of rigid polyure 
urethane-finish coating was p 
and insulation. During the i 

mid 1960s) and 

structurally stable and can 
ears. However, the center 20- 

tions taken since 1985 include placement of pro- 8 
am topped by a 45-mil waterproof, ultraviolet-resistant, 

ver each K-65 silo dome in 1987 to provide weather protection 
process, a temporary radon removal system was implemented 

to reduce radi o exposure to the workers. D 
Silos 3 and 4 were constructed in 1952 in a manner similar to Silos 1 and 2; however, the silos 
were designed to receive dry materials only. Waste raff'inate slurries from refinery operations were 
dewatered in an evaporator and spray-calcined to produce a dry waste form for storage in the silo. 
The waste was blown in under pressure to fill Silo 3, but Silo 4 was never used and remains 
empty today. 

1.3.3 Nature and Extent of Contamination 
The primary radioactive constituents of Silos 1 and 2 are radium (Ra-226). radon (Rn-222). uranium 
(0.71 weight percent U-235), and thorium (Th-230). The majority of the waste material is silica 
and metallic compounds. Table 1-1 lists the silos constituents and their approximate quantities, 
based on past sampling efforts. Tables 1-2 and 1-3 summarize the results of the current sampling 
efforts. Documentation of the past sampling efforts is included in the reference section. 

F n U O W l 2 / J K - l - l ~ W  1-6 29 



W 
t 
W 

0 z 0 
0 
0 
W 
0 
0 
LL 

W 

Y 

I 
I- 

rn 

* 
W 
I 
0 n 

a 

a 

z 
a 

2 
- - 

I - - 
I 

t 
Y e 
Y 0 
0 



W + w 
u 
2 
0 
0 

W 
u 
0 

a 

n 

a 

E 

u 

L 

W c 
Y 

I c 
a, 

0 
w 
5 
0 
P 

_ I  

I 

L. 

I 
V 
U 
W 
n - 
0 
(Y l W 

J 



1804 

FMPC-0412-5 
August 05, 1990 

TABLE 1-1 
SILO WASTE CHARACTERISTICS 

Silos 1 and 2 Silo 3 

Characteristic Lit2 NLOb Vitro' DOEd 

Moisture content (wt %) 30 
Dry wt, kg 8.79 x lob 1.59 x lob - 
Estimated volume, m3 - 5,522 3,155 3,902 

Density, kg/m3 1,179 
Uranium, ppm 1,800 - 3,200 600 gT Lead, ppm 60,000 - 70,000 48,000 - 52,000 
Radium, ppb 280 - 360 200 - 
Barium, ppm 50,000 45,300 
hen, ppm 13,000 - 18,000 - 
Gold, ppm 65 - 78 <40 - 60 - 
Platinum, ppm 0.9 - 1.4 
Palladium, ppm 13 - 18 
Silver, ppm <20 
Copper, PPm 400 - 600 
Cobalt, ppm 1,500 - 2,000 
Nickel, ppm 3,500 - 3,700 2,000 - 3,000 

Source: "Litz, J.E., 1974, "Treatment of Pitchblende Residues for Recovery of Metal Values," Hazen 
Research, Inc., for Cotter Corp., Canon City, CO. 

bNLO, Inc, and Battelle Columbus Laboratories, 1980, "Scoping Investigation of Short-Term 
and Long- Term Storage Costs for Afrimet Residues-NFSS and FMPC," Report to the U.S. 
Dept. of Energy, Remedial Action Program Office, Washington, D.C. 

Atomic Energy Commission, KLX-1222. 
'Vitro Corp., 1952, "Summation Report: Recovery of Radium from K-65 Residue," U.S. 

'U.S. Department of Energy, 1987, "Remedial Investigation and Feasibility Study, Feed Materials 
Production Center, Femald, Ohio, Task 1 Report: Description of Current Situation," DOE, Oak 
Ridge Operations Office, Oak Ridge, TN. 

32 
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TABLE 1-2 
RADIONUCLIDE CONCENTRATION SUMMARY IN THE SILOS 

Nuclide (pCi/g) Silo 1 Silo 2 Silo 3 

Ac-227 
Pa-23 1 
Th-228 
Th-230 
Th-232 
Ra-224 
Ra-226 
Ra-228 
Pb-2 10 
U-234 
U-235/236 
U-238 
U-Total (ppm) 

NA 
NA 

ND 
10,569 - 43,771 

ND - 766 
NA 

89, 280 - 192,600 
ND 

48,980 - 181,100 
326 - 897 
ND - 56 

P 
398 - 920 

1189 - 2753 

NA = Not Analyzed P 
I ND = Not Detected 

is currently in progress 
WMCO sampling 

NA 

NA 
ND - 638 

8365 - 40,124 
ND - 851 

NA 

657 - 145,300 
ND 

77,940 - 399,200 lg:; 
46 - 1240 

137 - 3717 

234 - 1363 
266 - 931 
ND - 996 

21,010 - 71,650 
ND - 1451 
64 - 453 

467 - 6435 
ND - 559 

454 - 6427 
348 - 1935 
ND - 158 

320 - 2043 
738 - 4554 
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TABLE 1-3 
CHEMICAL CONCENTRATIONS IN THE SILO WASTE 

Silo 1 Silo 2 Silo 3 
Contaminant (PLg/k@ oLgfl<g) 

PCB Organics Analysis Data 

Aroclor-1248 
Aroclor-1254 

ND - 8000 ND 
1100-12000 420 - 6000 

ND 
ND 

Inorganic Analysis Data 

Aluminum 
Antimony 
Arsenic. 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
Cyanide 

Copper 

60.4 - 1430 
ND 

14.7 - 68.4 
1970 - 7860 

0.88 - 2.8 
2.1 - 8.0 
0 - 5700 
1.0 - 165 P 3 9 - 1260 
122 - 473 

4340 - 75,100 
35,800 - 85,100 

1500 - 6020 
33.5 - 257 
0.23 - 2.8 

629 - 2580 
158 - 492 
106 - 180 
5.0 - 23.3 

360 - 13,100 
ND - 0.52 
72.2 - 240 
14.4 - 212 
0.52 - 4.4 

P 
4 6 7 0  - 7.2 

57.5 - 1960 
89.2 - 8370 

0.66 - 6.0 
3.4 - 19.1 

2430 - 301,000 
12.9 - 68.8 
6.2 - 2430 
ND - 1790 

4010 - 37,800 
153 - 29,800 
1520 - 8740 

74.2 - 403 
ND - 2.3 

14.6 - 2200 
37.8 - 289 
ND - 118 
ND - 22.8 

226 - 4070 
ND - 1.4 

21.9 - 214 
11.2 - 154 
ND - 4.5 

10,800 - 23,700 
ND 

532 - 6380 
118 - 332 

10.0 - 39.9 
21.5 - 204 

21,300 - 39,900 
139 - 560 
ND - 3520 

1610 - 7060 
13,900 - 67,600 

646 - 4430 
38,200 - 80,900 

2420 - 6500 
ND - 0.69 

1200 - 6170 
1300 - 22,800 

101 - 349 
9.2 - 23.8 

22,900 - 51.700 
3.1 - 73.9 

418 - 4550 
301 - 672 

ND 

ND = Not Detected 
Note 1: AU detected volatile and semivolatile compounds resulted from laboratory contamination 

or are at or below the contract required quantification limits (CRQL) 
Note 2: Data validation is currently in progress 
Source: Winter 1989 WMCO sampling 

FEwowl~l-11084190 1-11 34 



1804 
FMPC-0412-5 
August 05,1990 

Radon and the elements resulting from its decay (daughter products, progeny, etc.) are the nuclides 
of concern from a health and environmental perspective. Radon is known to be diffusing out of 
the silos via cracks and structural joints. Radon and its daughter products are relatively mobile and 
capable of migrating through air and water, there is no evidence to date that any of the other 
contaminants have migrated. Due to the diffusion of radon into the berms, it is believed that the 
berms and subsoils contain elevated levels of Pb-210 and Po-210. The Pb-210 and Po-210 resulted 
from the decay of radon which diffused into the berm. There may have been leakage from the 
existing leachate collection system beneath the silos into the surrounding soils. Sampling of the 
berms and soil beneath the silos is scheduled, and upon completion will confirm the nature and 
extent of contaminant migration, if any. 

Silo 3 contains uranium (0.71 weight percent U-235), thorium (Th-230), silica, 
of radium (Ra-226), and other metal oxides. Silo 3 is not a significant radon so f rce, and, due to 
the physical characteristics of the waste (dry and powdery), it believed to be the source of 
any contaminant migration to the surrounding and underlying . It is, however, still a 
source of radioactive waste and a potential airborne contamin due to its dry, powdery 

ery small amount 

consistency. P 
P 
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2.0 TECHNOLOGY AND PROCESS OPTION REFINEMENT 

A number of technologies were introduced in the previous task which were relatively unrefined or 
undeveloped. There has been substantial development for several of these technologies into process 
options which allows an effective evaluation and screening of alternatives. These technologies and 
process options, in addition to those that were sufficiently developed in the previous task, are 
described in the following sections. 

2.1 ENVIRONMENTAL ISOLATION ENCLOSURE 
Prior to initiating any waste removal or in situ waste treatment alternatives, an environmental 
isolation enclosure (EIE) will be constructed to enclose the K-65 silos and/or Silo and the 
surrounding work area (Figure 2-1). The purpose of the enclosed facility is t c ate an isolated 
environment, thereby protecting the public, other site workers, and the environm O f  t from the 
contamination hazards associated with silo demolition and waste 

The EIE is a variation of the temporary storage structure (TSS e technology. The EIE could be 

either a tension arch structure with negative in 
pressure (inflatable), stabilized cable structure. 
manway airlocks as well as 
air from the EIE will be fdte 

oval. 

pressure or a double-layered, positive internal 
r design will incorporate equipment and 

te-controlled bridge crane system over the silos. All exhausted 
meet site-specific discharge limits. 

only for the time needed to support remediation efforts. The facility will be 
designed to 100 mile per hour winds and include redundant safety systems such as a 
standby electrical power generator and HVAC. 

The construction of the EIE requires: 
Silo berm modifications (Figures 2-2 and 2-3) 

Utility and general construction/remediation support services at both interior and 
exterior work staging areas 

EIE foundation 

Bridge crane system (Figures 2-1 and 2-3), structural steel box girder frame with low 
bearing pressure grade beams or conventional footing foundations 

Remote-conmlled traveling bridge crane with dual lifting hoists for each silo 

Remote-controlled video camera with tilt and pan capabilities for each silo 

2-1 36 



I804 

37 
303317-0-CW 
3-12-90 REV. 0 



w 
n s 
v) 

LL 
0 
w 
0 
I- 
n 
w 
v) 
0 n 
0 
K 
n 
I 

1804  

+I I w w 
v) - 

9 

3.8 



(b 
W c 
0 z 

0 
LI. 

N 

n 
I c 
P 

W 
-tlR --. 
0 3  r 
* o b  W 
- 0  z 

< 
C 
0 

c z < 
Q 

A 
0 z 
W 
Y 

a 

P 

1804 

39 



1804 

f \  

FMPC-0412-5 
August 05,1990 

Positioned and preassembled specialized remediation equipment inside the designated 
interior staging area 

Installation of HVAC system 
- High efficiency particulate absolute (HEPA) filters. carbon adsorbers, dehumidification 

- Localized radon removal system, if necessary 
equipment 

Installation of equipment and personnel airlocks; main equipment airlock should be 
constructed on east side between silos 

Equipment access ramp at maximum grade of 10 percent 

Remotely operated front-end loaders 
Gantry supported clamshell 
Closed belt or bucket-type conveyor system 

2.2.2 Hvdraulic Removal 
The hydraulic removal option adds water to the silo contents to achieve a slurry that can be 

removed by dredge, sluny pump, or similar piece of equipment (Figure 2-4). A system will be 

installed to ensure that the water used for "mining" the silo contents does not leak into the 
surrounding ground and surface waters (i.e.. liners, water collection equipment, etc.). The slurry 
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will then be pumped to solid/liquid separation equipment in the process building which provides 
filtration, centrifugation, sedimentation, drying, evaporation. or other similar operations to remove 
the liquid. The dried sludge will be transferred to a packaging area and the contaminated water 
will be recycled to the mining head or used in the solidification process. The actual equipment to 
support this type of removal will be determined by slurry composition and final disposition of the 
sludge. The major pieces of equipment required are: 

Combination blastinpjsuction hydraulic mining tool 
Mechanical cutter head 
Double-walled suction line (8 inch flexible hose) 
Centrifuge, evaporators, and/or calciners 

The pneumatic removal method involves the use of a mechanical cutter and an a rlift to entrain the 
2.2.3 Pneumatic Removal 

material in an airstream routed to a temporary storage system for separation of solids (Figure 2-5). 
This separation scheme utilizes filters, cyclone separators, and st collectors, among other devices. 
The waste is routed to a packaging facility and the filtered air s recycled to the removal system or 
discharged. All operations will be conducted in losed vessels and all vents will be equipped with 
HEPA filters and carbon adsorbers (if necess 
equipment required are: 

Rigid pipe suction le 
Mechanical cutter P ead 
Double-walled suction line (8 inch flexible hose) 
CiyCR)m separators, baghouse, HEPA filters 

T 
t 

r emission control. The major pieces of + 
V 

2.3 SILO DEMOLITION 
Five technologies are listed below which could be utilized for the demolition of the K-65 silos and Silo 3. 
A short discussion listing the relative disadvantages or advantages of each technology is provided. The 
concrete walls are approximately eight inches thick with wire-wound post-tensioned steel. The walls also 
have vertical prestressed steel tendons spaced around the wall, as well as deformed reinforcing steel bars. 
It may be possible to clean the inner surface of the silo prior to demolition. 

Headache Ball: 
- This method utilizes a large steel ball attached to a crane which has been proven to be an 

effective means to demolish concrete tanks such as the silos. This technique requires cutting 
the steel wire and rebar with a gas torch once the concrete is demolished. The major 
drawback to this method is the substantial dust generation. As it is very likely that this dust 
would contain radioactive contamination, this option is unsuitable. 
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Explosive Charges: 
- This method is quite effective; however, it would create airborne radioactive 

contamination and excessive ground vibration and is therefore an ubsuitable option 

Hydraulic Splitter: 
- This method is effective in cutting both concrete and steel. The operation can be 

conducted remotely to prevent the possibility of injury to workers due to unexpected 
collapse of the silo. This method does not generate airborne contamination as no 
dust is created. Water used to cut the concrete requires collection and possible 
treatment as it may become contaminated. 

. 

Nonexplosive Demolition Agent: 
- This method involves drilling a hole pattern into the silo and placing a demolition 

agent inside the holes. When mixed with water, the agent expands and breaks the 
concrete. This technique requires cutting with a torch, creates no dust, and is cost- 
effective when used to split the silo into large pieces. 

-& Gas Torch: 
- A gas torch (similar to or the same type as used to cut steel) can used to cut 

's method is effective, it may 
dden silo collapse unless it is 

both the concrete and steel in the silo. Although 
present a hazard to the workers in the event of 
performed remotely. ? 

ed inside an Environmental Isolation Enclosure 
(EIE), with the exception of the headache ball P nd the explosive charges. Concems about dust are 
The demolition methods discussed above will 

eliminated by demolition inside h a structure. Other features such as underground piping and 
tanks also require removal. If an ff-site disposal alternative is selected, the concrete rubble and 
piping must be sized to fit shipping containers. A combination of demolition technologies may be 
desirable to d mo ish the silos and reduce the debris to a volume suitable for on- or off-site 

P 
disposal. V 
2.4 STABILIZATION/VITRIFICATION 

2.4.1 Stabilization 
The stabilization technology offers the following possible process options: 

Asphalt encapsulation: 
- Ex situ asphalt stabilization can be achieved by removing the waste to a heated 

mixer where it car-be blended with molten asphalt and extruded into a form. It is 
expected that activated powdered carbon can be blended with the waste in an attempt 
to control existing radon emissions and some future emissions. The result of this 
process is a monolithic product with excellent leach control properties. 

Stabilization with lime, fly ash, and activated cart>on reagents: 
- The waste and reagent mixing is done in a cement mixer or covered pug mill 

equipped to scrub the radon off-gases. No other off-gassing is expected to occur 
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because no ammonia is present and 
The waste will then be poured into 

none of the reagents a~ expected to be acidic. 
forms for packaging and disposal. 

The activated carbon will help control the off-gassing of radon during and after 
treatment. The potential for biological activity is very slight given the high expected 
pH of the mix and the fact that the activated carbon (mostly graphite) is not attacked 
by bacteria. 

Stabilization with proprietary cement-based technologies: 
- The waste is conveyed to a mixer or pug mill where it is mixed with water, 

proprietary reagents, and activated carbon. The waste is then poured into boxes or 
bags for curing before disposal to the disposal facility. 

Stabilization with polymerized organic monomers: 
- For this process option, the waste is mixed in a drum or box with a monomer and 

an initiadng agentor catalyst prior to shipment to the disposal facilit . < 
It is possible to design a completely self-contained system with off-gas control id the mixing of 
activated carbon in the waste is not determined to be beneficial/ 

2.4.2 Vitrification 
Ex situ vitrification of the waste requires that 
percent by weight. A water content greater 

content of the waste be no greater than 30 
cause foaming problems and increase 

power requirements. The wast 
(ideally) so that the waste res 

ould be dried to reduce the water content to 15 to 20 percent 
b s a fine damp silt. P 

ill be conveyed to the vitrification system surge hopper. The vitrification rate 
ly 50 to 100 tons per day so the surge hopper is sized for approximately 100 

tons of waste. All equipment will be under negative pressure and will vent to the facility air 
pollution control (APC) system which will feature dehumidification and HEPA and carbon filtration. 

The glass melter of the vitrification unit could be either a conventional cold cap design, a drop tube 
device as is used on higher level radwaste, or a mechanically stirred melter. The melter will be 
electrically heated and designed for minimum emissions of radon, dust, and volatile metals and 
fumes. The glass from the melter will be cast into steel containers similar to LSA boxes (4- to 6- 
foot-cubes). The steel containers will be cooled by air and water during casting. and after cooling 
the boxes will be sealed and placed in the disposal facility. 

The vitrification facility will be enclosed in a ventilated process building. The equipment will be 

designed for remote operation to minimize exposure during operation. 
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In Situ Vitrification 
Following removal of the silo domes the vitrification equipment would be lowered into the domes. 
The electrodes used in the process would be installed in a grid pattern. Close spacing is required 
because of the extreme depths (25 feet). 

In this process option, fume hoods are installed over the active (melting) settings to capture any 
contaminated steam generated during the vitrification process. This steam is condensed and treated 
by an APC system separate from the general building ventilation system. This system removes 
radon, volatile metals and fumes, and contaminated dust. Electrodes are energized and blocks of 
waste melted. The melting process is controlled so that all of the silo waste and much of the silo 
walls are vitrified. The vitrified waste, silo walls, and adjacent portions of th rm form a 
continuous monolithic mass which does not require additional structural support. .I( Thermocouples 

are placed along the bottoms of the silo walls to verify the exte 
be drilled into the cooled glass to confirm complete vitrificatio 

This process option stabilizes the waste throug P the addition of cement and fly ash. Following silo 
In Situ Chemical Stabilization 

dome removal, these materials 
by a crane. This process is c 
new process in this country it has been used extensively in Japan. 

Shallow soil $2 ing can be used to mix portland cement, fly ash, bentonite, or any other stabilizing 
agent into the waste. Since the waste is somewhat dry, especially in Silo 3, the chemicals are 
added as a slurry. The amount of stabilizing agent required and the subsequent volume increase 
depends on the system used and requires treatability studies. If the waste volume is increased by 
more than 10-20 percent, the berms around the silos must be raised. 

of vitrification. Cores may also 7 
added to the waste and mixed by augers lowered into the silos 
nly called shallow soil mixing and although it is a relatively @ 

Core samples can be drawn to determine that adequate stabilization has been achieved, as previous 
applications of this technology indicate that nonuniform mixing can be a problem. 

2.5 AIR TREATMENT PROCESS 
An air treatment system will be installed to minimize radon and radioactive particle emissions to 

the environment and to maintain airborne contamination levels as low as possible in work area 
containments. The final design of the air treatment system should assume the existing temporary 
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radon removal system at the K-65 silos will be upgraded and used to reduce the high equilibrium 
radon levels in the airspace of each silo to less than 1 curie prior to removing the silo domes. 
During the design of the existing radon removal system it was determined (by calculation and 
engineering judgment) that, given the rate of radon emission from the silo waste, the lowest level to 
which the radon level could effectively be reduced was 1 curie. 

Typical air treatment equipment consists of roughing filters, HEPA filters, and carbon adsorption 
units. The specific arrangement for an air treatment system is dependent on the type of remedial 
action chosen. Generally, any system providing ventilation for work area containments should be 
designed to maintain a minimum of six air volume turnovers per hour. Six air volume turnovers 
per hour was a preliminary estimate of the desired flow rate based on industry st 
estimate will be refined during Task 13. To supplement the installed ventilati 

ads.  This 

ystem, any 
vitrification equipment will need the built-in capability to treat gases generated 4 d ring the 
vitrification process. Also, as an option to supplement the 
adsorption trains could be installed to provide localized 

ventilation system, carbon 

2.6 WATER TREATMENT - METALS REM&L. ION EXCHANGE, AND DENITRIFICATION 

Water treatment will be required for a wide v of types, concentrations, and flows of 
wastewaters. Many of the wa 
organics, and high nitrate. To tre 

metals can be utilized followed by additional treatment with ion exchange and denitrification as 

ave metals contamination, low-level radioactivity, possible 
the relatively concentrated streams, bulk removal methods for P 

Concentrated waters will be pH adjusted and treated with chemicals to facilitate precipitation of 
insoluble metal compounds. Flocculation will allow particle agglomeration to occur. Solids will be 
separated from the water using one or a combination of methods, depending on the size and 
concentration of the particles. Clarification, filtration, centrifugation, and flotation can all be 
considered. Sludges from these operations will be treated with solidification or vitrification. 

Effluent from these processes will be further treated using ion exchange to remove residual 
contaminants. Typically, this will be necessary to treat water with low levels of radioactive metals 
and should allow direct discharge of the water. Various ion exchange resins can be used that have 
differing selectivity, depending on the mixture of metals and other ions present in the water. Some 
resins are regenerated using an acid solution that removes the metals from the resin. This solution 
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is neutralized and then recycled to the precipitation unit. Other resins are used once and then 
disposed of as a solidified hazardous and/or radioactive waste. 

Some wastewaters may require nitrate removal before they can be discharged. The existing 
biodenitrification system at the FMPC will likely be used for this service, although new units can 
be utilized, such as small sequencing batching reactors. Biological denitrification generates clean 
effluent for discharge, and biological sludge that can be disposed of as part of WMCO’s ongoing 
waste operations program. 

Figure 2-6 presents a flow diagram for water treatment. 

Capping involves the installation of a bamer over the surface of a contaminated a rea to convol 
2.7 IMPERMEABLE CAP 

erosion and prevent the generation of leachate caused by su 
also alleviate possible direct and/or indirect exposures. It i 
containment. and is generally used in combination with 0th 

Cap design must be in accordance with applic P le regulations, including 40-64 (Standards for 
Owners and Operators of H s Waste Treatment, Storage, and Disposal Facilities), 40CFR61 
(National Emission Standards azardous Air Pollutants), and lOCFR61 (Licensing Requirements 
for Land Disposal of Radioactive Waste). Some of the considerations are: 

ater infiltration. Capping can 
ble for source control and 

0 um liquid migration through the waste 
0 ver maintenance requirements 
9 High resistance to damage by settling or subsidence 

Lower or equal permeability than the underlying liner system 
Attain radionuclide emission requirements. 

A cap can be single or multiple layers and can consist of asphalt, chemical sealanVstabilizer, clay, 
concrete, or multimedia. Chemical sealants and stabilizers require a homogenous soil base, are 
typically feasible for small areas, and can be susceptible to cracking and weathering. 

A multiple-layer cap will be utilized for Operable Unit 4 and will be designed in accordance with 
EPA guidelines under RCRA. The guidelines recommend a three-layer system which consists of: 
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An upper vegetative layer 
A drainage layer 
A low permeability bottom layer 

The vegetative layer will be supported by the topsoil/cover. The drainage layer will consist of 
sand, and the low permeability layer will consist of a layer of clay with a permeability of less than 
lxlQ7 cm/sec. This design will divert infiltrating liquids away from the enclosed waste materials 
(Figure 2-7). 

2.8 ON-SITE DISPOSAL FACILITY 
A tumulus or aboveground waste disposal facility could be constructed for the 
the waste material. The tumulus disposal concept basically consists of moundin f over waste which 
has been placed on a stable structural pad. The aboveground stru ture is a reinforced vault-like 
concrete structure designed for permanent waste disposal. For 

-site disposal of 

ons of structural integrity (cap 

subsidence) and concerns for water infiltration (leaching), both c e tumulus and the aboveground 
structure accept only containerized and highly s 
considered for each (Figures 2-8 through 2-11). 

ified waste forms. Two design options are being P 
Tumulus: 
-Design 1 - On inforced concrete structural pad incorporating the following: 
1. RCRA-type cap with leachate collection and detection system (LCDS) 
2. RCRA-type impermeable liner underlayment 

gn 2 - Compacted gravel Structural pad incorporating the elements listed under -E? sign 1 with the exception of the concrete pad, but including a %foot thick clay 
liner with a permeability of less than 1 x lo7 cm/sec 

Aboveground Structure: 
-Design 1 - Vault constructed directly on-grade incorporating the following: 

1. Design 1A uses a liner system with LCDS 
2. Design 1B uses only a LCDS 

-Design 2 - Vault constructed with a structural support slab placed 6 feet above grade 
using an extended height reinforced concrete foundation incorporating the following: 
1. Design 2A uses a liner system with LCDS 
2. Design 2B uses only a LCDS 

2.9 PACKAGINGKRANSPORTATION 
The Department of Transportation (DOT) in Title 49 of the Code of Federal Regulations provides a 
number of general categories under which radioactive material may be shipped. Within the possible 
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shipping designations allowed in the DOT regulations, there are four which apply to the K-65 and 
Silo 3 residues (with certain restrictions): 

Limited Quantities 

. Type A package quantities 
Type B package quantities 

Low Specific Activity (LSA) material 

Under each of these categories, the K-65 and Silo 3 residues will be specified as "normal form" 
because they have not been tested to meet the requirements of 49CFR173.469 (Tests for Special 
Form Radioactive Materials). 

2.9.1 Limited Ouantities 
"Limited Quantities" of radioactive material is a designation for shipping the leas 
and the smallest quantities of radioactive material. Generally, items such as radi active watches, 
clocks, and fire alarms are shipped under this category. Although the K-65 and Silo 3 residues 
could be made to conform to the restrictions of this classifica 
classification places a restriction on the activity level allowed 
the relatively high level of radioactivity found ' the waste, it will require well over a billion 
packages to ship the waste. The logistics of i orying and accounting for this number of 
packages alone renders this shipping classifica P on unsuitable for the shipping of the silo waste. 

stricted articles T 
it would not be practical: This 

each shipping container and, due to If 

2.9.2 LSA P 
pping radioactive material as LSA is to gain exemptions from using 

a limit on the curie content of a package, the LSA classification places a limit 
ging (i.e., Type A, Type B, etc.). Whereas the other packaging and shipping 

on the specific activity of each package. 

There are several subparts to the definition of LSA material, two of which may apply to the silo 
waste. The waste material may meet the definition of 49CFR173.403(n)(l) (Definitions) as 
"Uranium or thorium ores and physical or chemical concentrates of those ores." However, if it is 
decided that these residues are not ores or ore concentrates, they must meet the restrictions of 
49CFR173.403(n)(4) (Definitions) which states: "Material in which the radioactivity is essentially 
uniformly distributed and in which the average concentration of the contents does not exceed: 

(i) 0.O001 millicuries per gram of radionuclides for which the A, quantity is not more than 

(ii)0.005 millicuries per gram of radionuclides for which the A, quantity is more than 0.05 
0.05 curie; 

curie, but not more than 1 curie; or 
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(iii) 0.3 millicuries per gram of radionuclides for which the A, quantity is more than 1 
curie." 

(Note: A, is the maximum activity of normal form radioactive material permitted in a 
Type A package.) 

In order to apply this second definition, it must be noted that 49CFRl73.433@)(3) (Requirements 
for Determination of A, and A, Values for Radionuclides) states that "In the case of a mixture of 
different radionuclides, where the identity and activity of each radionuclide is known, the 
permissible activity of each radionuclide R,, R,, ... 
greater than unity, when: 

must be such that F, + F, + ... F,, is not 

Total activity of R, 
F, = 

Ai@,) 
Total activity of R, 

F, = 
Ai@3 

P 
Total activity of 

F, = 
A i 0  

Where A&, R,, ... R,,) is the e of A, or A, as appropriate for nuclide R,, R,, ... %.I' P 
(Note: A, is the maximum activity of special form radioactive material permitted in a 

ackage. ) T77 
What all of the foregoing means for Operable Unit 4 is that the radionuclides in the decay chain 
present in the silos will have to be divided into three categories: those with an A, value equal to 

or less than 0.05 curies, those with an A, value greater than 0.05 but not more than 1 curie, and 
those with an 4 value greater than 1 curie. Based on present information, the radionuclides in all 

three of the silos are from the U-238 decay chain and fall into the categories just mentioned. 

2.9.3 T m  A 
The silo residues can be shipped in Type A packaging which requires that the activity level in each 
package not exceed the A, value for the radionuclide of concern. 49CFR173.411 (General Design 
Requirements) and .412 (Additional Design Requirements for Type A Packages) list the design and 
performance specifications for Type A packaging. Type A packages are designed to more stringent 
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requirements than LSA packages and are typically used for the packaging of materials with greater 
levels of radioactivity. Type A containers are generally more expensive than LSA containers. 

Due to the activity levels of the silo residues and the package activity level restrictions for Type A 
packages, the silo waste is estimated to require more than one million packages. As in the Limited 
Quantities discussion, the logistics for storing and accounting for this large quantity of packages 
would be prohibitive. 

2.9.4 T m  B ' 

Type B packaging is required for all waste which exceed Type A,packaging requirements. 
49CFR173.411 (General Design Requirements) and 1OCFR71.51 (Additional 
B Packages) list the design and performance requirements for Type B 
is constructed to much higher standards than either Type A or LSA 
much more expensive. 

Generally, shipments of Type B quantities are made in a prim& disposable container that is placed 
in a Type B overpack for transportation 
are the use of larger packaging and less 

y. The main advantages to Type B shipments 
due to the higher grade packaging. 

The main disadvantages are cos 
The silo waste can be shipped 

creased number of truck trips, and obtaining Type B overpacks. 
ype B containers. P 
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3.0 DEVELOPMENT OF ALTERNATIVES 

3.1 SUMMARY 
In accordance with the FMPC RIFS Work Plan (Revision 3), several interim reports or 
presentations corresponding to distinct FS tasks were assigned as milestone deliverables. The 
Development of Alternatives report represented the initial step in the remedial action decision 
process. It was completed for all operable units at the FMPC in November, 1988. 

The goal of this initial task was to develop and retain appropriate remedial actions for the 
alternative screening process. This was achieved for Operable Unit 4 by forming a complete set of 
response actions consistent with the applicable. remedial action objectives. - A 

groupings was then identified and combined around these general response ac 
evaluated the various technologies in terms of their implementability and thei 
remedial action objectives. Those that did not satisfy these g 
further consideration. The elimination of a given technology i 
consideration any process option that would h 

criteria were eliminated from 
task necessarily dropped from 

3.1.1 Remedial Action Obiectives 
Operable Unit 4 is an active 
potential source of contaminat 
remedial action objectives were centered on source control rather than pathway elimination or 

of radon contamination to the atmosphere and represents a 
groundwater and other environmental media; therefore, the 

receptor m o d i a o n .  The remedial action objectives applicable to the-silos of Operable Unit 4 

achieve the overall goal of protecting human health and the environment by 
isolating, removing, or treating the source of contamination. 

The remedial action objectives identified for Operable Unit 4 at the time of alternative development 
are the following: 

Control and reduce the release of radon gas from the waste 
Control the migration of contaminants to environmental media that would exceed public 
health or environmental standards 
Control direct contact with contaminated structures 
Correct structural conditions that could lead to the sudden release of chemicals or’ 
radionuclides. 

The remedial action objectives were kept general and do not specify the acceptable levels for the 
contaminants of concern for all  pathways and receptors since they are objectives, not action levels 
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or goals. The primary reason for this was that all of the alternatives being considered for Operable 
Unit 4 (with the exception of the no-action alternative) would achieve the required protection of 
human health and the environment. 

3.1.2 General Remnse  Actions 
General response actions are broad categories of remediation activities that will satisfy one or more 
of the remedial action objectives. These response actions include the no-action alternative, waste 
nonremoval actions, and waste removal actions. 

The waste nonremoval actions for Operable Unit 4 encompass in situ stabilization and containment, 
and the waste removal actions involve various combinations of removal technologies, postremoval 
actions, and waste disposal options. For clarification, a postremoval action is action occurring 
after removal (in this case treatment). A treatment action can be either in situ ( - reremoval) or ex 
situ (postremoval). Postremoval is intended to indicate an aft oval action. The postremoval 
actions include waste vitrification, waste solidification, and co 
options include an on-site tumulus or above-grade vault or an 
facility [in accordance with applicable regulatio 

During the course of the refm 
3.1.3 Current Status 

reported herein, several assumptions made during the development of alternatives were recon- 
sidered. 0 
silos would 
further consideration. It was subsequently determined that the remedial action objectives may be 
met through the use of slurry walls and impermeable capping. The nonremoval and silo isolation 
alternative was therefore reinstated for further consideration in the alternative screening process. In 

addition, the vacuum removal of the K-65 waste was not originally considered, but is now being 
evaluated as a viable removal technology for several alternatives, as described in a later chapter. 

-a 
ant separation. The disposal 

RCRA permitted disposal 
including land disposal restrictions (LDR)]. P 

e t of alternatives as part of the screening of alternatives being P 
it was thought that the nonremoval and silo isolation alternative for the K-65 

vide adequate public health or environmental protection and did not warrant 

The thorium inventory on site was considered under Operable Unit 4 at the time of alternative 
development; two of the remedial action alternatives focused on this thorium inventory. However, 
because the thorium is being appropriately managed under an ongoing FMPC operations program, 
the inventory is no longer part of Operable Unit 4 and the two related remedial action alternatives 
are no longer being considered. This reduces the number of Operable Unit 4 remedial action 
alternatives to 10, including the no-action alternative. 
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With the exception o the aforementioned, the assumptions and scope of the remedial action 
alternatives presented in this report are consistent with those in the Development of Alternatives 
Report. 

3.2 SUMMARY OF ALTERNATIVES 
In addition to the no-action alternative, nine distinct remedial action alternatives have been 
developed for Operable Unit 4. One reason for the relatively large number of alternatives is the 
significant differences in the material properties of the K-65 silos and Silo 3. Because of these 
differences, Alternatives 3 through 9 address only the K-65 silos or Silo 3. It should be noted that 
Alternatives 0 through 2, which address all of the silos, should be compared to Alternatives 3 
through 5 combined with an Alternative from 6 through 9. There are two w 
four waste removal alternatives for the K-65 silos, and there are three nonremov f and two removal 
alternatives for Silo 3. These alternatives are briefly described 
sections. 

The no-action alternative provides no remediati P n and simply leaves the silos and silo waste in their 
3.2.1 Alternative 0 - No Action 

present state. It includes the 
It provides a baseline against 

nonremoval and 

able 3-1 and in the following F 
ation of long term monitoring equipment and silo maintenance. 
the other alternatives can be compared. 

3.2.2 A l t e r n A l  - Nonremoval, Silo Isolation - Silos 1, 2, 3 
ternative for both the K-65 silos and Silo 3 consists of supplementing the 

existing containment of the silos with additional structural barriers and utilizing them as permanent 
disposal facilities. These barriers include an impermeable clay cap and slurry walls as considered 
technologies for this alternative. 

3.2.3 Alternative 2 - Nonremoval, In Situ Stabilization, and Cap - Silos 1, 2, 3 

This nonremoval alternative for all silos consists of in situ stabilization and capping. Both 
conventional physical stabilization technologies and vitrification are considered options. The 
capping and isolation technologies, with the exception of the slurry wall, are identical to those 
described in Alternative 1. 

3-3 61 



August os. 1990 

C 
0 .o 
' 3  0 

v) P) > 
E 

I I LL 

X X X X 

x x  X X X X 

X X X 

x x  X 
X T x  

X r 
X P X 

x x  X X 

x x x  x x  X X X 

x x x  x x  X X 

x x x  



FMPC-04 12-5 
August 05,1990 

3.2.4 Alternative 3 - Removal and On-Site Dismsal - Silo 3 
This removal alternative for Silo 3 calls for pneumatic waste removal, with disposal in an 
engineered on-site disposal facility without interim treatment or stabilization. This also includes silo 
demolition and disposal of the debris. 

3.2.5 Alternative 4 - Removal of Metal Oxides and Off-Site Diswsal - Silo 3 
This alternative for Silo 3 is identical to Alternative 3 with the exception of off-site waste shipment 
and disposal. 

3.2.6 Alternative 5 - Removal and Replacement in Rehabilitated Silo - Silo 3 

This alternative is similar to Alternative 3 with the exception of the final 
case, the waste will be permanently stored in either Silo 3 or Silo 4 

cenario. In this 

Following final disposition of the waste, a berm and a cap will be installed. 

3.2.7 Alternative 6 - Removal. Treatment, and On-Site Disms 
This removal alternative for the K-65 silos calls or the removal and conventional stabilization or 
vitrification of the waste prior to on-site dispos 
includes silo demolition and disposal of the d F ris. 

an engineered disposal facility. This also 

3.2.8 Alternative 7 - Remova ament, and Off-Site Dismsal - K-65 Silos 
r removal of the K-65 waste is identical to Alternative 6 with the exception of 

and disposal. 

3.2.9 Alternative 8 - Removal, Contaminant Separation, and On-Site Dismsal - K-65 Silos 
This removal alternative for the K-65 waste is similar to Alternative 6, but adds an additional step 
of contaminant separation to remove various radionuclides and metals before on-site disposal. This 
results in significant volume reduction and allows for the possible recovery of precious metals. The 
material containing the radionuclides and metals (the hazardous material stream) shall be solidified 
by conventional physical stabilization or vitrification prior to on-site disposal. This alternative also 
includes silo demolition and disposal of the debris. 

3.2.10 Alternative 9 - Removal, Contaminant Separation, and Off-Site Dismsal - K-65 Silos 
This alternative is identical to Alternative 8, with the exception of off-site waste shipment and 
disposal. 
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4.0 ALTERNATIVE SCREENING METHODOLOGY 

4.1 INTRODUCI'ION 
Operable Unit 4 remedial action alternatives developed in the previous task had been assembled by 

combining process options from viable technologies in an attempt to meet the established remedial 
action objectives. Those technologies deemed not applicable or infeasible were eliminated. The 
resultant alternatives were based primarily on remedial action objectives and implementability 
concerns. There were few details identified at this stage for the individual process options and 
sizing requirements; remediation time frames were not fully characterized. It is the intent of the 
alternative screening to characterize these parameters more fully, to refine the alternatives 
accordingly, and to conduct the screening of alternatives by comparatively 
basis of effectiveness, implementability and cost in accordance with the 
f )  (Remedial InvestigationFeasibility Study and Selection of Remedy). 

This section will review the alternative screening requirements 
9355.3-1, briefly discuss Applicable or Relevant and 
introduce waste disposal considerations and 

in OSWER Directive 

(ARARs), and 

time frame and treatment rate (process throughput, Le., pound/hour) 
ration, and availability of on-site extraction and treatment systems 

area required for containment structures and support areas 
g and transportation requirements for disposal options 

Permits and regulatory conditions and limitations of both on- and off-site disposal 
options 

The remediation time frame is dependent on the size and configuration of the alternatives. These 
factors were considered in the preliminary design of each alternative, based on best engineering 
judgement. Two or more options were selected for some alternatives to maintain a variety of sizes 
and/or configurations. 

Previously developed alternatives were modified if there were concerns about implementability or 
feasibility of the original concept. These modifications included changes to system configurations, 
implementation strategies, and the addition of Veatment or containment technologies. Those 
alternatives which could not be modified to reduce or eliminate these concerns were eliminated 
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from further analysis, as were those judged to be similar but significantly inferior to other 
alternatives. 

4.3 ALTERNATIVE EVALUATION PROCESS 
The refined alternatives were evaluated against three broad criteria: effectiveness (short and long 
term), implementability, and cost, Because the purpose of this evaluation was to reduce the number 
of alternatives that undergo a more thorough and extensive analysis, alternatives were evaluated 
more generally in this phase than they will be during the subsequent detailed analysis task. The 
detailed analysis will subject the remaining alternatives to nine specific criteria and their individual 
factors rather than the three general criteria used in the alternative screening process. The 
individuals conducting the alternative screening reviewed the nine criteria to better understand the 
direction and intent of the detailed analysis. The relationship between the sc 'ng criteria and the 
nine criteria for the detailed analysis is illustrated in 4-1. + 
To ensure confidence in the results of the alternative screenin 
of the defined alternatives were completed. Per OSWER Directive 9355.3-1, the first evaluation 
made direct qualitative comparisons between si 
criteria. This identified the most promising a1 P rnatives in each grouping (Le., on-site disposal 
alternatives, removal alternative c.). The second evaluation, though relying on the same inputs 
as the first evaluation, generat quantitative ranking of the alternatives. During this ranking, the 
alternatives were individually evaluated and assigned a relative rating value for each of the same 
evaluation cri en The values were used to determine an overall ranking for comparison across 
alternatives. B ough each evaluation approached the alternative screening process differently, the 
results of each were identical in terms of which alternatives should be retained for detailed analysis 
in the next Feasibility Study task. 

rocess, two independent evaluations G 
r alternatives for each of the general evaluation 

P 

Section 5.0 of this report discusses the anticipated performance of the alternatives in relation to 
each of the evaluation criteria. A standard rating terminology is used (Le., poor, below average, 
average, above average, and good) to ensure a more uniform and consistent performance evaluation. 
These terms are used in a relative sense, i.e., a rating of average in a particular category means that 
an alternative is average relative to all of the alternatives considered. Section 6.0 of this repr t  
presents the results of the quantitative evaluation and those alternatives to be canied forward to the 
detailed analysis of alternatives. 
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4.3.1 Effectiveness Evaluation 
A key aspect of the screening evaluation is the effectiveness of an alternative in protecting human 
health and the environment in accordance with the NCP at 40CFR300.430(e)(7)(i) (Remedial 
InvestigationFeasibility Study and Selection of Remedy)(Effectiveness). In addition to determining 
the effectiveness of the alternative in meeting the remedial action objectives, each alternative was 
evaluated as to its effectiveness in achieving reductions in toxicity, mobility and volume through 
treatment. Both short- and long-term effectiveness were evaluated, with the short-term refemng to 

the construction and implementation period and the long-term refemng to the post-remediation 
period. 

4.3.2 ImDlementabilitv and Reliabilitv Evaluation 
Implementability is a measure of both the technical and administrative feasibili 
operating, and maintaining the components of a remedial action alternative in ac f rdance with the 
NCP at 40CFR300.430(e)(7)(ii) (Remedial InvestigationFeasibilit 
Remedy)(Implementability). It provides a means of evaluating 

The technical feasibility evaluation considered P e following: 

f constructing, 

tudy and Selection of 
e compatibility of an alternative 

with site-specific conditions. F 

P Construction 
Operation 
Regulations 

0 

quipment replacement 
a g treatment and/or monitoring 

Discharge/emission/disposal 

The administrative feasibility evaluation considered the following: 

Permitting and licensing approval 
Availability of on-site/off-site treatment, storage, and disposal services 
Availability of equipment 
Availability of design, operating, and support personnel 

The reliability of each alternative was also evaluated in terms of the effects and impacts of possible 
downtime and/or process upsets on the performance of each alternative. 
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4.3.3 Cost Evaluation 
Cost estimates were prepared for each alternative to allow a comparison of costs among similar 
alternatives in accordance with the NCP at 40CFR300.430(e)(7)(iii) (Remedial Investigation/Feasibility 
Study and Selection of Remedy)(Cost). This effort provided for the identification of alternatives 
that would cost substantially more than a similar alternative but would not provide a commensurate 
increase in protection of public health or environmental protection. These costs are rough estimates 
for comparison purposes only, and are not to be construed as constructiodRmediation estimates. 
The data uncertainties associated with the silo, berm, and subsoil contaminants, at this stage of the 
RI/FS for Operable Unit 4, forced these estimates to be very approximate. Cost estimates for items 
common to a l l  alternatives or indirect costs (engineering, financial, supervision, and outside 

The cost estimates are based on a variety of cost-estimating data such as cost cu a es, generic unit 

contractor support) were not detailed in the estimates. 

costs, vendor information, conventional cost-estimating guides, co 
similar estimates as modified by site-specific information. 

Capital costs are considered during this screenin 
associated with waste packaging, off-site waste P ransportation, and disposal. The only operation and 
maintenance (O&h4) costs c are those associated with tumulus maintenance over a 30-year 
period. Other O&M costs ei 
compared to the capital costs. tial future remedial action costs were not considered, as future 
remediation e 

ercial remedial costs, and prior r 
alternatives. Included are those costs 

uld not be determined or were judged to be negligible when 

are not currently defined. 

4.3.4 Innovative Technologies 
Technologies are classified as innovative if they are fully developed but lack sufficient cost or 
performance data for routine use at CERCLA sites. The nature of innovative technologies is such 
that a relatively complete performance and cost evaluation is not possible at this time due to 
insufficient data. Nevertheless, these technologies were carried through the screening phase if there 
was reason to believe that they offered the potential for comparable or superior impacts than other 
available approaches or if they offered the potential for lower costs for similar tests of performance 
than demonstrated treatment technologies in accordance with the NCP at 40CFR300.430 (Remedial 
Investigation/Feasibility Study and Selection of Remedy). 
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4.4 COMPLIANCE WITH APPLICABLE OR RELEVANT AND APPROPRIATE REOUIRE 
MENTS (ARARs) 

CERCLA requires that remedial actions achieve a level or standard of control which is applicable 
or relevant and appropriate to any hazardous substances, pollutants, or contaminants that will remain 
on site. Three classifications of ARARs are considered; 1) contaminant-specific, 
2) location-specific, and 3) action-specific. Contaminant-specific ARARs address the acceptable 
amount or concentration of a specific pollutant that may be found in or discharged to soil, water, 
and air. Location-specific ARARs are based on the specific setting and nature of the site, and 
action-specific ARARs relate to technology or activity-based requirements or limitations on the 
specific response actions taken with respect to the type of waste. Thus, the detemination of the 
potential ARARs for proposed actions at a site is based on factors specific to that site and the 
individual action; that is, on the nature of the contamination, the location of th 
general scope of the identified remedial action alternatives. 

t 4.5 WASTE DISPOSAL CONSIDERATIONS 
Evaluating the off-site versus on-site disposal issue for the silo waste is a complex process 
involving many subjectively evaluated criteria. 
decision have not been obtained, and the detai 
In an effort to provide additional ' sight, this 

used to evaluate the alternativ 

h of the data required to make a technical 
alysis of alternatives has not been performed. 
as evaluated against much of the same criteria 

The advantages and disadvantages of each option are examined 
d in the se f tions that follow. These considerations shaped much of the 

and played an important role in the overall ranking of alternatives. LDR 
alternatives are discussed in this section. 

4.5.1 Low-Term Effectiveness 
Long-term effectiveness is defined as the effectiveness of an alternative in meeting the remedial 
action objectives during that period following remediation. Task 13 will provide additional 
information on this topic. For cost estimating purposes, CERCLA defines this period as 30 years. 
There are advantages to the off-site disposal options for long-term effectiveness. The disposal site 
used for cost estimation is the Nevada Test Site (NTS). A western site such as NTS is superior to 
Femald in terms of demographics, meteorology, hydrology, and security. Additionally, long-term 
management, monitoring, and maintenance are already committed regardless of the presence of the 
silo waste. Whereas the silo waste will be an inconsequential part of the total waste buried at a 
western site, they will constitute a significant portion of the total radioactivity at Fernald should 
they remain on site. 
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4.5.2 Short-Term Effectiveness 
In terms of short-term effectiveness, there are advantages to all on-site disposal options, especially 
the no-action and nonremoval options. These options result in a significantly reduced exposure and 

risk potential to workers and the public alike during the remediation operation, when compared to 

those options that require removal, treatment, and/or off-site disposal. Off-site disposal will expose 
both communities and the environment to transportation-related risks. 

Disposal pretreatment processes for on-site or off-site disposal alternatives will factor heavily in 
determining the short-term effectiveness of a disposal option. This is because the treatment 
processes will require the waste to be exposed to workers, the public, and 
greater period of time. Should an on-site disposal alternative require 
site disposal option, al l  other points being equal, the short-term 

/ disposal option will be less. 

r 4.5.3 Reduction in Toxicity, Mobility, and Volume through Treatment 
At this screening stage, this criterion does not p a an important role in the on- versus off-site 
question. Performance to this criterion is equ@y P important to both on- and off-site disposal 
options. P 

I 

4.5.4 1mDlementabilit-y 
Technically, le e siest alternative to implement is the no-action alternative. As the technologies 
become more Q plex they will be more difficult to implement. If on-site disposal is allowed, an 
enhanced burial design may be required, as will some type of waste treatment. Both of these 
requirements add to the difficulty of implementation. If off-site disposal is chosen, the implementa- 
bility is compounded by the handling of waste shipping containers and the coordination of truck or 
rail shipments. 

Implementing an off-site disposal option may be much easier for the technical reasons just cited. 
Furthermore, public acceptance may be greater at an established site than at Fernald. 

4.5.5 

The lowest estimated cost options are the no-action and nonremoval alternatives. Should future 
remediation be required for the no-action or nonremoval alternatives, these alternatives may prove to 
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be very expensive. When comparing an on-site alternative requiring an enhanced burial facility to a 
similar off-site disposal option, the estimated costs for the latter are substantially lower. 

When considering the O&M costs associated with maintaining the 0n-sir.e disposal facility (100 
years per 10CFR61, Licensing Requirements for Land Disposal of Radioactive Waste), the off-site 
disposal option is generally less expensive than its on-site counterpart. The annual maintenance and 
monitoring costs at most approved disposal sites are already committed and will not be significantly 
affected by the addition of the silo waste. The annual O&M costs to maintain a disposal facility at 
Femald, however, will be greater than for off site. 

4.5.6 Overall Protection of Human Health and the Environment 
The on-site disposal option may require a superior treatment process and a dis 
multiple and redundant containment features to match the protection provided 
grounds. Transportation of the silo waste to an off-site 
must also be considered. Shipment of the waste by 
number of shipments and the associated risk could 

a, however, presents a risk that 
being evaluated, though the 

were made by rail. 
For example, if a railroad spur to a western site c'uld be constructed for this purpose, it could be 

used by other federal facilities in the hture. P 
4.5.7 Land Dis sal Restrictio 
LDR regulations a will be complied with regarding on- or off-site disposal. Prior to disposal of any 

t (contaminant separation, solidification, and/or vitrification) is required so that 
pass toxicity characteristic leaching procedure VCLP) or best demonstrated 

available treatment (BDAT) standards. 
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5.0 SCREENING OF ALTERNATIVES 

The alternatives will be further refined and evaluated per the methodology defined in Section 3.0 of 
this report. These refined alternatives incorporate the technologies discussed in Section 2.0. 
results of the alternative evaluation will be used to conduct the ranking of alternatives in Section 
6.0. For the evaluation performed in this section, the alternatives were formally ranked according 
to their ability to meet the general screening criteria. The following numerical scale was used to 

The 

rate the alternatives: 
a 1 =Poor 

2=Below Average 
3=Average 
4=Above Average 
5=GOod 

5.1 ALTERNATIVE 0 - NO ACTION 
This alternative is the no-action alternative. 

5.1.1 DescriDtion 
In this alternative the silo waste remains u n ~  
treatment, containment, or mit 
equipment and silo and berm 

without the impLvmentation of any removal, 
Other than the installation of monitoring 

enance, no actions are taken in this alternative. 

5.1.1.1 Svstemeauirements 

Groundwater monitoring stations 
a Air monitors for radioactivity 

Area radiation monitors 
Silo and berm maintenance system 

5.1.1.2 Size and Confimration 
No change in the present site characteristics would be made. 

5.1.1.3 Remediation Time Frame 
No remediation as such would occur. The necessary monitoring equipment could be installed 
within 6 months. 
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5.1.1.4 SDatial Rauirements 
No additional space would be needed. The space taken by monitoring equipment could be within 
the existing silo area and could be insignificant. 

5.1.1.5 Packaping ReQuirements 
None required. 

5.1.1.6 Waste Generated 
No new waste would be generated. 

5.1.1.7 Permits Rewired 
None required. 

5.1.2 Effectiveness 

5.1.2.1 Protection of Human Health 
Short- and long-term protection of public be poor because an unmitigated source of 

structure that is in poor physical condition. radioactive contamination would continue 

5.1.2.2 Protection of the Envi g e n t  
Short- and long-term protectioi of the environment would be poor for the reasons cited above. 

in Toxicity, Mobility, and Volume through Treatment 
No reduction in any of these characteristics would occur in this alternative, therefore it is rated 
poor. 

5.1.3 ImDlementabilitv 

5.1.3.1 Constructability 
This alternative rates good in this category because no significant changes would be made and the 
installation of monitoring equipment would be routine. 
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5.1.3.2 Reliability 
This alternative is below average in reliability. Although the minor work of monitor installation 
could be done with complete reliability, the silo structures themselves have a limited and poorly 
defined life expectancy. 

5.1.3.3 MaintenancdOwration 
This alternative is good from the standpoint of maintenance because little effort would be required 
to maintain the monitors, silos, and berms. 

5.1.3.4 Agency Approvals 
This alternative is rated very poor by this criterion because no remediation or 
camed out. 

The alternative is rated good because all aspects of the work t done would be routine. 
5.1.3.5 SDecial Engineering and EQuiDment 

No costs are associated with the silo facilities P 1 emselves. The required monitoring equipment and 
5.1.4 

million. P maintenance could involve up 

5.1.5 Additional Data Needs 

"D None requir 

5.1.6 Screening Summary 
Because very little would be changed on the site location, this alternative is very constructable and 
easy to maintain, with no needs for special engineering and equipment. However, it rates very low 
in all of the remaining criteria. It fails to meet waste treatment or effective long-term disposal 
solutions and remedial actions. 

Initially, this alternative has the lowest estimated cost, but the short-term savings would be lost if 

long-term operational, maintenance, and future remediation costs are considered. 

The overall level of human health and environmental protection provided by this alternative is 
extremely low, as increased radon releases and contaminant migration are certain to occur without 
some sort of remedial action. This, coupled with the proximity of the waste to the Great Miami 
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Aquifer and a major 
alternative unlikely. 

population center (Cincinnati, Ohio), makes a recommendation of this 

5.2 ALTERNATIVE 1 - NONREMOVAL, SILO ISOLATION - SILOS 1 . 2 , 3  

5.2.1 DescriDtion 
This nonremoval alternative for the K-65 silos and Silo 3 provides for their use as permanent 
disposal facilities following the enhancement of the containment integrity of each silo. The 
technologies considered for remediation are: 

a K-65 Silos: 
- Slurry wall around silos 

Filling of silo void space 
Impermeable cap 

e 

- Extension of the berm to Silo 3 and uti 
described for the K-65 silos. 

of the isolation techniques 
Silo 3: 

The soil in the berm and under the K-65 silos 
210 from the decay of radon 
this; on-going studies are add 
assumed not to be characteris 
be designed t 
contaminated 
intersect a partial sluny wall and overlap the silo walls. It is assumed that general and granular 
fill, and a 1x10’ cm/sec, clay borrow source with minimum horizontal permeability are regionally 
available. 

contain significant levels of Pb-210 and Po- P 
has diffused into them. There are no data to confirm or refute 
this issue. Until confirmed otherwise, the berm material is 

hazardous for its lead content. The slurry wall and cap would 
se any radioactively contaminated soil. The basis for this statement is that all 

al must be isolated or treated. The cap for the K-65 silos would extend to 

5.2.1.1 System ReQuirements 
This alternative requires: 

e Impermeable clay cap and slurry wall 

Long-term maintenance and environmental monitoring program 
e Relocation of Paddys Run 

e Leachate collection system 
e 

5.2.1.2 Size and Confimration 
The impermeable cap for all three silos would cover approximately eight acres. 
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5.2.1.3 Remediation Time Frame 
Remediation would take approximately 1 year from the initial staging of construction equipment to 
final closure of the silos. 

5.2.1.4 Spatial Requirements 
A staging area for the construction equipment would be the only requirement. 

5.2.1.5 Packaging Requirements 
None required. 

5.2.1.6 Waste Generated 
Leachate will be generated due to K-65 silo waste subsidence caused by the 
installed impermeable cap. This would be collected in the exis 
processed by the W C  wastewater treatment system. 

5.2.1.7 Permits Required 

leachate collection system and F 
The relocation of Paddys Run would require with substantive conditions of the A m y  
Corps of Engineers permit pro . P 
5.2.2 Effectiveness 

The short-term effectiveness is good because there would be no waste handling activities and, 
therefore, none of the associated risks. 

It is possible that with dedicated extended maintenance and monitoring, the long-term effectiveness 
could be maintained even though the waste had not been treated. However, the alternative remains 
poor in this category because it is uncertain whether the containment techniques utilized would 
prevent contaminant migration over the long term. Modeling data and current contamination levels 
for the areas under the silos are not available and will impact the design of the containment 
technology. 
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5.2.2.2 Protection of the Environment 
The shon- and long-term effectiveness is good and poor, respectively, for the reasons stated in the 
previous section. 

5.2.2.3 Reduction in Toxicity, Mobilitv, and Volume through Treatment 
This alternative rates average in this category because, although the containment. pmvided would 
reduce the mobility of the contaminants for the short term, there would be no reduction in toxicity 
or volume (except through subsidenm/consolidation). 

5.2.3 ImrAementabilitV 

d 5.2.3.1 Constructability 
This alternative rates good in this category because the technology is available d proven. 

L 5.2.3.2 Reliability 
The reliability of the operations making up this alternative is a ve average. 

5.2.3.3 Maintenance/ODeration P 
Maintenance and monitoring 
continue to be met. This al 

be required to ensure that the remedial action objectives 
e rates average in this category. 

5.2.3.4 A g e n f i m  mvals 
r on-site disposal of untreated waste may prove to be more difficult to obtain 

than for removal and/or treatment alternatives. 
category. 

This alternative rates below average in this 

5.2.3.5 Suecial Engineering and EquiDment 
This alternative requires no special engineering, equipment, or technical expertise and is rated good 
in this category. 

5.2.4 
The cost estimate for this alternative is $13 million. 
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5.2.5 Additional Data Needs 
In accordance with the OSWER Directive 9355.3-1, as previously discussed, additional sampling is 
required to determine the extent of soil and water contamination, the behavior of contaminant 
migration, and the physical properties of the soil. This applies to a l l  subsequent alternatives. 

5.2.6 Screening Summarv 
The chief advantages of this alternative are its relatively simple and low cost for implementation 
and its effective short-term protection of human health and the environment. 

The primary disadvantages of this alternative are that it fails to reduce waste toxicity and volume as 
a containment-only alternative. The requirement for future remediation is a distinct possibility. 
Current regulatory preferences list waste treatment and effective long-term dis solutions as 
desirable remedial actions. + 
5.3 ALTERNATIVE 2 - NONREMOVAL, IN SITU STABILTBfTION, AND CAP - SILOS 1. 2, 3 

This nonremoval alternative for the K-65 silos P d Silo 3 provides for the stabilization and isolation 
5.3.1 DescriDtion 

of the waste. In situ chemic 
and slurry walls. At this stag fication is included as an innovative technology. The cap 
required for this alternative would be identical to that described for Alternative 1. 

ization or vitrification would be utilized in addition to capping 

Because the ent of the waste would require that the silos be open to the atmosphere, an EIE 
would be necessary for containment and protection of public health. 

Following the installation of the EIE, the silo domes would be removed and the waste stabilized. 
The cap design will be dependent on the stabilization process used: vitrified waste would require a 
cap only to control erosion, whereas chemically stabilized waste may require a cap to reduce 
leaching. A slurry wall may be installed in the berm surrounding the silos to provide an additional 
barrier to prevent contaminant migration. During the vivification process, the silo walls would be 
vitrified along with parts of the berm. 
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5.3.1.1 System Reauirements 
This alternative requires: 

0 EIE 
Earth moving equipment 

0 Miscellaneous utilities 
0 

Stabilization equipment (conventional or vitrification) 
4-8 MW electrical power supply for the vitrification process 

Long-term maintenance and environmental monitoring program 

5.3.1.2 Size and Confipuration 
Conventional physical stabilization requires an auger and mixers and vitrification requires melters, 
fume hoods, and an APC system. Either of these stabilization technologies requires support 
facilities. 

5.3.1.3 Remediation Time Frame 
The remediation of all three silos based on stabilization would tak approximately two to three 
years from the initial pilot-scale study and site work to final c 
requirement, if any, for ISV is uncertain at this stage due to i unknown schedule for full-scale 
testing. The pilot-scale study would be neces determine the voltages, intrusion depth, and 
other technical criteria for the vitrification pro 

ing. The additional time 

P 5.3.1.4 SDatial Reauirements 
The spatial requirements are: 

Area for support equipment and facilities 
Staging area for capping material 

36,400 sq ft 
19,600 sq ft 
16,000 sq ft 
30,000 sq ft 

5.3.1.5 Packaging Reauirements 
None required. 

5.3.1.6 Waste Generated 
The following waste would be generated: 

Contaminated steam, volatile metals and fumes, and contaminated dust from 
vitrification process 
Water from dehumidification of EIE air 
Compactable, low-level waste (anti-contamination clothing, gloves, HEPA filters, 
etc.) 
Any equipment too contaminated to warrant decontamination 
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5.3.1.7 Permits Reuuired 
Should it be necessary to discharge to the air or water, substantive conditions of the existing 
National Emission Standards for Hazardous Air Pollutants (NESHAP) or National Pollutant 
Discharge Elimination System (NPDES) permits would be complied with. The relocation of Paddys 
Run would require compliance with substantive conditions of the Army Corps of Engineers permit 

PW-. 

5.3.2 Effectiveness 

5.3.2.1 Protection of Human Health 
The short-term effectiveness is average, in that no waste would be removed 

public exposure during remediation. 

ere would be no 
risk of a waste handling accident. The use of the EIE greatly reduces the 

/ 

The long-term effectiveness evaluation of this alternative must into account the fact that the 
waste would be permanently located over the G e t Miami Aquifer and near a major population 
center (Cincinnati, Ohio). Although the long- P erm stability of the immobilized waste is quite good, 
the long-term effectiveness of alternative is judged to be average. P 
5.3.2.2 Protection of the Envibnment 
The short-te e ectiveness is average for the reasons stated in the previous section. 79 
The long-term effectiveness is above average because the waste mobility reduction and the 
impermeable cap would greatly reduce the migration of contaminants to the air or groundwater. 

5.3.2.3 Reduction in Toxicity. Mobility. and Volume through Treatment 
Although the volume of the silo waste would not be affected by this alternative (the volume of the 
final waste form might increase or decrease, dependent on the stabilization technology employed), 
the mobility and toxic characteristics of the waste would be greatly reduced by the isolation and 
immobilization technologies employed. This alternative is judged to be above average in this 

category. 
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5.3.3 Implementability 

5.3.3.1 Constructability 
The silo isolation and chemical stabilization technologies are proven and known to be effective; 
however, complete in situ vitrification at the depths required for this application has never been 
demonstrated. Substantial development and demonstration work will be required to adequately 
determine the effectiveness of this process option. The constructability of this alternative is 
average. 

5.3.3.2 Reliability 
The reliability of this alternative's processes is average for chemical stabilization and below average 
for vitrification. This evaluation for ISV is based on the lack of full-scale tes and proven 
demonstration to the depths required for the silos. f 
Perpetual maintenance and monitoring would be required to e k ure that the remedial action 
5.3.3.3 Maintenance/Ooerations 

objectives continue to be met. This alternative 

Agency approval for on-site d' po al of untreated waste may prove to be more difficult to obtain 
5.3.3.4 Agency ADDIDV~S 

than for removal and/or treatment alternatives. 

s average in this category. P 
P 

This alternative rates below average in this 

5.3.3.5 SDecial Engineering and Equipment 
The isolation and chemical stabilization technologies identified for this alternative are proven and 
the required equipment is readily available; however, not for the depths required. Both the in situ 
vitrification option and the chemical stabilization option would require substantial testing and 

development. This alternative rates poor in this category. 

5.3.4 g&t 
The estimated cost for the vitrification option is $24 million, and for the chemical stabilization 
option is $19 million. 
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5.3.5 Additional Data Needs 
Prior to the selection of the vitrification option, a substantial amount of testing and development 
would be required to validate the process. Treatability studies as well as depth testing would also 
be required to confirm and refine the conventional stabilization option. 

5.3.6 Screening Summary 
The primary disadvantages of this alternative are the questionable effectiveness of the vitrification 
technology at the depths required, and the associated schedule delays and higher estimated cost. As 
previously stated, appreciable testing and development would be required with no guarantee of 
success. The use of conventional stabilization technologies is more likely to be effective in 
completely stabilizing the waste; however, treatability testing would still be 

endorsement of this technology. 

For a nommoval alternative, with its immobilization and isolatio of the waste, this alternative 
does provide above average long-term public health and enviro ental protection. However, per- 
petual maintenance and monitoring coupled with the possibility $ of future remediation makes this 

P alternative one of the least favorable. 

5.4 ALTERNATIVE 3 - R E M m L  AND ON-SITE DISPOSAL - SILO 3 

5.4.1 Descriution 1 

ative for the remediation of the Silo 3 waste provides for waste removal, silo 
sal of both the waste and silo debris in an engineered on-site disposal facility. 

The waste would be pneumatically removed from the silo and packaged for on-site disposal without 
interim treatment or stabilization (Figure 5-1). The hydraulic method is described in Section 2.0, as 
are the designs for the engineered on-site disposal facility. 

An EIE would be necessary because each of the removal methods require the removal of the silo 
dome. To implement any of these methods, it would be necessary to construct a work platform to 
gain accessibility to the silo dome and contents. 

5-1 1 82 



r 

r 

1 

4 

1 

E 
2 
Gi 
Q 

E 
D 
K 
Q 
Gi 

1 

MMpoo412-515 

83 



I804 
FMPC-04 12-5 
August 05,1990 

5.4.1.1 System Reuuirements 
This alternative requires: 

EIE 
Waste removal equipment 

Packaging method 
On-site storage facility 
Miscellaneous utilities 

For vacuum removal- an air supply and an air treatment system 

Long-term maintenance and environmental monitoring program 

5.4.1.2 Size and Configuration 
The selected method of material removal will have a bearing on the size and configuration of the 
equipment installed. Waste characterization is not yet complete and the results of 
sampling activities will have an effect on the material handling, packaging, and 
systems designs. Each of the removal methods described in Section 2.0 would be designed to 
handle 1 to 5 cubic feet of material per minute. 

heduled 
r treatment T 

f 
5.4.1.3 Remediation Time Frame 
Remediation would take approximately 2 years installation of the EIE to decontamination and 
disassembly of process equipment. r 

~~ 

5.4.1.4 Spatial Reauirements P 
The spatial req ments are: ?T 

@ (140 ft  x 140 ft) 

Tumulus or equivalent 12 acres 

19,600 sq ft 
ocess/packaging area (100 ft x 100 ft) 10,Ooo sq ft 

The size of the tumulus is based on the estimated waste volume and design specific parameters. 

5.4.1.5 Packapinp Reauirements 
The packaging of the waste material for on-site disposal would be performed in an enclosed 
facility to prevent accidental release of radioactive material to the environment. Good 
engineering practices emphasizing compatibility between the container and material, as well as 
package retrievability, would be followed when choosing a container. 
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5.4.1.6 Waste Generated 
The following waste would be generated: 

Water from dehumidification of EIE air 
Compactable, low-level waste (anti-contamination clothing, gloves, HEPA filters, 
etc.) 
Any equipment too contaminated to warrant decontamination 

5.4.1.7 Permits Reauired 
Should it be necessary to discharge to the air or water, substantive conditions of the existing 
NESHAP or NPDES permits would be complied with. 

5.4.2 Effectiveness 

5.4.2.1 Protection of Human Health 
The short-term effectiveness is above average. Although this 
the risk of a waste handling accident during removal, 

removal action would involve 
transport to the on-site disposal 

facility, the waste, in their present state, are rela 'vely stable and of low radiological activity. 

The long-term effectiveness is average because P the waste may not be stabilized and would be 

located over the Great Miami fer near a major population center (Cincinnati, Ohio). 

is above average and average, respectively, for the reasons 

5.4.2.3 Reduction in Toxicity, Mobility, and Volume throuph Treatment 
This alternative is average. Although the waste would be reasonably stable and immobile in the 
disposal facility, their toxicity and volume would not be reduced. 

5.4.3 Im~lementability 

5.4.3.1 Constructability 
The removal methods and the on-site disposal facility being considered are based on available and 
proven technologies. This alternative rates average in this category. 
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5.4.3.2 Reliability 
The reliability of this alternative is good. 

5.4.3.3 Maintenance/ODeration 
Perpetual maintenance and monitoring would be required to ensure that the remedial action 
objectives continue to be met. This alternative is rated average in this category. 

5.4.3.4 Agency A D D ~ V ~ ~ S  

Agency approval for the on-site disposal of untreated waste would prove to be difficult, however, 
since agency preference is for treatment alternatives. This alternative is rated below average in this 
category. 

5.4.3.5 Special Engineering and Equipment 
This alternative does not require any skills or equipment that 
the removal equipment may require minor modification. 
category. 

t presently available, although 
rates average in this This 

5.4.4 Cost P 
The estimated cost for this al ve is $49 million. 

5.4.5 Additional Data Needs ' 
The results o th silo sampling effort are required to better determine the specific requirements. P 
5.4.6 Screeninv Summary 
This alternative is quite good in providing short-term public health and environmental protection 
and employs reliable remediation technologies at a moderate estimated cost. The long-term 
effectiveness from a health and environmental standpoint is average, however, as untreated waste 
would still be present on site over the Great Miami Aquifer. 

5.5 ALTERNATIVE 4 - REMOVAL AND OFF-SITE DISPOSAL - SILO 3 

5.5.1 DescriDtion 
This removal alternative for the remediation of the Silo 3 waste is identical to Alternative 3 with 
the exception of the final disposal of the waste. This alternative calls for the off-site disposal of 
the untreated waste and silo debris, thereby precluding the need for an on-site disposal facility. 
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The additional requirement to be met for this alternative involves transportation to an approved off- 
site disposal facility (Figure 5-2). 

5.5.1.1 Svstem Reauirements 
This alternative requires: 

EIE 
Waste removal equipment 

Miscellaneous utilities 
Packaging and shipping method 
Approved off-site disposal facility 

For vacuum removal- an air supply and an air treatment system 

The selected method of material removal will have a bearing on the size and co % guration of the 
5.5.1.2 Size and Confimration 

equipment installed. Waste characterization is not yet complete and the results of scheduled 
sampling activities will have an effect on the material handli kaging, and air treatment 
systems designs. Each of the removal methods described in 2.0 would be designed to 
handle 1 to 5 cubic feet of material per minute. P , 

2 years from installation of the EIE to decontamination and 
disassembly of process equip 

The spatial requirements are: 

I EIE (140 ft x 140 ft) 19,600 sq ft  
Process/packaging area (100 ft x 100 ft) 10,Ooo sq ft 

5.5.1.5 Packaginn/Transmtation ReQuirements 
The packaging options available for the Silo 3 waste are low specific activity (LSA) containers 
and Type B containers. Type A quantities and limited quantities will not be considered for 
reasons previopsly stated (Section 9.3). 

LSA 

Due to the specific 
have to be blended 

- 
activity requirements for shipping LSA quantities, the Silo 3 waste would 
with materials of a lesser specific activity. Operable unit boundaries could 
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b crossed to provide this additional material (e.g., fl ash). LSA boxes measuring 96 cubic 
feet could be used. 

D P d i  
To ship the waste as Type B quantities would not require waste blending, as there are no 
activity limits for Type B packaging. 

The waste would be placed in %-gallon drums and placed in Type B overpacks. 

The waste, regardless of the packaging option selected, would be transported by truck or train 
to an approved off-site disposal facility. 

5.5.1.6 Waste Generated 

f The following waste will be generated: 

Any equipment too contaminat warrant decontamination 

Water from dehumidification of EIE air 
Compactable, low-level waste (anti-contamination clothing, gloves, HEPA filters, 
etc.) 9 

Should it be necessary to disc 6 arge to the air or water, substantive conditions of the existing 
5.5.1.7 Permits Rewired 

NESHAF' or NP ES permits would be complied with. Permitsflicenses would be required to 
transport the as to an approved off-site disposal facility. 0 
5.5.2 Effectiveness 

5.5.2.1 Protection of Human Health 
The short-term effectiveness is average and rates lower than the previous alternative due to the 
inherent hazards associated with shipment of the waste to an off-site disposal facility. 

The long-term effectiveness is above average and rates higher than the previous alternative as 
the waste would be better isolated from the public in a remote off-site disposal facility. 

89 
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5.5.2.2 Protection of Environment 
The short-term effectiveness is average and rates lower than the previous alternative for the 

reasons mentioned in the previous section. 

The long-term effectiveness is above average and rates higher than the previous alternative as 
the waste are assumed, to be stored in a remote facility that experiences very little precipitation 
and is geologically stable. 

5.5.2.3 Reduction in Toxicity. Mobility, and Volume throwh Treatment 
This alternative is average in this category. Although the waste would be reasonably stable and 
immobile in the disposal facility, their toxicity and volume would not be reduced. 

f 
5.5.3 Imvlementability I 

With the exception that this alternative does not require the co k truction of an on-site disposal 
5.5.3.1 Constructability 

facility, the constructability of this alternative i i entical to that of Alternative 3 and therefore 

rates average. P 
5.5.3.2 Reliability P 
Alternative 4 is judged to be iess reliable than Alternative 3 (good) due to the transportation 
concerns. 
encountered 72 i reparing for and conducting waste shipments. Therefore, Alternative 4 rates 
above average. 

ese concerns are that delays in completing the remedial alternative may be 

5.5.3.3 Maintenance/Overation 
This alternative is judged to be much better than Alternative 3 in this category because, being 
an off-site disposal alternative, there would be no local maintenance or operational require- 
ments. This alternative rates good in this category. 

5.5.3.4 Agency Avvrovals 
This alternative is judged better than Alternative 3 because agency requirements are completely 
defined for off-site disposal. This alternative rates average in this category. 
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5.5.3.5 Suecial Engineering and Euuipment 
This alternative requires no additional skills and/or equipment beyond those identified in 
Alternative 3, with the possible exception of special packaging that may be required for 
shipment. This alternative rates average in this category. 

5.5.4 

The estimated cost for this alternative is $9 million if the waste is shipped as LSA material and 
$25 million if the waste is shipped as Type B material. 

5.5.5 Additional Data Needs 
The results of the silo sampling effort are required to better determine the specific requirements. 

/f 
5.5.6 Screening Summary I 
The disadvantage of this alternative when compared to Alternativ 3 is its greater short-term 
public health and environmental risk due to waste transportatio As an off-site disposal 
alternative, however, this alternative betters Alternative 3 when f long-term effectiveness, 

maintenance, and operation requirements are co Fred* 
Overall, this alternative is more 
effectiveness . 

orable than Alternative 3 due to its superior long-term P 
VE 5 - REMOVAL AND REPLACEMENT IN REHABILITATED SILO - SILO 3 

5.6.1 Description 
This alternative is similar to Alternative 3 with the exception of the final disposal scenario. In this 

case, the waste would be permanently stored in either Silo 3 or Silo 4 following its rehabilitation. 
Following final disposition of the waste, a berm and a cap would be installed. 

The removal techniques and the EIE used for this alternative are similar to those described for 
Alternative 3. Additional containment would be required around Silo 3. The cap and berm design 
would be similar to those described in Alternative 1. 
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5.6.1.1 System Requirements 
This alternative requires: 

Relocation of Paddys Run 

Pressure grouting and earth moving equipment 
Impermeable clay cap, slurry wall, and grout 

EIE 
Long-term maintenance and environmental monitoring program 

0 Waste removal equipment 

Waste transfer system 
Miscellaneous utilities 

For vacuum removal - an air supply and an air treatment system 

5.6.1.2 Size and Configuration 
The impermeable cap for Silo 3 or Silo 4 would cover approximately three acre 

5.6.1.3 Remediation Time Frame 
4 

Remediation would take approximately 2 years from the initial of construction equipment to 
final closure of the silos. 

P 5.6.1.4 SDatial Reauirements 
The spatial requirements are: 

EIE (140 f t x  6) 
Process area (1 f t x  100 ft) 

No packaging would be involved in this option. 

19.600 sq ft 
10,Ooo sq ft 

5.6.1.6 Waste Generated 
The following waste would be generated: 

Water from dehumidification of EIE air 
Compactable, low-level waste (anti-contamination clothing, gloves, HEPA filters, 
etc.) 
Any equipment too contaminated to warrant decontamination 

5.6.1.7 Permits Reauired 
Should it be necessary to discharge to the air or water, substantive conditions of the existing 
NESHAP or NPDES permits will be complied with. The relocation of Paddy Run would require 
compliance with substantive conditions of the Army Corps of Engineers permit program. 
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5.6.2 Effectiveness 

5.6.2.1 Protection of Human Health 
The short-term effectiveness is below average for the Silo 3 rehabilitation because of the extensive 
waste handling required in moving the waste to and from Silo 4. The risk of a waste handling 
accident and subsequent exposure to the public is greatly increased by the repeated handling. For 
storage in a rehabilitated Silo 4, the short-term effectiveness is considered average due to the one- 
time handling of the Silo 3 material. Overall, short-term effectiveness is considered average for 
Alternative 5. 

The long-term effectiveness is below average because the waste would not be 
and a rehabilitated silo cannot guarantee the long-term isolation of the 

The short-term effectiveness of this alternative is below averag k for the Silo 3 rehabilitation because 
5.6.2.2 Protection of the Environment 

of the increased risk of a handling accident and s bsequent contamination of the local environment. 
Also, for the same reason as discussed in Sect' P n 5.6.2.1, short-term effectiveness for the storage of 
the Silo 3 material in rehabilita Silo 4 is considered average. P 
The long-term effectiveness is 'below average for the reasons stated in the previous section. 

in Toxicity. Mobility, and Volume through Treatment 
Although the waste would remain reasonably stable in their presently dry and powdery form, their 
toxicity and volume would not be reduced. This alternative rates average in this category. 

5.6.3 Im~lementability 

5.6.3.1 Constructability 
This alternative rates below average in this regard due to the fact that the complete rehabilitation of 
a 35-year-old structure cannot be ensured. 

5-22 93 



FMPC-0412-5 
August 05,1990 

5.6.3.2 Reliability 
The reliability of this alternative rates below average because the long-term isolation of the waste in 

the rehabilitated silo cannot be ensured. 

5.6.3.3 Maintenance/ODeration 
The rehabilitated silo would require perpetual monitoring and maintenance to ensure that the 
remedial action objectives are met over the long term. This alternative rates average in this 
category. 

5.6.3.4 Agency A ~ ~ r o v a l s  
Agency approval for this alternative is unlikely, as this is a nontreatment, nommoval action which 

This alternative would permanently store the waste in a facility of questionable structural inte 
rates poor in this category. @f 

t 5.6.3.5 SDecial Engineering and EuuiDment 
This alternative rates average in this category as there are no requirements for special engineering 
or equipment. P 
A cost estimate for this altem iv has not been developed, since it is being eliminated from hrther 
5.6.4 Cost 

consideration based on an inadequate degree of effectiveness and implementability. 

5.6.5 B Additi Data Needs 
None required. 

P 

5.6.6 Screening Summarv 
This alternative rates poorly overall because of the on-site storage of the Silo 3 material in a 
structurally questionable facility. The result is a low level of public health and environmental 
protection for both the short- and long-term. 
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5.7 ALTERNATIVE 6 - REMOVAL. TREATMENT, AND ON-SITE DISPOSAL - K-65 SILOS 

5.7.1 DescriDtion 
This removal alternative for the remediation of the K-65 waste provides for waste removal, 
treatment, and on-site disposal in an engineered disposal facility. The waste would mechanically, 
pneumatically, or hydraulically removed from the silos and then chemically or physically stabilized 
before packaging and on-site disposal (Figure 5-3). The silos and benns would be demolished, 
decontaminated or treated (if necessary), packaged, and disposed of in the on-site disposal facility. 
The contaminated berm material may be disposed of as radioactive waste and the clean material 
may be used as fill material elsewhere. 

The removal methods, related air and water treatment systems, EIE, and tumul 
alternative are similar (except for the differences in moisture content) to those f fo Alternative 3 and 
will not be discussed here. 
stabilization and ex situ vitrification. 

design for this 

The two technologies considered atment are ex situ chemical 

5.7.1.1 System Reauirements 
This alternative requires: P 

Waste removal 
EJE 

Stabilization eqhiment (conventional or vitrification) 
0 

0 

hydraulic removal- a water supply system 
vacuum removal- an air supply and an air treatment system 

0 kaging method 
0 -site storage facility 

Miscellaneous utilities 
Long-term maintenance and environmental monitoring program 

5.7.1.2 Size and Configuration 
The configuration, required equipment, and capacities for the removal methods are identical to those 
for Alternative 3 and will not be described here. The material handling, packaging, and treatment 
system designs are dependent on waste characterization which has not yet been 
completed.Conventional stabilization requires process equipment that includes driers, mixers, 
conveyors, and some type of automated packaging equipment. Vitrification requires specialized 
equipment such as a glass melter, fume hood/cap, and an air pollution control system. Either of 
these stabilization methods require support facilities separate from those supporting removal 
activities. 
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5.7.1.3 Remediation Time Frame 
Installation of the EIE, including all  removal, stabilization, and packaging equipment, would take 
approximately 5 months. Removal of the material processing and packaging would take an 
additional 18 months. Demolition and disassembly/demobilization would require approximately 6 
months. During this time the on-site disposal facility would be built. The total remediation time 
for this alternative would be approximately 3 years. 

5.7.1.4 SDatial Requirements 
The spatial requirements are: 

EIE (260 ft x 140 ft) 36,400 s 
Process/packaging building 

Tumulus or equivalent / 15 acres 
(100 ft x 1 0 0  ft) adjacent to the EIE 

The size of the tumulus is based on the estimated waste volum r and design-specific parameters. 

5.7.1.5 Packaging Reauirements P 
The packaging of the waste m 
to prevent accidental release o 
purposes an approved, LSA-type, steel container has been chosen. 

for on-site disposal would be performed in an enclosed facility 
active material to the environment. For cost estimating 

5.7.1.6 Q Wast enerated 
The following waste would be generated: 

Water from dehumidification of EIE air 
Compactable low-level waste (anti-contamination clothing, gloves, HEPA filters, etc.) 
Any equipment too contaminated to warrant decontamination 

5.7.1.7 Pennits Reauired 
Should it be necessary to discharge to the air or water, substantive conditions of the NESHAP or 
NPDES permits would be complied with. 
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5.7.2 Effectiveness 

5.7.2.1 Protection of Human Health 
The short-term effectiveness is below average due to the risks associated with the extensive waste 
handling during removal, treatment, and movement. 

The long-term effectiveness is below average because the waste would be disposed of near the 
Great Miami Aquifer. The question of ARAB is presently being investigated. 

5.7.2.2 Protection of the Environment 
The short-term effectiveness of this alternative is below average for the reason stated in the 
previous section. 

The long-term effectiveness of this alternative is average becaus 
impermeable clay cap of the on-site tumulus would greatly red' e the potential for the migration of 
contaminants to the air or groundwater. 

-I 
e waste mobility reduction and 7 

5.7.2.3 Reduction in Toxicity, Mobilitv and e through Treatment 
Overall, this alternative is jud 
decrease in the mobility of th 
Although the toxic content of the waste is not reduced, the toxicity characteristic is potentially 

be above average in this category due to the significant 
rial provided by the stabilization/vitrification techniques used. 

e volume of the disposed waste would increase if the stabilization option is 
selected. 

5.7.3 Implementability 

5.7.3.1 Constructability 
Although the technologies presented are available and proven, the treatment processes may q u i r e  
special design and engineering. This alternative rates average in this category. 

5.7.3.2 Reliability 
The reliability of this alternative is judged to be good. 

mow1 m1- 1108-05-90 5-27 98 



1804 
FMPC-04 12-5 
August 05.1W 

5.7.3.3 Maintenance/ODeration 
Perpetual maintenance and monitoring would be required to ensure that the on-site disposal facility 
continues to meet the remedial action objectives. This alternative is rated average in this category. 

5.7.3.4 Agency A ~ ~ r o v a l s  
Agency approval to permanently store stabilized waste above the Great Miami Aquifer may prove 
to be difficult even though the waste have been treated. This alternative is rated below average in 
this category. 

5.7.3.5 SDecial Engineering and EQuiDment 
This alternative would require special design and engineering of the treatment processes and 
specialized handling and treatment equipment. The technology and equipment generally available 
and proven so this alternative rates average in this category. 

57.4 p&t 
The estimated cost for this alternative is $65 million. Unlike 
economic difference between vitrification and 
expensive than stabilization equipment; howev 

.T 
k temative 2, there is no significant 

Vitrification equipment is more 
is off-set because the tumulus 

required for the vitrified mate 1 smaller than that for the stabilized material. v 
5.7.5 Additional Data Needs 

would be required to determine process parameters and the effectiveness of the 
process optio 

5.7.6 Screening Summarv 
The disadvantages of this alternative are its low level of short- and long-term public health and 
environmental protection. The short-term disadvantage is due to the substantial waste handling 
involved during remediation. Although the stabilizing technologies are very effective in 
immobilizing the waste, they would still be present on site and represent a long-term potential 
hazard to both the public and the environment. 
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5.8 ALTERNATIVE 7 - REMOVAL. TREATMENT, AND OFF-SITE DISPOSAL - K-65 SILOS 

5.8.1 DescriDtion 
This alternative is identical to Alternative 6 with the exception that the treated waste would be 

transported to an approved off-site disposal facility, thereby precluding the need for an on-site 
disposal facility. The additional requirements to be met for this alternative involve packaging and 
transportation for disposal (Figure 5-4). See the Alternative 6 description for details. 

5.8.1.1 System Requirements 
This alternative requires: 

EIE 
Waste removal equipment 
Stabilization equipment (conventional or vitrification) 
For hydraulic removal - a water supply system 
For vacuum removal - an air supply and an air t 
Miscellaneous utilities 
Packaging and shipping method 
Approved off-site disposal facility 

tment system e 
P 5.8.1.2 Size and Configuration 

The configuration, required eq 
for Alternative 3 and will not 
system designs are dependent 

Conventional t ilization requires process equipment that includes driers, mixers, conveyors, and 
some type of automated packaging equipment. Vitrification requires specialized equipment such as 

, and capacities for the removal methods are identical to those 
scribed here. The material handling, packaging, and treatment 

e characterization which has not yet been completed. 

D 
a glass melter, fume hood/cap, and an air pollution control system. Either of these stabilization 
methods will require support facilities separate from those supporting removal activities.5.8.1.3 

5.8.1.3 Remediation Time Frame 
Installation of the EIE, including all removal, stabilization, and packaging equipment, would take 
approximately 5 months. Removal of the material, processing, and packaging would take an 
additional 18 months. Demolition and disassembly/demobilization would require approximately 6 
months. The total remediation time for this alternative is approximately 3 years. 
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5.8.1.4 Spatial Rwuirements 
The spatial requirements are: 

EIE (260 ft x 140 ft) 
Process/packaging building 
(100 ft x 100 ft) adjacent to the EIE 

36,400 sq ft 
10,Ooo sq ft 

5.8.1.5 PackanindTranswrtation Reauirements 
The packaging options available for the treated K-65 waste are LSA containers and Type B 

containers. Type A quantities and Limited Quantities will not be considered for the reasons 
previously stated. 

-F- - LSA 
To meet the LSA specific activity limits, the waste would have to be blended wi material of a 
lesser activity. One choice for this is the silo berm material as it might be slightly contaminated 
requiring disposal. LSA boxes measuring 96 cubic feet could used for this disposal option. v 
No waste blending would be required for ship 
limits for Type B packages. 

Ih?a 
a Type B quantity, as there are no activity 
be placed in 55-gallon drums and packed The waste 

P into Type B overpacks. 

The waste, reg 
approved off- te isposal facility. 

ess of the packaging option selected, would be transported by truck or rail to an 6 
5.8.1.6 Waste Generated 
The following waste would be generated: 

9 

Water from dehumidification of EIE air 
Compactable low-level waste (anti-contamination clothing, gloves, HEPA filters, etc.) 
Any equipment too contaminated to warrant decontamination 

5.8.1.7 Permits Required 
Should it be necessary to discharge to the air or water, substantive conditions of the existing 
NESHAP or NPDES permits would be complied with. PermitsAicenses would be required to 
transport the waste to an approved off-site disposal facility. 
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The contaminants are imrnobili 

5.8.2 Effectiveness 

Z d b y  both conventional stabilization and vitrification, although no 

5.8.2.1 Protection of Human Health 
The short-term effectiveness of this alternative is below average due to the removal, treatment, and 
other miscellaneous waste handling operations that increase the risk of a handling accident and 
subsequent public exposure. Additional risk of public exposure would be incurred during waste 
transport to the off-site disposal facility. 

Long-term effectiveness of this alternative is good due to the off-site disposal of the treated waste 
in a facility likely to be more geographically remote and environmentally suitable. 

5.8.2.2 Protection of the Environment 
The short-term effectiveness of this alternative is below average for the 

/ previous section. 

volume of t h e s e d  waste. This alternative is rated above average in this category. 

V 
5.8.3 Implementability 

5.8.3.1 Constructability 
This alternative is identical to Alternative 6 in this respect and rates average. 

5.8.3.2 Reliability 
This alternative is less reliable than Alternative 6 (good) due to the difficulties inherent in effecting 
the off-site disposal of the waste. This alternative rates above average in this category. 
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5.8.3.3 Maintenance/Oueration 
This alternative is significantly better than Alternative 6 because the waste would be stored off-site 
and will require no local operation and maintenance efforts. This alternative rates good in this 

category. 

5.8.3.4 Aaencv Auurovals 
Although there will be numerous regulatory requirements to satisfy prior to shipping the radioactive 
waste, the waste would not be disposed of near the Great Miami Aquifer. This alternative rates 
average in this category. 

5.8.3.5 Suecial Engineering and Eauiument 
This alternative is identical to Alternative 6 in this category and rates average. 

The estimated cost for this alternative is $37 million if the w 
5.8.4 

$42 million if the waste is shipped as Type B material. 
shipped as LSA material and 

5.8.5 Additional Data Needs P 
Treatability studies would be 
determine process parameters. 

d to determine the effectiveness of the process options and to 

handling steps required - removal, treatment, packaging, and long 
distance transportation to an off-site disposal facility - this alternative provides the lowest level of 
short-term public health and environmental protection. It also fails to reduce waste volume (which 
increases with conventional stabilization) and toxicity content. This alternative does, however, 
effectively immobilize the waste by stabilizatioxVvitrification and this, combined with off-site 
disposal, provides one of the most effective long-term disposal options for the K-65 waste. 

5.9 ALTERNATIVE 8 - REMOVAL, CONTAMINANT SEPARATION, AND ON-SITE DISPOSAL - 
K-65 SILOS 

5.9.1 DescriDtion 
This removal alternative calls for K-65 waste removal, separation of radioactive/hazardous 
components and nonhazardous components through various contaminant separation schemes, and 
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subsequent on-site disposal of the resultant waste. The waste would be removed by hydraulic or 
mechanical methods (Figure 5-5). These methods have been discussed previously and will not be 

covered here. This alternative would also require the use of an EIE. 

Dependent on the removal method selected, the waste would be received either as a slurry 
(hydraulic removal) or a sludge (mechanical removal) via a conveyor. Before initial treatment the 
slurry may have to be dewatered. The conveyed sludge may be passed through a screen to ensure 
particle size is such that optimum leaching occurs. It is not anticipated that size reduction 
equipment will be required. Contaminant separation would begin with a multistage, nitric acid 
leach which would solubilize the uranium, radium, and lead, the major radionuclides of concern. 
This leaching process would also dissolve the barium, calcium, iron, nickel, and co per. The lead, 
barium, nickel, and copper are the primary hazardous constituents of the sludg . It may be 
necessary to add an oxidizing agent, as well as hydrochloric acid (which has bee .f shown to 
improve leaching effectiveness), to assist in the solubilization of 
which states this process can be successful. Although the che 

of the leaching and the proper acid and sludge 

filtered and washed to remove the dissolved components from 
the remaining sludge. The filt te, containing the hazardous and radioactive components, would be 
After leaching, the mixture wo 

treated with sodium hydroxide, sodium carbonate, and/or sodium sulfate/phosphate to a pH of about 
10.5 to prec the lead, barium, radium, uranium, nickel, and copper. This process would also 
precipitate c and some iron. The supernatant water may be recycled or require further 
treatment prior to discharge. The precipitated sludge would be solidified or vitrified as previously 
described. 

uranium. Literature exists 
try of these reactions is fairly well 

known, this leaching step would require laboratory bench-scale F testing to determine the effectiveness 

P v 

If the initial leaching is sufficiently effective the remaining washed material may be considered 
nonhazardous, which would allow low-cost disposal in a nonhazardous landfill. As this material 

contains approximately $lO,OOO,OOO worth of precious metals (gold, platinum, and palladium), 
another option in lieu of disposal would be the recovery of these metals by smelting. Gold exists 
in the material at a ratio of 1.36 troy ounces per ton and is routinely recovered by commercial 
smelters from ores containing as little as 0.1 troy ounces per ton. The silos contain approximately 
12,000 troy ounces of gold, 2,700 my ounces of platinum, and 35,000 my ounces of palladium. 
The material could be sold to a smelter for recovery, because an on-site smelting operation would 
not be cost effective due to the relatively small quantities involved. 
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5.9.1.1 System Reauirements 
This alternative requires: 

EIE 
Miscellaneous utilities 

Packaging method 

Tumulus or similar aboveground disposal facility 
Waste removal and handling equipment 
Waste treatment and contaminant separation equipment 

Treatability testing for leaching and separation 

5.9.1.2 Size and Configuration 
The waste removal method and stabilization option selected would have a bearing on the size 
and configuration of the equipment installed. The configuration, required equipme , and 
capacities for the removal methods are identical to that for Alternative 3 and w' qot be 
described here. 

Conventional stabilization requires process equipment that inclu es driers, mixers, conveyors, 
and some type of automated packaging equip 
such as a glass melter, fume hood/cap, and an 
stabilization methods require support facilities 

k 
itrification requires specialized equipment 

llution control system. Either of these 
e from those supporting removal activities. 

The contaminant separation eq ipment would consist of a series of agitated batch tanks, 

precipitation tanks, and associated piping and hardware. 
P 

5.9.1.3 Rem D ation Time Frame 
Installation of the EIE, including all of the removal, stabilization, contaminant separation, and 
packaging equipment, would take approximately 5 months. Removal of the material, treatment/ 
separation, and packaging would take an additional 18 months. Demolition and disassembly/de- 
mobilization would require approximately 6 months. The total remediation time for this 

alternative is approximately 3 years. 

5.9.1.4 SDatial Reauirements 
The spatial requirements are: 

Process/packaging building adjacent 

Tumulus or equivalent 

EIE (260 ft x 140 ft) 

to EIE (120 ft x 120 ft) 

36,400 sq f t  
14,400 sq f t  

8 acres 

Fnuow1llJK1-1~8-0s-90 5-36 
107 



I804 

FMPC-04125 
A u p t  05,1990 

5.9.1.5 Packaging Reuuirements 
The packaging of the waste material for on-site disposal would be performed in an enclosed facility 
to prevent accidental release of radioactive material to the environment. Good engineering practices 
emphasizing compatibility between the container and material, as well as package reuievability, 
would be followed when choosing a container. 

5.9.1.6 Waste Generated 
The following waste would be generated: 

Compactable, low-level waste (anti-contamination clothing, gloves 4 HEPA filters, 

Wastewater from hydraulic removal method (recycled where possible) 

Nitric acid waste stream to be treated in the on-site biodenitrifi 
Water from dehumidification of EIE air 

etc.) 

on pond 

r 5.9.1.7 Permits Rewired 
Should it be necessary to discharge to the air or ater. substantive conditions of the existing 
NESHAP or NPDES permits would be compliea p t h .  

5.9.2 Effectiveness P 
due to the waste handling involved during removal, 

and disposal. 

The long-term effectiveness is below average because although the waste has been treated, 
immobilized, reduced in volume, and placed in secure storage, the continued presence of these 
concentrated waste on site is a disadvantage. 

5.9.2.2 Protection of the Environment 
The short- and long-term effectiveness is avehge and below average, respectively, for the reasons 
stated in the previous section. 
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5.9.2.3 Reduction in Toxicitv, Mobilitv, and Volume through Treatment 
This alternative is good in this category because it very effectively reduces the volume and mobility 
through contaminant separation and stabilization/vitrification. The resultant radioactive waste, 
though greatly reduced in volume, would be more concentrated in its separated form. 

5.9.3 Imdementabilitv 

5.9.3.1 Constructabili ty 
Extraction technology and equipment exist and are proven. Alternative specific technology will be 
proven through treatability studies. The treatment and contaminant separation processes would 
require detailed design and engineering. This alternative rates average in this category. 

/r 
5.9.3.2 Reliabili tv I 

This alternative is good in this category due to the use of prove 
treatment and storage of waste. 

echnologies and the effective F 
Perpetual maintenance and monitoring would to ensure that the on-site disposal facility 
5.9.3.3 Maintenance/ODeration 

continues to meet the remedial on objectives. This alternative rates average in this category. P 
5.9.3.4 Agencv ADDIDV~S 

This alternati e i below average in this category because, in spite of the effective waste treatment 
and stabilizat' Q it provides a lower level of long-term human health and environmental protection 
due to on-site disposal. 

5.9.3.5 Smcial Engineering and EuuiDment 
This alternative rates below average in this category. The stabilization and contaminant separation 
processes will require treatability studies and detailed design and engineering. 

5.9.4 Cost 
The estimated cost for this alternative is $58 million. No credit is taken for the precious metals 
values. 
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5.9.5 Additional Data Needs 
As previously stated, the stabilization and contaminant separation processes require treatability 
studies to determine effectiveness and process parameters. 

5.9.6 Screening Summarv 
Although the waste is highly immobile and greatly reduced in volume, their continued presence on 
site in a concentrated form is the primary disadvantage of this alternative. 

5.10 ALTERNATIVE 9 - REMOVAL, CONTAMINANT SEPARATION. AND OFF-SITE 
DISPOSAL - K-65 SILOS 

This alternative is identical to Alternative 8, with the exception that the treated -s: d separated waste 
5.10.1 Description 

would be transported to an approved off-site disposal facility, thereby precluding the need for an 
on-site disposal facility. The additional requirements to be me this alternative involve 
packaging and transportation for disposal (Figure 5-6). P 

P 5.10.1.1 System Reauirements 
This alternative requires: 

EIE 
Miscellaneous htilities 

aste removal and handling equipment 
aste treatment and contaminant separation equipment : @  atability testing for leaching and separation 

Packaging and shipping method 
Approved off-site disposal facility 

5.10.1.2 Size and Confimration 
The waste removal method and stabilization option selected will have a bearing on the size and 
configuration of the equipment installed. The configuration, required equipment, and capacities 
for the removal methods are identical to that for Alternative 3 and will not be described here. 

Conventional stabilization requires process equipment that includes driers, mixers, conveyors, 
and some type of automated packaging equipment. Vivification requires specialized equipment 
such as a glass melter, fume hood/cap, and an air pollution control system. Either of these 
stabilization methods require support facilities separate from those supporting removal activities. 
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The contaminant separation equipment would consist of a series of agitated batch tanks, 
precipitation tanks, and associated piping and hardware. 

5.10.1.3 Remediation Time Frame 
Installation of the EIE, including all of the removal, stabilization, contaminant separation, and 
packaging equipment, would take approximately 5 months. Removal of the material, treatment/ 
separation, and packaging would take an additional 18 months. Demolition and disassembly/de- 
mobilization requires approximately 6 months. The total remediation time for this alternative is 

approximately 3 years. 

5.10.1.4 SDatial Reauirements 
The spatial requirements are: 

36,400 sq ft  
14,400 sq ft Process/packaging building adjacent 

EIE (260 ft x 140 ft) 

D. 
to EIE (120 ft  x 120 ft) 

5.10.1.5 Packaginmransmrtation Requireme& 
The packaging option availab 
Limited Quantities, and LSA 

the residual waste is Type B containers. Type A quantities, 
ners will not be considered for the reasons stated in Section 

will not be considered since the addition of waste-blending material to 
limits would nullify the waste volume reduction achieved by the 

alternative. 

No waste blending will be required for shipment of the residual waste as Type B quantities, as 
there are no activity limits for Type B packaging. The residual waste would be placed in 55- 

gallon drums and packed into Type B overpacks. The less contaminated berm material could 
be shipped as LSA quantities in 96-cubic-foot LSA boxes. Both the LSA boxes and Type B 
overpacks would be transported by truck or rail to an approved off-site disposal facility. 
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5.10.1.6 Waste Generated 
The following waste would be generated: 

Wastewater from hydraulic removal method (recycled where possible) 
Water from dehumidication of EIE air 
Nitric acid waste stream to be treated in the on-site biodenitrification pond 
Compactable, low-level waste (anti-contamination clothing, gloves, HEPA filters, 
etc.) 
Any equipment too contaminated to warrant decontamination 

5.10.1.7 Permits Reauiml 
Should it be necessary to discharge to the air or water, substantive conditions of the existing 
NESHAP or NPDES permits would be complied with. Permitsflicenses would be required to 
transport the waste to an approved off-site disposal facility. 7 
5.10.2 Effectiveness 

t 5.10.2.1 Protection of Human Health 
The short-term effectiveness of this alternative is low average due to the extensive waste 
handling required and the long distance transpo a n of the waste to an off-site disposal 
facility. P 

A 
The long-term effectiveness is 00 due to the off-site storage of the waste in a facility likely 
to be more geo phically remote and environmentally suitable. 

5.10.2.2 Prot 0 ction of the Environment 
The short-term effectiveness is below average for the reasons stated in the previous section. 

The long-term effectiveness is good due to the off-site disposal of the treated and separated 
waste in a geologically stable facility that experiences little precipitation. 

5.10.2.3 Reduction in Toxicihr. Mobilitv, and Volume through Treatment 
This alternative is good in this category because it very effectively reduces the volume and 
mobility through contaminant separation and stabilization/vitrifcation. The resultant radioactive 
waste, though greatly reduced in volume, would be more concentrated in its separated form. 
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5.10.3 Imulementabilitv 

5.10.3.1 Constructability 
The technologies presented are available and proven, although the treatment and contaminant 
separation processes require detailed design and engineering. This alternative rates average in 
this category. 

5.10.3.2 Reliabilitv 
This alternative is less reliable than Alternative 8 (good) due to the inherent difficulties in 
effecting the off-site disposal of the waste. This alternative rates above average in this 
category. 

5.10.3.3 MaintenancdOueration 
This alternative is significantly better than Alternative 8 in this 

disposal of the waste. As there are no requirements for local 
alternative is judged to be good in this category. 

due to the off-site 
ance or monitoring, this 

5.10.3.4 Anencv Auurovals P 
This alternative is better than 
would provide better long-te 
numerous regulatory requirements to satisfy before shipping the radioactive waste. This 

ative 8 in this category because an off-site disposal option 
an health and environmental protection. There would.be & 

alternative rat s erage in this category. I7 
5.10.3.5 Suecial EnPineerinn and Eauiument 
This alternative rates below average in this category. The stabilization and contaminant 
separation processes require treatability studies and detailed design and engineering. 

5.10.4 Cost 
. The estimated cost for this alternative is $27 million. No credit is taken for precious metal 

values. 

5.10.5 Additional Data Needs 
The stabilization and contaminant separation process require treatability studies to determine 
effectiveness and process parameters. 
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5.10.6 Screeninn Summary 
This alternative offers low short-term public health and environmental protection due to on-site 
waste handling followed by shipment to an off-site disposal facility. The long-term protection 
is the best of any alternative considered because the smaller quantities of immobilized waste, 
though more concentrated, are stored off-site in a facility that experiences little precipitation and 
is situated far from any major population centers. 

This alternative is the most effective alternative in meeting the long-term remedial action 
objectives of all those considered. 

P 
P 

5-44 195 





FMPC-0412-5 
August 05,1990 

- 
6.0 GENERAL SUMMARY 

6.1 ALTERNATIVES RECOMMENDED FOR DETAILED ANALYSIS 
Following the evaluation performed in Section 5.0, the alternatives were formally ranked 
according to their ability to meet the general screening criteria. The following numerical scale 
was used to rate the alternatives: 

1 =Poor 
2=Below Average 
3=Average 
4=Above Average 
5=Good 

The evaluation criteria were applied equally to all  of the alternatives; that is, the a riteria were 

alternatives achieved generally similar scores, with the exceptio 
not weighted. Table 6-1 presents this quantitative evaluation. 

of Alternative 5 providing significantly less effectiveness than 
alternative has been eliminated in accordance wi 40CFR300.430(e)(7)(i)(Effectiveness). Also 
relevant to the elimination of Alternative 5 is 

results show that the 
f Alternative 5. As a result F temative 3 and 4, the 

requirement for excessive and redundant waste P 
handling at the expense of and environmental protection, while failing to offer any 
advantages not provided by o ternatives. 

ly close scores of the remaining alternatives in this ranking process, the 
low are recommended for further development and refinement in the 

detailed analysis of alternatives: 

. 

1 - Silo Isolation, Silos 1, 2, 3 
2 - In Situ Stabilization, Silos 1, 2, 3 
3 - Removal and On-Site Disposal, Silo 3 
4 - Removal and Off-Site Disposal, Silo 3 
6 - Removal, Treatment and On-Site Disposal, Silos 1, 2 
7 - Removal, Treatment and Off-Site Disposal, Silos 1, 2 
8 - Removal, Contaminant Separation, and On-Site 

9 - Removal, Contaminant Separation, and Off-Site 
Disposal, Silos 1, 2 

Disposal, Silos 1, 2 

Table 6-2 lists the estimated cost for each alternative. 
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TABLE 6-2 

COST ESTIMATES FOR REMEDIAL ACTION ALTERNATIVES 
~~ 

Alternative 

~ 

DescriDtion 
Capital 
cost 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

No action $lMa 

Nonremoval, Silo Isolation, Silos 1,2,3 $13M 

Nonremoval, In Situ Stabilization and Cap, Silos 1,2,3 $24M/$l 9Mb 

Removal and On-Site Disposal, Silo 3 

Removal and Off-Site Disposal, Silo 3 

Removal and Replacement in Rehabilitated Silo,$&o 3 d 

Removal, Treatment, and On-Site Disposal, Silo r 1.2 $65M 

Removal, Treatment, and Silos 1,2 $37M/$42M 

Removal, Contaminant Disposal, Silos 1,2 $58M 

Removal, Cont ant Separation, and Off-Site Disposal, Silos 1,2 $27M P 
V Notes: "$1M = $1,OOO,OOO 

bvitrificationlchemical stabilization 
'Wastes shipped as LSmype B 
daternative eliminated before costing 
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6.2 ADDITIONAL DATA NEEDS 
The alternative evaluation and screening are based on the limited information currently 
available. Given this lack of information (Le., operable unit characterization, treatability studies, 
ARARs, etc.), it is not possible, or prudent, to screen out a number of competing technologies 
and alternatives. These technologies and alternatives, therefore, must’be carried into the 
subsequent detailed analysis of alternatives where they will be evaluated and screened in the 
light of available information. 

6.2.1 SamDlindStudies 
There have been a number of silo sampling studies performed over the years: Vitro 
Corporation in 1952, Litz in 1974, National Lead of Ohio, Inc., and Battelle C 
Laboratories in 1980, but these studies have produced analytical results with som variability, 
indicating the silo residues are not totally homogeneous. Beca f this variability, the data 
from these sampling efforts are not sufficiently complete to ad ly characterize the silo 
residues for the purposes of evaluating remedial actions. A si pling plan has been 
prepared so that additional radiological, chemical 

F 
d geotechnical properties of the silo waste 

can be determined. P 
al data on the silo waste directly affects the evaluation of The lack of representative radi 

the technologies employed for waste handling, packaging and shipping. Analytical data on the 
soils beneath 
contaminant 
to refine and evaluate the technologies employed for waste removal and capping. In addition, 
treatability studies are planned which will help determine process parameters and the 
effectiveness of waste treatment options. All of these sampling activities and studies are 
scheduled and will be included in the FS report at a later date. 

@ 
os is required to determine the presence of leachates and subsequent 
n. Additional geotechnical data for the silo waste and subsoils are required 

6.2.2 ARARs 
The ARARs for Operable Unit 4 are separately discussed in Appendix A. 

6.3. DETAILED ANALYSIS PREVIEW 
The detailed analysis of alternatives follows the development and screening of alternatives and 
precedes the ultimate selection of a remedial action. The screened alternatives will be refined 
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to provide greater detail and accuracy based on the results of additional analyses, treatability 
studies, and site characterization. During the detailed analysis, each alternative is assessed 
against the criteria below: 

Overall protection of human health and environment 
Compliance with ARARs 
Long-term effectiveness and permanence 
Reduction in toxicity, mobility, and volume through treatment 
Short-term effectiveness 
Implementability 
cost 
State acceptance 
Community acceptance 

This approach to analyzing alternatives is designed to provide decision makers wi 
information to adequately compare the alternatives, select an operable unit remedy, and demonstrate 
satisfaction of the CERCLA remedy selection requirements in 

sufficient % 
ecord of Decision (ROD). P 

P 
P 

6-5 
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APPLICABLE OR RELEVANT AND APPROPRIATE 

A.l INTRODUCIlON 

REQUIREMENTS (ARARs) 

In performing the Remedial InvestigationFeasibility Study (RWS) and subsequent remedial actions 
for Operable Unit 4 within the Comprehensive Environmental Response, Compensation, and 
Liability Act/Superfund Amendments and Reauthorization Act of 1986/National Contingency Plan 
(CERCLA/SARA/NCP) framework, the Feed Materials Production Center (FMPC) is required to 
comply with all applicable or relevant and appropriate requirements. The purpose of this appendix 
is to list potential ARARs and/or their sources. This information was presented to DOE on June 
13, 1989 in the Initial Screening of Alternatives presentation and, is based on project and regulatory 
information available at the time. 

Applicable requirements are those federal and state requirements that specifically address a 
hazardous substances, pollutant, contaminant remedial action lo ion, or other circumstances found 
at a CERCLA site, per NCP at 40CFR300.400(e)(Permit Requi ments). Examples of federal 
statutes specifically cited in CERCLA from w quirements may apply include the Toxic 
Substances Control Act (TSCA) 15USC2601, fe Drinking Water Act (SDWA) 42USC300, the 

Clean Air Act (CAA) 42USC7401, the Clean Act (CWA) the Solid Waste Disposal Act 
(SWDA) 42USC3251, and the 
and appropriate requirements a F those federal and state human health and environmental regulatory 

ply to circumstances sufficiently similar to the release or remedial action 
ant) and are well-suited to the site (appropriate), 40CFR300.400(g)(identification 

v 
ne Protection Research and Sanctuaries Act (MPRSA). Relevant 

ant and appropriate requirements). 

A.2 POTENTAL ARARs FOR OPERABLE UNIT 4 
In accordance with current Environmental Protection Agency @PA) guidance, ARARs are to be 
progressively developed and applied on a site-specific basis as the RWS proceeds. The initial step 
in the process entails the listing of all potential ARARs for the remedial action process at the 
subject site. A comprehensive listing of potential ARARs for all of the operable units for the 
FMPC was completed as pan of the Feasibility Study Work Plan. The potential ARARs for the 
FMPC were categorized into the following EPA-recommended classifications: 

Chemical-Smcific ARARs - Usually health- or risk-based numerical values or 
methodologies which, when applied to site-specific conditions, result in the 
establishment of numerical values for each chemical of concern. These values 
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establish the acceptable amount or concentration of a chemical that may be found in 
or discharged to the ambient environment. 

Location-SDecific ARARs - Restrictions placed on the concentration of a chemical or 
the conduct of activities solely because they occur in special locations. 

Action-SDecific ARARs - Usually technology- or activity-based requirements or 
limitations on actions taken with respect to waste management and site cleanup. 

A brief discussion of each of the primary federal and state of Ohio ARARs, along with pertinent 
agency-issued criteria, advisories, and guidance is given below. A summary listing of potential 
ARARs is found in Table A-1. 

Federal ARARs and other criteria, advisories, or guidelines, include the following 
Federal ARARs 

Safe Drinkinn Water Act (42USC3OOf. et. sea. ar18/4 OCFR141 to 149) - Establishes 
Maximum Contaminant Levels (MCLs) whic 
chemicals in public drinking water supplies. 
but also the economic and technical feasibili 
water supply system. The EP 
several organic and inorganic in drinking water. MCLGs are 
nonenforceable guidelines that consider the technical feasibility of 
contaminant remov . The SDWA also authorizes the following programs: 

- The Undergroan Injection Control (UIC) Program 

nforceable standards for 
t only consider health factors 
ving a contaminant from a 

tly proposed MCL goals (MCLGs) for 

- The Sole-Sou P Aquifer Program 
e Wellhead Protection Program 

c Substances Control Act (15USC2601. et. sea. and 40CFR702 to 799) - - 
Yfiegulates the use and disposal of polychlorinated biphenyls (PCBs) and asbestos. 

Resource Conservation and Recovery Act (42USC6901, et. sea. as amended and 
40CFR260 to 279) - Establishes the criteria and standards for identification, 
management, and disposal of hazardous waste. 

Federal Water Pollution Control Act, As amended by the Clean Water Act (33USC- 
1251. et. sea and 40CFR104 to 140) - Govern point-source discharges through the 
National Pollutant Discharge Elimination System (IWDES), dredge and fill activities 
which may degrade or disturb wetlands or other aquatic habitats, and oil or 
hazardous substance spills to waters of the United States. 

Ambient Water Oualitv Criteria - Criteria for 64 chemicals were established in 1980, 
pursuant to Section 304(a)(l) of the CWA. AWQC are available for the protection 
of human health from exposure to chemicals in drinking water, from ingestion of 
aquatic biota, and for the protection of fiesh-water and salt-water aquatic life. 
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Regulation of Activities Affecting Waters of the U.S. (33CFR320 to 329) - U.S. 
Amy Corps of Engineers (COE) regulations that are applicable to wetlands and 
navigable waters. 

Occupational Safetv and Health Act (29USC651, et. sea. and 29CFR1904, 
29CFR1910. and 29CFR1926) - Provides occupational safety and health requirements 
applicable to workers engaged in on-site field and remediation activities. 

Endangered Suecies Act of 1978 (16USC1531, et. sea.) - Provides for consideration 
of the impacts of remedial actions on endangered and threatened species. 

Fish and Wildlife Coordination Act (16USC661, et. sea) -Provides for consideration 
of the impacts on wetlands and protected habitats. 

Clean Air Act (42USC4701, et. sea.) - Through the National Am d ient Air Quality 
Standards (NAAQS) it identifies primary and secondary standards for six "criteria" 
pollutants, and through the National Emission St 
from DOE facilities (40CFR61), it provides 
emissions from DOE facilities. 

EPA Regulations for Environmena Radiation Protection Standards for Nuclear 
Power Owrations (40CFR 190) lies to radiation doses received by members of 
the public in the general enviro and to radioactive materials introduced into 
the general environent as a result of operations which are part of the nuclear fuel 

Fish and Wildlife ImDrovement Act of 1978 (16USC742a) - Provides for 
consideration of the impacts on wetlands and protected habitats. 

ards for Radionuclides Emissions 
exposure limits from air T 

cycle. 

EPA Regulatiods for Health and Environmental Protection Standards for Uranium 
- Applies to the control of residual 

or repository sites under Section 108 of 
Act of 1978 and to restoration of such 

under Section 104 (h) of the above- 
referenced act. 

NRC Repulations for Standards for Protection against Radiation (lOcFRIL0) - 
Establishes standards for protection against radiation hazards arising out of activities 
under licenses issued by the U.S. Nuclear Regulatory Commission and issued 
pursuant to the Atomic Energy Act of 1954, as amended, and the Energy 
Reorganization Act of 1974. 

The Atomic E n e m  Act of 1954 (42USC2011, as amended) - Authorizes the 
conduct of atomic energy activities. 

Licensing Requirements for Land Diswsal of Radioactive Waste (lOCFR61) - 
Establishes procedures and criteria for the land disposal of radioactive wastes. 
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State of Ohio A R A R s  

State of Ohio ARARs and other criteria, advisories, or guidance, include the authority of the Ohio 
Environmental Protection Agency (OEPA) to manage federal environmental programs. OEPA 
shares several responsibilities with other Ohio agencies including the Department of Health, the 
Department of Natural Resources (ODNR), and the Public Utilities Commission: 

Ohio Water Pollution Control Act (ORC Chapter 6111) - OEPA has the authority to 
administer all of the federally mandated water discharge programs, including the 
NPDES programs for all source categories (OAC3745-33-01 through 3745-33-05), 
and an effective pretreatment program (OAC3745-3). 

Solid and Hazardous Waste DisDosal Law (ORC Chapter 3734) - OEPA has been 
developing extensive solid and hazardous waste regulations (OAC3745 Chapters 27- 
70). These programs are administered by the Solid and Hazardou aste Division 
of OEPA. 

Water Quality Standards (OAC3745-1) - Ohio has developed water quality standards 
applicable to state surface water (OAC3745-1- 
(OAC3745-1-05) and has designated water us 
bodies (OAC3745-1-07 to 32). 

Drinking Water Rules - The rul 
OAC3745-81-01 to 55, and incl . OAC3745-82 sets secondary 
contaminant standards. 

T 
antidegradation policy 
for all  major surface water 

c drinking water are set forth by 

Water Well Ins 
installation is r 

ion - For new wells intended for human consumption, well 
ted under OAC3745-9 by OEPA and ODNR. + 

ndernround Iniection Well Control Pronram - Approvals for injection wells are 
ired from the ODNR and OEPA. The requirements for permits to inject fluids 

s are set for&h in OAC3745-34. 

Water System - Authority to establish and enforce rules regarding private water 
systems is granted to the Department of Health under OAC3701. The Department 
of Health govern plan approvals, procedures, construction, and abandonment for 
private water systems (OAC3701-38). Community and public water supply systems 
are governed and approved by the OEPA under OAC3745-83 to 95. 

Radiation Standards - Standards for protection and handling of equipment and 
materials associated with ionizing radiation are governed by rules set by the 
Department of Health under OAC3701-38. 

Air Pollution Control - Establishes the authority of Ohio EPA to regulate and 
control air pollution within the state under ORC 3704.03. Requires person 
responsible for any air contaminant source to install, employ, maintain, and operate 
such emissions, ambient air quality, meteorological, or other monitoring devices or 
methods as director prescribes. Requires the sampling of emissions at such 
locations, intervals and in a manner which the director prescribes. Requires the 
maintenance of records and filing of periodic reports with the director on the 
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location, size, and height of emissions outlets, as well as the rate, duration, and 
composition of emissions. 

Ohio regulations will be analyzed for status as ARARs as they are applied to the alternatives. That 
is, that they are promulgated (of identified by the state in a timely manner [40CFR300.515(d)(2) 
and (h)(2)(State Involvement in RI/FS Process and Requirements for State Involvement in Absence 
of SMOA], and are more stringent than federal requirements and therefore are potential A M s .  

State involvement if RIPS process and requirements for state involvement in absence of SMOA. 

A.3 GUIDANCE TO BE CONSIDERED CI'BC) 
Because ARARs may not exist or may not be sufficient to protect human health 
environment at a CERCLA site, it is necessary to evaluate nonlegally binding r on-promulgated 

the 

criteria, advisories, guidance, or policies for protective cleanup levels when dete f ining cleanup 
requirements or designing a remedy. EPA and support agencies 
advisories, criteria, or guidance to be considered for a particula remediation activity. This TBC 
category consists of advisories, criteria, or guidance that were developed by EPA, other federal 
agencies, or states that are not ARARs. 

ay, as appropriate, identify other e 
P 

The application of the ARARS perable Unit 4 at the FMPC is complicated by the fact that the 
DOE and radionuclides (partic arl uranium) have been exempted from most environmental 
regulations. From a radiological standpoint, the DOE has been primarily self-regulating for 
environmental act' ities, and established its own policies for environmental monitoring, waste 
disposal, and Q its of exposure to employees and the public. EPA regulations regarding the 
handling and disposal of wastes containing radionuclides are under programs set up by the Uranium 
Mill Tailings Act and the NRC. It should also be noted that DOE orders are not promulgated 
requirements but fall under the category of TBCs. 

6 

A brief discussion of each of the primary Federal TBCs presently being considered is given below. 

FEDERAL TBCs 

Health Effects Assessments - Presents toxicity data for specific chemicals for use in 
public health assessments. Also considered applicable are slope factors and 
referenced doses provided in the Human Health Evaluation Manual (EPA 1989). 
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Groundwater Protection Stratem - Documents EPA policy to protect groundwater for 
its highest present or potential beneficial use. The strategy designates three 
categories of groundwater: 

- Class 1 - Special Groundwaters: Waters that are highly vulnerable to 
contamination and are either irreplaceable or ecologically vital sources of 
drinking water. 

- Class 2 - Current and Potential Sources of Drinking Water and Waters Having 
other Beneficial Uses: Waters that are currently used .or that are potentially 
available for use. 

- Class 3 - Groundwater not a Potential Source of Drinking Water and of Limited 
Beneficial Use: Class 3 groundwater units are further subdivided into the 
following two subclasses: 

a. Subclass 3A includes groundwater units that are highly intermediately 
interconnected to adjacent groundwater units of a higher a lass and/or 
surface waters. They may, as a result, be contributing to the degradation 
of the adjacent waters. They may be m ged at a similar level as Class 2 
groundwaters, depending upon the pote for producing adverse effects 
on the quality of adjacent waters. v 

b. Subclass 3B is groundwater units characterized by a low 
adjacent surface waters or other groundwater 

n the Classification Review Area. These 
olated from sources of drinking water in such 

there is little potential for producing adverse effects on quality. 
low resource value outside of mining or waste disposal. 

0 ROE Order for CERCLA Program (5400.4) (Draft) - Provides direction for DOE to 
ement a CERCLA program. 

Order for Radiation Protection of the Public and the Environment (5400.5) 
(February 8, 1990) - Establishes standards and requirements with respect to 
protection of the public and the environment against radiation. 

DOE Order for Hazardous and Radioactive Mixed Waste Management (5480.2) 
mcember  13, 1982) - Establishes hazardous waste management procedures for 
facilities operated under authority of the Atomic Energy Act of 1954, as amended. 

DOE Order for Environmental Protection, Safety, and Health Protection Information 
Remrting Reauirements (5484.1) (Februarv 24. 1981) - Establishes the requirements 
and procedures for reporting and investigating matters of environmental protection, 
safety, and health protection significant to DOE operations. 

DOE Order for Quality Assurance (5700.6B) (SeDtember 23, 1986) - Establishes 
DOE’S quality assurance program. 
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DOE Order for Radioactive Waste Management (5820.2A) (SeDtember 26, 19881 - 
Establishes policies and guidelines for the management of radioactive waste and 
contaminated facilities. 

DOE Order for Radiation Protection for OccuDational Workers (5480.11) (December 
21. 1988) - Establishes standards and requirements with respect to protection of the 
occupational worker against radiation. 

A summary listing of Tl3Cs is found in Table A-1. 

A.4 SUMMARY 
The establishment of final federal and state ARARs and TBCs for uranium and other constituents 
found in the operable unit for the evaluation of remedial action alternatives for 0 
the FMPC will be a progressive, multi-step process involving interactive discussi 
EPA, and OEPA. The critical application of the final ARARs will be performed during the 

ble Unit 4 at 
among DOE, T 

detailed analysis of alternatives. The ARARs, in conjunction 
assist in the determination of the cleanup levels required to 

baseline risk assessment, will 
protect public health and the 

P 
environment at the FMPC. 

P 
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TABLE A-1 
SUMMARY LIST OF POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE 

REQUIREMENTS AND GUIDANCE TO BE CONSIDERED 

Chemical-Specific ARARs 

Requirement Description 

Resource Conservation and Recovery Act 
(RCRA), Subtitle C (42USC6901, et. sea.) 

Safe Drinking Water Act (42 USC300. g. 

a. Maximum contaminant levels ( M a s )  
b. Maximum contaminant level goals 

& 

(McLGs) 

Clean Water Act Ambient Water Quality 
Criteria (33USC1313, et. sea.) 

EPA Regulations for Environmental Radiation 
Protection Standards for Nuclear Power 
Operations (40CFR190) 

EPA Regulations for Health and 
Environmental Protection Stand 
Uranium and Thorium Mill Tai 
(40CFR 192) 

b. National Emission Standards for 
Radionuclides Emissions from DOE 
Facilities (40CFR61, Subpan H) 

c. National Emission Standards for Radon 
Emissions for U.S. DOE Facilities 
(40CFR61, Subpart Q) 

NRC Licensing Requirements for Land 
Disposal of radioactive Waste (10CFR61) 

NRC Regulations for Standards for Protection 
Against Radiation (lOCFR20) 

Sets standards applicable to hazardous waste 
treatment, storage, and disposal 

Remedial actions may provide cleanup to the 
MCLs considered pursuant SARA Section 
12 1 (d)(2)(A)(ii) 

Remedial actions may involve discharge to 
surface w 

40CFR19 ? establishes radiation dose limits to 
the public of annual dose equivalents not to 
exceed 25 mrem to the whole body 

Establishes cleanup limits for uranium and 
thorium mill tailings in soil and groundwater 

T 

P 
Identifies primary and secondary standards for 
six "criteria pollutants" (i.e., lead, particulates) 

Provides annual limits of 10 mrem/yr (whole 
body) for air emissions from DOE facilities 

Provides annual limits for air emissions of 
radon from DOE facilities 

Provides for protection of the general 
population from releases of radioactivity (425 
mrem/yr) 

Establishes dose limits in unrestricted areas 
(lOCFR20.105-106) and for waste disposal 
(lOCFR20.301-3O2) 
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TABLE A-1 (Continued) 
SUMMARY LIST OF POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE 

REQUIREMENTS AND GUIDANCE TO BE CONSIDERED 

Chemical-SDecific ARARs 

Requirement Description 

Ohio Regulations 
a. Air Pollution 

OAC3745- 17-07 
OAC3745- 17-05 
OAC3745- 17-07 
OAC3745-17-08 
OAC3745-21-07 

b. Water Pollution 
OAC3745-8 1 

OAC3745-1 

P 
I7 c. Other Regulations 

OAC3701-38 

Escape, releases, emissions to open air 
Non-degradation policy 
Particulate emissions to air 

Emissions of 
Fugitive dust emissio 

Air quality 

D r i G w a t e r  rules, sets M a s  for gross 
alpha beta and radium 226 and radium 
228 

Water Quality standards, 3745-01-4@) 
sets the criterion applicable to al l  waters, 
3745-01-05 sets forth the antidegradation 
policy for state waters, 3745-01-21 
describes use designations for the Great 
Miami River, 3745-1-32 (c) (9) 
specifically excludes uranium from the 
Ohio River 

P 

Ohio Radiation Protection Standards 
provide concentration limits for discharge 
of radioactive materials into air or water 
in unrestricted areas 
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TABLE A-1 (Continued) 
SUMMARY LIST OF POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE 

REQUIREMENTS AND GUIDANCE TO BE CONSIDERED 

Location-Swcific ARARs 

Requirements Description 

Rivers and Harbors Act of 1899 
(33CFR320 to 327) 

Ohio Location Standards (OAC3745- 
54-18) 

Fish and Wildlife Improvement Act of 
1978 (16USC742, et. sea.) 

Regulations of activities affecting waters 
of the U.S. (33CFR320 to 329) 

P Endangered Species Act of 19 
(16USC1531, et. seq.) 

Coordination Act 
(16USC1531, et. sea.) 

FERJOU412mLl-1-90 

Remedial alternatives may effect the Great 
Miami River 

Governs the location of hazardous waste 
treatment, storage, or disposal with respect 
to seismic conditions floodplains 

The effects of No Acti T n and the 
construction, demolition, and discharge 

ust be considered if . 

species are located in an area 
y Operable Unit 4 

COE regulations apply to both wetlands 
and navigable (33CFR320-329). and for P Ohio (OAC3745-32) waters 

A-1 1 

The effects of No Action and the 
construction, demolition, and discharge 
activities must be considered if 
endangered species are located in area 
impacted by Operable Unit 4 

Provides for coordination of the impacts 
on wetlands and protected habitats 
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TABLE A-1 (Continued) 
SUMMARY LIST OF POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE 

REQUIREMENTS AND GUIDANCE TO BE CONSIDERED 

Action-Specific ARARs 

Requirements Description 

OSHA Requirements (29CFR1904, 
29CFR1910, and 29cFR1926) 

Clean Water Act 
Ambient Water Quality Criteria 
(33USC1313, et. sea.) 

NRC Regulations for Standards for 
Protection Against Radiation (lOCFR20) 

EPA Regulations for Health and Environ- 
mental Protection Standards for Uranium 
and Thorium Mill Tailings 

EPA Regulations for 

149) 

Ohio General Radiation Protection 
Standards (OAC3701 to 70) 

Ohio Radiation Protection Standards 
(OAC3701-38) 

Hazardous Waste Transport 
(OAC3745-53-11) 

Ohio Regulation of Noxious Exhalations, 
Obstructions, or Pollution of Water 
Sources, or other Nuisances. (ORC 3767) 

Required for workers engaged in on-site 
remedial activities 

Alternatives include discharge to surface 
waters 

Provides standards for ischarge of 

water) a variety of waste disposal 
radionuclides to unrest a ted areas (air and 

(Licensed materials) and sets 

other radiation safety 
s for surveys, personnel 

requirements 

Provides standards for control of residual 
radioactive materials from inactive 
uranium processing sites 

P 
Applies principally to air emissions from 
DOE facilities 

Establishes MCLs for potential drinking 
water sources 

Applies to all facilities that receive, 
possess, use, store, transfer, etc., any 
source of radiation 

Applies to all facilities that receive, 
possess, use, store. transfer, etc., any 
source of radiation 

Remedial alternatives may include off-site 
transport 

Prohibits noxious odors, smells, or 
pollution of water courses and other 
nuisances . 
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TABLE A-1 (Continued) 
SUMMARY LIST OF POTENTIAL APPLICABLE OR RELEVANT AND 

APPROPRIATE REQUIREMENTS AND GUIDANCE TO BE CONSIDERED 

TBCS 

Requirements Description 

Executive Order 11990 Protection Of the 
Wetlands 

Threshold Limit Values, American 
Conference of Governmental Industrial 
Hygienists 

Radioactive Waste Management 
(DOE Order 5820.2A) 

Radiation Protection of the Public and the 
Environment (DOE Order 5400.5) 

Radiation Protection for Occupat’ 
Workers (DOE Order 5480.1 1) P 
CERCLA P r o ~ n  (5400.4) (Draft) 

Hazardous and Y adioactive Mixed Waste 
Management (5480.2) (December 13, 
1982) 

Environmental Protection, Safety, and 
Health Protection Information Reporting 
Requirements (5484.1) (February 24, 
1981) 

Quality Assurance (5700.6B) (September 
23, 1986) 

This order may affect the administrative 
ability of alternatives which cause 
disturbance or destruction of wetlands 

Set requirements for air concentrations 
during remedial activi 7 
Sets requirements for management of 
r a d i o a d e  wastes at DOE facilities 

Sets requirements for protection of the 
public and the environment from 
radioactive materials at DOE facilities 

Sets requirements for protection of 
workers from radiation and radioactive 
materials at DOE facilities 

P 
Provides direction for DOE to implement 
a CERCLA program 

Establishes hazardous waste management 
procedures for facilities operated under 
authority of the Atomic Energy Act of 
1954, as amended 

Establishes the requirements and 
procedures for reporting and investigating 
matters of environmental protection, 
safety, and health protection significant to 
DOE operations 

Establishes DOE’S quality assurance 
Program 
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SILO 2 

RADIONUCLIDE CONCENTRATION IN THE SILO WASTE 

/ 

SILO 1 

Nuclide @Ci/g) SlNElA SlNElB SlNElC SlSEl SlSE2 SlSWl SlNWl 

Th-228 
Th-230 
Th-232 
Ra-226 
Ra-228 
Pb-210 
U-234 
U-235/236 
U-238 

ND 
21,412 
ND 

108,100 
ND 

181,100 
8 15 
ND 
920 

ND 
30.75 1 
ND 

166,400 
ND 

77,460 
622 
ND 
610 

ND 
10,569 
ND 

1 16,800 
ND 

7 1,920 
663 
ND 
545 

ND ND 
20,848 40,8 18 
ND ND 

89,280 18 1,200 
ND ND 

9,480 

56 ND 
758 5 32 

Th-228 
Th-230 
Th-232 
Ra-226 
Ra-228 
Pb-2 10 
U-234 
U-235/236 
U-238 
U-Total @pm) 

ND 

145, 

141,900 
859 
ND 
66 1 

1972 

32,784 
ND 

61,780 
ND 

145,200 
1107 

74 
1069 
3210 

ND = Not Detected 

Note: Data validation is currently in progress 
Source: Winter 1989 WMCO sampling 

ND 
43.77 1 

766 
163,300 

ND 
54,350 

897 
50 

687 

ND 
8365 
ND 
657 
ND 

87,930 
974 
47 

874 
2620 

41 1 
29,716 

85 1 
104,900 

ND 
77,940 

121 
ND 
46 

137 

ND 
40,124 
ND 

65,520 
ND 

150,700 
848 . 
36 

8 14 
2437 

638 
25,39 1 
ND 

68,310 
ND 

399,200 
1404 

70 
1240 
3717 
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RADIONUCLIDE CONCENTRATION IN THE SILO WASTE (Continued) 

sno 3 

Nuclide bCi /d  21 22 23 24 25 26 

AC-227 
Pa-23 1 
Th-228 
Th-230 
Th-232 
Ra-224 
Ra-226 
Ra-228 
Pb-2 10 
U-234 
U-2 35/2 3 6 
U-238 
U-Total @pm) 

523 
52 1 
907 

41.91 1 
145 1 
453 

2589 
525 

2437 
1935 
152 

2043 
4040 

416 
401 
ND 

33,881 
ND 
45 1 

2192 
559 

222 1 
1618 
117 

1649 
4305 

234 
266 
554 

21,010 
815 
64 

467 
82 

454 
348 
ND 

1363 
NA 
ND 

71,650 
91 1 
213 

6435 
ND 

6427 
1524 
127 

1600 
2595 

534 
556 
459 

40,968 
411. 
295 

3073 

1467 
54 

1392 
3064 

706 
889 
859 

4 1,555 
ND 
335 

1862 
441 

1910 
1910 

76 
1860 
4554 

SILO 3 

Nuclide @Ci/g) 27 29 30 33 

AC-227 
Pa-23 1 
Th-228 
Th-230 
Th-232 
Ra-224 
Ra-226 
Ra-228 
Pb-210 
U-234 
U-235f236 
U-238 
U-Total 

53,227 
ND 
370 ' 1518 
325 

1084 
1317 

80 
1243 
2740 

412 
NA 
996 

63,649 
755 
106 

3702 
ND 

2589 
1052 

42 
994 

1463 

NA = Not Analyzed 
ND = Not Detected 

Note: Data validation is currently in progress 
Source: Winter 1989 WMCO sampling 

443 
564 
537 

61,190 
672 
137 

4169 
117 

3553 
1843 
158 

1951 
1114 

773 
93 1 
ND 

68,759 
58 1 
449 

2240 
360 

1942 
1643 

75 
1574 
4050 

566 
43 1 
949 

65,488 
672 
313 

445 1 
415 

3674 
1600 

118 
1878 
3854 
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