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March 30, 2012 

Mr. William E. Murphie, Manager 
United States Department of Energy 
Portsmouth Paducah Project Office 
1017 Majestic Place, Suite 200 
Lexington, Kentucky 40513 

. Leonard K. Peters 
Secretary 

Certified Mail Number: 70112970000372860683 

Mr. Kerry Stone, Landfill Manager 
LATA Environmental Services of Kentucky, LLC 
101 Liberty Drive, Suite 8 
Kevil, Kentucky 42053 

Certified Mail Number: 7011 2970 0003 7286 0690 

RE: Approval of Minor Permit Modification 
United States Department of Energy - Paducah Gaseous Diffusion Plant 
Agency Interest No. 3059 
Activity ID No. APE20100007 
Solid Waste Permit # 073-00014, 073-00015 and 073-00045 
McCracken County . 

Dear Mr. Murphie and Mr. Stone: 

The Kentucky Division of Waste Management (DWM) , Solid Waste Branch has 
completed review of your application for a minor modification for the C-746-U Contained 
Landfill initially received on July 26, 2010, and revised on April 12, 2011 and March 8, 2012. 
The subject application concerns the removal of the permit condition requiring a complete 
seismic hazard reevaluation of the C-746-U Contained Landfill. DWM hereby approves this 
application. Please find enclosed a copy of the approved application and a revised permit for 
your facility. 

Be advised, if you consider yourself aggrieved by the issuance of this permit, you have a 
right pursuant to KRS 224.10-420(2) and 401 KAR 47:130 Section 2(3), to file with the cabinet a 
petition demanding a hearing. This right to demand a hearing shall,be limited to a period of thirty 
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Mr. William E. Murphie,- Manager; 
Mr. Kerry Stone, Landfill Manager 
March 30,2012 
Page No.2 of2 

AI 3059 
APE20100007 

(30) days after receipt of this permit. Should you have any questions, please contact Lindsey 
Briggs, P.E. at (502) 564-6716, extension 4665. 

Enclosures 
RDG/rth 

KentuckyUnbridledSpirit.com 

Sincerely, 

Ronald D. Gruzesky, P.E. 
Manager, Solid Waste Branch 

~ tu~ I\..~/DLE:D SPIRITY An Equal Opportunity Employer M/F/D 
Printed on recycled paper 



Kentucky Energy and Environment Cabinet 
Department for Environmental Protection 

Division of Waste Management 

PERMIT 

Facility: u.s. Department of Energy - Paducah Gaseous Diffusion Plant 
5600 Hobbs Rd 

Permittee (Owner): 

Permittee (Operator): 

Agency Interest: 

Paducah, KY 42001-1410 

u.s. Department of Energy 
PO Box 1410 

Paducah, KY 42002-1410 

LATA Environmental Services ofKentucky,LLC 
101 Liberty Drive, Suite 8 

Kevil, KY 42053 

Dept of Energy-Paducah Gaseous Diffusion Plant 
5600 Hobbs Rd 

Paducah, KY 42001-1410 

The Division has issued the permit under the provisions of KRS Chapter 224 and regulations promulgated pursuant thereto. This 
permitted activity or activities are subject to all conditions and operating limitations contained herein. Issuance of this permit does not 
relieve the permittee from the responsibility of obtaining any other permits, licenses or approvals required by this Division or other 
state and local agencies. 

No deviation from the plans and specifications submitted with your application or any condition specified herein is allowed, unless 
authorized in writing from the Division. Violation of the terms and conditions specified herein may render this permit null and void. 
All rights of inspection by representatives of the Division are reserved. Conformance with all. applicable Waste Management 
Regulations is the responsibility of the permittee. 

Agency Interest ID #: 3059 

Solid Waste Permit #: SW07300015,SW07300014,SW07300045 

County: McCracken 

Permitted Activities: 

Subject Item Activity Type Status 
ACTVOO4 Residential Landfill107300014 Closure Activities Only Post-closure 
ACTVOO5 Inert Landfill107300015 Closure Activities Only Post-closure 
ACTVOO6 Contained LandfiIl/07300045 Construction/Operation Active 
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Pennit}Jurnber: SVV07300015, SVV07300014, SVV073 00045 Agency Interest ID: 3059 

PERMIT 

Acreage Summary: 
Waste Disposal Area (in Acres): 

Activity Disposal 
Area 

Contained Landfill 22.10 
Inert Landfill 10.50 
Residential Landfill 3.90 
Total Disposal Area 36.50 
Total Permitted Area 100.00 

Cost Estimate Summary: 

Cost Estimate Effective Comments 

Financial Assurance Summary: 

The owner or operator shall maintain the following financial assurance approved by the Division in 
compliance with KRS Chapter 224.40-650, KRS Chapter 224.50-862,401 KAR 45:250, and 401 KAR 48:310: 

Instrument T e Instrument Number Amount Date Received Comments 
N/A 

First Operational Permit Effective D,ate: 1110411996 -- Contained Landfill 

Permit Effective Date: ·11105/2006 

Permit Expiration Date: 1110412016 

Permit issued: 03/30/2012 

Ronald D. Gruzesky, P.E. 
Manager, Solid Waste Branch 
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Pennrt~urnber: SVV07300015,SVV07300014,SVV07300045 Agency Interest ID: 3059 

PERMIT 

Permit Conditions: 

Subject Items 

ACTV0004 - Residential Landfill 

Variances, Alternate Specifications and Special Conditions: 

1. C-746-S Landfill: This pennit is for the post-closure care, groundwater monitoring, groundwater 
assessment, and- if necessary- groundwater corrective action of the C-746-S Residential Landfill. [401 KAR 
47: 120 Section 2,401 KAR 48:300 Section 8] 

2. C-746-S Landfill: The pennittee shall complete closure and post-closure activities at this landfill in 
accordance with the approved plans and applications. The landfill cap and surface water control structures shall 
be maintained as necessary to: 1) maintain positive drainage; 2) prevent the growth of weeds, trees, and woody 
plants on the landfill cap; 3) protect the integrity of the low penneability layer; and 4) ensure compliance with 
the environmental performance standards of 401 KAR 47:030 and the requirements of KRS 224 and the 
administrative regulations issued pursuant thereto. [401 KAR 47:120 Section 2] 

3. The perinittee shall test the C-746-S Landfill leachate annually for the parameters listed in 401 KAR 48:300 
Section 11(3), minus 2-Chlorovinyl Ethyl Ether, Dichlorodifluoromethane, Ethyl Alcohol, and Ethyl 
Methacrylate, plus the following: Aluminum, Boron, Bromide, Calcium, Cyanide, Eh, Fluoride, Gross Alpha, 
Gross Beta, Iodide, Magnesium, Manganese, Molybdenum, Dissolved Oxygen, PCBs, Potassium, Radium-226, 
Rhodium, Strontium-90, Sulfate, Tantalum, Technetium-99, Thorium-230, Tritium, and Uranium (total). 
Samples shall not be filtered. The leachate shall be thoroughly agitated in the tank(s) prior to sampling in-order 
to ensure representative samples. [401 KAR 47:120 Section 2] 

Approved Applications - The owner or operator shall comply with applicable statutes and regulations and the 
following approved applications: 

1. 04/09/81 - Application 
2. 07/03/89 - Application 
3. 11105/90 - Application 
4. 04112/93 - APE19930003 - Closure Plan 
5. 02/21195 - APE19900002 - Closure Plan 
6. 08/09/95 - APE19890001 - Closure Plan 
7. 03/04/96 - APE19990001 - Closure Plan 
8. 03/04/96 - APE19930004 - Closure Plan 
9. 03/04/96 - APE19910003 - LR1 PR1 - Pennit Renewal 
10. 03/04/96 - APE19910001 - Closure Plan 
11. 03/06/96 - APE19900003 - Closure Plan 
12. 04/25/01 - APE19980002 - LR1 PR2 - Pennit Renewal 
13. 02/01101 - APE20000002 - Plan for Abandonment and Replacement of Monitoring Wells 
14. 03114/02 - APE200 1 0002 - LIlMOGWl - Groundwater Monitoring Plan 
15. 02116/06 - APE20030005 - Pennit Renewal 
16. 03116/06 - APE20060003 - Minor Modification - TEMPO pennit revision 
17. 03/20106 - APE20060003 - Minor Modification - Updated TEMPO permit revision 
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Perrnrt~urnber: SVV07300015,SVV07300014,SVV07300045 Agency Interest ID: 3059 

PERMIT 

18. 04/24/06 - APE20060005 - Minor Modification -Add Paducah Remediation Services, LLC (operator) 
19. 05/24/07 - APE20060007 - Permit Renewal 
20. 06/12/07 - APE20060007 - Revised Permit Issued to replace 5/24/07 permit issued 
21. 07/11/07 - APE20060007 - Revised Permit Issued to replace 06112/07 permit issued 
22. 11120/08 - APE20080002 - Groundwater and Surface Water Monitoring Plan Modification 
23. 07/2811 0 - APE20 1 00005 - Permit Modification to Remove PRS from Permit and Add LATA to Permit 
24. 08/0211 0 - APE20 1 00005 - Revised Permit Issued to replace 07/2811 0 permit issued 
25. 01125/12 - APE20110004 - Groundwater Monitoring Modification - Remove Iodine-131 parameter 

ACTV0005 - Inert Landfill 

Variances, Alternate Specifications and Special Conditions: 

1. C:-746-T Landfill: This permit is for the post-closure care, groundwater monitoring, groundwater 
assessment, and- if necessary- groundwater corrective action of the C-746-T Inert Landfill. [401 KAR 47:120 
Section 2, 401 KAR 48:300 Section 8] 

2. C-746-T Landfill: The permittee shall complete closure and post-closure activities at this landfill in 
accordance with the approved plans and applications. The landfill cap and surface water control structures shall 
be maintained as necessary to: 1) maintain positive drainage; 2) prevent the growth of weeds, trees, and woody 
plants on the landfill cap; 3) protect the integrity of the low permeability layer; and 4) ensure compliance with 
the environmental performance standards of 401 KAR 47:030 and the requirements of KRS 224 and the 
administrative regulations issued pursuant thereto. [401 KAR 47: 120 Section 2] 

Approved Applications - The owner or operator shall comply with applicable statutes and regulations and the 
following approved applications: 

1. 01125/85- Application 
2. 02105/85 - Application 
3. 04/25/01 - APE19980001 - LIlPR2 - Permit Renewal 
4. 02/01101 - APE20000003 - Plan for Abandonment and Replacement of Monitoring Wells 
5. 03114/02 - APE20010003 '- LIlMOGW1 - Groundwater Monitoring Plan 
6. 02116/06 - APE20020005 - Permit Renewal 
7. 03116/06 - APE20060003 - Minor Modification - TEMPO permit revision 
8. 03/20/06 - APE20060003 - Minor Modification - Updated TEMPO permit revision 
9. 04/24/06 - APE20060005 - Minor Modification - Add Paducah Remediation Services, LLC (operator) 
10. 05/24/07 - APE20060007 - Permit Renewal 
11. 06112/07 - APE20060007 - Revised Permit Issued to replace 5/24/07 permit issued 
12. 07111107 - APE20060007 - Revised Permit Issued to replace 06112/07 permit issued 
13. 11/20/08 - APE20080002 - Groundwater and Surface Water Monitoring Plan Modification 
14. 07/28/10 - APE20100005 - Permit Modification to Remove PRS from Permit and Add LATA to Permit 
15. 08/02110 - APE20100005 - Revised Permit Issued to replace 07/28110 permit issued 
16. 01125112 - APE20110004 - Groundwater Monitoring Modification - Remove Iodine-131 parameter 
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Permit Number: SW07300015, SW07300014, SW07300045 Agency Interest ID: 3059 

PERMIT 

ACTV0006 - Contained Landfill 

Standard Requirements: 

1. General: The owner or operator of a solid waste site or facility shall comply with KRS Chapter 224 and 401 
KAR Chapters 30, 40, 47 and 48 for the construction and operation of solid waste facilities. [KRS 224.40-305] 

2. Permit Renewal: The owner or operator of a solid waste facility shall submit a permit application for 
renewal at least 180 days prior to permit expiration unless permission for a later date has been granted· in 
writing by the cabinet. [401 KAR 47:160 Section 5(2)] 

3. General: For construction and operation of the contained landfill, the owner or operator shall comply with 
KRS Chapter 224.40-310,401 KAR 48:090, and the approved permit applications. [KRS 224.43-310] 

4. Working Face: The owner or operator shall not place an initial lift containing any object that may damage 
the bottom liner. [401 KAR 48:090 Section 9(3)] 

5. Recordkeeping: The owner or operator shall submit a report quarterly, by the 15th of January, April, July, 
and October, containing the monthly volume of waste received from each source. [401 KAR 47: 190 Section 
8(1)(b)] 

6. Recordkeeping: The owner or operator shall submit a report quarterly, by the 15th of January, April, July, 
and October, containing the description of compliance with cover requirements. [401 KAR 47:190 Section 
8(1)(c)] 

7. Recordkeeping: The owner or operator shall submit a report quarterly, by the 15th of January, April, July, 
and October, describing the quantity and concentration of leachate removed from the site, where disposed, and 
the method of disposal. The concentration shall be determined using appropriate parameters from Section 10(3) 
of 401 KAR 48:300 for contained landfills. [401 KAR 47:190 Section 8(1)(e)] 

8. Recordkeeping: The owner or operator shall conduct an annual survey to determine the remaining landfill 
volume which may be used for waste disposal. The quantity of waste disposed per day shall be determined by 
dividing the total waste received in one (1) year by 365 calendar days. This survey shall bear the seal and 
signature of the registered professional land surveyor or professional engineer who performed the survey. The 
owner or operator shall submit the annual survey to the cabinet by July 1 of each year. The annual survey shall 
contain the following information: Cross-sections on 100 foot intervals showing current waste placement and 
proposed final contours and remaining capacity in cubic yards. [401 KAR 47:190 Section 8(2)] 

Variances, Alternate Specifications and Special Conditions: 

1. Monitoring: The permittee shall test the C-746-U Landfill leachate annually for the parameters listed in 401 
KAR 48:300 Section 11(3), minus 2-Chlorovinyl Ethyl Ether, Dichlorodifluoromethane, Ethyl Alcohol, and 
Ethyl Methacrylate, plus the following: Aluminum, Boron, Bromide, Calcium, Cyanide, Eh, Fluoride, Gross 
Alpha, Gross Beta, Iodide, Magnesium, Manganese, Molybdenum, Dissolved Oxygen, PCBs, Potassium, 
Radium-226, Rhodium, Strontium-90, Sulfate, Tantalum, Technetium-99, Thorium-230, Tritium, and Uranium 
(total). Samples shall not be filtered. The leachate shall be thoroughly agitated in the tank(s) prior to sampling 
in order to ensure representative samples. [401 KAR 47: 120 Section 2] 
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Permit Number: SW07300015, SW07300014, SW07300045 Agency Interest ID: 3059 

PERMIT 

2. Operation: The leachate collection system shall include tanks capable of storing at least fifteen (IS) days 
volume of leachate. A quarterly log of the volume, method, and place of disposal of the leachate shall be 
maintained, and shall be made available for review by Cabinet representatives upon request. [401 KAR 48:080 
Section 6( 4)( t)] 

3. Recordkeeping: Groundwater, surface water, and methane samples shall be taken quarterly and the results 
submitted to the Cabinet according to the following schedule: 
First Quarter samples: Results due May 30 
Second Quarter samples: Results due August 30 
Third Quarter samples: Results due November 30 
Fourth Quarter samples: Results due February 28. 
[401 KAR 48:300 Section 11(3)] . 

4. Monitoring: The permittee shall comply with all requirements of 401 KAR 48:300 and the Surface Water 
Monitoring Plan. Except as otherwise provided by statute, the requirements of 401 KAR 48:300 Section 8, 
Subsections 8, 9, 11, 12, 13, and 14 shall not apply to statistical exceedences of radionuclides, Uranium, and 
Technetium-99. However, in the event that a statistically significant increase of these contaminants occurs, the 
permittee shall perform a complete Groundwater Contamination Assessment as required by 401 KAR 48:300' 
Section 8. [401 KAR 48:300 Section 8, 401 KAR 47:120 Section 2] 

S. Operation: The leachate recirculation shall occur only at the working face. A leachate transfer tank shall be 
used to discharge leachate into a hole excavated into the waste. No more than 1,600 gallons per day shall be 
recirculated. The discharge shall be restricted to sunny days. Recirculation shall not occur during periods of 
high winds, freezing temperatures, following rainfall events, or at night. No leachate shall be applied to waste 
that is less than ten (10) feet thick. Leachate recirculation shall· be performed in accordance with the approved 
application, APE20 11 0003. [401 KAR 47: 120 Section 2] 

6. Operation: In accordance with approved plan APE2004000S, the landfill leachate treatment facility shall 
only accept leachate from the C-7 46-U and C-746-S landfills at the Paducah Gaseous Diffusion Plant. [401 
KAR 47:120 Section 2] 

7. General: The maximum extent of operation that may be open at any time during the active life of the landfill 
is 22.10 acres. [401 KAR 48:070 Section IS(2)(b)] 

8. Wastestreams: The C-746-U Contained Landfill may accept for disposal only: 1) non-hazardous solid waste 
generated by, or on behalf of the United States Department of Energy (USDOE), on the USDOE-owned 
Paducah Gaseous Diffusion Plant (PGDP); 2) non-hazardous solid waste generated offsite from the DOE
owned PGDP as a result of environmental· restoration/management activities (e.g., corrective action, removal 
action, remedial action, investigations, andlor monitoring) conducted by, or on behalf of, USDOE, associated 
with releases or potential releases from the PGDP; and 3) any non-hazardous residuals generated from the 
treatment or analysis of PGDP waste. The C-746-U Landfill may accept for disposal all non-hazardous solid 
waste including residential, commercial, institutional, industrial, and municipal waste, shredded tires, and non
hazardous spill cleanup residue. The technical requirements for contained landfills are found in 401 KAR 
48:050 and 401 KAR 48:070 through 401 KAR 48:090. [401 KAR 47:080 Section 2(1), 401 KAR 47:120 
Section 2] 
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Pennit~urnber:SVV07300015,SVV07300014, SVV07300045 Agency Interest ID: 3059 

PERMIT 

9. Recordkeeping: The owner or operator shall submjt a report quarterly, by the 15th of January, April, July, 
and October, detailing the source, disposal location and quantity of any spill residues, and records as to the 
source and quantity of all other wastes disposed of at the contained landfill. [401 KAR 47:190 Section 8(5)] 

Approved Applications - The owner or operator shall comply with applicable statutes and regulations and the 
following approved applications: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

II. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 

25. 
26. 
27. 
28. 
29. 
30. 
31. 

02/28/95 - APE19930001- LC1 NW 1 - Construction Permit 
01119/96 - APE19950001 - LC1 MOMN1 - Minor Modification 
11/04/96 - APE19930001 - Construction/Operating Permit 
01103/97 - Unnumbered Minor Modification 
02101/01 - LC1 MOGW1 - APE20000002 - Well Corrosion Study Work Plan 
02/01101 - LC1 MOGW2 - APE20000003 - Plan for Abandonment & Replacement of Monitoring Wells 
02/01101 - LCI MOMN2 - APE20000001 - Minor Modification 
01104/02 - LC1 MOGW3 - Groundwater Monitoring Plan 
10/08/02 - Conditional Reopening of the Landfill 
10/03/03 - LC1 MOMN 3 and parts ofLCl MOMJl - Minor Modification and Part of Major 
Modification - Waste Acceptance Criteria 
07/14/04 - APE20010001- LC1MOMJl - Major Modification - Waste Acceptance Criteria 
02/16/06 - APE20040005 - Minor Modification - Leachate Treatment Facility 
03/13/06 - APE20060002 - Minor Modification - Waste Acceptance Criteria 
03/16/06 -APE20060003 - Minor Modification - TEMPO permit revision 
03/20106 - APE20060003 - Minor Modification - Updated TEMPO permit revision 
04/24/06 - APE20060005 - Minor Modification - Add Paducah Remediation Services, LLC (operator) 
05/24/07 - APE20060007 - Permit Renewal 
06/12/07 - APE20060007 - Revised Permit Issued to replace 5/24/07 permit issued 
07/11107 - APE20060007 - Revised Permit Issued to replace 06/12/07 permit issued 
02/12/08 - APE200600 11 - Leachate Storage Capacity Minor Modification 
02/13/08 - AIN20070003 - Groundwater Contamination Assessment Plan 
11120108 - APE20080003 - Minor Modification - Revised HELP Model and Leachate Tank Design 
11120108 - APE20080002 - Groundwater and Surface Water Monitoring Plan Modification 
03/08/10 - APE20100001 - Construction Progress Report - Leachate Tank Installation - Approval 
pursuant to drawing numbers C7DC7460UA002 and S7DC7460UAOOI 
07/2811 0 - APE20 1 00005 - Permit Modification to Remove PRS from Permit and Add LATA to Permit 
08/02/10 - APE20100005 - Revised Permit Issued to replace 07/28/10 permit issued 
04/21111 - APE20 1 00003 - Minor Modification - Operational and Recordkeeping Changes 
01125112 - APE20110001 - Minor Modification- Working Face Procedures 
01125112 - APE20110003 - Minor Modification - Leachate Recirculation 
01125112 - APE20 11 0004 - Groundwater Monitoring Modification - Remove Iodine-131 parameter 
03/30112 - APE20100007 - Minor Modification - Revised Technical Application, Attachments 1, 5, 16, 
22, and 26 

ACTV0002 - Financial Assurance 

The following is a history of the financial assurance for this facility: 

Cost Estimates and Financial Assurance holdings are not applicable for this site. 
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Pennrt~urnber: SVV07300015,SVV07300014,SVV07300045 Agency Interest ID: 3059 

PERMIT 

Monitoring Conditions 

GSTROOOl - Groundwater Monitoring - SW: 073-00045 C-746-U LF 
Groundwater Monitoring, Group 

Group Members: STRC0003 - Well MW-357; STRC0004 - Well MW-358; STRC0005 - Well MW-359; 
STRC0006 - Well MW-360; STRC0007 - Well MW-361; STRC0008 - Well MW-362; STRC0009 - Well 
MW-363; STRC0010 - Well MW-364; STRC0011 - Well MW-365; STRC0012 - Well MW-366; 
STRC0014 - Well MW-367; STRC0015 - Well MW-368; STRC0016 - Well MW-371; STRC0017 - Well 
MW-372; STRC0018 - Well MW-375; STRC0019 - Well MW-376; STRC0020 - Well MW-377; 
STRC0021 - Well MW-369; STRC0022 - Well MW-370; STRC0023 - Well MW-373; STRC0024 - Well 
MW-374 

Standard Requirements: 

1. The owner or operator shall satisfy the requirements of 401 KAR 48:300 for all wastes (or constituents 
thereof) contained in waste management units at the facility regardless of the time waste was placed in such 
unit. [401 KAR 48:300 Section 1] 

2. The owner or operator shall monitor groundwater on the approved schedule at each approved groundwater 
monitoring location in accordance with 401 KAR 48:300, the permit, and the approved plans. A table 
summarizing the parameters to be monitored, their respective limits and monitoring frequency is included 
herein. [401 KAR 48:300,401 KAR 47:120 Section 1] 

3. The owner or operator shall conduct statistical analysis of the groundwater data in accordance with 401 
KAR 48:300 Section 9 and the approved applications. The statistical test chosen shall be conducted separately 
for each parameter in each well for each monitoring event. The results shall be maintained as part of the facility 
record throughout the 'operating and post-closure life of the facility. [401 KAR 48:300 Section 9, 401 KAR 
47:120 Section 1] 

4. Metal criteria shall be total metals to be measured in an unfiltered sample. [401 KAR 47:030 Section 6(1)] 

5. ,Groundwater monitoring wells shall be constructed and maintained in accordance with 401 KAR 48:300 
Section 6, the permit, and the approved plans. [401 KAR 48:300 Section 6, 401 KAR 47:120 Section 1] 

6. No monitoring well construction, maintenance, or abandonment may be conducted without prior approval 
by the Division of Waste Management. [401 KAR 47:120 Section 1,401 KAR 47:120 Section 2] 

7. Only a Kentucky Certified Monitoring W t?ll Driller may construct or abandon monitoring wells. [401 KAR 
6:320,401 KAR 48:300 Section 7(3)] 

8. If the analysis of groundwater sample results indicates contamination (i.e., a statistical or MCL exceedence) 
as specified in 401 KAR 48:300 Section 8(1), the owner or operator shall notify the cabinet within (forty-eight) 
48 hours of receiving the results and shall arrange to split samples no later than ten (10) days from the receipt 
of the results. [401 KAR 48:300 Section 7] 
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Pennrt~urnber:SVV07300015,SVV07300014,SVV07300045 Agency Interest ID: 3059 

PERMIT 

9. The owner or operator shall be required to prepare and submit a groundwater contamination assessment plan 
if laboratory analyses of one (l) or more monitoring wells at the site shows the presence of one (l) or more 
parameters above the maximum contaminant level (MCL) as specified in 401 KAR 47:030 or a statistically 
significant increase over background levels for parameters that have no MCL. [401 KAR 48:300 Section 8, 401 
KAR 47:120 Section 1] 

10. The owner or operator shall provide alternate water supplies to all affected parties within twenty-four (24) 
hours of notification of the cabinet that sample results indicate contamination of a drinking water supply if it 
has been determined that the site or facility is the probable source of the contamination. [401 KAR 48:300 
Section 8] 

11. If required by the cabinet, groundwater contamination assessment and corrective action shall be performed 
in full compliance with all provisions of 401 KAR 48:300 Section 8. [401 KAR 48:300 Section 8] 

12. The owner or operator shall provide the division a minimum of five (5) working days advance notice for all 
groundwater monitoring well construction and abandonment activities. [401 KAR 40:020 Section 2(4)] 

Variances, Alternate Specifications and Special Conditions: 

1. At each approved groundwater monitoring location, the permittee shall monitor quarterly for the parameters 
listed in 401 KAR 48:300 Section 11(3), minus 2-Chlorovinyl Ethyl Ether, Dichlorodifluoromethane, Ethyl 
Alcohol, and Ethyl Methacrylate, plus the following: Aluminum, Boron, Bromide, Calcium, Cyanide, Eh, 
Fluoride, Gross Alpha, Gross Beta, Iodide, Magnesium, Manganese, Molybdenum, Dissolved Oxygen, 
Potassium, Radium, Rhodium, Strontium-90, Sulfate, Tantalum, Technetium-99, Thorium-230, Tritium, 
Uranium (total) and Polychlorinated Biphenyls. Metals samples shall not be filtered. [401 KAR 47:120 Section 
2,401 KAR 48:300 Section 11(3)] 

GSTR0003 - Groundwater Monitoring - SW: 073-00014 and 073-00015 C-
746-S and C-746-T Landfill Combined Groundwater Monitoring Group 

Group Members: STRC0017 - Well MW-372; STRC0021 - Well MW-369; STRC0022 - Well MW-370;' 
STRC0023 - Well MW-373; STRC0060 - Well MW-220; STRC0061 - Well MW-221; STRC0062 - Well 
MW-222; STRC0063 - Well MW-223; STRC0064 - Well MW-224; STRC0073 - Well MW-384; 
STRC0074 - Well MW-385; STRC0075 - Well MW-386; STRC0076 - Well MW-387; STRC0077 - Well 
MW-388; STRC0078 - Well MW-389; STRC0079 - Well MW-390; STRC0080 - Well MW-391; 
STRC0081 - Well MW-392; STRC0082 - Well MW-393; STRC0083 - Well MW-394; STRC0084 - Well 
MW-395; STRC0085 - Well MW-396; STRC0086 - Well MW,.-397 

Standard Requirements: 

1. The owner or operator shall satisfy the requirements of 401 KAR 48:300 for all wastes (or constituents 
thereof) contained in waste management units at the facility regardless of the time waste was placed in such 
unit. [401 KAR 48:300 Section 1] . 

2. The owner or operator shall monitor groundwater on the approved schedule at each approved groundwater 
monitoring location in accordance with 401· KAR 48:300, the permit, and the approved plans. A table 
summarizing the parameters to be monitored, their respective limits and monitoring frequency is included 
herein. [401 KAR 48:300,401 KAR 47: 120 Section 1] 
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3. The owner or operator shall conduct statistical analysis of the groundwater data in accordance with 401 
KAR 48:300 SeCtion 9 and the approved applications. The statistical test chosen shall be conducted separately 
for each parameter in each well for each monitoring event. The results shall be maintained as part of the facility 
record throughout the operating and post-closure life of the facility. [401 KAR 48:300 Section 9, 401 KAR 
47:120 Section 1] . 

4. Metal criteria shall be total metals to be measured in an unfiltered sample. [401 KAR 47:030 Section 6(1)] 

5. Groundwater monitoring wells shall be constructed and maintained in accordance with 401 KAR 48:300 
Section 6, the permit, and the approved plans. [401 KAR 48:300 Section 6, 401KAR 47:120 Section 1] 

6. No monitoring well construction, maintenance, or abandonment may be conducted without prior approval 
by the Division. of Waste Management. [401 KAR 47:120 Section 1,401 KAR 47:120 Section 2] 

7. Only a Kentucky Certified Monitoring Well Driller may construct or abandon monitoring wells. [401 KAR 
6:320,401 KAR 48:300 Section 7(3)] 

8. If the analysis of groundwater sample results indicates contamination (i.e., a statistical or MCL exceedence) 
as specified in 401 KAR 48:300 Section 8(1), the owner or operator shall notify the cabinet within (forty-eight) 
48 hours of receiving the results and shall arrange to split samples no later than ten (10) days from the receipt 
of the results. [401 KAR 48:300 Section 7] 

9. The owner or operator shall be required to prepare and submit a groundwater contamination assessment plan 
if laboratory analyses of one (1) or more monitoring wells at the site shows the presence of one (1) or more 
parameters above the maximum contaminant level (MCL) as specified in 401 KAR 47:030 or a statistically 
significant increase over background levels for parameters that have no MCL. [401 KAR 48:300 Section 8, 401 
KAR 47:120 Section 1] 

10. The owner or operator shall provide alternate water supplies to all affected parties within twenty-four (24) 
hours of notification of the cabinet that sample results indicate contamination of a drinking water supply if it 
has been determined that the site or facility is the probable source of the contamination. [401 KAR 48:300 
Section 8] 

11. If required by the cabinet, groundwater contamination assessment and corrective action shall be performed 
in full compliance with all provisions of 401 KAR 48:300 Section 8. [401 KAR 48:300 Section 8] 

12. The owner or operator shall provide the division a minimum of five (5) working days advance notice for all 
groundwater monitoring well construction and abandonment activities. [401 KAR 40:020 Section 2(4)] 

Variances, Alternate Specifications and Special Conditions: 

1. At each approved groundwater monitoring location, the permittee shall monitor annually for Polychlorinated 
biphenyls (PCBs). [401 KAR 48:300 Section 11(3)] . 

APE20100007 - Approved Application Issuance Date: 03/30/2012 Page 10 of21 



Pennit~urnber: SVV07300015,SVV07300014,SVV07300045 Agency Interest ID: 3059 

PERMIT 

2. With respect to the C-746-S and C-746-T Landfills, the permittee shall comply with all of the requirements 
of 401 KAR 48:300 except 401 KAR 48:300 Section 8. The groundwater assessment and corrective action 
requirements of 401 KAR 48:300 Section 8 shall not apply to the C-746-S Residential Landfill and the C-746-T 
Inert Landfill. The permittee shall perform groundwater assessment and corrective action for these landfills in 
accordance with the provisions of 401 KAR 34:060, Section 12. [401 KAR 47:120 Section 2] 

3. At each approved groundwater monitoring location, the permittee shall monitor quarterly for the parameters 
listed in 401 KAR 48:300 Section 11(3), minus 2-Chlorovinyl Ethyl Ether, Dichlorodifluoromethane, Ethyl 
Alcohol, and Ethyl Methacrylate, plus the following: Aluminum, Boron, Bromide, Calcium, Cyanide, Eh, 
Fluoride, Gross Alpha, Gross Beta, Iodide, Magnesium, Manganese, Molybdenum, Dissolved Oxygen, 
Potassium, Radium, Rhodium, Strontium-90, Sulfate, Tantalum, Technetium-99, Thorium-230, Tritium, and 
Uranium (total). Metals samples shall not be filtered. [401 KAR 47:120 Section 2, 401 KAR 48:300 Section 
11(3)] 

GSTR0004 - Groundwater Monitoring - SW: 073-00014 and 073-00015 C-
746-S and C-746-T Landfill Combined Groundwater Monitoring Group / . 
Water Levels Only 

Group Members: STRC0065 - Well MW-225; STRC0071 - Well MW-353 

Variances, Alternate Specifications and Special Conditions: 

1. The permittee shall monitor these wells for static water levels only on a quarterly basis. [401 KAR 48:300 
Section 11, 401 KAR 47: 120 Section 2] 

GMNP0001 - Surface Water Monitoring - SW: 073-00045 C-746-U LF 
Surface Water Monitoring Group 

Group Members: MNPT0002 - Upstream Point L154; MNPT0003 - Instream Point L150; MNPTOOI2-
Downstream Point L351 

Standard Requirements: 

1. The owner or operator shall monitor surface water in accordance with 401 KAR 48:300 Section 2 and the 
approved surface water monitoring plan. A table summarizing the parameters to be monitored and the 
monitoring frequency is included herein. [401 KAR 48:300 Section 2] 

Variances, Alternate Specifications and Special Conditions: 

1. Subject to applicable law, surface water corrective action shall be completed by the owner or operator as 
necessary to comply with 401 KAR 47:030 Section 4. [401 KAR 47:030 Section 4] 
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GMNP0003 - Surface Water Monitoring - SW: 073-00014 and 073-00015 C-
746-S and C-746-T Combined Surface Water Monitoring Group 

Group Members: MNPT0002 - Upstream Point L154; MNPT0009 - Upstream Point L135; MNPT0010-
Instream Point L136 

Standard Requirements: 

1. The owner or operator shall monitor surface water in accordance with 401 KAR 48:300 Section 2 and the 
approved surface water monitoring plan. A table summarizing the parameters to be monitored and the 
monitoring frequency is included herein. [401 KAR 48:300 Section 2] 

Variances, Alternate Specifications and Special Conditions: 

1. Subject to applicable law, surface water corrective action shall be completed by the owner or operator as 
necessary to comply with 401 KAR 47:030 Section 4. [401 KAR 47:036 Section 4] 

GMNPOOQ2 - Methane Monitoring - SW: Methane Monitoring Group 

Group Members: ACTV0004 - Residential Landfill; ACTV0006 - Contained Landfill 

Standard Requirements: 

1. Property Line Explosive Gas Monitoring: The owner or operator of a contained landfill shall quarterly 
monitor for explosive gas at locations along the facility property boundary as shown in the permit. [401 KAR 
48:090 Section 4(2)(b)] 

2. Quarterly Facility Structure Explosive Gas Monitoring: The owner or operator of a contained landfill shall 
monitor quarterly for explosive gas underneath or in the low area of each on-site building. [401 KAR 48:090 
S~ction 4(2)(a)] 

3. Continuous Facility Structure Explosive Gas Monitoring: The owner or operator shall install, operate, and 
maintain a gas detector with an alarm set at twenty-five (25) percent of the lower explosive limit in each on-site 
building. [401 KAR48:090 Section 4(4)] 

4. Passive Gas Vent Explosive Gas Monitoring: The owner or operator of a contained landfill shall quarterly 
monitor for explosive gas at each passive gas vent installed under the final closure cap. [401 KAR 48:090 
Section 4(2)( c)] . 

5. Problem Area Explosive Gas Monitoring: The owner or operator of a contained landfill shall quarterly 
monitor for explosive gas at any potential gas problem areas, as revealed by dead vegetation or other indicators. 
[401 KAR48:090 Section 4(2)(d)] 

6. Other Explosive Gas Monitoring: The owner or operator of a contained landfill shall monitor quarterly for 
explosive gas at any other points required by the Cabinet in the permit. [401 KAR 48:090 Section 4(2)(e)] 
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7. Exceedences: If methane gas levels exceeding twenty-five (25) percent of the lower explosive limits (LEL) 
for methane in facility structures (excluding gas control or recovery system components) or the lower explosive 
limit for methane at the facility property boundary are detected, the owner or operator shall, within fourteen 
days, submit to the Cabinet for approval a remediation plan for the methane gas releases. The plan shall 
describe the extent of the problem and the proposed remedy. The plan shall be implemented upon approval by' 
the Cabinet. [401 KAR 48:090 Section 4(5)(c)] 

8. Exceedences: If methane gas levels exceeding twenty-five (25) percent of the lower explosive limits (LEL) 
for methane in facility structures (excluding gas control or recovery system components) or the lower explosive 
limit for methane at the facility property boundary are detected, the owner or operator shall immediately notify 
the Cabinet of the methane gas levels detected and the immediate steps taken to protect human health. [401 
KAR 48:090 Section 4(5)(b)] 

9. Exceedences: If methane gas levels exceeding twenty-five (25) percent of the lower explosive limits (LEL) 
for methane in facility structures (excluding gas control or recovery system components) or the lower explosive 
limit for methane at the facility property boundary are detected, the owner or operator shall take all necessary 
steps to ensure immediate protection of human health. [401 KAR 48:090 Section 4(5)(a)] 

10. Recordkeeping: The owner or operator shall record the date, time, location, percent lower explosive limit 
and other pertinent information regarding explosive gas monitoring on a recordkeeping form approved by the 
cabinet. [401 KAR 48:090 Section 4(3)] 
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Groundwater Monitoring Limits: 

Subject Item CAS Parameter Frequency Lower Upper Units Statistical Report 
Number Limit Limit Limit On!y 

GSTROOOI 00630-20-6 1,1,1,2-Tetrachloroethane quarterly m~L Yes 
GSTROOOI 00071-55-6 1,1,1-Trichloroethane quarterly 0.2 mglL 
GSTROOOI 00079-34-5 1,1,2,2-Tetrachloroethane quarterly mg/L Yes 
GSTROOOI 00079-00-5 1,1,2-Trichloroethane quarterly mglL Yes 
GSTROOOI 00075-34-3 1,1-Dichloroethane quarterly m~L Yes 
GSTROOOI 00075-35-4 1,1-Dichloroethy lene quarterly 0.007 mg/L 
GSTROOOI 00096-18-4 1,2,3-TrichloroJ~r~ane quarterly mg/L Yes 
GSTROOOI 00096-12-8 1,2-Dibromo-3- quarterly mgIL Yes 

Chloropropane 
GSTROOOI 00106-93-4 1,2-Dibromoethane quarterly mgIL Yes 
GSTROOOI 00095-50-1 1,2-Dichlorobenzene quarterly mgIL Yes 
GSTROOOI 00107-06-2 1,2-Dichloroethane quarterly 0.005 m~1L 
GSTROOOI 00078-87-5 1,2-Dichloropropane quarterly mg/L Yes 
GSTROOOI 00106-46-7 1,4-Dichlorobenzene quarterly 0.075 mg/L 
GSTROOOl 00591-78-6 2-Hexanone quarterly mg/L Yes 
GSTROOOI 00067-64-1 Acetone _quarterly mgIL Yes 
GSTROOOI 00107-02-8 Acrolein quarterly m~1L Yes 
GSTROOOI 00107-13-1 Acrylonitrile quarterly m~1L Yes 
GSTROOOI 07429-90-5 Aluminum quarterly mglL Yes 
GSTROOOI 07440-36-0 Antimol!y, Total (as Sb) quarterly mg/L Yes 
GSTROOOI 07440-38-2 Arsenic, Total (as As) _quarterly 0.05 mg/L 
GSTROOOI 07440-39-3 Barium, Total (as Ba) quarterly. 2.0 mg/L 
GSTROOOI 00071-43-2 Benzene quarterly 0.005 mg/L 
GSTROOOI 07440-41-7 Beryllium, Total quarterly mgIL Yes 
GSTROOOI 07440-42-8 Boron _quarterly mglL Yes 
GSTROOOI 24959-67-9 Bromide quarterly m~L Yes 
GSTROOOI 00075-27-4 Bromodichloromethane quarterly mgLL Yes 
GSTROOOI 07440-43-9 Cadmium, Total (as Cd) quarterly 0.005 m~1L 
GSTROOOI 07440-70-2 Calcium quarterly mg/L Yes 
GSTROOOI 00075-15-0 Carbon: Disulfide ~uarterly mg/L Yes 
GSTROOOI 00056-23-5 Carbon Tetrachloride quarterly 0.005 mglL 
GSTROOOI Carbon, Total Organic quarterly mNL Yes 
GSTROOOI Chemical Oxygen Demand qu~rterly mg/L Yes 

(COD) 
GSTROOOI 16887-00-6 Chloride quarterly m~L Yes 
GSTROOOI 00108-90-7 Chlorobenzene ~uarterly mg/L Yes. 
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Subject Item CAS Parameter Frequency Lower Upper Units Statistical Report 
Number Limit Limit Limit Only 

GSTROOOI 00074-97-5 Chlorobromomethane ~uarter!y mgfL Yes 
GSTROOOI 00075-00-3 Chloroethane quarterly mglL Yes 
GSTROOOI 00067-66-3 Chloroform quarterly mglL Yes 
GSTROOOI 07440-47-3 Chromium, Total (as Cr) quarterly 0.1 mglL 
GSTROOOI 10061-01-5 Cis 1,3-DichloroproQYlene ~uarterly mg/L Yes 
GSTROOOI 00156-59-2 Cis-l ,2-Dichloroethylene quarterly mgIL Yes 
GSTROOOI 07440-48-4 Cobalt, Total quarterly mgIL Yes 
GSTROOOI 07440-50-8 Copper, Total (as Cu) ~uarterly mglL Yes 
GSTROOOI 00057-12-5 Cyanide, Total (as Cn) quarterly mgIL Yes 
GSTROOOI 00124;.48-1 Dibromochloromethane quarterly mgIL Yes 
GSTROOOI 00075-09-2 Dichloromethane quarterly mgIL Yes 
GSTROOOI Eh _guarterly mV Yes 
GSTROOOI 00100-41-4 Ethyl Benzene quarterly mg/L Yes 
GSTROOOI 16984-48-8 Fluoride quarterly 4.0 mg/L 
GSTROOOI Gross Alpha quarterly 15 pC ilL 
GSTROOOI Gross Beta quarterly 50 pCi/L 
GSTROOOI Halides, Total Organic quarterly mg/L Yes 
GSTROOOI Iodide quarterly mglL Yes 
GSTROOOI 00074-88-4 Iodomethane quarterly mg/L Yes 
GSTROOOI 07439-89-6 Iron, Total (as Fe) ~uarterly mg/L Yes 
GSTROOOI 07439-92-1 Lead, Total (as Pb) quarterly 0.050 mg/L 
GSTROOOI 07439-95-4 Magnesium, Total (as Mg) quarterly mglL Yes 
GSTROOOI 07439-96-5 Manganese quarterly mgIL Yes 
GSTROOOI 07439-97-6 Mercury, Total (asHg) quarterly 0.002 mg~ 
GSTROOOI 00074-83-9 Methyl Bromide quarterly mgIL" Yes 
GSTROOOI 00074-87-3 Methyl Chloride quarterly mgIL Yes 
GSTROOOI 00078-93-3 Methyl Ethyl Ketone quarterly mgfL Yes 
GSTROOOI 00108-10-1 Methyl Isobutyl Ketone ~uarter!y mg/L Yes 
GSTROOOI 00074-95-3 Methylene Bromide quarterly mglL Yes 
GSTROOOI 07439-98-7 Molybdenum quarterly mg/L Yes 
GSTROOOI 07440-02-0 Nickel, Total (as Ni) quarterly mg/L Yes 
GSTROOOI Nitrogen, Nitrate Total (as N) quarterly 10 mglL 
GSTROOOI 

-
L-O~en, Dissolved_ quarterly mg/L Yes 

- --
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Subject Item CAS Parameter Frequency Lower Upper Units Statistical Report 
Number Limit Limit Limit Only 

GSTROO01 01336-36-3 Polychlorinated Biphenyls quarterly mg/L Yes 
(PCBs) 

GSTROO01 07440-09-7 Potassium quarterly mg/L Yes 
GSTROO01 13982-63-3 Radium-226 quarterly pCi/L Yes 
GSTROO01 13982-63-3 Radium-226 quarterly ·pCi/L Yes 
GSTROO01 07440-16-6 Rhodium quarterly mg/L Yes 
GSTROO01 07782-49-2 Selenium, Total (as Se) quarterly 0.05 mg/L 
GSTROO01 07440-22-4 Silver, Total (as Ag) quarterly 0.05 mg/L 
GSTROO01 07440-23-5 Sodium quarterly mg/L Yes 
GSTR0001 - Solids, Total Dissolved quarterly mg/L Yes 
GSTROO01 Specific Conductance quarterly umho/cm Yes 
GSTROO01 Strontium-90 quarterly 8 pCi/L 
GSTROO01 00100-42-5 Styrene quarterly mg/L Yes 
GSTROO01 14808-79-8 Sulfate quarterly mg/L Yes 
GSTROO01 Tantalum, Total . quarterly mg/L Yes 
GS'TROO01 14133-76-7 Technetium 99, Total quarterly pCi/L Yes 
GSTROO01 00127-18-4 Tetrachloroethylene (PCE) quarterly -mg/L Yes 
GSTROO01 07440-05-3 Thallium, Total quarterly mg/L Yes 
GSTROO01 Thorium-230 quarterly pCi/L Yes 
GSTROO01- 00108-88-3 Toluene quarterly mg/L Yes 
GSTROO01 00156-60-5 Trans-1 ,2-Dichloroethylene quarterly mg/L Yes 
GSTROO01 10061-02-6 Trans-1 ,3-Dichloropropene quarterly mgfL Yes 
GSTROO01 00110-57-6 Trans-1 ,4-Dichloro-2-Butene quarterly mg/L Yes 
GSTROO01 00075-25-2 Tribromomethane quarterly mg/L Yes 
GSTROO01 00079-01-6 Trichloroethylene quarterly 0.005 mg/L 
GSTROO01 00075-69-4 Trichlorofluoromethane quarterly mg/L Yes 
GSTROO01 10028-17-8 Tritium; Tritium, Total quarterly 20,000 pCi/L Yes 
GSTROO01 07440-61-1 Uranium, Total quarterly 30 ug/L 
GSTROO01 07440-62-2 Vanadium, Total quarterly mg/L Yes 
GSTROO01 00108-05-4 Vinyl Acetate quarterly mg/L Yes 
GSTROO01 00075-01-4 Vinyl Chloride quarterly 0.002 mg/L 
GSTROO01 01330-20-7 Xylenes (Total) quarterly mg/L Yes 
GSTROO01 07440-66-6 J:inc, Total (as Zn) quarterly mg/L Yes 
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Subject Item CAS Parameter Frequency Lower Upper Units Statistical Report 
Number Limit Limit Limit Only 

GSTROOOI pH quarterly standard Yes 
units 

GSTROO03 00630-20-6 1,1,1,2-Tetrachloroethane quarterly mgIL Yes 
GSTROO03 00071-55-6 1,1,1-Trichloroethane quarterly 0.2 mgIL 
GSTROO03 00079-34-5 1,1,2,2-Tetrachloroethane quarterly ll!g/L Yes 
GSTROO03 00079-00-5 1,1,2-Trichloroethane quarterly mg/L Yes 
GSTROO03 00075-34-3 1,1-Dichloroethane quarterly mg/L Yes 
GSTROO03 00075-35-4 1,1-Dichloroethylene quarterly 0.007 mg/L 
GSTROO03 00096-18-4 1,2,3 -Trichloropropane quarterly mglL Yes 
GSTROO03 00096-12-8 1,2-Dibromo-3- quarterly mgIL Yes 

Chloropropane 
GSTROO03 00106-93-4 1,2-Dibromoethane quarter!y ll!gIL Yes 
GSTROO03 00095-50-1 1,2-Dichlorobenzene quarterly mgIL Yes 
GSTROO03 00107-06-2 1,2-Dichloroethane quarterly 0.005 mglL 
GSTROO03 00078-87-5 1,2-Dichloropropane quarterly mglL Yes 
GSTROO03 00106-46-7 1,4-Dichlorobenzene quarterly 0.075 ll!~ 
GSTROO03 00591-78-6 2-Hexanone quarterly mg/L Yes 
GSTROO03 00067-64-1 Acetone quarterly mgIL Yes 
GSTROO03 00107-02-8 Acrolein quarterly mg/L Yes 
GSTROO03 00107-13-1 Acrylonitrile quarterly mglL Yes 
GSTROO03 07429-90-5 Aluminum quarterly mglL Yes 
GSTROO03 07440-36-0 Antimony, Total (as Sb) quarterly mg/L Yes I 

I 

GSTROO03 07440-38-2 Arsenic, Total (as As) quarterly 0.05 mg/L 
GSTROO03 07440-39-3 Barium, Total (as Ba) quarterly 2.0 mg/L 
GSTROO03 00071-43-2 Benzene quarterly 0.005 mg/L 
GSTROO03 07440-41-7 Beryllium, Total quarterly mg/L Yes 
GSTROO03 07440-42-8 Boron quarterly mglL Yes 
GSTROO03 24959-67-9 Bromide quarterly ll!g/L Yes 
GSTROO03 00075-27-4 Bromodichloromethane quarterly mglL Yes 
GSTROO03 07440-43-9 Cadmium, Total (as Cd) quarterly 0.005 mgIL 
GSTROO03 07440-70-2 Calcium quarterly mgIL Yes 
GSTROO03 00075-15-0 Carbon Disulfide quarterly mg/L Yes 
GSTROO03 00056-23-5 Carbon Tetrachloride quarteTlY 0.005 mg/L 

-_ .. _--- - --- --
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Subject Item CAS Parameter Frequency Lower Upper Units Statistical Report 
Number Limit Limit Limit Only_ 

GSTROO03 Carbon, Total Organic _quarterly mg/L Yes 
GSTROO03 Chemical Oxygen Demand quarterly mg/L Yes 

(COD) 
GSTROO03 16887-00-6 Chloride quarterly mg/L Yes 
GSTROO03 00108-90-7 Chlorobenzene quarterly mg/L Yes 
GSTROO03 00074-97-5 Chlorobromomethane quarterly mglL Yes 
GSTROO03 00075-00-3 Chloroethane quarterly mg/L Yes 
GSTROO03 00067-66-3 Chloroform quarterly mEIL Yes 
GSTROO03 07440-47-3 Chromium, Total (as Cr) quarterly 0.1 m~/L 
GSTROO03 10061-01-5 Cis 1,3-Dichloropropylene <}uarterly mg/L Yes 
GSTROO03 00156-59-2 Cis-l ,2-Dichloroethylene quarterly mglL Yes 
GSTROO03 07440-48-4 Co baIt, Total quarterly mg/L Yes 
GSTROO03 07440-50-8 Copper, Total (as Cu) quarterly mg/L Yes 
GSTROO03 00057-12-5 Cyanide, Total (as Cn) quarterly m~ Yes 
GSTROO03 00124-48-1 Dibromochloromethane _quarterly mglL Yes 
GSTROO03 00075-09-2 Dichloromethane quarterly mg/L Yes 
GSTROO03 Eh quarterly mV Yes 
GSTROO03 00100-41-4 Ethyl Benzene quarterly mg/L Yes 
GSTROO03 16984-48-8 Fluoride quarterly 4.0 mglL 

I 

GSTROO03 Gross Alpha quarterly 15 pCilL 
GSTROO03 Gross Beta quarterly 50 pCilL 
GSTROO03 Halides, Total Organic quarterly mg/L Yes 
GSTROO03 Iodide quarterly mg/L Yes 
GSTROO03 00074-88-4 Iodomethane quarterly mg/L Yes 

, GSTROO03 07439-89-6 Iron, Total (as Fe) quarterly mg/L Yes 
GSTROO03 07439-92-1 Lead, Total (as Pb) quarterly 0.050 mglL 
GSTROO03 07439-95-4 Magnesium, Total (as Mg) quarterly mg/L Yes 
GSTROO03 07439-96-5 Manganese quarterly mg/L Yes 
GSTROO03 07439-97-6 Mercury, Total (as Hg) quarterly 0.002 mglL 
GSTROO03 00074-83-9 Methyl Bromide quarterly mg/L Yes 
GSTROO03 00074-87-3 Methyl Chloride quarterly mglL Yes 
GSTROO03 00078-93-3 Methyl Ethyl Ketone quarterly mg/L Yes 
GSTROO03 00108-10-1 Methyl Isobutyl J&etQ!le__ _ _~rterly mg/L Yes 
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PERMIT 

Subject Item CAS Parameter Frequency Lower Upper Units Statistical Report 
Number Limit Limit Limit On!y 

GSTROO03 00074-95-3 MethJ~lene Bromide quarterly m~ Yes 
GSTROO03 07439-98-7 Mobrbdenum quarterly mgIL Yes 
GSTROO03 07440-02-0 Nickel, Total (as Ni} quarterly mg/L Yes 
GSTROO03 Nitrogen, Nitrate Total (as N) quarterly 10 mz/L 
GSTROO03 Oxygen, Dissolved quarterly ~gLL Yes 
GSTROO03 01336-36-3 Polychlorinated Biphenyls annually mg/L Yes 

(PCBs) 
GSTROO03 07440-09-7 Potassium quarterly mg/L Yes 
GSTROO03 13982-63-3 Radium-226 quarterly pCi/L Yes 
GSTROO03 07440-16-6 Rhodium quarterly mgIL Yes 
GSTROO03 07782-49-2 Selenium, Total (as Se) quarterly 0.05 mg/L 
GSTROO03 07440-22-4 Silver, total (as A~ quarterly 0.05 mg/L 
GSTROO03 07440-23-5 Sodium quarterly mg/L Yes 
GSTROO03 Solids, Total Dissolved quarterly m~L Yes 
GSTROO03 . Specific Conductance quarterly umho/cm Yes 
GSTROO03 Strontium-90 quarterly 8 jJCi/L 
GSTROO03 00100-42-5 Styrene quarterly mg/L Yes 
GSTROO03 14808-79-8 Sulfate quarterly mg/L Yes 
GSTROO03 Tantalum, Total quarterly mglL Yes 
GSTROO03 14133-76-7 Technetium 99, Total quarterly pCi/L Yes 
GSTROO03 00127-18-4 TetrachloroethJ1ene (PCE) quarterly mg/L Yes 
GSTROO03 07440-05-3 Thallium, Total quarterly mg/L Yes 

I 

GSTROO03 Thorium-230 quarterly jJCi/L Yes 
GSTROO03 00108-88-3 Toluene quarterly mg/L Yes 
GSTROO03 00156-60-5 Trans-1 ,2-Dichloroethy lene quarterly mg/L . Yes 
GSTROO03 10061-02-6 Trans-1,3 -Dichloro~ropene quarterly mgIL Yes 
GSTROO03 00110-57-6 Trans-1,4-Dichloro-2-Butene quarterly m~ Yes 
GSTROO03 00075-25-2 Tribromomethane quarterly mg/L Yes 
GSTROO03 00079-01-6 Trichloroethy lene quarterly 0.005 mg/L 
GSTROO03 00075-69-4 Trichlorofluoromethane quarterly mg/L Yes 
GSTROO03 10028-17-8 Tritium; Tritium, Total quarterly 20,000 jJCi/L Yes 
GSTROO03 07440-61-1 Uranium, Total quarterly 30 ug/L 
GSTROO03 07440-62~2 Vanadium, Total ~uarterly mg/L Yes 

- - ---- --
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SUbject Item CAS Parameter Frequency Lower Upp.er Units Statistical Report 
Number Limit. Limit Limit Only 

GSTROOO3 00108-05-4 Vin~l Acetate quarterly mglL Yes 
GSTROO03 00075-01-4 Vin~l Chloride quarterly 0.002 mg/L 
GSTROO03 01330-20-7 XJ'lenes (Total) quarterly m~ Yes 
GSTROO03 07440-66-6 Zinc, Total (as Zn) quarterly m~ Yes 
GSTROO03 pH quarterly standard Yes 

units I 

Surface Water Monitoring Limits: 

Subject Item CAS Parameter Frequency Lower Upper Units Statistical' Report 
Number Limit Limit Limit On!y 

GMNPOOOI Carbon, Total O~ganic quarterly Yes 
GMNPOOOI Chemical Oxygen Demand quarterly Yes 

(COD) 
GMNPOOOI 16887-00-6 Chloride quarterly Yes 
GMNPOOOI Gross Alpha quarterly Yes 
GMNPOOOI Gross Beta quarterly Yes 
GMNPOOOI 07439-89-6 Iron, Total (as Fe) quarterly Yes 
GMNPOOOI 07440-23-5 Sodium quarterly Yes 
GMNPOOOI Solids, Total Dissolved quarterly Yes 
GMNPOOOI Solids, Total Suspended quarterly Yes 

(TSS) 
GMNPOOOi Specific Conductance quarterly Yes 
GMNPOOOI 14808-79~8 Sulfate quarterly Yes 
GMNPOOOI Total Solids quarterly Yes 
GMNPOOOI 07440-61-1 Uranium, Total ~uarterly Yes 
GMNPOOOI pH quarterly Yes 
GMNPOO03 Carbon, Total Organic quarterly Yes 
GMNPOO03 Chemical Oxygen Demand . quarterly Yes 

(COD) 
GMNPOO03 16887-00-6 Chloride quarterly Yes 
GMNPOO03 Gross AIQha iluarterly Yes 
GMNPOO03 Gross Beta iJ.uarterly Yes 
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Permit Number: SW07300015, SW07300014, SW07300045 Agency Interest ID: 3059 

PERMIT 

Subject Item CAS Parameter Frequency Lower Upper Units Statistical Report 
Number Limit Limit Limit Only 

GMNPOO03 07439-89-6 Iron, Total (as Fe) quarterly Yes 
GMNPOO03 07440-23-5 Sodium quarterly Yes 

. GMNPOO03 Solids, Total Dissolved _quarterly Yes 
GMNPOO03 Solids, Total Suspended quarterly Yes 

(TSS) 
GMNPOO03 Specific Conductance quarterly Yes 
GMNPOO03 14808-79-8 Sulfate quarterly Yes 
GMNPOO03 Total Solids quarterly Yes 

.GMNPOO03 07440-61-1 Uranium, Total quarterly Yes 
GMNPOO03 pH quarterly Yes 

Methane Monitoring Limits: 

Subject Item CAS Parameter Frequency Lower Upper Units Statistical Report 
Number Limit Limit Limit Only 

GMNPOO02 Continuous Facility Structure continuously 25 % Lower 
Explosive Gas Monitoring Explosive 

Limit for 
Methane 

GMNPOO02 Property Line Explosive Gas quarterly 100 % Lower 
Monitoring Explosive 

Limit for 
Methane 

GMNPOO02 Quarterly Facility Structure quarterly 25 % Lower 
Explosive Gas Monitoring Explosive 

Limit for 
Methane 

-~- -- -
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D m WI I;!ffi Department of Energy 

APR D -~ 2012 lYJportsmouth/Paducah Project Office 

Mr. Ronald D. Gruzesky 

1017 Majestic Drive, Suite 200 
Lexington, Kentucky 40513 

(859) 219-4000 

MAR 072012 

Kentucky Department for Environmental Protection 
Division of Waste Management, Solid Waste Branch 
200 Fair Oaks Lane, 2nd Floor 
Frankfort, Kentucky 40601 

Dear Mr. Gruzesky: 

305'1 
API!" Jv01D ODD 7 

PPPO-02-1392217-12 

TRANSMITTAL OF A MINOR PERMIT MODIFICATION FOR SOLID WASTE 
PERMIT NUMBER 073-00045 (C-746-U LANDFILL), ANSWERING QUESTIONS ON 
SEISMIC CONDITIONS EXPECTED AND DESIGN CRITERIA NEEDED WITH 
PREDICTED SEISMIC CONDITIONS, PADUCAH GASEOUS DIFFUSION PLANT, 
AGENCY INTEREST NUMBER 3059, ACTIVITY ID NO. APE20100007 

Enclosed is a request for a minor permit modification to the referenced solid waste permit. The 
modification requests refl?oval of condition 5,Section ACTV0006, Variances, Alternate 
Specifications, and Special Conditions. The current permit reads as follows: 

No construction may begin on phases 6 thru 24 of the landfill until the seismic 
hazard reevaluation and fault study reports are approved by the Division. 
[401 KAR 47: 120 § 2, 401 KAR 48:050 § 5,401 KAR 48:070 § 3] 

In preparation for the opening of phases 6-23 of the C-746-U Landfill, LATA Environmental 
Services of Kentucky, LLC, is submitting with this request, Evaluation of Seismic Design 
Adequacy for C-746-U Landfill at the Paducah Gaseous Diffusion Plant~ by Dr. Neven 
Matasovic. Resubmitted (unchanged) for your convenience is the Investigation of Holocene 

. Faulting Proposed C-746-U Landfill Expansion, Paducah Gaseous Diffusion Plant, Paducah, 
Kentucky, by The University of Kentucky Research Consortium for Energy and Environment 
that was submitted to the Kentucky Division of Waste Management (KDWM) July 21,2010. 

KDWM issued a Notice of Deficiency (NOD) on October 27,2010. The NOD gave directions 
for conducting the seismic hazard reevaluation, required a study to determine if the present 
landfill design can withstand the type of displacement and degree of offset a maximum predicted 
seismic event would administer, and required a permit modification of the landfill technical 
application and design to meet developed seismic criteria. Several cooperative meetings, 
markups, draft documents, and comment resolutions have occurred since the NOD was issued. 
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Mr. Gruzesky 2 PPPO-02-1392217 -12 

The seismic evaluation recommends replacement of the current design of a 40-mil smooth very 
low density polyethylene resin landfill liner cap with a 60-mU, textured on-both sides, high 
density polyethylene resins geomembrane liner cap. 

A comment response is attached to this letter that answers the most recent questions posed by the 
KDWM during their reviews of the seismic studies. 

This permit modification requests removal of condition 5 of the landfill permit. It includes 
seismic reports and provides changes to 4 of the 51 drawings originally submitted as Technical 
Application Attachment 1. Technical Application Attachment 5, "Narrative of Design to Resist 
Seismic Events"; Technical Application Attachment 16, "Leachate Storage Tanks"; Technical 

. Application Attachment 22, "Construction Quality Control Plan"; and Technical Application 
Attachment 26, "Closure Cap Specifications of the Technical Application,"also have been 
modified. Technical Application Attachment 5 has been modified to include a description of the 
provided studies. Technical Application Attachment 16 was modified to include a new 
geosynthetic liner used in the cap as a part of the HELP model. The modification resulted in no 
change to leachate storage requirements. The only change in Technical Application Attachments 
22 and 26 and drawings from Attachment 1 was to references to the type of geosynthetic liner 
used in the cap. 

If you have any questions or require additional information, please contact Lisa Santoro at 
(270) 441-6804. 

RECEIVED 

[MAR 0 8'2012 \ 
Divis!on of Waste Management 

Solid Waste Branch 

Enclosures: 
1. Certification Sheet 
2. Permit Modification Request 
3. Comment Response Summary 

e-copy w/enclosures: 
david.ashburn@lataky.com, LA T AlKevil 
gaye.brewer@ky.gov, KDEP/PAD 
jeffrey.gibson@ky.gov, KDEP/Frankfort 
keith.thom@lataky.com, LAT AlKevil 
kerry .stone@lataky.com, LAT AlKevil 
leo.williamson@ky.gov, KDEP/Frankfort 
lisa.santoro@lex.doe.gov, PPPOIP AD 
michael. gerle@lataky .com, LAT f\/Kevil 

Sincerely, 

Nl~ 
William E. Murphie 
Manager 
Portsmouth/Paducah Project Office 

mike.zeiss@lataky.com, LA T A/Kevil 
myrna.redfield@lataky.com, LA T A/Kevil 
pad.dmc@swiftstaley.com, SST IKevil 
reinhard.knerr@lex.doe.gov, PPPO/PAD 
rob.seifert@lex.doe.gov, PPPOIP AD 
ron.gruzesky@ky.gov, KDEP IFrankfort 
todd.hendricks@ky.gov, KDEP/Frankfort 

, william.creech@lex.doe.gov, PPPO/LEX 
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Document Identification: 

CERTIFICATION 

Technical Notice of Deficiency No.1, Response to 
Application Deficiencies, Minor Permit Modification for 
Solid Waste Permit Number 073-00045 (C-746-U Landfill), 
Paducah Gaseous Diffusion Plant, Agency Interest 
Number 3059 

I certify under penalty of law that this document and all attachments were prepared under my direction or 
supervision in accordance with a system designed to assure that qualified personnel properly gather and 
evaluate the information submitted. Based on my inquiry of the person or persons directly responsible for 
gathering the information, the information submitted is, to the best of my knowledge and belief, true, 
accurate, and complete. I am aware that there are significant penalties for submitting false information, 
including the possibility of fine and imprisonment for knowing violations. 

LATA Environmental Services of Kentucky, LLC 

Z-~3,-/z-
Date Signed 

I certify under penalty of law that this document and all attachments were prepared under my direction or 
supervision in accordance with a system designed to assure that qualified personnel properly gather and 
evaluate the information submitted. Based on my inquiry of the person or persons directly responsible for 
gathering the information, the information submitted is to the best of my knowledge and belief, true, 
accurate, and complete. I am aware that there are significant penalties for submitting false information, 
including the possibility of fine and imprisonment for knowing violations. 

u.S. Department of Energy (DOE) 

PortsmouthlPaducah Project Office 

RECEIVED 
[ MAR 0 8-2012 ·1 

Division of Waste Management 
Solid Waste Branch 

Date Signed 



Response to Kentucky Division of Waste Management 
Comments Received May 30, 2011, 

Evaluation of Seismic Design Adequacy for C-746-U Landfill at the Paducah Gaseous 
Diffusion Plant, Paducah, Kentucky, 

PAD-ENG-I003, Dated February 2011 

These responses have been prepared by Geosyntec Consultants (Geosyntec) on behalf of LATA 
Environmental Services of Kentucky, LLC, (LATA Kentucky) to address comments from Kentucky 
Division of Waste Management (KDWM) on the report entitled, Evaluation of Seismic Design Adequacy 
for C-746-U Landfill at the Paducah Gaseous Diffusion Plant, Paducah, Kentucky, (subject report) that 
was prepared by Geosyntec. Note that the majority of the KDWM comments are related to Appendix A 
of the subject report that contains a report entitled "Seismic Haza~d Evaluation Report," prepared by 
James A. Beavers Consultants (JEB) and their subcontractor, Dr. Chris Cramer. The latter report is 
referenced as "Beavers/Cramer" report by KDWM in their comments. For consistency with the format of 
this letter report and to acknowledge that the "Beavers/Cramer" report has been significantly rewritten as 
a part of this work, the "Beavers/Cramer" report is referenced as "JEB (2010; 2011)" herein. 

General Comments: 

Comment 1: The, chronology table indicates that DOE submitted a seismic hazard reevaluation proposal 
on 6/30/10 that received no response from KDWM. Neither David Ashburn nor I can find correspondence 
dated 6/30/1 0 regarding seismic issues. 

Response 1: The reference to the hazard reevaluation proposal dated 6/30/10 was inadvertently included 
in the summary table (page A-II) of JEB (2010), Seismic Hazard Evaluation Report. The JEB (2010) 
reference has been revised as a part of this work, with the reference to the hazard reevaluation proposal 
dated 6/30/10 deleted. The revised report is further referenced as JEB (2010; 2011). 

Comment 2: The predicted top-of-soil ground motions vary considerably between the Beavers/Cramer 
analysis and, the Geosyntec analysis, principally because the Beavers/Cramer analysis includes Monte 
Carlo sampling which may not account for nonlinear soil effects. The application should be revised so 
that the sections are more consistent. 

Response 2: The seismic site response analysis has been revised (i.e., the results of the Monte Carlo 
simulation have been deleted from JEB (2010; 2011) and its appendices. We note that a nonlinear (i.e., 
equivalent-linear frequency domain) site response analysis with computer code SHAKE2000 was 
performed as a part of Geosyntec (2012) study. The stability evaluations in Geosyntec (2012), including 
landfill composite liner and cover system evaluations and soil liquefaction potential evaluation, were 
based upon these nonlinear evaluations. 

Comment 3: Attachment 2: The SlE and S2E scenario earthquakes are acceptable both in location and 
magnitude as reasonable, geologically defensible, scenario earthquakes for the site. 

However, the local earthquake, S3E, lacks sufficient geological justification. The local scenario 
earthquake should not be chosen on the presumed frequency of the event as Section 3.2 of the Beavers 
Report suggests. Rather, it should be chosen as the local earthquake that is reasonably likely to cause the 
greatest expected earthquake ground motions at the site based upon the w . . vidence, 
including local seismicity. E C E IVE D 
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In general, KDWM agrees that an Mw 5.5 local earthquake is a geologically defensible local MCE for 
PGDP. However, KDWM feels that the distance to the S3E earthquake is excessive because of recent 
seismicity in the immediate PGDP area. (The USGS earthquake database lists numerous recent local 
earthquakes as close a~ approximately 2.6 kilometers from the center of the C-746-U Landfill. When the 
uncertainty of calculating earthquake locations is considered, the C-746-U Landfill is potentially within 
the epicentral"area.) 

Response 3: We agree with this comment and have addressed it both in terms of the acceleration/duration 
and the fault rupture propagation hazards. The peak ground acceleration (PGA) calculations for a Mw 5.5 
event at a distance of 2.5 km are included as scenario S4E in Appendix F of Geosyntec (2012) (mean 
value; bedrock; median value of calculations using 5 NGA attenuation relationships (Abrahamson et al. 
2008). The calculated PGA value of 0.22 g is significantly lower that the controlling SlE (Mw 7.6 New 
Madrid Seismic Zone event) PGA value of 0.36 g and is hence dismissed from further considerations. 

The fault rupture propagation and impact evaluations documented in Geosyntec (2012) demonstrate that a 
Mw 5.5 event at a distance of 2.5 km can be accommodated by the C-476-U Landfill composite liner and 
cover systems. 

Comment 4: Attachment 2, Section 3.4: In the second line of the narrative, "January 13, 1812" should 
read "January 23, 1812". However, if the intent of the sentence is to say that the January 23, 1812 
earthquake was the closest of the three main shocks to PGDP, the general consensus of scientific opinion 
is that this is not the case. Of the three main shocks of the 1811-1812 earthquake sequence, the February 
7, 1812 event was closest to PGDP. 

Additionally, clarify the' differences between the Ms and Mw values referenced in Section 3.4 and those 
listed on the USGS website. 

Response 4: The intent was to refer to the earthquake with the largest magnitude of this series of seismic 
events. The largest magnitude reported was used to evaluate acceleration hazard at the PGDP site. The 
site-to-source distance was measured from the closest approach of the postulated New Madrid fault plane 
to the geometric center of the PGDP site. This correction has been made in the revised JEB (2010; 2011) 
report. 

The Ms values listed on the United States Geological Survey (USGS) Web site have been added to this 
section. The largest magnitude listed for the three events "is Ms of approximately 7.7, which is less than 
the Ms 7.8 used as a maximum in the report: 

Comment 5: Attachment 2, Appendix B: Monte Carlo sampling is not a method currently used in site
effect analysis for engineering design. The narrative should provide 1) the time histories from the scenario 
earthquakes and 2) SHAKE 2000 analysis. 

Response 5: We concur. Monte Carlo sampling is not a method currently used in site-effect analysis for 
engineering design. The JEB (2010; 2011) report and its appendix have been edited and the analysis 
based upon the Monte Carlo sampling has been deleted. 

The analyses documented in Geosyntec (2012) are based upon 1) the time histories from the scenario 
earthquakes; and 2) SHAKE2000 equivalent-.1inear site response analysis. The stability evaluations 
documented in Geosyntec (2012), including stability evaluations of landfill composite liner and cover 
systems and soil liquefaction evaluations, were based upon the SHAKE2000 analyses. 

Comment 6: Attachment 3: The Commonwealth of Kentucky's administrative regulations specifically 
401'KAR Chapters 47 and 48 govern the construction and operation of contained landfills in Kentucky. 
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Remove references to Subtitle D from the narrative and replace them with references to the corresponding 
Kentucky Administrative Regulations. 

Response 6: References to Subtitle D are removed from Sections 1.2 and 2.2 of the Geosyntec (2012) 
narrative. The appropriate references to the corresponding Kentucky Administrative Regulations have 
been cited. 

Comment 7: Attachment 3, Section 6.1.2: On the weight of the waste issue and MSW vs. DOE wastes, 
even if the OIl landfill waste was used, CDD [Construction Demolition Debris] characteristics vary 
significantly. For horizontal acceleration, the weight of DOE's wastes could be obtained from the Annual 
Survey and Cross-Section reports. It is unclear what effect this will have on the Static Deformation 
Analyses, p. 18. 

Response 7: We were aware of the anticipated composition of DOE wastes; therefore, we have selected 
the OIl waste as the model waste. We note that the OIl waste includes relatively high percentage of 
CDD wastes and is characterized with a relatively high unit weight (85 to 100 pct) as opposed to 
commonly used 65 pcf for municipal solid waste and with fairly linear (upper bound) modulus reduction 
curves. We further note that the use of high unit weight is conservative (force = mass x acceleration; 
larger the mass -7 larger the force), and that fairly linear modulus reduction curves typically result in 
larger acceleration response. 

Geosyntec reviewed the 2008-2011 Annual Survey Reports for the C-746-U Landfill at the Paducah 
Gaseous Diffusion Plant.· Those reports contain information of unit weight of waste actually disposed of 
in the subject landfill. The unit weight value YMSW of 59 pcf was evaluated by TetraTech, Inc., based 
upon the 2008-2009 survey records (reported in "Annual Survey Summary Sheet for Solid Waste 
Landfills," March 2009; attachment to the Annual Survey Report for the site). This value of YMSW does 
not, however, include the effects of long-term settlement, decomposition, and degradation of waste -
processes that will ultimately increase the value of unit weight of material disposed of in the C-746-U 
Landfill. 

Unit weight is an important parameter for static and seismic stability analysis of solid waste landfills. 
The higher the assumed unit weight, the more conservative the analysis is because the driving force is 
proportional with weight of sliding mass. . 

For stability evaluations of the subject landfill, Geosyntec assigned 85 lb/ft? to waste materials that will be 
disposed of in the landfill. This weight of waste materials corresponds to the conditions at the end of 
landfill life, when most of settlement, degradation, and decomposition has occurred and is, as noted above 
and compared to the measured values, conservative. 

Comment 8: Attachment 3, Section 6: The key issue for plastic liner sliding is the friction coefficient. 
See the wedge diagram on page 14. This looks like Bob Koerner's equation form "Designing with 
Geosynthetics", even though he doesn't hold ·a patent on static and dynamic diagrams. If it is a layer of 
soil over the wastes, then use soil. If it is CDD, then these characteristics should be used. The friction 
coefficient would probably be lower. It would probably be better to get a geotextile down, and then put a 
foot or two of sacrificial dirt on top of the waste before constructing the cap. But, this is up to DOE and 
the design engineer. 

Response 8: The wedge diagram on page 14 is from Koerner and Soong [1998] (similar diagram is in 
Koerner's book "Designing with Geosynthetics," but with no provision for a pseudostatic force). The 
calculations are for the interface with the lowest friction coefficient in the profile. . By inspection, we 
establjshed the interface between. high density polyethylene (HDPE) geomembrane and. compacted 
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protective soil layer (layer above HDPE) as the interface with the lowest friction coefficient is.' This 
interface is referred to herein as the "critical interface." 

The results of our stability evaluations indicated that the originally proposed composite landfill cover 
design (40-mil smooth very low density polyethylene geomembrane/cushion geotextile) cannot meet the 
stability criteria established for the C-476-U Landfill. Therefore, we recommended that a 40-mil smooth 
geomembrane be replaced with a60-mil double-textured HDPE geomembrane. The stability criteria are 
met for a composite cover configuration with a 60-mil double-textured HDPE geomembrane, as explained 
in Geosyntec (2012). 
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Minor Permit Modification 
for Solid Waste Permit Number 073-00045 

(C-746-U Landfill), 
Agency Interest Number 3059, 

Activity ID Number APE20100007 

February 2012 
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DEP Form 7017 (6/10) 

ENERGY AND ENVIRONMENT CABINET 

DEPARTMENT FOR ENVIRONMENTAL PROTECTION 
DIVISION OF WASTE MANAGEMENT 

200 FAIR OAKS LANE, SECOND FLOOR 
FRANKFORT, KY 40601 

TELEPHONE NUMBER 502-564-6716 

1 

-~ 1~. KElTH···.~ Application for a Minor Modification 
To a Formal Solid Waste Permit 

Form DEP 7017 (6/10) ~ .. eEN$~.·· ~ 
=«1 THORN i,.. ~ 5,18B09 : : 
~. ( (/).':: 
~ ........ ~. ~ 
~ ~NA\' ~,,-

~------------------------------------------~ ~bUII~~\~·~ 02-
Statutes and regulations may be viewed online at the following website 
address: http://wwwJrc.ky.gov/search~htm 
Solid waste application forms are available at the following website address: 
http://www.waste.ky.gov 

AI#: 30S:~ 
DWM OFFICIAL USE ONLY 

Application #: A,P g e2 0 I Q 000 7 

APPROVED 
COMMONWEALTH OF KENTUCKY 

DEPARTMENT FOR 
ENVIRONMENTAL PROTECTION 

DIVISION OF WA TE MANAGEMENT 
\: . 

, ~~ 

t1AR 3 0 2012 
11 hi DATI 
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r-~;~~2012 I 
L ___ _ 

Division of Waste Management 
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DEP Form 7017 (6/10) 

GENERAL INSTRUCTIONS 

1. APPLICABILITY - This form must be completed and submitted to the Cabinet by persons 
who propose to apply for a minor modification of a formal permit. 

2 

2. ASSISTANCE - Questions regarding this form may be directed in writing to the Division of 
Waste Management (DWM), Solid Waste Branch at the address listed above, or by calling 502-
564-6716. 

3. SUBMISSION - Please type or print legibly in permanent ink. Submit the original and two (2) 
copies of the completed form to the DWM at the address listed above. If an item is not 
applicable, write "N/A" in the space provided. 

4. FEES - Applicants must submit the appropriate filing fee at the time of 
application submittal in accordance with 401 KAR 47:090, Section 2. 

5. LAWS AND REGULATIONS - Applicants are expected to understand and comply with all laws 
and regulations applicable to the facility. 

To assist you in the submittal of a complete and accurate application, the Division has identified the 
most common errors found during the review process. These errors are listed below for your 
convenience. 

1. Failure to provide the appropriate fee. See 401 KAR 47:090, Section 2. (6)(a). 

2. Failure to complete the application. 

3. Failure to comply with public notice requirements. See KRS 224.40-310 and 401 
KAR 47:140, Section 7 for more inform_VOF~q~,~ 

4. Failure to comply with FinftQU~'!Xl~ e . r ' ~'~:~lRM exJS mg 
financial assura~ce is insuffi. ci~~~.!~.,.,,~,:,~:t.!~ .. &'T,~. '"':' ,'.f.~$~.~~.:ff.!q~'f~~'f\I!~R~, t-closure 
costs, updates will be requifUD~ 1~:' *uRq .J,\:; $L",~~'S\ /n ... h; ~;:; ",il:l 

TMa~~i3QAL4AM aTaA,~1j '!'::·~.iitAl'iUNI 

5. Failure to properly sign and notarize the application. An individual with 
signature authority for the applicant as defined by KRS 224.01-01Q 44 .a~d.401 
KAR 47:160 must si' ." . ure sec ons oltJ;:$ 
application. 

6. Failure to provide ap ro. . ..,.' "'f. 

narratives or any attac at lack sufficient detail or drawin: : re not 
signed, dated and sealed by a professional engineer or geologist may cause delays 
in the review and approval of the application. 

Warning! Due to the potential for identity theft, do not provide social security numbers to the 
DWM as part of this application. If this information is required during the normal course of 
review of the application, a cabinet representative will contact the appropriate individual to 
acquire this information in a secure format. 

~EO MAR 3 0 Znl2. 
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DEP Form 7017 (6/10) 

Application for a Minor Modification 
to a Formal Solid Waste Permit 

General Information 

1. Agency Interest #: 3059 2. Permit #: 073-00045 

3. Fee submitted: 

5. Method of payment: 

4. Check or Money Order #: NA 

D Check 
D Money Order 
D Cash 
[8] Exempt (Publicly Owned Facility) 

Applicant Information 

6. Permittee Name: U.S. Department of Energy (DOE) 

3 

(This refers to the corporation, LLC, business, person, government agency, etc., that owns or operates the facility.) 

7. Permittee Mailing Address: P.O. Box 1410 

8. City: Paducah 9. State: KY 10. Zip Code: 42002-1410 

11. Contact Person: Reinhard Knerr 12. Title: Paducah Site Lead 

13. E-mail Address: reinhard.knerr@lex.doe.gov 

14. Phone #: (270) 441-6800 ext. 

15. Cell #: 16. Fax #: (270) 441-6801 

Facility Information 

17. Facility Name: U.S. Department of Energy Paducah Gaseous Diffusion Plant 

18. County: McCracken 

19. Facility Location: 5600 Hobbs Road 
(Provide the street or physicallocation. Do not use P. o. Box #'s, etc.) 

20. City: Kevil 21. Zip Code: 42053 

22. Facility Contact: Mark J. Duff 23. Title: Paducah Project Manager 

24. E-~ail Address: mark.duff@lataky.com 

25. Phone #: 270-441-5030 ext. NA 

26. Fax #: 270-441-5022 27. Cell #: 270-816-5434 
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DEPForm 7017 (6/10) 

Preparer Information 

(Complete items 28 - 37 if the following information concerning the person preparing this 
application is different from the contact persons named in items 11 and 22.) 

28. Preparers Name: 29. Company: 

30. Mailing Address: 

31. City: 32. State: 33. Zip Code: 

34. E-mail Address: 

35. Phone #: ext. 

36. Cell #: 37. Fax#: 

Attachments and Descriptions 

38. Type of modification you are seeking: 

o A vertical expansion of less than two (2) years 
o A Groundwater Assessment Plan 
o A Groundwater Corrective Action Plan 
o A modification to the Groundwater or Surface Water Monitoring Plan 
o A modification to the sediment pond design 
o A modification to the alternate daily cover 
o A modification to the leachate collection system 
o A modification to the Closure Plan 
o A modification to change the name of the owner or facility 
o A modification to change the closure or post closure cost estimate 
o A modification to change the permit boundary other than waste boundary 
~ Other (describe): Submittal of seismic information and modifications of drawings altering cap 
construction. 

39. Provide, as Attachment 1, a detailed description of the permitting action you are seeking. 

40. Provide, as Attachment 2, appropriate drawings, calculations, maps, cross-sections, etc. 

liAR 3 0 
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CONTENTS OF THE MODIFICATION REQUEST 

ATTACHMENT I-FORM DEP 7017 OVERVIEW OF THE MINOR MODIFICATION PERMIT 
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MODIFICATIONS TO THE C-746-U LANDFILL PERMIT AND 
TECHNICAL APPLICATION 

This document is a request for a minor permit modification to the C-746-U Landfill solid waste permit. 
The modification requests approval of the enclosed reports and removal of the condition 5, Section 
ACTV0006, Variances, Alternate Specifications, and Special Conditions. The current permit condition 
reads as follows: 

No construction may begin on phases 6 thru 24 of the landfill until the seismic hazard 
reevaluation and fault study reports are approved by the Division. [401 KAR 47: 120 § 2, 
401 KAR 48:050 § 5,401 KAR 48:070 § 3] 

Your office issued a Notice of Deficiency (NOD) on October 27,2010, associated with the submittal. The 
NOD gave directions for conducting the seismic hazard reevaluation, required a study to determine if the 
present landfill design can withstand the type of displacement and degree of offset a maximum predicted 
seismic event would administer, and required a permit modification of the landfill technical application 
and design to meet developed seismic criteria. 

In preparation for the opening of Phases 6-23 of the C-746-U Landfill, the U.S. Department of Energy is 
submitting this request with an Evaluation of Seismic Design Adequacy for C-746-U Landfill at the 
Paducah Gaseous DiffUSion Plant by Dr. Neven Matasovic. Resubmitted unchanged for your 
convenience is the Investigation of Holocene Faulting Proposed C-746-U Landfill Expansion, Paducah 
Gaseous DiffUSion Plant, Paducah, Kentucky, by The University of Kentucky Research Consortium for 
Energy and Environment that was submitted to your office July 21,2010. After several iterations of these 
documents and through cooperative efforts with your office, finals of these documents are provided. 

The permit modification request contains changes to 4 of the 51 drawings originally submitted as 
Technical Application Attachment 1. As a result of conducting the studies, Technical Application 
Attachment 5, Narrative of Design to Resist Seismic Events, was modified to include a description of the 
provided studies. Technical Application Attachment 16, Leachate Collection System, Technical 
Application Attachment 22, Construction Quality Control Plan, and Technical Application Attachment 
26, Closure Cap Specifications, were modified to adjust the planned cap design because the seismic 
evaluation recommended replacement of the 40-mil smooth very low density polyethylene with a 60-mil, 
textured on both sides, high-density polyethylene geomembrane. 
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ATTACHMENT 5 

NARRATIVE OF DESIGN TO RESIST SEISMIC EVENTS 

The C-746-U Landfill (site) is located within a seismic impact zone as defmed by 40 CFR § 258.14. 
These federal regulations state that the horizontal acceleration to be used in the seismic analysis shall 
correspond to a bedrock acceleration that has a ninety (90) percent probability of not being exceeded in 
two hundred and fifty (250) years or the maximum expected horizontal accelerations based on a site
specific risk assessment. The seismic hazard maps that accompany these federal regulations indicate that 
the maximum horizontal acceleration in bedrock at the site (PHGA) is approximately 0.40g. This PHGA 
value is consistent with its counterpart established based upon a site-specific Seismic Hazard Evaluation 
for the Paducah Gaseous Diffusion Plant, Paducah, Kentucky, by Risk Engineering Inc. (1993). This 
PHGA was a basis for thus far designed and constructed containment structures, liners, leachate collection 
system, and surface water control systems at the site. 

The C-746-U Landfill itself has been designed to accommodate seismically induced lateral forces by 
considering slip surfaces that pass through waste mass and/or along landfill composite liner and cover 
systems. The critical slip surfaces (one for liner and one for cover) were established through static and 
pseudo-static limiting equilibrium evaluations by SLOPE/W. The corresponding stability evaluation 
report may be found in Evaluation of Seismic Design Adequacy for C-746-U Landfill at the Paducah 
Gaseous Diffusion Plant, Paducah, Kentucky (Geosyntec report 2012). The sedimentation pond has been 
designed in like manner. 

The slopes on the embankments for the landfill containment structures have been evaluated and are 
designed to provide resistance to seismic forces with a factor of safety as indicated in the calculations in 
Geosyntec report 2012. 

The slopes for the sedimentation basins have been evaluated and are designed to provide resistance to 
seismic forces with a factor of safety as indicated in the calculations within this attachment. 

The high-density polyethylene (HDPE) component of landfill composite base liner system has been 
specified as textured to provide increased frictional resistance to both statically induced and seismic 
forces. 

The leachate collection system and piping supports have been designed to function when subjected to any 
deformations induced by settlement resulting from seismic events or other design forces. 

The leachate collection material has been selected to provide an angle of internal friction greater than or 
equal to that evaluated in the design calculations in Geosyntec report 2012. 

In response to a request by Kentucky Division of Waste Management (KDWM), a Deterministic Seismic 
Hazard Assessment (DSHA) was performed by James E. Beavers Consultants (JEBc) (2010). JEBc 
considered three representative earthquake scenarios for the area to establish the controlling seismic 
event for . seismic design, but also a local seismic event for a fault rupture propagation study. The 
controlling event for seismic design other than fault rupture propagation study was established as a 
Moment Magnitude Mw 7.6 event on the New Madrid Fault with a PHGA of 0.36 g. The local seismic 
event for fault rupture propagation study was established as a Mw 6.0 event directly beneath the site. The 
seismic evaluations based upon the deterministically evaluated seismic hazard parameters were conducted 
by Geosyntec (2012). These evaluations consisted of the following: 
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• Establish by reference the largest local scenario earthquake that reasonably could be expected beneath 
the site; 

• Evaluate whether a displacement associated with local scenario earthquake can be propagated from 
the seismogenic depth to the surface assuming normal, dip-slip faulting; 

• Demonstrate that displacement from the local scenario earthquake cannot propagate to the surface; 

• Demonstrate that the present landfill design can withstand the type and magnitude of displacement 
that can be expected from the largest local scenario earthquake; and 

• Provide recommended design modifications necessary to enable the landfill containment systems to 
withstand the predicted ground motions form the largest scenario earthquake. 

The results of seismic evaluations by Geosyntec (2012) indicate that, with the exception of the C-746-U 
Landfill composite final cover system, the landfill, as presently designed, will perform in an acceptable 
manner during a deterministically determined design earthquake. The composite cover system, if 
modified, will perform in an acceptable manner as well. In particular, the results of seismic evaluations 
indicate that seismically induced deformations of the composite landfill base liner and cover systems will 
be small, that the potential for soil liquefaction at the C-746-U Landfill is low, and that even an extreme 
fault movement directly below the C-746-U Landfill will be absorbed by an approximately 400-ft thick 
layer of alluvium. The results of seismic evaluations further indicate that the impact of design earthquake 
motions and fault movement on ancillary facilities, including leachate and surface water collection 
systems, will be small, provided that the tanks are bolted properly into the foundations. 

The originally specified 40-mil very low density polyethylene geomembrane of the composite landfill 
cover system will be replaced with a textured (both sides) 60-mil thick HDPE geomembrane. 

The assumed composite landfill cover interface properties (i.e., properties assumed along the 60-mil thick 
double textured HDPE geomembrane/geotextile interface) (residual friction angle = 18 degrees; apparent 
adhesion = 100 pst) require confirmation during construction. This confirmation is accomplished by 
interface testing of representative material samples by an accredited soil-geosynthetic interface testing 
laboratory . 
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ATTACHMENT 16 

LEACHATE COLLECTION SYSTEM 

The leachate collection system win consist of a 12-inch drainage layer or its equivalent, with a 
permeability of not less than I x 10.2 cm/sec. The system utilizes g .. inch diameter perforated pipe 
for the main collection lines. These lines shall slope a minimum of J percent toward the leachate 
collection system. The landfill liner will be graded with a "sawtooth" pattern, with one collection 
line running the length of the valley formed by the "sawtooth." The minimum bottom slope for the 
liner will be 10 percent; therefore, no lateral lines wi)) be required. The spacing of the collection 
Hnes will allow leachate to s~eet-flow a distance of less than 50 feet. The Hydrologic Evaluation 
of Landfill Performance (HELP) model calculations found in Appendix B of this submittal will 
verify that the configuration of the leachate collection system will not result in a hydraulic head in 
excess of 1 foot or the thickness of the drainage layer. The leachate will be gravity-piped to the 
appropriate storage tanks as described in this Attachment. 

The initial HELP model calculations conducted in 1994 predicted that 32,500 gallons of storage 
would be required for storing 15 days of leachate at project peak production rates for Phases 1-23. 
In 2008, the estimated volume of leachate production for each phase was recalculated using the 
most current version of the HELP model. The output of the new HELP model runs for various 
operating conditions is included in Appendix B of this submittal. 

Two 31 ,000-gallon leachate storage tanks were initially constructed for storing 15 days of leachate 
at projected peak production rates for Phases 1-23. THe two leachate collection tanks are above 
grade steel tanks with secondary containment. The leachate collection and storage facilities are 
designed to allow for the installation of additional portable or permanent tank(s), as dictated by the 
anticipated need for the phases being served. If needed, additional collection tanks will be 
constructed from a material that is acceptable for storing leachate, such as steel, fiberglass, plastic, 
or glass-lined steet. As a result of a 2006 HELP modeJ run, for Phases 4-5, additional tank capacity 
of 7,000 gallons now is on-site and will be installed. Installation of these tanks will result in 
approximately 69,000 gallons of leachate storage. The tanks are plastic, dual-wall, contained 
storage tanks to be housed inside the landfill's leachate treatment building. The 2008 HELP model 
predicts the 1 S-day storage capacity for opening Phases 4-5 will require approx.imately 
19,000 gallons of additional storage capacity (88,000 gallons total capacity required). 
Approximately 40,000 gallons of additional leachate storage will be added to meet projected needs 
for Phases 4-5. This will result in approximately 109,000 ganons of leachate storage capacity and a 
24 percent contingency for leachate storage. 

Based on the 2008 HELP model, the maximum IS-day leachate storage volume nceded to 
accommodate the projected maximum required leachate storage volume inclusive of all 23 phases 
is approximately 200,000 gallons. This volume is calculated to be generated when Phases 14/15 are 
active and Phases 1-13 are under long-term cover. See Attachment A of the HELP model 
(Appendix B) with projected leachate generation during each landfill phase throughout the life of 
the landfill. When construction is initiated to add liner and leachate collection to Phases 6-11, a 
leachate storage tank facility to acc0ll}m_l\f\!Jlre leachate tanks (up to 110,000 gallons) wil) be 
constructed. Conceptual design Bfiwiitgs in Appendix A-C7DC7460UAOOI. Rev. 2; 
C7DC7460UA003. Rev. 4; and C7DC7460UA002, Rev. 2-illustrate tanks sized to accept the 
approximately 200,000 gallons of leachate prcdicted in thc 2008 HELP model for Phases 1-23. As 
the landfill expands from phase to phase~ tanks will be added to the system to assure capacity is 
greater than HELP model projections. Attachment 16, Appendix B, HELP Model, C-746-U 
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Lanq(zli Leachate Generation-Tank lnstallatinns. presents the planned construction of additional 
leachate storage tanks in advance of projected leachate generation. 

Additional tanks will be sized and specified to assure the tanks are constructed of materials that are 
compatible with the nature of the leachate, and that they will contain and have the durability and 
integrity to contain the stored liquid for the active life of the site including closure care. Dual 
contained tanks (tanks with inner and outer walls where the outer wall acts as secondary 
containment jf a leak were to occur in the inner wall of the tank or tanks that have an outer physical 
barrier that provides secondary containment) will be inspected periodically for integrity. The 
specific construction and installation details will be contained in the Notice to Construct that will be 
provided to the Environmental and Public Protection Cabinet prior to construction of phases 
needing leachate storage capacity. 

Leachate collected will be pumped from the tanks and disposed of by recirculatin& treated in a 
permitted wastewater treatment facility, treated in the on-site leachate treatment facility, 
discharged to surface water in accordance with the Kentucky Pollutant Discharge Elimination 
System Permit, or managed through another approved treatment/disposal method. The 
recirculation option, if selected, will occur in a previously filled area where the final cap has not 
been constructed. Factors that would affect the type of disposal utilized are the weather at the time 
of collection and analysis of the leachate collected. 

A Jog will be maintained by the landfill operator for the amount of leachate pumped from the tanks. 
An example of a log to be maintained is found in Appendix C of this Attachment. The volume of 
leachate shall be reported on the leachate log and shall represent quantities removed for disposal, 
treatmen~ or discharge, as described herein. 

A visual inspection of the tanks and piping system will be conducted at least every two weeks to 
verify the integrity of the tanks. Maintenance to the tanks and piping system will bc performed by 
the U.S. Department of Energy or its contractors on an as-needed basis. 

At such time when the tanks will be removed from service, they will be decommissioned~ cleaned, 
and transferred to a salvage/recycling facility. stored to prevent reuse, or disposed of in a landfill . 

. ~AR 3 [) 20f2 
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1.0 PURPOSE: 

The purpose of this calculation is to revise the Hydrological Evaluation of Landfill Performance 
(HELP) Model analysis for the PGDP C-746-U Solid Waste Landfill, last revised in October 2007. 
The output from the revised HELP Model analysis will be used to calcuate the required storage to 
contain the 15 day Peak Leachate Production required by State regulations. 

2.0 INPUT DATA~ 

The data to be used for this calculation shall be taken from the sources below. 

2.1 The weather information for the city of Evansville. IN is used as the basis to generate 
synthetic data for Precipitation, Temperature, Solar Radiation. and Evapotranspiration. 
The Normal Mean Monthly Precipitation Values, The Normal Mean Monthly 
Temperature Values, and the Station Latitude were adjusted in accordance with the 
data given in Reference 4.3 for Paducah, KY. The synthetic daily precipitation values 
generated by the HELP Model were manually overwritten during a speCific 15 day 
period to ensure that both the 25 year - 24 hour and 25 year - 15 day precipitation 
events were captured. 

2.2 The 25 year .. 24 hour (with a 90% probability not to be exceeded) precipitation value of 
6.53 inches was obtained from Reference 4.2. . 

2.3 The 25 year - 15 day (with a 90% probability not to be exceeded) precipitation value of 
12.69 inches was obtained by interpolatiory from the table in Reference 4.2. 

3.0 ASSUMPTIONS: 

In this calculation the following assumptions were made: 

3.1 The Landfill Cross Section Schematics shown on Pages 1 - 4 of Attachment IF' is valid. 

3.2 The Soil Types used in HELP Modeling as shown on Pages 5 - 8 of Attachment 'FI is 
valid. 

4.0 REFERENCES: 

4.1 Hydrological Evaluation of Landfill Performance Modeling for the Paducah C-746-U 
Landfill. Shaw Environmental, Inc., October 2007. 

4.2 Point Precipitation Frequency Estimates from" National Oceanic and Atmospheric 
Administration (NOAA) Atlas 14, NOM, 2004.(Attachment 'G') 

4.3 United States Climate Normals 1971-2000. Climatology of the United States No. 81, 
Kentucky, NOM. (Attachment 'HI) 

4.4 Hydrological Evaluation of landfill Performance (HELP) Model Engineering Document fOI 
Version 3. 

4.5 The PGDP Solid Waste Landfill Leachate Log Oct. 31,2007 thru June 3,2008 (as 
modified to calculated daily leachate generated). (Attachment 'K') 

. 4.6 National Weather Service Preliminary Local Climate Data Form F-6 for Paducah, 
Kentucky Station ASOS, Nov. 2007 thru June 2008. (Attachment 'L') 
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5.0 CALCULATIONS: 

5.1 Distribution of Precipitation During the 25 Year .. 15 Day Event 

15 Day Precipitation Distribution for 
25 Year Event 
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.0. 3.00 ·u 2.00 ~~~~~~~~~~I~~~~~~~~~~ 
e 1.00 ~~~~~~~~~~.H**~**,~~~~~~ 
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In determining a "worst casell plausable scenario for decribing a 25 Year .. 15 Day event 
which includes the 25 Year - 24 Hour event as well, the approach taken is shown in the 
graphic above. The 25 Year .. 24 Hour event was assumed to have occured on the 8th 
day. One half of the balance of the 15 day precipitation is placed on each of the 
preceeding days. The result is a 15 day period that begins with the first seven days 
being 0.44 inches, the 8th day being 6.53 inches, and the last seven days being 0.44 
inches. These prescipitation values were manually superimposed over the syntheticly 
generated values during Novemeber 22 to December 6 of the 9th year. 

5.2 HELP Model Scenario 1 - Dailyllntermediate Cover Conditions 

The daily cover operations were modeled as a series of 2 ft thicklayers of waste covered 
by 6 inches of daily cover material with a maximum thickness of 10 feet as shown on 
Page 1 of Attachment 'F'. This scenario was modeled for a 15 year elapsed time. Bare 
ground condition was used. The Maximum Leaf Index is 1.0. The Evaporative Zone 
Depth is 18 inches. 70% of the runoff was allowed. The SCS number was computed by 
HELP based on surface slope, slope length, soil texture and quantity of vegetative cover 
(assumed bare ground, slope of 50%, and slope length of 50 feet.) The initial water 
content of the leachate collection system and dailyflntermediate cover material were set 
at the field capacity of the respective materials. The intial water content of the waste 
was set at the wilting point. . 
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As a permit requirement, PGDP has committed to maintain a maximum head of leachate 
on the HOPE liner of no greater than 12 inches. The results of the HELP Model Peak Daily 
Values shown on Page 19 of 20 indicate that the modeled scenario (2.73 acres) would 
result in a MAXIMUM HEAD ON LAYER 11 of 1.394 feet. However. in practice the landfill 
will never. have the entire area of any given phase or pair of phases configured with 
dailylintermediate cover (limited in this analysis to 0.5 acres), the leachate head will 
dissipate into the adjacent areas of the drainage layer which underlie more impervious 
cover material. These adjacent layers aU have maximum heads of well under 12 inches. 
Therefore, the maximum head in a composite analysis would be no greater than 12 inches. 

5.3 HELP Model Scenario 1 - Dailyllntermediate Cover Results 

Attachment IB' is the HELP Model run which calculates the peak daily 
leachate production rate of 910 ft3 for Phases 2&3 (2.73 acres). This value is 
shown as the DRAiNAGE COLLECTED FROM LAYER 10 and can be found 
on Page 19 of 20. 

To change the units of this value from ft3/ day for Phases 2&3 to gallons/acre/day 

3 
910ft . 7.48gal. ::: 2493.33 gal 
l.Oday 1.0ft3 2.73acre acre· day 

5.4 HELP Model Scenario 2 - Long Term Cover Conditions 

The long term cover operations were modeled as a 15 ft thick layer of waste 
covered by 30 inches of long term cover material as shown on Page 2 of 
Attachment 'Fl. This scenario was modeled for a 15 year elapsed time. Poor 
vegetative condition was used. The corresponding Maximum Leaf Index is 1.05. 
The. Evaporative Zone Depth is 18.inches. 80% of the runoff was allowed. The 
SCS number was computed by HELP based on surface slope, slope length, soil 
texture and quantity of vegetative cover (slope of 10%, and slope length of 50 
feet.) The initial water content of the leachate collection system and 
daily/intermediate cover material were set at the field capacity of the respective 
materials. The intial water content of the waste was set at the wilting point. 

5.5 HELP Model Scenario 2 - Long Term Cover Results 

Attachment IC' is the HELP Model run which calculates the peak daily 

leachate production rate of 422 ft3 for Phases 1, 2&3 (3.94 acres). This value 
is shown as the DRAINAGE COLLECTED FROM LAYER 4 and can be found 
on Page 17 of 18. 

To change the units of this value from ft3 / day for Phases 1, 2&3 to gallons/acre/day 

3 
422ft . 7.48gal. = 801.16 gal 
1.0day l.Oft3 3.94acre acre' day 

RECEIVED 

I M~~~·~ ~ 2012 I 

Division of Waste Management 
Solid Waste Branch 
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5.6 HELP Model Scenario 3 - Operational Cover Conditions 

The operation cover conditions were modeled as a 48 in thick layer of soil cover 
installed over the 18 inch protection layer with no waste in between as shown on 
Page 3 of Attachment IFI, This scenario was modeled for a 15 year elapsed 
time. Fair vegetative condition was used, The corresponding Maximum Leaf 
Index is 2.0. The Evaporative Zone Depth is 18 inches. 98% of the runoff was 
allowed. The SCS number was computed by HELP based on surface slope, 
slope length, soil texture and quantity of vegetative cover (slope of 20%, and 
slope length of 12 feet.) The initial water content of the leachate collection 
system and operational cover material were set at the field capacity of the 
respective materials. 

5.7 HELP Model Scenario 3 - Operational Cover Results 

Attachment '0' is the HELP Model run which calculates the peak daily 
leachate production rate of 294 ft3 for Phases 4/5 (1.53 acres). This value is 
shown as the DRAINAGE COLLECTED FROM LAYER 4 and can be found on 
Page 17 of 18. 

To change the units of this value from ft3 / acre/day to gallons/acre/day 

294ft
3 

. 7.48gal = 1437.33 gal 
1.0day·l.53acre 1.0ft3 acre· day 

5.8 HELP Model Scenario 4 - Final Cover Conditions 

The final cover conditions were modeled as a 60 ft thick layer of waste covered 
by a final cap system as shown in Exhibit 1 of Attachment 'F'. This scenario 
was modeled for a 30 year elapsed time. Good vegetative condition was used. 
The corresponding Maximum Leaf Index is 3.5 The Evaporative Zone Depth is 
24 inches. 100% of the runoff was allowed. The SCS number was computed by 
HELP based on surface slope, slope length, soil texture and quantity of 
vegetative cover (assumed bare ground, slope of 11%. and slope length of 145 
feet.) The initial water content of the leachate collection system and 
dailylinterrnedlate cover material were set at the field capacity of the respective 
materials. The intial water content of the waste was set at the wilting point. 
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5.9 HELP Model Scenario 4 - Final Cover Results 

Attachment IE' is the HELP Model run which calculates the peak daily 

leachate production rate of 2.33 ft3 for a Unit Area (1.0 acres). This value is 
shown as the DRAINAGE COLLECTED FROM LAYER 9 and can be found on 
Page 32 of 33. 

To change the units of this value from ft3 / acre/day to gallons/acre/day 

2.80ft
3 

. 7.48gal ::: 20.94 gal 
l.Oday·l.Oacre l.Oft3 acre· day 

5.10 Calculate Required Leachate Storage Throughout the Life of the Landfill 

The values calculated in Sections 5.3, 5.5, 5.7 and 5.9 above are intended to be 
representative of the leachate production to be expected for the Dailyllntermediate, 
Long Term, Operational and Final Cover conditions respectively. With that as a 
basis, the spreadsheet shown in Attachment lA' calculates the volume of leachate 
to be generated by the landfill under the criteria listed at the top of the spreadsheet. 

5.11 Demonstrate the Correlation between the Model and the Actual Data 

To establish the correlation between the HELP Model results and the actual rainfall 
and leachate data being collected for the current landfill operation we shall compare 
the ratio of actual leachate collected vs. gross rainfall over the landfill area. There were 
several improvements to correct grading that was inconsistent with the physical data in 
the HELP Model. These improvements were made at the beginning of April and have 
dramatically reduced leachate production. The Rain to Leachate Ratio (RatioActual) 

calulated below will be for the months of April and May 2008 since the landfill 
configuration during that period is more accurately represented in the current HELP 
Model. 

The total rainfall received by the landfill during April and May 2008 (See Attachment tJI) Is 

Rain AprilMayOSDepth:= 12.42in 

RECEIVED 
[MM' ~. 8 2012 I 

Division of-Wasta Management 
Solid Waste Branch 
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5.11 (Continued) 

We will convert that depth into a volume received by the landfill area Phases 1-3 (3.94 acres) 

[
R . 1 ( 2) . am AprilMay08Depth ft gal 

RamAprilMay08Volume:= . . 43560·- '(3.94~Cre)'(7.48-) 
12~ acre ft3 

ft 

Rain AprilMay08Volume = 1328697.26 gal 

The total leachate collected by the landfill during April and May 2008 (See Attachment IJ') is 

LeachateApriIMay08Actual:= 138780.00gal 

The ratio of leachate collected to rainfall received is 

. Leachate AprilMay08Actual 
RatIo Actual := --.----=:....----=;....---

RalnAprilMay08Volume 
Ratio Actual = 10.44 % 

The Long Term Cover Scenario 2 is based on the HELP Model run included as Attachment 
'Ct. In that model 3.94 acres is the area being modeled. The average annual precipitation 

for the 15 year period being modeled is 684561 ft3 , and can be found on Page 16 of 18. 
We will now calculate a value of precipitation per acre for the Long Term Cover condition 
analyzed in the HELP Model.. 

Arear.TC:= 3.94acre 

. 684561ft3 . ft3 
RatnHELP LTC:= RainHELP LTC = 173746.45-

- Are~TC - acre 

The Daily/Interim Cover Scenario 1 is based on the HELP Model run included as 
Attachment tB'. In that model 2.73 acres is the area being modeled. The average annual 

precipitation for the 15 year period being modeled is 474327 ft3, and can be found on Page 
18 of 20. We will now calculate a value of precipitation per acre for the Dailyllnterim Cover 
condition analyzed in the HELP Model .. 

AreaDC := 2.73 acre 

3 

R 
. 474327ft 

alnHELP DC:= 
- AreaDC 

. ft3 

RainHELP DC = 173746.15-
- acre 
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5.11 (Continued) 
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Current landfill configuration is c9mprised of Phases 1-3 with a total area of 3.94 acres. Of 
that total approximately 3.44 acres is under Long Term Cover and approximately 0.50 acres 
is under Dailyllnterim Cover. We will now calculate the average total amount of rainfall 
received by both the Long Term Cover area and Oailyllnterim Cover area combined. 

RainHELP _DC0.5acre + RainHELP_LTC3.44acre = 684560.85 ft3 

Recall Attachment 'C', In the Scenario 2 model, 3.94 acres is the area being modeled. The 

average annual leachate collected for the 15 year period being modeled is 8322 ft3 , and 
can be found on Page 16 of 18. We will now calculate a value of leachate collected per 
acre for the Long Term Cover condition analyzed in the HELP Model .. 

8322ft
3 

LeachateHELP LTC:= ---
- AreaLTC 

. .. 
ft3 

LeachateHELP LTC = 2112.18-
- acre 

Recall Attachment rB" In the Scenario 1 model, 2.73 acres is the area being modeled. The 

average annual leachate collected for the 15 year period being modeled is 102415 ft3 , and 
can be found on Page 18 of 20. We will now calculate a value of leachate collected per 
acre for the Dailyllnterim Cover condition analyzed in the HELP ModeJ.. 

102415ft
3 

LeachateaELP DC:= ---
- AreaDC 

ft3 
LeachateHELP DC = 37514.65 -

- acre 

As previously stated, current landfill configuration is comprised of Phases 1-3 with a total 
area of 3.94 acres. Of that total approximately 3.44 acres is under Long Term Cover and 
approximately 0.50 acres is under Daily/Interim Cover. Since the HELP Model is not 
capable of modeling muliple cover conditions at the same time, we will take the per acre 
values calculated above and apply them to the areas which represent the current landfill 
configuration to generate a composite calculation of the average annual leachate production 
predicted by the HELP Model. 

LeachateHELP 'pC·O.5acre + LeachateHELP _LTC3.44acre = 194667.3 gal 

The ratio of Leachate predicted to rainfall applied in the HELP Model is 

Leachate.tIELP DC + Leachat~p LTC 
Rati~LP:= . . . 

. RamHELP _DC + RamHELP _LTC 

RatioHELP = 11.4 % 

RECEIVED 

l~ ~ 82012 \ 
Division of Waste Management 

Solid Waste Branch 
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6.0 CONCLUSION: 

Page90f9 

Rev.No. _2_ 

Date Feb. 13, 2011 

This calculation utilizes the HELP Model to calculate Peak Daily leachate production values for 
four different cover conditions (Dailyllntermediate. Long Term, Operational. Final). Those values 
are then applied using a rational approach to calculate leachate storage requirements for the 
spectrum of landfill configurClltlons anticipated (See Attachment 'A'). 

Of particular near-term interest are the values of approximately 60,000 gallons for the present 
landfill configuration of Phases 1-3 and approximately 88,000 gallons for the operation of Phases 
1-5, as well as, approximately 154,000 gallons for operation of Phases 1-11. 

To establish the correlation between the HELP Model results and the actual rainfall and leachate 
data being collected for the current landfill operation, we compared the ratio of actual leachate 
collected to gross rainfall over the landfill area (RatioActual) with the ratio of Leachate predicted to 

rainfall applied in the HELP Model (RatioHELP)' 

Ratio Actual = 10.44 % 

RatioHELP = 11.4 % 

This comparison seems to support a good correlation of "the HELP Model to actual conditions. 
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0.60 (Acre) Area ofnewty ()p lined Phase assumed to be as effective as Oailyllntermediate cover 
_""'0 ____ - ._. 
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Attachment A ------

iC-746-U Lan mil Loeachate Generation - Tank Installations - .-,--.-~- .--

Leachate 
Leachate Generated Leachate Leachate 

Generated under Generated Generated 
under Long Intermediatel under FinaJ under Projected Leachate Generation-Tank Installations and Two Step Final Cap 

Acreage Term Cover Daily Cover Cover Operation.al 
per (gall15 day (gaJl15 day (gall15 day Cover (gal/i5 

Phase Phase period) period) period) day period) 
Projected Tank 
Leachate Capacity 

(gal.) (gal.) PRSAction 
1 1.21 14-,538 381 
2 1.31 15.740 413 
3 1.42 17,061 447 60,029 62.000 
4 0.95 11,414 35,525 299 20.471 
5 0.68 6,969 21,_ 183 12,502 88,238 109,000 Install two 3,500 gal. leachate tanks, plus a min. of 40,000 gal. of storage 
6 0.95 11,414 35.525 299 20,477 
7 0.68 8.170 25429 214 14,657 108,777 109,000 
8 0.95 11.414 35,525 299 20,477 
9 0.8 9,612 29,916 252 17,244 130,948 139,000 Install a minimum of 30,000 gallons of storage 
10 0.95 11,414 35,525 299 20.477 
11 0.9 10.814 33.656 284 19,400 154,130 179,000 Install a minimum of 40,000 gallons of storage 
12 0.95 11.414 35.525 299 20477 
13 0.95 11.414 35,525 299 20,477 117.435 219,000 Install a minimum of 40,000 gaUons of storage 
14 0.95 11,414 35.525 299 20.477 
15 0.95 11,414 35.525 299 20,477 200,264 219,000 Install Final Cap over Phase 1·15 
16 0.95 11,414 35.525 299 20,477 
17 0.95 11,414 35525 299 20,477 53,442 219,000 
18 0.95 11,414 35.525 299 20.477 
19 0.95 11,414 35.525 299 20,477 76,271 219,000 
20 0.95 11,414 35.525 299 20.477 
21 0.95 11,414 35.525 299 20,477 99,099 219,000 
22 0.95 11,414 35,525 299 20,477 
23 0.95 20,207 

L . -~-~---

20,477 1~t!)2~_ ~--.!19,00Q_ 
~-

Install Remaining Final Cap 
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Paducah Remediation Services 

Originator J. Keith Thorn Date July 08, 2008 Calc. No. CAC-PH746U-P001 Rev. No. 1 

Project Material Disposition Job No. N/A Checked Mary M. Hensley Date July 08, 2008 

** 
,. "it; 

** 
HYDROLOGIC EVALUATION OF LANDFILL PERFCRaz\'~~CE 

HELP !'lODEL VERSION 3.0'"' 1 NOVEMBER 1997' 
DEVELOPED BY ENuIRCNi-1ENTAL LABORATOR":{ 

USAE WATERNAYS EXFERH1ENT S'!'ATIOtJ 
FOR USEPp, RISK RECUCTION ENGINEERING LABORATORY 

PRECIPITATION DATA FILE: C:\HELP3\PREC15DA.D4 
C:\HELP3\PADTEMP.D7 
C:\HELP3\PADSOLAR.D13 
C:\HELP3\EVAPLT.Di 

TEl'1PERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTRANSPIRATION Dl~TA: 

SOIL p~D DESIGN DATA FILE: c: \HELP3\DAILYCO'i. 010 
C:\HELP3\PH23DC.OUT OUTPUT DATA FILE: 

TIl<.1E: 11:26 DATE: 6.110/2008 

TITLE: 

NOTE: 

Paducah Landfill - Daily Cover (6-incnes) - Phase 2 - 3 

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER 
WERE SPECIFIED BY THE USER. 

LAYER 1 

TYPE 1 - VERTICAL PERCOLATION I.,AYER 

THICKNESS 
POROSITY 
FIELD CAPACITY 
v:ILTING POINT 

MATERIAL TEXTURE NmmER 1 C 
E (\!' InCHES 
0.398C ~JCL/VOL 
0.244 1'01.:.1' 70: 

.1360 \,'.1L "'OL 

** 

*+ 
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Originator J. Keith Thorn Date July 08,2008 Calc. No. CAC-PH746U-P001 Rev. No.1 

Project Material Disposition Job No. N/A Checked Mary M. Hensley Date July 08, 2008 

INITIAL SOIL WATER CONTENT 0.2440 VOL/:OL 
EFFECTIVE SAT. HYD. CONG. .11999999 7 000£-J3 eM/SEC 

NO?E: SATURATED HYDRFJ';LIC CONDUCTIVITY IS t-mLTIPLIED BY 1. 80 
FOR ROOT CHANNELS IN TOP HP.LF OF EVAPORP5IVE ZONE. 

LfI.YER 2 

TYFE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 19 

THICKNESS 24.00 INCHES 
POROSITY 
FIELC CAP}I.CITY 
\tELTING POINT 

0.1680 VOL/VOi. 
0.0'"130 VOLr.fOL . 
0.0190 VOL/VOL 
0.0190 '\TOL/VOL INITIAL SOTL WATER CONTENT 

EFFECTI"E SAT. HYD. CONDo .l00000005000E-J~ eM/SEC 

LJ.l.YER 

TYPE 1 - VERTICAL PERCOLATION LAYER 
TEXTURE NOt-mER 10 

THICKNESS 6.00 INCHES 
POROSITY 0.3980 ~OL/vOL 
FIELD CAPACITY 0.2440 VOL/VOL 
t'HLTING POINT 0.1360 VOL/VOL 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. BYD. CONDo 

0.2440 VOL/VOL 
0.119999997008E-03 CM/SEC 

LAYER 4 

TY?E 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 19 

THICKNESS 24.00 INCHES 
POROSITY 0.1680 ~JOL/VOL 
FIELD CAPACITY 0.0738 VOL/vOL 
WILTING POINT 0.0190 VOL/~OL 
INITIAL SOIL WATER CONTENT 0.0190 VOL/VOL 
EFFECTIVE SAT. HYD. CONDo O. 100000005.000E-02 Cl'1/SEC 

RECEIVED 

l MA:O~J 
Division ofwaste Management l Solid waste Branch 
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LAYER 5 

TYPE 1 - VERTICAL PERCOLATION LAYER 
M.D..TERIAL TEXTURE NUi .. 1BER 10 

THICKNESS 
POROSITY 
FIELD CAPACITY 
vHLTING POINT. 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYD. CONDo 

LAYER 

6.00 INCHES 
0.3980 VOLIVOL 

.2440 VOLIVOL 
0.1360 VOL/VOL 
0.2440 VOL/;iOL 

O.11999999~OOOE-03 CMISEC 

6 

TYPE 1 - VERTICAL PERCOLATION L.D..YER 
l>1ATERIP.L TEXTURE I~UMBER 19 

THICKNESS 24.00 INCHES 
POROSITY 0.1680 
FIELD CAPACITY 
vHLTING POINT 
INITIAL SOIL tvATER CONTENT 
EFFECTIVE SAT. HYD. CONDo 

LAYEP. 

0.0730 VOL/VOL 
0.0190 VOL/VOL 
0.0190 VOL/VOL 

0.100000005000E-02 CM/SEC 

7 

TYPE 1 - VERTICAL PERCOLATION LAYEr<, 
MATERIAL TEXTURE NUMBER 10 

THICKNESS 6.00 INCHES 
POROSITY 0.3980 VOL/VOL 
FIELD CAPF-.CITY 
tvILTJNG POINT 
INITIAL SOIL \~ATER CONTENT 
EFFECTIVE SAT. HYD. CONDo 

LAYER 

0.2440 VOL/VOL 
0.1360 VOL/VOL 
0.2440 VOL/VOL 

0.119999997000E-03 CM/SEC 

8 

TYPE 1 - VERTICAL FERCOLATIOl'~ LA'lER 
t·1ATERLl!.L TEXTURE NUl-mER 19 

THICKNESS 24.00 INCHES 
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POROSITY 
FIELD C.Z\.PACITY 
t"1ILTING POINT 

0.0730 VOL/VOL 
C.0190 \,cOL/VOL 

INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYC. CONDo 

.0190 'JOL/VOL 
0.100000005000E-02 CM/SEC 

LAYER 

TYPE 1 - CAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 4 

THICKNESS 18.00 INCHES 
POROSITY 
FIELD CAP.~CITY 
l'rILTING PO:NT 
INITIAL SOIL WATER CONTEN~ 
EFFECTIVE SAT. HYD. CCND. 

LAYER 2. 

.365C 
0.3050 VOL/VOL 

.2020 
0.3050 VOL/VOL 

.2'00000 

TYPE 2 - LATERAL DRAINP.GE LAYER 
MATERIAL TEXTURE NUMBER 1 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYD. CONDo 
SLOPE 
DRAINAGE LENGTH 

12.00 INCHES 
0.4170 \lOLI"OL 
0.0450 VOL, 
0.0180 t/OL/VOL 
0.0450 VOL/VOL 

.9999999:8000E-02 
11. 00 
50.0 

PERCENT 
FEET 

TYPE 4 - FLEXIBLE 1-1Er-1BRANE LINER 
t-1A'?ERIAL TEXTURE NUL'1BER 35 

THICK~Ese 

POROSITY 
FJELD ell.PACITY 
;'JILTING POINT 
INITIAL SOIL vJATER CONTENT 
EFfECTIVE SAT. HYD. CONe. 

O.OE I!KHES 
0.0000 '.10L/\70L 

• C1C'CO VOL/VOL 
O.0GCC~ '?CL/\70:" 
o it 0000 \/OL/liOL 

SEC 

RE EIVED 
[MM 082012 I 

Division of Waste Management 
Solid Waste Branch 
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FML PINHOLE DENSITY 2.00 
3.00 

_ - Gooe 

:I01ES IfKRE 
n'lL INSTALLATION DEFECTS 
FtvJL PLACEMENT QUALITY 

LAYEP, 12 

;,OL£8 / F-.CRE 

TYPE 3 - BARRIER SOIL LINER 
IvJATERIF.L TEXTURE NUi"iBER 16 

THICKNESS 
POROSITY 
FIELD CAPJ~Cl TY 
irH:LTING FOINT 

36.00 INCHES 
0.4270 VOL/VOL 
0.4180 VOL/VOL 
0.3670 VOL/VOL 
0.4270 VOL/VOL INITIAL SOIL WATER CONTENT 

EFFECTIVE SAT. HYD. CONDo v. 00000001000E-06 5E: 

GEt'lEFAL DESIGN AND EV;.PORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER irJAS COL'1PUTED FROt>1 DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE #10 ~\iITH BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF 50. p.ND 
A SLOPE LENGTH OF 50. FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOt~ING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL WATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STOP~GE 
LOWER LIMIT OF EVAPORATIVE STORP.GE 
INITIAL SNOW WATER 
INITIAL WATER IN LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFF.CE I NFLOvJ 

94. 80 
70.0 

2.730 
18.0 

1.692 
4.404 
1. 044 
0.000 

29.082 
~9.082 

0.00 

E'lAPOTRANSPlRATION p.ND v.iEF.THEH DATA 

NOTE: EVAPOTRANSPIRATION DATA NAS OBTF.INED FFOi·1 
Evansville Indiana 

PERCENT 
p.CRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
rl.JCHES 
INCHES 
INCHES/YEAS, 
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STJI.TION LATITUDE 
tv1A.XIl'1UH LEAF .l\REF. INDEX 
START OF GROWING SEASON (JULIAN D.L~lE 

ENI) OF GROvnl~G SEASON (JULIAN DATE) 
EVAPORATIVE ZONE DEPTH 
AVERAGE JI..NNUAL tHND 
.ll,VERAGE 1ST QUAHTER 
.ll.VERAGE 2ND QUARTER 
AVERAGE 3RD QU]:\RTER 
AVERAGE 4TH QDAPTER 

SPEED 
RELATIVE 
RELATIVE 
RELATIVE 
RELATI"JE 

HUt-1IDITY 
Hm-1IDIT':{ 
HUf'1IDITY 
HUMIDITY 

3-.03 DEGREES 

96 
300 

18.0 INCHES 
"""1.31 LvjPH 

6 1 
tI Gv 

72.00 
54.00 

NOTE: PRECI PITATION DATA \IJAS SYNTHETICALLY SENERATED USING 
COEFFICIENTS FOR E.VANSVILLE INDIANA 

NORM}\L t'1EAN MONTHL':{ PRECI PI TATlON (.i NCBES) 

JAl>:!! JUL FEB/AUG t-1ARI SEP .;qPf'/OCT 1'J'L~~x' / IDEe 
------- ------- ------- ------- ------- -------

3. 4"""1 93 4 4 95 ;j 75 4. 51 
4 45 2. 99 3. 6 ~ 45 4 53 4 38 

NOTE: TEMPERATURE DATA vJAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR EVANSVILLE IND:JI.NA 

NORJ:.1AL i'-'1EAN t-1CNTHLY TEt'1PERATURE (DEGREES FAHRENHEIT 1 

JAN/.JUL FEB/AUG ~4ARI SEP APH/OCT MAY/Non JUN/DEC 
------- ------- ------- ------- ------- -------

32.90 38.10 47.60 57.00 6::. 74.50 
78.20 76.20 69.10 8.00 46.80 36.90 

NOTE: SOLtl.R RADIATION DATA '{1AS SYNTHETICALLY GENERATED DSING 

PRECIPITATION 

COEFFICIENTS FOR EVANSVILLE INDIANA 
AND STATION LATITUDE 37.03 DEGREES 

ANNUAL TOTALS FOR YEAR 

INCHES 

44.94 

CU. FEET PERCENT 

445350.906 100.0(1 

'VED 
MAR.082012 

Division of Waste Management 
Solid waste Branch 
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RUNOFF .498 ""4302.898 16.68 

E\IAPOTRANSPIRP.T ICN 28.17' L-::S'230.125 62.'0 

DRAINAGE COLLECTED FROt-i LAYEH 1:) 1.9633 19455.957 4.37 

PERC. I LE}.;.KF.GE THFOUGH LAYER 1 .000044 0.434 0.00 

AVG. HEAD 8N rep OF LAYER 11 .0431 

CHANGE IN ~'1?TEH STCRP.GE 7.302 2361.508 16.?5 

SOl L vlATER AT START OF YEp.? 29.082 288199.68 7 

SOP vJATER F.T END OF YEAh 36.384 3E0561.18 7 

SNm1 r.rJATER p.T ST1.l,.RT OF YEAR .000 o. .00 

SNOitJ \fiATER l~T END OF YEF.R 0.000 (\.OOC' 0.00 

ANNUAL ~'ilATER BUDGET BALANCE .0000 -C.Ol' 0.00 

ANNUAL TOTALS FOR YEAR :2 

INCHES CU. FEE"!' PERCENT 
---------- -------

PRECIPITATION ,=,4.57 540783.250 100.00 

RUNOFF 12.659 125448.844 23.20 

EVAPOTRANSPIRP.TION 25.605 253741.641 46.92 

DRAINAGE COLLECTED FROM LAYER 1 17.6333 174744.312 32.31 

PERC.!LEAKAGE THROUGH LAYER 12 0.000382 3.787 0.00 

AVG. HEAD ON TOP OF LAYER 11 0.3915 

CHANGE Il~ "JATER STORAGE 713155.349 -2.43 

SOIL WATER AT START OF YEAR 36.384 360561. 18 i 

SOIL WATER AT END OF YEAR 35.056 34 7 405.844 

.coo C. Q 
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SNOlfJ t;,~ATER AT END OF YEAR .000 

ANNUAL WATER BUDGET SF.LANCE o.oooe 

FJ~NUAL 70T1.\,L8 FOB YEP-.R j 

INCHES 

PRECIPITATION . 4 

HUNOFF Lj. -: 34 

EVhPOTRANSPlRAT .868 

DRAINF,Gf COLLECTED F8.01·1 LAYER 0 1~.3295 

PERC. /LEAKAGE THROUGH LJ:I,.YER 12 

• HEAr: ON TOP OF LAYER 11 0.2769 

CHANGE IN vJATER STORAGE -0.862 

SOIL \~ATER AT ST.~RT OF YEAR 35.056 

SOIL WATER AT END OF YEAR 33. 91 

SNOttJ vU;TER AT ST'ART OF YEAR 0.000 

SNOW v?ATER AT END OF YEAR 0.404 

ANNUAL WATER BUDGET BALANCE 0.0000 

ANNUF<.L TOTALS FOR YEAR 4 

It~CHES 

fFECIFITATION 40.30 

0.031 o.oc 

CU. FEET PERCENT 

569522. 100 . 

301:.97 22. 

325"'2 .187 

1.4 

.719 o.co 

-853 .650 -1. 

34'405. 44 

334863.937 

0.000 0.00 

4004.265 o. 

0.096 0.00 

CU. FEET 

399369.0C 

MAR 0 S-20'2 

Division of Waste Management 
Solid Waste Branch 
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RUNOFF 6.805 6'441.39: :'6.89 

. EVAPOTRANS P IRA T I ON 28.487 70.69 

DRAINAGE COLLECTED FROt·1 LAYER 10 5.6559 SE049.355 :4.03 

PERC. I LEAKAGE THROUGH LAYER 12 0.000136 .350 0.00 

AVG. HEAD ON TOP OF LAYER 11 0.1264 

CHANGE IN WATER STORAGE -0.648 -6422.616 -1. 61 

SOIL WATER AT START OF YEAR 3.791 334863.937 

SOIL ~JATER AT END OF YEP-.R ?547 3324 5.562 

SNOVJ v~ATER AT START OF YEAR .404 4004.265 1. 00 

SNOv1 l/lATER AT END OF YEAR 0.000 .000 

ANNUAL WATER BUDGET BALANCE o.oooe .097 .00 

** ,,**** 

ANNUAL TOT{.l...LS FOR YEAR 5 

INCHES CO, FEET PERCENT 
---------- -------

PRECIPITATION 4 .87 474386.844 100.00 

RUNOFF 8.357 82819.391 17.46 

EVAPOTRANSPIRATION 28.655 283968.906 59.86 

DRAINAGE COLLECTED FROI-1 LAYER 10 9.4561 93709.266 19.75 

PERC. I LEAKAGE THROUGH LAYER 12 0.000215 .- ,"-r 
L .... Lo 0.00 

AVG. HEAD ON TOP OF LAYER 11 0.2090 

CHANGE IN WATER STORAGE 1.. 401 13887.:296 2.93 

SOIL WATER AT START OF YEAR 33.547 332445.562 

501 _ VJATER AT END 0::- YEAR 34.94 346332.375 



Attachment '8' Page 10 of 20 
Paducah Remediation Services 

Originator J. Keith Thorn Date July 08,2008 Calc. No. CAC-PH746U-POO1. Rev. No.1 

Project Material Disposition Job No. N/A Checked Mary M. Hensley Date July 08, 2008 

SNOW WATER AT START OF YEAR .000 0.000 .00 

SNo\~ \~ATER .sI END OF YEF.R .000 0.000 0.00 

ANNm~.L v1ATER BUDGET BALANCE 0.0000 -0.:'41 

... 

ANNUAL TOTALS FOR YEAR 6 

1!~CHES . fEET !?ERCENT 

FRECIPITATION C.3"7 499161.'19 100.00 

RUNOFF 8.999 891 17. 

EVAPOTRANSPIRATION 30.629 303529.969 60. 1 

DRAINAGE COLLECTED FROM LAYER : 8.9618 888 0,062 17. 9 

PERC. I LEAKAGE THROUGH LAYER 0.00021 2.. 9 .00 

A\'G. HEAD ON TOP OF LAYER 1 .1998 

CHANGE IN WATER STORP.GE 1.780 17644.336 3.53 

SOIL WATER AT START OF YEAR 34.948 346332,/5 

SOIL WATER AT END OF YEAR 36.729 363977.219 

SNOW vJ.~'rER AT START OF YEAR 0.000 0.000 .00 

SNOW vlATER AT END OF YEAR .000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.019 0.00 

F.NNUAL TOTALS FOR YEAR 

INCHES CU. FEET PERCENT 
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PRECIPITATION 50.14 .:;96S82.406 .00 

RUNOFF 10.926 

EVAPOTR~NSPIR~TION 26.258 26C21€.156 S2.3' 

DRlUNAGE COLLECTED FROf'1 LAYER I) 12.8'53 

PERC./LEAKF.GE THROUGH LAYER 12 .000284 . 819 o . 

AVG. HEAD ON TOP OF LAYER 11 .2895 

CHANGE IN WATER STORAGE .080 -; " ~€8 .16 

SOIL t\lATER AT START OF YEAR 36.729 363~P"7.219 

SOIL i'JATER AT END OF YEp.R 36.514 61 

SNOW ~vArER AT START OF 'y'EAR .000 .CiOO • (I 

SNOt\! WATER AT END OF YEAR .294 .59 

ANNUAL "(lATER BUDGET BALANCE .0000 

ANNUAL TOTALS FOR YEAR 

INCHES CU. FEET PERCENT 

PRECIPITATION 42.20 418197.719 100.00 

RUNOFF 8.471 83944.789 20.07 

EVl',POTRANSPIRATION 25. 7 73 255412. 56 61. 07 

DRl'.INAGE COLLECTED FROtvl LAYER 10 8.8447 87650.289 20.96 

PERC. /LEAKF-.GE THROUGH Lp.YER 12 0.000199 ,00 

AVG. HEAD ON TOP OF LF.YER 11 .1976 

CEANGE IN VJATER STORAGE -0,889 -S811.446 -2. 

SOIL vJATER AT STAFT OF YEAR 36.514 

SOIL WATER AT END OF YEAR ~5.919 355958.5:1 

** 



Attachment '8' Page 12 of 20 
Paducah Remediation Services 

Originator J. Keith Thorn Date July 08,2008 Calc. No. CAC-PH746U-P001 Rev. No.1 

Project Material Disposition Job No. N/A Checked Mary M. Hensley Date July 08, 2008 

SNOW WATER AT START 8F YEAR • .2. 94 

SNOW ~tJ}I..TER END OF YEAR .000 

ANNUAL i<1ATER BUDGET BAL}I..NCE o.oeoe 

P;.NNUAL TOTALS FOR YEAR 9 

INCHES 

PR.Eel PI TATIeN 6 .92 

RUNOFF 4.934 

EVAPor?' .. /:'.NS P I FA T J ON 30.6:5 

ORAl NAGE COLLECTED FRO!'1 LAYER 1 1 . 478 

PERC. LEAKAGE THROUGH LAYER 12 0.00035 

AVG. HEAD 0l.J TOP OF LAYER :1.1 .3611 

CHANGE IN WATER STORAGE 6.182 

SOIL WATER AT START OF YEAR 35.919 

SOIL WATER AT END OF YEAR 41.287 

SNOW WATER AT START OF YE~~ 0.000 

SNOW v~ATER AT END OF YEAR 0.815 

.t;.NNUAL ~-JATER BUDGET BALANCE 0.0000 

ANNUF.L TGTF.IS FOR YEAR 10 

R o 
MAR 0 8 "2012 

Division ?f Waste Management 
Solid Waste Branch 

INCHES 

2916.1'8 

0.000 0.00 

-0 .. 042 .00 

CO. FEET PERCENT 

O. 1 .co 

14 999. 8 1. 99 

92.062 5.13 

160022.6 2 

3.499 0.00 

61263.090 9. 0 

355958.531 

409147.812 

0.000 o. 

8073.813 1. 20 

-0.049 11 fJO 

CO. FEET PERC:ENT 
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PRECIPITfl.TION 39"'089.68' 100.CO 

RUNOFF 6.550 64912.-;23 16.3~ 

EVAPOTRfl.NSPlRATION 28.664 284055.43"' '1.53 

DRAINAGE COLLECTED FROM LAYER 10 12.1'41 120644.602 30.38 

PERC./LEF>.KAGE THROUGH LA':{ER 12 D.OC 

AVG. HE1\D ON TOP OF LAYEP 11 

CHANGE IN vJATER STORAGE -~;. 318 -7252 -18. 6 

SOIL WATER AT STfl.RT OF 'xEAR 41.28 40914 . 1 

SOlI. v~ATER AT END OF YEP.R 34.783 344696.18' 

SHOvJ 14ATE? AT STA.R'I OF YEAR . 81:' 8 .8 3 2 . 

SNOW ~.yATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL tt~ATER BUDGET BALANCE .0000 -0.256 O. or, 

ANNUAL TOTALS FOR YEAR 11 

INCHES CU. FEET PERCENT 
---------- -------

PRECIPITATION 49.73 492819.406 lOO.CO 

RUNOFF 8.038 79651.430 16.16 

EVP-.POTRANSPIHATION 25.594 253629.344 51. 46 

DRAINAGE COLLECTED FROM LAYER 10 12.2598 121493.242 24.65 

PERC./LEAKAGE THROUGH LAYER 12 0.000270 2.672 0.00 

?VG. HEp.D 0:,) rOF OF LAYER 11 0.2 

CHANGE IN vJATER STORAGE 3.839 38042.625 

SOl L vJATER ];5 START OF YE..1\R 34.783 344696.18' 
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SOIL WATER AT END OF YEAR 3E.l28 

SNOVt WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 1.893 

ANNUAL WATER 3UCGET BALANCE .0000 

* "" 

p.NNlJAL ""OTF.LS FOR -{EAR 12 

INCHES 

PRECI PI T.~rIOK 

RUNOFF 15.584 

EVAPOTRA?>l SF I RAT ION . 66 

DRAIN.~GE COLLECTED FROl'1 LAYER 10 8.2164 

PERC. I LEAKft.GE THHOUGH LAY ER 12 ;.0001 6 

AVG. HEAD ON TOP OF LAYER 11 .1821 

CHANGE IN v1ATER STOfL;;GE - .297 

SOIL WATER AT START OF YEAR 36.728 

SOIL WATER AT END OF YEAR 3 .32 

SNOW WATER p.~ START OF YEAR 1. 893 

SNOW WATER AT END OF YEAR 0.000 

ANNUAL WATER BUDGET BALANCE 0.0000 

ANNUAL TOTF.LS FOR YEAH 13 

o.coo 0.00 

18'63.63' 3.81 

0.:" o. 

. FEE': PERCENT 

1 

50. .;: 

515.4 .38 

81423.344 23.30 

. 42 .vO 

-32668.361 -9.35 

363975. S6 

3500 7 0.437 

18763.637 5.3' 

.000 0.00 

-0.119 0.00 

RECEIVED 

I MA;; ~ 2012 ] 
Division of Waste Management 

Solid Waste Branch 
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INCHES CU. FEET PERCENT 

PRSCIPITATION 40.98 40610 7 .656 100.0(: 

RUNOFF 10.518 104231.000 25.67 

EVAPOTRP.NSPlRATION 1.689 14934.266 S2.93 

DRAINAGE COLLECTED FROM LAYER 10 8.6390 85611.500 21. 08 

PERC. !LEF.KAGE THROUGH LAYER 12 0.000199 1.975 0.00 

AVG. HEAD ON TOP OF LAYER 11 0.1920 

CHANGE IN vJliTER STOR.r..GE .134 1328.861 0.33 

SOIL WATER AT START OF YEAR 35.325 350070.437 

SOIL viATER AT END OF YEAR 35.459 351399.31,(; 

SNOW WATER AT START OF YEAR .QOO 0.000 0.00 

SNOW WATER AT END OF YEAR .000 0.000 0.00 

ANNUAL WATSR BUDGET BA~ANCE .0000 0.066 0.00 

ANNUAL TOTALS FOR YEAR 14 

INCHES CU. FEET PERCENT 
---------- -------

PRECIPITATION 51. 77 513035.594 100.00 

RUNOFF 1.198 110974.266 2 .63 

EVAPOT RJ\N S PI RA T I ON 30.326 300523.969 58.58 

DRAINAGE COLLECTED FROH LAYER 10 8.7522 86733.125 16.91 

PERC . I LEAKAGE THR.OUGH LAYER 12 0.000198 1.966 .00 

AVG. HEAD ON TOF OF LA':lER 11 0.1943 

CHP.l~GE IN NATER STORAGE 1. 494 14B02.C9i i.59 

SOIL lrJATER .~T START OF YEAR 35.459 351399.312 



iI 
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SOIL i'JATER AT END OF ''{EAR 36.953 

SNO~~ WATER J~.T START OF YEAR .000 

SNOW vJATER AT END OF YEAR .ooc 

ANNUAL W.~TER BUDGET Bp.LANCE 0;0000 

**** 

ANNUAL TOTALS FOR YEAR 15 

I t'4CHES 

FRECIPITATION 4.36 

RUNOFF 11 . C 1 

EVAPOTR'zl.N S PI RAT ION 24.067 

DRAINAGE COLLECTED FROM LAYER 10 11.1104 

PERC./LEAKAGE THROUGH LAYER 12 .000248 

AVG. HEAD ON TOP OF LAYER 11 0.24 6 

CHANGE IN WATER STORAGE -1.83 7 

SOIL WATER AT START OF YEAR 36.953 

SOIL WATER AT END OF YEAR 35.116 

SNOW WATER AT START OF YEAR 0.000 

SNOW WATER AT END OF YEAR 0.000 

ANNUAL WATER BUDGET BF.LANCE 0.0000 

.OC O. OC; 

0.202 .00 

.. FEEI< EERCENT 

4 .2 9 h .. O. 

1 4 

.250 

11 102. "; 

:2.460 0.00 

-18203.182 -4.14 

366201. 406 

347998.219 

0.000 .co 

0.000 o. 

0.129 0.00 

REceIVED 
.' [iAA~~'2~i J 

D,VIsion of Waste 
SOlid Waste MS anagement 

ranch 
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.li.VERJl.~GE ~\10NTHL'y' ',jALUES IN INCHES FOR YEARS 1 THROUGH IS 

JAN/JUL FEB/AUG MAR/SEP ll_FR/OCT t'v1AY INOV JUN/DEC 
------- ------- ------- ------- ------- -------

PRECIPITATION 

TOTALS 3.4 7 3.62 4.18 4.45 4.38 4.96 
4.46 ':( ~." 

~.Lr:; 4.16 2.59 4.56 3.76 

STD. DEVIATIONS 2.31 1. 69 1. 9 7 2.32 1. 98 2.38 
2.03 2.48 2.31 1. 48 3.85 1. 83 

RUNOFF 

TOT.J:\LS 0.943 O. 95 0. 1 24 O. "'04 0.714 0.963 
.816 646 0.932 0.522 O.E 

ST D. GE'-i IN: 1 Gt\ S 0.991 .8 I). ~;99 0.69' .560 4 
o ,,-; ~ n"""'r' 0.'8 0.551 1.523 . 1 00 • .t. I ... '. c~o 

E\lAPOTRANSP ~ RATIO;-J 

TOTll~LS 0.891 .2 7 8 2.536 - ~~! .5.",-, 3.079 3.579 
3.19' 2.566 2.3 7 3 1.523 1. 656 1. 379 

STD. DEVIATIOt\;S 0.333 c. 6' .51 0.927 J.883 .258 
1.288 1.3'36 0.762 .848 .637 0.259 

LATERAL DRAINAGE COLLECTED FROM LAYER 10 
----------------------------------------

TOTALS 1.4981 1.4933 1. 494 (5 1. 2180 0.6853 0.6598 
0.5450 0.3299 0.2773 0.4949 0.5841 1. 0541 

STD. DEVIATIONS 1.0122 0.9953 0.9905 0.7175 .5714 0.7159 
0.4388 0.3456 0.2278 0.6135 0.4457 0.8591 

PERCOLATION/LEAKAGE THROUGH LAYER 12 
------------------------------------

TOTALS 0.0000 .0000 0.0000 0.0000 0.0000 o.cooo 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVTJl..TICNS 0.0000 0.0000 0.0000 0.0000 0.0000 .cooo 
f).GGOC O.COOO 0.0000 0.0000 0.0000 0.0000 

AVERJ:..GES OF MONTHL'{ AVERAGED DF.ILY HEJl..DS INCHES; 
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G1ULY AVER.A.GE HEAD ON TOP OF LAYER 

0 3922 4296 0 391;;' 
0 1427 0 0664 o. 0"':.0 0 

STD. DEVIATIONS O. 2650 28"'2 0 2593 
1 49 0 e905 (\ 061 6 0 

"" *:1<** * .. ;: " '* ;. * .;, ., *** ,4: '* 4:"* *" 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS' FOR YEARS 

PRECIPITATION 

RUNOFF 

E'lAPOT8J:-\NS PIRJl.T ION 

LATEF<.F.L DRAINAGE COLLECTED 
FR01>1 LAYER 10 

PERCOLATION/LEAKAGE THROUGH 
LAYER 12 

READ ON TOP 
Of LAYER 11 

CH.~NGE IN vJATER STORAGE 

INCHES 

47.86 

9. 13 2. 

.4 4 3.0684) 

10.33463 I 3.89048 

0.C0023 I 0.00008) 

0.231 ( .087) 

0.402 3.6130) 

329::, 0 1 ! 94 0 1785 
1295 a 1580 O. 2:59 

1941 0 1496 t\ 
V. 193' 

1606 0 1206 2249 

"". '" ";t;:' +- -/t- *' 'r ~. 7<"'r':T ir * -'K*..);- T 

1 THROUGH 

. FEET PERCENT 

.4 100. 

96252.1".: 20.2 

167 .34 

102415.12:: 21.59165 

2.289 0.00048 

3986.:: 0.84 

***+***** *******k*****~********.*******W**************W*****P**_****W+ W.* 

RE EI D 

[MAR 0.8 .. 2012 I 
Division of Waste Management 

Solid Waste Branch 
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PEAK DAILY !JALDES FOR YSARS 

PRECIPITATION 

RUNOFF 

DRAIN1~GE COLLECTED FRotvl LAYER 1 

PERCOLATION/LEAKAGE THROUGH LAYER 12 

J;VERAGE HEAD ON TOP OF LJI..YER 11 

M.l:I.J{H1UM HEAD ON TOP OF LAYEE 11 

LOCATION OF MAXIMUtvl HEAD IN LAYER 10 
t DISTf-iNCE eRO!'') DRAIN) 

SNOtrv WATER 

MAXH1Utvl VEG. SOIL ~"JATEF< VOL/VOL 

MINltvlUM VEG. SOIL WATER (VOL/VOL) 

1 THROCGH 

(INCHSS (C~l* FT. 

64711.648 

2.570 254 1.662:;' 

• '")9184 910.11658 

0.800002 0.01904 

0.745 

1 . 

6868'. 16 

.2414 

0.0580 

*** Maximum heads are computed using McEnroe's equations. 

Reference: MaximQm SaturaLed Depth over Landfill Liner 
by Bruce M. McEnroe, Jniversity of Kansas 
ASeE Journal of Environmental Engineering 
Vol. 119, No.2, March 1993, pp. 262-270. 
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FINF.L WATER STOR~GE AT END OF YEAR 15 

LAYER INCHES 

1.1 7 85 

1. 656 

3 1 .5966 

4 . 52 

1.752 

J .69 6C 

1.'!S2L 

6.1444 

1 0,7 56 

1 .0000 

1 .37:;: 

SNOW v.7ATER G.OOC 

*** **-* ** ****~ *** 

(VOL/VOL 

0.1964 

O.OEIJ. 

.2661 

36 

30 

0.282""1 

0.34 

0.0588 

0.0000 

0.4270 

RECEIVED 

[ M;R 0 8.i01Z \ 
Division of Waste Management 

Svlid Waste Branch 
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** 
** 

HYDROLOGIC EVALUATION OF LANDFILL PERFORtvlANCE 
HELP ['10DEL VERSION 3,0-] (1 NOVEl'1BER 199"" 

DEVELOPED BY ENVIRONivjENTAL LF.BORP.TORY 
lJSAE ttJATERNAYS EXPERltvlENT STATION 

FOR USEPA RISK REDUCTION ENGINEERING LABORATCRY 

PRECIPITATION DATA FILE: C:\HELP3\PREC15DA.D4 
C;\HELP3\PADTEMP.D7 
C:\HELP3\PADSOLAR.Dl 
C:\HELP3\EVAPLT.Dll 
C:\HELP3\PHl-3LTC.Dl 
C:\HELP3\PHl-3LTC.OUT 

TEHPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTRANSPIRATION DATA: 
SOIL AND DESIGN DA7A FILE: 
OUTPUT DATA FILE: 

TIt'1E: 16:31 DATE: 6/10/2008 

TITLE: Paducah Landfill - Long Term Cover (30-incr:es) - Phase 1 - 3 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOvJ vJATER 
WERE SPECIFIED BY THE USER. 

L,/:!,YER 1 

TYPE 1 - VERTIC..A.L FE!"<COLATI Gi'J LA'fER 
I'1ATERIAL TEXTURE NUlvjBER 24 

THICKNESS 
POROSITY 
FIELD CAPACITY 
vHLTING POINT 

30.00 INCHES 
"365.:-' VOL/VOL 

O.3f): /CL/\JOL 
O.2C2Cl "OL",'OL 

** 
** 

+* 
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.3050 \'OL/'10L INITIAL SOIL WATER CCKTEN? 
EFFECTIVE SAT. HY). CONDo 0.270000010000£-05 CM/SEC 

NOTE: SATUR..Z\.TED HYI.)RAOL Ie CONDUCTIVITY IS :~mLTI PLI ED BY 1. e: 
FOR ROOT CHANNELS IN TOP !-lALr OF EVAFORATIVE ZONE. 

LAYER L 

TYPE 1 - VERTICll.L PERCOLA..TION LAYER 
MATERIAL TEXTURE NUMBER 19 

THICKNESS 
POROSITY 
FIELD CAPI~Cl TY 
~'HLTING POINT 
INITIAL SOIL WATER CCN7ENT 
EFFECTIVE SAT. HYC. CONDo 

LAYER 

180.00 INCHES 
0.1680 tOL/VOL 
O.Oi30 vOL/"OL 

.1000000 

TYPE 1 - VERTICAL PERCOLATION LAYER 
FlATERIAL TEXTURE ;\iUl·lBER 24 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

18.00 INCHES 
0.3650 VOL/VOL 
0.3050 VOL/VOL 
0.2020 VOL/VOL 
0.3050 VOL/VOL INITIAL SOIL WATER CONTENT 

EFFECTIVE SAT. HYD. CONDo .270000010000£-05 eM/SEC 

LAYER 4 

TYPE 2 - LATERAL DRAINAGE LA'iER 
t>1ATERL~L TEXTURE NUMBER 1 

THICKNESS 
POROSITY 
fIELD CAPACIT:{ 
vHLTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HY8. CONDo 
SLOPE 
DHF.INAGE LENGTH 

12.00 INCHES 
.4170 VOL/VOL 
.0450 "}OL/VOL 

a.OlSO VOL/VOL 
50 VOLIVOL 

.9999999"'18000E-02 CI'1/ SEC 
11.00 PERCENT 
50.0 FEET 

RECEIVED 

JMAR ~-;;IZ J 
DIVISion ?f Waste Man~gHllent 

Solid Waste Branch 
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L?YER 

TYPE 4 - FLEXIBI.E r·'lEt·1BRANE LINER 
MATER! AL TEXTURE Nut>1BER 35 

THICKNESS 
POROSITY 
FI ELD CAPp.CITY 
'{JILTING POINT 

0.08 INCHES 
0.0000 VOl/VOL 
0.0000 VOL/VOL 
0.0000 VOL/VOL 
0.0000 VOL/VOL INITIAL SOIL WATER CONTENT 

EFFECTIVE SAT. HYD. CONDo 
Ft".lL PINHOLE DENSITY 

0.199999996000E-12 eM/SEC 
2.00 HOLES/ACRE 

rI'iL INSTALLATION DEFECTS 
Fr.1L PLACEI'1El'n QUALl1Y 

3.00 
3 - GOOD 

HOLES/ACRE 

LAYER 6 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 16 

THICKNESS 
POROSITY 
FIELD CAPF.CITY 
WILTING POINT 

36.00 INCHES 
0.427 {j ',iOL/VOL 
0.4180 VOL/VOL 
0.3670 VOL/VOL 
0.4270 VOL/VOL INITIAL SOIL WATER CONTENT 

EFFECTIVE SAT. HYD. CONDo 0.100000001000E-06 CM/SE~ 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE #24 WITH A 
POOR STAND OF GRASS, A SURFACE SLOPE OF 10. 
f\.ND A SLOPE LENGTH OF 50. FEET. 

SCS RUNOFF CURVE NUt'1BER 
FRP.CTION OF AREA ALLOvHNG RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPOR.t:iTIVE ZONE DEPTH 
INITlf\~L i'lATER IN EVAPORATIVE ZONE 
UPPER LHlIT OF EVAPOFATIVE STORAGE 
LOy~ER LHnT OF EVAPORATIVE STORAGE 

94.30 
80.0 PERCENT 

3.940 ACRES 
18.0 INCHES 

5.490 INCHES 
6.570 INCHES 
3.636 IN:HES 



-
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INITIAL SNOW WATER = 0.000 INCHES 
43.692 INCHES 
43.692 INCHES 

INITIAL WATER IN LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 0.00 INCHES/YEAR 

RECEIVED 
I~ARO-8_~ EVAPOTRANSPIRATION ~~ WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM Division of Waste Management 
Solid Waste Branch Evansville Indiana 

STATION LATITUDE 
MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
EVAPORATIVE ZONE DEPTH 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY 
COEFFICIENTS FOR EVANSVILLE 

NORMAL MEAN MONTHLY PRECIPITATION 

JAN/JUL FEB/AUG MAR/SEP APR/OCT 
------- ------- ------- -------

3.47 3.93 4.27 4.95 
4.45 2.99 3.56 3.45 

37.05 
1. 05 

96 
300 

18.0 
7.31 

70.00 
67.00 
72.00 
54.00 

DEGREES 

INCHES 
MPH 
% 

% 

GENERATED USING 
INDIANA 

(INCHES) 

MAY/NOV JUN/DEC 
-------- -------

4.75 4.51 
4.53 4.38 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 

JAN/JUL 

32.90 
78.20 

COEFFICIENTS FOR EV~.NSVI·LLE INDIANA 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

FES/AUG 

38.10 
76.20 

MAR/SEP 

47.60 
69.10 

APR/OCT 

57.00 
58.00 

MAY/NOV 

65.90 
46.80 

JUN/DEC 

74.50 
36.90 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
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COEFFICIENTS FOR EVANSVILLE INDIANA 
i4.ND STATION LATITUDE 3: . 03 DEGREES 

ANNUAL TOTALS FOR YEAR 1 

INCHES CU. FEET PERCENT 

PRE:'::lPITATICN 44.94 642:40.875 100.00 

RUNOFF 21.717 310594.469 48.32 

EVAPOTRANSl?lR.~TION 23.60-: 33:63'"1,812 52.5~ 

CRl·U NAGE COLLECTED ?Rcr~ LAYEF 4 .48 6 6987 .498 1. 

PERC./LEAKAGE THROUGH LAYER 6 .00001.5 0.21 0.00 

p.,. • HEAD TOP OF LAYER 5 0.01 

CHANGE IN WATER STORAGE -0.8 3 -124 9.181 -1.94 

SOIL ~·~F.TEH AT OF YEAR 43.692 624890.875 

SOIL WATER AT END OF YEAR 42.819 612411.687 

SNOW WATER AT START OF YEAR O.Don 0.000 o. 

SNOW ~'JATER AT END OF YEAR 0.000 0.000 o. 

ANNUAL vJATER BUDGET BALANCE 0.0000 0.070 0.00 

ANNUAL TOTALS FOR YEAR 2 

INCHES CU. FEST PERCENT 

FRECIPl::'ATION 54.57 80471. C 62 100.'.,10 

RUNOFF 30.580 437355.969 56. (;4 

EVl~POTRF.NSFlRATION 24.0S-r 344063.656 44. 
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CRAINAGE COLLSCTED FRO!"1 LAYER 4 . 146' 

PERC. ; LEAKP-.GE 'THROUGH LAYER 6 .000006 

ilYG. HEAD ON TOP OF LAYER 5 0.0032 

CHANGE IN trJATER STORAGE -0.213 

SOIL trlATER AT START OF YEAR 4 .8 9 

SOIL vJATER AT END OF YEAR 42.606 

SNOvJ irJATER AT START OF ":t'EAR .000 

SNOW t>1ATER AT END OF YEAR .000 

ANNUAL WATER BUDGET BALANCF .0000 

Al\lNtJF~L TOTALS FOR YEF-~R 3 

INCHES 

PRECIPITATION 5/.47 

RUNOFF 31. 886 

EVAPOTRANSPIRATION 25.682 

DRP.INAGE COLLECTED FROM LAYER 4 0.0246 

P£RC./LEAKAGE THROUGH LAYER 6 0.000002 

AVG. HEAD ONTO? OF LAYER 5 .0005 

CHANGE IN WATER STORAGE -0.123 

SOIL WATER AT START OF YEAR 42.606 

SOIL WATER AT END O? YEAR 42.0'9 

SNOW WATER AT START OF YEAR 0.000 

SNOrl itJATER AT END OF YEAR 0.404 

2098 . 

.C82 

-304 .408 -:).39 

609364.125 

\).000 0.00 

.17 (j. (i 

• C O.no 

** * ~**~ ** * **** 

CU. FEET PERCENT 

2194'.4 100.00 

<456040.344 S5.48 

367312.844 4 .69 

351.376 0.04 

0.033 0.00 

-17 .032 -0.2] 

609364.125 

0.179 o .1jO 

5 ~L 049 0. 

RE EIVED 
r l MAR 0 8 2012 

Division of Waste Management 
Solid Waste Branch 
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Project Material Disposition Job No. N/A Checked Mary M. Hensley Date July 08,2008 

ANNUAL WATER BUDGET BALANCE .0000 0.00 

ANNUAL TOTALS FOR YEAR 4 

INCHES CT]. FEET PERCENT 

PRECIPITATION 4 .30 5 63 7 8.687 100.00 

RUNOFF 1 .693 26 7 350.906 4 • 

EVAPOTRANSPIRATTON 21 .864 2:'1)6.406 54.25 

DHAINAGE CO::...:LECTED FRO!"] LAYEB 4 .0014 20.646 0.00 

PERC./LEAKAGE THROUGH LAYER 6 0.000001 0.0 9 0.00 

AVG. HEAD ON TOP OF LAYER 5 0.0000 

CHANGE IN WATER STORAGE -0.259 -3699.277 -0.64 

SOIL WATER AT START OF YEAR 4 .079 601828. 87 

SOIL INATER AT END OF YEAR 42.225 603908.000 

SNOifJ vJATER AT START OF YE.~R .404 ~ '9. 49 1. GO 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 0.028 .00 

** *** *.*** *~**************** *** **** ******** ****** .*~****************** 

ANNUAL TOTALS FeR YEAH 5 

INCHES CU. FEET PERCENT 

?RECIPITATICN 47.87 '::24646.1:3 7 100.0(; 

HUNOFF 24.295 
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Project Material Disposition Job No. N/A Checked Mary M. Hensley Date July 08, 2008 

EVl~POTR.:u.NS PI RJl.TION 22.359 319'7'8.906 .J6 . 

CRA:NAGE COLLECTED FROtvl L.:u.YEF 4 . 5049 1. 

PERC./LEAKAGE THROUGH LAYER 6 0.000015 0.209 .00 

AVG. HEl-<.D ON TOP OF LAYER .0112 

CHF.NGE TN WATER STORAGE .711 101 .645 1. 49 

S011 v~ATER ]i.! START OF ·lEF.R 42.225 603908.000 

SOIL vt:u.TER 'p/l END OF 'fEP_R 42.936 

SNOvJ IrJATER AT START i)F YEAR 0.000 0.000 .00 

SNOvJ v]ATER AT END OF YEAR .000 0.000 0.00 

f!."NNm::'L ~'lATER BUDGET BALANCE .0000 -0.293 .co 

• wi. *._. *****.*********************** * * * * ******** * *******~~ * *** 

ANNUAL TOTALS FOR YEAR 6 

INCHES 

PRECIPITATION 50.37 

RUNOFF 25.828 

EVAPOTRF,NSPIRATION 24.001 

DRAINAGE COLLECTED FROM LAYER 4 0.0050 

PERC. I LEAKAGE THFOUGH LAYEH 6 0.000002 

A'/G. HEAD TOP OF LA YEH 5· 0.0001 

CHl>.NGE IN WATER STORAGE 0.535 

SOIL \~F.TER PtT SIp.RI OF YEAR 42.936 

SOIL ~r\lATER AT END OF YEAR 43.471 

S!JOv~ v~ATEH AT START OF YEAR o. 

St~O'{rJ lfJATER A'T' ENe OF YEAR 

CU. FE,EI' PERCENT 

100.00 

369403. 94 51. 22 

343269.250 IP .65 

70.827 0.01 

0.023 0.00 

6140:8.625 

621'737.312 

O. OC 

RECEIVED 

i MAR 0 820~ 
Division of Waste Management 

~n!irl W::IQ,t&l R~<l!n ... h 
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Originator J. Keith Thorn Date July 08,2008 Calc. No. CAC-PH746U-P001 Rev. No.1 

Project Material Disposition Job No. N/A Checked Mary M. Hensley Date July 08, 2008 

P.NNUliL v~ATER BUDGET Bll.LANCE 8. 

ANNUAL TOTALS FOR YEAH 

INCHES ce. FEET PERCENT 

PRECIPITATION 50.14 1-; 12.375 100.00 

RUNOFF 28.35 405562.094 56.55 

EVAPOTRANSPIR.~TION .252 896Sq.594 40 . 

DRAINAGE COLLECTED FROM LAYER 4 . 8322 119t>L.586 1.66 

PERC./LEAKft.GE THROUGH LAYER 6 .000022 .321 .oc 

P,YG. HE.J:W ON TOP OF LAYER 5 .0] 8'/ 

CHANGE IN WATER STO~~GE 0.699 9992.896 1. 39 

SOIL WATER AT START OF YEAR 43.471 621 37.312 

SOl L v~ATEH AT END OF YEp.R 43.840 62 0 3.625 

SNOirJ viA'l'ER AT START OF YEAR .000 0.000 o. 

SNOIrJ WATER AT END OF YEAR 0.330 4716.53 1 0.66 

ANNUAL WATER BUDGET 8ALANCE 0.0000 -0.114 .00 

ANNUAL 101])..LS FOR YEp.R .j 

INCHES CU. FEET PERCENT 

?RECI PITp.~T ION 42.2') 603552.;;: lCO.DO 

FONOFF 23.435 3351"""'.00,) 
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Originator J. Keith Thorn Date July 08,2008 Calc. No. CAC-PH746U·P001 Rev. No.1 

Project Material Disposition Job No. N/A Checked Mary M. Hensley Date July 08, 2008 

EVAPOTRP.NS P1RATI ON 19.630 

DRAINAGE· :OLLECTED FROH I..A':{ER ,'689 

F'ERC. ! LEAKF.GE THROUGH :"AYER 6 0.000021 

AVG. HEAD ON TOP OF LAYER 5 0.01'3 

CHjl~NGE IN WATER STOR-11.GE -1. 634 

. SOIL vJATER AT START OF YEAR 43.840 

501 L WATER AT END OF ':r"EAR 42.536 

SNOW WATER AT START OF YEAR 0.330 

SNOW WATER AT END OF YEAR 0.000 

ANNUr..L ir1P.'IER BUDGE':' BALANCE .0000 

** 

ANNUAL TOTALS FOR YEAR 9 

INCHES 

PRECIPITATION 67.92 

RUNOFF 38.967 

EVAPOTRANSPIR1l.TION 24.305 

DRAINAGE COLLECTED FROM LAYER 4 1.3889 

PERC./LEAKF.GE THROUGH LAYER 6 0.000035 

AVG. HEAD ON TOP OF LAYER 5 0.0307 

CHANGE IN t'IF.TER STORAGE 3.259 

L vJATER .T:..T START OF YEF.R 42.536 

SOIL vJATER AI' END OF YEAR 44.980 

5 NOt-l vJATER AT ST.t..RT OF YEAR 0.000 

280753.969 46.52 

1099"';.458 1.82 

0.304 0.00 

-23375.7S!:' -3.8-

627013.625 

608354.375 

411 .53' 

0.000 0.00 

.1 .00 

CU. FEET PERCENT 

971405. 2 lOO.OC 

557311. 250 57.37 

347612.719 35. 

19863.975 2.04 

0.506 O.CO 

4661 7 .102 4.80 

608354.375 

64 331 9 . 1 8', 

.1)00 0.00 

R EIVED 

G~~~~ 
Division of Waste Management 

Solid waste Branch 
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Originator J. Keith Thorn Date July 08,2008 Calc. No. CAC-PH746U-P001 Rev. No. 1 

Project Material Disposition Job No. N/A Checked Mary M. Hensley Date July 08, 2008 

SNOW ~'lATER AT END OF YEAH l16::2.316 1 . .2 

.0000 C:. 

ANNU1-i1 ';OTALS FO? YEAR 

INCHES PERCSNT 

PRECIPITATION 40,0 1 5'3089. 1 .~ i00. 

RUNOFF 19.734 282234. s-o 49. ~, 

E'JAPOTPJI.NSPIRATICN 1. /IL; 31 4:3.12:1 54.34 

DRAINAGE COLLECTED FROH LAYER 4 1 .681 4048.439 

PERC. I LEAKAGE THROUGH LAYER 6 0.000043 0.621 0.00 

AVG. HEAD ON TOP OF LAYER .0376 

CHANGE IN WATE8. STORAGE -3.119 -44607. 

SOIL WATER AT START'OF YEAR 44.980 643319.187 

SOIL itJATER AT END OF YEAR 42.62t~ 609622.125 

SNOW WATER AT START OF YEAH 0.81 '652.316 2.0 

SNOW WATER AT END OF YEAR 0.052 741.546 0.13 

ANNUAL WATER BUDGET BALANCE 0.0000 0.06 1 O. 

ANNUAL TOTALS FOR rEAR 11 

:1: NCEES CO, FEET ?EECE!'n 

PRECIPITATION 49.73 ~11246.:'(;C 
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Originator J. Keith Thorn Date July 08, 2008 Calc. No. CAC-PH746U-P001 Rev. No.1 

Project Material Disposition Job No. N/A Checked Mary M. Hensley Date July 08,2008 

RUNOFF 4.503 

EVAPOTRF.NS P T ?J:l..TI ON .888 

DRAl NAGE COLLECTED FRO{\1 U\ YER 4 1.3081 

PERC./LEAKF.GE THROUGH LAYER 6 

AVG. HEAD ON TOP OF LAYER 5 0.0290 

CHANGE IN WATER STOPAGE 3.03 

SOIL if~ATER p.T START OF YEAR 42.624 

SOIL \"JATER AT OF YEAR 43.8 

SNOW WATER AT START OF YEAR 0.052 

OF YEAH 

ANNUAL WATER BUDGET BALANCE .eooo 

ANNUAL TOTALS FOR YEAR 12 

INCHES 

PRECIPITATION 35.27 

RUNOFF 18.687 

EVAPOTRANSPIRATION 18.508 

DRAINAGE COLLECTED FROM LAYER 4 0.8797 

PERC./LEA~.GE THROUGH LAYER 6 0.000024 

AVG. HEAD ON TOP OF LAYER 5 0.0195 

CH.ANGE TN WATER STCRAGE -2.804 

SOIL WATER AT START OF YEAR 43.809 

SOIL NF-,TER AT END OF YEAR 42.903 

SNm'J lr1ATER AT START OF YEAR .593 

350452.{50 

9E739.46 4 .00 

18708.734 2.63 

43346.996 .09 

609622.125 

626558.625 

741.546 .10 

0.122 0.00 

FEET PERCENT 
---------- -------
504438.594 100.00 

26 7 259.156 52.98 

264698.562 52.47 

12581. 082 2.49 

0.339 0.00 

-40100.633 

626558.625 

.27152. 3 

RE IVED 

I MAR 08Z01Z I 
Division of Waste Management 

Solid Waste Branch 
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Project Material Disposition Job No. N/A Checked Mary M. Hensley Date July 08,2008 

SNm',j vlATEF F.;. END OF YEAF .000 0. 

ANNUAL N}~-IEE BODGET BALA~CE c.oooo 0.119 o. 

ANNUAL TOTALS ~OR YEAR 13 

INCHES CU. FEET PERCENT 

PRECIPITp.TIO,N 40.98 586104.125 100.00 

RUNOFF 24.444 34960 .969 

EVAP01'RANSF RAT10N 16. 79 37120.687 0.46 

DRAINAGE COLLECTED FROM LAYER .0014 9.98' 

PERC./LEAN'1.GE THROUGH LAYER 6 0.00000 0.019 

.'A.VG. HEAD ON TOP OF LAYER 5 0.0000 

CHANGE IN WATER STOFAGE -0.045 -638.553 . 11 

SOIL WATER AT STl'l,RT OF YEAR 42.903 613610.000 

SOIL WATER AT END OF YEAR 42.859 612971.4 

SNOW WATER AT START OF YEAR 0.000 0.000 .00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUP-.L WATER BODGET BALANCE 0.0000 -0.010 0.00 

ANNUAL TOTALS FOR YEAR 14 

INCHES CU. FEET FERCC:NT 

PRECIPITATION '"140425.000 100. 
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Originator J. Keith Thorn Date July 08, 2008 Calc. No. CAC-PH746U-P001 Rev. No.1 

Project Material Disposition Job No. N/A Checked Mary'M. Hensley Date July 08, 2008 

RUNOFF 28.22.0 

EVAPOTR.qNS PI RAT I ON 23.200 

DRAINAGE COLLECTED FROM LAYER 4 .0020 

PERC. ! LE.P.KP-.GE THROUGH LAYER .000002 

AVG. HEAD ON TOP OF LAYER 5 0.0000 

CHAt~GE IN I'JATER STORAGE .349 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 43.20 7 

SNOvJ trJATER }\T S,?p.RT OF YE.AR 0.000 

SNOvj \i>IATER AT END YEAR 

ANNUAL WATER BUDGET BALANCE 

ANNUAL TOTALS FOR YEAR 

INCHES 

PREeI PITF.T ION 44.36 

RUNOFF 26.203 

EVAPOTRANSPIRATION 18.193 

DRAIl~ll.GE COLLECTED FROI>1 LAYER 4 0.6938 

PERC./LEAKAGE THROUGH LAYER 6 0.000019 

AVG. HEAD ON TOP OF LAYER 5 0.0155 

CHANGE IN WATER STOR.~GE -0.730 

SOIL WATER AT START OF YEAR 43.20" 

SOIL WATER AT END OF YEAR 42.4~ 

·lC3606.031 54.51 

33 805.062 44.S} 

28.629 0.00 

G.022 o. 

.,; 98::. 6 0.67 

E 29'"-.4 

El 956.500 

(, 
v. 

.2 

CU. FEET PERCENT 

6344 5.68 100.00 

374765.437 59.07 

260200.516 41. 01 

9923.364 1. 56 

O. 7 o. 

-10443.922 -1. 6:' 

El'956.5CO 

RECEIVED 

[ MAR 0 8 ZmlJ 
Division of Waste Management 

Solid Waste Branch 
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Project Material Disposition Job No. N/A Checked Mary M. Hensley Date July 08, 2008 

SNON NATER AT START OF YEp.R 0.000 o.oeo .00 

SNON v?ATER }\T END OF ~:r"EAR 
,~ 000 :~. 000 (1,,00 

ANNUAL v.IATER BUDGET BALANCE C.OOOO 0.016 0.00 

* .,..** 

AVERAGE >10NTHLY VALUES IN !0.CHES FOR YEARS 1 TH~OUGH 15 

J.~NI JiJL FEB/A0G tv'JJ1.RISEP AFR/OC'i [VIAY INOV JON/DEC 
------- ------- ------- ------- ------- ---------

fREer PI 'I'll,'f rOI' 

TOTALS :( 47 :3 62 4 1 il 45 38 4 96 
4 46 3.23 4 16 59 .4 56 3 . 76 

STD. DEVLi;.TIONS 2 31 1 69 1.97 2. 32 1 98 2. 38 
2 03 2 .4 E 2. 31 1 48 3. pc: 

v ... .83 

RUNOFF 

TOTALS 2.209 2.212 2. 27 2.096 2.089 2.519 
2.224 1. 758 2.36B 1.411 2.438 2.253 

STD. DEVIATIONS 1.832 1. 471 1. 321 1. 519 1. 221 .547 
1.375 1. 804 1. 627 1.083 2.805 2.395 

EVAPOTR~NSPIRP~TION 

TOTALS 0.814 1.205 2.350 3.115 2.534 2.495 
2.237 1. E08 1.664 1.147 1. 312 L 179 

STD. DEVIATIONS 0.286 0.360 0.522 0.688 0.708 0.975 
0.835 0.709 0.555 0.570 0.434 0.229 

LATERAL DRAINAGE COLLECTED FROI'1 LAYER 4 

TOTALS 0.035' 0.0634 . lS71 O. 1654 .1042 0 . )15 
O. 0001 0.0001 0.0001 O. 0000 0.0000 0.0001 

STD. DEVIAT10NS 0.1331 O. 1106 0.2740 n. 1535 .1153 0.0334 
~). COO 1 .OGOI 0.0001 0.0001 O.OCOl 0.0003 
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Project Material Disposition Job No. N/A Checked Mary M. Hensley Date July 08,2008 

PERCOLATION/LEAKAGE THROUGH L}\YER 6 

':'OTALS Q O. 0000 o. eooo 000 O.GOJj 
v. 0000 o. 0000 o. 0000 DvD 0.0000 

STD. DEVIATIONS 0.0000 0000 0.0000 .. cooo 0000 O.OOOG 
;, cooa o. oooe O. 0000 C '.J. 0000 a.OODCi 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS INCHESi 

DAILY AVERP.GE HEAD ON TOP OF LAYER 5 

AVER~GES 

STD. DE.VIATIONS 

.0094 
0.0000 

O. 8 
0.0000 

.0182 

.0000 
0.0516 
0.0000 

.07 
0.0000 

¥0447 
.0000 

.0042 
0.0000 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS THROUGH 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 4 

PERCOLATION/LEAKAGE THROUGH 
LAYER 6 

AVEP~GE HEAD ON TOP 
OF LAYER 5 

CHANGE IN WATER STORAGE 

INCHES 
-------------------

4 .86 8.223 

25.703 5.4223, 

21. 660 2.6128) 

0.58184 0.56341 

0.00CC2 0.00001) 

:).013 ( 0.013) 

- .081 1.7484) 

FEET PERCENT 
------------- ---------

684560.5 100. 

367612.78 53.701 

309784.47 45. 

8321.619 1.21561 

0.231 0.00003 

-:158.55 -0.169 

RE IVED 
\ MA! 0-8 2012 \ 

Division of Waste Management 
Solid Waste Branch 
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PEF,K DF.ILY VF.LUES FOR ":{EARS 1 THROCGH 15 

{CU. FT'i 

PRECIPITATION 6.5 93393.367 

RUNOFF 4.250 60"9.9414 

DRlHNAGE COLLECTED FHOM LA'{ER 0.02953 422.41367 

PERCOLATION/LEAKAGE THROUGH LAYER 

AVERP.GE HEAD ON TOP OF LAYER 5 

tJ';A:x:n--1Ut~ HEAD ON TOP OF LAYER 

LOCATION OF l:-it..XIMUlVl HEAD IN LAYE,R ,;1 

(DISTANCE FROl>1 DRAIN) 

0.000001 985 

0.24 (' 

0.466 

O. FEET 

SKmli ir.JATER 994 3.4062 

t-1p..xumt-1 VEG. SOIL WATER VOL/VOL I .3633 

MINIMUM VEG. SOIL WATER (VOL/VOL) .2020 

l>1aximum heads are computed using l'1cEnrce I s eq\lat ions. 

Reference: Maximum SatJrated Depth over Landfill Liner 
by Bruce M. McEnroe l University of Kansas 
ASCE Journal of Environmental Engineering 
Vol. 119, No.2, March 1993, pp. 262-27 . 
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FINAL ~JAT£R STCAAGE J;..T END Of YEAR 15 

IINCHESj 

1 "",9348 

2 3.1400 

3 

4 O.540l) 

. ooco 

6 

(VOL/VOL 

.2645 

0.0730 

0.3050 

0.0450 

o . 

0.427 

RE EIVED .------
MAR 0 8 20'2 

Division of Waste Management 
Solid Waste Branch 
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Project Material Disposition Job No. N/A Checked Mary M. Hensley Date July 08,2008 

** 

** 
** 
** 

HYDROLOGIC EVALUATION OF LANDFILL PERFORt-1ANCE 
HELP MODEL VERSION 3.0 7 (1 NOVEMBER 1997 

DEVELOPED BY ENVIRONNENT.qL LABORlUOFY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA RISK REDUCTION ENGINEERING LABOFtZl.TORY 

PRECIPITATION DATA FILE: C:\HELP3\PREC15DA.D4 
C:\HELP3\PADTEMP.D7 
C:\HELP3\PADSOLAR.D13 
C:\HELP3\EVAPOC.Dll 
C:\HELP3\PH450C.DIO 
C:\HELP3\PH450C.OUT 

TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTRANSPIRATION DATA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE: 

TIME: 10:36 DATE: 61 6/2008 

TITLE: 

NOTE: 

Paducah - Add. 4 Ditches to Op. Cover - 4&in avg. - Ph4&5 

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOv~ ~JATER 

WERE SPECIFIED BY THE GSER. 

LAYER 1 

TYPE 1 - VERTICAL ?ERCCLATION LAYER 
MATERIAL TEXTURE Nut-·mER 24 

THICKNESS 48. 00 Il~CHES 

POROSITY 
FIELD C.n.PACITY 
iFJILTING POINT 

0.36 
0.30 

.20 

'JOL '\'OL 
~7CL/VOL 

'\/OLl'tOL 

** 

** 
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Project Material Disposition Job No. N/A Checked Mary M. Hensley Date July 08, 2008 

INITIAL SOIL WATER CONTENT 0.3050 '/Oi IVOL 
EFFECTIVE SAT. HYC. CONDo 0.270000010000£-05 eMISEC 

NOTE: SATURATED HYDRAULIC CONOCCTIVITY IS IviULTIFLIED BY 3.00 
FOR ROOT CHANNELS IN TOP HALF OF EVAFOR.lI.TIVE ZONE. 

L~YER ;. 

TYPE 1 - 'lERTICAL PERCCLp+TION LAYER 
MATERIAL TEXTURE NUMBER 24 

THICKNESS 18.00 INCHES 
POROSITY 
FIELD CAPACI 
'tHLTING POINT 
INITIAL SOIL 1l1ATEB CONTENT 
EFFECTIVE SAT. HYD. CONDo 

O.365:J VOL/VOL 
0.3050 
O. 2020 ~JOL/VOL 
0.3050 'JOL/VOL 

O.~7000001 DE-OS 

LAYEB 3 

TYPE 2 - LATERF~ DR~INAGE LAYER 
M.1::.TERIAL TEXTURE Nut·mER 1 

THICKNESS 
POROSITY 
FIELD CAPACITY 
\fHLTING POINT 
INITIAL SOIL vlATER CONTENT 
EFFECTIVE SAT. HYD. CONDo 
SLOPE 
DRlnNAGE LENGTH 

12.00 INCHES 
0.4170 VOL/VOL 

. 0.0450 VOL/VOL 
.0180 VOL/VOL 

0.0450 VOL/VOL 
0.999999978000E-02 

11.00 PERCENT 
50.0 FEET 

Lp.YER 4 

TYPE 4 - FLEXIBLE I"JEMBRANE LINEF. 
i>1ATERIAL TEXTURE NUl'1BER 35 

THICKNESS 
POROSITY 

YHLTI:~G POINT 
INITIAL SOIL tiA'TER COl'·jTENT 

0.08 INCHES 
0.0000 VOL/VOL 
0.0000 VOL/VOL 
0.0000 VOL/VOL 
0.0000 '/OL/VOL 

SEC 

eM/SEC 

R CEIVED 

t M~; ~_~ZOlZ \ 
Division of Waste Management 

Solid Waste Branch 

EFFECTIVE SAT. HYD. CONDo 
Fr"lL PINHOLE DENSITY 

.199999996000E-12 eMISEC 
2.00 ~O~ES/ACRE 
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H1L INSTALLATION DEFECTS 
FI-1L PLACEMENT QUALITY 

3.00 
3 - GOOD 

EOLES 1.7\CRE 

LAYER 5 

TYPE 3 - BARRIER SOIL LINER 
r'l~TEHIp.L TEXTURE NUt-mER 16 

T~ICKNESS 36.00 INCHES 
POROSITY 0.4270 VOL/VOL 
FIELD CAPF.CITY 0.4180 "OL/VOL 
NILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYD. CONDo 

0.36"0 VOL/VOl, 
0.4270 VOL/VOL 

.100000001000E-06 eM/SEC 

GENERAL DESIGN Arm EVAPORATIVE ZONE OATp. 

NOTE: SCS RUNOFF CURVE Nm·1BER 'vIAS COi'1PUTED FROJ:'1 CEFAULT 
SOIL DATA BASE USING SOIL TEXTURE #24 i'HTH A 
FAIR STAND OF GRASS, A SURFACE SLOPE OF 20. 
AND A SLOPE LENGTH OF 12. FEET. 

SCS RUNOFF CURVE NUr"1BER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL WATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIll.L SNOv~ WATER 
INITIAL WATER IN LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

92.10 
98. PERCENT 

1.530 ACRES 
18. INCHES 

5.490 INCHES 
6.570 INCHES 
3.636 INCHES 
0.000 INCHES 

36.042 INCHES 
36.042 INCHES 

O. 00 INCHES/YE.~R 

EVAPOTRANSPIHATION ;'.NO vJEATHER DATA 

NOTE: EV.P.POTHANSPIPJVfION D.rdA NAS OBTAINED ?ROM 
E-Jansville Indiana 

STATION LATITUDE 3'" . :j 5 DEGREES 
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iVlF ... X H1U!.'-1 LEAF AREA INDEX 
START OF GROvHNG SEASON }:J1IJ;.N DATE, 
END OF GRmlJING SEASON ,-IULl.D..N DATE ') 
EVAPORATIVE ZONE DEPTH 
AVERAGE ANNUAL WIND SPEED 
,IWERAGE 1ST QUARTER RELATIVE HUt1IDITY 
AVERAGE 2ND QUARTER RELI.:.TI'v'E HUM: DITY 
AVERAGE 3RD QUARTER RELATnlE iiUl1IDlTY 
AVERAGE 4TH QUARTER RELATIVE HtJlV1TDTTY 

.oc 
9E 

300 
18. INCHES 

.31 [\1PH 
"'0.00 -
67.0C 
i2.0C 
54.00 

RE EIVED 

~R~8Z01Z I 

Division of Waste Management 
Solid Waste Branch 

NOTE: PRECIPITATION DATA v-jAS SYNTHETICp.LLY GENEHATED USING 
COEFFICIENTS FOR E~ANSVI1LE INDIANA 

NORJ.I.1Al MEl\N MONTHLY PRECIl?ITATIO~~ INCHES 

JAN/JUL FEB/AUG t·1AR}SEP APR/OCT jylAY INO~} 
------- ------- ------- ------- ------- -------

"', 4'7 3 . 93 4 95 4 -; 4 .51 
4 4 2 99 3 fi 4 4 3 4 38 

NOTE: TEt"iPEFJUURE DATA vn~.,s SYN'1 HE1 CALLY GENERA'i''£[; US 
COEFFICIENTS FOR EVANSVILLE INDIANA 

NO&~AL J.l.1EAN !'10NTHLY TE~V}PE~.A1URE : DEGREES FAHRENHEIT 

JAN/JUL FEB/AUG l'1ARISEP 
------- ------- -------

32.90 38.10 4 
78.20 6.20 69.1 

A?R/OC'T 
-------

57. 
58.00 

HAY/NOV 
-------

Gt, • _.J 

46.80 

... lfJN/DEC 

4050 
36.90 

NOTE: SOLP..R RADIATION DATp. v~AS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR EVANSVILLE INDIANA 

AND STATION LATITUDE 37. 3 DEGREES 

ANNUAL TOTALS FOR YEAR 

INCHES CU. FEET PERCENT 

PRECIPITJ:..TIaN 44.94 249:'92.250 00. 

RUNOFF 9.239 l06S::1.65€ 42.81 
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EVAPOTRA!~SPIR~TIOtJ 24.2'9 134845.391 54. 3 

DRAINAGE COLLECTED FRO!'1 IJ1.YER 3 1.5348 8523.980 3.42 

PERC. / LE.!l.KAGE THROUGH LF.YER 5 0.000040 . 223 o . 

AVG. HEAD ON TOP OF LAYER <1 0.0341 

CHi'.NGE IN NATER 8TOR]l,GE -0.113 -628.962 

SOIL WATER AT Sl'.z\RT OF YEAR 36.042 200173.312 

SOIL WATER AT END OF YEAR 35.929 1995 4.359 

o.ooe 

SNOW WATER AT END OF YEAR 0.000 0.000 o. 

ANNUF.L ~vATER BUDGET BALANCE 0.0000 -0. 

ANNUAL TOTJl.LS FOR YEAR 2 

INCHES CU. FEET PERCENT 
---------- -------

PRECIPITATION 54.57 303076.312 100.00 

RUNOFF 28.475 158148.469 52.18 

EVAPOTRANSPIRATION 24.653 136918.781 45.18 

DRAINAGE COLLECTED FROM LAYER J 1. 7872 9925.703 3.27 

PERC. /LEAKAGE THROUGH L?YER 5 0.000047 0.259 0.00 

AVG. HEAD ON TOP OF LAYER 4 0.0396 

CHANGE IN WATER STORAGE -0.345 -1916.886 -0.63 

SOIL WATER AT START OF YEAR 35.929 199544.359 

sor L vJP.TER AT END OF YEAR 35.584 197627.469 

SHOvl ~'JATER AT START GF YEP~E .000 .000 co.OC 
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SNOi'l \~ATER AT END OF YEAR ~J. ooe 

ANNUAL (tJATER BUDGET BALANCE .0:)00 

ANNUAL TOTALS FOR YEAR 3 

INCHES 

PRECIPITATION 1.47 

RUNOFF 9.716 

EVAPOTRANSPIRATION 6.323 

DRAIN.Z\GE COLLECTED FROlvJ LAYER 3 1.5645 

PERC./LEAKAGE THROUGH LAYER .000041 

AVG. HEAD ON TOP OF LAYER 4 0.0346 

CHANGE IN WATER STORAGE -0. 134 

SOIL WATER AT START OF YEAR 35.584 

SOIL vJATER AT END OF YEAR 35.046 

SNOt'l WATER AT START OF YEAR 0.000 

SNOW trlATER AT END OF YEAR 0.404 

ANNUAL WATER BUDGET BALANCE 0.0000 

ANNUA~ TOTALS FOR YEAR 

INCHES 

PREer PlTp.iION 40.30 

.000 Q.OC 

-0.011 0.00 

CU, FEET PERCENT 

319182.62~ 100.00 

65038. 1 

14619).406 4 

8689. I) . 2 

.22-; o. 

-742.929 -0.23 

197627.469 

194640.39~ 

0.000 0.00 

2244.148 0.70 

0.001 0.00 

CU. FEET PERCENT 

223822.18"7 

MAR 0 S lO\2 

Division of waste Management 
SoHd waste Branch 
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RUNOFF 15.'15 38.99 

EVAPOTRANSPIK~TION 23.938 132950.016 59.4 

DRAINAGE COLLECTED FROM LAYER 3 0.8258 4586.218 2.05 

PERC.ILEA¥P.GE THROuGH Ll-'.YER l:J 0.0000:24 C.131 

AVG. HEAD ON TOP OF LAYER 4 0.0183 

CHANGE I!~ ~'~ATER STORF.GE -0.179 -993.046 -0.44 

SOIL WATER AT START OF YEAR 35.046 194640.391 

SOIL WATER AT END OF YEAR 35.271 195891. 

SNOW WATER AT START OF YEAR 0.404 2244.148 .00 

SNOv} :IF:I'SR AT END OF YEAR .000 n 

F.NNUF.L (rJ!-\TER BUDGET BALANCE 0.0000 OJ) ,:, o. 

ANNUAL TOTALS rOR YEAR 5 

INCHES CU. FEET PE:RCENT 
---------- -------

PRECIPITATION 265865.125 100.00 

RUNOFF 22.446 124660.680 46.89 

EVAPOTRANSPIRATION 22.351 124132.687 46.69 

DRAINAGE COLLECTED FROM LAYER j 1. 8272 10148.218 3.82 

PERC./LEAKAGE THROUGH LAYER 5 0.000046 0.257 0.00 

AVG. HEAD ON TOP OF LAYER 4 0.0407 

CHJl.NGE IN vJATER STORAGE 1. 247 6923.349 2.60 

SOIL WATER AT START OF YEAR 35.271 195891.500 

SOIL WATER AT ENt OF YEAR 56.S1S 202814.844 

SNOVv vJATER AT START OF YEAR o. 
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SNOW WATER .~T END OF 'fEAR .000 .oeo 

ANNUAL itlATER BUDGET BALANCE 0.0000 -0.061 0.00 

ANNDAL TOTALS FOR. YEAR 6 

INCHES cu. rEET PERCENT 

PRECIPITATION 50.37 279749.969 100.00 

RUNOFF 23.505 54 .562 46.66 

EVF.POTRP.NS P I RAT 1 ON 25.299 140505.931 50.23 

DF.AINp.GE COLLECTED FROiVl LP~~YER ~ .6963 1 . 8 .3'"'1 

PERC. I LEJ'.I.KAGE THROUGH LAYER 5 0.000045 .248 o.on 

AVG. HEAD ON TOP OF LAYER 4 .031' 

CHi\NGE IN WATER STORAGE -0.130 -"20.932 -0.26 

SOIL lriATER A'T' START OF YEAR 36.518 202814.844 

SOIL WATER AT END OF YEAR 36.38B 202093.906 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0,0000 0.105 0.00 

F~NUAL TOTALS FOR YEAR -; 

INCHES CU. FE~T PERCENT 

PRECIPITATION 50.14 2'8".: L,S€2 200. 
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RCNOFF 26.582 147633.094 ::3.02 

EVJ=l.POTRANSPIRATION 20.779 115403.750 41.44 

DRAINAGE COLLSCTED FRONLA':tER 3 .693 7 9406. 3.38 

PERC./LEAKAGE THROUGH LAYER 5 O.OCi0044 0.243 0.00 

AVG. HEAD ON TOP OF LAYER 4 .03 7 9 

CHANGE IN WATER STORAGE 1.085 6028.594 2.16 

SOIL vJATER AT START OF YEAR 36.388 202093.906 

SOIL WATER AT END OF YEAR .-:JJ64a3.656 

SNOW WATER AT START OF YEAR .000 c.ooo 0.00 

SNOW WATER AT END OF YEAR 1638.84 7 0.59 

f\.NNUJ=l .. L v??TER BUDGET BALANCE C'. 0000 -0.034 0.00 

ANNUAL TOTALS FOR YEAR 8 

INCHES CU. FEET PERCENT 
---------- -------

PRECIPITATION 42.20 234374.531 10O.OC 

RUNOFF 21. 553 119703.406 51. 07 

EVAPOTRANSPIRATION 20.605 114438.766 48.133 

DRAINAGE COLLECTED FROM LAYER 3 1.8576 10316.858 4.40 

PERC./LEAKP.GE THROUGH LAYER 5 0.000046 0.257 0.00 

AVG. HEAD ON TOP CF LAYER 4 .0420 

CHANGE TN WATER STORt\GE -1.316 -10084.718 -4.30 

SOIL WATER AT START OF YEAR 206483.656 

SOIL vJATEH AT END OF YEAR 35.65 7 198037.79'7 
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SNm-J ~'JATER AT START :JF YEAR 0.295 1638.847 O. iO 

SNOVJ vmTER AT END OF YEJ'.R .000 0.000 0.00 

ANNUAL WATER BODGET BALANCE 0.0000 0.00 

ANNUAL TOTALS FOR YEAR 9 

INCHES CU. FEET FERCENT 

PRECIPITATION 67.92 377 220. 4 lOG. 

RUNOFF 37 .233 2067 87.000 54.52 

EVAPOTFJ.'l.NS P I R~ T I ON 24.793 137 7 00.266 

DRAINAGE COLLECTED FROty] LAYER 3 2.6335 14626.1 

PERC./LEAKAGE THROUGH LAYER 5 0.000065 0.359 0.00 

AVG. HEAD ON TOP OF LAYER 4 0.0581 

CHANGE IN WATER STORAGE 3.260 1 10'.113 4.60 

SOIL WATER A~ START OF YEAR 35.657 19803'7. '197 

SOIL WATER AT END OF YEAR 38.103 211620.016 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW vJATER AT END OF YEAR 0.815 4524.884 1.20 

ANNUAL WATER BUDGET BALANCE .0000 -0.Q36 .00 

? .. NNUAL TOTALS FOR YEAR 1 0 

INCHES CU. FEET PERCENT 
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PRECIPITATION 40.07 2.22544.'66 lCO.CO 

RUNOFF 17.307 9612.3.375 4? .19 

EVAPOTR~NSPIR~TION 23.032 12'"l91S.445 57 .48 

DRAINAGE COLLECTED FROly] LAYER 3 2.8825 16008.846 '.19 

PERC./LEAKF.GE THROUGH LAYER 5 0.00007 2 0.399 o. 

AVG. HEAD ON TOP OF LA':{ER 4 0.0643 

CHANGE 11-1 ~J\'ATER STORAGE -3.152 -17503.254 - f • 8 

SOIL vmTER AT STl\,.R1' OF YEAR 38.103 211620.016 

SOIl vlATER AT END OF YEAR 35-. 63 198622:. 9; 

SNOvJ WATER p.T START OF YEAR 0.815 4~24.88 L. ~ 

SNOvl vV\TEH AT END OF YEAR .003 lE.n 0.01 

ANNUAL vlATER BUDGET SF,LANCE .0000 

ANNUAL TOTALS FOR YEF.F. 11 

INCHES CU. FEET FERCENT 

PRECIPITATION 49.73 276195.469 100.00 

RUNOFF 22.205 123326.008 44.65 

EVAPOTRANSPIR.~TION 22.116 122828.992 44.47 

DRAINAGE COLLECTED FROI'1 LAYER 3 2.5014 13892. 07 5.03 

PERC.!LEAKAGE THROUGH LAYER 5 0.000061 0.341 

AVG. HEAD ON TOP OF LAYER 4 .0556 

CHANGE IN WATER STORAGE L.907 1614/.388 5.85 

SOIL WATER AT START OF YEAR 35. 63 198622. {9", 

SOIL WATER AT END OF YEAR 36.78 2('4212.'34 
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SNOW WATER AT START OF YEAR .003 

SNOVJ i~ATER AT END OF YEAR 1.893 

;'~l\jNUAL ~1ATER BUDGET BALANCE 0.0000 

ANNUAL TOTALS FOR YE.~R 12 

INCHES 

F BEe I PIT P. T I ON 35.27 

RUNOFF 16.992 

EV}\POTRANSPIRATION .902 

DR.1UNAGE COLLECTED FROlVl LAYER 2.1963 

PERC. /LEAKAGE THR.OUGH LF.YER 5 o. 

AVG. HEAD ON TOP OF LAYER 4 0.0487 

CHANGE IN ~'4J.'..TER STORAGE -2.820 

SOIL t".n.TER AT ST}~RT OF YEAR 36.780 

SOIL WATER AT END OF YEAR 35.853 

SNOW WATER AT START OF YEAR 1. 893 

SNOW WATER AT END OF YEAR 0.000 

ANNUAL WATER BUDGET BALANCE 0.0000 

ANNiJAL 70TJ.'..LS FOR YEAR 13 

MAR 0 8 2012 

DiVision of Waste Management 
Solid Waste Branch 

INCHES 

18.857 o. 

10516.307 3.81 

0.039 O. 

CU. FEET PERCENT 

95886. 100. 

94369.8 48.1 

104981.64 

12198. 64 6. 

o. 

-15663.851 -8. 

204272.734 

199125.187 

10516.307 5.37 

0.000 0.00 

0.053 0.00 

FERCENT 
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PRECIPITF\TION 40.98 227598.79"" lCO. 

RUNOFF 22.619 125625.297 55.20 

EVAPOTRANSPIRATION 17.463 96987.133 42.61 

DRAINAGE COLLECTED FROIYj LAYER 3 1.01 9 '5653.1 3 2.4 

PERC./LEAKAGE THROUGH LAYER 0.000028 0.154 o. 

AVG. HEAD ON TOP OF LAYER 4 0.0225 

CHANGE IN \'lJATER STOP-AGE -0.120 -666.949 -0.29 

SOIL WATER AT START OF YEAR 35.853 199125.187 

SOIL WATER AT END OF YEAR 35.'33 198458.234 

SNO\t1 ifJATER A START or YEAR u. 

SNOW WATER AT END OF YEAR 0.000 0.000 .0,-

.l\NNUAL NATER BUDGET BF.LJi..NCE 0.0000 -0. o. 

ANNUAL TOTALS FOR YEAR 14 

INCHES CU. FEET PERCENT 

PRECIPITATION 51.77 287525.437 100.00 

RUNOFF 26.303 146085.844 50.81 

EVAPOTRANSPIRATION 24.972 138692.562 48.24 

. DRAINAGE COLLECTED FROM LAYER 3 0.1354 751.724 0.26 

PERC.!LEAKAGE THROUGH LAYER 5 o. E O. 31 

AVG. HEAD ON TOP OF LAYER 4 0.0030 

CHANGE IN WATER STORAGE (1.359 1995 .. 339 .69 

SOIL WATER AT START OF YEAR 35.733 198458.234 
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SOIL ~']ATER ?,T END DF YEAR :36.092 200453. 572 

SNm'] it\lATER F~T START OF YEAR o. 000 O. OOG O. 

SNOW YrV\TER AT END OF YEAR O. 000 .000 0.0(' 

F.NNUP..L vJ~n~7EF. BUCGET BF.3'.,ANCE 00:)(: -:}'071 

ANNUAL TOTALS FeR YEAR 15 

INCHES CU. FEET PERCENT 

PRECIPIT.;:;'TION 44.36 4637 . 100. 

RUNOFF 2~.530 :41791.39i 

EVAPOTRANSPIRATION 18.175 :::'00943.65 40. 

DRAINAGE COLLECTED FROM LAYER 3 1. 6037 8906.318 3.62 

PERC. THROUGH LAYER 5 .000042 0.234 

AVG. HEAD ON TOl? OF LAYER 4 0.0358 

CHANGE IN WATER STORAGE -0.949 j 1. "3 -2.14 

SOIL tAJATER AT STll.RT OF YEAR 36.092 200453.578 

SOIL WATER AT END OF YEAR 35.143 195182.469 

SNmv WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW vJATER AT END OF YEAR 0.000 0.000 .00 

ANNUAL WATER BUDGET BALp.NCE .0000 0.015 0.00 
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AVERJ.I.GE i.'10NTHLY VA.LUES IN INCHES FOR YEARS 1 THROUGH 15 

JP..NI JUl FEB/AUG Iv1AR/SEP APR/OCT HAY/NOV ,JUN/DEC 
------- ------- ------- ------- ------- -------

PRECIPITATION 

TOTALS 3.4 7 3. 62 4. 18 de;, 
•• ...J 4.38 4.96 

4. 46 ~ j; 
...... _G-V 4.16 2.59 4.56 3. i6 

STD. DEVIATIONS 2.31 c .69 1.97 ~. 32 1. 98 2.38 
2. 2_48 2.31 .48 3.8':, 1. 83 

RUNOFF 

2 . 064 :2 104 .865 1 93 . 87:-; 322 - J, 

2.030 1 613 2 .240 1 306 2.302 2. D 

STD. OE"IATIONS ! 6'6 4-:C 1 .298 1 494 1- IB 1 .495 
1 4 :8C 616 33 2. 819 2.411 

EVAPOTRANSPIRATION 

TOTALS 0.76-; 1.123 2.261 3.057 3.194 2.80 
2.389 1.772 1.68 1.154 1.251 1. 58 

STD. DEVIATIONS 0.232 0.383 0.467 0.68 O. 43 1.164 
0.873 0.762 0.528 0.598 0.367 0.173 

LATERAL DRAINAGE COLLECTED FROM LAYER 3 

------------------------------------~---
TOT'ALS 0.0523 0.1289 0.3822 0.4106 0.3454 0.2429 

O. 137 3 .0165 0.0001 O.OOO:!. 0.0000 0.00C9 

STD. DEVIATIONS 0.1590 0.2156 0.3805 0.2239 0.1561 0.1055 
0.0956 8.0355 0.0001 0.0001 O.COOI 0.OGl8 

PERCOLATION/LEAKAGE THROUGH LAYER 5 
------------------------------------

TOTALS 0.0000 .0000 0.0000 0.0000 0.0000 o.ceoo 
0.0000 .0000 0.0000 0.0000 0.0000 O.COOO 

STD. DEVlp"TICNS 0.0000 0.0000 0.0000 .0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 ::.0000 .0000 

AVE:R.~GES OF !VlONTHLY lWERF.GED DAILY HEADS ! INCHES) 

DAILY AVERAGi:: HEAD ON TOE OF LAYSF 4 
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AVERA.GES 0.013' 0.0368 0.1001 .111 0 .. 09\)4 0" E ~ 

0.0359 0.0043 0.0000 0.0(100 . 0000 (: . 002 

STD. DEVLI';.TIONS 0.0416 0.0608 0.0996 0.0606 0.0409 0.0285 
0.0250 0.0093 0.0000 0.0000 0.0000 0.0005 

** 

AVERAGE ANNeAL TOTALS &: {STD. DEVIATIONS) FOR 'i,EARS 1 THROTjGH 15 

FRECl PI 'l'A'l'ION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRft.INAGE COLLECTED 
FRat'.! LAYER 3 

PERCOLATION/LEAKAGE THROUGH 
LAYER .., 

AVER.n..GE HEAD ON TOP 
OF LAYER 4 

CH.n..NGE IN vJATER STOR.n..GE 

INCHES 

4 .86 8.223 

23.695 5.6043) 

22.512 2.'737; 

.~171 0.70382} 

0.00004 ( 0.00002; 

0.038 0.016 

-0.060 1. 7766 

CU. FEET FERCENT 

2:658 • ~lC 

49. 

125029.5 4' . 

8 3.58")62 

0.245 0.00009 

-332.72 -0.125 

RE.CEI ED 

~O~~ 
Division of w~-~:---l s /" - llii ... nagement 

Olld Waste Branch . 
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PEAK DAILof VALUES FOE YEl\R2 

PREC'TPJTA7TON 

RUNOFF 

DR.4.INAGE COLLECTED FROM LAYER 3 

PERCOLATION/LEAKAGE THROUGH LAYER 

AVERJ.l.GE HEAD ON TOP OF LAYER 4 

l"JP.Y.IMUI"l HEAD ON TOP OF LAYEB 

LOCATION OF ["1.n.xIWJt"l HEJl.D :IN LF::{ER 
(DISTANCE FRO['1 DRAIN 

SNO\1\1 ~'JATER 

l'-1AX H'llJlv1 VEG. SOIL WATER I VOL I'\lOL) 

MINIMUM VEG. SOIL WATER \VOL/VOLl 

1 THROUGH 15 

(INCHES) (CU. F'T.) 

6.53 36266~969 

4.378 24316.4863 

0.053iO 294.88861 

.000001 ().00650 

0.431 

0.824 

i. FEET 

6.93 1849~.3555 

0.3650 

O.202G 

• ,' Maximum heads are using McEnroe's equa~ions . 

Reference: Maximum Saturated Depth over Landfill Liner 
by Bruce M. McEnroe, University of Kansas 
ASeE Journal of Environmental Engineering 
Vol. 119, No.2, March 1993, pp. 262-270. 
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FINAL v~ATER STORAGE AT END OF YEAR 15 

LAYER (INCHES) 

1 13.7413 

2 5.4900 

3 0.5400 

4 

15.3720 

SNOv-J lfJl\TER 0.000 

{VOL/VOLj 

.2863 

0.3050 

O.045Ci 

.0000 

0.4 (I 

RE-"'CEI ~ . c: 

. [M~-~~2012 I 
DIVISion of Waste Management 

Solid Waste Branch 
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'* 

'* 
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T 

* 

.... 

HYDROLOGIC EVALUATION OF L.rl.NDFILL PERFORMANCE 
HELP MODEL VERSION 3.0~ (1 NOVEMBER 1997 

DEVELOPED BY ENVIRONI"lENTAL LABORATORY 
OSAE NATERttJAYS EXPERItvJENT STATION 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

PRECIPITATION DATA FILE: C:\HELP3\PREC15DA.D4 
C:\HELP3\PADTEMP.D7 
C:\HELP3\PADSOLAR.013 
C:\HELP3\EVAPFC.Dll 
C:\HELP3\FINCOVER.Dl 
C:\HELP3\FINCOVER.OUT 

TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTR~NSPl.Rll.T ION DIHA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE: 

TH1E: 10:59 DATE: 61 6/2008 

TITLE: Paducah Landfill - Final Cover Conditions (1 - 30 years) 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER 
WERE SPECIFIED BY THE USER. 

LAYEE 1 

TYPE 1 - VERTICAL PERCOLATIO~ LAYER 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING FOINT 

MATERIAL TEXTURE NiJ[\'lBER 10 
6. INCHES 
G. 980 VOLIVOL 
O. 44 f) '10L/",70L 
O. 3EO VOLI 

** 
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INI TIAL SOIL NP,TER CONTENT 0.3295 VOL/VOL 
EFFECTIVE SAT. HYC. CONDo 0.1199999970002-03 eM/SEC 

SOTE: SATURATED HYDRAULIC CONDDCTIVITY IS r:!DLTI PLIED BY 4.63 
FOR ROOT CH.Zi..NNELS I!~ TOP HALF OF EVAPORATIVE ZONE. 

LAYER 

TYPE 1 - VERTICAL PERCOLATION LAYER 
HATERTAL TEXTURE NUMBER 24 

THICKNESS 30.00 INCHES 
POROSITY 0 .. 3650 VOL/VOL 
FIELD C:AP.~CITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
EfFECTIVE SAT. HYD. CONDo 

O. 51] 
0.2020 'lOLIVOL 
0.3661 VOL/VOL 

.270000C10000E-0 rM/SEC 

LAYER, 3 

TYPE 4 - FLEXIBLE i-1EivlBR.l\NE LINER 
tvlATERIAL TEXTURE I~UIVJBER 36 

THICKNESS. 
POROSITY 
FIELD CAPACITY 
\.vILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYD. CONDo 
FI'-1L PINHOLE DENSITY 
FML INSTALLATION DEFECTS 
n~L PLp.CEMENT QUfl.LITY 

LAYER 

0.04 INCHES 
0.0000 VOL/VOL 
0.0000 VOL/VOL 
Cl.OOOO VOL/VOL 
0.0000 VOL/VOL 

.399999993000E-12 eM/SEC 
1.00 HOLES/ACRE 
5.00 HOLES/ACRE 

4 - POOR 

4 

TYPE 3 - BARRIER SOIL LINER 
t1ATERIFL TEXTURE NUMBER 16 

THI::::KNESS 
POROSITY 
FIELD CAPACI?Y 
vELTING POIN? 
INITIAL SOIL N.Zi..TER CONTENT 
EFFECTIVE SAT. HYD. CONGo 0,1 

6.00 INCHES 
0.4270 \10LI'.'OL 
0.4180 VOL/VOL 
0.3670 VOLI'JCL 
0.4270 -JOL/VOL 

OClOE-OE CHlSEC 
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LAYER 5 

TYPE 1 - VERTICAL PERCOLATION LA-:{ER 
MATERIAL TEXTURE NUMBER 24 

THICKNESS 12.00 INCHES 
?OROSTTY 
FIELD CAPACITY 
~nLTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYD. CONDo 

0.3650 VOLlVOL 
0.3050 VOL/VOL 
0.2020 VOL/VOL 
0.3050 VOL/VOL 

0.270000010000E-05 eM/SEC 

Lp·.YER 6 

TYPE 1 - VERTICAL ?ERCOLATTON LAYER 
MATERIAL TEXTURE NUMBER 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYD. CONDo 

0.20 INCHES 
0.8500 VOL/VOL 
0.0100 VOL/VOL 
0.005 VOL/VOL 
0.0100 VOL/VOL 

0,}00000001000 eM/SEC 

LAYER 7 

TYPE 1 - VERTICAL PERCOLATION LAYER 
[~TERIAL TEXTURE NUMBER 19 

THICKNESS 
POROSI!':!' 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYD. CONDo 

LAYER 

720.00 INCHES 
0.1680 VOL/VOL 
0.0730 VOL/VOL 
0.0190 VOL/VOL 
0.0730 VOL/VOL 

0.100000005000E-02 CM/SEr 

8 



Attachment 'E' Page 4 of 33 
Paducah Remediation Services 

Originator J. Keith Thorn Date July 08, 2008 Calc. No. CAC-PH746U-P001 Rev. No. 1 

Project Material Disposition Job No. N/A Checked Mary M. Hensley Date July 08,2008 

TYPE : - VERTICAL PERCOLATION LAYER 
~mTERIAL TEXTURE NUMBER L~ 

THICKNESS IS.00 INCHES 
POROSITY 0.3650 VOL/VOL 
FIELD CAPACITY 0.3050 VOLIVOL 
WILTING POINT 0.2020 VOLIVOL 
INITHl.L SOIL vJATER CONTENT C. 3050 VOL/VOL 
EFFECTIVE SAT. HYD. CONDo .270000010000E-05 CM/SEC 

LAYER 9 

TYPE 2 - LATEFAL DRAINAGE LAYER 
IV.!ATERIAL TEXTURE NUMBER 1 

THICKNESS 
POROSITY 
FIELD CAPACITY 
vHLTING POlNT 

12.00 INCHES 
.41 

0.0450 VOLIVOL 
0.0180 VOLIVOL 
0.0452 VOLIVOL INITIAL SOIL WATER CONTENT 

EFFECTIVE SAT. HYD. CONDo 
SLOPE 

.999999978000E-02 eM/SEC 
11.00 PERCENT 

DRAINAGE LENGTH 50.0 FEET 

LAYER 10 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS 0.08 INCHES 
POROSITY 0.0000 VOL/VOL 
FIELD CAPACITY 0.0000 VOL/VOL 
WILTING POINT 0.0000 VOL/VOL 
INITIAL SOIL vlATER CONTENT 
EFFECTIVE SAT. HYD. CONDo 
FML PINHOLE DENSITY 
FML INSTALLATION DEFECTS 
FML PLACEMENT QUALITY 

0.0000 VOL/VOL 
0.199999996000E-12 CMISEC 

2.00 HOLES/ACRE 
3.00 HOLES/ACRE 

3 - GOOD 

LAYER 11 

TYPE 3 - BARRIER SOIL LINER 
Ivp.TERT f.. 7.. T2XTfjR2 NUlvlEER 16 

RE IV~D 

JMAR~~~;] 
DIVISion of Waste Mana"'ement 

SOlid Waste Branch 
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THICKNESS 
POROSITY 
FIELD CAPACITY 
vlILTING POINT 
INITIAL SOIL Jlt~TER CONTENT 
EFFECTIVE SAT. HYD. CONDo 

36.00 INCHES 
0.42'0 VOL/VOL 
0.4180 VOL/VOl. 
0.3670 VOL/VOL 
0.4270 VOL/VOL 

.lOOOOOOOlOOOE-06 eM/SEC 

GENERF.L DESIGN F.ND EVP.PORATIVE ZONE DATA 

NOTE: ses RUNOFF CURVE NUt'1BER Wli.S COMPUTED FR01\1 DEF}WLT 
SOIL DATA BASE USING SOIL ?EXTURE #1 A 
GOOD STAND OF GRASS, A SURFACE SLOPE OF 11. 
AND A SLOPE LENGTH OF '145. FEET. 

ses RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAFORP.TIVE ZONE DEFTH 
INITIAL WATER IN EVAPORATIVE ZONE 
UPPER Lnlo1IT OF EVAPORATIVE STOR..t\GE 
LOit~ER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW WATER 
INITIAL WATER IN LAYER I'1ATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

81.90 
]00.0 

1. 000 
24.0 

8.567 
8.958 
4.452 
0.000 

93.148 
93.148 
].00 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
Evansville Indiana 

STATION LATITUDE 
lYT..AXIHUH LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE 'j 

EVAPORATIVE ZONE DEPTH 
AVERAGE ANNUAL vEND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVE~.GE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QU~..RTER RELATIVE HUi'-1IDITY 
AVERAGE 4TH QUARTER RELATIVE Hm-UDITY 

37.05 DEGREES 
3.50 

96 
300 

24.0 INCHES 
7.3 t"1PH 

0.00 
67.00 
72.00 
54. 
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NOTE: PRECIPITJl.TION DA?A irJAS SY~~THE1ICAILY i:;£NEBATED USI:\lG 
COEFFICIENTS FOR EVANSVILLE IN o IhNJo. 

NOR1'-1AL t'1£AN tvl0NTHLY PRECIPITATION TNCHES 

JAN/jut FEB/AUG t1AR/SEP APP'/OCT iv.L!\"{ I !\lO'\}" TJN/DEC 
------- ------- ------- ------- ------- -------

3. 4 3 93 4 27 4 95 4 5 4 51 
,q 4 2 99 3 56 3 45 4 53 4 38 

NOTE: TEt-1PERATURE DATA \!JF.S SYNTHETICALI Y GENERATED USING 
COEFFICIENTS FOR EVANSVILLE INDiANA 

KCRtv';AL NEll.N i-10NTHLY TE£vlPERl\TLTRE (DEGREES FfI.HRENHE IT) 

JF.NI FEB/.7:l.UG tvlAR/ SfP }l.PP/OCT :~!AY i NOv IDEe 
-------- ------- ------- ------- ,------- -------

32. 38. 10 4 60 .00 65. 90 '4 50 
78.20 '6.20 69. 10 58.00 46. 0 6_ 90 

NOTE: SOLAR R.n..DIATION DATA t,'JAS SYNTHETICA.L~ 0y' GENERp.TED USING 
COEFFICIENTS FOR EVANSVILLE INDIANA 

AND STATION LATITUDE 37. DEGREES 

ANNUAL TOTAl,S FOR YEAR 1 

INCHES CU. FEET PERCENT 

FREel PITp.TION 44.94 63132.187 lOO.CO 

RUNOFF 10.950 24.37 

EVAPOTRANSPIRATION 33.800 122694.672 75.21 

PERC./LEAKAGE THHOUGH LA"fER 4 O.1611E8 0.36 

AVG. HEAD ON TOP OF LAYER 25.5128 

DRAINAGE COLLECTED FROt".! LAYER 9 0.1617 0.36 

PERC. I LEAKAGE THROUGH LAYER 1 .000008 
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AVG. HEAD ON rOF OF LAYER 10 0.0036 

CH.~NGE IN WATER STOR!;'GE C.028 102.166 0.06 

SOIL vJATER AT START OF YEAR 93.148 '338128.406 

SOIL vJAl'EF AT END OF YE.z\""R 93.176 338230.594 

SNOW vjATER AT STl-'.RT OF YEAF 0.000 0.000 0.00 

SNOitJ itlATER A'T END OF YE1L"R 0.000 0.000 0.00 

fl..NNUAL t'ITATER BUDGET BF.LANCE .0000 0.020 0.00 

ANNUAL TOTALS FOR YEAR 2 

INCHES CU. FEET PERCENT 
---------- -------

PRECIPITATION 54.57 198089. 094 100.00 

RUNOFF 22.840 82910.539 41. 86 

EVAPOTRANSPIRATION 31.267 113498.344 57. 

PERC./LEAKAGE THROUGH LAYER 4 0.169033 613.589 0.31 

AVG. HEAD ON TOP OF LAYER 3 26.57:;;:6 

DR1i.INF.GE COLLECTED FRot>1 LAYER 9 0.1690 613.530 0.31 

PERC./LEAKP.GE THROUGH LAYER 11 0.000008 0.030 0.00 

AVG. HEAD ON TOP OF LAYER 10 0.0038 

CHANGE IN WATER STORAGE 0.294 1066.661 0.54 

SOIL WATER AT START OF YEAR 93.176 338230.594 

SOIL WATER AT END OF YEAR 93.4 33929-'.250 

SNOW ~1.~TER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 O.ODO O.GO 

ANNUAL WATER BUDGET BALp.NCE 0.000 1) • 
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ANNUAL TOTALS FOR YEAR 3 

INCHES 

PRECIPITATION 57.47 

RUNOFF 17.475 

EVAPOTRP.NSPlRATION 39.803 

PERC.ILEAKAGE THROUGH LAYER 4 0.168661 

AVG. HEAD ON TOP OF LAYER 3 26.7020 

DRAHl.~GE COLLECTED FROl'1 LAYER 9 .1695 

PERC. I LEAKJl..GE THROUGH LAYER 11 0.000008 

AVG. HEAD ON TOP OF LAYER 10 0.0038 

CHANGE IN WATER STOR~GE .023 

SOL L WJl..TER AT START OF YEAR 93.470 

SOIL tr~ATER AT END OF YEAR 93.089 

SNOW Wl-l.TER AT STAHT OF YEAR .000 

SNOvl WATER AT END OF YEAR .404 

ANNUAL WATER BUDGET BALANCE 0.0000 

ANNUAL TOTALS FOR YEAR 4 

PEECI PITATIOtJ 

R ED 

I MAR 0 8 201l I 
Division of Waste Management 

Solid Waste Branch 

INCHES 

40,3C 

CU. FEET PERCENT 

2 6.109 100.00 

63432.742 30.41 

144485. 66 E9. 6 

612.24 o. 

0.030 

82. 44 .04 

339297.250 

337912.906 

0.000 0.00 

1466.764 .:0 

-0.011 0.00 

CU. FEET FERCEN! 

146;:89.016 100. 
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RUNOFF 30-'86.656 21. S 

EVAPOTRANSPIB.A1'!ON 3;;.601 118343.422 80.90 

FERC./LEAKAGE THROUGH LAYER <1 .138455 502.593 0.34 

AVG. HEAD ON TOP OF LAtER ~ 22.1220 

DHAINP.GE COLLECTED FROH LAYER 9 .13 7 9 500."'25 0.34 

PERC./LEAK;GE THROUGH LAYER 11 (;.00000 7 0.026 0.00 

AVG. HEAD ON TOP OF LAYER 10 .0(131 

CHANGE IN WATER STORAGE .921 -334:.806 -2.28 

SOIL ifJATER AT START OF YEP.R 93.089 337912.906 

SOIL WATER A~ END OF YEAR 

SNOv3 WATER p.T START OF YEAR .404 1466. 64 1 .• 

SNot':J \'UiTER AT END OF YEAR o.oco o.oeo 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.013 0.00 

ANNUAL TOTALS FOR YEAR 5 

INCHES CU. FEET PERCENT 
---------- -------

PRECIPITATION 47.87 173768.062 100.00 

RUNOFF 13.844 50254.324 28.92 

EVAPOTRF.NSPI~~TION 33.168 120400.516 69.29 

PERC./LEAKAGE THROUGH LAYER 4 0.162592 590.208 0.34 

AVG. HEAD ON TOP OF LAYER 

DRAINAGE COLLECTED FROl"l LAYER 9 0.1623 589.284 0.34 

PERC./LEAKAGE THROUGH LAYER 11 .. G29 0.00 
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AVG. HEAD ON TOP OF LAYER 10 Cl.0036 

CHANGE IN ('lATER STOPAGE 0.695 2523.95 1. J 

SOIL \"JATER AT START OF YEAR 92.572 336037.875 

SOIL WATER AT END OF YEAR 93.268 338561. 844 

SNOVJ \r~ATER P-3 START OF YEAH 0.000 o. 0.00 

SNOW vJATER AT END OF YEAH . 000 . O • 

ANNUAL \t~ATER BUDGET BALANCE .0000 -0.042 0.00 

,. '" 

ANNUAL TOTALS FOR YEAR 6 

INCHES . FEET PERCENT 

PRECIPITATION 50.37 182843.125 100.00 

RUNOFF 11. 024 40018.523 21. 89 

EVAPOTRANSPIRATION 38.963 141435.531 77.35 

PERC. I LEAKAGE THROUGH ~AYER 4 0.14 539.991 

AVG. HEAD ON TOP OF LAYER 3 23.6894 

c c 
Q) 
E DR1UNAGE COLLECTED FROM LAYER 9 0.1'486 539.494 0.30 

W Q),r: 

~ 
0'1(.) 

> "'r:: 
c:::) ens ns ... - ~ :Em 

W co (J)1lI 
(;lW 

c= (13 fa 

0 a::: 35': 
« ' ..... -0 

W 
0;;:: 

~ cO 
om 

CC '(f) 
.;; 

PERC./LEAKAGE THROUGH LAYER 11 0.000008 

AVG. HEAD ON TOP OF LAYER 10 0.0033 

CHJ.>.NGE IN WATER STORAGE 0.234 

93.268 SOIL vJATER AT STAHT r)~ YEAR v .. 

0.02& 

849.590 

338561.844 

0.00 

0.46 

0 SOIL Wp3ER AT END OF YEAR 93.502 

SNOW vJATE'R AT STf'l.RT OF YEAR 0.000 o. .'::0 

SNOvJ t~ATER AT END OF YEAR 0.000 .ooc o. 

ANNUAL vJATER BUGGEI' BALANCE o. -0. {)3:, 
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ANNUAL TOTALS FOR YEAR 

INCHES CU. FEET PERCENT 

PRECIPITATION 50. ' 4 182008.219 100.oel 

RUNOFF 18.427 66889,"'19 36.75 

EVAPOTR~NSfIRP.TION 31 .234 113.381.11 62.29 

PERC./LEAl<.P.GE 'I'HROUGH LAYER 4 0.16026 1.761 J. 

AVG. HEAD ON TOP OF LAYER 3 25.392'1 

DRAINAGE COLLECTED FROl'1 LAYER 9 . 6cn flo .3;;: 

PERC./LEAKAGE THROUGH LAYER 11 .oooooe .029 

AVG, HEAD ON TOP OF LAYER 10 .0036 

CHANGE IN WATER STORAGE .318 1155.5 4 0.63 

SOIL WATER AT START OF YEAR 93.502 339411.43 

SOIL WATER AT END OF YEAR 93.526 339498.812 

SNOW WATER AT START OF YEAR 0.000 0.000 o. 

SNOW WATER AT END OF YEAR 0.294 1068.197 0.59 

ANNUAL v.1ATER BUDGET BALANCE 0.0000 -0.027 0.00 

****.*.**************** •• ********* •• **************** *~****************.******* 

ANNUAL 'TOTALS FOR YEAR 8 

INCHES CU. FEET PERCENT 

PRECl PI Tp.TI ON 42.20 153185.'369 lOG. ,)(; 
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RUNOff 1:.098 40285.605 2.6. 

EVAPOTRANSPIRATION 31. 260 1134""'3.250 74.08 

PERC./LEAKP.GE THROUGH LAYER 4 .138257 501.874 0.33 

AVG. HEAD ON TOP OF LAYER 3 22.062 

DRAl NAGE COLLECTED FROtvI LAYER 9 0.1395 506.337 0.33 

PERC. /LEP.K~.GE THROUGH LAYER 0.000007 0.027 0.00 

AVG. HEF.!) ON TOP LAYER 10 0.0031 

CHANGE vJATER STORF,GE -0.297 -10'9.192 

SOIL irJATER AT START OF YEAR 93.526 3394 

SOIL trJATER AT ENG OF YEAR 93.523 339487.812 

SNOvJ WATER AT ST.z\RT OF YEAR 0.294 1068.19 1 0 .. 0 

SNOy~ WATER AT END OF YEAR .000 

ANNUAL itJATER BUDGET BALANCE 0.0000 -0.058 0.00 

~~*******~ ****** 

ANNUAL TOTALS fOR YEAR 9 

INCHES CO. FEET PERCENT 
---------- -------

PRECIPITATION 67.92 246549.562 100.00 

RUNOFF 30.039 10904 .109 44- 3 

EVAPOTRANSPIRATION 36.896 133931.453 54.32 

PERC./LEAKAGE THROUGH LAYER 4 0.174643 633.956 0.26 

AVG. HEAD ON Tep Of LAYER 3 27.489:: 

DRAINAGE COLLECTED FROM LAYER 9 0.1742 632.359 0.26 

PERC./LEAKAGE THROUGH LAYEH 11 O.OC;OL08 0.030 O.~O 
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AVG. HEAD ON Tep OF LAYER Ie 0.0039 

CHANGE IN l'lATER STORAGE .811 2943.566 1. 19 

SOIL WATER AT START OF YEAR 93.523 33948'1.812 

SOIL WATER AT END OF YEAR 93.519 

SNO~-J WATER AT START OF YEAR 0.000 0.000 o. 

SNOW vmTER AT END OF YEAR 0.815 295 7 .441 1. ~o 

ANNUF_L 1"1ATER BUDGET BAL4NCE 0.0000 .00 

ANNUAL TOTALS FOR YEAR 10 

INCHES CU. FEET PERCSNT 

PRECIPITATION 40.07 145454.094 lOO.OC 

RUNOFF 8.900 32307.178 22.21 

EVAPOTRP.NSl?IFATION 31. 83 5546.11 79.44 

PERC./LEAKAGE THROUGH LAYER 4 0.147'738 6.289 

AVG. HEAD ON TOP OF LAYER 3 23.5691 

DRAINAGE CPLLECTED FROM LAYER 9 0.1470 533.473 o. 

PERC./LEAKAGE THROUGH LAYER 11 0.000008 0.027 0.00 

AVG. HEAD ON TOP OF LAYER 10 .0033 

CHJl.NGE IN WATER STORAGE -0.808 -2932.709 -2. ~)2 

SOI~ WATER AT START OF YEAR 93.519 3394'3.937 

SOIL WATER AT END OF YEAR 93.526 

SNON WATER AT STP.~RT OF YEAR 0.815 2957.441 2. "3 

SNOi-J vJATER AT END OF YE.A.R o.')co 0.C0 

.Zl.Nl'WAL vJATER BUDGET BALANCE O.ODoe 8.CO 
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ANNUAL TOTALS FOR ''{E]I.B. 11 

INCHES 

PRECIPITATION 4 9.73 

RUNOFF 13.708 

EVAPOTRANSPIRATION ,:C=::. 989 

PERC./LEfl.KF.GE THROUGH LAYER 4 .:39922 

AVG. HEAD ON TOP OF LAYER 22.3907 

DRA1NAGE CO~L£CTED LAYER . 399 

PERC./LEAKAGE THROUGH ~AYER 1 0.000007 

AVG. HEAD ON TOP OF LAYER 10 0.0031 

CHANGE IN \\lATER STORF.GE 1.893 

SOIL WATER AT START OF YEAR 93.526 

SOIL WATER AT END OF YEAR 93.526 

SNOvJ WATER AT START OF YEAR 0.000 

SNOW WATER AT END OF YEAR 1. 893 

ANNUAL WATER BUDGET BALANCE 0.0000 

ANNUAL TOTALS FOR YEAR 12 

PRECIPITl~T ION 

INCHES 

RECEI ED 
MARO~ 

Division of Waste Management 
Solid Waste Branch 

CU. FEET PERCENT 

19.922 100.00 

49'60.20' 27.56 

• 3 .695 68 ~ ~l 

.915 o. 

1 o. 

.02'" o.oc 

68" .349 3.81 

339498.656 

339498.875 

0.000 0.00 

6873.127 3.&1 

-0.020 0.00 

.* * * * 

CU. FEET PERC!:NT 

1281~'3G .1(;2 100.00 
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RUNOFF 10.453 

E"A?OTRfl.NS PI RAT I ON 26.705 

PERC./LEAKAGE THROUGH LAYER 4 0.136374 

l';.VG. HEAD ON TOP OF LAYER 3 21.6663 

QF~P~It\JAGE COLLECTED FROM LAYER 9 O.13E4 

PERC./LEAKAGE THROUGH LAYER 11 O.COOOO'" 

AVG. HEAG ON TOP OF LAYER 10 0.0030 

-2.024 

SOIL iNATER fl.r START OF YEAR 93.526 

SOIL WATER p/I £f~[' OF YEF.R 93.396 

SNOit\l V\iATER AT STp-.Rtf' OF YEAR .893 

SNOW \~ATER F.T END OF YEAR 0.000 

ANNUAL WATER BUDGET BALANCE .0000 

ANNUAL TOTALS FOR YEAR 13 

PRECIPITATION 

RUNOFF 

EVAPOTFJI.NSPIRATION 

PERC. I LEAKAGE THROUGH LAYER 4 

AVG. HEAD 0N TOP OF LAYER 3 

DRJl..INAGE COLLECTED FROl-1 LAYER 

PERC./LEAKAGE THROUGH LAYER 11 

Q 
;;J 

INCHES 

4 .98 

10.403 

30.419 

0.139112 

22.2483 

0.1391 

0.00000'" 

37942.S9C 29.64 

96938.5'0 75.72 

495.039 0.39 

495.128 0.39 

.026 .00 

-7346.236 

339498.8 5 

687 2' 5. 

G.OOO .00 

.025 .00 

CU. FEET PERCENT 

148757.391 100.00 

37762.93 7 25.39 

110422.305 74.2:3 

504.977 0.34 

505.069 0.34 

D.OO 



.. 
~ 
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AVG. HEAD ON TOP OF LAYER 10 0.0031 

CHANGE IN ViATER STORAGE 0.018 6' 49 .(,5 

SOIL WATER AT START OF YEAR 93.396 339025~!8: 

SOIL NATER AT END OF YEAR 93.414 :'390~2*81 

SNCI'J itJATER AT SrJ.i..RT OF YEJ.i..R 0.000 .000 

SNm'J !tJA1'ER AT END OF YEAR 0.000 .000 .00 

ANNUAL ~'JATER BUDGET BAU\NCE .0000 -0.006 

ANNuAL TOTALS FOR YEAR 14 

NCHES CU. FEET PERCENT 

PRECIPITATION 51.77 187925.125 100.00 

RUNOFF 17.179 62358.016 33.18 

EVAPOTP~,NSPIFATION .567 1254 E.6. 

PERC./LEAKAGE THROUGH LAYER 4 0.144 52 523.272 0.28 

AVG. HEAD ON TOP OF LAYER 3 22.8986 

DRAINAGE COLLECTED FROH LAYER 9 .1442 52 .394 0.28 

PERC ./LEp.KAGE THROUGH LAYER 11 0.00000" 0.027 0.00 

.LNG. HEAD ON TOP OF LAYER 1 0.0032 

CHANGE IN WATER STORAGE -0.120 -435.333 -0.23 

SOIL WATER AT START OF YEAR 93.414 339092.812 

SOIL v~ATER AT END OF YEAR 93.294 33861:. .t:,on 

SNOW WATER AT START·OF YEAR 0.000 0.000 D.OO 

SNOW vvATER .A.T END OF YEAR 0.000 .00 

ANNUA~ WATER BUDGET BALANCE 

REC I l 

§ _., ... _---' 
MAR 0 8 '2012 : 

" .. __ J 
Division of Waste Management 

Solid Waste Branch 

I 
I 
I 
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F..}JNUAL '!'OTALS FOR YEAR 15 

INCHES CU. FEET PERCENT 

PRECIPITATION 44.36 161026.812 100. 

RUNOFF 11. 880 43123.137 26.78 

EVAPOTRANSPIRATION 117921.539 73.23 

PERC./LEAKAGE THROUGH LAYER 4 0.143416 520.601 .32 

AVG. HEAD ON TOP OF LAYER .9428 

DRll.INAGE COLLECTED FROM L...l\YER 9 .1434 o. 

PERC. I LEAKAGE ~HROUGH LAYER 11 0.000007 0.027 0.00 

AVG. HEAD ON TOP OF LAYER 10 0.0032 

CHANGE IN WATER STORAGE -0.148 -538.440 -0.33 

SOIL trmTER AT S'T'ART OF YEAR 93.294 338657.500 

SOIL WATER AT END OF YEAR 93.146 338119.062 

SNOI~ WATER AT START OF YEAR 0.000 0.000 0.00 

SNOvl v-iATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 0.023 0.00 

ANNUAL TOTALS FOR YEAR 16 

INCHES CU. FEET PERCENT 

PRECIPITATION 39.40 143021. 984 10G.00 
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RUNOFF 8.525 

EVAPOTRANSPIRATION 30.353 

FERC./LEAKF.GE ?HROUGH LAYER 4 0.141202 

l\VG. HE.~D ON TOP OF LA':{ER 3 22.4'33 

DRAINAGE COLLECTED FROM LAYER 9 0.1411 

PERC./LEAKAGE THROUGH LAYER 1 0.000007 

AVG. HEAD ON TOP OF LAYER 10 .0031 

CHANGE IN WATER STORP,GE 0.380 

SOIL WATER AT START OF YEAR 93.146 

SOIL vJA,!'EH 1=>.1 END OF YEAR 93.526 

SNOifJ I'JATER AT START OF YEAR 0.000 

SNOvJ WATER AT END OF YEAR 0.000 

ANNUAL t'~ATER BUDGET BALANCE 0.0000 

ANNUAL TOTALS FOR YEAR 17 

INCHES 

PRECIPITATION 52.89 

RUNOFF 17.050 

EVAPOTRANSPIRATION 33.928 

FERC./LEAKAGE THROUGH LAYER 4 

AVG. HEAD ON TOP OF LAYER 3 21. 6101 

DRAIKAGE COLLECTED FROt1 LAYER 9 0.1350 

PEEC./LEll.:KJ!.GE THROUGH LAYER 11 0.00000 7 

3D94 ~ 62 

110182.43' 77.04 

.562 0.36 

512.254 0.36 

r I). o. 

0.96 

33B '1 .062 

339498.812 

.000 O.uC 

-0.039 0.00 

CU. FEET PERCENT 
---------- -------
191990.719 100.00 

61890.223 32.24 

123158.852 64. 5 

490.316 0.26 

490.222 0.26 

.026 0.00 

RECEIVED I MAR 0 8 2012 l 
Divrsion of Waste Management 

Solid Waste Branch 
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AVG. HEAD ON TOP OF LAYER 10 0.0030 

CHll.NGE IN viATER STORll.GE 645l.403 

SOIL WATER AT START OF YEAR 93.526 339498.812 

SOIL NATSH AT END OF YE.Z\~. 93.526 339498.875 

SNOW WATER AT START OF YEAR .000 0.000 o. 

SNOvJ WATER AT END OF YEAR .77-; 6452.320 3.36 

ANNUAL trtrtTEH BUDGET BALANCE -0.001 .00 

********************* ***********+++************* ****** ** w **+********* *** 

ANNU.Zl.L TOTALS FOR. YEAR 1 e 

INCHES ClI. FEET PERCENT 

PRECIPITATION 53.61 194604.281 100.00 

RUNOFF 20.324 737'6.781 37.91 

EVAPOTRANSPIRATION 35.166 L06b .414 65.60 

PERC. I LEAKAGE THROUGH LAYER 4 0.156444 56'.892 0.29 

AVG. HEAD ON TOP OF LAYER 3 24.8313 

DR~INAGE COLLECTED FROM LAYER 9 0.1565 568.100 0.29 

PERC. I LEAKP.GE THROUGH LAYER 11 0.000008 0.028 0.00 

AVG. HEAD ON TOP OF LAYER 10 0.0035 

CHANGE IN v\1ATER STORAGE -2.037 -7394.075 -3.8e 

SOIL I.vATER AT STll.RI OF YEAR 93.526 339498.875 

SOIL WATER AT END OF YEAR 93.266 338556.125 

SNOV1 l'jATEH AT START OF YEAR 1.777 6451.320 3.32 

SNOir.J i:~ATER F.T ENe OF YEAR ,),000 .000 0.00 

.Zl.NNUAL WATER BUDGET BF.LANCE o.oooc 0.041 
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ANNUAL TOTALS FOR YEAR 19 

INCBES CO. FEET PERCENT 

PRE('IPITATION .98 210467.391 100.00 

RUNOFF 24.136 87612.195 41. 

EVAPOTRF.NSFIRATI0N 32.220 116957.133 55.5 

PERC. I LEAKAGE THROUGH LAYER 4 .170009 61 .132 .2 

AVG. HEAC ON TOP OF LAYER ~ 26.7461 

DRAINp.GE COLLECTb:D FROi,,1 LAYER :3 0.1699 616.88 O. 9 

PERC./LE)\KAGE THROUGH LAYER 11 0.000008 0.030 0.00 

AVG. HEAD ON TOF OF LAYER 10 0.0038 

CHANGE IN 'ilJJ.I.TER STORAGE 1.455 5281.178 2. 1 

SOIL WATER AT START OF YEAR 93.266 338556.125 

SOl vJATER AT END OF YEAR 93.526 339498.844 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 1.195 4338.450 2.06 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.042 O. 

ANNUAL TOTALS FOR YEJl.R 20 

INCHES CO. FEET PERCENT 

PRECIPITATION 55.53 
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R.UNOFF 19. '799 35.6E 

EVAPOTRANSPIRATION 36.818 133650.594 66.30 

PERC./LEAKAGE THROUGH LAYER 4 0.152449 553.389 .2""' 

AVG. HEp.,D ON 'rOF OF LAYER ":l 24.2275 

DRAINAGE COLLECTED FROL-1 LAYER 9 0.1524 553.379 .. 2-; 

PERC./LEJl.KAGE THROUGH LAYER 11 .000008 .02E 

AVG. HEAD ON TOP OF LAYER 10 0.0034 

CHANGE IN NATER STCBAGE - .24 C 

SOIL WATER AT START OF YEAR 93.526 9498.844 

SOIL WATER AT END OF YEAR 93.481 39335. -1£: 

SNO\~ \.vATER AT START OF YEAR 1.195 2.1 

SNOW WATER AT END OF YEAR 0.000 0. 

ANNUAL NATER BODGET BALANCE O.OOOJ -0. 13 

ANNUAL TOTALS FOR YEAR 21 

INCHES CU. FEET PERCENT 

PRECIPITATION 45.48 165092.375 100.00 

RUNOFF 6.927 25144.555 15.23 

EVAPOTRANSPIRATION 38.608 14014 7 .219 

PERC./LEAKF.GE THROUGH LAYER 4 0.150645 :,46.841 0.33 

AVG. HEAD eN TOP OF LAYER 3 23.9660 

DHAINAGE COLLECTED FROM LAYER 9 0.150 7 ~46.963 .33 

PERC./LE}:l.KAGE THEOUGH LAYER 11 0.000008 0.028 0. 
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AVG. HEAD ON TOP OF LAYER 10 0.0034 

CHANGE IN vJATER STORF.GE - .206 

SOIL WATER AT START OF YEAR 93.481 

93.2'5 

. SNO'irJ \'lATEH AT START OF YEl\R 0.000 

SNOVJ ~'iArER PS END OF YEF.R 0.000 

ANNUAL WATER BUDGET BALANCE 

j. .... ";,).it'::"' IVED rit: I 

~;~8.l~\Z] 
L--~-. 

Division ot Waste Management 
Soitd-Wasie.g~~----

ANNUAL TOTALS FOR YEAR 22 

* 

INCHES 

PRECIPITATION 45.03 

RUNOFF 1 .765 

EV},{POTRANSPlRATION 33.029 

PERC. I LEAKAGE THROUGH LAYER 4 0.1484 8 

.n.VG. HEAD ON TOP OF LAYER 23.6179 

DRAINAGE COLLECTED FROM LP.YER 9 0.1485 

PERC. I LEAKAGE THROUGH LAYER 11 0.000008 

AVG. HEAD ON TOP OF LAYER 10 0.0033 

CHANGE IN \tJp.TER STORAGE 0.088 

SOIL WATER AT START Of YEAR 93.275 

SOIL vJATER AT END Of YEAR 93.363 

SNOV1 t~lAl'ER .A.1' START OF YEAR 0.000 

SNOW WATER AT END OF YEAR .000 

ANNUAL ir?A'TER EUDGET BALANCE 0.0000 

-'46.345 

339335.125 

33858 .'81 

.000 

0.000 

~057 

C~J. FEET 

163458.815 

42707.785 

119394. ;;:27 

538.97 6 

538.899 

0.028 

317.963 

338588. 1 81 

338906. 50 

.000 

a.CGO 

_1) • (J36 

-c. 5 

f'\ u. 

0.00 

.00 

PERCENT 

100.00 

26.13 

73.35 

0.33 

0.33 

0.19 

0.00 
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F.NNUAL TO'fALS FOR YEAR 23 

INCHES CU. FEET !?ERCEN'T 

PRECIPITATION 52.54 190720.203 100.00 

RUNOFF IB.562 35.3 

8VAPOTR.n.NSPIRATION 34.190 124110.953 65.1" 

PERC. /LEP.KP.GE THROUGH LAYER .;1 .16 7 45 o. 

AVG. HEAD ON TOP OF LAYER 3 26.4192 

.16 7 6 608.244 O. 

PERC./LEAKAGE THROUGH LAYER 11 .Cl00008 0.00 

AVG. HEAD ON TOP OF LAYER 10 .0037 

CHANGE IN WATER STORAGE -0.380 -13 7 9.999 -0.72 

SOIL 1f:ATER ].i.T START OF YEAR 93.363 338906. 

SOIL '\tJP.1:ER AT END OF YEAR 92.983 526.750 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.036 0.00 

ANNUAL TOTALS FOR YEAR 24 

INCHES CT]. FEET PERCENT 

PRECI P I T.~TION 49.09 1 7 8 96.6'2 
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RUNOFF 1 .498 635:: .. 371 35.64 

EVAPOTRANSPIRATION 30.953 112359.312 63.05 

PERC.JLEAKAGE THROUGH LAYER 4 .12474 452.8 0.25 

AVG. HEAD ON TOP OF 1}\,'!'ER 3 19.9241 

DRAINAGE COLLECTED FROM LAYER 9 .::'247 452.610 0.25 

PERC./LEAKF.GE THROUGH LAYER 11 .000007 G,02S o. 

AVG. HEAD ON TOP OF lJl.YER 10 .002 

CHANGE IN NATER STORF.GE .51 1867 , L 

SOIL 'V1.ll.TER AT START OF' YEAR 92.983 3 526.7 

SOIL ~]ATER AT END OF YEF.R 93.497 339393. 

SNOv'! I/mTER AT START OF YEAR 0.000 0.000 o. 

SNOW WATER AT END OF YEAR 0.000 O.oor 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.019 0.00 

*********** *****~******* ** ** '* * 

**** - w******* *** * **** 

ANNUAL TOTALS FOR YEAR 25 

INCHES 

PRECIPITATION 49.11 

RUNOFF 14.346 

EVAPOTRANSPIR~TION 34.594 

PERC./LEA¥AGE THROUGH LAYER 4 0.152982 

AVG. HEAD ON TOP OF LAYER 3 24.2640 

DRAINAGE COLLECTED FROI'1 LAYER 9 0.1540 

PERC./LEAKAGE THROUGH LAYER 11 0.000008 

CU. FEET PERCENT 
---------- -------
178269.281 100.00 

52075.070 29.21 

125574.969 70.44 

555.324 0.31 

559.173 .31 

0.028 a.OJ 

rRECE\VED' 

[MAR~~] 
o' 's\on of waste Management LVI Solid waste Branch --l 
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AVG. HEAD ON TOP OF LAYER Ie 0.0034 

CHANGE IN \'lATER STORAGE .01 7 60.042 0.03 

SOIL WATER AT START OF YEAR 93.497 339393.93'" 

SOl L tr7l!TER liT END OF YEAR 93.513 339453.969 

SNOvJ NATER i\T START OF YEAR .000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL l'iP.TEB. BUDGET Bl\LANCE .0000 .00"7 0.00 

P-J'lNt]AL TOTALS FO!=<' YEAR 26 

INCHES CU. FEET PERCENT 

PRECIPITATION 37.59 13645'1.687 100.00 

RUNOFF 9.684 3515.3.184 25. 6 

EVAPOTB.ANSPIRATTON 27.775 100822.375 73.89 

PERC. I LEAKAGE THROUGH LAYER 4 0.120663 438.007 0.32 

AVG. HEAD ON TOP OF LAYER 3 19.4731 

DRAINAGE COLLECTED FROM LAYER 9 0.1195 433.613 0.32 

PERC./LEAKAGE THROUGH LAYER 11 0.000007 0.024 0.00 

AVG. HEAD ON TOP OF LAYER 10 0.0027 

CHANGE IN WATER STORAGE 0.012 42.484 0.03 

SOIL WATER AT START OF YEAR 93.513 339453.969 

SOIL W?TER AT END OF YEAR 93.525 339496.43"1 

SNOv~ trJATER AT ST?RT OF YEAR 0.000 0.000 0.00 

SEOW v~ATER AT END OF Y&.z\R 0.000 o. 

ANNUAL WATER BeDGET EALANCE O~OQOO o. 
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ANNUAL TOTALS FOR YEAR 

INCHES 

PRECIPITATION 52.92 

RUNOFF .028 

EVAPOTR~NSPlRATION .805 

PERC./LEAKAGE THROUGH LAYER 4 .145349 

AVG. HEAD ON TOP OF LAYER . 84 

DR}U NAGE COLLECTED FRO!>1LA '{SR 9 .14 

PERC./LEAKAGE THROUGH LAYER 11 

AVG. HEAD ON TOP OF LAYER 10 0.0032 

CH1U'>1GE IN trJATER STORAGE -0.058 

SOIL WATER AT START OF YEAR 93.525 

SOIL WATER AT END OF YEAR 93.467 

SNOW WATER AT START Of YEAR 0.000 

SNOW WATER AT END OF YEAR 0.000 

ANNUAL WATER BUDGET BALANCE 0.0000 

?J'JNUAL TOTALS FOR YEAR 28 

fEECIFITATI0N 

RECEIVED 
MAR 0 8 2012 

Division of Waste Management 
Solid Waste Branch 

INCHES 

39. :::. 

. FEET PERCENT 

192099.547 .00 

618 :.066 32.18 

99'2.609 67.66 

52'.61" o. 

.593 

D. 

-211. -'81 -0.11 

339496.437 

4.656 

.000 0.00 

.000 0.00 

0.040 0.00 

CU. fEET PERCENT 

143566.53 :DC. 
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RUNOFF 11.205 40674,:;51 28.33 

EVAPOTRANSPIRATION 28.139 102143. 7 97 71.15 

PERC.!LEAKAGE THROUGH LAYER 4 0.141 6' 536.396 0.3'1 

AVG. HEAD ON TOP OF LAYER 3 23.3545 

DRAINAGE COLLECTED FROM LAYER 9 .14-;-1 536.304 0.37 

PERC./LEAKP.GE THROUGH LA",{ER 11 .000008 .027 

AVG. HEAD ON TOP OF LAYER 10 0.0033 

CHANGE IN v:?TER STORAGE .058 2:11.864 . 1 

SOIL WATER AT START Of YEAR 39284.656 

SOIL vJATER AT END 'OF YEAR 39496.531 

SNOW ~'lATER p,3 START OF YEAR 0.000 0.000 .00 

SNOW NATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL v~ATER BQDGET BALJI.NCE 0.0000 -0.017 0.00 

ANNUAL TOTALS fOR YEAR 29 

INCHES CU. FEET PERCENT 
---------- -------

PRECIPITATION 40.66 147595.781 100. 

RUNOFF 11.981 43492.152 29.47 

EVAPOTRANSPIRATION 29. 18 1078 5.609 73.09 

PERC . I LEAKAGE 'fHROUGH LAYER 4 0.123341 44 .729 0.30 

AVG. HEAD ON TOP OF LAYER 3 19.81'6 

DRAINAGE COLLECTED FROM LAYER 9 0.124 450.07 1 0.30 

PERC./LEAKAGE THROUGH LAYER 11 0.025 0.00 
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AVG. HEp-.n ON TOP OF LF.YER 10 0.0028 

CHANGE IN WATER STOFAGE -1.163 

SOIL WATER AT START OF YEAR 93.525 

SOIL W.~TER AT END OF YE.i:"R 92.362 

SNOW WATER AT START OF YEAR .000 

SNOVJ \fJATER AT END OF YEAR 0.000 

ANNU.qL r;~ATER BUDGET BAL.qNCE .0000 

ANNUAL TOTALS FOR YEAR 3J 

INCHES 

PRECIPITF.TI0N 40.52 

RUNOFF 12.331 

EVAPOTRANSPIRATION 27.02 

PERC. I LEAKAGE THROUGH LAYER 4 O. 25749 

AVG. HEAD ON TOP OF LAYER 3 20.2705 

DRAINAGE COLLECTED FROt-1 LAYER 9 0.1251 

PERC./LEAKAGE THROUGH LAYER 11 0.000007 

AVG. HEAD ON TOP OF LAYER 10 

CHANGE IN WATER STORAGE 

SOIL I'JATER AT STF.RT OF YEAR 

SOIL WATER AT END OF YEAR 

SNm1 t~ATER AT ENI:: OF YEAR 

AHNF.1AL 'irJATEREUDGET BALANCE 

0.0028 

1. 037 

92.362 

93.399 

0.000 

0.000 

RECEIVED 
\ MAR 0 8 2012 \ 

Division of Waste Management 
Solid Waste Branch 

-4222~05f -2.86 

339496.531 

o. 

0.000 0.00 

-0.01-: 0.00 

. FEET PERCENT 

147087.625 100.00 

44759.965 30.43 

98109.64 66. 

4 6.469 o. 

454.172 o. 

0.025 0.00 

3/63.793 2.56 

33524.4E9 

339038.281 

.000 0.00 

.GGC 

'). 30 !). :':0 
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l·WEAAGE t'10NTHLY VALDES IN INCHES FOR YE:ARS 1 THROUGH 30 

JAN/,JUL FEB/AUG rvl.~RISEP APR/OCT IvJAY/NOV JUN/DEC 

PRECIPITATION 

TOTALS 

STD. DEVIATIONS 

RUNOFF 

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD. DEVIATIONS 

3. 
4.50 

1. 90 
2.13 

2.368 
0.242 

1.941 
0.804 

0.920 
4.570 

0.300 
1. 786 

3.73 
3. L 

1. 62 
2.1 

2.481 
0.116 

1.603 
0.248 

1. 165 
2.9517 

0.400 
1. 585 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

TOTALS 

STD. DEVIATIONS 

0.0162 
0.0070 

0.0041 
0.0024 

C.0149 
0.0060 

0.0033 
0.0004 

LATERAL DRAINAGE COLLECTED FROM LAYER 9 

TOTALS 0.C164 
.ce71 

0.014 7 

O.C06: 

4.56 
3.4:2 

1. 99 
2.1:) 

2.417 
0.209 

1. 780 
0.603 

2.669 
2.150 

D.349 
0.722 

').0182 
0.006'7 

0.0010 
r.0019 

0.0182 
.0065 

4 • 
L.. 

1. 89 

1. 356 
0.339 

1.2 
0. 7 83 

31>7 1 
1.336 

0.620 
0.348 

0.0164 
0.0098 

0.0009 
O~J041 

O. 165 
0.0095 

4.65 
.01 

1. 
:3. 14 

0.520 
1. 382 

0.801 
2.261 

5.310 
1. 382 

0.624 
0.317 

.0140 
0.0131 

G.0016 
'''''.0048 

0.0144 
0.0126 

4 . 41 
4 • 

2.04 
2.62 

0.290 
2.874 

0.510 
2.654 

5.455 
1. 206 

1. 304 
0.285 

0.0082 
0.0174 

0.0027 
0.0029 

0.0086 
). 1 '2 
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STD. DEVLll,.TICNS 0.0040 
0.0025 

0.0033 
0.0005 

PERCOLATION/LEAKF.GE THROUGH LAYER 11 

TOTALS 0.0000 0.0000 
0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

0.0010 
0.0016 

.0000 
0.0000 

0.0000 
0.0000 

0.0009 
0.(:045 

0.0000 
0.0000 

O.OCOO 
0.0000 

0.0014 
0.0048 

0.0000 
0.0000 

0.0000 
0.0000 

0.0028 
0.0032 

0.0000 
o.oooe 

0.0000 
0.0000 

AVERAGES OF lvjONTHLY AVERAGED O.z:\ILY HEADS INCHES 

DAILY AVER?GE HEAD ON rOP OF LAYER. 

AVERAGES 29.6781 2 .9572 33. 6 1. 689 6.2730 16.4025 
13.8600 12.0343 13.6019 1 .7225 25.1349 31.8583 

STD. DEVIATIONS .1216 6.3584 1.5891 • :., S 1 .652 4.9830 
4.2984 0.6666 3.5057 8.16' 8.5822 5.04 7 2 

DAILY AVERAGE HEAD ON TOP OF LAYER 10 

l·WERAGES 0.0043 0.0042 0.0048 0.0045 0.0038 .0023 
0.0019 0.0016 0.0018 0.0025 0.0034 0.0045 

STD. DEVIATIONS 0.0011 O. 1 0.0003 0.0004 0.0008 
0.0007 O. 01 0.0004 0.0012 0.0013 0.0008 

AVEHAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 30 

INCHES 

PRECIPITATION 47.66 7.384 

RJNOFF 14.595 5.337 \ 

EVAFCTPANSPlRATION 32.910 3.3769) 

PERCOLATION/LEAKF.GE THROUGH 0.14783 0.01464} 
LF.YER 4 

CU. FEET PERCENT 

113013.1 100.00 

52981. 28 30.623 

119464. 69.050 

536.623 .31016 

RECEIV D 
---~"'-l 

\ MARO_8Z0~:J 
Division of Waste Maf'iQgem~nt 

Solid Waste Stanch 
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AVERAGE HEAD ON TOP 
OF LAYER 3 

LATERAL DRAINAGE COLLECTED 
FRor\1 LAYER 9 

PERCOLATION/LEJl.KItGE THROUGH 
LF.YER 11 

AVERAGE HEAD eN TOP 
OF LJl.YER 10 

CHP~GE IN WATER STORP.GE 

23.506 2.l89} 

0.14784 ( 0.01414' 536.655 0.31018 

0.00001 0.00000 .OO(}02 

.00 

0.008 0.9227) 30.33 .018 
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FEp,K DAILY V.n.LUES FOR YEARS 1 THROUGH 30 

l INCHES i (CU. FT.' 

PRECIPITA?ION 23 7 03.900 

RUNOFF 3. 96 13053.2168 

PERCOLATION/LEAKAGE THROUGH 4 .00064 .33360 

AVERF.GE HEAD ON TOP OF L]):.YER 3 36. 

DR.AINAG2 COLLECTED FROi'1 L[ ... YEF. o. 35 

PERCOLATION/LEAKL.GE THROUGH Lp.,YER : 

AVERAGE HEAD ON TOP Of LAYER 10 .006 

MI~XH1U!'-1 HEAD ON TOP LAYER 10 

LOCATION OF MAXIMUI'1 HEAD IN L.n.YER 9 
(DISTANCE FR0I'1 DRIHW 9. FEET 

SNOVl \r~ATER 6.93 25158.185 

t"lAXH.jUlvj VEG. SOIL vmTER (VOL/VOL) 0.3733 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1855 

l'1aximlliil heads are computed I'1cEnroe t s **"* 

Reference: 1'1aximum Satura ed Depth over Landfi Liner 
Bruce M. Mc nroe, University of Kansas 

ASCE Journal 0 Environmental Engineering 
Vol. 119, No. I March 1993, pp. 262-270. 
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FINAL WATER STORAGE AT END OF YEP~ 30 

LAYER INCHES) (VOL/VOL\ 
--------

.l L.2281 0.3i14 

2 10.9829 0.3661 

3 0.0000 0.0000 

4 2.5620 0.~2iO 

5 3.6600 O. 105:' 

6 0.002 0.0100 

7 52.5600 

8 ::.4900 o. 

9 0.5419 0.0452 

10 0.0000 0.0000 

11 15.3 20 0.4 

SNOvv WATER 0.000 
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HELP MODEL 
LAYER NO. 

50% SLOPE ANGLES 
~ __ 50 FT SLOPE LENGTH (LAMINAR FLOW) 

BARE GROUND 

( OPERATIONAL) 
70% RUNOFF ALLOWED 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

12 

,..-,..-,.....,,..-,..-,..-,.....,,....,,..-,.....,,..-,.....,,.....,,..
,.....,,.....,,..-,.....,,..-,....,,....,,....,,....,,.....,,.....,,....,,.....,,....., 
,....,,....,,....,,.....,,....,,....,,....,,....,,.....,,.....,,.....,,....,,....,,....., 

,.....,,.....,,.....,,....,,.....,,.....,--,.....,,.....,,.....,--,....,,.....,~ 

DAILY COVER t " EVAPORATIVE 
, __ -r _________ ~1f ZONE 

WASTE 

DAILY COVER 

WASTE 

DAILY COVER 

WASTE 

DAILY COVER 

WASTE 

LINER PROTECTION 
LAYER 

DRAINAGE MATERIAL 
~=-+"/!!&!t"l"'lf!!i~=rr..~'"=I~~~ .... ~!!!!!W-*"~--+--HDPE LINER 

BARRIER SOIL 

D 

Division of vVaste Management 
Solid Waste Branch 

LATA Environmental Services 
of Kentucky, LLC 

PADUCAH C .. 746-U LANDFILL 
PADUCAH, KENTUCKY 

LANDFll;L CROSS SECTION 
SCHEMATiC OPERATIONAL PERIOD 

DAILY COVER 
APPROVED BY: PROJ.NO.; DATE: 
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HELP MODEL 
LAVER NO. 

10% SLOPE ANGLES 
50 FT SLOPE LENGTH (LAMINAR FLOW) 
POOR STAND OF GRASS 

( OPERATIONAL) 
80% RUNOFF ALLOWED 

1 

2 

3 

4 

5 

6 

,.....,,.....,,.....,,.....,,.....,,.....,,.....,,.....,,.....,------,-,....., 

--,---------,-,.....,------,-,---
------,.....,,.....,,.-------------,---------,.-,.....,,.-,-,-------------
,.....,,--------------------------------,.....,------------,-,---------,.-,.-,.-,.-,-,.....,,.-,.....,,---,.....,,.......,.-,.......,....., __ ,.-,..-,-,..-,.--J ____ __ 
,....., __ ,.--J __ ,.--J ______ ,-,....., __ ,- __ __ 

,.....,--...--...----...--...--,-...--...----,.....,,-,
,.....,...--,.....,,-...--...-- __ ...--...-- __ ,.--J __ ...--,-

--------,.....,...----,.-,.-----...--...----,....., __ ...--,.....,,.....,,.....,,....., ______ ,....., __ ,...-J...-
__ ...-,...-J ________ ...-- ________ ,...-J,-

__ ...-- ________ ...-- ____ ,..-,.....,,...-J __ ,...-J 

,..-,...-J,.....,,...-J,..-J,....., __ ,....., __ ,..-,..- ____ __ 

----------,-------,..-------,.,.-;,--',--'----,-----------,----____________ ,.._ __ ,.._,.....,,__',..-,...-J __ 

,...-J,...-J,.....,,...-J,...-J,.._,...-J,.._ __ ,..-,..- __ ,...-J,-________ ,.._ ____ ,...-J __ ,..- ____ ,....., __ 

NOT TO SCALE 

180'" WASTE 

LINER PROTECTION 
LAYER 

PADUCAH C-746-U LANDFILL 
PADUCAH, KENTUCKY 

LATA Environmental Services 1-------LA---NO-F-ll-L-C .... R .... O-SS-sE-c .... n-o-N-----

of Kentucky, LLC SCHEMATIC OPERATIONAL PERIOD (. 
LONG TERM COVER 

APPROVED BY: PROJ.NO.: DATE: 
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HELP MODEL 
LAYER NO. 

( OPERATIONAL) 

R EIVED 

\ MA~~ 
Division of Waste Management 

Solid Waste Branch 

20% SLOPE ANGLES 
12 FT SLOPE LENGTH (LAMINAR FLOW) 
FAIR STAND OF GRASS 
98% RUNOFF ALLOWED 

EVAPORATING 
ZONE 

48" OPERATIONAL 

I COVER 

~~~~~~~~~~~~~~--r--------~ 

2 

3 
4 

5 

LINER PROTECTION 
LAYER 

PADUCAH C-746-U LANDFILL 
PADUCAH, KENTUCKY 

LATA Environmental Services 1------LAN-O-FI-LL-C--R-Os-s-s-e-cT-lo-N------I 

of Kentucky, LLC SCHEMATIC OPERATIONAL PERIOD 
OPERATIONAL COVER 

APPROVED BY: PROJ.NO.: OATE: 
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HELP MODEL 
LAVER NO. 

11 % SLOPE ANGLE 
145 FT SLOPE LENGTH (LAMINAR FLOV\O 
GOOD STAND OF GRASS 
100% RUNOFF ALLOWED 

( OPERATIONAl) 

1 

2 

5 

e 

7 

8 

9 

10 

TOPSOIL t 
24" EVAPORATIVE 

PROTECTIVE ZONE 
SOIL 

~~~~~~~~~~~~~~~. __ ~6~MILHDPE 
c: BARRIER "SOIL 

COMPACTED SACRIFICIAL 
SOIL LAYER 

en GEONET 

~~~~~~~~~~~~~~~ 
,......,.,......,.,......,.,......,.,........,......,.,........,........,-,.-,........,-,.-,.-

,......,.,....,,........,......,.,......,.,........,........~,......,.--,........,-,........,

,....,,......,.,.-,-,.-,......,.,..-,........,......,.,........,..-,..-,..- ... 
,....,,......,.,....,,..-,,......,,........,......,.,......,.,..-,..-,..-,..-,..-,..
,......,. ,...., ,...., ,........ ,.- ,..- ~ ,......,. ,........',..- ,..- ,..- ,..- ,..-
,...., ,......,. ,...., ,..- ,..- ,..- ,......,. ,....., ,......, ,......,. "......, ,........ --' --' 72(1' WASTE 
,-J,....,,....,,.....,,.....,,.....,,....,,.......,,......,.,......,.,......,,......,.,......,.,..., 

,-,....,,......,.,-,......,.,..-,..-;,......,.,......,.,...,,..-,.....,,......,.,..
,..-;,....,,......,.,-,........,......,.,........,..-;,......,.,........,..-,.......,,..-,........ 

,..-,....,,..-,......,,....,,-,--J,........,..-,,,,,,,,,,-;,,,-,,,-,,,
,..-;,....,,.....,,..-,..-;,-,-,....,,........,.....,,.......,,.....,,......,,..
,........ ,...., ,......, ,..-; ,..-.,......,. ,........ ,........ ,- ,-.,......,. ,..-. ,......,. ,.
,........,........,........,........,..-.,..-.,......,.,......,.,-,..-,..-,......,,......,.,......, 

NOT TO SCALE 

LINER PROTECTION 
LAYER 

PADUCAH C-746-U LANDFILL 

( 

LATA Environmental Services I--___ ~P~AD~U~C~A~H~,~K~E~N~TU~C~KY~----
LANDFILL CROSS SECTION 

of Kentucky, LLC SCHEMATIC OPERATIONAL PERIOD 
FINAL COVER 

APPROVED BY: PROJ.NO.: DATE: 
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TITLE: LAYER TYPES AND DEFAULT TEXTURES FOR HELP MODELING 

Purpose: 

Select the appropriate HELP model default textures I soil properties for model input. 

Scenario No.1: Daily/Intermediate Cover Conditions 

1. Page 1 of this Attachment shows the landfill layers for the daily/intermediate cover conditions. 

2. This Table shows the HELP default soil, waste, and geomembrane characteristics. The following 
table summarizes the appropriate HELP default textures for the various layers: 

Table 1 - Dailyllntermediate Cover Conditions 
Phases 2 - 3 (2.73 acres) 

HELP Default 
Layer No. Layer Description Classification Description* Texture No. * 

1 Daily Cover SC 10 
Municipal Solid Waste 

2 Waste (channeling and dead zones) 19 
3 Daily Cover SC 10 

Municipal Solid Waste' 
4 Waste (channeling and dead zones) 19 
5 Daily Cover SC 10 

Municipal Solid Waste 
6 Waste (channeling and dead zones) 19 
7 Daily Cover SC 10 

Municipal Solid Waste 
8 Waste (channeling and dead zones) 19 
9 Liner Protection Layer SC 24 

Drainage Layer 
10 (k ~ 1.0 x 10-2 em/sec) SP 1 

Bottom Liner Geomembrane High Density Polyethylene 
11 (High Density Poly~thylene) (HDPEi 35 

Bottom liner Soil Barrier 
12 (k s 1 x 10-1 cm/sec) Barrier Soil 16 

*See Reference 4.41 Pages 19·25. 
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Scenario No.2: Long Term Cover Conditions 

1. Page 2 of this Attachment shows the landfill layers for long term cover conditions. 

2. This Table shows the HELP default soil, waste, and geomembrane characteristics. The following 
table summarizes the appropriate HELP default textures for the various layers: 

Table 2 - Long Term Cover Conditions 
Phases 1 - 3 (3.94 acres) 

HELP Default 
Layer No. Layer Description Classification Description* Texture No.t 

1 Long Term Cover SC 24 
Municipal Solid Waste 

2 Waste (channeling and dead zones) 19 
3 Liner Protection layer SC 24 

Drainage layer 
4 (k ~ 1.0 x 10-2 cm/sec) SP 1 

Bottom liner Geomembrane High Density Polyethylene 
5 (High Density Polyethylene) (HOPE) 35 

Bottom liner Soil Barrier 
6 (k s 1 x 10-7 cm/sec) Barrier Soil 16 

*See Reference 4.4, Pages 19-25. 
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Scenario No.3: Operational Cover Conditions: 

1. Page 3 of this Attachment shows the landfill layers for final cover conditions. 

2. This Table shows the HELP default soil, waste, and geomembrane characteristics. The following 
table summarizes the appropriate HELP default textures for the various layers: 

Table 3 - Operational Cover Conditions 

Layer No. Layer Description 
1 Operational Cover 
2 Liner Protection Layer 

Drainage Layer 
3 (k ~ 1.0 x 10-2 cmIsec) 

Bottom Liner Geomembrane 
4 (High Density Polyethylene) 

Bottom Liner Soil Barrier 
5 (k s 1 x 10-7 cm/sec) 

*See Reference 4.4, Pages 19 .. 25. 

Classification Description* 

SC 

SP 
High Density Polyethylene 

. (HOPE) 

Barrier Soil 

HELP Default 
Texture No! 

24 

1 

35 

16 

RECEIVED 
[ MAR o-;;o;l 

i 
~ .. ~-.-.-_-.J 

Division of Waste MLnagement 
Solid Waste Branch _ 
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Scenario No.4: Final Cover Conditions: 

1. Page 4 of this Attachment shows the landfill layers for final cover conditions. 

2. This Tablet shows the HELP default soil, waste, and geomembrane characteristics. The following 
table summarizes the appropriate HELP default textures for the various layers: 

Table 4 - Final Cover Conditions 
(Landfill Unit Acre) 

HELP Default 
Layer No. Layer Description Classification Description* Texture No! 

1 Vegetative Layer SC 10 
2 Protective Layer SC 24 

Final Cover Geomembrane 
(High Density 

3 Polyethylene) High Density Polyethylene 36 
Final Cover Soil Barrier 

4 (k Six 10-7 em/sec) Barrier Soil 16 
5 Sacrificial Soil Layer SC 24 

Drainage Net (0.5 em I 0.2 in) 
6 (k = 0.1 cm/s) Drainage Net 0 

Municipal Solid Waste 
7 Waste (channeling and dead zones) 19 
8 Liner Protection Layer SC 24 

Drainage Layer 
9 (k ~ 1.0 x 10-2 cmIsec) SP 1 

Bottom Liner Geomembrane High Density Polyethylene 
10 (High Density Polyethylene) (HOPE) 35 

Bottom Liner Soil Barrier 
11 (k S 1 x 10-7 cm/sec) Barrier Soil 16 

*See Reference 4.4, Pages 19 .. 25. 
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I. Abstract 
NOAA Atlas 14 contains precipitation frequency I!stimatcs with associated confidence limits for the 
United States and is accompanied by additional infonnation such as temporal distributions and 
seasonality. The Atlas is divided into volumes based on geographic sections onlle country. The 
Atlas is intended as the official documentation of precipitation frequency estimates and associated 
information for the United States. It includes discussion of the development methodology and 
intermediate results. The Precipitation Frequency Data Server (PFDS) was developed and published 
in randem with this Atlas to allow delivery of the results and supporting information in multiple forms 
via the Internet. . 

2. Preface to Volume 2 
NOAA Atlas 14 Volume 2 contains precipitation frequency estimates for Delaware. District of 
Columbia, Illinois, Indiana, Kentucky, Maryland, New Jersey. North Carolina. Ohio, Pennsylvania. 
South Carolina, Tennessee, Virginia. and West Virginia. These areas were addressed together in a 
single project focused on the Ohio River basin and surrounding states. The Atlas supcrcedes 
precipitation frequency estimates contained in Technical Paper No. 40 "Rainfall frequency atlas of 
the United States for durations from 30 minutes to 24 hours and return periods from I to 100 years" 
(Hershfield, 196]), NWS HVDRO-35 "Five- 10 60-minute precipitation frequency for the eastern and 
central United States" (Frederick et al., ) 977) and Technical Paper No. 49 "Two- to ten-day 
precipitation for return periods of2 10 tOO years in the contiguous United States" (MilleI' et ai., 1964). 
The updates are based on more recent and extended data sets, currently accepted statistical 
approaches. and improved spatial interpolation and mapping techniques. 

The work was performed by the Hydrometcorological Design Studies Center within the Office of 
Hydrologic Development of the National Oceanic and Atmospheric Administration's Nationul 
Weather Service. Funding for the work was provided by the National Weather Service, the Ohio 
River Basin Commission and its member States, U.s. Army Corps of Engineers, TenIlesse~ Valley 
Authority, Federal Emergency Management AdminiStration, Natural Resources Conservation Service. 
and Bureau of Reclamation. Any use of trade names in this publication is for descriptive purposes 
only and does not imply endorsement by the U.s. Government. 

Citation and Version History. TIlis documentation and associated artifacts such as maps. grids, and 
point-and·click results from the PFDS. are part of a whQle with a single version number and can be 
referenced as: "Precipitation-Frequency Atlas of the United States" NOAA Atlas 14, Volume 2, 
Version 3.0, G. M. Bonnin. D. Martin. B. Lin, T. Parzybok. M. Yekta, and D. Riley. NOAA, National 
Wealher Service, Silver Spring, Maryland, 2006. 

The version number has the fonnat p.s where: 

P is an integer representing successive releases of primary infonnation. Primary information is 
essentially the data - the values of precipitation frequencies (in ASCll grids of the precipitation 
frequency estimates and output from the PFOS). shapefiles, cartographic maps. temporal 
distributions, and seasonality. 

S is an integer representing successive releases of secondary information. S reverts to zero (or 
nothing; Le., Version 2 and Version 2.0 are equivalent) when P is incremented. Secondary 
infonnalion includes documentation and metadata. 

When new infonnation is completed and added. such as draft documentation. 11';,110141 changing 
any prior in/ormation: the version number is not incremented. 
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3. Introduction 

3.1. Objective 
NOAA Atlas 14 Volume 2 provides precipitation frequency estimates for the Ohio River basin and 
surrounding states which includes Delaware. District of Columbia, lllinois, Indiana, Kentucky, 
Maryland, New Jersey, North Caroiina, Ohio, Pennsylvania. South Carolina, Tennessee, Virginia, and 
West Virginia. Figures 4.1.1 and 4.1.2 show the project core area where estimates are available 
(enclosed in the bold linc) and also include all stations used in the analysis. even those oU1.Side the 
core area. This Atlas provides precipitation frequency estimates for 5-minute through 60-day 
durations at average recurrence intervals of I-year through 1,OOC-year. The estimates are based on 
the analysis of annual maximum series and then converted to partial duration series results. TIle 
information in NOAA Atlas 14 Volume 2 supercedes precipitation frequency estimates contained in 
Technical Paper No. 40 "Rainfall frequency atlas of the United States for durations from 30 minutes 
to 24 hours and return periods from 1 to 100 years" (Hershfield, 1961), NWS HYDRO-35 "Five- to 
60·minute precipitation frequency for the eastern and central United States" (Frederick et a\., 1977) 
and Technical Paper No. 49 "Two- to ten-day precipitation for return periods 0(2lo 100 years in the 
contiguous United States" (Miller el al., 1964). The results are provided at high spatial resolution and 
include confidence limits for the estimates. The Atlas includes temporal distributions designed for 
use with the precipitation frequency estimates (Appendix A.I) and seasonal information for heavy 
precipitation (Appendix A.2). tn addition. the potential effects of climate change were examined 
(Appendix A.3), 

The new estimates are based on improvements in three primary areas: denser data networks with 
a greater period of record. the application of regional frequency analysis using L-moments for 
selecting and parameterizing probability distributions and new techniques for spatial interpolation and 
mapping. The new techniques for spatial interpolation and mapping account for topograph}' and have 
allowed significant improvements in areas of complex terrain. 

NOAA Atlas 14 Volume 2 precipitation frequency estimates for the Ohio River ba'iin and 
surrounding stales are available via the Precipitation frequency Data Server at 
http://hdsc.l1ws.noaa.l!ovlhdsclpfds which provides the additional ability to download digital files. 
The types of results and information found there include: 

• point estimates (via a po;nt-and-click interface) 
• Arclnfoc ASCII grids 
• ESRI shapeflles 
• color cartographic maps for each state 
• associated Federal Geographic Data Committee-compliant metadata 
• data series used in the analyses: annual maximum series and partial duration series 
• temporal distributions of heavy precipitation (6.hour, 12-hour. 24-hour and 96-hour) 
• seasonal exceedance graphs: counts of events that exceed the I in 2,5, 10,25,50 and 100 

annual exceedance probabilities for tbe 6()..minute. 24-hour, 48·hour, and IO·day durations. 
As discussed in Sections 4.8.4 and 4.8.5, the color cartographic maps and ESRI shapefiles were 
created to serve as visual aids and. unlike Technical Paper 40, are not recommended for interpolating 
final point or ~ precipitafion frequency estimates. Users are urged to take advantage of the 
Precipitation frequency Data Server or the underlying Arclnfo0 ASCII grids for accessing estimates. 

3.2. Terminology; Partial Duration and Annual Maximum Series 
This publication adopts the terminology "average recurrence interval" (ARI) and "annual exceedance 
probability" (AEP) presented in Aus1ralian Rainfall and Runoff(lnstitute of Engineers, Australia 
1981) which in turn is based on Laurenson (1987). NOAA Atlas 14 is based on the analysis of 
annual maximum series data .. \ith the results converted to represent estimates based on partial 
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minute durations) were computed using an average ratio between the n-minute and 60-minute 
quamiles due to the small number of stations recording dala at less than 60-minute intervals. 

For the first time, the National Weather Service is providing confidence limits for the precipitation 
frequency estimates in the area covered by NOAA Alias 14. Monte Carlo Simulation was used to 
produce upper and lower bounds at the 90% confidence level. 

in the regional approach, the second and higher order moments are constant for each region 
resulting in a potential for discontinuities in the quantilcs at regional boundaries. In order to avoid 
potential discontinuities and to achieve an effective spatial Interpolation of quantiles between 
observing stations, the data series means at each station for each duration were spatially interpolated 
using PRISM technology by the Spatial Climate Analysis Service (SCAS) at Oregon State University 
(Appendix A.4), Because the mean was derived directly at each observing station from the data series 
and independently of the regional computations, it was not subject to the same discontinuities. The 
grid of quantiles for each successive average recurrence interval was then derived in an iterative 
process using a strong linear relationship between a particular duration and average recurrence interval 
and the next rarer average recurrence interval of the same duration (see Section 4.8.2). The resulting 
set of grids were tested and adjusted in cases where inconsistencies occurred between durations and 
frequencies. Computations were made over a geographic domain that was larger than the published 
domain to ensure continuity at the edges of the published domain. 

Both the spatial interpolation and the point estimates were subjecl to external peer reviews (see 
Section 6 and Appendix A.5). Based on the results of the peer review, adjustments were made where 
necessary by the addition of new observations or removal of questionable ones. Adjustments were 
also made in the definition of regions. 

Temporal preCipitation patterns were extracted for use with the precipitation frequency estimates 
presented in the Atlas (Appendix A.I). The temporal patterns are presented in probabitistic terms and 
can be used in Monte Carlo development of ensembles of possible scenarios. They were spedfically 
designed to be consistent with the definition of duration used for the precipitation frequency estimates. 

The seasonality of heavy precipitation is represented in seasonal exceedance graphs that are 
available through the Precipitation Frequency Data Server. The graphs were developed for each 
region by labulating the number of events exceeding the precipitation frequency estimate at each 
station for a given annual exceedance probability (Appendix A.2). 

The l--day annual maximum series were analyzed for linear trends in mean and variance and shifts 
in mean to determine whether climate change during the period of record wao; an issue in the 
production of this Atlas (Appendix A.3). TIle results showed little observable or geographically 
consistent impact of climate change on the annual maximum series during the period of record and so 
the entire period of record was used. The estimates presented in this Atlas make the necessary 
assumption that there is no effect of climate change in future years on precipitation frequency 
estimates. The estimates will need to be modified if that assumption proves quantifiably incorrect. 

R I 
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CLiMATOGRAPHY OF THE UNiTED STATES NO. 81 
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CLIMATOGRAPHY OF THE UNiTED STATES NO. 81 
Monthly Normals of Temperature, Precipitation, and Healing and Cooling Degree Days 
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PGDP Solid Waste Landfill, Paducah, Kentucky 
Comparison of Rainfall to Leachate Generation 

* Leachate measuremnts are taken only on days in which the landfill is open (4-day work weeks) Therefore, to 
approximate data during the non-open periods, a uniform daily amount is calculated based on the measured amounts 
for the day prior to the weekend and the day folloWing the weekend. 
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PGDP Solid Waste Landfill, Paducah, Kentucky 
Comparison of Rainfall to Leachate Generation 

* Leachate measuremnts are taken only on days in which the landfill is open (4-day work weeks) Therefore, to 
approximate data during the non-open periods, a uniform daily amount is calculated based on the measured amounts 
for the day prior to the weekend and the day following the weekend. 
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PGDP Solid Waste Landfill, Paducah, Kentucky 
Comparison of Rainfall to Leachate Generation 

1< Leachate measuremnts are taken only on days in which the landfill is open (4-day work weeks) Therefore, to 
approximate data during the non-open periods, a uniform daily amount is calculated based on the measured amounts 
for the day prior to the weekend and the day following the weekend. 
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PGDP Solid Waste Landfill, Paducah, Kentucky 
Comparison of Rainfall to Leachate Generation 

* Leachate measuremnts are taken only on days in which the landfill is open (4-day work weeks) Therefore, to 
approximate data during the non-open periods, a uniform daily amount is calculated based on the measured amounts 
for the day prior to the weekend and the day following the weekend. 

4/312008 
4/4/2008 
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PGDP Solid Waste Landfill, Paducah, Kentucky 
Comparison of Rainfall to Leachate Generation 

* Leachate measuremnts are taken only on days in which the landfill is open (4-day work weeks) Therefore, to 
approximate data during the non-open periods, a uniform daily amount is calculated based on the measured amounts 
for the day prior to the weekend and the day following the weekend. 
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PGDP Solid Waste Landfill, Paducah, Kentucky 
Comparison of Rainfall to Leachate Generation 

" Leachate measuremnts are taken only on days in which the landfill is open (4-day work weeks) Therefore, to 
approximate data during the non-open periods, a uniform daily amount is calculated based on the measured amounts 
for the day prior to the weekend and the day folloWing the weekend. 

;~~~~~~~~ ~:~~t------~+---=-=-=-.::-f---t_--+----t----=-~t---==:::-:-=-:-t-----:"':'=::=-:-t 
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5/18/2008 0.001--__ ~+--~~---1__--+_--_+_-~~t_~~~~~~ 
5/1912008 0.00 ......... __ ~+_---.;;;.~--___11__--+__--_+_-~_=_=i1__~~:+____:~~ 
5/20/2008 0.001--__ ~:+--_~1__--+_--_f_--_+--~~__:"~~1____:_::~~ 
5/21/2008 0.001--_~~+-__ ~ ___ 1__ __ +-__ +-_--:--:::-::-it_~~=+-___:~~ 
5/22/2008 O. 
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5/28/2008 0.021--_.......;;;;..;...;..;;;+-_...;;;;.;;.~-_-1----+--_-t-_~~1__~~~___:~~ 
512912008 0.001--__ ......;;;~-__ ~---1----+----t--~~1__~~*_--~~ 
5/3012008 0.001--_~~+_-~~-_-1----+--_-t-_~~1__~~+_-~~ 
5/31/2008 0.08l-_~~~-~~-_J__-_I__-.J..._-.;~~~~l_~~ 
6/112008 0.021--....;;;.~r_-...;.:;-;~--_t--_t----t--~:;1___;;:~~-~~ 
61212008 
6/3/2008 

TotalS for 
April and May 
2008 12.42 1312235 138780 
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1,1 

Daily Net 
F..Q01 Discharged Method of Total Gallons F-002 Discharged Method of Total Gallons DATE Gallons 

Collected 
(gallons, (gallons) Discharge Discharged (gallons) (gallons) Discharge Discharged 

31-0ct-07 5000 4500 20000 16400 1700 90S0 
1-Nov-07 600 500 14700 7600 
2-Nov-07 600~ " .. , ·.~~OO 
3-Nov-07 600 ~ j."J;;ri·OO . 
4-Nov-07 600 [t" :7:1:00 
5-Nov-07 0 2900 7100 3000 
6-Nov-07 900 2900 1500 4100 3700 
7-Nov-07 0 1400 1000 1300 
8-Nov-07 225 400 1300 
9-Nov-07 225 W':'.,::,~·'; '''" k ··t52.5, 

i0-Nov-07 225 1.'",,\,\, IL::,1~5d 
ii-Nov-07 225 '\ 1~i75' 

12-Nov-07 0 400 2200 
13-Nov-07 200 400 2200 1S00 
14-Nov-07 600 600 400 
1S-Nov-07 0 1200 400 
16-Nov-07 o c,: ,.,,':0:, i:2f}Q' ",400 
17-Nov-07 0 ,'." !i1l:\1\ "~.,i.wO .,f I_ ..... ,V, 

1S-Nov-07 0 :,,';:, :'::':,Y~ 400 i\"V~ 
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21-Nov-07 633 ',"Ii,,.."" ..... ,'"', i 400 
22-Nov-07 633 "": '"." .... :C)'; .... , •• 
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25-Nov-07 633 ,." , '400 1i!"''4:t:'',·I''~~t. 
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27-Nov-07 0 2400 2000 4500 1000 
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29-Nov-07 925 2800 8100 400 20200 
30-Nov-07 925 '·j.·:·:·~ti5, 400 
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Total Total 
Daily Net 
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Collected Collected 
Collected in F .. OO1 in F..Q02 
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DATE 

RECEIVED 
[ M~R 0 82012 ] 

Division of Waste Management 
Solid Waste Branch 

,!JILlI. III 

D ". N t I I I I I I I I I Total Total I D '1 N t :'Ir e F"()01 Discharged Method of Total Gallons F"()02 Discharged Method of Total Gallons Gallons Gallons :I,r e 

C all ontsd (gallons) (gallons) Discharge Discharged (gallons) (gallons) Discharge Discharged Collected Collected Ca'l onts
d o ec e in F-001 in F-002 0 ec e 

1-Feb-OB 2100 di,'''''':'i~~ .' 6500 2100 0 2100 
I 2-Feb-08 2100 ..6500 2100 0 21001 
I 3-Feb-OB 2100 1'6s06· 2100 0 21001 
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9-Feb-OB 4250 4250 
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3-Apr-OS 

4-Apr-OS 

5-Apr-08 

6-Apr-OS 

7-Apr-OS 

8-~~r-08 

9-Apr-OS 

10-Apr-OS 

11-Apr-OS" 

12-Apr-08 

13-Apr-08 

14-Apr-08 

15-Apr-08 

16-Apr-08 

17-Apr-08 

18-Apr-08 

19-~Qr-OS 

20-Apr-OS 

21-Apr-08 

22-Apr-08 

23-ApJ-08 

24-Apr-08 

25-Apr-OS 

26-Apr-08 

27-Apr-08 

2S-Apr-08 
29-Apr-08 

30-Apr-08 

1-May:-OS 
2-May-08 

3-Ma~-08 

RECEIVED 

I M_ARO~ 
Division of Waste Management 

Solid Waste Branch 

]" ,JJlill,1II 

Dait Net I I I I I I I I I Total Total I 0 0' N t G ,r F-001 Discharged Method of Total Gallons F-002 Discharged Method of Total Gallons Gallons Gallons :',r e 

C ~I ontsd (gallons) (gallons) Discharge Discharged (gallons) (gallons) Discharge Discharged Collected Collected Call °tnsd 
o ec e in F-001 in F-002 0 ec e 
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DATE ~,r e F-001 Discharged Method of Total Gallons F-002 Discharged Method of Total Gallons Gallons Gallons ;I.y e 0"' Ntl I I I I I I I I Total Total 10
" Nt 

COI..::'.t (gallons) (gallons) Discharge Discharged (gallonsl (gallons) Discharge Discharged ~~I~= ~~I~~~ Co~~~ 
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Attachment 'L' 
Paducah Remediation Services 

Page 1 of 16 

Originator J. Keith Thorn Date July 08,2008 Calc. No. CAC-PH746U-P001 Rev. No.1 
Project Material Disposition Job No. N/A Checked N/A Date N/A 

~atjonal W\!ath¢r Service· Climate Data Page 1 of3 

Fxpilinatiun (If the J>1'dhuin;II~' ('Umah' Data (l"y)j)J'oduf,1 

Please note this information is preliminary and subject to revision. Official and certified climatic 
data can be accessed at the National Climatic Data Center (NCDC) 
(he lp:lh'" w.netlc. tH~ail.gu'·/ml/n~d~htm1). 

WFO Monthly/Daily Climate Data 
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Please note this information is prcliminary and subject to rcvision. Official and cel1ified climatic 
dutu can be accessed at the National Climatic Datu Center (NCDC) 
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Leachate Log 

RECEIVED 
~08··~ 
L:~~_~~L~ 

Division of Waste MWli:igement 
Solid Waste Branch 



PADUCAH 
Remediation Services 
A Portage Shaw Joint Venture Company 
Pennit No. 073-00045 PGDP SOLID WASTE LANDFILL - LEACHATE LOG McCracken County, Kentuck 

AppendixC 

Month Year ---

DATE PHASE 
COLLECTION MOBILE 

TANK NUMBER TANKER 

WSD-F-0004 

----
VOLUME DISPOSAL 
(gallons) METHOD* 

( 

* R - Re-circulated to Working Phase 
W - Transported to Wastewater Treatment Facility 

L - Disposed at on-site Leachate Treatment Facility 
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CALCULATION COVERSHEET 

Project Title _~M~a=te::ln~·a~l.::::D~ispo=s~it::!.:io~n~ _______________ _ Job No. __ .... N=/~A:....-_~_ 

Area!BuildingILocation _____ C-""--'-74.....,6~-..:::U'--___________________________ _ 

Discipline _~C=iv ..... i:...l ____________ _ *Calc. No. CAC-PH746U-POOI 

Subject C-746-U Landfill HELP Model Revision and Required Leachate Storage 

Computer Program Hydrological Evaluation of Landfill Performance (HELP) Program No. Vert 3.07 

Committed Calculation ~ Preliminary 0 Superseded 0 

Rev. Sheet Numbers Oril!inator Checker Reviewer Approval Date 

0 1-9 1.K. Thorn Mary M. Hensley N/A Lance Fleming 06/12108 

1 1-9 J.K.. ThQrn Kendall L. .Holt NlA ~dallA.,. Holt 07/08/08 

2 1-9 r.£n~ 1:n~Olt N/A ~~ 02123111 
V 

SUMMARY OF REVISION 

0 Initial Issue for Submission to Kentucky Division of Waste Management 

1 Revised to clarify interpretation of maximum leachate head in Scenario 1 page 4 of 9 

2 Revised to show LATA Environmental Services of Kentucky in lieu of Paducah Remediation Services. Revised 
to show 60-mil HOPE in final cap in lieu of 40-mil VLDPE pages 4 and 8 of Attachment 'F', 8 pages. Revised 
the average annualleacbate collected for Scenario 1 on page 8 of9 from 96252 W to 102415 tt3. Changes have 
no effect of conclusions of this Calculation. Attachments 'A" 1 page; 'B" 20 pages; 'C', 18 pages; 'D', 18 
pages; 'E', 33 pages; 'G', 8 pages; 'H' 2 pages; 'J', 7 pages; 'K', 7 pages; and 'V, 16 pages are unrevised. 

Mlcrommed Rev. Date Reel No. Rev. Date Reel No. 

*Obtain Calculation Number from Engineering and Technical Services Manager 

RECEIVED 
ENG-F-0036 (8-10) 

I MAR ~~~~~12 J 
PAl).ENG-1026 

JiI~ 
Division of Waste Manage/nent I . Solid Waste Branch I 

t. lflfAR a,,· 
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Origilll'or J. KeIth Thorn p- Date Feb. 23.2011 Calc. No. CAC-PH746U-POOl 

4416 
Rev.No. _2_ 

Projed _ Material Disposition __ _ Job No. _NI A_ Cheeked _KendaH L II)lt_ Date Feb. 23, 2011 

C-746-U LandOH HELP Model Revision and Req uwed Leachate Storage 

1.0 PURPOSE: 

The purpose of this calculation is to revise the Hydrological Evaluation of Landfill Performance 
(HELP) Model analysis for the PGDP C-746-U Solid Waste Landfill, last revised in October 2007. 
The output from the revised HELP Model analysis will be used to calcuate the required storage to 
contain the 15 day Peak Leachate Production required by State regulations. 

2.0 INPUT DATA: 

The data to be used for this calculation shall be taken from the sources below. 

2.1 The weather information for the city of Evansville, IN is used as the basis to generate 
synthetic data for Precipitation, Temperature, Solar Radiation. and Evapotranspiration. 
The Normal Mean Monthly Precipitation Values, The Normal Mean Monthly 
Temperature Values, and the Station Latitude were adjusted in accordance with the 
data given in Reference 4.3 for Paducah, KY. The synthetic daily precipitation values 
generated by the HELP Model were manually overwritten during a specific 15 day 
period to ensure that both the 25 year - 24 hour and 25 year - 15 day preCipitation 
events were captured. 

2.2 The 25 year - 24 hour (with a 90% probability not to be exceeded) precipitation value of 
6.53 inches was obtained from Reference 4.2. . 

2.3 The 25 year - 15 day (with a 90% probability not to be exceeded) precipitation value of 
12.69 inches was obtained by interpolatiory from the table in Reference 4.2. 

3.0 ASSUMPTIONS: 

In this calculation the following assumptions were made: 

3.1 The Landfill Cross Section Schematics shown on Pages 1 - 4 of Attachment 'F' is valid. 

3.2 The Soil Types used in HELP Modeling as shown on Pages 5 - 8 of Attachment 'F' is 
valid. 

4.0 REFERENCES: 

4.1 Hydrological Evaluation of Landfill Performance Modeling for the Paducah C-746-U 
Landfill, Shaw Environmental, Inc., October 2007. 

4.2 Point Precipitation Frequency Estimates from" National Oceanic and Atmospheric 
Administr~tion (NOAA) Atlas 14, NOM, 2004.(Attachment IG') 

4.3 United States Climate Normals 1971-2000, Climatology of the United States No. 81. 
Kentucky, NOM. (Attachment 'HI) 

4.4 Hydrological Evaluation of landfill Performance (HELP) Model Engineering Document fOI 
Version 3. 

4.5 The PGDP Solid Waste Landfill leachate Log Oct. 31,2007 thru June 3,2008 (as 
modified to calculated daily leachate generated). (Attachment 'Kt) 

. 4.6 National Weather Service Preliminary Local Climate Data Form F-6 for Paducah, 
Kentucky Station ASOS, Nov. 2007 thru June 2008. (Attachment 'L') 
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C-746-U LandfiU HELP Model Revision and Required Leachate Storage 

5.0 CAlCULATIONS: 

5.1 Distribution of Precipitation During the 25 Year - 15 Day Event 

15 Day Precipitation Distribution for 
25 Year Event 

C 7.00 
c 6.00 
~ 5.00 
E 4.00 aa 3.00 ~~~~~~~~ 
au 2.00 
! 1.00 ~~~~~~~~+ri~I.H~~**~~~~~~ 
Q. 0 .00 -FD"'"-r-'-"~~.:::w;-.=:L;,j..a.::.L.:~+-=~~~=a..;.;;.~~~~ 

~~¢"~~¢' ~~~~~~~().,~~~~~~~ro 
~ ~ '" '" '" '" '" '" '" ~ '" '" '" '" ",I\: '" '" '" ~ '" " '" " 

In determining a "worst casell plausable scenario for decribing a 25 Year - 15 Day event 
which includes the 25 Year - 24 Hour event as well, the approach taken is shown in the 
graphic above. The 25 Year - 24 Hour event was assumed to have occured on the 8th 
day. One half of the balance of the 15 day precipitation is placed on each of the 
preceeding days. The result is a 15 day period that begins with the first seven days 
being 0.44 inches. the 8th day being 6.53 inches, and the last seven days being 0.44 
inches. These prescipitation values were manually superimposed over the syntheticly 
generated values during Novemeber 22 to December 6 of the 9th year. 

5.2 HELP Model Scenario 1 - Dailyllntermediate Cover Conditions 

The daily cover operations were modeled as a series of 2 ft thicklayers of waste covered 
by 6 inches of daily cover material with a maximum thickness of 10 feet as shown on 
Page 1 of Attachment IF'. This scenario was modeled for a 15 year elapsed time. Bare 
ground condition was used. The Maximum Leaf Index is 1.0. The Evaporative Zone 
Depth is 18 inches. 70% of the runoff was allowed. The SCS number was computed by 
HELP based on surface slope. slope length. soil texture and quantity of vegetative cover 
(assumed bare ground, slope of 50%, and slope length of 50 feet.) The initial water 
content of the leachate collection system and dailylintermediate cover material were set 
at the field capacity of the respective materials. The intial water content of the waste 
was set at the wilting point. R E eEl ED 

~
-"<'<"-"l 

MAR 0 8 "2012 ____ J 
Division of Waste Manag~ment 

Solid Waste Bran_~h 
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As a permit requirement, PGDP has committed to maintain a maximum head of leachate 
on the HOPE liner of no greater than 12 inches. The results of the HELP Model Peak Daily 
Values shown on Page 19 of 20 indicate that the modeled scenario (2.73 acres) would 
result in a MAXIMUM HEAD ON LAYER 11 of 1.394 feet. However, in practice the landfill 
will never. have the entire area of any given phase or pair of phases configured with 
dailylintermediate cover (limited in this analysis to 0.5 acres), the leachate head will 
dissipate into the adjacent areas of the drainage layer which underlie more impervious 
cover material. These adjacent layers all have maximum heads of well under 12 inches. 
Therefore, the maximum head in a composite analysis would be no greater than 12 inches. 

5.3 HELP Model Scenario 1 - Daily/Intermediate Cover Results 

Attachment '8' is the HELP Model run which calculates the peak daily 

leachate production rate of 910 ft3 for Phases 2&3 (2.73 acres). This value is 
shown as the DRAINAGE COLLECTED FROM LAYER 10 and can be found 
on Page 19 of 20. 

To change the units of this value from ft3 / day for Phases 2&3 to gallons/acre/day 

3 
910ft . 7.48gal. = 2493.33 gal 
l.Oday l.Oft3 2.73acre acre· day 

5.4 HELP Model Scenario 2 - Long Term Cover Conditions 

The long term cover operations were modeled as a 15 ft thick layer of waste 
covered by 30 inches of long term cover material as shown on Page 2 of 
Attachment 'Fl. This scenario was modeled for a 15 year elapsed time. Poor 
vegetative condition was used. The corresponding Maximum Leaf Index is 1.05. 
The Evaporative Zone Depth Is 18.inches. 80% of the runoff was allowed. The 
SCS number was computed by HELP based on surface slope, slope length, soil 
texture and quantity of vegetative cover (slope of 10%, and slope length of 50 
feet.) The initial water content of the leachate collection system and 
daily/intermediate cover material were set at the field capacity of the respective 
materials. The intiat water content of the waste was set at the wilting point. 

5.5 HELP Model Scenario 2 - Long Term Cover Results 

Attachment Ie' is the HELP Model run which calculates the peak daily 

leachate production rate of 422 ft3 for Phases 1,2&3 (3.94 acres). This value 
is shown as the DRAINAGE COLLECTED FROM LAYER 4 and can be found 
on Page 17 of 18. 

To change the units of this value from ft3 / day for Phases 1, 2&3 to gallons/acre/day 

3 
422ft . 7.48gal. 1 = 801.16 gal 
1.0day l.Oft3 3.94acre acre· day 

o 2D12. 
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5.6 HELP Model Scenario 3 - Operational Cover Conditions 

The operation cover conditions were modeled as a 48 in thick layer of soil cover 
installed over the 18 inch protection layer with no waste in between as shown on 
Page 3 of Attachment IF'. This scenario was modeled fora 15 year elapsed 
time. Fair vegetative condition was used. The corresponding Maximum Leaf 
Index is 2.0. The Evaporative Zone Depth is 18 inches. 98% of the runoff was 
allowed. The SCS number was computed by HELP based on surface slope, 
slope length, soil texture and quantity of vegetative cover (slope of 20%, and 
slope length of 12 feet.) The initial water content of the leachate collection 
system and operational cover material were set at the field capacity of the 
respective materials. 

5.7 HELP Model Scenario 3 - Operational Cover Results 

Attachment '0' is the HELP Model run which calculates the peak daily 

leachate production rate of 294 ft3 for Phases 4/5 (1.53 acres). This value is 
shown as the DRAINAGE COLLECTED FROM LAYER 4 and can be found on 
Page 17 of 18. 

To change the units of this value from ft3 I acre/day to gaUonslacre/day 

294ft
3 

. 7.48gal :c: 1437.33 gal 
1.0day·1.53acre 1.0ft3 acre· day 

5.8 HELP Model Scenario 4 - Final Cover Conditions 

The final cover conditions were modeled as a 60 ft thick layer of waste covered 
by a final cap system as shown in Exhibit 1 of Attachment 'F'. This scenario 
was modeled for a 30 year elapsed time. Good vegetative condition was used. 
The corresponding Maximum Leaf Index is 3.5 The Evaporative Zone Depth is 
24 inches. 100% of the runoff was allowed. The SCS number was computed by 
HELP based on surface slope. slope length, soil texture and quantity of 
vegetative cover (assumed bare ground, slope of 11%. and slope length of 145 
feet.) The initial water content of the leachate collection system and 
dailylintermediate cover material were set at the field capacity of the respective 
materials. The intial water content of the waste was set at the wilting point. 

,--,- ? 

:;...:, ~ 2013 
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5.9 HELP Model Scenario 4 - Final Cover Results 

Attachment 'E' is the HELP Model run which calculates the peak daily 

leachate production rate of 2.33 ft3 for a UnIt Area (1.0 acres). This value is 
shown as the DRAINAGE COLLECTED FROM LAYER 9 and can be found on 
Page 32 of 33. 

To change the units of this value from ft3 I acre/day to gallons/acre/day 

2.80ft
3 

. 7.48gal = 20.94 gal 
1.0day·I.Oacre 1.0ft3 acre-day 

5.10 Calculate Required Leachate Storage Throughout the Life of the Landfill 

The values calculated in Sections 5.3,5.5,5.7 and 5.9 above are intended to be 
representative of the leachate production to be expected for the Daily/Intermediate, 
Long Term, Operational and Final Cover conditions respectively. With that as a 
basis, the spreadsheet shown in Attachment lA' calculates the volume of leachate 
to be generated by the landfill under the criteria listed at the top of the spreadsheet. 

5.11 Demonstrate the Correlation between the Model and the Actual Data 

To establish the correlation between the HELP Model results and the actual rainfall 
and leachate data being collected for the current landfill operation we shall compare 
the ratio of actual leachate collected vs. gross rainfall over the landfill area. There were 
several improvements to correct grading that was inconsistent with the physical data in 
the HELP Model. These improvements were made at the beginning of April and have 
dramatically reduced leachate production. The Rain to Leachate Ratio (RatioActual) 

calulated below will be for the months of April and May 2008 since the landfill 
configuration during that period is more accurately represented in the current HELP 
Model. 

The total rainfall received by the landfill during April and May 2008 (See Attachment IJI) is 

Rain AprilMay08Depth:= 12.42in 
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5.11 (Continued) 

We will convert that depth into a volume received by the landfill area Phases 1-3 (3.94 acres) 

. . m AprilMay08Deptb ft gal 
RamAprilMay08Volume'= . ··43560·- .(3.94aCre).(7.48-) [~. ]( 2) 

12~ acre ft3 
ft 

Rain AprilMay08Volume = 1328697.26 gal 

The total leachate collected by the landfill during April and May 2008 (See Attachment IJI) is 

LeachateAprilMay08Actual:= 1387S0.00gal 

The ratio of leachate conected to rainfall received is 

. . Leachate AprilMayOSActual 
RatIO Actual := --.----=~----:~--

RamAprilMay08Volume 
Rati0Actual = 10.44% 

The Long Term Cover Scenario 2 is based on the HELP Model run included as Attachment 
'C'. In that model 3.94 acres is the area being modeled. The average annual precipitation 

for the 15 year period being modeled is 684561 ft3, and can be found on Page 16 of 18. 
We will now calculate a value of precipitation per acre for the Long Term Cover condition 
analyzed in the HELP Model.. 

Arear.TC:= 3.94acre 

. 684561ft3 . ft3 
RamHELP LTC:= RainHELP LTC = 173746.45 -

- Are~TC - acre 

The Dailyllnterim Cover Scenario 1 is based on the HELP Model run included as 
Attachment 'BI, In that model 2.73 acres is the area being modeled. The average annual 

precipitation for the 15 year period being modeled is 474327 ft3, and can be found on Page 
18 of 20. We will now calculate a value of precipitation per acre for the Dailyllnterim Cover 
condition analyzed in the HELP Model., 

Areanc:= 2.73acre 

. 474327ft
3 

RamHELP DC:= ---
- AreaDe 

, ft3 

RainHELP DC = 173746.15-
- acre 

.f1AR 3, 0 2012 
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5.11 (Continued) 

Page 8 of9 

Rev.No. _2_ 

Date Feb. 23, 2011 

Current landfill configuration is c<;>mprised of Phases 1-3 with a total area of 3.94 acres. Of 
that total approximately 3.44 acres is under Long Term Cover and approximately 0.50 acres 
is under Dailyllnterim Cover. We will now calculate the average total amount of rainfall 
received by both the Long Term Cover area and Daily/Interim Cover area combined. 

RainHELP _DC'0.5acre + RainHELP_LTG3.44acre = 684560.85 ft3 

Recall Attachment rcr, In the Scenario 2 model, 3.94 acres is the area being modeled. The 

average annual leachate collected for the 15 year period betng modeled is 8322 ft3 , and 
can be found on Page 16 of 18. We will now calculate a value of leachate collected per 
acre for the Long Term Cover condition analyzed tn the HELP Model.. 

8322ft
3 

LeachateHELP LTC:= ---
- AreaLTC 

o eo 

ft3 
LeachateHELP LTC = 2112.18-

- acre 

Recall Attachment 'B', In the Scenario 1 model. 2.73 acres is the area being modeled. The 
average annual leachate collected for the 15 year period being modeled is 102415 ft3 , and 
can be found on Page 18 of 20. We will now calculate a value of leachate collected per 
acre for the Dailyllnterim Cover condition analyzed in the HELP Model.. 

l02415ft
3 

LeachateHELP _DC := 
AreanC 

ft3 
LeachateHELP DC = 37514.65 -

- acre 

As previously stated, current landfill configuration is comprised of Phases 1-3 with a total 
area of 3.94 acres. Of that total approximately 3.44 acres is under Long Term Cover and 
approximately 0.50 acres is under Dailyllnterim Cover. Since the HELP Model is not 
capable of modeling muliple cover conditions at the same time, we will take the per acre 
values calculated above and apply them to the areas which represent the current landfill 
configuration to generate a composite calculation of the average annual leachate production 
predicted by the HELP Model. 

LeachateHELP -PC·0.5acre + LeachateHELP _LTG3.44acre = 194667.3 gal 

The ratio of Leachate predicted to rainfall applied in the HELP Model is 

. LeachattRELP DC + Leachat~p LTC 
Ratl~LP:= 0 • • 

o RamHELP_DC + RainHELP_LTC 

Rati~LP = 11.4 % 

.. . •.. ," ". 
AS A~ itlARa ~·201! 
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6.0 CONCLUSION: 

This calculation utilizes the HELP Model to calculate Peak Daily leachate production values for 
four different cover conditions (DailyJlntermediate. Long Term, Operational. Final). Those values 
are then applied using a rational approach to calculate leachate storage requirements for the 
spectrum of landfill configurations anticipated (See Attachment fAI). 

Of particular near-term interest are the values of approximately 60,000 gallons for the present 
landfill configuration of Phases 1-3 and approximately 88,000 gallons for the operation of Phases 
1-5, as well as, approximately 1541000 gallons for operation of Phases 1-11. 

To establish the correlation between the HELP Model results and the actual rainfall and leachate 
data being collected for the current landfill operation, we compared the ratio of actual leachate 
collected to gross rainfall over the landfill area (RatioActual) with the ratio of Leachate predicted to 

rainfall applied in the HELP Model (RatioHELP)' 

Ratio Actual = 10.44 % 

RatiOjffiLP= 11.4% 

This comparison seems to support a good correlation ot"the HELP Model to actual conditions. 

RECEI ED 
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HELP MODEL 
LAYER NO. 

50% SLOPE ANGLES 
,--__ 50 FT SLOPE LENGTH (LAMINAR FLOW) 

BARE GROUND 

( OPERATIONAL) 70% RUNOFF ALLOWED 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

12 

,....,,....,,....,,-,....,,....,,....,,....,,....,,....,,.....,.,....,,-,
,....,,....,,....,,-,....,,....,,....,,....,,-,....,,....,,....,,.-,......, 
,....,,......,,....,,-,....,,......,,....,,....,,....,,....,,....,,....,,.-,...., 
,....,,....,,......,,-,.-,....,,....,,....,,....,,...-,........,,.........,,.-,...., 

6" DAILY COVER t" EVAPORATIVE 
, __ -r __________ ~1f ZONE 

WASTE 

DAILY COVER 

WASTE 

DAILY COVER 

WASTE 

DAILY COVER 

WASTE 

LINER PROTECTION 
LAYER 

DRAINAGE MATERIAL 
~~~~~~~~~~Sr.".!r'i'i~~~--+--HDPE LINER 

BARRIER SOIL 

ECEIVED 

MAR 0 8. 2012 I 
Division of Waste Management 

Solid Waste Branch 

LATA Environmental Services 
of Kentucky, LLC 

PADUCAH C-746-U LANDFILL 
PADUCAH, KENTUCKY 
LANDFI~L CROSS SECTION 

SCHEMATIC OPERA llONAl PERIOD 
DAILY COVER 

APPROVED BY: PROJ.NO.: DATE: 

AI AA'ROVED 111M 3 0 2012 
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HELP MODEL 
LAVER NO. 

10% SLOPE ANGLES 
50 FT SLOPE LENGTH (LAMINAR FLOVV) 
POOR STAND OF GRASS 

( OPERATIONAL) 80% RUNOFF ALLOWED 

1 

2 

3 

4 

5 

6 

,.--J,.--J,.--J,.....,,.--J,.--J,.--J,.--J,...-,..-,...-,-,..-,.--J 
,......,,..-,........,,......,,........,,......,,......,,......,,........,,........,,........,,.....,,......,,....., 

,..-,..-,........,,..-,..-,.....,,..-,..-,.....,,..-,......,,.....,,..-,..
"""""'-"'-,..-,.....,,.....,,......,,......,,..-,......,,......,,.....,,......,,-J 
,......,,..-,..-,-J,..-,.....,,.--J,..-,..-,.....,,.....,,,,,,,,,,,,,,,,,,,,,,,,-

"'-"""''''''''''''-,.--J''''''',.--J'''''''''''''''''''''''''''''''''''''''''''''''''''',--' 
,......,,......,,-,--.,......,,........,,......,,--.,........,,..-,..-,--',......, 

""""",.....,,.....,,...-J,...-J,..-,.....,,......,,..-,..-,.....,,......,,.....,,....., 

""""""""""'-,......,,.....,,......,,..-,..-,..-,.--J,.--J,..-"""''''''''' 
,.....,,......,,......,,.....,,..-,..-,......,,......,,..-,........,,......,,......,,......,,..-

,........,,........,,.....,,.....,,.....,,..-,......,,........,,......,,.....,,..-,......,,......,,..

"""""""",,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,..-,..-,........,,.--J,........,,........,,..
,..-,........,,.....,,.....,,......,,......,,........,-,........,,........,-,......,,........,,........, 
,..-,......,,........,,......,,..-,........,,......,,..-,-J,.....,,........,,.....,,........,,..-

"""',........,,........,,........,,..-,-J,........,,........,,-J,.....,,-,-J"""''
,.....,,......,,.....,,.....,,..-J,-,......,,........,,......,,.....,,......,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

,.....,,......,,........,,........,,......,,........,,........,,..-,..-,.....,,.....,,.....,,........,,..

,.-J,........,,......,,..-,..-,........,,..-,..-,..-,.....,,........,,.....,,........,,......, 

""""""""''''''''''''''''''''''''''''''',........,,..-,........,,........,,.--J,.-J,.-J,.-J,........, 
,.-J,........,,........,,.-J,........,,........,,........,,........,,......,,........,,........,,.....,,........,,....., 
,.....,,.....,,..-,......,,......,,......,,.....,,........,,........,,......,,........,,......,,......,,..-

180" WASTE 

LINER PROTECTION 
LAYER 

DRAINAGE MATERIAL 
~!!!!!r+..,,.,w~~~~..,,.~ ...... ~~~~~--+--HDPE LINER 

BARRIER SOIL 

NOT TO SCALE 

PADUCAH C-746-U LANDFILL 
PADUCAH, KENTUCKY 

LATA Environmental Services 1-------LA-ND-F-IL-L-C ..... R-O-SS-SE-C-Tl-O-N-----

of Kentucky, LLC SCHEMATIC OPERATIONAL PERIOD ( 
LONG TERM COVER 

APPROVED 8Y: PROJ.NO.: DATE: 

&..ft .!~ lED Ml,A"R. ~ "I IIWnrrnvv f.. v D 201l. 
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HELP MODEL 
LAYER NO. 

( OPERATIONAl) 

20% SLOPE ANGLES 
12 FTSLOPE LENGTH (LAMINAR FLOW) 
FAIR STAND OF GRASS 
98% RUNOFF ALLOWED 

EVAPORATING 
ZONE 

48" OPERATIONAL 

I COVER 

~~~~~~~~~~~~~.--r--------~ 

2 

3 
4 

5 

LINER PROTECTION 
LAYER 

Division of Waste Management 
Solid Waste Branch 

PADUCAH C-746-U LANDFILL 
PADUCAH, KENTUCKY. 

LATA Environmental Services 1----~lAN~D~FI~ll-C~R~O~SS .... S~E~CT~IO~N~-----I 
of Kentucky, LLC SCHEMATIC OPERATIONAL PERIOD 

OPERATIONAL COVER 
APPROVED BY: PROJ.NO.: OATE: 
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HELP MODEL 
LAVER NO. 

11 % SLOPE ANGLE 
r----- 145 FT SLOPE LENGTH (LAMINAR FLOW) 

GOOD STAND OF GRASS 
100% RUNOFF ALLOWED 

( OPERATIONAL) 

2 

5 

6 

7 

8 

9 

10 

TOPSOIL. t 
24" EVAPORATIVE 

PROTECTlVE ZONE 
SOIL 

~~~~~~~~~~~~~~i __ ~_6~MILHDPE 
1::= BARRIER "SOIL 

~,..-J,..-J,.-.J,.-.J,.-.J~~,.-.J,...-J,.-.J"""',.-.J"""" 

,.-J..--',........--'~,......,.-.J~,.-....~".....,,.-....,......,.-.... 

"..-"..-,.....,,-J,.-.J,.-J,-J,..-J,-J,,..-,.-....,.....,,.....,,.-.J 
,.....,,,..-,.....,,.....,,.....,,.....,,......,.-.J,,.....,,.....,,.....,,........,,.......,,......., 
,..-J..--',.-J,.....,,.......,,......,,.......,,.....,,.....,,......,......,......,......,...... 
,......,......,......,......,......,,.....,,.....,,.....,,......,......,......,......,.......,,...... 

"""',.-.,...-J"""'''''''''''''''''''''''''""",''''''',...-J,......''''''''''''''""", 

NOT TO SCALE 

COMPACTED SACRIFICIAL 
SOIL LAYER 

61t GEONET 

WASTE 

LINER PROTECTION 
LAYER 

PADUCAH C-746-U LANDFILL 

( 

LATA Environmental Services ....... ____ P_A_D_U_C_A_H_, _K_EN_T_U_C_KY ____ _ 
LANDFILL CROSS SECTION 

of Kentucky, LLC SCHEMATIC OPERATIONAL PERIOD 
FINAL COVER 

APPROVED BY: PROJ.NO.: DATE: 

,. 
MAAliOVED rMAR,~ .,Q" ~jJ~ 
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TITLE: LAYER TYPES AND DEFAULT TEXTURES FOR HELP MODELING 

Purpose: 

Select the appropriate HELP model default textures I soil properties for model input. 

Scenario No.1: Dailyllntermediate Cover Conditions 

1. Page 1 of this Attachment shows the landfill layers for the daily/intermediate cover conditions. 

2. This Table shows the HELP default soit, waste, and geomembrane characteristics. The following 
table summarizes the appropriate HELP default textures for the various layers: 

Table 1 - Dailyllntennediate Cover Conditions 
Phases 2 - 3 (2.73 acres) 

HELP Default 
Layer No. Layer Description Classification Description* Texture No. * 

1 Daily Cover SC 10 
Municipal Solid Waste 

2 Waste (channeling and dead zones) 19 
3 Daily Cover SC 10 

Municipal Solid Waste 
4 Waste (channeling and dead zones) 19 
5 Daily Cover SC 10 

Municipal Solid Waste 
6 Waste (channeling and dead zones) 19 
7 Daily Cover SC 10 

Municipal Solid Waste 
8 Waste (channeling and dead zones) 19 
9 Liner Protection Layer SC 24 

Drainage Layer 
10 (k ~ 1.0 x 10-2 cm/sec) SP 1 

Bottom Liner Geomembrane High Density Polyethylene 
11 (High Density Polyethylene) (HDPE) 35 

Bottom liner Soil Barrier 
12 (k s 1 x 1 (}1 cm/sec) Barrier Soil 16 

*See Reference 4.4. Pages 19·25. 

RECEIVED 
-' 
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Scenario No.2: Long Term Cover Conditions 

1. Page 2 of this Attachment shows the landfill layers for long term cover conditions. 

2. This Table shows the HELP default soil, waste, and geomembrane characteristics. The following 
table summarizes the appropriate HELP default textures for the various layers: 

Table 2 - Long Term Cover Conditions 
Phases 1-3 (3.94 acres) 

HELP Default 
Layer No. Layer Description . Classification Description* Texture No.* 

1 Long Term Cover SC 24 
Municipal Solid Waste 

2 Waste (channeling and dead zones) 19 
3 Liner Protection Layer SC 24 

Drainage layer 
4 (k;a 1.0 x 10-2 cm/sec) SP 1 

Bottom Liner Geomembrane High Density Polyethylene 
5 (High Density Polyethylene) (HOPE) 35 

Bottom Liner Soil Barrier 
6 (k s 1 x 10-7 cm/sec) Barrier Soil 16 

"See Reference 4.4, Pages 19-25. 
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Scenario No.3: Operational Cover Conditions: 

1. Page 3 of this Attachment shows the landfill layers for final cover conditions. 

2. This Table shows the HELP default soil, waste, and geomembrane characteristics. The following 
table summarizes the appropriate HELP default textures for the various layers: 

Table 3 - Operational Cover Conditions 
HELP Default 

Layer No. Layer Description Classification Description* Texture No! 
1 Operational Cover 
2 Liner Protection layer SC 24 

Drainage Layer 
3 (k c:: 1.0 x 10-2 cm/sec) SP 1 

Bottom Liner Geomembrane High Density Polyethylene 
4 (HiQh Density Polyethylene) (HOPE) 35 

Bottom Liner Soil Barrier 
5 (k s 1 x 10-7 em/sec) Barrier Soil 16 

*See Reference 4.4, Pages 19M 25. 
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Scenario No.4: Final Cover Conditions: 

1. Page 4 of this Attachment shows the landfill layers for final cover conditions. 

2. This Tablet shows the HELP default soil, waste, and geomembrane characteristics. The following 
table summarizes the appropriate HELP default textures for the various layers: 

Table 4 - Final Cover Conditions 
(Landfill Unit Acre) 

HELP Default 
Layer No. La~er Description Classification Description* Texture No.* 

1 Vegetative layer SC 10 
2 Protective Layer SC 24 

Final Cover Geomembrane 
(High Density 

3 Polyethylene) High Density Polyethylene 36 
Final Cover Soil Barrier 

4 (k s 1 x 10-1 cmIsec) Barrier Soil 16 
5 Sacrificial Soil Layer SC 24 

Drainage Net (0.5 cm I 0.2 in) 
6 (k = 0.1 cmlsl Drainage Net 0 

Municipal Solid Waste 
7 Waste (channeling and dead zones) 19 
8 Liner Protection Layer SC 24 

Drainage Layer 
9 (k ~ 1.0 x 10-2 cmlsec) SP 1 

Bottom Liner Geomembrane High Density Polyethylene 
10 (High Density Polyethylene) (HOPE) 35 

Bottom Liner Soil Barrier 
11 (k s 1 x 10-7 cmIsec) Barrier Soil 16 

*See Reference 4.4, Pages 19-25. 

AI APPRovED 1M 3 0 2012 
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3.2 Construction Inspection Activities for Contained LandfIll Cap 

Construction of the landfill cap will provide a barrier against interaction with surface water. 
Construction activities are detailed below in approximate order of construction. All components 
of the cap will be constructed and tested, as previously mentioned in "Construction Inspection 
Activities for a Contained Landfill Liner" (Section 3.1). Listed below are cap components and 
associated activities in order from bottom to top. 

A. Cap Subgrade Preparation 

Sub grade preparation will consist of minimal fine grading, as necessary, for establishing proper 
slopes. The cap will be placed in direct contact with the waste to the extent possible. 

B. Gas Vent Layer Construction 

Construction of the gas vent layer will include the installation of the following: 

1. Crushed stone gas vent pockets excavated into the cap sub grade surface, 
2. A double composite geonet in direct contact with the waste to the extent possible, and 
3. Gas vent pipes augered back through the in-place clay and sacrificial soil layers into the 

pockets. 

C. Sacrificial Soil and Clay Layer Construction 

Construction of the sacrificial soil and clay layers will include placement of 6 inch (compacted 
thickness) of soil as a sacrificial layer. The sacrificial layer will be placed over the double 
composite geonet to serve as a construction buffer prior to the installation of a low permeability 
clay layer 6 inch in compacted thickness. 

D. Cap Geomembrane Installation and Anchor Trench 

Panels of textured high-density polyethylene (HDPE) will be laid out and welded together to 
form a continuous geomembrane barrier against infiltration of rainfall into the waste. Prior to 
beginning the panel deployment, excavation of an anchor trench will begin. The geomembrane 
ends and sides will be placed in the anchor trench and the trench will be backfilled. Density 
testing on HDPE shall be in accordance with ASTM 1505 Condition A. 

E. Geotextile Filter Fabric Installation 

Panels of geotextile will be rolled out and sewn together to form a continuous layer that will 
serve as a cushion, an infiltration filter, and a drainage layer. 

ERWMldocml28479 

P.O. No. 940002.01 December 1994, Rev. 1 

A22-8 

.APPROVED .,f,!.AR 3 D 
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3.2 Construction Inspection Activities for Contained Landiill Cap 

Construction of the landfill cap will provide a barrier against interaction with surface water. 
Construction activities are detailed below in approximate order of construction. All components 
of the cap will be constructed and tested .. as previously mentioned in "Construction Inspection .------f\...De_leted __ : _________ --J 

Activities for a Contained Landfill Liner" (Section 3.1). Listed below are cap components and 
associated activities in order from bottom to top. 

A. Cap Subgrade Preparation 

Subgrade preparation will consist of minimal fine grading, as necessary, for establishing proper 
slopes. The cap will be placed in direct contact with the waste to the extent possible. 

B. Gas Vent Layer Construction 

Construction of the gas vent layer will include the installation of the following: 

I. Crushed stone gas vent pockets excavated into the cap sub grade surface, 
2. A double composite geonet in direct contact with the waste to the extent possible, and 
3. Gas vent pipes augered back through the in-place clay and sacrificial soil layers into the 

pockets. 

C. Sacrificial Soil and Clay Layer Construction 

-------1 Deleted: G 

Construction of the sacrificial soil and clay layers will include placement of 6 in.sa! (compacted .------f\...~_le_ted_: . _________ ----.J 

thickness) of soil as a sacrificial layer. The sacrificial layer will be placed over the double 
composite geonet to serve as a construction buffer prior to the installation of a low permeability 
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D. Can Geomembrane Installation and Anchor Trench 

form a continuous geomembrane barrier against infiltration of rainfall into the waste. Prior to 
beginning the panel deployment, excavation of an anchor trench will begin. The geomembrane 
ends and sides will be placed in the anchor trench and the trench will be backfilled. Density 
testing onRDPE shall be in accordance with ASTM 1505 Condition A. 

E. Geotextile Filter Fabric Installation 

Panels of geotextile will be rolled out and sewn together to form a continuous layer that will 
serve as a cushion, an infiltration fIlter, and a drainage layer. 
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EXECUTIVESU~ARY 

This report documents results of seismic evaluations, in accordance with the requirements of 40 I KAR 
Chapters 47 and 48, that were required to demonstrate the adequacy of the design of the C-746-ULandfill 
at the Paducah Gaseous Diffusion Plant (PGDP) in Paducah, Kentucky. This report further addresses the 
"Requirements of Seismic Design for C-746-U Landfill," as presented in notes from the April 6, 2010, 
meeting with the Kentucky Division of Waste Management (KDWM) (Ashburn 2010), and Technical 
Notice of Deficiency No.1 issued by KDWM October 27, 2010. In particular, this report does the 
following: 

• Establishes, by reference, the largest local scenario earthquake that could reasonably be expected 
beneath the site. 

• Evaluates whether a displacement associated with local scenario earthquake can be propagated from 
the seismogenic depth to the surface assuming normal, dip-slip faulting. 

• Demonstrates that displacement from local scenario earthquake cannot propagate to the surface. 

• Demonstrates that the present landfill design can withstand the type and magnitude of displacement 
that can be expected from the largest local scenario earthquake. 

• Provides recommended design modifications necessary to enable the landfill containment systems to 
withstand the predicted ground motions from the largest scenario earthquake. 

The recommended design modification calls for replacement of the composite landfill cover system's 
smooth geomembrane with a double-textured geomembrane. 

The results of other seismic evaluations documented herein indicate that seismically induced 
deformations of the composite landfill base liner and cover systems will be acceptable and that the 
potential for soil liquefaction at the C-746-U Landfill is low. The results further indicate that the impact 
of design earthquake motions and fault movement on ancillary facilities, such as the leachate collection 
and removal system and surface water diversion systems, will be acceptable. 

This report concludes that future construction activities of the C-746-U Landfill may proceed in 
accordance with the original 1994 EbascolParsons design and the recommended modifications to the fmal 
landfill composite cover system. 
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1. INTRODUCTION 

1.1 GENERAL 

Geosyntec Consultants (Geosyntec) has prepared this report for LATA Environmental Services of 
Kentucky, LLC (LATA Kentucky). This report evaluates, in accordance with the requirements of 401 
KAR Chapters 47 and 48, the adequacy of the existing design of the C-746-U Landfill and future landfill 
expansions at the Paducah Gaseous Diffusion Plant (PGDP). Specifically, this report addresses 
"Requirements of Seismic Design for C-746-U Landfill," as presented in notes from the April 6, 2010, 
meeting with Kentucky Division of Waste Management (KDWM) (Ashburn 2010) and the Technical 
Notice of Deficiency (NOD) No.1 issued by the Kentucky Department for Environmental Protection 
October 27,2010 (KDEP 2010). 

1.2 PROJECT BACKGROUND 

The C-746-U Landfill is just north of PGDP, as shown in Figure l. The approximate limits of the 
C-746-U Landfill are shown in the inset of Figure l. The C-746-U Landfill is a municipal solid waste 
(MSW) disposal facility with a permit boundary encompassing approximately 72 acres. The C-746-U 
Landfill is underlain by approximately 400 ft of alluvium. Groundwater is approximately 33 ft to 40 ft 
below the existing, slightly sloping ground surface. The site-specific geophysical and Holocene (past 
11,000 years) faulting studies by William Lettis & Associates (WLA 2006) postulate that it is possible 
that local faults exist in the bedrock beneath PGDP. The same study reveals that, if existing, these local 
faults were inactive during the Holocene period. 

The C-746-U Landfill, including the landfill expansion, originally was designed in 1994 by the 
Ebasco/Parsons team (EbascolParsons 1994). The design basis was 401 KAR Chapters 47 and 48. 
Consistent with these requirements, this design includes composite landfill liner and cover systems; a 
groundwater monitoring network; a leachate collection and removal system (LCRS); and a landfill gas 
detection, monitoring and extraction system. This design was approved by KDWM in 1994. 

Figure 2 shows a representative cross section through the landfill. The location of this cross section is 
indicated in Figure l. As indicated in Figure 2, the design waste fill thickness ranges from 5 ft to 
approximately 80 ft, and the design (average) landfill side slope inclination is 4H: IV (Horizontal: 
Vertical). Insets in Figure 2 provide additional relevant information about the components of composite 
landfill liner and cover systems. 

The 1994 construction sequencing plan calls for the C-746-U Landfill to be constructed in 23 phases. To 
date, 5 phases have been constructed and approved by KDWM. LATA Kentucky is the remediation prime 
contractor to the U.S. Department of Energy (DOE) with responsibility to complete construction of the C-
746-U Landfill, including construction of the composite liner and cover systems for the remaining 18 
phases (phases 6 to 23) of the C-746-U Landfill development and additional LCRSs. 

During the April 6, 2010, meeting (Ashburn 2010), KDWM expressed concerns about the seismic 
stability of the C-7 46-U Landfill and outlined the scope of work required for the fmal approval of the 
project. LATA Kentucky retained James E. Beavers Consultants (JEBc) to update seismic hazard 
parameters using a deterministic seismic hazard analysis (DSHA) for the PGDP (JEBc 2010) and 
Geosyntec to address the remaining scope items, as explained below. 
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1.3 SCOPE OF WORK AND REPORT ORGANIZATION 

Geosyntec's scope for this study consisted of the following tasks: 

• Review and summarize the seismic hazard update study by JEBc and evaluate significant duration of 
strong ground shaking that is required for evaluation of design ground motions (i.e., acceleration time 
histories in bedrock that are required for dynamic PGDP response analyses). 

• Develop design ground motions based upon (1) the results of seismic hazard study by JEBc and 
(2) additional evaluations of significant duration of strong ground shaking performed by Geosyntec. 

• Develop a representative model of the PGDP (400 ft of alluvium underlying the PGDP and 80 ft of 
waste fill) for use in pseudo static evaluations, site response analyses, seismic deformation analyses, 
and a fault rupture propagation simulation. 

• Perform site response analysis to evaluate how alluvium and waste fill modify design (i.e., bedrock) 
ground motions. The results of this site response analysis are an essential first step in the evaluation 
of the seismic stability .of landfill mass, landfill composite liner and cover systems, and ancillary 
facilities, including the LCRS and the surface water collection system. 

• Perform static and pseudostatic stability evaluations of the final C-746-U Landfill configuration. This 
evaluation is the second essential step in evaluation of seismic stability of the landfill mass, landfill 
composite liner and cover systems, and ancillary facilities, including the LCRS and surface water 
collection system. 

• Perform a seismic deformation analysis of C-746-U Landfill waste mass, and composite landfill liner 
and cover systems, combining the results of the previous two steps of the analysis (i.e., of site 
response analysis and pseudostatic evaluation of yield acceleration). 

• Demonstrate that soil liquefaction potential at PGDP is low based upon the site characterization 
information (depth to groundwater, material composition, and density) and results of site response 
analysis (calculated shear strain profile). 

• Demonstrate that the landfill LCRS and the surface water collection system can sustain the design 
seismic loading based upon the results of site response analysis (calculated peak shear strain profile) 
and seismic deformation analysis (calculated maximum permanent displacement of landfill mass). 

• Perform an engineering study that demonstrates that the impact of a postulated fault movement 
directly below the C-746-U Landfill on the landfill )iner and cover systems can be tolerated by the 
current design. As a part of this study, demonstrate that the landfill surface water and leachate 
collection systems can sustain impact of fault movement. 

• Evaluate if the existing leachate tank foundation and wet well designs conform to the newly 
evaluated seismic loading. 

• Develop conclusions and recommendations. 

This report is organized in accordance with the scope of work outlined above. 
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2. OVERVIEW OF REGULATORY REQUIREMENTS AND BASIS FOR 
STABILITY EVALUATIONS 

2.1 DESIGN EARTHQUAKE 

Subtitle D mandates the minimum standard for seismic design of landfills as a probabilistically evaluated 
seismic event with 2% probability of being exceeded (PE) in 50 years (2% PE in 50 years). The return 
period of this seismic event is 2,475 years. 

A meeting was held on April 6, 2010, between DOE and KDWM (Ashburn 2010) in Frankfort, Kentucky, 
to establish KDWM requirements for updating the seismic hazard for C-746-U Landfill. KDWM stated at 
that meeting that the seismic hazard assessment for C-746-U Landfill should be conducted using a 
deterministic, rather than a Subtitle D-mandated probabilistic approach. 

Consistent with the conclusions of the above-cited meeting, seismic hazard parameters were evaluated 
based upon a site-specific deterministic seismic hazard analysis. 

2.2 DESIGN FAULT RUPTURE DISPLACEMENT 

401 KAR 48:050 Section 5 requires that disposal facilities, such as the C-746-U Landfill, be located more 
than 200 ft from a fault that has surface displacement within Holocene time. 

Based upon the results of site-specific geophysical measurements and a Holocene faulting study, WLA 
(2006) postulated that local faults were inactive during the Holocene period. To provide a conservative 
basis for design, a parametric study with simulated fault displacements beneath the C-746-U landfill has 
been conducted and is documented herein. 

2.3 REPRESENTATIVE SLOPE CONFIGURATIONS 

The representative slope configuration is the final configuration of the C-746-U Landfill as it will exist 
for an extended period of time and, hence, can be exposed to strong earthquake shaking. Furthermore, this 
fmal configuration has the highest and steepest waste fill slopes and will be overlain by the landfill fmal 
cover. 

2.4 SLOPE STABILITY-STATIC AND SEISMIC STABILITY CRITERIA 

The static stability of the representative slope configuration was evaluated using the limit equilibrium 
approach with a static factor of safety (FSstatic) of 1.5 as the stability criterion. The seismic stability was 
evaluated in accordance with the same regulations using the Newmark (1965) method, with a 
maximum calculated permanent seismic displacement of 12 inch (liner) and 36 inch (cover) as the 
seismic stability criteria. The particular value of limiting seismic displacement for landfill liner is based 
upon a study by Seed and Bonaparte (1992) and has been adopted by the U.S. Environmental Protection 
Agency (EPA), as explained in Richardson et al. (1995). The 36-inch criterion for the landfill composite 
cover is justified by ease of access after the earthquake to perform necessary repairs. The relevant static 
and seismic slope stability criteria are summarized in Table 1. 
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Table 1. Summary of Slope Stability Design Basis for C-746-U LandfIll 

Shear Strength Static Stability Design 
Max. Allowable 

Slope Type Parameters(l) Criterion Earthquake 
Seismic 

Displacement 

Permanent Waste Fill Large FSstatic ~ 1.5 Deterministic 12 inch 
Slope and Liner Displacement Event 

Permanent Landfill Large FS static ~ 1.5 Deterministic 36 inch 
Cover Displacement Event 

Note: (1) Refers to the shear strength parameters evaluated by the interface shear testing and used in conjunction with stability criteria 
listed in this table. 

FS = factor of safety 

Included in Table 1 is relevant infonnation for the static and seismic stability evaluations, including an 
acknowledgement that the large displacement (nearly residual) shear strength parameters are used in 
conjunction with the listed stability criteria. 

2.5 ALLOWABLE STATIC AND SEISMIC SETTLEMENT 

There are no specific limits imposed on the intensity (i.e., amount) of static and seismically induced 
settlement in the C-746-U Landfill; however, ancillary structures placed over waste--such as temporary 
benns, drainage swales, the gas extraction system piping-should, whenever possible, be designed and 
constructed to accommodate relatively large waste fill settlements. 

2.6 ALLOWABLE TENSION IN LANDFILL COMPOSITE LINER 

Large fault rupture displacement can induce large strains in overlying alluvium. Depending on alluvium 
thickness and composition, these strains could propagate towards surface and strain surface improvements 
such as the composite landfill liner. Numerous test results have shown (e.g., Yazdani et al. 1995), that the 
high density polyethylene (HDPE) component of the landfill liner can be strained up to 4% in axial 
direction without jeopardizing its integrity; therefore, Geosyntec established axial strain (E) in the HDPE 
geomembrane of E ~ 4% as a stability criterion for this type of application. 
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3. SEISMIC HAZARD ANALYSIS 

3.1 PREVIOUS STUDIES 
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The seismic hazard for the C-746-U Landfill was evaluated by JEBc (2010) and its subconsultant, Dr. 
Chris Cramer (Dr. Cramer's study is incorporated in JEBc and is not separately referred to herein). 
Consistent with decisions made during the April 6, 2010, meeting with KDWM (Ashburn 2010), a 
deterministic seismic hazard analysis was performed by JEBc. 

Three deterministic earthquake scenarios were evaluated to establish the design earthquake and, hence, 
seismic hazard parameters for the development of design ground motions. The scenarios chosen were 
based on both actual events from nearby fault systems and postulated events. 

Seismic scenario events evaluated were identified as Scenario 1 Event (SIE), Scenario 2 Event (S2E), 
and Scenario 3 Event (S3E). These scenario events are shown schematically in Figure 3, where red bars 
represent postulated significant seismic sources. S 1 E assumes a moment magnitude of Mw 7.6, just west 
of the confluence of the Mississippi and Ohio Rivers, to replicate the February 7, 1812, New Madrid 
earthquake (NM in Figure 3). S2E assumes a Mw 7 at the confluence of the Wabash and Ohio Rivers for 
the Wabash Valley Fault System (WV in Figure 3). S3E assumes an Mw 5.5 at a distance of 22 km 
(13.67 miles)l from PGDP to simulate a local event. Epicenters of recent (past 30 years) earthquakes in 
the vicinity of PGDP (sizes of green dots are proportional to the magnitude of recorded event) also are 
shown in Figure 3. 

The results of the JEBc deterministic seismic hazard study indicate that S 1 E induces both the highest 
bedrock peak horizontal ground acceleration (PHGA) and the highest spectral ordinates in the bedrock at 
the site. In particular, the SIE scenario PHGA evaluated for bedrock at the geometric center ofPGDP is 
0.36 g. The corresponding spectral ordinates (5% viscous damping) are equal to 0.54 gat 0.2 seconds and 
to 0.19 gat 1.0 second. 

We note that this SIE PHGA of 0.36 g is significantly higher than PHGAs evaluated for the original S2E 
and S3E scenarios and for the supplemental S4E scenario corresponding to the Mw 5.5 event at a distance 
of2.5 km that was evaluated as a part of the parametric studies conducted for PGDP. 

The JEBc (2010) seismic hazard study that served as a basis for evaluations documented herein is 
included as Appendix A. 

3.2 EVALUATION OF SIGNIFICANT DURATION OF STRONG GROUND SHAKING 

Geosyntec evaluated the significant duration of strong ground shaking (Ds) to establish a target duration 
value for development of design ground motions. As duration increases with both earthquake magnitude 
and distance, the SIE scenario was established as the controlling event. A bedrock Ds was established for 
this S 1 E event using deterministic principles and the Kempton and Stewart (2006) duration model. The 
Ds evaluated for bedrock at the geometric center of PGDP is between 26 and 29 seconds, significantly 
longer than for the other two scenarios evaluated. Calculation sheets are included as Appendix B. 

1 The S3E Scenario, per regulatory comment, was not representative of a local event; therefore, an additional scenario, S4E, has 
been evaluated. This S4E scenario differs from the S3E scenario, as Mw 5.5 event was placed at a distance of2.5 km in lieu of the 
22 km used in Scenario S3E. The relevant calculations with this shortened distance are provided in Appendix F. 

7 



00 

NM = 
wv = 
LE = 
PGDP = 
• = 

269' 270' 271- 272- 273-

\ .. / ........ , ., .. • , 1 3S' 39- I • • " 

"'. : . . .. 
.. .. ;" . .. .,.. . .. 

.. ",. '" -r.·/ , .. , .. 
I •• ... .. • r.tJ •• 

-(. . 
• 

38· • • • ~: • J'V ..... I- 3a-• .. .-.. ~ • . -. • • .. • /. 
• • (l) 

-C 

• • :::J 1. = ro 
...J 

I: 
aT • • • 

• 
• • 

• 

• 

.... 
"" ... ee \. .. .. J .. 

• • (W" • 

. .\ .. ~~~~ 
... •• ~ •• ifPDJ:. ~' ..• 

• . " 
'!o ,-. :-: " 
:... 

• .-
~ 37-

ss- , ( . T e,'! F ,. • f 'j' I 9B-
2690 270· 271· 272- 273-

Legend 

New Madrid (Mw 7.6) 

Wabash Valley (Mw 7.0) 

Local Event (Mw 5.5) 

Paducah Gaseous Diffusion Plant 

Epicenter of recent earthquake 

(past 30 years) 

Longitude 

Source: JEB 2010 

Geosyntec t> 
consultants 

SCENARIO EARTHQUAKE SOURCES AND LOCAL SEISMICITY 
EXPANSION C-746-U LANDFILL-EVALUATION OF DESIGN ADEQUACY 

PADUCAH GASEOUS D.IFFUSION PLANT, PADUCAH, KENTUCKY 

DATE: DECEMBER 2010 I FILE NO. 

PROJECT NO. GJ4658 I FIGURE NO.3 

Flgure 3. Scenario Earthquake Sources and Local Seismicity 



3.3 DESIGN GROUND MOTION PARAMETERS 

Based upon the results of the seismic hazard study by JEBc (2010), the results of our internal study with 
the supplemental S4E scenario provided in Attachment F, and our evaluation of design bedrock Ds, 
Geosyntec identified and established SIE as the controlling (i.e., design) seismic event for site response 
and seismic deformation analyses at PGDP, including development of design ground motions. 

Below is a summary of key S 1 E seismic hazard parameters used for development of design ground 
motions: 

• Design Earthquake Magnitude/Distance Pair: Mw 7.6/36.5 km (3.11 miles) (1812 New Madrid Event, 
SIE); 

• Design Bedrock PHGA: 0.36 g; 

• Design Bedrock Spectral Ordinates: 0.54 gat 0.2 seconds; 0.19 g at 1.0 second; and 

• Design Bedrock Ds: 29 seconds. 

The design spectral ordinates explained above are plotted in the form of a target acceleration response 
spectral ordinates (i.e., at periods of 0.01, 0.2, and I seconds) in Figure 4. 
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4. DESIGN GROUND MOTIONS 

Design ground motions (design accelerograms) are. an essential input for the seismic site response 
analysis. The processed motions (i.e., the results of site response analyses) are an essential input into the 
seismic deformation analysis. 

The design ground motions were selected to conform, as a suite of motions, to the design ground motion 
parameters explained above. This suite includes the following accelerograms: 

• The 270-degree component of the Rio Dell accelerogram from the 1992 Mw 7.0 Cape Mendocino, 
California, earthquake, scaled to 0.36 g; 

• The HBS synthetic accelerogram generated to simulate bedrock motions from a large-magnitude 
event, scaled to 0.36 g; 

• The Mw 8+ synthetic accelerogram developed to simulate a bedrock ground motions generated by a 
distant (110 km or 70 miles) large-magnitude (Mw 8+) event on the San Andreas fault, scaled to 
0.36 g; 

• The T56ac2b spectrum-compatible synthetic record developed by to represent bedrock strong ground 
motions generated by a local (up to 15 miles) large-magnitude (Mw 8+) event on the San Andreas 
fault, scaled to 0.36 g; and 

• The north-south (N-S) component of the Tabas accelerogram from the 1978 Mw 7.4 Tabas-e-Golshan, 
Iran, earthquake, scaled to 0.36 g. 

To demonstrate that the selected suite of design ground motions conforms to the target spectral ordinates, 
the acceleration response spectra of individual design ground motions are plotted against the target 
acceleration response spectrum ordinates (periods of 0.01, 0.2, and 1 seconds) in Figure 4. 

Figure 4 demonstrates that the acceleration response spectra of design accelerograms not only conform, 
but significantly exceed the target spectrum ordinates at 0.01, 0.2, and 1 seconds, thus providing a 
conservative basis for design. The significant duration of selected motions conforms to the target 
significant duration of 29 seconds. 
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5. REPRESENTATIVE MODEL OF THE SITE 

The representative model of the PGDP soil column and waste mass (site) was developed based upon the 
C-746-U Landfill design drawings developed by the Ebasco/Parsons team (1994), the results of 
geotechnical, geological, and geophysical investigations, as documented and interpreted in Risk 
Engineering, Inc. (REI 1999), and information on depth to groundwater from miscellaneous groundwater 
monitoring well logs provided by LATA Kentucky. 

A graphical depiction of the representative model of PGDP is shown in Figure 2 (the location of the 
particular cross section is shown in Figure 1). A representative soil column, with more detailed 
information on soil stratification, classification, stiffness (shear wave velocity), and unit weight 
distribution, is shown in Figure 5. 

Figure 5 shows that PGDP is underlain with an alluvial soil profile with alternating layers of silty clay, 
silty sand, sand and gravel, silt, and clay. The shear wave velocity distribution across the profile is 
relatively uniform with an average value of approximately 1,300 ft/s, with exception of the top 30 ft 
where it rapidly increases from approximately 650 ftls to 1,100 ft/s. 

The approximate elevation of groundwater at the site is at elevation 340 ft above mean sea level 
(approximately 33 ft to 40 ft below the existing, slightly sloping ground surface). 
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6. ENGINEERING EVALUATIONS 

6.1 STATIC AND PSEUDO STATIC STABILITY EVALUATION OF LANDFILL BASE LINER 

6.1.1 Approach, Model, and Representative Cross Section 

Oeosyntec evaluated the stability of the C-746-U Landfill under static loading conditions. Oeosyntec also 
conducted a pseudo static evaluation to calculate yield acceleration of sliding mass (ky). Yield 
acceleration of sliding mass is an essential input for seismic deformation analysis. Both static and 
pseudostatic evaluatiqns are based upon limit equilibrium principles (rigid body mechanics). Oeosyntec 
used SLOPE/W (OSI 2010) to perform the calculations. The program automatically evaluates a number 
of failure surfaces and reports the lowest value calculated by several limit equilibrium methods. 

Both the static and pseudo static evaluations were performed using the representative cross section shown 
in Figure 2. This representative cross section is the same cross section that was evaluated during the 
design stage of the project and, more recently, during the slope stability reassessment by Fuller 
Mossbarger, Scott, and May Engineers, Inc. (FMSM) (2001). 

6.1.2 Material Properties 

Table 2 provides the material properties used for the evaluations documented herein. 

The shear strength parameters of MSW (cohesion and friction angle) are based upon generic (lower
bound) values reported by Kavazanjian et al. (1995). The unit weight of MSW (YMSW) is based on 
Matasovic and Kavazanjian (1998); it represents the upper bound value of recommendations by Zekkos 
et al. (2006). This assumed unit weight value is significantly higher than YMSW of 59 pcf that was 
evaluated by TetraTech, Inc., based upon the 2008-2009 survey records (reported in "Annual Survey 
Summary Sheet for Solid Waste Landfills," March 2009, attachment to the Annual Survey Report for the 
site). We further note that the upper-bound value ofMSW unit weight employed (85 pcf) is conservative 
for seismic evaluations documented herein, as seismically-induced forces are proportional to the mass of 
waste deposit (i.e., the intensity of seismic force is proportional to YMSW/g, where g is acceleration of 
gravity). Properties for the compacted clay component of the composite liner system under static loading 
conditions are based on the values for residual shear strength of an interface between cohesive soil and 
textured HDPE geomembrane (Koerner and Narejo 2005). Properties for other materials used in the 
stability analyses were selected to correspond to those evaluated and used by FMSM 2001. 
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Table 2. Estimate of Material Parameters for Slope Stability Analyses 

Material 
Unit Weight Friction Angle Cohesion 

(pet) (degrees) (pst) 

Municipal Solid Waste (confining stress < 770 pst) 85 0 500 

Municipal Solid Waste (confining stress> 770 pst) 85 33 0 

Drainage Layer (Gravel) 135 35 0 

Compacted Clay (Static) 116.5 16 0 

Compacted Clay (Pseudostatic) 116.5 18.1 180 

Engineered Fill 120 28 0 

Subgrade (Shallow) 107.4 33 0 

Subgrade (Deep) 107.4 33 0 

The shear strength parameters of MSW (cohesion and friction angle) are based upon generic (lower
bound) values reported by Kavazanjian et al. (1995). The unit weight of MSW is based on Matasovic and 
Kavazanjian (1998) and represents the upper bound value of recommendations by Zekkos et al. (2006). 
Properties for the compacted clay component of the composite liner system under static loading 
conditions are based on the values for residual shear strength of an interface between cohesive soil and 
textured HDPE geomembrane (Koerner and Narejo 2005). Properties for other materials used in the 
stability analyses were selected to correspond to those evaluated and used by FMSM (2001). 

6.1.3 Results 

The results of the waste fill and landfill liner stability evaluations are presented in Figure 6. The lowest 
calculated FSstatic = 2.1; hence, the static stability criterion of FSstatic ~ 1.5 is met. The lowest calculated 
yield acceleration of sliding mass is ky = 0.26. This yield acceleration, if lower than the average 
acceleration of sliding mass calculated in site response analysis, serves as an input into the seismic 
deformation analyses. 

Figure .6 further shows the shapes of evaluated sliding mass for static and pseudo static evaluations also 
required for the seismic deformation analyses. 

6.2 STATIC AND PSEUDO STATIC STABILITY EVALUATION OF LANDFILL COVER 

The configuration of the final cover was established based on the approved design cross section and final 
cover detail developed by FMSM (2001). Detailed configuration of the C-746-U Landfill fmal cover, as 
analyzed herein, is shown in an inset of Figure 7. 

The slope of the final cover is approximately 4H: IV across the site. The critical interface was assumed 
to be that between the filter fabric (assumed to be non-woven needle-punched geotextile) and the 40-mil 
very low density polyethylene (VLDPE) smooth on both sides. Based on the average of typical testing 
data reported by Koerner and Narejo (2005), this interface was characterized with adhesion of zero and 
residual friction angle of 9 degrees. The stability of the fmal cover was evaluated using the limit 
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equilibrium-based method developed by Koerner and Soong (1998) specifically for this type of 
application. The force-equilibrium polygon of this method is shown in Figure 7. 

Initial results of this stability analysis indicated that the original cover design with smooth VLDPE 
cannot sustain the· static loading (i.e., calculated FSstatic < 1.0); therefore, a design modification is 
recommended (see Section 9.2). The recommended revision calls for replacement of the 40-mil smooth 
VLDPE with a 60-mil, textured on both sides, HDPE geomembrane. Based on the average of typical 
testing data reported by Koerner and Narejo (2005), this "new" interface was characterized with adhesion 
of 100 psf and residual friction angle of 18 degrees. 

Summary calculations for the recommended configuration (i.e., configuration with 60-mil double 
textured HDPE) are presented in Figure 7. The result of these calculations indicate that the lowest 
calculated static FSstatic = 2.57. The corresponding calculated yield acceleration of sliding mass equals 
ky = 0.36 g. 

6.3 SITE RESPONSE AND SEISMIC DEFORMATION ANALYSES 

6.3.1 Site Response Analysis 

The JEBc (2010) report includes a simplified site response study by Dr. Chris Cramer. That study was 
based upon the 2006 edition of the International Building Code site amplification factors and, as such, 
does not account for the effects of nonlinear soil behavior on input (i.e., bedrock) ground motions. 

Geosyntec developed two dynamic site response models that account for soil nonlinearity. The first 
model represents free-field (F-F) site condition (i.e., waste fill is not included in this model). The second 
model is a soil-structure interaction (SSI) model, with waste fill treated as a structure. Hence, this SSI 
model incorporates both the soil profile and the C-746-U Landfill. Both site response models considered 
are schematically depicted at their representative locations in Figure 8. 

Both dynamic models shown in Figure 8 incorporate an approximately 400-ft thick layer of alluvium that 
is characterized in Figure 5. The SSI model also incorporates waste fill at the location of the critical 
failure surface as established by the pseudo static analysis. The waste fill was characterized by a generic 
shear wave velocity (Vs) profile of MSW, as developed by Matasovic and Kavazanjian (1998) and shown 
in Figure 9. Other relevant information required to characterize the waste fill is shown in Figure 10 (the 
conservative, upper-bound unit weight profile of MSW) and in Figure 11 (modulus reduction and 
damping curves of MSW). All three sets of these material properties have been developed as a part of a 
comprehensive study on dynamic MSW properties at the same MSW landfill and are widely used in 
landfill design. For convenience, the Matasovic and Kavazanjian (1998) paper is reproduced as 
AppendixC. 

The site response analyses were performed using the SHAKE2000 (www.geomotions.com) computer 
program. SHAKE2000 incorporates the equivalent linear soil (and MSW) model to account for nonlinear 
behavior of these materials. The design accelerograms were scaled to design bedrock PHGA of 0.36g and 
applied as outcrop motions in SHAKE2000 analysis. The computer program outputs are enclosed in 
Appendix D (F-F analysis) and Appendix E (SSI analysis). Summary results are presented below and in 
Figures 12 through 14. 
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Figure 9. Shear Wave Velocity Profile ofMSW 
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Figure 10. Unit Weight Profile of MSW 
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Figure 11. Modulus Reduction and Damping Curves ofMSW 
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Figure 13. Peak Average Acceleration Profile for Free Field 
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The summary results presented in Table 3 show that the approximately 400-ft thick alluvial deposit with 
and without waste fill attenuates bedrock (i.e., input, design) ground motions. This response is typical of 
deep (over 300 ft) soil deposits as the one analyzed herein. 

Table 3. Summary of Site Response Analysis 

Accelerogram 
Bedrock PHGA Free-Field a (3) in LandfIll a (3) in Landfill 

(1) PGA(2) 
avg avg 

Cover Liner 

T56ac2b Synthetic 0.36 g 0.25g 0.30 g 0.22g 

HBS Synthetic 0.36 g 0.23 g 0.22 g 0.19 g 

Rio Dell 0.36 g 0.33 g 0.32 g 0.255 g 

Mag. 8+ Synthetic 0.36g 0.22 g 0.27 g 0.19 g 

Tabas 0.36 g 0.21 g 0.26 g 0.15 g 
.. 

Notes: (1) PHGA = peak honzontal acceleratIOn In bedrock. Accelerograms were scaled to thIS determmIsttcally evaluated PHGA 
(2) PGA = calculated peak ground acceleration at ground surface. 
(3) aavg = peak average acceleration of sliding mass. 

Figure 7 presents the design acceleration response spectrum (5% viscous damping), as evaluated using 
SHAKE2000, design ground motions as shown in Figure 4, and representative soils profile as shown in 
Figure 4. This design acceleration response spectrum represents the free-field conditions at the PGDP 
and, therefore, may be used for structural design. 

Figure 13 presents the peak average acceleration (aavJ profile at the PGDP. This profile was developed 
for the F -F PGDP conditions and may be used for structural design of underground facilities such as wet 
wells. 

Figure 14 presents the peak shear stress profile at the PGDP. This profile was developed for the F-F site 
conditions and may be used for structural design of underground structures such as wet wells. 

Figure 15 presents the peak shear strain profile at the PGDP. As was done for the shear stress and the 
acceleration profiles, this profile was developed for the F-F site conditions. It may be used for evaluation 
of the impact of design earthquake on buried and near-ground ancillary facilities at the site, such as 
piping, drainage facilities, and paving. 

6.3.2 Seismic Deformation Analysis-LandfIll Liner 

The lowest calculated yield acceleration of landfill mass is ky = 0.26 g (see Section 6.1 and Figure 6). 
The lowest calculated average acceleration of sliding mass is aavg = 0.255 g. As the highest calculated 
average acceleration of sliding mass is lower than its average acceleration counterpart, the design seismic 
event is not likely to induce permanent seismic displacements of sliding mass, and very likely not seismic 
displacements that approach the stability criterion ofumax:s 12 inch. 

6.3.3 Seismic Deformation Analysis-Landfill Cover 

The lowest calculated yield acceleration of the landfill composite cover system (Note: VLDPE replaced 
with double textured HDPE geomembrane) is ky = 0.36 g (see Section 6.2 and Figure 7). The highest 
calculated average acceleration of sliding mass is aavg = 0.32 g. As the lowest calculated average 
acceleration of sliding mass is lower than its highest calculated average acceleration counterpart, the 
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Figure 15. Peak Seismic Shear Strain ProfIle for Free Field 
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design seismic event is not likely to induce pennanent seismic displacements of sliding mass, and very 
likely not seismic displacements that approach the stability criterion of Umax ~ 36 inch. 

6.4 EVALUATION OF SOIL LIQUEFACTION POTENTIAL 

Soil liquefaction is a phenomenon in which saturated cohesionless soils undergo a temporary loss of 
strength during severe ground shaking and acquire a degree of mobility sufficient to pennit ground 
deformation. In extreme cases, the soil particles can become suspended in groundwater, resulting in the 
soil deposit becoming mobile and fluid-like. Liquefaction is generally considered to occur primarily in 
loose to medium dense deposits of saturated soils. Thus, three conditions are required for liquefaction to 
occur: (1) a cohesionless soil of loose to medium density; (2) a saturated condition; and (3) rapidly 
changing, high intensity shear strain induced by cyclic loading during strong ground shaking. 

The soil classification, shear wave velocity and density information on the C-746-U Landfill subgrade 
soils indicate that these soils do not contain cohesionless soils that are in a loose to medium density. 
Moreover, the cohesionless soils below the water table, extending from a depth of approximately 22 ft to 
the depth of bedrock, are very stiff with measured shear wave velocities exceeding 1,310 ft per second 
and, as such, might be categorized as weak rock. The stiffness of these soils rules out the potential for 
liquefaction. 

The calculated shear strains in the profile, as shown in Figure 15, are very low and do not exceed 0.1% 
(very low shear strain) at depths less than 70 ft below the existing, F-F ground surface; therefore, even in 
the presence of strong earthquake motions, the probability of soil liquefaction occurring at PGDP is very 
low. 
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7. EVALUATION OF THE IMPACT OF FAULT MOVEMENT 

7.1 APPROACH 

Geosyntec performed an engineering study to evaluate the impact of fault movement along a postulated 
local fault below PGDP on the C-746-U Landfill composite landfill liner system. The evaluation was 
performed by the means of the Finite Element Method (FEM) , as coded in SIGMAIW (GSI 2010, 
www.geo-slope.com). 

The numerical modeling approach consisted of the following steps: 

(1) Development of the FEM model; 
(2) Simulation of geostatic loading conditions; 
(3) Simulation of fault displacement; and 
( 4) Evaluation of the strains in the geomembrane due to fault displacement. 

7.2 ESTIMATED MAGNITUDE OF FAULT DISPLACEMENT 

7.2.1 Key Assumptions 

Studies by WLA (2006) and JEBc (2010) suggest that magnitudes of local earthquakes (i.e., S3E local 
events) do not exceed Mw 6.0; however, to provide a very conservative basis for this type of evaluation, 
Geosyntec simulated a rupture induced by a Mw 7.0 event directly beneath the C-746-U Landfill. This 
earthquake magnitude corresponds to a S2E design event (Wabash Valley, WV, in Figure 2). Faults 
capable of generating such an event are not known to exist within a 32-k (20-mile) radius of PGDP. 

7.2.2 Fault Displacement Estimate 

The magnitude of fault displacement was estimated using empirical relationships developed by Wells and 
Coppersmith (1994). These relationships (i.e., design charts) are reproduced in Figure 16. The fITst chart 
shown in Figure 16 relates earthquake magnitude to maximum surface displacement. The second chart 
relates maximum surface displacement to average subsurface displacement. 

Based on the earthquake magnitude/maximum surface displacement relationship shown in Figure 16, 
Geosyntec estimates that an event with Mw 7.0 may induce fault rupture (induced displacement) on the 
order of 11 ft. It should be noted that an event with Mw 6.0 would induce less than 1 ft of displacement, 
regardless of the style of faulting. The initial evaluation results indicate that induced displacement of 1 ft 
has no impact on the ground surface. To demonstrate the case in point, the evaluations are based on the 
extreme value of 11 ft. 

7.3 GEOMETRY, BOUNDARY CONDITIONS, AND MODELING DETAILS 

The FEM model was developed based upon the representative cross section through PGDP shown in 
Figure 2 and the representative soil column shown in Figure 5. This FEM model with noted boundary 
conditions is shown in Figure 17. Bedrock underlying alluvium was assumed to be infmitely rigid. 
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Two modeling steps were used in the analysis: (1) a geostatic step and (2) a load/deformation step. 
During the geostatic step, displacement boundary conditions were applied, as shown in Figure 17, and 
stresses and groundwater conditions were allowed to reach equilibrium. The output values from this first 
step were assigned as initial conditions for the load/deformation step. During this second step, boundary 
conditions were changed in order to simulate fault displacement of 8 ft horizontally and 8 ft vertically 
(for a total displacement of approximately 11 ft) occurring at the bedrock below the landfill. 

With the exception of the HDPE geomembrane, all of the materials in the model were modeled as "plane 
strain" continuum elements. The geomembrane was modeled using "beam" (Le., structural) elements. 
These structural elements were attached to the nodes of the FEM model mesh, thus allowing for direct 
calculation of strain in the HDPE geomembrane of the landfill composite liner system. 

7.4 MATERIAL PROPERTIES 

The following materials are included in the FEM model of fault rupture propagation: (1) MSW, 
(2) drainage layer at the base of the landfill, (3) HDPE component of the composite landfill liner system, 
(4) compacted clay liner of the composite landfill liner system, (5) engineered fill, and (6) shallow and 
deep sub grade soils, as identified in Figure 5. 

All materials except the HDPE geomembrane of landfill liner were assumed to be linear elasticIMohr
Coulomb materials. The HDPE geomembrane was assumed to be linear elastic, with negligible shear 
stiffness, to act only in tension, and to be rigidly bonded to the materials directly above and below it (i.e., 
to drainage layer and compacted clay, respectively). A detailed list of assumed material properties is 
presented in Table 4. 

Table 4. Estimate of Material Parameters for Fault Rupture Propagation Analysis 

Unit Weight 
Young's 

Poisson's 
Friction 

Cohesion Material 
(pet) Modulus 

Ratio 
Angle 

(pst) 
(pst) (degrees) 

Municipal Solid 
85 3,120 x 103 0.3 33 0 Waste (FEM) 

Drainage Layer 
135 9,360 x 103 0.3 35 0 (Gravel) 

Compacted Clay 116.5 3,120 x 103 0.3 18.1 180 

Engineered Fill 120 9,360 x 103 0.3 28 0 

Subgrade 
107.4 9,360 x 103 0.3 33 0 (Shallow) 

Subgrade (Deep) 107.4 
16,640 x 

0.3 33 0 
103 

Geomembrane 
Not 

1 
Not Not Not 

Applicable Applicable Applicable Applicable 

As in site response analysis, estimated properties of the MSW are based upon generic values developed 
by Kavazanjian et al. (1995) (shear strength) and Matasovic and Kavazanjian (1998) (stiffness and unit 
weight). The shear strength parameters of MSW also are consistent with their counterparts used in static 
and pseudo static (i.e., yield acceleration) evaluations. 
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Shear strength properties and unit weights of soil (i.e., alluvium) were estimated based on the values 
reported by FMSM (2001). Stiffness of soil materials was estimated based on the representative shear 
wave velocity profile that is included in Figure 5 and unit weights (i.e., mass density) reported by FMSM 
(2001). 

7.5 RESULTS 

The result,s of the finite element method modeling of fault rupture propagation are presented in Figure 18. 
Figure 18 shows a contour plot of induced horizontal displacement within model boundaries. This 
displacement was induced by an ll-ft vertical offset that simulates conservatively evaluated fault 
movement in aMw 7.0 Wabash Valley S2E event. 

The contour plot in Figure 18 indicates that the largest calculated displacement is at or near the location 
of the simulated fault movement of 11 ft. Figure 18 further shows that the induced displacement gets 
evenly distributed across the profile and diminishes laterally. As there are no abrupt changes in the 
calculated contour plot, the calculated axial strains in the HDPE geomembrane component of the 
C-746-U Landfill composite liner system are likely to be small. This is demonstrated by calculations in 
the inset of Figure 18 that show the calculated distribution of axial strain (e) in the HDPE geomembrane. 
The largest calculated axial strain is relatively small (less than 1.1 %), and does not exceed the stability 
criterion of e:::; 4% established in this report. 

The calculated peak axial strain induced by a local seismic event (i.e., S4E local events with Mw 5.5 or 
Mw 6.0) is negligible. 
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8. ANCILLARY STRUCTURES-SEISMIC IMPACT AND DESIGN 
CONSIDERATIONS 

8.1 LEACHATE STORAGE TANK SYSTEM-EXISTING TANK 

A series of engineering drawings and drawing revisions prepared by Shaw (2009; 2010) and Tetra Tech 
(2008; 2009; 2010) present the C-746-U Landfill LCRS design, including the existing leachate storage 
design. In particular, the design and anchorage details of the existing 20,000-galleachate tank are shown 
in drawing S7DC7460UA001 prepared by Tetra Tech (2008; 2009; 2010). This drawing shows that the 
existing leachate storage tank is anchored into a reinforced concrete slab by a 7/8-inch diameter, 10-inch 
long (min.) galvanized rock bolts. 

The results of the Geosyntec evaluations indicate that the existing 20,000-gal leachate storage tank 
anchorage is designed in accordance with the standards of engineering practice and, therefore, adequate. 
This anchorage can resist design seismic loading as evaluated herein and presented in Figure 12 in a form 
of design acceleration response spectrum (5% viscous damping). 

8.2 LEACHATE STORAGE TANK SYSTEM-FUTURE ADDITIONS 

Figure 19 shows several leachate storage tank foundation options that may be considered for future 
developments at the C-746-U Landfill. We note, however, that it is ultimately incumbent upon the project 
structural engineer to select the appropriate foundation option for a given tank. It is also incumbent on 
the project structural engineer to evaluate appropriate seismic loading for design of tank anchorage based 
upon the leachate tank diameter to height ratio (i.e., estimated period of oscillation) and the design 
acceleration response spectrum shown in Figure 12 (5% viscous damping). 

8.3 SURFACE WATER AND OTHER ANCILLARY FACILITIES 

The results of site response analysis documented herein and presented in a form of calculated peak shear 
strain profile in Figure 15 indicate that seismically induced shear strains in the profile are very small. 
Within the top 10ft of the profile, these shear strains are on the order 0.03%. This is a very low shear 
strain and, therefore, it is unlikely that buried utilities and surface improvements will be severely 
damaged by strong ground shaking. 
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Figure 19. Leachate Tank Foundation Options 
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9. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

9.1 SUMMARY AND CONCLUSIONS 

This report documents results of the seismic evaluations that were required to demonstrate the adequacy 
of the design of the C-746-U Landfill at PGDP in Paducah, Kentucky. In particular, this report addresses 
"Requirements of Seismic Design for C-746-U Landfill," as presented in notes from the April 6, 2010, 
meeting with KDWM (Ashburn 2010), and NOD No. 1 issued by KDWM October 27, 2010, and 
concludes that future construction of C-746-U Landfill may proceed in accordance with the original 1994 
EbascolParsons design with recommended modifications to the final landfill composite cover system as 
proposed herein. 

The results of seismic evaluations documented herein indicate that, with the exception of the 
C-746-U Landfill composite fmal cover system, the landfill, as presently designed, will perform in an 
acceptable manner during a deterministically determined design earthquake. The composite cover 
system, if modified in accordance with the recommendations below, will perform in acceptable manner 
as well. In particular, the results of seismic evaluations indicate that seismically induced deformations of 
the composite landfill base liner and cover systems will be small, that the potential for soil liquefaction at 
the C-746-U Landfill is low, and that even an extreme fault movement directly below the C-746-U 
Landfill will be absorbed by an approximately 400-ft thick layer of alluvium. The results of seismic 
evaluations further indicate that the impact of design earthquake motions and fault movement on 
ancillary facilities, including leachate and surface water collection systems, will be small, provided that 
the tanks are bolted properly into the foundations. This report also provides supplemental information for 
future structural design at the landfill, including F-F design acceleration response spectrum (5% viscous 
damping) and seismic loading for design of underground structures. 

9.2 RECOMMENDATIONS 

Based upon the results of the evaluations documented herein, it is recommended that future construction 
activities of the C-746-U Landfill proceed in accordance with the original 1994 EbascolParsons design 
with specified modifications to the final landfill composite cover system as follows: 

• The originally specified 40-mi1 VLDPE geomembrane of the composite landfill cover system should 
be replaced with a textured (both sides) 60-mil thick HDPE geomembrane. 

• The assumed interface properties along the 60-mil double textured HDPE geomembrane/geotextile 
interface (residual friction angle = 18 degrees; apparent adhesion = 100 pst) requires confirmation 
during construction. This confrrmation should be by interface testing of representative material 
samples in an accredited laboratory. If these interface residual shear strength parameters are not 
confrrmed by testing, LATA Kentucky and Geosyntec should be notified immediately and should 
perform supplemental evaluations to assess if tested materials can be used in construction of the 
C-746-U Landfill. 
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10. TERMS OF REFERENCE AND LIMITATIONS 

10.1 TERMS OF REFERENCE 

This report was prepared by Dr. Neven Matasovic, P.E., G.E. (California and Alaska) with assistance 
from Mr. Alan Witthoeft, E.I.T., and Christopher S. Conkle, P.E. (California), all of Geosyntec. In 
accordance with the peer review policy of the firm, this report was peer reviewed by Dr. Jay Beech, P.E. 
(Kentucky), also of Geosyntec. 

10.2 LIMITATIONS 

The conclusions and professional opinions presented in this report for the C-746-U Landfill at the PGDP 
in Paducah, Kentucky, were developed by Geosyntec based on limited investigation data. Our 
evaluations were performed using generally accepted engineering approaches and principles and the 
degree of care and skill ordinarily exercised under similar circumstances by reputable engineers 
practicing in this area. 

It should be recognized that the data, conclusions, and recommendations contained in this report are 
partially based on information provided and work conducted by others. Geosyntec is not responsible for 
circumstances resulting from errors, omissions, or inaccuracies in the information and work performed 
by others. Should any items deviate from the assumptions presented herein, LATA Kentucky should be 
notified immediately so that the appropriate response can be determined in consultation with Geosyntec. 
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EXECUTIVE SUMMARY 

This evaluation is presented to address Special Condition ACTV0006(5.) of the Solid Waste 
Landfill Permit for the C-746-U Contained Landfill (landfill) at Paducah Gaseous Diffusion Plant. 
The special condition requires approval by the Kentucky Division of Waste Management 
(KDWM) of a seismic hazard reevaluation prior to construction of phases 6 through 23 of the 
landfill. A meeting was held on April 6, 2010, between U.S. Department of Energy and KDWM in 
Frankfort, KY, to establish requirements for this seismic hazard reevaluation. The parties 
reached agreement at that meeting to conduct the site-specific seismic hazard assessment 
using a deterministic methodology. The design earthquake level is to be the maximum credible 
earthquake, with ground motion parameters evaluated at a median level. 

Using the agreed methodology, three earthquake scenarios were established. The scenarios 
established are based on known faulting in the area and on postulated faulting that may exist in 
the relative vicinity of the site. The bedrock ground motions (i.e., accelerograms) evaluated 
using the results of this study will be used to assess the following: (1) the response of local 
alluvium and landfill mass to strong ground shaking; (2) the impact of fault rupture propagation 
(if any) on the landfill containment system; and (3) to evaluate the adequacy of the current 
design with regard to the expansion of phases 6 through 23 of the landfill. 

The three seismic scenario events are referred to as Scenario 1 Event (S1 E), Scenario 2 Event 
(S2E), and Scenario 3 Event (S3E). S1 E represents a moment magnitude (Mw) 7.6 event on the 
New Madrid Fault, just west of the confluence of the Mississippi and Ohio Rivers. S2E 
represents an Mw 7 event on the Wabash Valley Fault at the confluence of the Wabash and 
Ohio Rivers. S3E represents an Mw 5.5 event in the vicinity of the site (22 km from the 
geometric center of the site). 

The results of the deterministic seismic hazard study documented herein indicate that S1 E 
induces the highest peak horizontal ground acceleration (PGA) in a hypothetic bedrock outcrop 
at the geometric center of the site (bedrock PGA = 0.36 g). The corresponding spectral 
acceleration ordinates are 0.54 g for 0.2-second period and 0.19 g for 1.0-second period. 

To compensate for uncertainty associated with postulated existence of local faulting, 
recommendation is made that a local Mw 5.5 event at a distance of 2.5 km to the site be 
considered as a fault rupture hazard for the site. 

vii 
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1. INTRODUCTION 

A meeting was held on April 6, 2010, between the U.S. Department of Energy (DOE) 
and Kentucky Division of Waste Management (KDWM) to establish KDWM expectations 
related to seismic design of the upcoming C-746-U Contained Landfill (site) expansion at 
Paducah Gaseous Diffusion Plant (PGDP). A special condition in the landfill permit 
requires approval by KDWM of a seismic hazard reevaluation prior to construction of 
phases 6 through 23 of the landfill. As stated at the meeting, "KDWM expects the 
C-746-U Contained Landfill permittee to determine the design maximum credible 
earthquake from a scenario-based analysis that is consistent with geological evidence 
for the region." KDWM then cited specific examples [e.g., a projected magnitude 7.6 
earthquake to the west of PGDP near Wickliffe, Kentucky, based on extent of the known 
New Madrid Seismic Zone (NMSZ) and documented maximum historical earthquakes at 
New Madrid and Charleston, Missouri]. KDWM also stated, "The selection of the 
maximum credible earthquake should not be constrained by the commonly used 2,500-
year return period" (yrp) and "with documentation of the maximum credible earthquake, 
the permittee is expected to use a deterministic approach to assess the spectral 
response of the seismic event at the land surface and, more importantly, within the mass 
of the landfill waste cell" [1]. 

James E. Beavers Consultants (JEBc) was a participant at the April 6, 2010, meeting. 
While the principal of JEBc, James E. Beavers, is extremely familiar with the PGDP, 
having conducted seismic analyses on some of the facilities as far back as the early 
1970s (e.g., an evaluation report on the C-746-U Contained Landfill in 2001) [2], JEBc 
has no seismological staff. As a result, JEBc contacted Dr. Arch Johnston, founding 
Director of the Center for Earthquake Research and Information (CERI) at the University 
of Memphis, Memphis, Tennessee. Dr. Johnson suggested that JEBG use the services 
of Dr. Chris Harold Cramer, a well-known seismologist at CERI, to assist in the seismic 
source evaluation and evaluation of seismic hazard parameters at the site. Dr. Cramer's 
vita is provided in Appendix A. Dr. Neven Matasovic, P.E., G.E. of Geosyntec 
Consultants also was consulted as a part of this study [3]. 

2. BACKGROUND 

Numerous studies of the seismic hazard at PGDP have been conducted, dating back to 
the early 1970s. Beavers and several coauthors have addressed the issues between the 
various hazard studies up to the early 1990s [4 and 5]. As a result, there are several 
seismic hazard studies and seismic hazard analyses for PGDP. The subject of this 
report is to conduct a deterministic seismic hazard analysis (DSHA) to reevaluate the 
seismic hazard at the PGDP [1]. 

The seismic hazard at PGDP primarily is related to its proximity to the NMSZ area, as 
shown in Figure 1.1 In addition to the NMSZ, the Wabash Valley Seismic Zone and local 
fault zones also should be considered. As a result, any new or existing facility must 

1 The NMSZ runs south out of the figure into the state of Tennessee. 
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Figure 1. The Geographical Relationship between the NMSZ and the PGDP 

consider the controlling seismic hazard at PGDP when evaluating and designing 
facilities. 

During the life of the C-746-U Contained Landfill, numerous activities have occurred 
concerning the seismic capacity of the landfill [2 and 6]. The (probabilistically evaluated) 
bedrock peak horizonta'i ground acceleration (PGA) used in the original design of the 
landfill is 0.40 g. The containment structures, including liners, leachate collection system, 
and surface water control system, are designed to resist 0.40 g (the effect of local soil 
conditions and landfill itself were neglected in the original design). The PGA used in the 
seismic analysis corresponds to a bedrock acceleration, which has a 90 percent 
probability of not being exceeded in 250 years. This is equivalent to a 2,500-yrp 
earthquake. This value was obtained from a probabilistic seismic hazard analysis 
(PSHA) conducted in 1993 by Risk Engineering, Inc. (REI) [7]. Table 1 shows a 
chronology of events related to the history of the design and construction of the landfill in 
the late-1990s to the early-2000s time frame. Referencing Table 1, KDWM added the 
following permit condition for the C-746-U Contained Landfill on February 1, 2001: 

The permittee shall prepare and submit to the Division of Waste 
Management a complete reevaluation of the seismic hazards to the 
landfill liner, cap, leachate collection, and surface water collection 
systems by August 31,2001. This study shall be coordinated with the 
Solid Waste Branch geological and engineering staff. The seismic 
reevaluation study shall completely reevaluate the. ground motion 
potential, the potential for structural offset along local faults, and all other 
seismic risks associated with the New Madrid Seismic Zone, the Wabash 
Valley Seismic Zone, and local fault zones. 
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Table 1. Chronology of Seismic Evaluation and Study Events 

Activity Comments Date 
Site-specific seismic hazard REI reported rock only ground 1993 

A study conducted by REI, motions in this study, 0.40 g at 
bedrock PGA of 0.40 g. 2,500 yrp f7 (Fio 5.18)]. 
Seismic Design of the C-746-U After applicant submitted the 1994 through 1995 
Contained Landfill was three-phase application 

B performed using bedrock PGA of process, regulators approved 
0.40 g (Solid Waste Landfill operation of the landfill in 
Technical Application) applied as November 1996 via Permit No. 
seismic coefficient (ks) equal to 073-00045. 
0.2 g (ks = bedrock PGAl2). 
REI updated 1993 study and Report revision performed for 1999 

C calculated PGA of 0.51 o. USEC and driven by NRC. 
White Paper by Dr. Beavers Determined that existing landfill 2/20/2001 

D evaluated existing landfill design. design was adequate for PGA 
of 0.51 o. 

C-746-U Contained Landfill Permit appeal filed by DOE; New permit 
Permit reissued with new seismic technical submittals condition 2/112001 

E seismic requirement identified in proposed following "Seismic Seismic Summit 
permit condition. Summit" conducted with DOE, held 5/29/2001 

KDWM, and USGS in Frankfort, 
KY. 

KDWM requested newly DOE appeals request and KDWM request 
F constructed cells to be designed KDWM agrees to consider a 8/10/2001; 

to a PGA of 0.8 g. new study to determine the accepts new study 
PGAvalue. concept 

10/31/2001 
DOE conducted new evaluation New study completed and 317/2002 

G study to fulfill the ground motion submitted to KDWM. 
assessment requirements of 
permit condition. 
DOE conducted reevaluation of KDWM response that the 9/27/2002 
the seismic capacity of the submitted information does not 

H landfill and associated support meet requirements of landfill 
facilities to fulfill the remaining permit. 
items of permit condition. 
DOE submitted Holocene Fault Notice of Deficiency received 10/27/2010 

I Study for landfill to KDWM. from KDWM. 

The issues related to this condition were addressed [2 and 6], and it was concluded that 
no evidence of Holocene faulting existed on or near the footprint of the C-746-U Landfill. 
Later, these three items were decided: (1) the planned fault study at C-746-U Landfill 
would not be implemented at that time, (2) a technical justification would be prepared 
and submitted to KDWM, and (3) the previously submitted ground motion study for the 
C-746-U Landfill [6] satisfied the permit condition of February 1, 2002, landfill permit. 
KDWM and DOE did not reach agreement that this permit condition was resolved. 
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3. DETERMINISTIC SEISMIC HAZARD ASSESSMENT 

3.1 Background 

As stated previously, KOWM requires the design seismic event to be determined 
deterministically. The design deterministic earthquake level should be the maximum 
credible earthquake (MCE) level. The median ground motions should be develop. 

The site-specific OSHA should consider local faults and fault zones [near-field and 
intermediate-field events; 8 and 9], but also a far-field event that corresponds to a major 
event in the NMSZ. The major event on the NMSZ should correspond, in the terms of 
earthquake magnitude, to the largest of the 1811-1812 series of events. 

3.2 Introduction 

The OSHA parameters documented herein were evaluated in the following sequence: 

(1) Assign an MCE moment magnitude (Mw) 7.6 to NMSZ, measure distance from the 
confluence of the MiSSissippi and Ohio Rivers (shortest distance from the fault zone 
to the site; 36.5 km), and attenuate the ground motiqns to the site; 

(2) Assign an Mw 7.0 earthquake in the Wabash Valley Seismic Zone northeast of the 
PGOP (site-to-source distance of 100 km) and attenuate its ground motions to the 
site; 

(3) Select a local earthquake of Mw 5.5 at the distance of 22 km from the PGOP and 
attenuate those ground motions to the PGOP; and 

(4) Compare the seismic hazard parameters (i.e., bedrock PGA) from the near-field 
[Scenario 1 Event (S1 E)], intermediate-field [Scenario 2 Event (S2E)], and far-field 
[Scenario 3 Event (S3E)] events to establish the design seismic event for the 
C-746-U Landfill. 

3.3 Previous Studies 

As mentioned earlier, many seismic studies at PGOP have been conducted over the 
years. In 1993, REI conducted a PSHA at PGOP [7]. Later, the United States 
Enrichment Corporation (USEC) contracted REI to update the 1993 study. That revised 
study, requested by the U.S. Nuclear Regulatory (NRC), was completed in 1999 [11] and 
resulted in a 2,500 yrp PGA value at bedrock of 0.8 g as compared to the 1993 value of 
0.4 g in bedrock. This higher PGA value was primarily a result of the consideration of a 
recurrence of an 1811-1812 New Madrid type earthquake occurring closer to the PGOP. 

Based on preliminary estimates by JEBc of the OSHA approach [12], it appeared that 
the new OSHA ground motion numbers would result in lower values at bedrock, less 
than half of the 1999 REI study and nearer the results of the 1993 study [7]. If that is the 
case, these lower ground motion values in hard rock could result in amplification of soil 
surface ground motions to higher values than the results of REI [11] at the top of soil. 
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Earthquake investigations over the years have shown that low intensity rock motions 
(bedrock PGA less than approximately 0.4 g), local soft soil deposits may amplify the 
rock motions. Conversely, if the rock motions are above approximately 0.4 g, local soft 
soil deposits may deamplify the rock motions. This potential deamplification is well 
documented in numerous publications (e.g., references 13, 14, and 15). 

3.4 Scenario 1 Event 

3.4.1 Description 

Scenario S1E represents an Mw 7.6 event in the NMSZ (this Mw approximately 
corresponds to surface wave magnitude Ms of 7.8). Mw 7.6 corresponds to the largest of 
the three infamous earthquake events that occurred in 1811 and 1812. At one time, it 
was rated as the second highest of the three New Madrid earthquakes having a Ms of 
8.4 [16}. In 1999, however, Van Arsdale and Johnston [17} estimated these three events 
as having Ms 8.1 for the December 16, 1811, event; Ms 7.8 for the January 23, 1812, 
event; and Ms 8.0 for the February 7, 1812, event. More recently, Bakun and Hopper [18] 
estimated the Ms of these events as 7.6 for the December 16, 1811, event; Ms 7.5 for the 
January 23, 1812, event; and Ms 7.8 for the February 7, 1812, event. The later Ms 
estimate of 7.8 approximately corresponds to Mw 7.6. 

The United States Geological Survey (USGS) Web site lists the following Ms estimates 
for the New Madrid earthquake sequence: Ms = 7.7 for the event occurring in northeast 
Arkansas on December 16, 1811; Ms = 7.5, for the event occurring in Missouri on 
January 23, 1812; and Ms = 7.7 for the event occurring on February 7, 1812, along the 
Reelfoot fault in Missouri and Tennessee. 

There have been other large earthquake events in the NMSZ, such as the 1895 
Charleston, Missouri, earthquake of Mw 6.7; however, this epicentral event was of a 
smaller magnitude than the 1811-1812 events, resulting in S1E being the controlling 
event. 

Based on the above discussion, cited references, and a more recent understanding of 
the historical events, the authors have estimated that placing an Mw 7.6 earthquake just 
west of the confluence of the Mississippi and Ohio Rivers represents a realistic location 
and magnitude for S1E and is representative of an MCE for the NMSZ. The 
corresponding fault location is shown in Figure 2 and is based primarily on research by 
the USGS [19]. The closest approach of this event from the NMSZ to the site is 
approximately 36.5 km (Appendix B), which puts it on the northern end of the postulated 
fault line shown in Figure 2. 

3.4.2 S1 E Ground Motions 

For S1E, the ground motions were attenuated to the PGDP site using the attenuation 
equations discussed in Appendix B. The attenuation equations used in this assessment 
are those used by USGS in its national mapping process for the International Building 
Code [20] and the Structural Engineers Institute (SEI) Standard [21]. These attenuation 
equations are considered to represent state-of-the-art methodology. 
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Figure 2. Seismic Scenario Sources in Relation to PGDP 
(Red = Ruptures; Green = Earthquakes with Mw ~ 3) 

Using the USGS attenuation equations, the ground motion values (PGA and spectral 
aG~~lera\ion ordinates) were computed for S1E, as discussed in Appendix B. The 
median PGA value for S 1 E was computed for the hard rock foundation at PGDP to be 
0.36 g. The corresponding spectral values are 0.54 g for 0.2-second period and 0.19 g 
for 1.0-second period. 

The use of median values of seismic hazard parameters is consistent with DOE criteria 
[22] and is considered appropriate based on the hazard level of the landfill. 
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3.5 Scenario 2 Event 

3.5.1 Description 

In the case of S2E, not as much is known about the Wabash Valley Seismic Zone with 
respect to the occurrence of earthquakes or records of their past magnitudes. The Van 
Arsdale and Johnston study [17] addressed the potential seismic hazard at PGDP from 
the Wabash Valley Seismic Zone. This study considered paleoliquefaction constraints on 
magnitude, location, and time of occurrence of these events. Results were sufficiently 
compelling to be used in the 1999 REI PSHA [11] seismic source zoning. Thus, the 
authors included the Wabash Valley as the basis for the S2E earthquake. 

Based on Van Arsdale and Johnston's work [17] and the corresponding referenced study 
[23], evidence was presented that two paleoearthquakes had occurred within the 
mapped extent of the Wabash Valley Fault System. These two earthquakes were 
estimated as having an Ms 7.6 and Ms 7.2 (magnitude scale not inferred). More recently, 
Olson et al. [24] assign an Ms of 7.1-7.3 and 6.7 for these two events. Others have cited 
Mw in the area ranging from Mw 6 to Mw 7 [25]. 

As result of the above studies and the locations of the paleoearthquakes, the authors 
chose an Mw 7 earthquake on the Illinois-Indiana border at the southern extent of the 
Wabash Valley near the city of Evansville, Indiana, or as stated in Appendix Band 
shown in Figure 2, at the confluence of the Wabash and Ohio Rivers. This location 
would give highest S2E ground motions at the PGDP site since this is the closest 
proximity of the Wabash Valley Seismic Zone to the PGDP and, thus, represents a 
conservative approach for S2E earthquake. A larger magnitude could have been used 
(e.g., an Mw 7.6), but the authors chose the lower magnitude and placed the epicenteral 
location at/near the closest location to the PGDP. The authors believe this is an 
appropriate magnitude and distance location representative of an earthquake from the 
Wabash Valley Seismic Zone. Choosing the largest earthquake and closest location to 
the PGDP would be overly conservative. 

3.5.2 S2E Ground Motions 

As was done for the S 1 E earthquake event, the ground motions were attenuated to 
PGDP, as discussed in Appendix B. As presented in Table B2 of Appendix B, the 
median bedrock PGA value for the S2E earthquake is 0.07 g. The corresponding 
spectral values are 0.12 g for 0.2-second period and 0.04 g for 1.0-second period. This 
~~~;~~~. PGA value is significantly lower than its S 1 E counterpart; ther."zr,;;;:;;a-::Jt:~::-:-:E--_ -I-V-E-D---

3.6 Scenario 3 Event 

3.6.1 Description 

I MAR~_8_2012 J 
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Solid Waste Branch 

The S3E represents the impact of a local event occurring near the PGDP. A local event 
usually is considered a smaller earthquake, one that is considerably smaller than an 
Mw 6.5 and that still could do damage. Usually, a smaller earthquake is picked as an 
Mw 5.5 because Mw 5.0 is where damage to structures begins, and the Mw 5.5 is where 
significant damage begins to occur. In addition, the local event occurs more often than 
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the larger events at sites of interest. Smaller events often have higher frequencies of 
ground motion than larger events. The location for a close-in event usually is assumed 
around 20 km, which is a judgment call; in this case the authors use 22 km. There are no 
criteria developed for the establishment of a close-in event. 

3.6.2 S3E Ground Motions 

As was done for the S1 E and S2E earthquake events, the ground motions for the S3E 
were attenuated to PGOP from the assumed distance of 22 km, resulting in bedrock 
ground motions computed in Appendix B. From Table B2 of Appendix B, the median 
bedrock PGA = 0.10 g. The corresponding acceleration spectral values are 0.14 g for 
0.2-second period and 0.02 g for 1.0-second period. Therefore, S1 E earthquake event 
still controls. 

Review of historic seismicity in the vicinity of the site (see Figure 2) indicates that local 
Mw ~ 3 events have occurred at a relatively close approach to the site. Therefore, it is 
recommended that, for the fault rupture impact study, a postulated Mw 5.5 event be 
placed at a distance of 2.5 km from the site (the distance of 2.5 km approximately 
corresponds to the seismogenic distance for Mw 5.5 events). 

4. DESIGN GROUND MOTION PARAMETERS FOR THE C-746-U 
CONTAINED LANDFILL DESIGN EVALUATION 

In accordance with DOE Standard 1020-2002 [22], the ground motion parameter values 
evaluated herein correspond to MCE median values. For landfill design purposes, the 
controlling parameters are bedrock PGA and associated spectral acceleration ordinates 
(Sa). The highest evaluated bedrock PGA corresponds to the S1E scenario (Mw 7.6 on 
the closest approach of the New Madrid Fault to the site). 

The design ground motion parameters evaluated for S1 E are listed in Table 2. These 
parameters may be used to assess the adequacy of the existing design for expansion of 
the C-746-U Contained Landfill. For evaluation of fault rupture hazard, considerations 
also should be given to a local Mw 5.5 event at a distance of 2.5 km from the site. 

Table 2. Design Ground Motion Parameters (S1E)* 

Bedrock PGA Bedrock Sa @ 0.2 Sec Bedrock Sa @ 1.0 Sec 

0.369 0.549 0.199 

*See Appendix B for results from all scenarios. 

5. CONCLUSIONS AND RECOMMENDATIONS 

This study documents the results of OSHA performed at MCE level, with seismic hazard 
parameters evaluated as median values. This OSHA was conducted to address Special 
Condition ACTV0006(5.) of the Solid Waste Landfill Permit for the C-746-U Contained 
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Landfill at PGDP, which requires approval by KDWM of a seismic hazard reevaluation 
prior to construction of phases 6 through 23 of the landfill. 

The results of this OSHA indicate that design median bedrock PGA equals 0.36 g; the 
corresponding spectral acceleration ordinates are as follows: 0.54 g at 0.2 seconds and 
0.19 g at 1.0 second. These ground motion parameters correspond to S1 E (Mw 7.6 on 
the closest approach of the New Madrid Fault). 

Review of historic seismicity in the vicinity of the site indicates that local events have 
occurred at a relatively close approach to the site. Therefore, it is recommended that, for 
the fault rupture study, a postulated Mw 5.5 event be placed at a distance of 2.5 km from 
the site. 
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Chris Cramer Vita 

B.S. Physics/Math 
M.S. Geophysics 
Ph.D. Geophysics 

1969 
1973 
1976 

Probabilities and Seismic Hazard Analysis, Department of Earth SCiences, University of 
Memphis 

A.3 Research Goals: 
As a staff member of the Center for Earthquake Information and Research (CERI) my 
goal is to contribute to the improvement of our understanding of seismic hazard and loss 
in the central U.S., the nation, and the world, and to credibly communicate this 
understanding to earth science professionals, engineers, emergency response planners, 
private industry, and the general public. 

A.4 Research Overview: 
Probabilistic and Scenario Seismic Hazard and Risk Analysis 
Earthquake Strong Ground Motion and Site Effects 
Uncertainty in Hazard and Loss Estimates 
Seismology, including Downhole Seismology 

• Tectonics 

A.S Current and Recent Research Projects 
• Strong- and Weak-Motion Comparisons at Turkey Flat Site Effects Array, 

Parkfield, CA 
• Ground Motion Intensity Modeling for the 1811-1812 New Madrid 

Earthquakes 
• Memphis, TN, St. Louis, MO, and Charleston, SC, Urban Seismic Hazard 

Mapping 
• Effect of the Upper Mississippi Embayment on Seismic Hazard Modeling 
• CEUS ground motion database for soil and rock (various soil conditions) 

A.6 Graduate Students 
• Allison Shumway, Masters Student - Focal Mechanisms for the Northeast 

New Madrid Seismic Zone 
• Jerry Kutliroff, Masters and Ph.D. Student - Seismic Hazard of the Israel, 

Middle East 
• Donny Dangkua, Ph.D. Student - Eastern North America intensity vs ground 

motion 
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B.1 SUMMARY 

Scenario ground motions have been calculated for the Paducah Gaseous Diffusion Plant 
(PGDP) site for three earthquake scenarios: a moment magnitude (Mw) 7.6 on the New Madrid 
North Fault [ northeast (NE) segment], an Mw 7.0 in the southern Wabash Valley near the 
confluence of the Wabash River with the Ohio River, and a local Mw 5.5 and M w 6.0, both at 22 
km from the PGDP site (to the north, arbitrarily). The suite of U.S. Geological Survey (USGS) 
national seismic hazard mapping project Eastern North America (ENA) ground motion prediction 
(attenuation) relations and weights were used to calculate hard rock ground motions at the 
PGDP site for each scenario [1]. Clearly, the New Madrid Mw 7.6 scenario provides the greatest 
ground motion hazard at the site for both short and long periods. For peak ground acceleration 
(PGA), 0.2 second spectral acceleration ordinate (0.2s Sa), and one second spectral 
acceleration ordinate (1.0s Sa), the median bedrock ground motion hazard is 0.36 g, 0.54 g, and 
0.19 g, respectively. The seismic hazard at the site is high because of the proximity of the New 
Madrid Seismic Zone (36.5 km from the site). 

B.2 APPROACH 

Scenario seismic hazard has been calculated using the seismic hazard model and computer 
codes of the USGS national seismic hazard mapping project [1]. For ENA ground motion 
prediction (attenuation) equations (GMPEs) specified in Table B1. the computer code 
hazFXnga7c.f [1] was used in deterministic mode to generate a list of median with natural
logarithmic standard deviation hard-rock ground motions for each GMPE. The site-specific 
ground motion estimates from each GMPE were combined using a weighted average and 
weights shown in Table B1 to form the final ground motion estimate. 

B.3 SOURCE RUPTURES 

Three source ruptures were specified in the scope of work for James E. Beavers Consultants: 
NM-New Madrid North Fault (NE New Madrid segment), WV-southern Wabash Valley. and 
PGDP-Iocal source 22 km from the site. Figure B1 shows the location of these ruptures (red 
lines) along with Mw > 3 historical and recorded seismicity through 2006 (green dots) from 
Petersen et al. [1] relative to PGDP (black open circle). The closest distance from PGDP to the 
surface projection of these ruptures are 36.5, 99.9, and 22.4 km. respectively, for the NM, WV, 
and PGDP ruptures. As specified in the scope of work, the NM scenario is for an Mw 7.6 rupture, 
the WV scenario is for an Mw 7.0 rupture, and the PGDP scenarios are for Mw 5.5 and Mw 6.0 
ruptures. 

B-3 

Table B1. ENA GMPEs and Weights Based by Petersen et al. [1] (i.e., USGS) 

Single Corner-finite fault Weight· 
Toro and Others [21 0.2 
Siiva and Others [3]-Constant stress drop w/saturation 0.1 

Single Comer-point source with Moho bounce 
Frankel and Others [41 0.1 

Dynamic comer freauencv 
Atkinson and Boore [5] 140 bar stress drop 0.1 
Atkinson and Boore [51200 bar stress drop 0.1 
Full waveform simulation 
Summerville and Others [6] 0.2 
Hvbrid empirical model 
Campbell [7] 0.1 
Tavakoli and Pezeshk [81 0.1 

·Same weight as used by USGS. 
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Figure B.1. PGDP Scenario Sources 
(Red = Ruptures; Green = Earthquakes) 
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8.4 RESULTS 

Table B2 presents the results of the scenario hazard analysis for PGDP. All entries in Table B2 
are for the median ground motion hazard values as discussed in Section B.1. Clearly, the NM 
scenario controls the hazard at PGDP. The NE end of the NM scenario rupture is less than 40 
km from PGDP and uses the largest magnitude earthquake. 

Table 82. Median Motion Values for Scenario Earthquakes 

S1E S2E S3E S3E 
Motion Type & Motion New Madrid Wabash Valley Local Local 

Distance Value Mw 7.6 Mw 7.0 Mw5.5 Mw 6.O 

Top of 
PGA 0.3611 0.07 II 0.10Jl 0.16!l 
0.2s Sa O.54g 0.12 9 0.14 9 0.22g 

Bedrock 
1s Sa 0.19g 0.04 9 0.02g 0.05g! 

Distance All Values 36.5 km 100km 22~ _~KmJ 
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Geosyntec C> 
coDsultants 

Significant Duration of Strong Ground Shaking 
Model: Kempton and Stewart (2006) 

b1 
b2 
Magnitude, Mw 
lSa 

c2 
Distance (km) 

c4 
c5 
Vs30 (m/sec) 

c6 
c7 
z1.5 (m) 

In(Duration) 

Mean Significant Duration, Da5-95 = 
Mean+cr 
Mean-a 

2.79 
0.82 

7.6 
60 

3.2 

0.15 
36.5 

3 
-0 

760 

-0.44 
0.001 
1000' (assumed; assuption not critical) 

3.37 

29 sec 
36 sec 
22 sec 

Reference: Kempton, J. J. and Stewart, J. P. (2006), "Prediction Equations for Significant Duration 

of Earthquake Ground Motions Considering Site and Near-Source Effects," Earthquake Spectra, 
Volume 22, No.4, pp. 985-1013, November 2006, Earthquake Engineering Research Institute. 
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CYCLIC CHARACTERIZATION OF on LANDFILL SOLID WASTE 

By Neven Matasovic' and Edward Kavazanjlan Jr.,J Memben, ASCE 

C 
A88TRACT: As part of pmlcsip studies for closure of tbc Opcratina InduSlries. Inc. (OD) landfiU Superfund 
site. field and laboratory studies were combiDed with back analyses of strong modon data 10 c:haractedze the 
beftavior of the on solid waste wbcD aubjectod 10 awna artbquakc shakin .. Small strain shear modulu values 
for the solid waste material were established OIl tile buIa of field measwemenas of Ibear wave velocity aod unit 
weight. Largc-diunctcr (457 mm) cyclic dIIect simple sbeIr (CyDSS) testinl wu performed on IeCOftIlitutaI 
solid WISIe specimens to investigate tile modulus reductioa IDd ciampini characteristics of solid waste Illaqe 
strains. ResullS of two-dimensioDal 8nlle elemellt bICk analyses of strona medon daIa recorded at the lice wae 
combined with the resullS of CyDSS teldDa to esubUab aoHd waste modulus n:ducdon and damping curves 
over the r&Dge of cyclic shear strain requiNd for lite clolure deai .... One-dimensional deconvolution of moIiOGI 
RCordccl on fill at the buc of the IandftU wu an essential step in the two-dbnemlonal Hnlce clement back 
analyses of stIOIl, motiOD daIa. 1be rauJliq modulus reduction and ciampinI curves IDdicare tbat on solid 
waste is a fairly Hneu material in the amaO to iDtermedillC strain I'IDIc. but that a .ipiflcanl reduction or shear 
modulus occurs when the CYClic sbear SIraiD exceeds approllimdcly a. • .,. 

W 

INTROOUcnON 

Scope of Study 
As part of predesian studies for clCISIIIC of the Operating 

Industries, Inc. (Om 1aDdfi1l Superfund tite. the belaavior of . 
1he 011 solid waste when subject to earthquake-induced cyclic 
loading was characterized. This cyclic behavior c:haraeteriza. 
lion was needed for use in equivalent-linear seismic reaponse 
analyses carried out in support of predesian analyses for land
fiU closure design. The cyclic behavior chll'lC1erizadoa of dae 
OIl solid waste includes shear wave velocity, lIDit weisht, and 
Poisson·s ratio profiles from fteld testing and modulus recluc-
lion and dampina curves developed usillg a combinatiOD of 
back analysis of slrOng modons reconJed at die IandftII and 
lUJe-cfiameter cyclic direct simple shear (CyDSS) laboracory 
lests on reconstituted solid waste specimens. 

The shear wave velocity profile developed for on solid 
waste in situ is based upon statistical analysis of die spedral 
analysis of surface wave (SASW) surveys at 27 locations on 
the landftJl. The unit weight profile is based upon iIl·situ den
sity testing conducted in tine large.diametel' (840 mm) bucket 
auger borings at depths of up to 45 m and iD a test lrencb 6 
m deep. The solid waste Poisson's ralio profile was calcuJa&ed 
based upon abe assumption of linear elaadc behavior from 
compressional and shear wave velocities measured by two dif
ferent techniques in one borehole. 

Two-dimensional finite element equivalent-linear back anal
ysis of sttong motions leCorded at the landfill was used 10 
develop modulus reduction and damping curves for the solid 
waste for cyclic shear strains of up to O.08~. The back anal· 
ysis relied on the landfill foundation geometry and small snn 
material properties developed on lite basis of the site inycsti
gation program. One-dimensionaJ equivalent-linear clcconvo
lulion of earthquake motions recorded on compacred soil at 
the base of the landfill was an essential step of the bact anal
ysis. Largc-diameler (457 mm) CyDSS testing on recoDSlituled 
samples was used to guide the development of lite soUd waste 
modulus reduclion and damping characlerislics al cyclic shear 

IProj. Bn..... OeoSynlllC Conlultanu, 2100 Main SI,. Sle. I~, 
Hundnston Beacb, CA 92648. 

2Prin .• OeoSyncec ConaullanU. 2100 Main St.. Ste. 1~. HunlinpoD 
BelICh. CA. 

Note. Discu$sion open unul AuJUSl I, 1998. To extend Ibc ellJlinl 
date one month, • written requesl must be filed wilh Ibe ASCS MIDipi' 
of Journals. The manuscript lor Ibis paper was aubmilbld for Nview IIId 
possible pubtication on Pebruary 26, 1997. This PIPCl' is put of Iho J.",. 
,.", 0/ Ckollc"IIk •• l1li o.o."lIInImrw"'" E"."..."... Vol. 124. No. 
3. March. 1998, OASCB, ISSN 1090-0141 198I0003-0 I 97-021M4.oo + 
$..50 per pale. Paper No. 15303. 

strains larger than 0.08,.. the muimum cyclic shear strain 
calculated In the solid waste by back analysis. 

Site Conditione 

The 011 landfill is located in southern California, approx.i
mately 16 km cast of downtown Los Angeles (Fil. 1). The 
site is divided by California State Road 60 (!be Pomona Free
way) into a relatively small and level nOM parcel and the 
steep-slope 58-ha 80uch parcel where most of the landfilling 
occurred. The south parcel. the subject of the present study. 
has been movins toward final closure under the Unitccl States 
Environmental Protection Agency (EPA) Superfund program 
since 1985. The landfill site was formerly a sand and gravel 
quarry pit. The approximately 6O-m deep pit was filled with 
solid waste over a 4O-year period. There is no evidence lhat 
any subgrade preparation or liner installation look place prior 
to the disposal of solid waste. The top of the landfill ran,es 
from 21 to 76 m above the adjaceDt ground surface. The max
imum Ihickness of solid waste on Ihe south parcel is approx
imately 100 m. 

Native sround lhat underlies the landfill is primarily the 
Tertiary age Pico unit of the fernando fonnation. conSisting 
primarily of poorly indurated interbedded sands and graveb 
willi occasional silt and clay lenses. Local pockets of ancient 
landslide and artificial fill materials are also found al &he site. 
ne site accepced residential. commercial, and induslrial solid 
wastes. In addition, liquid wastes were aceepted at the landfill 
at times. primarily at the west end of the south parcel. Waste 
was disposed of at the site without any separation or compac
tion. Soil cover was placed on the side slopes of the landfill 
and on the decks and waste faces as the landfill rose above 
grade. The landfiU last received waste in 1984. after which an 
interim soil cover was placed on lOP of abe landfill. The cover 
soils appear to have been derived primarily from local borrow 
soun:ca and typically vary in classification from silly clay to 
silty sand. The thickness of the existing soil cover typically 
varies from 1 m to S m. 

Selamlc Stability Concema 

In September 1988. after the 1987 moment magnitude (M",) 
6.0 Whittier-Narrows earthquake, concerns were voiced about 
the seismic $lability of the landfill mass (Siegel et aI. 1990). 
These concerns were given special attention by EPA due to 
lhc proximity of the landfill to the Pomona Freeway and ad
jacent residences (Fig. 1). As part of the re&ponse to these 
concerns. EPA installed lhree-component slrOng motion insuu· 
menlS at the base and top deck .of the landfill. Inclinometers 
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FIG. 1. ~""I VIew of 011 landfill 

and survey monuments were also installed to monilor landfill 
deformations. 

Along with instrumentation and monitoring of the landfill, 
a variety of site characterization and predesign analytical stud
ies were conducted at the 011 site after 1985. These studies 
were initially conducted by EPA contractors and later contin
ued under EPA oversight by representatives of the potentially 
responsible parties (PRPs) who assumed responsibility for clo
sure of the south parcel under the Superfund program. Due to 
continuing concern over seismic response and stability of the 
landfill. the studies included a comprehensive program of field 
and laboratory testing specifically focused on providing input 
for numerical analyses of landfill behavior under static and 
cyclic loading (GeoSynrec 1996b. 1996c). Results of the field 
and laboratory testing program and the numerical analyses car
ried out to characterize the behavior of the on solid waste 
subjected to earthquake-induced cyclic loading (GeoSyntec 
1996a) are presented herein. 

Recorded Ground Motions 

The strong motion instrument array at the OIl landfill con· 
sists of two three-component strong motion insb'Umcnts. The 
locations of the strong motion instruments are shown in Figs. 
1 and 2. The first instrument. labeled SSI. is located adjacent 
to the base of the landfill. while the other insuumcnt. labeled 
SS2, is on the lOp deck of me landfill. Through April 1994, 
34 earthquakes and aftershocks were recorded by these instru
ments at the 011 site. Seismological characterization of these 

events and the recovered data are presented in Hushmand As
soc. (1994) and PEA (l995). 

The 34 events recorded at the 011 site included both nearby 
small magnitude events and distant large magnitude events. 
Exclusive of the January 17. 1994 Mw 6.1 Northridge earth
quake. the largest peak horizontal ground acceleration (PHGA) 
recorded at the top deck of the landfill was 0.10g in the M" 
7.3 Landers earthquake of June 28. 1992. and the larsest 
PHGA recorded at the base of the landfill was 0.22g in the 
Mw 5.0 Pasadena earthquake of December 3, 1988. The Mw 
7.3 Landen earthquake was the largest magnitude event cap
tured by the inslrUmentation. The Northridge earthquake was 
the largest intensity earthquake recorded at the sileo A PHGA 
of O.25g was recorded at the top deck and a PHGA of 0.26g 
was recorded at the base of the landfill in the Mw 6.7 North
ridge event. 

PREVIOUS STUDIES 

Previous studies that provide data on cyclic characterization 
of 011 landfill solid waste include Hushmand et aI. (1990). 
Anderson et aI. (1992), Kavazanjian and Matasovi6 (l99S). 
ldriss et at (1995), and MalaSOvi~ et aI. (1995). 

Hushrnand ct aI. (1990) studied ambient vibrations and 
strong motions recorded at the site in a number of small earth
quakes. including two Mw S events. Based on comparison of 
base and top deck Fourier Amplitude Spectra. these investi
gators concluded lhat spectral energy at frequencies above 3 
Hz is attenuated lhrough the landfill, while spectral energy 
below a frequency of 3 Hz is amplified. Anderson et aI. (1992) 
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used the same techniques as Hushmand et aI. (1990) to analyze 
another set of small (Mw .. 4). relatively close earthquakes. 
"They reponed up to twelve-fold amplification of spec&raI am
plitudes for frequencies below I - 2 Hz and anenuation in 
other frequency ranges for these small amplitude evenu·, 

Kavazanjian and Mawovi~ (J 995) performed equivalent
linear seismic site response analyses of the 011 laadfill using 
snDI moaon records from me January 17, 19M Mw 6.1 
Northridge earthquake. In this study, me authors assumed that 
the base station motion was a frec..ftcJd weak rock motioo. and 
they used "typical" solid waste properties from Kavazanjian 
ec al. (1995) lO develop modulus reducUOD aud damping 
curves for solid waste. However. as Matasovi~ et aI. (1995) 
and Idriss et aI. (1995) subscquenlly reponed, the base station 
was later found to be located on compacted fill. not weak rock. 
In these Matasovi~ et al. (I99S) and leiria et aI. (I99S) SNdies, 
seismic site response back analyses of the on sll'01I8 motion 
records were perfonnccl to develop solid waste modulus re
duction and dampina curves. Both of these studies included 
deconvolution of the base swion records and used field-mea
sured shear wave velocity profiles at the base and top deck 
stations. Matasovit et al. (1995) used one-dimen:sional cquiv-

aJent·1inear and one-dimensional nonlinear models in their 
back analyses. Idriss et aI. (I99S) used a two-dimensional 
equivalent-linear finite element model for their back analysis. 

SITE CHARACTERIZATION STUDIES 

SIt.Speclflc Ixploratlon and 1MtIng Program 

As part of the 011 landfill sile characterization studies. ex
tensive silC-specific expJoration and testing were perfonncd at 
the site. Initial predesign field exploration studies includc:d air
rotary borings with downhole seismic velocity surveys at the 
two strong motion slations (ESt 199.5). Subsequent predesigR 
field studies included SASW SUl'YCys al 27 locations on top of 
the wasle and four locaaions on nativc material adjKcnt to the 
landfill, three 840 mm-diameter bucket auger borings with in
situ unit weight measurements to depths of up to 4S m. and 
an approximately 6-m long by 6-m deep test trench with ill
situ unit weight measurements (GeoSYDIec 1996b)_ Fig. 2 
shows the exploration localions from these two field studies. 
Laboratory testing conducted on 457 rnm-diamecer reconsti· 
tuted solid Wllte specimens in conjunction with the field work 
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ineluded oneadimensionaJ consolidation, direct shear, and 
CyDSS testing (OeoSyntec 1996c). 

FlelcllnvHtlgation 

Shear and compressional wave velocity profiles were de· 
yeloped at both strong mOljon station locations using in·hole 
suspension lOlling and conventional downhole logling (ESI 
1995). The shear wave velocity profiles at these locations have 
been reported previously by Matasovit et aI. (I99S) and Idriss 
et aI. (1995). The shear and .comprcssional wave velocities 
mcaaURd in the borehole at strong motion station SS2 wore 
used to caleulate Poisson's ratio, v, for the solid waste based 
upon basic equations from linear elasticity. Pig. 3 shows the 
Poisson's ratio values calculated in this manner. Zones of solid 
wasle content lower than 2S~ and higher than 1S~ arc inw· 
cated in tho margin of Fig. 3 by shading. Given tho large 
excunions oC v along the profile. a value of v = 0.33 was 
adopted as an appropriate approximation for 011 solid waste. 

t~ ~----------------~--------------~ 

SASW testing was performed at the landfill under the di· 
rcelion of Dr. Kenneth Stokoe of the University of Texas. A 
vibroseis. a IrUck-mounted scrvohydraulic actuator capable of 
applying a dynamic force of up to 133 leN at frequencies from 
I Hz to 200 Hz was used for the testing. Fig. 4 shows a 
composite shear wave velocity profile for 011 landfill solid 
waste developed by statistical analysis of the SASW surveys 
at the 21 locations where testing was perfonned on waste. The 
"recommended" solid waste shear wave velocity profiles de
veloped by Kavazanjian et aI. (1995) and Kavazanjian et a1. FlO. 3. PoIaaon'. Ado of 011 UndIIII Solid W .... 
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(1996) for southern California municipal solid waste l8IKlfilis 
are allo shown in Fig. 4 for the purpose of comparison. 

In-situ unit weight measurements were made at six locations 
in each of the three lillie-diameter bucket auger borinp. Bulk 
samples recovered from these six locations were used subse
quently in waste characterization and laboratmy teatiDg stud
ies. The measuremeot and sampling locations were chosen 
such thai unit welaht measurements were made at bolb deep 
aDd shallow locations where the IlHilU sbcar wave velocity 
from Ihc SASW souodina closesl to the borin. was approxi
mately one standard devialion below the meaD velocity (LV 
locations). approximately one scandard deviation above die 
mean velocity (HV locations), and approximately equal to rhe 
mean veJocity (MV locations) calculated from all %7 SASW 
soundings. The measurement Illd samplins locations for bor
ins BA-3 are shown in Fig. 4. 

In-situ unit weight was initially evalualCd usiog an adapta
tion of the convenlional sand cone procedure(ASTM D 15'6). 
In the adapted procedure. the weiahl of solid waste removed 
from a 2 - 3 m length of borehole was carefully measured, and 
the volume of the boring over this interval was evaluated by 
backfilling the 2 - 3 m interval with a "calibrated,. gravel. 
However, this procedure gave anomalous results at several lo
cations. most notably at intervals where liquids were seeping 
into ahe boring at a relatively rapid rato. 1berefore. based upon 
evaluation of the 011 data and data from BRoth« IIDdfiI1 when: 
the adapted sand cone procedure wu used successfully. the 
volume of the 2 - 3 m interval of the boring from which the 
solid waste was removed and weighed was calcwared assum
in. a eonsrant 1691, overbore. Results of the calculations bued 
upon a 169& overbore, shown in Fig. S. indicated the in-situ 
unit weisht of the solid waste varied in a nonsystematic man
nerbetween approximately 12 kNImJ and 21 kN/m'. with most 
values between 14 kN/m' and 18 kN/m'. 

The in-situ unit weight of the solid waste was also evaluated 
in a large test· trench excavated near the loc::ation of bucket 
auger boring BA-I. A ttench approxima&ely 6 m Jona. 6 m 
deep. and 1 m wide was excavatocS with a backhae fhroup 
approximately 1.S - 2 m of soil cover. The solid wasce exe .. 

vatcd from a depth of 2.2 m to tho bottom of the trcnc:h was 
carefully weished. The volume of the trench interval &om 
which the lOUd waste was excavated was del.mnined by back
,mini the ttellCh with the calibrated pavel and wu based 
upon measured trench dimensions. Rcsulla of both calculations 
indicated an averqe unit weight of approximately 16 kNlmJ 

for tho solid waste in the test trench. The results from the test 
lrench are alao plotted in Fig. S. 

Laboratory "IMtIng 

Blilk samples of solid waste were recovered for waste char
acterization and for laboratory ICStin. from each of the 18 
intervals in boreholes BA-l. BA-2. and BA-3. in which an in
situ unit weight evaluation was conducted. Testing was con
ducted in a laboratory established at the landfiU site usina 
Jarae-dWneter (457 mm) testing equipment designed and 
fabricated for the project (GeoSyntec 1996c). Reeonstituted 
samples were used in the testing program because of the dif
ficulties in obtainins undisturbed specimens of solid waste of 
any size. let alone of the luge diameler required for a repre
sentative sample. CyDSS testing was used for the cyclic char
acterization of the solid waste. The CyDSS apparalllS devel
oped for the 011 landfill project is shown in Fig. 6. 

The CyDSS teslina program included staged testing at uni
form cyclic shear strains of 0.191,. 0.3'11. 1"', 3%. and .5'1> at 
a frequency of approximately 0.1 Hz on waste ,"overed from 
six of the bulk sampling inl«vals. Tables 1 and 2 provide 
information on the boring and depth from which eaw:h bulk 
sample used in the CyDSS testing program was recovered, the 
relative in-silu shear wave velocity (low, mean. high> of the 
sampling interval. the relative moisture content of the speci ... 
men (dry. moisO. testing stress and atrain Jevels, and the ase 
of the waste as determined from information on the history of 
Iandfill development and from pieces of newspaper and other 
dated materials recovered during sampling. Tables 1 and 2 also 
provide information on the visual classification of the waste 
and of the soil or soil-like constituents of the bulk samples. 

One set of unprocessed CyDSS testing results are presented 
in Fig. 7 in terms of cyclic stress"strain loops. These results 
indicate that solid waste materials follow Muing·s (1926) 
rules for cyclic stress-strain behavior of soils. 

Processed CyDSS testing results. expressed in tems of 
shear modulus reduction and equivalent viscous damping ratio, 

FIG. 8. .... a--DI8m .. Cycllc Direct Simple ShMr Device 
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TABLE 1 CyDSS 'lMlng Program 

Bodnt;;aampHng Age of MolIture Shear wave Number 01 
Test number lnt8IV'" Depth sample' Applied normal at ... content velocity" Unit w.tght' Itag •• 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

1.2.3 BA-IILV-1 3.4-6.1 m - f l00.3~ 9.5.8; 94.1 kla 'S.31& III mls 16.0 kN/m' 6 
4 BA-31MV·1 3.4-6.1 m 1980 97.4 kPa 16.61& 162 mls 16.9kN1mJ 2 
S.6 BA· 1 MY. 1 9.2-12.2 m - , 

176.2; 176.4 kPa )3..5" 231 mJs IS.S kNlm' 6 
1 BA.JILY .. 2 15,2-)8.3 m J984 31S.1 kPa 25"" 148 mi. 18.1 kNlm' 4 
8 BA-31LV·2 30.'-3l.S m 1964 511.4 kPa 24.'" 195 mls 12.0tN/m' 4 
9,10 BA·1/HV.I IS.2-18.) m 1983 292.1; 292.3 tePa 41.21& 231 mit 16.5 kN/m' 6 

-BA = bucket auler borehole indicated iR Pis. 2: LV, MV. MY = low. mean, and high in-situ tbtv wave velocity zone. reapec:t1vely, IS indicated In 
Pi~4_ 

Ap of die solid WUle part Of the sample estimaled ftom partially decomposed newspapers. 
cMoiSlUre contelll of soil aad soil-like materiAk measured prior 10 the teal. 
·Sbclr wave velocity IDCasured in the 451-nun cOl\SOUdaIion device for the lime iRitial density and overburden pressure. 
-In-situ unit weilbt- De unil weight achieved in CyDSS 'Nat ~2" of this value. 
I Ale of wute undetennined. 

TABLE 2. CyDSS lHtIng Program 

Test Paper and Plastics and re)dJ18. and 
number cardboard rubber Wood Metals Glass miscellaneous Soli and soli· like matertalS ccmpoaIdon· 

(1) (2) (3) (4) (S) (8) (7) (8) 

1.2..3 1.6'" ',", 2.31& O.~ 2.'~ 1.2 • 84.89l1 (SM: I"' pavel; 50-609& sand; 30-4", fines) 
4- .. 1. 1.1 .. 0.4" 0.8$ 0.4$ 0.9" 94.6" (CH; 10~ FAvel; U" sand: 75~ fin .. ) '.6 6.9'4 n.8$ 4.0. o.a1& ',6. S.lCJ& 64.69& (CH. SCJ& sravel; oSCJ& sand; 9OClf> flRCI) 
1 9..5CJ& 3.2" 3.1'11 2.4$ 1.6';\ 2.2. 77.,511& (CL: 10- J.SIJI JIllwl; 30-409& sand; SO-5S';I& noes) 
8 10.39& 0.4. 2.~ 0." 0.'" 0.190 85.4" (fine-piled) 
9,10 1.2$ 3.1" 3.4$ 4.K 0.4" 1.5 .. 84.8'11 (ML; IO'JL .... vel: )O-4&J1sand; 50-609' fines) 

(AvcrqeJ 5.2S 4.59& 2.8* 1.1'11 1.890 2.ow. 82.", 

·Unifted Sod Classiftcation System by visual clusiftcalion. 

......NomIII .... -101lI0,,., 

..... NomIIl .... -10lIII0''' 

~-------+----~~~~-----~--------H-'-~"'.I"""H-------~ 
....... NImIIIIII Stnta • ,oe3O psi 
___ HamIl stma. tOl3l"., 

SAMPLE 8A3-LV2 

Shear Strain (%) 

FlO. 7. Unproce8Hd Solid W." ~11c DIrect Simple Shear Tat RMulte 

are shown in Fig. 8. The modulus reduction data were nor· 
malized by small strain moduli calculated from the mass den
sity of the compactecl specimen and the estimated sbear wave 
velocity. Shear wave velocity was estimated on the basis of 
shear wave velocity measured in the laboratory in 4S7 mm 
diameter consolidomcrers on specimens from the same bulk 
sample compacted to the same density and subjecl to the same 
consolidation pressure as the CyDSS specimens (Ocosyntec 
1996c). Damping vaJues were calculated from Ihe cyclic loops 
based upon the assumption that material damping can be char
acterized with the suain.<fependent equivalent viscous damp
ing ratio, defined as a ratio of damping energy to the equiv-

alent strain energy [see. e.g .• Isbihara (1996)). Damping 
calculated from the experimental cyclic hysteresis loops wu 
Correcled for system (riclion by subtracting 4'9f1 from the ex
perimental damping ratio values. 'The value of 4., was based 
on the comparison of damping measured in teslS run on a 
"standard" sand in the largc-diamcler CyDSS device to dam~ 
ing reponed in the literature for the same sand wben tested in 
a Norwegian Geotechnical Institute-type CyDSS apparatus 
(Matasovi~ and Vucelic 1993) and on CyDSS test performed 
in lhe targe.diameler apparatus on "dummy" neoprene spec
imens (OeoSynleC 1996c). 

Fig. 8(a) also includes modulus reduction data points cal-
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culaled using the secanl modulus from monotonic loading (i.e •• 
static) direct simple shear (DSS) tests 00 reconstituted speci
mens. These modulus values were calculaled assuming the 
static stress strain curve represented the backbone curve for 
cyclic loading. 

One goal of the testing proaram was to identify the inftu
ence of the waste characteristics identified in Tables 1 and 2 
on abe mechanical behavior of the waste. Evaluation of lhe 
data from both cyclic and static tests (includinl direct shear 
and consolidation tests) showed no discemable trends wiCb re
spect to waste composition. Therefore. there was no distin
guishing among data points on the basis of compositional fac
tors when ploltin, or evaluating the data. 

Wal. ProflleldMllDtlon 

Back analyscs of the seismic response of the landftll were 
conducted on cross section 1·1' of FiB. 2. Crou sectiOD 1-1'. 
shown ill Pi,. 9. was dovolo~ usins a ~c map pre
pared approximately two months prior (0 dle Northrid,e earth· 
quake. a basc-or..che .. landfill concour map developed from 
historical data (ESI 1996b). IIld SASW mullS(GeoSymec 
1996&). as well as Ihe results of adler characterizatioa and Aold 
investi,ation studies. The cross section was extended 10 ele
vation S5 m mal, approx.imately 130 m below the top deck of 
die landfill. Elevation 55 m mean sea level represented the 
lowest elevation reached by the SASW measurements. 

Cross section 1·1' was idealized fot madelia, puI'pOIeS inco 
zonca of four mareriaIs: cover ~oil. compacced fill, weak rock. 
and solid waste. The dynamic c~ ofcboso materials 
and of the elastic half-space assumed to underlie the cross 

section are swmnarizcd in Table 3. The dashed lines with ques· 
lion marts on cross section 1·1' in Fig. 9 indicate a relatively 
high degree of UDCCrtainty relative to the geometry of the com
PKted fill and COVel' soils. The native subsurface material was 
characterized as a unifonn maaerial bee ... , baaed on the 
available iDformation, it is difficult. if not impossible, to make 
a distinction in geometry and material properties between dis
crete components of the Pico unit. whicb is present below the 
cross section. The modulus reduction and dampinl curves for 
the cover soil. compacted fil1, and weak rock material. were 
selected on the basis of the classification of these materials. 
The Vucetic and Dobry (1991) curves for a plasticity index of 
IS were selecled to represent the cover soils and compacted 
fill, as these maccrials were classified primarily as low-plastic
ity silty clay and clayey silL The Sbibuya et aI. (1990) curves 
for gravel were selected for the Pico unil because tho poorly 
indurated sand and gravel weak rock. materials thai make up 
most of Ibis unit appeared to be, in a mechanical sense. similar 
to a loose or poorly cemented gravel. 

The shear wave velocity profile for the solid waste is sum
marized in Fig. 9. This profile was based upon ac:tuaI shear 
wave velocity profiles measured in the SASW and borehole 
velocity surveys, and not on the average shear wave velocity 
profile from SASW measurements shown in fig. 4. Shear 
wave velocity vuiations between the points illustrated in FiB. 
9 wese established by linear interpolation in order to avoid 
large impedance ratios in the horizontal direction. The shear 
wave velocity for the compacted fill was based upon the shear 
wave velocity profile from the in-hole suspension loglinl at 
the location of monitoring stalion SSt. The shear wave veloc
ity profile for the Pica unit foundation soils was based upon 
the suspension logging at station SS 1 and SASW profiles de
veloped on native ground adjacent to the landfill. 

Based upon the data shown in Fig. 5 from the field unit 
weight evaluations, the solid waste was characterized by a con
stant unit weight of 15.7 kNlm'. Based upon unit weight mea
surements on Shelby Tube samples (ESI 1 996a), the cover 
soils were characterized by a constant unit weight of 17.3 kNl 
m'. Based upon typical values for compacted soila, the fill was 
c:baracterized by a unit weight of 18.8 kNJmJ to a depth of 22 
m and 19.6 kN/m' at greater depths. Based upon available 
aeoleChnicai data, the weak rock Pica formation materials 
were characterized by a unit weight of 18.8 kNlm'. 

The elastic half-space was characterize by a shear wave ve
locity of 1,220 mls and a unit weight of 20.4 kN/m'. Based 
upon the data in Fig. 3, the half·space and weak rock were 
characterized by Poisson's ratio equal to 0.25. and the solid 
waste was characterized by Poisson's ratio equal to 0.33. A 
Poisson', ratio of 0.30 was used to ~haractcrize the cover soils 
based upon typical values for similar soils. 

BACK ANALYSIS OF STRONG MOTION RECORDS 

Landftll Respon •• An.ly._ 

Back analyses of landfill response were conducted lO assess 
the modulus reduction and damping characteristics of the 
waslC mass in the small to iDtennediate strain range. The back 
analyses were conducted in the time domain using equivalent
linear fiabe element analysis. Because the base stalion (station 
SSI) wulocated on fill and not on a bedrock outcrop, ground 
motions recorded al SS 1 had to be dec:onvolved to detennine 
the bedrock outcrop motion for input to each finite element 
bKk analysis. Therefore, each back analysis was carried out 
in two steps: (I) Deconvolution of the s&ronl ground motion 
recorded aI SS 1 using one-dimensional analysis~ aDd (2) two
dimensional back analysis of site response using the decon
volved motion. 
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eASE EL£VAllON 55m rn" NOTf; NUMIDI INDICATI .... WAVE vaOCrnEI UIID .. lACK ANALYse. 
vawa IIElWUN MJIORTB) v-.uu WIllI UlleNlLY JNTUIPOlATID. 

50 25 o 
SCALE IN METERS 

FIG. I. 01 Landfill ero.. SectIon 1-1' 

TABLE 3. Dynamic MaIM ... Pr'oI*1fea 

50 

Zone· Unit weight Poisson'. raUo Shear wave velocity Modulus reduction and damping curves 
(1) (2) (3) (4) (5) 

SolidwUIe IS.1 kN/m J 0.33 Varies- Evaluated in this study 
Cover solis 17.3 kN/m' 0.30 214 mls Vucedc and Dobry (1991) (PI: 15) 
Artiftcial fil) 18.8-19.6IcN/m' 0.30 288 mil Vucetic and Dobry (1991) (PI - 15) 
Weak rock 18.8 kN/m' 0.25 Varies· Shi"y. et at (1990) 
Elastlc half-space 20.4 kN/m' 0.25 1,220 mls -
·See Pi8- 9. 

Event Rec:cmr PHOAo SIgnificant duration-
(1) (2) (3) (4) 

Jan. 17, 1994 NOI1bridac ClVthquake M.,,: 6.7 Base(SSl) 0.258, 10.~ s 
Jan. 11, 1994 Nonhrid,e earthquake M", = 6.7 Top deck (SS2) 0.254, l6.34 s 
June 28, 1992 Landets earthquake M." = 7.3 Base(SSl) 0.0421 37.S1. 
June 28. 1992 Landers earthquake M." = 7.3 Top deck (S52) 0.)00, 39.25 s 
Dec. 3. 1988 Pasadena earthquake M." = '.0 Base (SS1) 0.218, 3.29 s 
Dec. 3, 1988 Pasadena earthquake M" := S.O Top deck (SS2) 0.091, 3.31 s 
Jan. 19, 1994 Northridge aflcrshoc:k numbu S M". 4.S Base (SSI) 0.043, S.49 s 
Jan. 19. 1994 Nonhridp aftershock number 5 M" • 4.~ Top deck (SSl) 0.031, 4.96 s 
Jan. 19, 1989 Malibu earthquake Mw • 5.0 Base (SSt) 0.012, 20.49. 
Jan. 19, 1989 Malibu .,.hquaJce M", - S.O Top deck (SS2) 0.0108 26.75 s 

"BaseUne correclion and conversion to east-welt alipment from PEA (1995). 
"PHGA = (uncomclOCl) recorded peak horizontal JIOund accelcradol1 as reponed by PEA (199S). 
'Signlficant duratiOll of mona sbakina defined in accordance with Trifunac and Brady (1915). 
'RMSA ~ root-mean-square acceleration over the significant dwalion of the record. 

RMSA' 
(5) 

0.083, 
0.051, 
0.0128 
0.027. 
0.061, 
0.033, 
0.0121 
0.007, 
0.003, 
O.OO2s 

Out of the 34 events reported by Hushmand Assoc. (1994) 
and PBA (1995), a set of five ground motion records (ac
cclcrograms) were selected for usc in thc back analyses of the 
seismic response of the landfill. The criteria used to select 

these ~Ierograms were the inteDSity of the PHGA recorded 
at the top deck of the landfill in the east-west direction and 
the enCJ1Y eontenl and duration of sttong shaking of the east
west componenL Thble 4 provides the characteristics of the 
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selected accelerograms, with the cnerlY conteDt exprcaed in 
terms of the root-mcan;.square acceleration (RMSA) and with 
the duration of strong shaking expressed in term. of the sig
nificant duration (D.) defined by TrifUDac and Brady (1975). 
With the exception of the Landers earthquake. Ihe top deck 
station recorded motions of Jesser PHGA than the base station 
in all five of the selectccl events (thouJh in the Northridge 
event. the PHGAs at top deck and base were almost equal). 

To avoid circular arpments (i.e.. to minimize the inccrde
pendence of assumptions and parameten), it wu assumed that 
the data, parameters. and geometry given in Tables 1-3 and 
Fig. 9 represented best estimates. and thus lbese values were 
nOI varied in the back analyses. 

O .... Dlrnen.lon.1 Deconvolution of Recorded 
MotIon. 

The location of base staLion SSI on compacled fin and the 
topography 5urroundins the base station. including its prox
imity 10 the edge of the landfill, suggest dlat the base sWion 
records arc Dot representative of free-field oucc;rop ground mo
tions suitable for direct input to the back analyses of landfill 
response. TherefoR. the effect of the compacted fill on the 
ground motions at SS 1 was evaluated usin8 one-dimensional 
equivalent-linear deconvolution analyses. The effect of topog
raphy WU Dot explicitly considered in the analyses but was 
qualitatively evaluated in two ways: initialJy by comparison 
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TABLE 5. Earthquake P .. me ..... for setectttd Recorda 

PHGA PHGA EIHmatad at Base 

Moment Style of Slte-to-eourc. ftcOrd.d AttenuaUon 
Evant magnltuc:ta fauttlng dfltanca atbaM* relatlOnahltf Deconvolution" 

(1) (2) (3) (4) (5) (6) (7) 

Jan. 17, 1994-Northridle 6.1 11vuSl 4) kID 0.25'" 0.1041 0.160, 
June 28. 1992-Landers 7.3 Strikepslip 140 kin 0.042, 0.0321 0.035, 
~. 3, 1988--P~na S.O Strib-alip 13 kin 0.218, 0.096, 0.118, 
Jan. 19, 1994-Northridp aftershock number S 4.5 Thrust 431a'a 0.043, 0.015, 0.011, 
Jan. 19, 1989-~.Ubu 5.0 Thrust SOkm 0.012, 0.0191 0.001, 

-Larger of two horizontal acceleration components. 
bEllum.tel from Idriss (1993) allenualion relationship (rock sites). 
cReslIlrs or decon.volution by SHAKE9J (ldriss and Sun 1992) (monilored as rock outct"Op modon). 

of the acceleration response specU'a for the deconvolved mo
tions to statistically based response speen for free-field con
ditions, and subsequently by comparison of the response spec
tra for the motions predicted at 551 in the two-dimensional 
finite element back analysis to the response spectra of the re
corded motions. 

Deconvolution through the compacted fill of the recorded 
base motions was perfonned using the computer program 
SHAKE91 (Idriss and Sun 1992). SHAKE91 is a one-dimen
sional equivalent-linear computer program that operates in the 
frequency domain. The idealized shear wave velocity profile 
used for the deconvolution analysis was based upon the results 
of the borehole velocity surveys at the location of SS 1. These 
data are reported in Idriss el aI. (1995). The material properties 
used in the deconvolution analyses for the fill. weak rock. and 
elastic half-space are given in Table 3. The acceleration re
sponse spectra from the deconvolution analyses (monitored in 
SHAKE91 as a rock outcrop motion) are plotted in fig. 10 
versus the acceleration response spectral shapes derived from 
the Idriss (1993) acceleration attenuation relationship. Outcrop 
PHGA values from the deconvolution analyses are compared 
to mean PHGA values predicted by the Idriss (1993) attenu
ation relationship in Table S. 

Fig. 10 indicates that, with the exception of the Malibu 
earthquake. the deconvolved motions fall within (or close to) 
the range of anticipated values for free-field motions (i.e .• be
tween the estimated 16th and 84th percentile spectral values 
from the Idriss attenuation relationship). The deviation from 
the expected statistical shape is smallest for the two strongest 
records-the January 17, 1994 Northridge and December 3, 
1988 Pasadena eanhquues. The motions from these lWO 

earthquakes go"em the back calculation of solid waste mod
ulus reduction and damping curves, since they induce the larg
est shear strains in the waste. Table 5 indicates that relalively 
good agreemenl was also achieved between the peak acceler
ation values of the deconvolved motions and the peak accel
eration values estimated using the Idriss (1993) attenuation 
relationship. The deconvolved free-field PHOA "alues pre
sented in Table S indicate amplification of the PHGA at the 
top of the fill at the location of 5S I in all five events consid
ered in the back analysis (when compared to the hypothetic 
free-field bedroek PHGA). This, in tum, implies that the am
plification of PHGA values by the 011 waste fill, as represented 
by the motions recorded at S52. is even greater than reported 
previously by Kavazanjian and Matasovic (1995). 

1Wo-Dlmanalonal aack Analy ••• 

The finite element mesh developed to back analyze the seis
mic response of cross section I-I' had more than 7.000 ele
ments. Following recommendations by Lysmer et aI. (197S), 
lateral boundaries of the mesh were extended more than 10 
times the mesh thickness beyond the boundaries of the waste 
fill to minimize the influence of the 1ateral boundaries on the 

computed response. The material parameters used in the back 
analysis are summarized in Table 3 and are shown in Fig. 9. 

The back analyses were carried out using the computer pro
gram QUAD4M (Idriss et aJ. 1913; Hudson el al. 1994). 
QUAD4M perfonns time domain seismic response analyses 
using the equivalent·linear conslituti"e model with frequency
dependent damping. The back analyses were pcrfonned using 
the deconvolved ground motions characterized in Table 5 and 
shown in Fig. lOin the fonn of aeceleration response speccra. 
Following an ilerative procedure. the ·'best-fit'· 011 solid 
waste modulus reduction and damping curves were dctennined 
on the basis of qualitative examination of the observed and 
predicted acceleration response spectra at 852. Results of the 
back analyses usin, the "besl-fit" parameters are shown in 
Fig. 11. The "besl fil" modulus reduction and damping 
curves, shown in Fig. 12. are truncated at a strain of 0.089& 
as this was the l11altimum cyclic shear strain in the solid waste 
calculated in the back analyses (induced by the deconvolved 
record from the January 17, 1994 Northridge earthquake). 

MODUWS REDUCTION AND DAMPING DATA 
INTEGRATION AND INTERPRETATION 

The modulus reduction and damping data from the back 
analysis were integrated with the data from the CyDSS testing 
program to create a family of "internally consistent" modulus 
reduction and damping curves that were considered to repre
sent the range of likely values for the solid waste at 011. A set 
of modulus reduction and damping curves were· considered 
internally consistent if the damping curve in the intermediate 
strain range could be derived from the modulus reduction 
curve using the Masing (1926) rules. The family of inlernally 
consistent modulus reduction and damping curves developed 
based upon the back analysis and laboratory data are shown 
in Fig. 12. The "upper bound" modulus reduction curve 
shown in this figure is internally consistent with the "lower 
bound" damping curve, and the "lower bound" modulus re
duction curve is internally consistent with the "upper bound" 
damping curve. 

from the family of internally consistent curves, a "best
estimate" set of modulus reduction and damping curves were 
identified to represent the cyclic characteristics of the 011 solid 
waste for subsequent analytical studies of the seismic response 
of the landfill. The "upper bound" modulus reduction curve 
and corresponding "lower bound" dampiDg curve were cho
sen as the "best~stimate" curves for the following reasons! 
(1) The "upper bound" modulus curve was more consistent 
with the back analysis results than were the other curves; (2) 
due to diswrbance associated with sampling and sample prep
aration, the reconstituted specimens used in the laboratory test
ing were likely to be IC5s "structured" and thus show in
creased modulus reduction and damping compared to the 
waste in situ; and (3) the lower calc of encr,y dissipation and 
the reduced modulus reduction associated with the "upper 
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bound" modulus reduction and "lower bound" damping SUMMARV AND CONCWSIONS 
curves was considered to be conscrvadvc with respect to the 
acceleration response at the landfill surface (Le .• they gener- The cyclic characteristics of the Oll landfill solid waste 
ated larger peak accelerations at the landfill surface than did were established for usc in subsequent analytical studies based 
the other curves). upon field and laboratory testing and back analyses of strong 

Fig. 13 compares the "best estimate" modulus reduction motion data recorded at the base and top deck of the landfill. 
and damping curves developed in the present study to char- The shear wave velocity profile for the solid waste was de-
KlCrize the 011 solid wasle to modulus reduction and damping veloped on the basis of downhole and in-hole seismic velocity 
eurves for solid waste derived by previous investigators from surveys and SASW testing. Poisson's ratio for the solid waste 
the 011 data. While the damping curves from this and previous was evaluated based upon a comparison of compressional and 
studies are all reasonably consistent. there are significant dif- shear wave velocities measured in the downhole. and in-hole 
ferenees among the modulus reduction curves. The modulus surveys. The unit weight of abe solid waste was evaluated on 
reduction curve developed for the present study was used in the basis of the field investigation. 
subsequent analytical studies of landfill Rsponse in lieu of the The modulus reduction and damping curves (or the 011 
curves developed by previous investigators because it is con- solid waste were based on a combination of laboratory lest 
sistent with back analyses using geometry. shear wave veloc- data and back analysis. The laboratory test data were based 
ity. and unit weight values based upon field and laboratory upon CyDSS teslS perfonned on 457 mm diameter specimens 
data; it is extrapolated to large strain values on the basis of reconstituted in the laboratory from bulk samples recovered 
site-specific laboratory lesting; and it is internally consistent from the Jandfill. The laboratory testing program provided in-
with the damping curve. formation on lhe hysterelic damping and modulus reduction 
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of reconsrituted samples at cyclic shear strains between 0.1 % 
and 'CJb. The back analysis provided data OD modulus reduc
tion and damping at cyclic shear strains of up to 0.08% based 
upon recorded motions at the top deck and base of the lanclfill 
from five earthquakes, includin, tho M", 7.3 Laaden event and 
the Mw 6.7 Nonhridge event The geomell'Y of the Wille. soil. 
and weak rock materials used in the back analysis was based 
upon borings. topographic maps. and other infonnabon on the 
history of landfill development. The properties of the soil and 
weak rock materials were based upon the results of the field 
investigation and typical properties. 

The back analysis was perfonned using two-dimensional 
equivalent-linear time domain response analyses with the com
puter propam QUAD4M. However, as the base strong motion 
station was located on fiJI, the "outcrop" input motions for 
the two-dimensional back analyses were detcl'ln1ned by de
convolution of the recorded base station motions. 1be de
convolution analyses were perfonned usiog the one-dimen
sional equivalent-Unear frequency domain computer program 
SHAKE91. The deconvolution analyses indicated dial the fill 
amplified the bedrock motions recorded at the base station and 
that amplification of bedrock motions by the on waste fill was 
even greater than reported previously. Results of the back aDal
ysis using the deconvolved motions indicaued Unto modulus 
reduction within the waste for cyclic shear straiJu up to O.08CJfJ. 

The modulus reduction and dampins daIa from the labora· 
tory telting program and back analyses WeN integrated to de-
volop a family of internally consistent modulus reduction and 
damping curves. From this family of curves, a ubest-estimate" 
set of modulus reduction aDd damping curve. were selected to 
characterize the on solid waste for use in subsequent analyt. 
icaJ studies. These "beat-cstimatc" curves were used for sub-

sequent studies in lieu of previous modulus reduction and 
ciampini curves derived from the on strong motion records 
because they arc based upon field clara on landfill aeometry. 
shear wave velocity, and unit weight; they are inlCrnally con
sistent in the intermediate strain range; thcy arc consistent with 
the slrOng motion data recorded at the top and base of the 
landfill; and they UIC laboratory data to extrapolate back cal
culated modulus reduction and dampin, curves into the large 
strain domain. 
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• SHAKE -- A COMPUTER PROGRA...,1 !"OR EARTHQUAKE RESPONSE 
I<NAL'(SIS OF' HORI ZONTALLY LAYERED S:TES 
by: per ll. Schnabel & John Ly,mer -- 1970 

.. -... ---... -"""""---... -----........ ---.... ---.... ~ ..... ""---- ... ---... --... -- ........ -.. -,.... ... -- .. 
". Shr.ake6S 

., Sh.!kl;!Sa 

115M-PC veLsion or S:lAKE 
by: s~s .. (Willie) Li1i, JanLlary 1985 

------ -------------.--------.,--
~ew rnociwlu.s rcduccion cu.tV~~ for clays 
added using :resul t.z fro:n Sun et a1. (1998} 
by: ..1. I. Sun & Ramin Gole:,so:tkhi 
february 26, 1988 

• Shake90/91: Adjusc last iteracion; Inpul: now i" eiechor 
Gmax or It\ax V~n up t.o 1) material types cail .. 
be speciJ'i"d by use:; up to 50 Layer. can 

• Shake91 

be specified; object motion ".0" be rcad in 
er:om a ~ep,uate file .nd Cdn h~ve U"er 
specified format; Ditterent period, to! 
re'pon"e ~pectral calculations; options 
.:3l;:"e renumbeLed; dnd gener2:tl clear;up 
by: J. I. Sun, I. M. Idri5~ &. F. Dirrit':1 
June 1990 - rcb:uary 1991 

Gen;H~al cleanup and fin.?llizatlon of input. I ... 
output format .. etc 
by: I. ~l. Idri". 
December 19,1 

.. Shake99 ROLl1:ine for CalCUl2Jtion of avexClge 
acceleration added to the program. Out-
pUt format is mod~f;,ed to enable tr ... two -

landscape pr~n1:ing. The following 
reduction "nd damping curves are 
N .. t .. ~ovic & KAv<lzanjian (1996) ror 

$olid Wo;ite; HbtCol!;iOvic.: & Vucetic 
5MB 1.!!anQi <':Ind Vu.:::e.t.ic brtd Dobry 

for clay~ ox variol1::3 pla~'Cil;:itie..,. 

NUMEI::R OF TE:RHS IN FOUp.rc:p: TRANSFORM ~ 409. 
LENGTH OF' BLANK CO~l\jON X 25619 

,of'l'ION ••• R~AD RELATION BET~IEEN SOIL PROPERTIES AND STRAIN 

NO.1: 
NO.2: 

CIJRVE: NC. 

.0001 

.0003 

.0lnO 

G/C.imaX 

1. COO 
1.000 
1.000 

.994 
~ 5' 8 3 

. .316 

.130 

#1 ModL11u~ OII 11."'te If4"t".ovic: & KdVaOltnji"n, J9911 
#1 Damping OIl Waste IMat.,.ovic & Kavazanjill.n. 19~ij 

CURVE NO.2 

Sl'RAIN DAN1i' jNG 

.0001 1.13 

.0003 1.71 

.0010 2.58 

.0032 4.03 

.0100 5.89 

.0316 8. ~7 

.1000 12.91 

.3160 17.63 
1.0000 11.92 
3.1600 2S.17 

RECEIVED 

I MAR 082012 I 
Division of Waste Management 

Solid Waste Branch 

p-ft~'.uu~t~ ____________ ~ 

HATl:lIHA!. i¥fl: 

CURve; N:). 7: t4 Hodul~s for Sand (PI~O) (Vue.tic: "nd Dobry, 
CURVE NO.8: #4 Damping for Sdnd I PI~Ol (Vueede and Dobry. 

CURVE NO. 7 

STRAIN G/Gmax 

.0001 1.000 

.0.003 1. 000 

.0010 .964 

. (1)32 • S70 

.0100 .712 

.0316 .. 47 ~ 

.1000 .253 

.3160 .103 
l.oooa • O~8 
3.16JO • OO~ 

mrlllUAL n,t Ill). t> .... "' .. "' .......... ,., ..... . 

CURVE NO. B 

STRAIN DAMPING 

.0001 

.0003 

. 0010 

.OO~2 

.0100 

.031e 

.1000 

.3160 
1. 0000 

.0000 

.85 
1. O~ 
l.H 
3.00 
5.4 B 

lil. 01 
15.40 
CO.23 
23.91 

.00 

CllRVE NO.8: 
CURVE NO. 10: 

~5 ModulUs for CL 
~S O,.mplng for CL 

CURVE; NC'. 9 

STRAIN 

.0001 

.0003 

.0010 

.0030 

.0100 

.0320 

.1000 

.3160 
1. 0000 
3. 1600 

G/Gn'"", 

1. 000 
1.000 

• ~195 
.936 

· ale 
.640 
.405 
.210 
.1195 
.034 

CORVE ttC.IO 

STRAHl DAMPING 

2.58 
2.58 

• ~Ol D 2.56 
.0 ,)30 2.S8 
.0100 ~. '::4 
.0300 7.77 
.1000 11.n 
.3000 16.0& 

1.0000 
.OOGO 

~lATERIAL T~PE: l<·J. 6 

CURV!:: NO. 11: 
CURve NO. l~~ 

CURVE NO.1] 

STRAIN 

.0001 

.0003 

.0010 

.0030 

.0100 

.0300 

.1000 

.3000 
1.0000 
LOOOO 

G/GtMY. 

1. 000 
1. 000 
1. 000 

.976 

.901 
.743 
.5J6 
.332 
.158 
.049 

HE HodlJlus (or 
# 6 DdmplIHJ for. 

CURVE NO.12 

STRAIN DA.'1PLNG 

.85 

.8S 

.010Q J.~:t 

.032(1 6.0f,l 

.1000 B.72 

.3160 12.41 
1. OOGO 16.9C 
3.1600 ~1.26 

~Vucet:1C ~nd Dobry I l~Slj 

,Vucetlc and Dobry, 19911 

iVucet.ic and Dobry, 
(Vwcet.it:: .',nd [.obry, !; 

OPT ruN lU:AD son. / 'ilkSTE PROf'lL!: 

~. __ ~;,t~~~..!'!! 



e-t'i-"~, __ ~ .. _,,,,,_,_,,, ,----~----~~~~:~ 
SOIL PROSaB NO. Pi'ocucah U Ldndfill - fue-fitfld ptof 

NUMBER or LAYERS 39 
DEPTH TO BEDROCK 371.0 

NO. TYPE 'l'HICKNE:SS OE:PTH 

10 
11 
12 
n 
14 
15 ' 
16 
17 
18 
19 

9.00 
C;.OO 
9.00 

70.50 

13.9.00 

71197.00 
8 ~)'7 7.00 

,iJU 
2D639.00 
220t'3,00 

10.00 

10.00 

11. 00 
10.00 191.00 23315.00 

21 
22 
23 
24 
25 
26 
27 

9 ;~ 
.p. 3 a 

32 
33 
34 
35 
36 
37 

10.00 
10.IJO 

9,1)0 

9.00 
I I). DO 
J 0.00 
10.00 
1 0 ~ 00 
10.00 
10.00 
10.00 
10.00 

38 10.00 
:~ 9 BA~E 

701,,00 
211 .00 

286.00 

3J".00 44'iE3.01 

3391. 

4929. 

7548. 
f:J707. 
9707. 
g7n7. 

1004,. 

(J01J3. 
0043. 
0043. 
0043. 

S.OU 

5.00 
5.00 
5;. DO 
5.00 
".00 

UNIT \'1T. 

120.00 
J.20.00 

5.lIO li4. 00 
5.00 lZQ. 011 
5.00 
5.00 
:; .00 )2<).00 
5.00 12S.00 
',.00 1/6.00 
'i. 00 126.00 

5.00 
5.00 165. ,JU 
5.00 

5.00 
o. no 

5,00 

PERIOD = 1,,:10 "OC FRot4 AVERAGE SHEAf< ~iAVE VELOCITY OF 1326. ft/"ec 

H.02 
1.04 c/o"," 

• 06 sec 

0l-'T:ON Id.. READ INPUT ~J0TrO)l 

FILE t5 6-~c2b. sal 

OO.~ U 
TIl~E STEP FOR .TI'!'tiT MOTION .u200 
,'OWillT ,'OR ('F" TlM:> IHS!()RJ: ~ (6 r~, c: 

..... ,.fT*ACCEL£ OGRAM H.E:A08R;'",,,~,, 

/ tt.JCC for r..1 Sobr iH'l'tl' 

100 .0 
1(10.0 
100.0 
150.0 

1400.0 
.0 

4C:0.O 
400.0 
575,0 
5'75.0 
575. [] 

1400.0 
14{)O.0 
14 au. 0 

1400.0 
. a 00 

l!=l~U,L"~ ________ ,_. ______ .• ___ . ____ ,._.,, "_"' ______ "__ :.:/l:./::2ll....t:..ll .. !.!.1 

FIRST 6. LAST 5 LINES OF INE'U'l' MCTION ... ~ .. ~ 

.000525 .0005.8 .OC·l:6S .001291 
.OO~299 .00005') -.00n68 

-.000801 
.000753 

279 -.OCIQ62 
2BO - .(lOl(jb~ 

281 -.OD10016 -~00103a -.00102S -.001019 -.001009 -.00;)91j!3 

MAXrr-DM ACCELERATION - • (;36577 
AT TtMB 3 ~ 62 !;~C 

THE 
TO 

3 .42 ~/se<.: 
.3599'17 FOR FREQUENCIES "EMOVElJ AEOVE 2,. uO C/"e" 

OPTION 4 ,.. READ WHBRE; OBJECT WJTION 1,; GIVEN 

OBJSCT WJl'WN IN j,AYEl< N0I1B8" 3S OOTCRQP?ING 

:JPTIDN 5 ... OSTAUI STRAIN CON~~:j'!B:'E sOIL PROPE2TIES 

MAXIMUM NUMBBR OF ITF.RA7TCN5 
FACTOR FOR UNIFORM STRAIN r:J TI~jE ['OiiAIN .56 

ACCSLEROGRAM 
PRO FIE - Pdduc;"" tJ ;no[ 

:TEMTION NUHBEP. 1 

VALUES IN I'H1E lJOMAIN 

NO TYE'E: DEPTH UNJFRM. <---- f.lANPIllG .- •. _> <---- ;lHE:AR MCl'Vl.'.':~ ••••• GIGo 
(tt) STRAIN NEW USED ER~OR Nl'\'i USED lV,TIO 

s .; 
10 

99.,) 
12 109.0 
13 119.0 
14 129.() 
15 
IE 
l' 
1$ 
19 
20 l~l. ,1 
21 !. 201.0 
2: 211.0 
23 2::1.0 
24 231.0 
2S 240.5 
26 249.5 
27 258 
2S 

.03178 .OEO 

.04368 .OE? 

.O~626 
• ~.j6';8 
~u573u 

.06761 

.01120 

.Oj926 ,10, 

.07368 .110 

.08022 .14'; 

.08632 ,147 

.. 09152 .15<] 

.09577 .152 
.1 DB 

.11] 

.u6753 .lU4 

.068:35 .104 

.06893 .105 

.06997 .105 

.07067 .105 

.07098 .106 
.07096 . .1 06 

.117 

.137 

.050 

.050 

.050 

.0:;'1) 

.050 

.050 

.o:.u 
• "50 
.. J50 
~ 0 so 
.050 
.~50 

• U 50 
J ~n 

.J50 

1£.5 

6 ~.:z 
65.2 
6€.O 
G€.6 
Gl.l 
53.7 
54.J 
5" 5 
~.;. e 
55. () 
5: .2. 
~1.9 

52.1 
5:.2 
~:2 • .,: 
5:. to 
5:. ; 

u; . ~ 

101 G ~ 51 

1673. " 

lBH.·1 

1$72.:: 
1521 . ~ 
347L5 
3433.~ 

:nZ&. 
3;O~ • 
.'/17 . 
~693 • 
·}r:j75 a 

.1646. 
l626. 
16.17. 
4G1S • 

1?S6.3-
24c4~E 

3391.4 
4546. ;; 
4546.~ 
4:> .. 6 _:-
4$028 of 
4S28. r. 
5823.0 
58::::3 ~ 0 

50:3.0 
:'~23 .0 
~8?j. 0 

:J7 06 ~ tI 
SJ706.8 
~70o. 6 
9706. e 
9706. a 
9,06. b 

1iJ043. S 
1004.3~5 

-3L~ 1.000 
-4 7 .:' 1.000 
-49.4 l.~(iU 

-49.S 1.UOO 
-5'.0 1.()OU 
-<.5.-1 l.OVU 

-110 .. ) 1.00(} 
-1::!(1.6 1.000 
-2::0." 1.000 
-:3(>.7 1.000 
-25S .. ~ 1.000 
-::70 .. 1 l.UOO 
-:87.7 1.00<1 
-11 - . ! 1. 000 

1. 000 
1. 000 

1 1.000 
1. 000 
1. ~OO 
1. VOU 

-I U b., 1. OUO 
-,0-.0 1.0UO 
-:OB.> 1.000 
--L09.8 1.UOO 
-:10.:; 1.000 
-J10.2 1.000 

"3 1.001) 
-::0. 1. aou 



.068 e 8 
.ll6835 
.07011 n 
.(7)09 40 
.07607 41 

44 
43 

.08040 ·14 
44 
44 

.050 
" 050 
.050 
.050 

0.1 *2-
64. 6 
64.9 
65.1 
6~. 2 
~5. l 
65.3 

2961.3 
.Ii 
.:> 

ROE' I L E - ?i.idUCdh U prof 

NOMBER 

IN TH1E DOMAIN 

-208.1 
-206.7 
-211.4 
-220.2 
-22.7.4 

-239~2 

-2QO .6 
-2~O .1 

DEPTH UNIFRM. <---- DAMPING ----> <---- SHE!'.R MODULUs -----> 
(it) STRAIN NEW USED f.~P.ROR NEt-! USED ERROR 

6.5 
16.5 
25.0 
34.5 
43.5 
52.S 
61. 5 
70.5 
7~. 5 
89.0 
99.0 

U9.0 
D9.0 

211.0 
:;1.0 
231.0 
240.5 
219.5 
258.5 
267.5 
276.5 
286.0 
296.0 
306.0 
316.0 
.:l2e; .0 
;J36.0 
346.0 
356.0 
)C,6.0 

.02029 .051 

.03069 .059 

.03349 .061 
.OJJ50 •. on 
.04337 .067 
.05305 .072 
.06978 .105 
.08U17 .no 
.1042Q ,156 
.114~O .160 

.136(,6 

.06256 .102 

.06583 .l03 

.06928 

.06150 .1111 

.06390 .101 

.06600 .1D:; 

.06770 .184 

.O€9l8 .105 

.10221 

.1 04 ~9 

.11:266 

.11846 

.164 
.LJO~~ .16~ 

.13331 ,166 
.13562 .10 
.13('~G .lf7 

.()E:O 

.\lEi 

.069 

.069 
_07'1 
.078 
.106 
.109 
.14U 
.144 

.15~ 

.10B 

.109 

.110 

.111 

.111 

.112 

.10~ 

.105 

.10'; 

.137 

. ['17 
~ 137 
.13& 
.137 

• l4J 
~ 144 
.14.q 
.144 

?aducuh U 

NllHBER 3 

IN TIME Dot1A1N 

1108.0 
1821.6 
2456.3 
3292.6 
3093.1 
2937.1 
2361.8 
2220 ... 7 
1441 • ., 
U67. U 
Dl~.4 

12.86.4 
1236. ] 
3797.0 
3707 . ., 
36~6 

3557.8 
3489.5 
3422.1 
5036.8 
4968.7 
4902.5 
~1S27 .9 
-176:l .1 
4712 

2193.0 
2104.5 
2142.0 
~134.0 

2341.4 
2232.3 
1814.4 
17l~. 4 
16J7.5 
1512.2 
1521. S 
ln4.5 
H33.9 

4646.1 
46:6.3 
4617.4 

3252. f. 

2965 .. () 

,4 
29:>3 "L'. 

- fee-f.ie.ld prof 

7.0 

- .S 
-25.9 
-25.1 
-:L!1 

-23 .1 
e .3 
7.4 
6.6 
5.7 

3.8 
2.9 
2.0 
1.1 

-29. -6 
-31 ~ ::I 

-35 .~ 

-38.4 

l'EP'rH UIHFRM. <---- L';u.:PING -_ .. -> <---- SHEAR ~lODtlLUS -----> 
(ft) STRAIN N;;W US;;L' ,:RROR N;;W USH' ERROR 

1. 000 
1.000 
1. (jGO 
1. 000 
1.000 

1.000 
1.000 
1. COO 

GIGo 
RATIO 

!. 
8 ~ 

4 
4 
-'I 
~ 
4 

6.5 
16.5 
25.0 
34.5 
'13 .5 
5") .c;, 

61.5 
(I) _S 
~'9 _ S 

B9. a 
99 ~ 0 

109 _ 0 
119.0 
1::9.0 
139 _ 0 
14~ .0 
1~9 .0 
169.5 
180.5 
191.0 
201.0 
211.0 

.0 
24 2:n,Q 
2S 240.5 
20 249*5 
21"'258.5 
28 <4 267.5 
29 -I 276.5 
JI) .; 266.0 

-I 296.0 
J2 -I 306.0 
33 .; 316.0 
34 at 3:::6.0 
354 336.0 

346.0 
:n 356.0 

.lEG.O 

.05208 

.06062 

.OS767 

.107'13 

.07020 
• O~92 9 
.05174 
.054D 
.05668 
.05913 

• 12::!71 
.12719 
.13121 
.13515 
.H021 
~1~652 
.15125 
.15638 
.16007 
.16309 
_l;;EG: 
_167128 

ACCELEROG?Al~ 

.Oi;~ 

,096 
.100 
,153 
.157 

,101 
.103 
.105 
.094 
.09S 
.097 
_ 0 98 

.100 

.101 

.102 

.163 

.164 

.165 

.171 

.173 

.174 

.175 

.l'I'\ 
176 

.lO~ 

.110 

.1St) 

.160 
~ 163 
.164 
.16'1 
.10~ 
.IO}' 
.105 
.IOE 
.108 

.100 

.101 

.102 

.103 

.155 

.156 

.157 

.158 

.159 

.16] 

.16~ 

.164 

.165 

.16£ 

.167 
.167 

-14.9 
-12.7 
-1:.7 

-1:.8 
-9.9 
-9. v 

-5.1 
-4. q 
-3.7 
-5. J 

.6 
-4. ::. 
-3.9 
-3.6 
-3 ~ 2 
-:.9 

:.2 
5. q 
< , 

S.2 
:.1 
5.0 
~ • S 
4.6 
,1 ~ 8 

~ • s 

178.9 
949.5 
639. :; 
540.0 

2&5,1.2 
2504. S 
1499. G 
1416.7 
13.:?O .{j 

1247.6 
1166.5 

380·1 
3 70S. E. 
3607.7 
53 q7. 7 
S2~O ... 5 
5160.1 
5')67. a 
~983.1 

49J2.2 
4852.5 
2273.1 
22~5 .1 
2185.4 
2146.6 
2093.5 
2040.S 
199>.2 
1955.5 
1 ~;:~:;. 0 
1900 . ., 
1677.1 

.S' 

n08.0 
H21.6 
24.56.3 
3292.B 
3093.1 
2537.1 

1 "86.4 
1;36.1 
J7B7.0 
37C7.7 
3626.2 
3557.8 
jqtl~ .5 
3422.1 
5038.6 
4%8.7 

47E .1.1 
4712.2 
4669.0 
2512.4 
2477.3 
2454.0 
2428.5 
2384.7 
1319.2 
2270.8 
2:.:15 ~::. 
21 ~J .0 
21 (4 .. :) 

'.,1 

-U.J 
-r~., } 

PRO f I 1 E - Paducah~) - fee-ti~ld pro!: 

: T~HATION NU14BEF. 4 

Vi-.LUES IN TDJ1E DOMAJ N 

No TYPE: DI::P'£H UNIFRH. D!1.l1PING ----> 

10 
11 
12 
13 
14 
15 
IE 
17 
Ie. 
lS 

{it) STRA.IN NEW :JSED ERRC·R 

" .5 
16.5 
25.0 
J4.5 
43.5 
S2.5 
,,1.5 
70.5 
79.5 
8~ .0 
99.0 

109.0 
119.0 
1:9.0 
139.0 
149.0 
159.0 
IE" .5 
180.5 
191.0 

~ 01177 
.01770 
.01930 
. 01925 
.U2419 
• 03044 
.0';101 
• 04776 
.Oanl 
.OSSJ 5 
.11(33 
.13292 
.15154 

.041 

. 08 B 
• O~3 
.146 
.1:;4 
.ltO 
.1£6 
.171 
0,0 

• ~45 
.. 053 

.096 

.1UO 

.15~ 

.157 

.162 

.166 

.171 

.095 

.O~7 

.. 099 

.101 

.103 

.105 

.094 

-E. r, 
-I 

-I . 

-6 • 
-6 . 
-~ . 
-4 
-:!" J 

.3 
-, 
-4.3 
-:.9 
-:L6 
-}. ; 
-3.0 
-,j ~ G 

SHEAR HCDUL03 
NEW USED i~RR,:n~ 

171 S _ 5 

33 6}., 1 
2901,4 
114'1. ] 

.C 
H6:.e 

1157.7 
~ 3:~ . 4 
.. L~O) .::! 

1178. 'l 

)3':3 .~ 
32C2~O 

2c 5 SI ~ 2 
2S 04.9 
l4S9.E 
In",.7 
1320. ( 
1247.(; 
1l,~ .:; 
41.:.,). " 
~o 11 
39C3:.8 

LJ 

-. ) 
~ ~ ~ 

::1 

· 'i9~ 

.6iH:' 

.47,) 

.451 

.246 

.235 

.226 
· 2~ 1 

.1&2 

.453 

.519 

.1)12 

.491 
.48.s 

.244 

.242 

.237 

S/Gc' 
RATlO 

• 8 ~,o 

• '>0 
.25 
.24 
.22 
.21 
.20 

· ~ .. ~: 

:xl nl o 
m -UJ s: c:> < 

til ~ l -::::l !XI I"'V 

(') U:'l I o·~r" i ::l (I) --i. :-3 ___ 
CtI 
;a. 



p-ff-6.011L ____ .. ___ , ______________ • ••.• ~,._. ______ t~/~\li~ 

2l, .0470B ,092 
22 .04952 .094 
23 .05198 .096 
24 :. .()54~3 .100 
;!5 !o .05657 
26 !o .05859 
n ~ ~58,5 ,13050 .16~ .1<3 
10 ~ 267. OJ • D 651 .167 .164 
1:1 .. 276.5 .111-19 .165 
30 4 2ic.O .14701 .H' 
31 ,/ 296.0 .15269 .1'12 .1t>B 
'j7 .. '106.0 .1',902 .173 .1"0 
33 ,; .175 1"" j 

34 ~ .176 .173 
35 ~ .177 
36 4 ,17S 
37 4 .178 
38 ~ .179 

-1 
-3.1 
-2. ':) 
-2.3 
-2.6 
-2.4 
1.6 
1.8 
1.9 
2.1 
2.1 
~. 0 
1 

.7 

.7 

S~ 39.3 
.3 
.2 
,5 
.9 
.5 
.4 

21 3. ~ 
20 €. 5 
20 "'.5 
J 9 '.9 
19 3.6 

lS:B.8 
1805.3 
17B7.7 
17B5.4 

ACC8LEF.OG~.AM t56-.,,2b.""L 

2.19::'.4 
2146.6 
2098.5 
2040. e 

1925.0 
1900.5 
1877 .1 
La 58.9 

PRO F I :.. t. - Pbduc,"Jh U Ldndfill fee-field p.rcf 

I'r8RAT ION NtJMBE~ 5 

VALDES IN T It~E JOY,AIh, 

3.5 
J . .3 

:Ll 
3.Q 

-3.7 
-4.3 
-4,7 
-5.1 

-5.6 
-S .3 

.0 
-4.7 

NO TYPE DEPTH UNIt'RM. <---- ['ANPLNG ----> <---- SHEAR MODULOS _ .• ---> 
(it) STRP.IN NEW UZE!J E:?;l.O?' NEW USe:D ERROR 

I (, 6.5 
16.5 
25, \I 

" '" J 4,5 
~ & 0.5 

q ~, 

1 0 ~ 
11 
12 
13 
14 

52.5 
0.0 
70.5 

J5 139.0 
16 !;. 149.0 
17 ~ 159.Q 
18 ~ 169.5 
19 190.5 
20 191.0 
21 201 0 

"11.0 
23 221.0 
24 231.0 
Z5 240.5 
26 24!1.5 
27 258.5 
28 267.5 
29 276.5 
30 2B 6.0 
31 296. a 

306.0 
3lG.O 
32 &.0 

356.0 
~ 366.0 

.01082 .040 

.01621 ,047 

.ul'l6~ .049 

.01761 .049 

.02263 .. 053 

.02162 .05'/ 
.03:'77 .08J 
.OU40 .'J88 
.1)7474 .140 
.1)3759 .150 
.11068 .158 
.12908 ,l~5 

.15004 .171 

.04145 .088 

.OQ494 .091 

.t)4~53 .093 
• 0~222 •• 0% 
.05620 .09a 
.Oe046 
• (14232 
.01~73 .091 
.()4714 .092 
.04953 .094 
.05183 
• \15398 
.IlS6J5 
.13372 
• 140~7 
.14640 .170 
.15270 .172 
.15662 .17..< 
.16514 .175 
.16S82 .176 
.1738:' .17'1 
.17747 .178 

ACCt:LEWGRAM 

.050 

.055 

.059 

.086 

.093 

.14 G 

.15,j 

.16U 

.166 

.1'1 

.09D 

.093 
• O~5 
• Q~B 
.1\J 0 
.102 
.091 

.096 

.172 

.173 

.175 

.176 

.177 
_1"8 
.J7B 
.178 

-4.0 

-3.4 
-3.2 
-3.2 
-5 .. 3 

.2 
-L2 
_" 1 

-1.3 
-.7 
-.2 

.... 2 ~ 4 

... :;.3 
-2.2 
-2.1 
-1. 9 

-1.8 
-1. ~ 
-1.9 
-1.7 
-1. 7 
-1. 6 
-1 

.B 

.9 

.:) 

.,9 

.8 

.7 .', 

.6 

.5 

.4 

1233.4 
2049.3 
2778 .4 
::1726.8 
356;;.6 
)Q32.4 
3041.0 
21390 • .:} 
1798.5 
1559.3 
1396.2 
127~. 5 
1165.2 
442"/.B 
4301.9 
4182.2 
4DE~.3 

::;954.0 
3840.2 
5652. 6 
5541.7 
54315.9 
5337.8 
5246.9 
51<5.6 
5090.3 
2160.6 
2096 .1 
2041. 9 
19B6.8 
193~.!J 

1884.2 
1647.6 
181C9 
1789.9 

11'''.9 
1758,7 
1761.7 

t5 6-"c2b. ~""r 

1216.5 
2018.2 
2735.0 
3669 ~ 5 
JS03.1 
:)307 .1 
2901. tl 

14B2.9 
1)58. q 
125'1. S 
1l~7 . 'I 
B24.4 
Q201.2 
4093.9 
3973.1 
3862.5 
3752.S 
5541'>.9 
5439.3 
5338.3 
\~41.2 

ISti 6.;J 
193 •. 6 
189J.2 
LeSCI.7 
1928.8 
IS 05.3 
17'1;',.'1 
l78 5. 4 

1.4 
1.5 
:1 .6 
1.6 
1.1 
1.9 
4 ~ 6 
S.Q 
'7.8 
4.9 
2.7 
1.7 

2.4 
2.3 
2.3 
2.3 
1.9 
l.~ 

loB 
La 
l.a 

-1.,', 
-l.8 
-2.2 
-2.5 
-2.6 
-2 ~ 6 
-2.5 
-2.2 
-2 ~:2 
-2.Q 
-1.f, 
-1.3 

.541 

.1:)3' 

.21S 

.2,1'l 

.209 
.203 

· :S19 
· ~ 95 

GIGo 
RATIO 

.87 S 

· TlO 
.741 
.589 
• ,57 

.231 

.2.16 
'" l.SI~ 
.573 
.557 
.541 
.526 
,512 
~ 4S'7 

.550 

.540 

.531 

.SZ3 

.515 

.218 

.186 

• i85 
.182 
•• 80 
, ~ 7S 
.! 78 

p-it-6. out 

PRO r I E - PdciuGo!1h U L(;Indfill - Ct:;:'t-:-fielu p.roi 

ITEl'A'rION NUMBER 6 

VALUES IN 'rIME DOMAIN 

NO TYPE DEPTH UNI FRH. <---- DAMPING ----> <---- SH8AR MODULUS -----; 
(ft) STRAIN NEW USED ERROR NEW USED ERROR 

lO 
U 
1:: 
13 
lq 

15 

1'1 
18 
B 

2l 
;U 
23 
2q 
2:' 
26 

)? 

32 
3q 
'=5 
3E 
37 
30 

6.5 .0 043 .039 .040 
16.5 .0 561 .un .047 
::5.0 .0 70D .045 _04.9 
34.5 .0 705 .048 .049 
43.5 .0 1$9 .053 .053 

_ 057 .057 
.03 J .083 

70.5 .03~91 .086 .OBa 
79.5 .06808 .140 
B9.0 ,08707 .150 
'S.O .106S~ .158 
09.0 .125-/0 .165 
19.0 .14770 .17Q .171 
:9.0 .04014 .OS7 .088 
J9.0 .04355 .090 .091 
49.0 .04705 .092 .093 
59.0 ~05063 .09~ .096 

.05451 .097 .098 

.05B68 .U99 .100 
191,0 .04126 .08B .08S 
201.0 .04365 .091 
211.0 .04602 .092 
221.L' .04838 .094 
z:n.o .05065 . G95 .095 
240.5 .052'i3 .(J% .097 
~49.5 .05481 .OSS 
258.5 .13519 .166 
267.5 .1~2JO .16l:! 
176.5 .171 
ZriG.U .";. 7"j 
296.0 .1;$201 .174 
3(16.0 .108n .1"15 

J 7'"'11 
3~6_0 .177 
336.0 .17B 
:,46.0 .17~) 

-1. ".1 
-1. , 
-1.5 
-;'3 
-: .2 
-1.2 
-2. ') 

-.4 
-: .2 

-,0 
-.9 

-. ~ 

1240.6 
206l.! .8 
2796.1j 
3747.9 
3584.4 
3455.8 
LiOq _ g 

1177 .::: 
407 
43~O .7 
·1230 
nl~.5 

1')(11.;; 
138(, 

.5 
559:].7 
~tJ8<1.o 

:'';85.0 

214h.~ 

2079.1 
2016 .7 
19E1.O 
BOS.2 
1858.U 
19::5.5 
1797.8 
1772 .9 
1756.£ 
1751.3 
1758.0 

12 3.4 
20 9.3 
27 8.4 
37 6.8 
35 2.6 
34 2.4 
30 1. 0 

11.65.::': 
44Z7.~ 

4,01.9 
41t;.~ .2 
40(8,3 
395-1.0 
3840.2 
S6~ ? 

21£0. (, 
2056.1 
2041. ~ 
1966.6 
1936.9 
18.4.::: 
1847. ~ 
181~.~ 
1769.9 
1719.6 
1758.7 
17<1. 7 

.6 

.7 
.7 
.6 
.0 

! 
Ll 
1.1 

-i.e 
-1. j 
-1. ~ 
-l.~ 

-1.:': 
-1.1 

-1." 
-.8 
-. q 
- ~:t 

ACCELEROGP.JU~l L~6-aG2b~s.:lr 

I?' R F I L C - P~duCGlh U Lo.n0fill - ::'"~t:-tl-::ld Plo o .:. 

r'r~RAT ION NUMBE:R 7 

'JALUeS iN TIME DO~lA:N 

NO TYPE: DE:P'rH <---- DAMPING ----> 

10 
11 
12 

(t1:) NSI'/ USED EP.ROP 

6.5 .0;027 .039 .03S -. S 
16.S .01537 -.6 
Z~.ll .01£80 -.5 
34.5 .Oid6 .046 .04~ -.4 
43.5 .0216) .053 .053 - ~.j 

52.5 .02£)1 .056 .O'i7 -.4 
(,1.5 .03:!'15 .Oal .081 1.0 
70.S .O;!7SB .uas 
79.S .0;':;391 .133 

SHEAR ~IOD[JLU~ -----> 
N8~1 USED ERRelR 

1~4.1. 8 
2Jf8. J 
2502 ~ 6 
375; . 
);';'92. 
j 4~~. 

3130. 

l~·H}, (~ 

20 f2. 8 

." 
J~1:l4. -1 
34 S5.8 
) 104. ,. 
2Si;:S.0: 
1~02. 7 

12~SJ. f. 

.3 

.8 

GIGo 
Ri>.TIO 

.890 

.8:>2 
• t:ll Y 
.8:0 
.784 
.. 755 
.617 
• SB ( 

,,20u 

.570 

~ 53 9 

· 5::~ 
_ 215 

.20S 

.2U3 

.1~6 

.153 

.18. 

.18~ 

.181 

.178 

.17!! 

.175 

.175 

... BS5 

.831 

.3::5 

.32..t 

.76C; 

.60C' 
':":'.7 

l~l:l~~lt 



119.0 ,H548 .110 .170 - .4 nSe.6 1177.2 
129.0 .03955 .087 .087 -.5 4500,8 4477. S 
139,0 ,04292 • UB9 .090 ' .5 4373.4 4350,7 
14~ .0 ,04637 092 .092 -. ~ ,1253.3 ~230.6 

159.0 . O~ 989 .094 .095 4139.4 ~ 116.5 

169.5 ,05369 .097 .097 ,1024.9 4001,5 
180.5 ,05792 .099 .099 3909. a lee 6,6 
191.0 .04US2 • USB . aes 5724.6 5702,5 
201.0 .04317 .089 .O~O -.4, 5612. B 5590.7 
211.0 ,04553 .091 .052 - .4 5506.4 S4 84,8 
221.0 .04780 .093 .093 -.4 5406.4 5395,0 
231.0 .OSOD .094 .095 -.4 5313 ,9 5293.0 

.5 240.5 ,0,216 .096 .096 -.4 5233.6 52J2.5 
~.49. 5 .05424 .097 -.3 5155.9 51B.2 
~sa .5 .13596 .1£7 .1 2138.8 i146.2 
267.5 .143~5 .1G9 .H9 .2 2070.4 20,S!.] 
276.5 .15057 .171 .171 .3 20US .1 2018. "I 

2H6.(J .15751 ,173 ~ 173 .3 1946.1 1961.0 
296 .0 .164:.3 .175 .17~ .3 1892.2 H09.2 
306.0 .17047 .116 .176 .3 1942.6 1858,0 

316.0 .17 42 ') .177 .177 
, 1813,7 IB25.5 

326.0 .17775 .176 .178 .2 1787.9 ]797,8 
336.0 ,16086 ,17,) 17 65.1 
346.0 ,162G5 .17,) 1752.2 
3~6. 0 .18272 .179 .0 1751.7 
Jt,6,O .181'>1 .119 - .1 1761.1 

IN 'rIME DON.Z;:N 

MAT. THICKNESS MAX. STRAIN l'-"lAX ~ STREB!: 

TYPE (tt) (') (p~f) 

13 .0 6.5 . ,n55€ 193.07 
7.0 16.5 .02329 480.33 

25.0 .02545 711. 92 
5 34.5 .02554 957.19 
S ,0 43.5 .032'78 1174.78 

52.5 .03986 1377 .43 
'I 61 ~ 5 .04963 1540.87 
8 9.0 7Q .5 ,05739 1696.34 
9 9. t· 79.5 .09684 1642.51 

10 10.0 B".O .12560 2044.62 
:1 10. C 99.0 .15743 2243.03 
l~ 10. C 09. D .18664 2425.46 

13 10.0 19.0 .:l20 13 2594.EO 

:4 lONG 29.0 .05993 2693,37 

15 10.0 39.0 .1l6504 2829,551 

16 10.0 49.0 .07025 2972.11 
17 10. C 59.0 .07559 3111.58 
18 11. 0 6~. 5 .08135 3255.38 
19 n. C eO.5 .os760 3404.64 
20 10. a 91.0 .06185 3527.21 
21 10. G 01.0 .06541 3657.16 
22 10. C 11. 0 .06896 3783.63 
2) 10.li 2LO .07252 390; .16 
24 1U.O 31.0 .07595 4019.90 
25 9.0 40.5 ,07905 H20.65 
26 9.0 49. S .082l8 4~20 .34 
27 9.0 58.5 .20599 4QZ1.03 

28 9.0 61. S .217C5 4512.60 

2~ 9.0 76. ;; .22814 4605.42 

30 10.0 66.0 .23865 467SLc)5 

31 10.0 96,0 .24669 4;48.0Ll 
32 10.0 06.0 .25828 4798.92 
33 10.0 16.0 .26405 4820.24 
34 10.0 26.0 .26932 4841.33 
jS 1U.O 36.0 .27403 4B58.20 
:36 10,0 46.0 ,27674 4B61.18 

37 10.0 56.0 .27685 4646.52 
3S lO.O 66.0 .27487 4sn.09 

1.0 ~ 202 
.S .593 
.5 .576 
.5 .561 
.6 .545 
.6 .530 
.6 .51S 
.4 .587 
.4 .576 
.4 ,565 
.4 .555 
.IJ .S4S 
.4 • 53~ 
.4 • 529 

-. :l .214 
- .4 « 207 
-.7 .201 
- .~ .195 
- ., .190 

. ISS 

.182 
..... 11 179 
-.4 .111 

.175 
,174 
.17S 

AVG. ACC. TIHE 
(g) ,s'"c) 

• 23 9S·~ 4.0S 
.2.H'I" 4.DE 
.23077 4.0f 

.06 
4.06 
4.06 
4.06 
3.68 

.18 ~J7 3.68 

.18697 3.68 

.18319 3.68 
~ 1a 02 3 3,70 
.17:82 3.64 
,16786 3.64 
.16423 3.64 
.160g1 3.64 
,15773 3.64 
.15474 3.66 
.15129 3.64 
.14882 3.64 
.14645 3.64 
.14413 J,64 
.14177 3.64 
.13944 :L64 
.13753 3.62 
~ 13 a 16 ,,64 
.l3476 3.62 
.13:71 3. GZ 
,12810 3. 60 
.12'J35 3,60 
.12048 3.58 
~ 116:::0 3.56 
.11225 3.56 
.10eQ8 3.54 
.10':'69 3.~Z 

.10084 3.50 

.09716 .3 .50 

JJ111, iW 

I,-n-t.'!:!:'t _, ___ "'. __ .. ____ l:..L.l:,:{~£.;E...l!.!.L!.~ 

"&1\!011 l. rrt sec e-f:OM IIVF.MUr. SIl.~.I\" "II';"'it:, Vl::IJJCITY 01' ,35,.; tv".",; 

.::11""<: 
,Ute 

N'"I'IQII 6 tC'lIIl'lfn: w;,''l'l9t1 111 m:w ljlilUI.A1£J;:I 

- P,.d",,,,,,h IJ - ! .. ,,~-t 1 .. !<1 pn>! 

u,'Itlli.. TIm: 

.0 

6 .. 11;. !.!-: .:::.h:":"';"'~ .. ·.e:;;.::· 

A,(~t:£t.&~C>':H~.AM ... 
D ~ P 0 S I l' - P"du""h Q pro! 

LAYE:R DE:Pl'H MAX. Ace. TIME MN.SQ.FR. 
(ft) (3eel iC/:5cr;;} 

WITH1N 196. <l 4.34 1.15 
WITHIN 371. 0 .33874 3, G2 3,4.\ 

OUTeR. 371.0 .36000 3.62 ],42 

OPTION 7 .. , COt1PUTE STRE:SS/STR.?IN HISTORY 

CCJMl'fJTI.<; STRESS OR STRAIN HISTORY p.T THE: TOP or LkYER 21 
SCALE FOR PL01'T ING .000 U 
IDENTIFICAT!C'N - -- st;rtS" in ley~z 21 

COMPUTE STRESS OR STRAIN HISTORY AT THE TOP OF LAYC:R 21 
SCAL£ rOR PLOTT IN::; .0000 
IDENTIE'ICAT:O!J - -- ~tr~in In leyer 21 

Ace . 
cUH:';" 

.. £~!JO 

Ace. RATIO 
QUIET ZONE 

.000 

. 000 

.000 

I'll 

TH SiWW 
Ace. REG. 

0 
0 

RECEIVED 
[ MAR 0 8 2012 I 

Division of Waste Management 
Solid Waste Branch 

---------' .. -'".~~--~~-.--.--.-'--?~;-:;;~::fb .. ----..... '<~-.. ",..- 'A~. ___ ~'~ __ ·~--..--.,, _____ ~_" ... "-~ 
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00 

• SHAKE -- A COMPUTER PROGRAM FOR ElARTHQUAKE RESPONSE 
ANlI.l.'lSIS 0F HORlZOHTALVt LA'lERED SlT£S 

... Shake85 

• Shak.eS 

by: P<'-r R. Schndbel & John LYflmat -- 1970 

ISM-PC veLsion of SHAKE 
by: £,5. (Willie) L~i, Janu .. ry 1985 

New ~lodulus rcdut::tion c\lrve~ for clay" 
added UBi ng ! ~!iul t!l frem Sun at ~l. {19B S i 
by: J. 1. St::n t. Ramin Gole,wrkhi 
FebrLlary 26, 15>88 

Shcd:e90/91: Adju.5t: lb:St:. lterC\tion; InpLlt noW i~ either 
Cm(';;&x or ma.}t V::o; up to 13. !lIdteri~l type.'$ C~1.n ~ 

b~ "?,,eifh,d by us.,. I up 1:0 50 L"yen can 

• Shake91 

b~ specified; objli:ct nloticn c~n bE: read 
from }J :qep<'s!d te file and ,.::an h.!.ve U~er 
,pocified form~t; Differe.nt period, tor 
respan.e specual calclliation,,; options 
are renumbered; dnd qener=tl clear-up 
by' _T. 1. Sun,!. M, Idriss & P. Dhlin 
June 1990 - february 1991 

Gen"rdl cleanup and tinalizati.on of input! • 
output fo;r.rn"C ... etc 
by; !. M. IdJ:l!1~ 

Jcc:ember lS!Sll 

... :':h2ke99 RO'..ltin.:e direct. cCtlcl.llation of ~v.erQge 

aC:C:"l,"rat:."'" j" ~dd.d to the progrdm. Out
put format i. modi.fied to enable the two -
- page l"'!ld~cape printing. The following 
modulus :cedt;ction dnd dctnping curVes dre 
added: Mdt".ovic & K"vaz"nji .. n (1998) for 
municipal solid waste; Matasovic & Vucetic 
(199J) tor 5MB .and; and Vucetic "cd Dobry 
(1991) tor clays of VUlOtl .. pl"~tici'Cie •. 
by: Nt:vt:n M.::!tdcSOV:C: 

• .,. .1 . .-.* tI *_ .I ..... * *~~~~~~*;;:; * :.~:~ .. ;~;~.to ....... ol·,\ w ;.*wv.,. ... ** ..... )- ... ~ ... '.' 

AAX. NUMBER OF 'TERMS IN FOURIER 'rRANSFORM ~ 40% 
Nf!t.8SSARY T.F.NG'l'H OF SLI'.',JK COMMON X 2%19 

OPTION 1 ... READ RELATION BE':'WSE:<I SOIL PROPERTIES AND STRAIN 

liAl'ERIAL TYPE NO. 1 

CURvE: NO.1; 
CURVE NO.2: 

CURVE NO. 1 

STRAIN GIG""", 

.0001 1. 000 

.0003 1. 000 

.0ulO 1. 000 

.0032 ,994 
~ 983 
• 95~ 

.1000 .601 

.3160 .655 
1. 01)00 • .11 G 
.1.1600 .130 

#1 11odulu. tal 011 Wi.I.1:'" IMatil50vic & Kava::;dnjian, 199~ 
U 1 :Jamping for OIl Wast., IM"1:"sovic I> KavI!zanjian, 1998 

CURVE NC'. 2 

STRAIN DAMPING 

.0GOl 1.13 

.0003 1.77 
,0010 2.58 
.0032 4,03 
.010(1 5,89 

8. ~7 
12.91 

.3160 li.63 
1. 0 000 
3 ~ 16lHi 

V.ATERIAL T:tPC; NO. 4 

CURVB NO. ..,; till MOOl.l1Uti for S,::tnd jVucetic t'1nd Dobry, 
CURVE NO. 8 ~ #4 Dilrnping for Sand IVuc~ti.c And Dobry, 

CURVE l'W. CURVE NO. 8 

STRAIN G/Gma" STRAIN DAl-'.PING 

· 00 ~ 1 1. 000 .0001 .BS· 
.OOilJ l.UOO .OOll] 1.04 
.00)0 ,964 .0010 1.66 
.0032 ,870 ~ 00:'2 j ,00 
.0100 .712 .01UO 5.48 
• U316 .474 • U31G 10.01 
.1000 .253 IS.40 
.3160 .103 ~o . .'23 

1.0000 l.0000 ~~3 . 9 ~ 
3.1600 .0000 .00 

~IATERIAL TYPE NC. S 
....... - *'" or .................. .... 

CURVE NO.9; 
CURVE NO. 10: 

U5 Modulus fot CL (?I~151 

#5 DiJnpinq tOL CL (?I1:<15) 

Cf)RV8 NO. 9 

STRAIN 

• 000 1 
,0003 
.0010 
.00;0 
.0100 
.ono 
.100(1 
.3100 

1.0000 
3.1600 

G/Glfax 

1. 000 
1. 000 

.995 

.93" 
• ~16 
.640 
,405 
.210 
.095 
.034 

Ki'trSRZM, Hi't: !,(). 

ClJRVE NO.10 

STRAIN 

.0001 

.0003 

.0010 

.0030 

.0100 
• O~OCl 
,1000 
.3000 

1.0000 
_ 0000 

DAMPING 

2.S6 
2.56 
2.56 
2.5S 
4.64 
7.77 

11.67 
16.06 
~O.12 

.00 

(Vuce"ic ~nd [Jobry, 19~1) 
,Vucetic and Dobry, 1991J 

CURVE NO. 11: 
CURVE: NO. 12; 

He ~lodulus for 
#€ D"mp:ng tor 

(i'I~30) IVucet;i.c Clnd l)obry, 1991) 
(PI-3D) (Vucnic bnd [)cbry, 1991) 

CURve; NO.11 CURVE 1'10.12 

STRAIN G/Gm .. x STRAW DAMPING 

.0001 1. ilOO .0001 .as 

.OOiJ3 1. 000 .0003 .65 
• 0010 1. 000 .0010 1.3 • 
.0030 ,976 .0030 Z.U 
.OBO .901 .0100 3.82 
.0300 .743 .0320 6.00 
.1000 .536 .LOOO 8.72 
.3000 .33:; .31GO 12.41 

1. 0 000 .15B 1.0000 16.90 
3.0000 .048 3.1600 ~1.:!6 

OPTION READ SOIL I WASTE PROFILE 



e-tf-h.out 1211:1:010 3:15 2M 

selL PROFILE NO. PadlJCdh tJ Ldndfill h",-fidd prof 

NUMllt:R OF LAYERS 39 
DoPTH T';) BE:DROCK J 7: • Q 

NO. l'YPE TIHCKNESS DEPTH TOT. PRESS, MODULUS Dl~:PING UNI? m:. Sf!. VEL. 

10 
11 
12 

14 
15 
1£ 
17 
18 
19 
20 
21 
22 
n 
24 
25 
26 
27 o 28 

I 2~ 
\0 30 

32 
D 
34 
35 
36 
37 
38 
~9 B!\SE 

7,00 
10.00 

9. (JO 

".00 

lU.OO 
10.0U 
10. CO 
10.00 
10.00 

10.00 
10.00 
10. GO 
10.00 

9. GO 
9. DQ 
9.00 
9. CO 

10.00 

1$.50 

.50 
~j. 50 

~9. 00 
Ci~ .00 
B.OO 
2~. 00 
39.00 
49. 'lO 

:';046.00 
J095.00 
4234.50 
5323 .50 

Ul~7.Uli 

143,,7. DC 
15617.00 

l40. SO 29552 .00 
249 .50 ~06~6,OO 
2::J9.50 )1995 • .50 
2f7.'O :13460.50 
2'l6.~O 34%5.50 
286.00 36533.00 
296.00 38183.01 
306.00 39833,OJ 

2465. 
3391. 

·1547. 

5823. 
7548. 
7548. 

7546, 

'J"1 tJ ~I • 
1004:l. 
10043. 
10043. 

1')043. 
1004'3. 
10043. 

10043. 
415062. 

s. to 
:3. CD 

5.0;0 
5. CO 

124.00 
121,00 
121.0v 
121.0:) 

120.00 
124.00 
12~. 00 

.00 
124.00 

5.01) 126.00 
5.00 1U.UO 
5.00 1';5.00 
5.00 165.00 
S.OO 16;:',00 
5.00 165.00 
5.00165.00 
5.00 
S.OU 
~. DO ) (;5. ilO 

5.00 

PERIOiJ 1.1H sec E'RCN AVEP.AGE SHJ::i\R WAVE Vr;;'OCIT't OF lJ2". 0 ftf~.c 

".MPLITUDE, 
AMPLH'ICAT rON 14.02 

FOR FR8QUENCY 1.04 <"C/,",'''' 
FOR FERrOD (j .;, 6 "'c 

(oPTION • READ INPUT MOTION 

fILE NMlel CO?' INPCT HOTION = HBS-~;JCC * sal: 
NO. OF' I:-JPUT ACCEL. POIlll'S z 3784 
NO. Of PDINTS U5E:C IN n"r ~ 40% 

NO. Of' HEADING LINES z 6 
lW. or POINTS PER L:N8 - 8 

'l'D-1£ STEP FOR XNfJU'r MO':!':ON .0100 
FORMAT FOR 0" 'rIME liISTORY = (oF~.6) 

• .. ··ACCELEROGRAt~ H E: A r; R ..... 

laIgl: 
fot Mw 

for Bti:tobuIY 

.1'''90 <:/1 

11<}O. Q 

llOO .0 
110C .0 
1150 ~O 

1400.0 
1400.0 
14('0.0 

gli(J.(J 

1400.0 
1400.0 
1400.tJ 
1400. Q 

1-100.0 
140,). 0 
140f). u 
HOO.O 

1I1bl. JW 

p-ii-h ~cut:._ • ___ ~~~J:1$ 

where 
Ma:.:. in 
473.0 c 

is Mw 7.,25 @ Santa Incz &. Mw 6 .. 7S @ Bind Thru!1t / nt.:i:Ll .. -fit,;ld 
O",75 g; tlG -:..;. 

pts. @ O#()) sec 

FIRS1' & LAS1' 5 LINES OF INPUT M'JTION 

-.l)OQ686 

.015352 
-.J25Jo9 -.01 TiS 

5 -.J16395 -.01 -/u3 ,OU971S 
• . .. INPUT NOT ON READ NOT 

469 -.J21U6 -.01 910 -.004403 .004102 ,012610 .021116 .ll;'~"":· ,0:J~L~8 
4'70 .~3cf,67 .03 245 .033904 .032362 .0309.2:2 .02~J478 .():~8)39 .i.l26594 
471 .015415 .00 Zl2 -.00694~ -.014l-l0 -.010151 -.006166 -.002176 

.,)01812 00 801 .009789 .01171;7 .021'7~5 .013475 .vO~B3 
-.003085 -.01 367 -.019647 -,()2792'J .036108 -.044497 -.u4tlBo .000000 

MAXlNU!1 ACCE:LERATION 
AT TIM~ 

THE VALUES WILL BE 1~t:LTI n: ED BY h. FAC'l'CR 
TO (;lVE Ni::W Ml\X1Mlllo( ACCELERA710N 

l·lEAH SQUAi\E ::J.9E c/:::st!o;.; 
t-1AXIMUM ;.r.C:EL1,RA1'IC)!/ .3Gl911 fOR FREQUENCIES Rei-lOVED ABOVE 21. 00 ,,/~CC 

(;P'I'I()N 4 ..". READ WH£:tE QBJEC'l' NOTION G!VF.N 

OB,7ECT MOTDN IN LAYER N'Jl1EER B OUl'CRCPPING 

OPTIJN ... OB'l'AIll STRAIN C(ll~PNnBLE SOIL PR:JPERTIES 

W>.:GMUM lJUMBE:R OF ITERATIONS 
FACTOR FOP. UNIfOR1~ S'l'P_'>.1N III TIME DOtolJAIN • G6 

A(;CE.LEROGAA~ HHS-Wcc. sal 
E' R 0 f I L E - Paducah \l Landfill - fee-field prof 

11'ERAT 10N NUM8E:R 1 

VAl,UES III TI:~E DOI~Hl 

NO TYPE DEPTH UNIFP.M. <--,-- DAI1?JllG ----> <---- SH';JI.R I<J::lDULUS -----> GIGo 
(ft) STRAIN NEW USE;D ERXOP Nt:W USF.D E~~OR RA.TIO 

1 6 

4 (; 34. j 
5 € 43. S 
E 6 52. 5 
7 5 

5 
4 

1 G 89. U 
11 99.0 
1::: 109.0 
13 
14 
15 
16 

15~. 0 
H9.5 

lS 160.5 
20 :91.0 
21 ~Ol. 0 
22 111. (J 

2~ 221. (I 
24 231 
25 

.03146 

.04219 

.04289 

.03984 

.045-15 .0 S 

.0495R .0 

.O)47~6 .0 

.05262 .Q 

.~4965 .1 

.05493 ,1 

.06056 .1 

.0600 .1 

.07:212 .1 
.1 0 

.'J72BU ,.106 

.Ol6eS .100 

.08074 .110 

.0,,5:16 .103 

.OS792 .104 

.07019 .105 

.07230 .106 
.107 
.10B 

.0,,) 

.050 

.050 

.050 
~ 0 50 
• OSI) 
.051) 
.050 

• O~O 
.050 
.050 
.050 
.OS() 

.050 

· OS') 
.050 
.050 

1£.2 

2c.. ~ 
29.0 

SIJ. f; 

61 
02.9 
&4.0 
50.1 

53. (I 
5:;. ~ 
S4.5 

:'2. S 
5"1 Co 

53.3. 
53 _ 0 

.r 

11;18 ~ ~ j 

!745. ) 
. ~ 

214;: .. j 

1,32 
1'38.4 

.4 

.0 
66. -7 

(1,.8 

~i05 
3, 
60 

Bo6.) 
24£4. < 
32 S 1 ~ 4 
lJS46. ::, 
4,46. ;; 
4,4(0.9 
49:8 .. c 
4926. E 
5.2) .\) 
53,] 
SSZ3. (i 
o,a21.0 

970,,) 4 B 
9'!06.e 
~nC6. € 
9'106.S 
9"/06. R 

... J 6 ~ : 
-.:~ . ~ 
... , •. r. ~ 'I 

1. tlOO 
1. 000 
1. 000 
1. 000 
1. COO 
1. uliO 
1. 000 
1. 000 
l.VOO 
1.00U 
1.000 
1. 000 
1. 000 
1. 000 
1. COO 
1. 1100 
l.!lOU 
1.0UO 
1.000 
1. 000 
1. 000 
1.000 
1.0')0 
1.!lOO 
1. 000 

c 
<' .... 
Cii' "Ail 

(f) O· r."~''t 
0::; g: i~·!t \! 
=~O » i 
::: ~ ;;0 ! ..;: :?:. i 
f:I) ~ c:::> I r;lH 
~.~ ~ '~11!1 
CD (U r.IW~ 

coS: ,-....:I ~ 
iUI:U c:::;) ~~ 
.... ::::3 --"' 

o~ r....:> m" 
::1"(0 

~ C 
::::3 ,..,. 



1l:.f.E..:"~2;'.s._~ .. ___ .. 

2E, 249.5 .uT/30 
27 .Oi61.? 
28 ,u7757 
29 
30 :i 
.31 
32 
33 16,0 

'" (0891 
, 00036 
, 03186 

.l4 2&.0 .08587 
,~5 Jb~O 

3" 46, [I 
n 5c.r! .03603 
:l8 6(',0 .OJn: 

Ace ELE:Fl)GP.A.M 
l\ 0 F : L 

ITERldION NllM';Er. 2 

VALUES IN 'rIME DOM.UN 

.loa .050 5J.9 
,050 
. 050 f.4. S 

.143 .0)0 

.144 .050 

.146 

.147 

.147 

.050 

.0,0 

.148 .05G ~6.2 

.(150 66~2 

~OSO 66,-1 

P,lcil~C,.lh 0 Lr.lndfill -

M46.6 9706.8 
:h)6G.E lOO!lJ.5 
1030.4 
299'7 ,,) 

1!)04j~S 

2785.6 luun.5 
~760.8 1000.5 

pro!. 

NO 'rYPE (J)llt'R~1. VAMPING ----> <---- SHEAR 

-lIe; . 
-227 ~ 
-231 . 
-ns. 
-239. 
-243. 
-2~7 . 

.0 

-2 bO . S 
-263.8 

STRAIN Nt:w USEV ERROR ~;E:" F:RRCR 

t.. S 
.2 ... 16,5 

25,0 

g 
010 \l.O 
I 11 ~. 0 

;...... 1:' S, 0 
013 '\.0 

14 1 9.0 
15 
16 
n 
18 169.5 

lEO.5 
20 191.0 
21 
22 
23 
24 "J.1I 
25 1,0.5 
2b ~ 49.~J 

:n S&.S 
~8 67.5 
29 '7 E,. s 

.01'1(,5 .049 

.02071 .057 
.058 

.09'ID2 .153 

.11128 .15~ 
"12603 .164 
.1HU) .16B 
.IJ719,/ 
.0"1807 
.v8~2~ .1l1 
• 0~()20 .113 

.118 
.07010 .107 

.O;')ib5 

.108 

.110 

.111 

.112 

.113 

,D8H .168 
.1433 '5 
.14GU~ .170 

.060 

.067 

.065 

.Ul 

.135 

.1J;1 

.lOr) 

.103 

.10S 

.106 
~ 108 
.110 
.103 

.10 

.10 

.14 

.14 

.14 
31) 
31 
31 
33 
34 
35 
36 
37 
j~ 

;~6€.() .15260 .172 .1iJ4. 
29(,,0 .1~,f\73 .173 .1~5 

.14S 

.146 

.146 
Jb6 .. (J .lb161 "l·/fl .14~ 

-lS.2 
-1:':.5 
-7.9 

17.6 
17 ,"I 
17.7 

• S 
~; ~ 7 
5.3 
6.1 

15" 7 
• J 
.. 2 

16,,3 

1135.8 

340".6 
321 g . ~ 

D'n.l 
1297.6 
1211.] 
35(0.8 
3442. :; 
3323.9 
3217.11 
3115,3 

2027.2 
1987.C 
1952.7 
1025.5 

1912.0 

ACCELDROGRlU'1 H:BS -wcr;;.. ~clX 

-.018.7 

30hb40 '7 

203:;.4 

:838. q 
3a47. Z 
.\739.1 
3638,4 
3551. (I 
ltlbtS.7 

997.3 
962.2 
926.5 
8 "2,0 

Z'lou.6 

l? R 0 f T :, S - Ppduc",h U L ..... ndflll _. ice-field prof 

l.'.I'8RATION NL1MR£~ j 

VALLIES lN TIME: JO;'lAIN 

.1;"",,': 

"fL.": 
.... tJ ,.. ~t 

.;41.,4 

1.000 
l. 000 
1.000 

1, ~ UOO 
I.OQC 

· 7~ 5 
.685 
.682 
_ 69S 

.368 

.34, 

.33:: 

.316 

.510 

.49S 

.459 
_ 4 4<, 

.492 

.45€ 
• lOS 
.30: 
~ Z 9 (: 

• 2~5 
.291 
.28 B 

.280 

J,; l~ jlt! e::! t-h ... "t 

NO TYPE VBPTH 
1101:) 

6.5 
t if).~) 

.. ~5.0 
Q ;;; 31.L5 

N 
l5 
.n 

'H.D 
J::6.ll 

3~}G • (I 

UN If'RM • <---- ['N4PING ----> 
STHAIN NSt'l USED 8RROR 

.01192 .041 ~049 -16,2 

.O:laOD .049 .OS? -is.: 

.OJ965 .051 .05a -lCD 
. 050 

9B -E.: 
.USl6 03 -o~b 

.1 q6 46 .4 
.lU343 . .l.S5 53 .8 

.Vb4l9 

.06729 

.07020 

.07290 

.15] 39 

.16836 

.1"10,0 

.17123 

.11J.34 

.1"1094 

5d .'1 
64 .'/ 
GU ,0 

OC 
09 
11 

-5 
-).9 

.11)7 -6 ,~ 

.109 
.1UI. .ll() 

.111 

.11: 
.106 .113 
,lOB ,,11 /1 

['It) • _ 168 

,1'16 .174 
.11& .11~ 

,17'1 .115 
,177 .175 
.177 .174 

-c. J 
--1,5 
-7. :;. 

1.7 

1.3 
1.1 

306~O .li099 ,177 .174 

.S 

.9 
1.0 
J.: 
1.2 
1.2 

ACCELF:ROGRAI4 HBS-'.(7C 

<---- SflEAR ~lOl>ULOS -----> 
N!SW U3ED BRROR 

121~. S 
2012.2 
2 7 :~l .1 

14Q'/ • f., 
1322. ,; 
121~ .0 
1115.9 
3:3 9U ~ 9 
::-!7i:O.4 

491j .1 
Qn5.u 
4721.Q 
~63 9.5 
q Sf ~ .0 
4495.0 
2~) '.~ 1 
lSJ8 J. g 

1379. 
1666.0 
1 a 58 . ~ 
1 ~ 4;' ,; 
1:) J 6.8 
1 ~ 35. S 
Id39.f.} 
18 3LJ. <-

1135.8 
18 "12.3 
2530;.7 
3405. E 

12 7.6 
12 1.3 
35 8.8 
.34 2.3 
33 3.9 

(L-:~9 .1 
4JC·1.1 
4144.2 

BG,) .4 
10,1. ( 
H:i t~ 1 • ( 
1895.9 
l::!G::J ~ ~ 
1 S!2. .l\ 

G • 
7 • 
7. 
ij. 

7 

-4.1 
-I) • ...: 

-6. S 
-1$ .(, 

8.) 

• 81~ 
,760 

.675 

.526 
, 4~4 

• 2 ~ 9 
.225 
.200 
.47 J 

1:1.5 .45 b 
» . 7 ~ 1.l~ 0 
8.9 
9. C, 

9.1 
10.1 
10.1 
~L :J 
;1." .,11U 
~, • q ,43) 

.4:7 
9.1 ,"J."21 

-4.2,211 
-4 

-3.<; .194 
-3.2 . .192 
-2. '> .190 
-~."1 .lB9 
-3.l! . 1Sti-
-.;.; .189 
-}.( .190 
---1_:"f .19CI 

!? R 0 F' 1 E - Paducah (} LiH'Uil i 11 - i .... I~-t" ",:'d prof 

IT~R'\TION NUMBEP, 4 

1!A:.m::s IN TI!1E DOH,;1N 

NO TYPE DEPTH UlHI'FJ-l. <---- D,o.MPWG ----> c···- ~,:IU.h 
(ttl S'l'HAIN NEW 

6,5 

:; 
4 i 
5 E 

€ 

,,'" ,0 
1~ 4 109.0 
l~ 119.0 
14 1~9.0 

1'5 
17 1,59.a 

.V Oel 
~ () £39 
.0 a 12 
.0 841 

.1 555 

.1 5ib 

.1 72.3 

.1 026 

.0 :!79 

.0 723 
,'lH6 
.0 ;:01 

.04 U 

.o!n 

.146 

.1~6 

.164 

.170 

.17(: 

.00« 

. 0 9~'" 

.1)1 
1n 

O::iE:D ERROr. 

.041 

.049 

.051 
_ 0 51 
.056 
. a 61 

.162 

.168 

.174 
~ 099 
.102 
.ll)5 
.107 

-4.2 
--3.7 
-3.5 
-1. '1 

-3.2 
-3.8 
-3. J 

- .-1 

." 
,; 
.S 

-.,i. s 
-'~ • 5 
-'. :1 

NEI~ 

1233,£ 
2315.4 
27CS.7 
·!rl~7. -0 

3'~2. 5 
3378 .5 
29~3 .4 
2731.1 
16;;0. 'I 
H32.~ 

12~9. : 
117" .3 
10 €9.1 
4051. 4 

pJ:..Trc 

","; 

1_;l.~_~LZ.~!!!._L:lL.U1 



e;lt-h.QUl -,",,.----------"---- " ___________ . ______ ..:.I:;;.:..~/E'.~(!I!J ):!~ 

I,", 169.5 
HI 180.5 
ltJ 
,H 
~J ::ll~O 

lD ~21.0 

~~ ~Jl~(} 

,2~ 24Q~~ 

249 .~ 
... 253.5 
.j 

<I 
.j 286.0 
.\ ~%,O .. 
4 

H .j 

:.I'> 4 .. 
~ ;1:;6 ~() 

4 366,0 

.070·16 
,07494 
.05151 .095 
,0,411 .097 
· 056~5 .098 
.05981 .100 
.06:62 .1(12 
.06,22 .103 
.u6761 ~lV'l 

.15173 .172 

.15Sl::S ~173 

.163% .175 

.16773 .176 

.HOSl .116 

.17135 
17221 

.17 4 54 

.17Sb 3 

.1"1633 
,1"'63& 
.17692 .178 

ACCEL£F.OGP.AM 
PRO f' I L F. - 2"duc"h U 

IT8RATlCN NUMB8R 5 

VALUES IN TIME DCt1A1N 

-1 

--')dj 

-J.e. 

-J 

.1 

.S 
,10 
,'/ 
.'> 
, ~ 

3601.8 
J5\J6.0 
5259.4 
5160.7 
50,,8.3 
4960.1 
4868.3 
4787.0 
4715.0 
1995.1 
1940.0 
1896.8 
IS63.6 
1842.3 
laTS .B 

3424.9 
3329.0 

4724.4 

4495. Q 

20J 1.5 
,9 SO. 9 

,679.7 
,666.0 
.858.9 

~8 '3 8 

NO TYPE tllJIFR~l. 0(---- tAMP} NG ----) < ---- SHEAR MODULOS 

a ,9 
5.0 
4.7 
4.8 
La 
4.8 
4.7 
4.7 
4.7 

-La 
-2.1 
-2.2 
-2 ~1 
-2.0 
-1.6 
-1.6 

S::'RAIN NE:W \JSEL' ERROR NE\\ USED ERROR 

6. " o 16.S 
I 25.0 

.. 
ICl 

34 .~ 
13.5 

11 99,0 
1: 109,(1 
1~ 119.0 
H 129.0 
1~ '!:.. 139~O 
1(, '> 149.0 
1'1 ~ 15~.0 
Iii ~, 16~.5 
1~ !:> 160.S 
Z!Q ~ 
.:U 
;e; 211.0 
~:! !f 221.U 
.1:4 !< 231.0 
!!. !. 240.~ 
;::(. !:> 249.5 
Z1 '" 258.5 
!:+ .. 267.5 
Ztl <l Z7G." 
>.., ~ 2~(; .• O 
3! 4 296.0 
.,:4 30~.O 
)': -4 316.0 
H 3~6.0 

J~ 4 336.0 
J(; ~ 

,)' 
.)~ 

.0:761 
.. 0: 790 

.(JS239 

• U6:16 
.06620 

• OS09~ 
.05362 
.OS63& 
.OS905 
.06155 
.0(;363 
· 15~96 
.16008 
.165G6 
,lC997 
,17252 
" 17~:J4 
.17457 
.17710 
.17RG·! 
.. 11CJ35 
· 179~5 
.1005e 

.O:J9 

.047 

.049 

.049 
* 0:)4 
,058 
.08C 
.092 
· :45 
· :56 
.. ,64 
· ;71 
.:'18 
.094 
.097 
• U~y 
.101 

• O~3 
.095 
.097 

· :01 
· :02 
· :72 
· :74 
· :75 
.: 76 
.: 77 
.177 
.: 77 
.:n 
.ns 

,79 

.040 

.047 

.049 

.050 

.055 

.Q93 

.14(, 
M 158 

.lUl 

.lUJ 

.lC5 

.10"; 

.09S 

.osn 

.098 
~ 1 au 

.173 

.11;:' 

.176 

.176 

.177 

.178 

.178 

-1.3 
-1.J 
-1. 1 
-1.1 
-1.0 

~ 1 • ~ 
-1.7 
-.7 
- .1 

.1 

.~ 

.7 
-1.8 

-1 
-1,. :; 
-2.0 

-2.1 
-2.4) 

-2.0 

-1 
-1. B 

.2 

. ~ 

.3 
.3 
.3 
.2 

.3 
.4 
.<l 

1239,0 
2055.6 
2779.8 
371G.O 
3541. 8 
3400.3 
2971. a 
2780.0 
1689.6 
1434.2 
1295.4 
1166.8 
1047.0 
4132.0 
4010.7 
3899.2 
3797.1 
3699.0 
3605.1 
5379.4 
5281. g 
5178.B 
5079.2 
4985. S 
4903.0 
4830.1 
1984.5 
19::5.0 
1819.9 
1~46.4 

1827.0 
18::3.8 
IR 11. 5 

2;;3. E-
04,.4 
765.7 
697.6 
522.5 
3?8. ,5 

nu). " 
J601. 8 
3506.0 
S:59.4 
SHO.7 
S05&.3 

'8£3.8 

829.3 
9:1. 7 

.4 

.~ 

.5 

.5 

.S 

.6 
1.6 
1.8 
1.4 

2.::> 
2.6 
2.7 
2 .~ 
2.3 
2.3 
2.3 
2.4 
2.4 
2.4 
- .5 

-.9 
-.8 
-.7 

-1 .. 0 
-1,.1 
-} ,,2 

-1.5 

.454 
· ~4: 
.SH 
· SOt 
.496 
.487 
.'<78 
.1,70 
.463 
· ,,02 
,197 

• J.93 
.190 
.lB7 
.18 G 

GIGo 
RATIO 

• E9U 
.830 
.b16 
.813 
.775 
.7tlJ 
~ 593 
.554 
~ 28 6 
.:>4 b 

.4>1' 

.417 

.46S 
~ 542 

.l99 

.193 

.189 

.ltl6 
· IS) 
.183 
.lR2 
.IRO 
.J79 
.179 
A 179 
.179 

,Jllil. IW 

£-tf-b.~~.," __ _ 

ACCELEROGRJI.l4 
PRO l' I L £ - F.,,;uc,~r, pc ... ' 

r'1'8~A'I'ION NUl~BER 6 

'[ALVeS IN TIME DO~lAIN 

NO TYPE DEP'fH UNHR~l. <---- DAt~P1NG ----> <-"-- SHEAR ~IODIJLUS -----> 
,ftl STRAHl NEW USED ERROR NEI1 lJS8D SRROR 

4 E 
!;., 

~ 
Hj 
II 
1':: 
t! 
I'; 5 
1:' 
1(0 

17 

:::0 
2:1 .. ~ 

6.5 
16.5 
:5.0 
31.5 
43.5 
52.5 
<1.5 
70.5 
79.5 
B9.0 
99.0 

lOS .0 
119.0 

149.0 
.1 09.0 

201.f) 
211.0 
ZZI.0 
231.0 
240.5 
24;1.5 

.5 

.5 
76.5 
86.0 
~6 .0 
06.0 
16.0 

.01040 

.01574 

.01"140 

.01769 

* 15021 
.17711 
• 0'i8 e4 

,06024 

.0&::00 

.153il4 

.16057 

.16640 

.17389 

.17608 

.17fn3 

.18()'S 

.1812·1 

.16174 

.18Ze-! 

.03S 

.047 

.049 
,049 
.1)54 
.058 

.178 

.093 

.1)% 

.098 

.10il 

.104 

.100 
,101 
.172 
,174 
.175 
.1*/6 
.117 
,177 

178 
.17e 

.03'3 

.047 

.049 

.049 
~ 054 
.05f; 

.164 

.171 

.170 

.094 

.007 

.099 

.101 

.10] 

.105 
~ 093 

.098 

.100 

.101 

.102 

.172 
• J.. 74 

.177 

.177 

.1'Y) 

.... s 
- w ~, 

'. '1 

-'f ~i 

-1.0 

.... ::t 

.1 

.1 

12,11 .~ 
2J59 ¥ i 

.s 

.0 

1051.1 
3~),~ 5 . 4 

.9 
}"JSO .:3 

S43G.6 

5;,37.4 
5137.9 

: 83;'.e 

is ::1.1 

1 R o·:! . ~~ 

l'i£7.S 

• 8 . ") 

A.CC£L£.ROCiKL\N r:ES-WCC .'::>0:: 

YtlC.O 
.0 

11 6.0 
10 7 
41 2.() 
40 {). '7 
385:;. ~~ 

.J 

J 

·lS 03.0 
46:;;Ll 
EH 

18 ~f ; •• Ij 

.10·;6. -, 
lB . () 
18 .6" 
18 . c, 

17 .r 

PROf' ! L £: - - ,~"-;:idJ "rv~ 

ITERhTIbN t·I:JMEER 7 

I/A1U2.S IN TIr4E DOl·1A:n 

NO TYPE DEPTH UNIF~1. <---- DAMPH1G ----> .:.---- SHEAR MOG'.'l,lJ~ 

. S 
1.4 

.5 

.3 

-1.0 
1.:" 
1.1 
1.:: 
1.3 
1.4 
1.4 
1.1 
1.1 
1.1 
1.1 

1 ~ ~ 
l.~ 

.1) 

-.3 

_. I: 
- "~ 
-.7 

.1 

-.;. 
-, , 

ifc) STRAIN NgW lISE;!) ERROR ,ISW USEr! [l'<iW" 

6,5 .039 
.047 

>t .0 }72S1 ,u.:Jt! 
it t: .0.1758 ,0,1:) .04:: 

f. Q2::92 ,05~ .Q54 
.038.058 
.084 • Q8S 

O~j45~ 091 .001 
79.S .0,925 .U3 .).1·1 

1242.4 
2061.9 
2786.5 
3727.8 
355~. 3 
3413 .5 
3007.4 
2e17.7 
17)2. 9 

1241.2 
2059. ") 
ne5.S 
3723.7 
3550.0 
3409 .. 1 
2995.2 
281.)4 .. ~ 
1712. B 

.1 

__ ._~~~.!i'...1.i!.U:J.< 

.:.;. 

.:J.: .. I 

C;/(:;O 

[-(/;TIC 

.,95 

. ~:h 

,TiC 

. "0'. 

~ :Il 
g>~'~m 
=0 \ J> I 0. .... ;;::0 

~~ 

~ .. ", ;! 'L!j:i. "~._ (\)fOj ~_ 

ttl 5: I f',;) .... !;l.d c:::l 

~~' N m 
°ca 
:73C 

(0 

a 



I>-tl-h.:~_, ___ " __ , __ _ 

10 89,0 
11 99.0 
12 lU9,0 
13 ~ 119.0 
14 S 129,0 
15 ) 139,0 
16 .~ 149,0 
17 !. 159,0 
1~ e. H9,~ 

19 ~ leO.S 
20 ~ 191.0 
21 ~ 
22 S. 211 
23 S. ~2LO 

24 0;. ~31,O 

25 :. 2'10.5 
26 ~ 249.5 
27 ,I 258.5 

ZB '. 267.5 
29 .i 276.5 
30 .. 2E6.0 
31 .j 2S6.0 
32 ~H'6.0 
33 316.0 
34 326.0 
35 336.0 
36 3t,6.0 
3'/ 3,6.0 
38 366.0 

.11l3a4 .15:, 
,12496 ,163 

.171 

.178 

.093 

.095 

.098 

.1.00 

.1.02 

.104 
~ U92 
.09:;; 

,05394 
05602 .098 

.0589J . lOO 

.u6110 .101 

.15270 .172 

.16051 .l74 

.16054 .175 

.17109 .l77 
,1'/3H .l77 
.1"4,) .171 
.17711 .178 
.17983 .179 
.HHS .179 

,179 
.179 

.18435 .180 

.156 

.164 

.104 
.092 
• O~4 
.096 
.09~ 

.099 

.176 

.178 

.179 

_1 '79 

VALUES IN T1MB DOl4.IIIN 

LAYER MAT. ":'HICKIESS DEPTH 

10 
11 
12 
13 
14 
15 
16 
1 ? 
19 
19 
20 
21 
22 
23 
24 
25 
2E 
27 
ZS 
29 
3() 

31 
32 
33 
34 
3~ 

36 

TYPE (tt) (ill 

10, Q 

9.0 
9.0 
9.0 

10.0 
10.U 
10.0 
10.0 
10.0 
11.0 
11.0 
10.0 

9. J 
9. ~I 

10. :; 
10.0 

10.0 

u. ~ 
1G.5 

J~ 

43.5 
52.5 
fl.5 
70.5 
79.5 
Sf;.O 

139. (I 
149 ~ 0 
159.0 
16fl.5 
lSO ,5 
191.0 

31.0 
40.5 
49.5 
58.5 
,,1.5 
76.5 
86.0 
S6.0 
OG .0 
16.0 
26.0 

_ ________________ ..::L~::Il~·rIW) l:l!: flH 

HAX. 

- .!> 
.... ~ ~ 

,(I 

.il 

.J 

.1 

.t 

.1 

.2 

.2 

.01307 

.05602 

.03430 

.OS978 

.09539 

.10114 

.07044 

.07391 

.07777 
• OS 17 3 
.OB564 
.09926 
. 09~58 
,23137 

.26260 

.26443 
.. 2(;834 

.27248 

.27528 

.27648· 

1447.6 
1304,0 
1166.1 
lon.7 
4193.7 
4076.7 
3%9.5 
3871.4 
3777.2 
3686.1 
5464.5 
5368,4 
5260.3 
5167.0 
5073.5 
4990.5 
~917.5 
19~6.7 

1921.4 
1873.1 
1837.8 
1819.9 
1811. 6 
1792.6 
1772.6 
170.9.2 
1753.5 
174" .1 
1740.1 

.8 
1164.4 
1036.7 
Hi2.6 
4054.1 
3945.4 
3845.9 
3750.3 
3658.1 
O4J6.6 
5340.0 
5237.4 
S131.9 
SOH .. , 
~961. 2 
48 e B. 3 
1983.8 
~S21. 0 
:874.2 
:839,8 
,$21.4 
1B16.6 

:750 

.~ 

.7 .', 

-.4 

-.1' 

)fJAX. STRESS !WG. Ace. 
(pf) (g) 

7 2~). 76 
991.92 

1232.99 
146$.40 
1677.95 
1R93.51 
2056.96 
2257.95 
2459.00 
260,8" 
28 CEo, ~9 
3045.83 
3190.23/ 
3J26,O) 

3699.7 11 

4525.36 
4590.01 
4671.}2 
~729.3b 

~76~.3~ 

4766.50 
4.803.5') 
~8 3 O. 6!l 

('S 51.85 
,866. :'8 
'~72.7: 

~2.3655 

~ i 3':125 
.23161 
.22999 

.18925 

.18379 

.17857 

.17333 

.16815 

.16427 

.16060 

.15767 

.154';8 

.15235 

.14986 

.14747 

.14346 

.13954 

.13520 

.13055 

.lZ5~6 

.12059 

.11645 

.1124~ 

.1l1S 67 
• J 0494 

.247 

.223 

.510 

. ,97 

.485 

.060 

.550 
,540 
.529 

.198 

.19: 

.18 7 

.183 

.18 ) 

. la: 

.J"i9 
.177 
.176 
" 175 
.175 
.174 

T1ME 
(~ec) 

3 
.3.(:l'i 
3.81 

• '02 
3.82 
J. a.l 
1.R1 

3.81 

3. B 6 
3.80 
3.66 
3.6G 
:3.87 
3. S 7 
3.90 
3.91 
3.91 
3.91 
3.91 
3.91 
J .93 
3,n 
3.n 
3.,11 
3.90 
J .19 
3.17 
J .lE 
3.14 
:3.1:i 

E-ff-11~.", ___________ , 

37 
38 

10,0 
1v.O 

;56.0 
3 EG.Q 

4078.96 
4889.93 

?ERIOD = 1. 920 sec FROM ~.V8AAG£ SHE.~R WAVE VE:'OCIl'Y Of' 

,REQ(JSNCY AHPLITUDE: 
MAXIMUM AMPLlF rCAT JOti ~ 
FOR F?,EQOENCY (f) .51 c/sec 
FOR PSRIOD 11 I f) 

:JPTION ••• COMPUTE MorrCN IN NEW SUBLAYERS 

~CC;;LEROGAAM - HBS-wee •• ~r 
D E P 0 ~ ! T - Pr:.dUCbh U l.andfill - fe;€-fi~ld p~of 

LAYER 

''lITHtll 
WITHW 
WITHUI 
NI1'HIIl 
IHTIHII 
WITH!!1 
Wl1'HHI 
I'lIIHW 
WITHHl 
WITHIU 

VEPTH 

30.0 

8~, 0 
9/1. C 

104.0 
11 (;" C< 

l'--l.A>:. fLee ~ 

.21'149 

.21199 
• :06:;7 

.16832 
• 1 ~ 97, 3 
.14B57 
.15143 

TIME Mlol.SQ.PR. 
(c/sec) 

1. 21 
1.11 
1. 04 

.97 

3.64 .86 
J.85 .88 
3.86 .% 
3.88 1.11 

. BS 1.:6 
;.87 1.39 
B.06 1.53 
B .06 1.54 

OPTWN .... COBPUTE: MOTION IN HEW "UB1..>,.'fERS 

ACCELEROGRAM ... 
DE?OSI PaOllCilh U prof 

l.ll.tBR 

IUTHHl 
WITHW 
OUTC'l. 

I/£E''!'H 

371. 0 
371," (I 

OPTION 1 

~-AX •. b.CC, 

· 336~3 
.3f191 

rIME 

" ~17: 

1. q, 
3.97 
'}.96 

COt1FlJTE STBESsJSTP.AIN HISTOR¥ 

COMPOTE STAAl!'! HISTORY ;,T THE TOP or L;"1'ER 
SCALE: . OUOO 
IDI::NTIFICATluN - -- sHeSS 111 leyer 21 

COI1?UTE STP.E:SS OF. STRAIN HISTORY ~.T THE; T()P or Li'.YER 
SCALE E'::>R PlOTTING 
r~E:NTlfICATrON in ley,," 21 

21 

21 

,, ___ ,,_. ___ . ___ ._~EL!; .. G.~.!!i: ... l.::J.'::'J1l 

.10147 3.Il 

.03~:lZ 3.09 

915.3 It/soc 

Ace. RATIO 1'H SAVED 
QUIET ZONE Ace REC. 

.130 "12 

.12) 

.119 

.11! 

.104 

.091 
,10,1 
.121 
.DO 
.131 

ACe:. RATIO 
QUIE:'l' ZONE: 

.lJ1 

.125 

.122 

o 

TH ShVED 
ACC.Rt:C. 



e-ff-m.ou_t: --,._----------_._----_.-,-- __________ ~l~~/~lz!~~!_~UJLt~ 

9 ...... 
tJ.l 

• SII;.I:'£ ~. _. 1'II'iu 

• ::;" .. I,"e~ ~ 1!111*f'<; 
HilS 

• SI! .. I;"II~ 

• :;1\"".1>1 I:; .. " .. ",,,. (ll</,:;.nllil .. ",J t!II,UI,: ... 'tU'''' lnpu" ( • 

MAX. NUMBER OF TERNS IN fOORIER TRANSFORJ~ ; 
NECESSARY LENGTH Of BLANK CO~:140N X 

NIXON 1 ••• READ RELAT:OIJ BETlvEEN SOIL E'ROPERTIES AND STRAIN 

~ATEE\IJ'l 'tYPE NO, 

C:JRVE NO, 1: fll Mcdulu~ fer 01! Waste (Matutlcv.ic 1996 
CURVE NO, ~ 1 ~~:!\pi"g fez Oll Waste 19s>B 

CURVE NO. CCRVE NO. 2 

STRAIl\ ;;TMW DAMPING 

1.13 
1. 77 

.0010 1. OOil .Gu1U 2.58 

.0032 • 99 ~ .0032 

.0100 .98J .0100 

.03H ~ ~59 A O~l-c 8.97 

.1000 · sa 1 .1000 12.91 

.3160 · 6,,~ .316C 17.63 
1.11oUO · J 16 21.92 
3.1600 .130 2~ .17 

~~-U-m.tI"t. 

W,Tt:IIIAI. l''I'i';;: U\\. 

CURVE N0. 7: ~'l Monulll .• for Sar.d 
CURVE NO. B: #4 Damping for Sa~d 

CURVE NO. 7 CURVE NO.8 
==C::;;Q====.:=;;;=c.=::c:s::.= :O;::;:;:===li:::;:;=""";!ot;=:"",,,,, .. :::;:::::::;; 

STRAIN G/Gmar. STRAIN DAMPING 

.0001 1,000 .0001 . a 5 

.0003 1.000 .0003 1.04 

.0010 ,964 .0010 1. 6( 

.870 .00J2 3.00 

.712 .1l10U 5.48 
.03lE }O,Ol 

.103 

• O~8 
.004 ,00 

MATERIAL TYPE NO,. 5 

CURVE N? 9: 
CURVE ND. 10: 

CURVE NO.9 

STRAIN G/Gmllx 

l.aM 
1.000 

.001V .995 

.O\l30 • ~J 6 

.0100 .6H 
~ 032(J .640 
.1000 .405 

.210 

.095 
3.1600 .03 q 

II, 11cdultw for CL 
# 5 D"mpil19 for CL 

CURVE NO .Ill 

STRAIN DhllPING 

.001)1 2. 58 
• 0003 2.5 • 
.0010 ::.56 
.OO:lD 2.58 
.0100 q • 6~ 
.0300 7.77 
.1000 11. &7 
.3 000 16,Oe 

1. 0000 ::0.12 
.0000 ,Oil 

MATERIAL TYPE NO. I> 
1/ .. ,.,* ", .... ,t "' ....... 01.* ......... + • .,j, .. 

CeRVi;; N,). 11: #< HodulU$ tor C ~PI~30 

CURVE, NC, 1::: #6 Vamping for C (Pl~30 

CllRVE NC,. 11 CURVE NO .12 

S'fRAIN G/Grnd}: STRAHl DAM~:NG 

L 000 .0001 .85 
1. 000 .85 

3.82 

.1000 · ~3e 

.3()OO .332 . H60 12 ~l 

1.0000 .156 1.0000 J.~. 90 
3.0000 .046 3.1600 C 1.::6 

.llJllll. JIll 

i1nd 
c.md 

'\ V'.lce C1 c and Dobr y, 
,V~lCCt:1C Zlnd Dobry, 

eV~c.t~c ano I)obry, 19,1: 
Vuceuc and Dobry, 1991: 

OPTION " RE:l'.D SOIL I \;ASTE pf,OfI L8 

____ ~~~t 

c 
<" 

g> ~: r--II· s:: . n1 I =-~ol j; I~~! 
0. -.. ::::0 I 
::f~ ~Jffil = m .. --l!j (Om . ~ 

coS: N < •. ' .... m c:::> , I»::::l _ 

::lQ) ,......;> m O(Q 
::TO) 

~ C 
a 



1C!f:'l1'~~" 
sarI.. PROFlI.8 NO. 1·· .. tII.e'.1I 0 t. .. ndtJ.lI .. ( .. ,,-l;., hI I',,,r 

o 
I 

NUMBER OF Ll,":'ERS :>9 
D£P'fH TO BEDROCK 371.0 

NO. TYPE THICKNESS D8PTr. 

10 
11 

7.(1) 

10,00 
9,00 
9.00 
g.oo 
9. 00 

10.00 
.OU 

10.00 
10. UO 

.0(1 

10.00 
1 ~ .00 

.00 
10.00 
10,00 
10. DO 

:<U46.Uv 
Joe~. 00 

139.00 166,'1.00 
14~.OU leU~·!.UO 

159.0(1 193-.,7.00 
169 ~ 5'.) 
100.50 
Bl.UV 

........ 30 .;:.. 
:J. liO 

10,1)0 
10,OU 
10.00 
H\.OO 
]O.i)() 

10.00 
J.O.OO 
10.00 
10. DO 

32 
33 
34 4 411]3.(» 

3~ ;} 
oE 4 
;,7 <I 
38 iJ 
3,1 BASE 

2465. 
J;ln. 

4547. 
45~7 • 
4S4"',. 
4929. 
4~12SL 

7548. 
'1548. 
"1546. 
7548. 
7548. 
7 G48. 
9707. 
9707. 
0'/07. 
9'/07. 

10043. 
10043. 
10043. 

10043. 
10043. 

OPJ'PI.NG li~IT \-IT. SH. 

00 
5.00 1210>00 
:'. vO .oc; 
5.QO .00 1100.0 
5.00 .00 1100.0 
5.00 .00 llso.a 
1.00 J20.00 
5.00 12.0.00 

5.00 
5.00 124.0D 
S.OO 124.00 
:'.on 
5.00 
S ~ 00 2,1. 00 
5 ~ 00 2.:1.00 
5.00 2G.00 
S.I)O 26.0() 
5.00 26.00 
S.O!) ~O~{)O 

20.00 

5.00 
:'.00 
5.00 
5.00 65.00 
5.00 65.00 
5.00 65.00 
5.00 65. ou 
5.00 65.00 
5.00 
5.00 
5.00 
S.oo 

11_':':0.0 
12 ',(). 0 

1400.0 
14 GO. 0 
HGO .0 
1400.Ci 

1400.0 
14(10 .. 0 
1400 .. 0 

:14 GO .. u 
J4Cn ",(1 

9000.0 

~ERLOU ~ l. iH sec f'kOM AVERJ>.Gi:: SllJ::AR w.~vr:; VELCCIT'i Of 132.0. B ft:/sec 

AMPLITUDE:; 

AMf'Ll FlCATION 
FOR F'nZQUENC'! (f) 
FOR ;'ERrOD (; I f) 

ClyT:ON :3 

l4.02 
1.04 c/oec 

.% 

HEAD IHPUT MO-rIO!1l 

FILE NANE FOF. BP:J! M::JTION = nliJg8eq .S41: 

NO. OF INPUT ACCEL. PO 
NO. Cf' POINTS USE:!) TN 

NO. OF HEAUH1G LINES = 
l-lo. or POI 1011'S Pf;R :,INE ~ 

'1'l!1~ STEP ,"ot{ DJPUT ~!O'rlCN ,noo 
FORMAT FC'R OF 'rIMS HISTORY = (~"S.61 

..... ~ ..... At;CF.:.. ROGRAM HEAD8R 

Set~d 1969) M a .2~ Eq. 
25 .. 92 Sl':'C 

"ec 

from S.A 
F'req ~ 3 

loU t:'/~(Il11 I: 14 I'M p-tf-m,oE.E,. "'. ____ £{~.Ul.L~ 

F'IRST .\. LAST 5 LH1ES OF INrU1' M::TI0N ••••• 

.0737% .075$7" .062602 .051859 .044955 
.023B4S .012130 .003501 

-.Oril~:,'7r1 -.i}73()18 

466 .0039-n .0 0,,05 
4(07 .U69606 .0 0844 
468 .06,,221 .057258 .054Z01 .051875 .OQ9411 .043016 .() 41:, ."291GB 
4C9 .010956 -.004150 -.02,J819 -.0300H, -.03~114 -,0 660) -.03'/0)2 
470 -.029237 -.018126 -OIOOIG8~ M002426 ... 002465 .0 006'; -.~02264 

M"XTMllM A~CELERAT ION • 6UO()~0 
A'~' TIME ?~.~2 s~c 

THE VALUES WILL B8 t~UI:nPLIE) BY A FACTOR 
TO GIVE NEW HAXIHUN ACCE:ERATION 

FREQV£NCl£3 REMOVED {,eOVE 25. 00 c/s~c 

OP'J.'lD!\ 4 ~~.. REA:) WHERE OBJECT MOTION 1S GIVEN 

OBJ~Cl' HO'l'rON IN LAYER NOHBER 39 001'CROPPlNG 

OPTION 5: "" ... ~ OBTA.1:l STRAIN COt'lPhTIBLE sorT.! Pr.OPEE1'lES 

MAXIMUM NUMB!;:K Cit' TTERAT1(!~JS 7 
FACTOR FOR UNIE'ORM STRAIN IN TI~IE ['O~AIN .66 

ACC8LEROGRAH 11l<lg6eq,"~r 
PRO r I :r.. E - Paduca~ L6.lnotill - fee-field PIC! 

l'l'£::RA'l'ION NUMBER 1 

VALU8S IN 'I'lME DOHAIU 

tlC TYeE .DEPTH UNH'!C.'1. <---- DA."'!?HIG ----> <---- Sf1E:lIR MOl>\,LU5 ---._-'. 

(it) STRl,JN NEW llSEi:D ERROR 
.--- ---- ---- ---' ... - ...... -- .... - .. _ .... 

.. ( 
( 

til 
II 

6.5 
16.5 
25.0 
34.5 
43.5 

70.5 
79.5 
69.0 
~9 ,0 

109.0 
119,0 
129.0 

201.0 
::ll.O 
2:1" 0 
231.0 
2tlO .S 
2.49.5 
2.58.5 
2~7. :;, 

.~5111 

.05423 
· 0610~ 
.05694 

.070,;5 
~ 01 332 
· OS92 5 
.06~07 

.051i 4 9 

.06066 

. 0.0:;64 

.O~·1l9 

.06581 
· U 669S 
.0;;573 
.0£:662 

.056 

.071 
,097 
.101 

.138 
139 

.100 

.103 

.1 0 ~ 
,104 

,099 
,101 
.10J . 
.132 

1 ~ 3 
184 

.134 

.135 

.050 

.05U 
Jt5Q 
.050 
.050 
.050 
.050 
.050 
. U50 
,OSG 

.050 

.05U 

~ 0 50 
.OS') 
.O:d) 
.050 

.6 

29. B 
qU.q 
50 . ..; 
60. B 
6C.O 
62.9 
63.7 
6~. 2 
-19.9 
50,6 

50, J 

51. :s 

6~ .8 
63. t) 

N£N 

96 ,,8 
51 .1 
QS .. 1 
10 ,3 
01 .:.: 
)2 .6 

1%-1.1 
B19.9 
]~71. 6 
3799.3 
3739.0 
3690.3 
3651. 0 
3621.7 
5J6S .9 
500~ .1 
493: .1 
4667.7 
~61~. 7 
H6B.a 
4734.5 
3349.6 
3323.5 

USfD 

4~46." 
QS2ti. (; 

4::28. c 

.0 
S3 23. () 
S823. Q 

5823.0 
754". R 
754". iJ 
754~ .6 
754" .6 
7547.6 
7547.S 
9706. e 
9706.6 
~706 .e 
51706.8 
S706.a 
~706 .6 
9706. S 

10043 .5 
l0043.5 

£RR:>? 

-30.4 

-~3, j 

-be. :.: 
-:'7. q 

-177.0 
. 18).4 
-201.9 
-212.3 

-,5 ) 
-',B.7 

-101. 9 
-10~. 5 
-106.7 
-loa. Q 

-90).9 
-93.5 
-~ii. 6 
-99 .~ 

-lOt.7 
-103.5 
-10).0 
-1~9. S 
-202.2 

~/G" 
~k'l'TO 

1.000 
1.0nO 
1. 000 
LuOO 
LOO,) 
1. 000 
J • (IUD 

1. 000 
1. \100 
1.000 
1. ()OO 
1. 000 
1. OOll 
1.00(1 
].000 
1. OOQ 
1.000 
1.000 
1.000 
1. 00'; 
1. DUO 
1.00Q 
1.000 
l.000 
! .000 
1.000 
I.OOll 
1. 000 



e.:.ll:~. ou t 

29 
JO 
] ] 

) 3 
34 

36 
37 
:,& 

276.5 .06724 .135 
286.0 .v';761 .136 
2%.0 .06776 .BE; 
300.0 .06Fi4 .106 
316.0 .0';745 .lJb 
326.0 .06652 .135 
330.0 .06723 .US 
346.0 .OG9G6 .136 
356.0 .06996 .137 
3£".0 .07139 .1Oa 

.o~o 

.o~o 

.050 

.050 
~.050 

. J50 

.1 

.1 

.2 

.2 
63.1 

.0 

.1 

.3 

.6 
6:'. S 

3291.4 
3299.7 
3.J14. a 
3s05. :1 
3265.4 
3220.3 
3190.7 

ACCELEROGRA!~ n,agSeq. ~,' r 

10043.5 

PRO F r L E - Paducah:J Landfill - fee-field prof 

ITERATION NUMBER 2 

VALUES IN 'l'IME DOMAIN 

-203. ~ 
-207.0 

NQ 'ZY?E Dt:;PTH UNlFRN. <---- DAMPING ----> <---- SHE:l'.R ~lCDULUS -----> 
(ft) STRl'.lN NEW U~ED ERRUR NEW USED ERROR 

1 (} 
eli .. 

., :. 
a ~ 
-1 ,I 

10 -I 

12 .. o -.I 
I H 
~ 1S 
UlJ.6 

17 
18 
19 

6.5 
16.5 
25.0 
]4, S 
43.5 
52.5 
61.5 
70.5 
79.5 
~, ,0 
99.0 
09.0 
19.0 
:;9.0 
39. :) 

.046 

.054 

.056 

.0S', 

.056 

.l)62 

.06·1 
• D63 
.067 

.1,,5 

.138 

.139 

.100 

.101 

.103 

.104 

2(J 191.(1 

.01557 

.02345 

.025:3 
· f)2533 
.03257 
.03986 
.05144 
.Ob9Gl 
,1)76(0 

.08540 

.0 98 ~6 

.11OB3 

.12~ 42 

.06059 

.06591 

.070 EO 

.0750<, 
• U792S 
.082'16 
.06025 
.06256 
.06470 
.06652 
.06976 
.072~l 

.153 

.158 

.162 

.100 

.103 

.105 

.107 

.109 

.1ll 

.100 

.102 

.103 

.103 

.105 

.10& 

21 201.0 
22 211.0 .101 

.10~ 

.102 

.103 

23 .::!21.0 
<.4 2Jl.J 
25 240.5 
26 

28 
)1) 

'll 

33 
.3 4 
35 
36 

38 

2Q9.; .07576 .10S .10'] 
256.5 .1.0964 .158 .13·] 
267.5 .11434 .160 .13:; 
176.5 .11758 .161 .135 
186.0 .120e7 .1£2 .135 

.12369 .10 .136 
· )2581 .H4 .1.l6 
.12717 .164 
.12133 .164 
.12748 .B4 
.12832.164 
.129£4 .165 

365.0 .U'::.lH .106 .135 

ACCELEROGRAI'l 

-19.11 

loS 
2. S 
3.6 
4.4 
5.1 
2.3 
2.1 

2.5 
3. ] 
3.·) 

14.9 
15 .. ":l 
1S.8 
16 .. ;: 
lE.7 
U.L~ 

H.6 

1160.0 
1916.5 
2598.4 
34e9.1 
331.4. a 
3158.2 
2671.6 
252 2 ~ 0 
1771.0 
1649.5 
1490. S 
1:;:95.1 
1319.7 

.2 

:)598.7 
:;502.9 
,)418 .2 
3351.5 
4945.7 
4870.3 
490301 
4747.4 
4652.3 
456J.8 
4487 
2416 • 1 
236:;. S 
2326. ~ 
2292.9 
2262~7 

2391. 9 
3232. L 
3()90.5 
2%5.8 
1618.1 
2497.1 
2102.3 
2012.2 
1928.6 
IB 64.4 
IBH'.~ 
3871. G 
3799.3 
3739.0 
3690.3 
3651. 0 
3621. 7 
5085.8 
5005.1 
4932 .1 
4867.7 

4734 
33'l9.6 
3323.5 
3305.7 
32 95 ~ 2 
3290.9 

PRO F I L" - Paducah U Li.lnd.t'ill - prot' 

ITERATI01, NUMBER 3 

VAl.l)t:S IN TIt1E D01<AIN 

6.4 
6.2 
LO 
7.3 
6. B 

1 

-3 3 ~? 
-37. 9 

-.9 
-2.5 
-3.9 
-~. ij 

-6.2 
-6.1 
-2.8 
-2.8 

-5.5 
-36. 5 
-40.5 
-41. ~ 
'43.7 
-4~" I) 

-48 
-49.0 
-46.7 
-47 .~ 
-46. 7 
-46 .S 

NO TYPE ['EPTH ONIFR~l. <---- [!At~PING ----) <---- SHSl'.R MODULOS -----) 
(tt) STRAIN NEW USED ERROR NEW USED £RROR 

-------.------_. P"ge!. Qf Itl 

1.000 
1. 000 
1.000 
1. 000 
1. 000 
1.000 

GIGo 
RATIO 

.767 

.714 

.705 

.711 

.680 
• 65~ 
.531 
.507 
.361 
.346 
.331 
.320 
.3D 
.513 

.489 

.484 

.480 

.524 

.516 

.508 

.501 

.496 

.491 
• ~8B 
.334 
.331 
.329 
.328 
.3:!8 
r 328 
· .379 
.330 

.31B 

GIGo 
RI-.TIO 

~:l~I'\O: p-ff-rn~out 

~ 
!> 6 

10 
11 

13 

6 ~ 5 
16.5 
25.0 
34.5 
43.5 
52.5 
61. S 
7;).5 
7 ~. 5 
89.0 
99.0 

109. D 
119.0 

H 5 :9.0 
J 5 39.0 
H 49.0 
17 59. Q 
18 E,9.5 
1 S 80.5 
20 91.0 
21 01.0 

2.' 
24 

11.0 
221.0 
231.0 

2.5 5 240.~ 

2< 5 249.S 
27 

2$ 
3G 
31 
32 
3~ 

Jq 

258.5 

2"7. " 
276.5 
286.0 
296. ° 
306.0 
316.0 
3::6.0 

35 4 3;'6 .. 0 
36 346.0 
)7 J5G.O 
33 1 3£6.0 

.,)1211 

.01834 

.02011 

.02019 

.02622 
· 03~4S 
.04357 
.0:>196 
.06361 
.09901 
.11990 

.042 

.050 
• OS 1 
.051 
.056 
.Q bD 
.090 
,095 
.14~ 

.154 

.162 

.163 

.172 
.05594 .098 
.OG070 .1'1l 
.05529 .103 
.0&%6 
.07391 
.07777 
.05402 
• O~602 
.05"162 
• Q~93.\ 
.06117 .101 
.06117 .102 
.0;;506 .103 
.12188 .162 
.12.724 .164 
.13Q"75 .165 
.13399 .166 
.135S0 .167 
. 13815 .lEH 
.13911 .lES 
.14407 .169 
. 1,,126 .171 
.1:>795 .173 
~16399 .1"1'50 
.17135 .117 

ACCE:LEROGRAM 

.046 

.100 

.142 

.147 
· 15~ 
.158 
.161 
~ 100 
.103 
.105 
.Iv? 

• ~O:> 
• lO~ 
• ,1)3 
.105 
.10t 
· ~oa 
· :sa 
· :60 
~ ).61 
.162 
,163 
.16 .. 
.164 
.164 
.16" 
.164 
.165 
.166 

-11. J 

-9.3 
-8.7 
-B.3 
-7.4 
-8.2 
-6.0 
-4.7 

2.0 
1.5 
5.2 
5: ~ S 
5. a 

-2.6 
-2.6 
-2.5 
-2.3 
-2.1 
-1. Sf 
-:3.7 
-3.6 
-3.7 
-3.7 
-4.2 
-4.6 
-4.6 

';}..7 
~. 7 
'2.7 

2.2 
3.1 
4. Z 
5.0 
5 ~ b 
6.1 

P R Q F I L E: - P"duc"h U L"ndtill -

ITERATIOU NUMBER 4 

V~.ll.1ES III TH1E [,OI4AIN 

Ne TYPE DEPTH UNIFRM. <---- DbMPHIG ----> 

10 
11 
l~ 

13 
14 
l~ 

H 
17 
18 

(H) STRAIN NEW USED ERROR 

6.5 .H076 .01U .04C -5.6 
6,;' .D1<24 .047 .050 -4.6 
5.0 .051 -4.6 
4.~ .051 -·L5 
3.5 .i)2)21 .05,1 .OS6 -4.2 
2.S .058 .060 -4.2. 

]09.0 .1.jq(1l 
119.0 .1<.459 
l:~.O .D4~63 .0;)4 
139.0 IO~356 .OSG 
]40,.0 .OS9 
159,0 
169.5 .8<\525 .lG] 
ISo.5 
191. 0 

5.>8 
01 
D3 
0, 
li"l 

-5.3 
-4.5 

. e 

.7 
1.0 
1 '" ~ 

-4.1 
-4.2 
-4. :2 
-4.1 
-3.9 
-3.7 
-4.6 

JilIll.I, WI 

.,_.~ .••• ____ .~t;..L~l!..!.!L.1..iJ':!....!:k! 

121:' ",0 
2005.7 
2714. B 
3637.3 
346('.4 
3317.6 
2640. S 
2661. S 
1073 .1 
1464.3 
1335.4 
12:'!8 • 1 
1:39. ~ 
3961. : 

1 

3619.6 
3527 t5 
3448.: 
5164.0 
509l.2 
5027. a 
4~7 6. J 
4915.3 
4,63.4 
1791. ~ 

.9 

2151.9 
2139.3 
2117.9 
21('8. B 
20f2.5! 
1999 • 
1942,5 
1893.4 
1835. S 

11<0.8 
ISH .5 
2598.4 
3489.1 
3314" 6 
3158.2 
2671.8 
2522.0 

14 90.5 
1395.1 
1319.7 
3837.2 
:n0~. 2 
3Sg8.7 
35(12" q 

3418.2 
3351.5 
4945.7 
4870.3 
4603.1 
4747.4 
41:52.j 
45;;3.6 
4-187.1 
2ne.l 

;, ~ 
Ll 
'.J 

::!. ~ 
::,: 

126S~S -t~"" 
28.9 
92.9 
£2.7 
39.6 

2 26.2 
24. E 
D.l 

2173.1 

prof' 

-t ~ 
-.( . 

-11..: 

. ~; 

<---- SHEAi' HODULUS -----) 
NE.1 USSD ERt\0R 

2J·L 
04 B. 
77 j. 

71L 
5.16. 
~os 

~1 C (i. 8 
3 S 9. 
:3 8 i. 7 
II ) _,;; 

.3 6 ~. 0 
5.~ i. 5 

1 11.D 
05. "7 
H.B 
:,," .::. 
-iG.4 

2&4:) 

J:;". 
~ C 1 • 
SJ4. 
720. 
f19 _ 

3448 .. ,-
51 £4. a 

.837 

.778 

.766 

.542 

.512 

.304 

.283 

.256 

.240 

.227 

.50B 
,491 
.477 
.4;1 
.453 
.4-14 
.510 
.502 
.495 
.469 
.47S> 
.47U 

· '4 ~2 
.241 
· 23~ 
.232 
.228 
.225 
2" .~ 

.222 
2" 'J 

· 2~1 
.2~O 

.219 

.216 

GIGo 
RhTIO 

,S-:..:j 
,bIoi 
.301 
.llfjO 

· 7 ~ 2 
.7) a 
" ::'7 A 

.255 

.229 
,211 
,} Sf 
~~5 

· ~08 
,493 

· ·180 
.4<7 

.. 1 S ~l 

· ':'32 

c 
<' 
W' 

(f) O' 
O::::S 
:::0 
0. ..... 

:s: 
l> 
::::0 

~~ 
ru~ 

~~L!J ... m c:::> 

g ~ NIIJi1 
:T~ 0 

CD 

<::> 
00 

a 



e.:5!':~ .. _______ "c 

22 
2~; 

2q 

,,1:1 

.04~n4 

.12~5~ 

30 ,13119 
2)06.0 .. 13317 

32 

31J '3;,6,0 

336 .. 0 
-i ~t.;C,ll ~16~!Z6 

37 .1'/896 
38 ,H~iJS 

ACCEI,8P.CG?.At-1 
PRO~:LE -

TTERATH)l\) NUMoEK 5 

V1>.LlJES IN T lt1E DQ~lAr N 

-4,5 
-LS 
-LS 

.101 -4.0 

.102 -~.1 
-400 

~162 -.3 
.164 .164 -.4 
wJ.i::S ~16:> -.q 
• 'lG5 .16b .... 5 
.1H .161 -.) 
.166.168 -.7 
.1C'/ .lOB -.2 
.170 ~169 .·S 
.173 .171 1.1 
~l."'G .1'7~ 1.e 
.178 ",1 
.181 .] 77 

PdduCdh IJ LandL 11 -

5353~~ 

5?QO .5 

2243.6 
2191). 0 

. 9 21.j~. j 

Z152.Y 2117 . .0 
2120.8 2108.6 
2032.5 :0£2.9 
1936.0 1999.1 
1851 1942.5 

.0 1893.4 
18:).5, ~ 

P!o':: 

4.!i 

.~ 

1.1,) 

-I.: 

NO TYPE DEP1'1I ONI '·P.M. DAI·1DJ ,]C ----> <-_._ .. fl!'EAR MODULUS -----.' 
! n) STRAIN i<EW llSE:D ERRuR NE~; lJ!:'ED ERROR 

~ 
O!, , t,3.5 

:'2. ~ I 

0\8 
(! 1. 5 
70.5 
"/9.:-

89.0 10 
11 99.0 
l? " 109.0 
13 11 119.0 
14 ) 
l~ ~ 
16 !. 149.0 
1'1 $ 
18 ~ 
19 $ leO.5 
2U !. 19J..O 

'" ~Gl. (1 

2~ ~ :!ll.O 
:::? S 
24 231 
2S /,'0.5 
26 
27 
28 
29 
30 
31 6.0 
32 6.0 
3:' .l b. 0 
34 6. G 
35 6.0 
Ji;l 3 6.0 
37 6. a 
38 3 6.0 

,0273, .057 
.03SQS .083 
.04315 .08!) 

. l4'1 

.155 
.123'/6 .1£3 
,14",84 .170 
.16B95 .J7E, 

.092 

. 099 
.06092 .101 
.06455 .103 
.0.14-15 wU9U 
. Oll615 .09Z 
,On65 .0,,3 
.046~9 .0,'1 

,05439 

.17u 
.16).)2 
,l7,n 
,18801 ,1R.l 
,198S7 .183 

ACCE:LE:ROGRill>l 

.091 

.145 

.155 

.163 

.169 

.1/5 

.094 

.096 

.099 

.094 

.09:; 

.096 

.096 

.098 

. ()99 

.162 

.1'70 

.17 ;. 

.176 

.l·iS 

.181 

-l.~ 
-1.7 
-1.6 
-1.5 
-Lq 
-1.0 
-4' .. 6 
-2.1 

-.8 
.2 
.1 
,3 

-2.1 
-'" , 
-2. ; 
-2 • 
-2. 
-2. 
-2. 
-2 . 
-~. 2 
-:;: ~ 1 
-.~ • J 
-1 . ~ 

-. ~ 
-.6 

.J 

.0 
1 ~ 1 
1. .. 2 

343B.8 
30'19.3 
2850.4 
1721.2 
14:'4.7 

4024.2 
3924.6 
362~. 4 
3738.2 
5554.3 

5364 .. 0 
t>JOC.6 
5222.3 
"1S0. j 

2032,.1 

1714.3 
1642. S 

11l..J;,;Ue;q.!1t'Jr 

l~B 1. 9 
n9J).1 
: 693." 
:'~S8. 9 
~] 14.4 

1290. ;, 
1::40.4 
5187.1 
~11Q . a 

20;2.5 
~9 38. (\ 
l8!) 1.;;; 
) 779.0 
1'713,9 

.7 

.7 

.7 

.1 

.8 

2.1 
1.6 

- .S 
-1.8 

.8 
.3 
.3 
.3 
.3 

.R 

.1 
1.0 

.2 

.l' 
-1.1 
-2.6 
-3.8 
-,1.] 

• S2il 
516 

· ,13 

.222 

.21& 

.215 

.21J 

.210 
" 20:) 
.199 

.18) 

~ 890 
.631 

.00; 
• soC 
.291 
~ 25: 
.22(; 
.205 

IRE 

.0,,2 

.545 

· :'27 
.51 9 
,22" 

• 216 
· 214 
~ 21 ~ 
.2U2 
.l9J 
.184 
.171 
,171 

~~_1'.tl ~~ __ . __ . __ , ____ .. _"' ______ ,_ .. _, ____ ._ .... _,~_. __ ... _________ , .. _ . .1!:.n.:::E.lL!iLlt!! .• ..P!I 

PRO F I 1 E - h.!du\..'dO (J Londfill - ::'~~-fi~ld prot 

rT£RA~'IOtJ NUt~BER (; 

IfA:'UE:S IN TIME [)()MA~N 

NC TYeE UNIFRN. <---- D • .:u.1PING <' ... ..., ....... SHEAR. MODULDS 
Sl'RAI N NEW DSED ERROR NEW US ED ERRO~ 

,039 

~5.(1 .843 
.\4.5 .0169~ .040 .U~8 
43~5 .0Sol .:J53 
02.5 .057 .J.?'I 
(,1.5 .0;,45~~ .002 ~J6j 

70.5 .Ot;20S .u~9 
79.5 ,,07E1~;' .1~3 .11'1 

155 ,155 
.16:1 
.170 

.098 • J9S 

.1UU .101 
,101 .103 
.090 .D90 

~ 09~ 
. 0~1:; 
, (lq4 

-.0 

-. ;; 

-. '" 
-. S 

-1.1 
-.9 
-.7 

-.1 
.J 

-1 

- • J 
- • J 
- .0 
- • (I 

- L\ 

.... 9 

.094 -. S 
-.6 

.161 

. ](,3 

2'l6 .. ? .124F7 .164 
4 26G.0 

296.0 
~1 306. (I 

,,; %.11 
.16.0 

37 56,0 
3B [6,0 

.12722 .164 

.12~.lQ .165 

.129-,'2 ,1(,5 

.12'::58 ,166 

.1-1G50 ,170 
,H189 ,174 
.17907 .178 

.182 
, la~ 

.165 

.165 

~ 170 
.174 
.178 
.181 
.16j 

-. b 

"'. ~ 
- .. 5 

,1 ., 
.7 
.6 

]24, .J 

j 062.5 
.3 449 .. J 

1'l1L4 
HSG.J 

:) 61 0 ~ 8 
5S 3 4 .. ;';) 
5470.1 

2041. 0 

.1 

ACC£LE:ROGPJ>l~ m"9 Seq. Sil' 

1242.3 
2GU.J 
2793.7 
3'740~o 

3)72. J 

Jt} j 6 ~ b 
jlJ4~L .:. 
2651').4 

I": 11. 4 
1186.7 
107, .1 

. ~ 

3,,"6.4 
3738.2 
5554.3 
:'4'19. : 

5415 ~ '"" 
~d;::4 ~ [) 

2::34.4 
L2 U~l. f' 
2166.6 
2182.0 
:'.146" 8 
2032.1 
1916.5 
l~(1q. 8 
1'114.3 
H42.o 

PRO P I L £ - Paducah U L",ndtill - tee-fidel ;nof 

:TEFAT ION NUt'loE" 1 

VALUES IN TIME (JOHAIH 

NO TY?E DEPTH ONIFRN. <---- l)ilJ~Pltl(; ----) (---.- "H~i\R HCD'!LUS 

11) 

itt) STRAIN nr." 

6." .0101::: 

6J. " 
70.5 
79.5 
69 ~ 0 
gC).o 

109.0 

.O.,;;t.56 

.07'120 
"10195 
.1229'-J 
.] ";630 

DSF'.D EPK':JP NS\oJ 

1::45.1. 
:Oc8.S 

~4q;J. (J 
:'076 _ C 

P44 . 
U156. 
1.~· 13 . 

.2 
1:1 
.3 
.3 

.) 

~ 51 

.9 
1 ~ ;, 
., 
.1 

-. 'J 
1.1) 
1.1 
1.2 

1 •• 
l.0 
:.0 
1. (I 

:.l' 
.9 

· ~ · , 
.,c 
~ E. 
.7 
.1 
.7 
.8 

:.1 
.1 

- ,.3 
-:. '> 
-2.4 
-2. '1 

ER;()R 

.l 

.1 

.1 

.1 

· ~ 
.. ~ 

o 

GIGO 
R-'\'frO 

7% 
.619 
.S7a 
· 2~6 
.250 

.~9" 

· sse 
• ~').? 

• 2~5 
.222 
.22U 
.218 
• 2J-; 
.214 
• .102 
.191 
lao 

.171 
• IE':; 

G-/,::~ 

?hT!.<) 

· SSt 

· S2C 

-i~~ 

• 6~':; 
, 58 ~~ 
.300 

.22(; 



p-tl-,!~ _____________ 

13 119.0 .17243 .177 .177 .2 }O65.0 - .5 
14 129.0 .044S8 .091 -. S .5 
15 lJ9.0 .04806 .093 - .5 .5 
16 149.0 .05123 .0% -.5 .6 
I'] 159.0 .0Sq 51 .098 -.5 .6 
18 169.5 .05791 .100 -,5 .7 
19 180.5 .06138 .101 -.5 .7 
20 5 In.O .042G7 • t; ~" .090 -.5 5636.1 .5 
21 ~ 201.0 .04433 • C90 .Q!ll -. ~ .4 
22 211.0 .092 -.4 .4 
23 221.0 .093 -.4 .4 

24 231.0 .G93 .094 -.4 5379.0 5356.9 .4 
25 :>40.5 • C95 .095 -.4 5291. e .4 

26 249.5 ,096 .0% -.4 522D .9 .9 .4 
27 .11690 , Hil .161 -.2 2336~6 .4 
28 .12125 .162 .162 - .2 2288,7 . S 

29 .12384 ,163 .163 -.2 .5 
30 286.0 11'.4 .16Q -.2 .5 
31- ,164 .16S - .2 .4 
32 .165 .165 -.2 .5 
33 ~16 .U .lE:'> .166 -.4 .9 
34 3~6 .0 .170 .170 - .. 2 .5 
35 336 AO .16192 .174 .174 .0 1910.0 .0 
3 G 346.0 .10115 .179 .17~ .. 1763.0 -.9 

37 356.0 .19784 .103 .102 .5 1641. G -1. Q 

)9 <1 :'66.Q .21090 .le5 .. 18 Lj .6 1564.0 -2.1 

VhLUES I:;J TIME DOl;(AIN 

LAYER THICKNESS DE?TH MAX. I-'.AX. J..VG. Ace. 
(ftl (ft) (gl 

6.5 .01534 190.98 
16.5 .02309 4.77.78 

0 25.0 .02536 710.35 
I 34. :; .02557 ~5~.O5 .22649 
--" 9.0 4,.5 .Q3305 US) .97 
-....l 9.0 52.5 .04053 13»7.77 

9. Q Gl.S .05174 15~1.97 .2123 :; 
9.0 70.5 .06299 lUll. 61 

9 9. (j 79.5 .ll6% 2040.26 

"0 10.0 89.0 .15447 2249.05 • :;0830 

;'1 10.0 99.0 .19635 2447.14 _ 2039B 

10. C 109.0 .22166 2624.86 
:3 10.0 119.0 .26126 2782.35 
~4 10.0 129.0 .06799 2913 .05 
:5 .5- 10.0 13~ .0 .07282 3040.62 
:6 ':. 10.0 149.0 .0"1762 3162.63 
:7 10.0 15~.O • U8<:58 32SQ .U1 

:8 11.0 :'69.5 .081'15 ~q05.B2 .16502 
19 11.0 180.5 .09300 3525.44 .16023 

20 10.0 :91.0 .OE466 3627.70 ~ 15560 

21 10.0 101. 0 .06717 3717.56 .151:::7 

22 to .0 211.0 _06940 3796.09 .H694 

23 10.0 221. 0 .07131 3H2.67 .HZ56 
24 1 Q.O 231. 0 .07352. 3933.]6 .1.lB85 

2:; ~, 9.0 240.5 .07619 4Q47.;;4 
26 ~ 9.0 ~49. 5 .07956 4136.33 
27 4: 9.0 ~5B .5 .17711 4120.76 
28 9.0 267.5 .lB372 4185.44 
29 9.0 216 .5 .187E4 42,,2.20 
30 10.0 266. Q .19121 4255.66 
J1 10.0 296.Q .19455 4267.75 
J2 10.0 306.0 .19489 4286.26 

J3 10.0 316 ~ 0 .151777 4Z95.17 .10354 
J.LJ 10.0 326.0 .22008 44S11.6S 
'\S 1(j.O 336,0 .24533 4696.29 

36 10_0 346.0 .27447 4890.40 .10511 
3, 10.0 356.0 .29976 5017.57 .1005 

36 10.0 366.Q .31954 5101. 45 .102SP 

Page 9 of 10 

1j:n:;n()lC1 ht4 PI~ 

.183 

.5GB 

.553 

.54tJ 

.527 

.514 

.502 

.. 57B 

.570 

.5<54 

.558 

.552 

.513 

.53C 

.232 

.227 

.224 

.222 

.219 

.219 

.216 

.203 

.190 

.. 177 

.16'1 

.159 

TIME 
(sec) 

21.12 

21 
21.12 
21 
26 
26.36 
29.90 
28.90 
28 . ~)O 
28.90 
20.90 

28.54 
28.84 
:::8. a 4 

q. liZ 
4. 42 
9.74 
9.7Z 
9.72 
9.70 
9 _ 6B 
9 _ 68 

,._---

~~.d~U~t ______________ _ 1;:Il::t;.'Q;i.ll.!.:!..l.J:! 

PERIOD ~ 1. 775 ::;~G FROM AVERAGE SHEAR \1AVE VE10Cll'Y 0];' 836.0 ft/sec 

AlYIPLITUDE: 
AMPLIFICATION ".11 

FOR FREQUENCY _ 53 c/sec 
FOR !?ERIOn (1 \ "8 q !lee 

DPTION 6 '" COMPUTE HOTlON IN NEW SU1I1AYERS 

1>.CCELE:ROGRAH - mageeq .sar 
D E P 0 S I l' - Paducah U L"ndtill - fee-field prof 

LAYER DEPTH MAX. ACC. TmE MN. SQ. FR. 

(nl (g) (sec) iC/!lecl 
WITHIN .0 .2390~ 21.12 1. 22 

WITHIN D.O .23224 1.15 
WITH:N 2(J.O .22075 ), .12 
WITHIN 30_ 0 .21Q24 1. 07 

WITJJ:N 39. a _" 1 053 1. 03 

WITHIN 4&.0 .::0405 ,99 

IHTHW 57.0 ~ ~ 0 117 ,<)6 

WITHIN 65.0 .19786 .93 
WI1'HIN 75. t.l .19487 ,90 

WITHIN 84.0 .18996 .92 
WITHIN .n98~ 1.02 
\,'lTHIN loB 
~HTHIN 

WITH!N 1 
tHTHIN 13'l.O 26.20 1. 58 

OP:'IDN 6 COMPUTE MOTION 11~ NEW SUBLAY£RS 

ACCEJ,EROGRAM - mag8eq."a:; 
C E P () SIT - Paduc",h U landflll - ttle-fielcl prot 

r.A.YER DEPTH TIt4E MN.SQ.fR. 
(it) (sec) lei sec; 

WUHIN 190. \) 26.14 1. 45 

WITHIN .J71. il 25.92 3.14 
OUTCR. 311.0 25.92 J.12 

OPT ION 7 COMPUTE: STReSS/STRAHl HISTORY 

COMPUTE STR£SS OR STRAIN HISTeRY AT THE: TO .. OF LAYER 21 
SCALE FOR PLOTTING .0000 
IL'8.NT!FICATIOU - -- stres~ in ley.eJ: 21 

CCMPU'rE STRESS OR STRAIN HISTCRY ,.'1' THE TOP OF LAYER 21 
SCALE: ,OR ?LaTTIN" .0000 
ICE~'flFJCATION - -- ~t.r<oir. in leyer 21 

ACC. RATIO :'H ShVED 
QUIET ZONE ACe. REC. 

.ISS 512 

.202 0,) 

• ZO~ 
.207 
.2H 
.210 
.205 

.17$ 

.1715 

,1,::;1;. RATJO TH SAVED 
QUlf:T ZO~E: ACC. REe. 

.203 0 

.12<; \) 

.120 

RECEIVED r 

MAR 08 2012 
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9 
00 

• !iHMt: +. ·1!.,Rtii:mTA:.:t;t 

.. ,~ht,4),..r&~ 

l!lll'> 

• Ut):$,k~~¥ 

.;. tl~ · .--_ .. _' .. -....... _ ... """ .. _-_ .. -----.. - ... _-_ ..... - ............ _-_ ... _--_ ................. -
" ~'h'i4tt!:(,;~.>I".#b,: 

.. -... --""'--............ --""' ..... ----.. ~- .... ----.-----.... -.. --.--.. -.... ..,-'-- .. 
• ~h·,"",\lIl r."fla,..l Cl"MHlP "flq U ...... i ~:"tI Qh ,,[ llll"n 

•• , ute 

., ShGkc98 .s:.oL1tinC;! for dixc<ct c.alcul~tion of 
~c~ele!"tiDP is added to chI! program, 
puc forll,at is lIIodi!~ed to enable the two -
- page landsc"pe printing. The follow:'ng 
modulus re:ductioil and damping curves are 
tldded.: MaL.:.ItJovic & Kcvo.zanjian (1999) tor 
municipal ~olid W'clstei Mata~O\lic: -i Vucet.ic 
(19~3) for SMt1. sL"tnd; dnd Vucet.ic ar:d Dobry 
(19,11) fot ClDY3 ot VariOll!' pla3ticiti,,". 
by; Nt.ven 

~ .. A·~ ~ A ~ ~ * ~ ~ ~ ~ .. :~~~:: w: ::~ .. : ~ ~~~ ~ 
,tAl(. OF ,),~Rl~S TN j<'OllRn:R '!'RANSFORM 40% 

Of B::'A>lK COMMON X 25615 

OPTION 1 , •• RSAD RELl>.TlON BE';WEE}I SOIL PRCPERTI£S ANi) STRAIN 

r...:,~:.:."c=.._ .. ___ . __ ._. __ ._ .• ~ ...•. __ . ___ . ______ .. _. __ ._._._._. ___ ._. __ ._ .. '.' .... __ .. ' . _____ ! :/t: G.1!..!iUl.~ 

)!ATefliAI. 1'l'f't: II,;;. 'I 

ClJRVBN'J. 7: ~4 

CURVE: NO. #4 

CD~VS )10. 7 

STRAIN 

.0001 

.0003 

.0010 
,00-'2 
• iJ 100 

CURVE! NQ. 9; 
CURVE IO, 

G/Grr.d.x 

1.000 
1_000 

.964 
, B70 
.712 

.103 
• O~8 
.004 

cURVE NC·, 9 
:=====::.:::;':':1::;"" 

STRAIN G/Cm"" 

, 0001 1.00u 
.0003 
.0010 .995 
.00;0 ,93 " 
.0100 · ~18 
.ono .040 
w 1000 .405 
,31.0 .210 

1.0000 .095 
],1600 .014 

tot Sdnd 
for sand 

(Vucet:i.c and Dobry, 
(VIlC(-!'t':. ("'" ;.:~nd D::;.brYt 

CURVE NO. 8 

STRAW DAMPING 

.0001 .B 5 
,oorn L04 
,')010 1. (6 
.0032 J .l)(j 

.01')0 5.46 
· (l3lc 10 .01 
.100L> 1:).40 

20 .~3 

HS Modu:U5 it">1: CL ·H·I"'15~ 
#S il"mp,ng lor CL (PI,,15! 

CURVE NO .10 

STRAIN DM1PHJG 

2.58 

.0I)j(.1 2 .~8 
~ OllJO -1 ~ £4 
• (I;QU 7.7i 
.100(l 11 • c~! 

.3000 16.06 
1.0000 ::0.12 

.onr)(J .OC 

and Dobry. 
unci·Oobry. 

.......... '" 111" '" If ... <II '"',II ....... '" 'II .................. oj>OI' .. " ........ .. 

>lATf~RIAL TYPE NO, 1 

CORVE NO, 1: ~l ModuL,. for OlI IN •• t." Ifl"ta~ovic /;; 1~9a 
C:1RVE NO. ? : #J 7}a·.hpi ntj feI OJI Waste (MatasQvie r,. 199B 

CURVE NO. 1 cURVE NC!. 2 

STRAIN ";.l~",.j{. STRAIN DAMPING 

.0001 1.0Llo ,OaUl 1.1) 

,0003 j .001) .000; lor! 

.0010 1.000 ,Ollle 2.5, 

.0032 , 99 ~ .0032 4,03 

.0100 .SlS3 . (1100 5,89 

.o~n; .%9 .0316 A. -;;7 
,1000 .aSl ,1000 2,91 
.3160 .655 .3160 7,0 

1.OllOLl .3)6 :l . (lODe 1. 92 

3.1600 ,130 3.1600 5.17 

CURVE W). Ii: 
CURVE NO. 

CURVE. N(+ .. 11 

STRAHl 

• VlOQ 
.030(1 

.1000 

.3000 
LOOOO 
.l. 0000 

G/Grr.d" 

0tJ'l'!()~! 

.901 

.743 

.538 

.331 
,15S 
• il4D 

tiE Modul't.4~ tor (.." 
1=16 D ... unpJ.ng Lor C 

CVn'\":;;' U;,),.. ~4: 

STRAI~ DAMPING 

• GIOD 
· UJZJ 
.100D 
• H6D 

1.0000 
3.160D 

.85 

.E5 
1.36 
2.lE 
3,87. 
6,(>0 
a .72 

12.41 
16.90 
cl.:;G 

:VUCt-tlC dnd uObrX'. l~'Swl: 
Vl.lce t.l.C dod Docry f 1991.) 

RE:kD SOIL I '~hSTE PROfi:L1: 



E~f-r.out:c __ _ 

seIL PROFILE NO. Paducah G Landfill - f~",-fi"lci prof 

NUMBER Of LAYI::RS 39 
DEPTH TO BEOROCK 37,.0 

NO. TYP!:: THICKNESS DEPTH TOT. PRBSS. ~lODULtJS DANli'JNG UN!';' i'lT. SH. VEL. 

7.1)0 16.50 2465. CO 124 00 
10. no 33n. 121 00 

a5n. 5. CO 121 00 
4547 • 5. CO 121. Oil 

4547. 
4929. 
4929. 

!'J 5823. 
10 10. CO 5823. 
11 10.00 59. au 1l9~7 .00 san. 5. CO 
12 10.00 :C9.00 131~n .00 sen. 5.00 UO.OO 

13 10.00 1l~. 00 14397 .00 5623. 5.00 120.00 

14 10.00 :29.00 15617.00 7546. 5.00 12 q • DO 

15 139.00 lES57.00 7549. S. 00 124.00 

16 149.00 18097.00 7548. 5.CO 124.00 

17 159.00 19317.00 75Qa. 5.00 124.01) 

18 n.oo lE9.50 2US39~()\) 7548. 5.00 124.00 

19 11.00 lBO.50 220()3.00 1548. 5. CO 124<00 

20 10.00 23315.00 9707. 5.00 126 < OD 

21 10.00 24575.00 970'/. 5.00 
22 10.00 25835.00 9707. 5. 00 
13 10.0U 27095.00 9707. 5.00 
Zq 10.00 29355.00 9707. 5.01) 

Z5 9.0() 240.50 29552.00 9707. 5.00 
20 9. cO 249.50 306~b.OU 9707. ::.00 
27 9. CO 31995 .. 50 lOO~3 . 5.00 lb5. UD 

o 2U 
I 29 

33460.50 10043 • 5.00 165.00 
34%5.50 10043. 5.00 165.00 ::c 30 

:n 
10.00 36533.00 10043 . 5.00 16S.00 

10.00 38183 _01 10043. 5.00 165.00 

32 10.00 39633 .01 1004) . 5. DO 

33 10. GO 41483.01 10043. 5.00 
34 10.00 43133.01 lUOU. 5.00 
35 10. co 44783.01 10043. 5.00 
36 10. CO 46433.02 10043. 5.00 
37 10. VU J~c. 00 48083.02 10043. 5.00 
~e ~ 10. DO :J<6. 00 49733.02 10043. ~. 00 
39 BASE; 41~O62. 5.00 165.00 

PERIOD ~ 1.119 sec E'RCM AVE:RAGE SHEAR ~IAVE VBLOCITY OJ? 132G.8 ft/~ec 

rREotJE),lCY P.MPLITUD8: 
MAXrMPM AHPLlFICATION 
fOR FREQtJENCY (f) 
FOR PERIOD (1 / f) 

14.D2 
c/~~c 

DE-TroW 3 READ INPUT MOTION 

fUE NAME FOR Il~Pl:T MOT:ON ~ dodl-hz .sax 
NO. UF INPUT ACCBL. POINTS = IBOO 
NO. Ot' POINTS USED IN IT,' ~ 40% 

NO. or HElIt:HG L1NE$ = 6 
NO. DF POINTS PER lINE ~ 8 

71MB S1'E~ FOR INPt;T MOT:ON .0200 
FORMAT Fell'. OF TIME H! STORY ~ (8 F9. IS I 

" .. ~ _If Ace E L E R 0 G RAM H £ A D E R t,/d·,to4 

CAPE HENIJOCINO, ell EQ. :992; Hw ~ 7.0 (&.1 J ~ Bi; Ms ~ 7.1 
RIO DELL - 10 l!PAINTER $T. oveRPASS; CHAt; ,,: (270 deg) (fre,,-field) 
Thru"t fault; H 15 klll; It = 21 km (Naeim) or 12.3 I<.:r, (J G BJ 

-.-,----<-~--.-.. ,--" "",q., :i iir'<10 

(fps) 
600.0 
800.0 
950.0 

HOl) .0 
lWO.O 

.0 

1250.0 
U50.0 
14(10.0 
1400.0 

1400.0 
14CJO .n 
1575.(J 
1575.0 
1575.0 
1575.0 
1575.0 
15"15.0 
l~ 75.0 
lQOO .U 
1400. a 
HOO.O 
1400.0 
HOO .0 
1400.0 
1400.0 
14QO.O 
1400.0 
1400.0 
1400.0 
1400. a 
9.J0U ~ G 

12/12/;0:,0 3: 16 PM e.:.£:~ 

Uncor. Max. = -0.789 @ 5.575 ."'''i Max. in iil< ~ 0.385732 @ 0.56 :;.c 
;; 0. B si~c Clas8' f: M~an sq. freq . .:: '3.ll1 Hz; Vs ~ 15.4 3; '1'0 0.2';7: s 
22~'e ~ 18;)0 pts @ 0.02 sec 

FIRST & LAST 5 LINES OF INPUT ~jOTTON ..... 

.000731 -.003668 -.000583 
-.004451 -.005423 -.008852 
-.006-'05 -.008035 -.006091 

.302864 .006916 .005:<1:; -.004705 -.003748 .003,,41 .005366 

.000370 -.000956 .004616 .OO7lS:; .010419 .013203 .01lt65 .O'I~016 
•...•••• INPU'r ~OTION READ ECHOED .••..• , •..• 
221 -.005527 -.003620 -.002337 -.00B303 
222 -.007946 -.00E056 -<OOS096 -.005324 -.004"9, -.00098 

-.002438 -.00291';7 .00113" 
.006013 .009033 .0(;619: 
.000490 .0(1)460 .000280 .001179 

MF.XIMUM ACCELERATION = 
AT TIME 

THE VALUES WILL BE I~ULTlFLIED 8Y A FACTOR 
TO GIVE NEW MAXI!''iUM ACCELERATION 

MEAN SQUARE FREQUENCY = ;, .02 cl sec 

.93329U,0 
• ;GUllODGO 

MAXIMUM ACCELERATlot; ~ .JS99~e FOR rR8QUENC:ES REI10VED AllOVE 2;;.00 c/~ec 

OPTDN 4 ••• READ t-IHSRB OBJECT MOTION IS GIVEN 

OBJECT MOTION IN LAYER NUMBE.R 39 OUTCROPFING 

OPT ION 5 ••• OBTAIN STRAIN CC'MPATIBLE sor::. PI\CPERTIES 

MAXIMUM NUMBER Of' ITERATIONS 7 
<"ACTOR ,'01'. UNIPORM STPAlN Itl 71MB DOl'l.'1.IN • &6 

ACCELEROGRA!~ riodl-h::. sar 
? R 0 F I L E: - r .. d""dh U Ldndfill - !"e-fi<:ld prof 

ITERATION NUMBER 1 

VALUES IN TIME DOVoAIN 

NO TYPE DEPTH UNH·RN. <---- D~~'!PING ----~ <---- SHEAR MODULUS -----> GIGo 
(:tl STRAIN NEW USED ERROR NEW USED ERROR RATIO 

6 6. " .03140 .060 .050 16.2 1019.3 1386,; l. 000 

2 6 16 .5 .04445 .068 .050 26.3 1666.2 Zq ~4. e 1. 000 

25.0 .04540 .070 .050 29.5 2243. <- 1. 000 

~ 6 34.5 .04896 .070 .050' 28.7 2999.1 1.000 

43. 5 .06060 .075 )~. 6 2934.0 1. 000 

S2. 5 < 07150 .079 3~. 9 2'705. 9 1. 000 

£1.5 _ 07513 .107 .050 53.5 22B6.7 4£~2a ~ ~ 1. 000 

70.S • OS333 .111 .050 54.9 2,9: ,4 4~2.8 4t 1.000 

79.5 .07664 .142 .051) 64.7 1170.3 5323.0 1. \lOO 

10 69.0 .06227 .145 .050 65.5 1. DOO 

11 .01>753 .146 .050 66.2 1. 000 

1::; .O~325 .151 .050 ';0.8 1. 000 

13 119.0 .09836 .153 .050 67.4 1. 000 
14 1:9.0 .0 S003 .109 .OSO 54. :3 1. 000 

15 .08426 .111 .050 55.0 1. 000 

lEi .06793 ,113 .050 55. (; 1. vOO 
17 15~. 0 .09101 .114 .050 Si.. 0 J"O j • (, <1';;'n.8 1. ~OO 
18 '!€,9.5 • O~3 62 .11S .05U 56.4 3159,4 1.000 

19 .0%41 .116 .050 5€. 7 3113.8 754"'. e 1. 000 

20 .07<>57 .10S ~ 050 53.7 -14&5. ') 9700.8 1.000 

21 201.0 .07774 .109 .050 S~. 9 H35.3 9706.e 1. 000 

?" cl!. a .07861 .109 .050 54.1 -l41: • ') 9706.8 1. coo 
23 221.0 .07930 .109 .050 <'>4.2 -l19~. 7 '170".,8 1. 000 

24 231.0 .07982 .109 • OS<) 54,,1 .4 4706.6 1.000 

2S 240.5 .06024 .110 .050 54. ~ .0 9706. B 1. 000 

,j: /1;: G!!l!!..J.i.!!J'..!! 
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en O· 
O::J 
=0 
0. ...... 

~~ 
ll.!'(j) 

;:ro 
t'!J~ 
.... 01 
m::1 
::J W 
°10 :::ren 

3 
en 
a 



e::!~--
_______________________ ~l~~{l:'~~ 

l49.5 .080S7 .ll.O .050 
258.5 .142 .050 
20.5 
276.5 
~8 6.0 

31G.a .<l8761 .148 
3~6.0 .0896;< .H;J .ut,Q 

.150.050 

.151 .050 

.151 

-12::' ~4 
-2:33 .1 

-2":L6 
-Z"lQ.6 
-277.9 

2E 
27 
Z8 
29 
30 
31 
32 
33 
3Q 
35 
36 
37 
33 ~O~152:6 .152 

54.4 
G4.9 
65.0 
65.0 
65.3 
65.6 
65.9 
66.2 
60.4 
66.0 
66. 8 
66. ~ 
~...,. 0 

3l)()~ .2 

<:71L' .0 
2661. q 
2657.7 
2634.5 10043.5 -281.2 

ACCELE~CGRAM 

PRO F 1 1 E - Paducah U 1<>ndfill - Ptot 

ITERATION Nl'~J"ER 2 

VALUES IN TIi1S DONA:N 

NO 'l'YF!:; UE~1'H UNIFRH. <---- DAMPING •. ---> <---- SHEAR ~10DULVS -----;;. 
1ft:) STRAlN N;;;W us!:;!) ERl{()P, Nr;W US;;!) ERROR 

.. "
') , 

0 10 
I 11 

6.5 

N .\ 109.(1 
Ou 

H 
15 
16 
17 
18 
19 
20 
21 
22 
2:'. 
24 
25 
26 ~ 
27 .1 258.5 
28 267.5 
29 276.5 
~l) 286.0 
31 296.0 
32 306. U 
33 316.0 
34 3~6. 0 
35 
36 
37 
39 3G6.0 

.0 350 
,(I S9U 
• 0 ~50 

.0 968 

.0 H? 

.16658 

.08930 

.07tiOS 

.07655 

.076(,4 

.11066 

.10970 

.10857 

.10892 

.11002 

.11096 

.11165 

.11647 

.12997 

hCCCLCROGf<AM 

.054 

.063 

.065 

.065 

.071 

• .177 

.160 

.111 

.112 

.113 

.114 

.115 

.116 

.185 
106 

• l~)S 
.HIS 
. loa 
.lS8 
.15-8 
.157 
.156 

.165 

.060 

.068 

.070 

.070 

.075 

.0'19 

.10/ 

.111 

.142 

.145 

.11B 

.151 

.15~ 

.109 

.111 

.113 

.114 

.115 

.116 

.108 

.109 

.109 

.109 

.lU9 

.110 

.110 
w 14~ 

.143 

.143 

.144 

.140, 

.147 

.148 

.149 

.150 

.152 

.~ 

-,;.-. ~ 

11.,\ 

1078. 'I 
1755.8 
2361.0 
3161.9 
295" .2 
2797.9 
2160,7 
2009.6 
126B.9 
1183. '/ 
1111.9 
104, ,0 
~j9:r. 7 

3324.5 
,)271.8 
3233.0 
3207. ] 
3158.'1 
.3078 :7 
4027.6 
1568.5 
4524.7 
~495. S 
4478.5 
4466.2 
~q64 .0 
2406.3 
2419. a 
2433.3 
2429.1 
2415.9 
2404.8 
2396.6 
2341. 3 
2287.3 
2248.4 
22l"1.4 
219) .7 

1019.3 
lEj~,G .2 
~2t,3. E 

1 

J4~1.7 

4382.4 

3015.1 
:;0013 .2 
3f!OJ .2 
2~55 .5 
2BQ5.1 
2845.3 
2795.6 
2747 .9 
2710.0 
26S 1. 4 
2657.7 
2634.5 

PRO F 1 L £ - pro! 

1'!'ERAT rON NCMBEP 3 

VALLJ8S IN TIME DOMAIN 

.5 

.1 

.0 

.1 

.3 

-49.2 
-2.4 
-1.0 
- .. / 

.1 

3.5 

2.1 
2.2 

-2 S ~:2 
-:'4.3 

-19.8 
-18.3 

.4 

.5 
-19.3 
-19 .9 
-B.9 

.735 

.676 
· £62 
.660 
.623 
.595 

.2:'6 

.432 

.4:" 
· 455 

4 I!, ~,j. 

.451 
• 'j50 
.450 
.300 

.288 

.283 

.278 

.274 

.270 

.267 

.265 

.262 

l2/12/2010 3: 16 P!~ p-rf-r .out 
---.----------------~----" ............... -~--,,---~------.---~-.....,.,'.-.--. 

NO ':l.'?8 D8PTH ONIFRN. <---- DAHPUlG ----~ <---- SHEAR MO[lllLtlS -----/ 
1ft) STRAII:; N~W USE::> SRRQR NEW DSED ERROR 

I:: 

:4 

J4 

70. ~ 
?>I.S 
e;). [) 
99. ~ 

J('~. 8 
119. J 

129. " 

2tH ~OJ 
211. U 
:21.(1 
231. Cl 

'" 240.5 
219.5 
25S .5 
£67.5 

.0186" 
,02862 
.03157 
.O.Hn 
.1)4175 
~ \) 5198 
.07609 
~ () ~075 
.15347 
.l"I~17 

.1976C 

.217 05 
.23313 
. 0722~ 
.07504 
.07926 
.08:255 
.06611 

.06231 

.06:70 

.06262 

.06'::2.3 

.0&187 

.11351 
,11133 
.lil999 

.000 

.178 

.183 

.187 

.190 

.106 

.10S 

.113 

.102 

.101 
.101 
.159 

.158 

,054 

.111 

.Il€; 

.165 

.170 

.)74 

.177 

.180 
111 

. i08 

.108 

.109 

.10B 

.2.53 

.158 

.15£ 

.1&0 
ji6.~~ • .ll~lt~S EZ .16 
J46.(i .123.,31 t.3 .16 
355.0 ~12672 £,4 .16 

.1:2828 64 .10 

ACCEL£ROGRAM 

-8.7 
-8.4 
-8.8 

-:.4 
3.9 
4.4 
4. "I 
4 • ~) 
4.9 

-4.7 
-4.4 
-3. S 
-2.8 
-2.4 

-5. ~ 
-6.2 
-6.6 
-6.9 

.7 

.4 

.4 

.~ 

.6 

.7 

.2 
j 

-. J 
-, .3 

1:~4 .8 
1841.8 
2490.l 
JJ35.f. . ~ 

.8 

.9 
209 •• 7 
ll'l8.1 
1043. :; 

955.9 
884. S 
830.7 

3562.9 
34,,7.7 
3418.8 
3::'55.5 

.6 

.8 

~678. 4 
4865.7 
4666.2 
HfJO.7 
169::. ~ 
2375.1 
24.IJo.4 
24H . .l 
2410.3 
239 Z • ~ 
237.:1.3 
2}f.O.9 
233:,3 
2303. 
226(; • 
22JO. 
2214. 

1018 .7 
175<; .8 
2~ 61. (1 

.1161.il 
2958 .. 2 
2797.9 
2160.'1 
2tJ09 A 0 
1268.9 
1163.7 

3:!33.0 
3207.1 
3158. 'I 

'I 

44~5. 5 
4476. J 
4466.2 
44';4 .. 0 
2408.3 
24B.B 
243:l. ) 

2L4t:j .4 
2217.4 
21~.7. 7 

I? R 0 F I L E - PL 0 f 

IT£f<.ATlON NUMBER 4 

VALUES Hl TnE D01>lAIN 

NO TYPE D£(>TH ONlfF~1. D1'"HPING ----)0 ... :---- SHEAR HODfJI .. DS 

.1.(J 
·I.~ 

-;.4 -. ~ 

... ;." 
- ~ • 'I 

(Lt.) ::;THAIN N~I~ USED ERROR NEW l)!'JED SI{!,(OR 

G.S 
1 t:. ~ 

4 , 
:. 
6 , 

If} e,. 0 
11 ,9.0 
1: 103. D 
13 113.0 
14 1::9.0 
15 13 ~ .0 
16 '!.I 14~L L) 

17 159.0 

.01716 .046 

.02610 .056 

.02875 .058 

.02893 .058 

.03809 .064 

.0<]'/49 .0r:9 
.06955 . 10!:> 
.oa365 .1:1 
.16354 .175 
.192}} .182 
.22:08 .188 
.2·1978 .In 
.27543 .137 
.06E,·19 .103 
.07063 .105 
.07496 .1('"/ 
.()76"1l .109 

.OS() 

" 053 
.060 
.060 

IS, 
.187 
• 1~(J 

~ lOt 
.10S 
.109 
.1IO 

.... l (~l 

-1~;" 

1141.5 
1880.5 
2540.5 
3402.0 
3193.5 
30~~. e 
23E542 
2175.1 
109;. S 

975.2 
ass, :> 
778. ~ 
704. L 

1124.8 
18 47 • ~ 
24~O .4 
3335.2 
3122.5 
25:52 .. 8 
1~73. 9 
2094.7 
11~L1 
1Q ~J .~ 

S55 .~ 
8~~ .~ 

620.7 
35':;2.9 

.. * . "~ 

b/(;;o 
RA.TIO 

.778 

.615 

.438 

.408 
· ~le 
.203 

.172 

.4&£' 

· IJ"J 
· 46] 
.460 
· 460 
· 240 
· 241 
, 2·12 

.1 

.2 h 

.;> 
,.:: 9 

G/Gv 
RilTIO 

.911 

.751,) 

• 73 ~ 
.73.1 
.6?7 
.649 
· 4tl 
.425 
.197 
.17$ 
.H'; 
.152 
.143 
.412 
.403 
.453 

• ~~5 



£!,·H-:.\l>"'~ 

H 
19 
20 
21 

23 
24 
2:: 
2.(; 
27 
26 
2~ 

30 
31 
3: 
30 
J4 
35 
36 
n 
38 

H9.5 

201.0 

2712. .. 5 

,106.0 
316.0 
n6.0 
J 36 ,,1I 
346.0 

.0 
366.0 

.06224 

.0&543 

.11515 

.11846 

.12091 

.l2216 

.121J67 

.1:<533 

. 1 ?S~ 9 

· :10 
.112 
.099 
.099 
.009 

.098 
.097 
.159 
.159 
.157 
.158 
• .159 

.162 

.1~J 

.10 

.163 
,164 

.112 

.113 

.100 

.. 101 

.101 

.10" 

.10:: 

.101 
~ 1 01 
.159 
.159 
.1,,8 
.158 
.1;9 
.159 
.160 
.161 
.162 
.163 
.161 
.164 

-~ .4 

-2. <, 
-2. ~ 
-.3. ~ 2: 
-3.4 
-3.6 
-3.8 
-3 ~ 9 
-.3 
-.4 
-. q 
- .1 

.2 

.5 

.5 

.S 

.6 

-. G 

3361.3 
3302.0 
5097,0 
5080.7 
5071.4 
5069.8 
5083.9 
5109.4 
5128.7 
2390.0 
2422.3 
2434.3 
2416.0 
2380.6 
2349.5 
2319.1 
22n.Q 
2272.5 
2252 .3 
2245.3 
2243.7 

ACCELEROGRlIM riodl-he. sa!' 

3289.6 
J218 ,B 
4941.2 
4906, 'I 
40'78,4 
4865,7 
4968,2 
'880,7 
lan.5 
2315,1 
2400.4 
2416.3 
2410.3 
2392 .9 
,,374. J 
:<360.9 
233Z • .l 
2303.9 
2266. (;, 
2230.51 
2214.9 

PRO F I L E - Paducah U Lanofill - fee-fi"ld pxof 

:TERATION NUMBE? 5 

VALUES IN r 1MB DOMAIN 

3.1 
~ .4 
3.8 
4.0 
4.2 
4.5 

.9 

.7 

.2 
- .5 

-1.1 
-1.8 
-1. " 
-1.4 

- .6 
.6 

1.3 

NO TJ'PE DEPTH tlNIfRN. <---- DAt-'PING ----> <---- SHEAR HCDULUS -----;;. 
1ft) STRl\H) NE~I l1SED ERROR 

1 ~ 

~ 

!. 
e ,!; 
~ 01 

10 .. e 9.0 
11 oj 
12 ,~ 

13 
1 ~ 
15 
16 

119 ~:.) 
129" 0 
139.0 
149.0 

17 159.0 
18 169.5 
19 laO.;' 
2G 
21 
22 ~ 
23 2, 

.0 

Z21.0 
231. 0 

25 240.5 
2(; 249 .. :' 
2"1 2Sij 
28 
?!J 

30 
31 
3: 
J :; 
3~ 

35 

27 (;" c, 
286. J 

3< 346.0 
37 350.0 
38 366. ,\ 

.ul';27 ,047 

.0'468 .OSS 
.057 
.. 057 
.00 
• aGB 
.102 
.10~ 
.1')5 
.183 

.2383~ .190 

.27713 .197 
.203 
.102 
.104 
.106 
.103 
.109 

.08221 .1lO 
.096 
.096 
.096 
• Q% 

· o~t. 
.095 

.OS106 .095 

.10865 .157 

.10564 .156 

.10:-45 .156 

.1il823 .1S7 

.112 ~J • IS 9 

.11721 .161 

.12130 .162 

.12451 .H3 

.12632 .164 
.H4 
.164 

.12635 "J64 

.04e 

. nS6 

.008 

.058 

.06'1 

.069 

.ltl5 

.111 

.175 

.18~ 

.198 

.. is:; 

.197 

.1<)3 

.105 

.107 

.10~ 

.113 

.11: 

.093 

.0010 

.099 

.09 • 

.098 

.098 

.057 

.159 

.1 S6 

.157 

.158 

.159 

.16D 

.161 

.162 

.163 

.163 

.H53 

.164 

-2 .. 1 
-1. ~ 
-1.9 
-1.9 
-2.3 
-2.1 
-2 .. 5 
-2.1 

.1 

.9 
1 .. 5 
:" 2 
J .2 

-1.3 

-. s 
- .. 9 

-1.1 
-1.5 
-1.7 
-2.0 
-2.2 
-2 .. 3 

-.9 
-.9 
-.S 
-.4 

• a 
.3 
.6 
.8 
.7 
.7 . ~ 
.2 

NE:W 

11 ~2. 0 
1900.1 
2,68.8 
3439.4 
3239.6 
3069.4 
244L3 
2247.9 
1095.1 

94'1.1 
a 1).7 
699. ~ 
591.2 

,754.6 
3648.1 
3549.7 
3471.9 
3410.2 
3361. 8 
5188.4 
5134. 3 
5192 .1 
5198.1 
5219.3 
5252.2 
5276.3 
Z432.4 
2466. 7 
2471." 
2437.5 
2381.8 
2333.1 
228B .~ 
22~3. 9 
2235,0 
2216 .1 
2222.5 
2234.7 

V~E\) 

1141.5 
1S 80.5 
2S40.S 
3~ 02. a 
3193.5 
3022.8 
2365.2 
2)75.1 
1099.8 
~·15.2 

~ 65.5 
77il.3 
704.1 

3692 • ~ 
3598.1 
3505.6 
3a~9 .6 
3361. 3 
3302.0 
5097.0 
5080.7 
5071.4 
50E9. B 
5083.9 
5109.Q 
5128.7 
2390.0 
2422.3 
2434.3 
2416.0 
2380.8 
2349.5 
2319.1 
Z:92 .4 
2"72.5 
2252.3 
2245.3 
~243 ."1 

ERROR 

.9 

1 .. 1 

J.2 
-.4 

-3.0 
-6.4 

-11. ~ 
-19.1 

:.7 
:.4 

~ • 4 
:.8 
l.H 
2.0 
2.3 
2.5 
2.6 
Z. ? 
2.8 
1.7 
1.6 
1.5 

.9 

.0 
- .1 

-:. ~ 
-:.7 
-: . ., 

- .. 4 

.436 

.426 
• 50~ 
.505 
.503 
.501 
.502 
.503 
,50'; 
.236 
.239 
.241 
.240 
.238 
.236 
.235 
.232 
.22S 
.226 
.222 
.221 

GIGo 
RATIO 

.923 

.7(,3 

.749 

.749 

.702 

.665 
,460 
.441 
.199 
.167 
.H9 
.134 
.121 
.489 
.477 
.464 
.454 
.445 
.437 
.5:5 
.523 
.522 
.522 
.524 
,526 
.5"8 
.238 
.241 
.242 
.241 
.237 
,234 
.231 
• 2~e 
.226 
.224 
• 224 
• 223 

1~11 :t ::"{I 1v3:l ~ p~ 

-------.. -----.--------------,,-.... " ., 0111!'-----··----------·----·-· 

.111.1, WI 

I!.:!!:~ .. ______ . _____ ..... ~ . .£!.l ':./20 lD~..!'1 

ACCSr..~ROGRl\M 

PRO F' I L E - i'acluc,," U prot 

ITEPAT ION NUMBEP, 6 

Vl'.LtlSS IN TIME DOMAIN 

NO ::YPE DEPTH UNrFRN. <---- L'AMPING ----> <---- SHEAR MODllLUS -----) 
(fti STRAIN NEW aSED ERROR NEW USeD ERROR 

10 
11 
1:2 

l:l 
H 
15 
16 
17 
18 
19 
20 
21 

.22 
24 
25 
2€ !; 

27 
2~ 

.29 
30 
J 1 
3~ 
32 
:;4 
35 
36 
37 
38 

;.5 .01 Sel, 
16.5 .023-15 

.0.3402 

OJ.S 
70.5 .07300 
73.5 .1:"J76 
89.0 .19899 
9~.O .2469~ 

O~) • .3~.266 
19.0 .36278 
29.0 .06.212 
39.0 ,0&710 

,07145 
.07500 
.07772 
.07949 
.051S;; 
.OSl~S 

211.0 .0:'D99 
121-.0 .0505Y 
231.0 .04~93 

.04901 

258.5 
2f7.5 .11)131 
270.5 
::86.0 

. 061 

.U67 

.P4 

.H3 

.192 

.ZOO 

.zoe 

.101 

.104 

.106 

.109 

.095 

.()9~ 

.094 

.094 

.053 

.156 

.155 

.10 

,047 
.055 

.068 

.102 
~ lOS 

1'15 
.183 
.190 
.197 
.203 
.102 
.10Ll 
¥ 1D6 

.10B 

~ 09 C 
.096 
.095 

320.0 .1(4 G~ 

.)36.0 .12942 ,lE, 6'1 
346.0 .131-15 .lES 6" 
356.0 .13076 .H5 64 
306.0 .12689 ,lEo 64 

ACI:EI,EROGRAI>1 

-:;. (-
-LB 
-1.7 
-1. 7 
-2 . 

-2.2 

- .1 
.8 

1.8 
2.6 
.• 7 

-.6 
-.6 
-.7 

-1. 0 

-1-
-loS 
-1.8 

1.9 
-1 . .2 
-1.2 
-}. 0 

.1 

.4 

· " 
• & 
.7 
.6 

· s 

1161 . 

?~7 .1 

€32. " 
.1 
,5 

Jo7S .0 
3580.3 
3 '>0 ~ • 
J449. :' 
.!414 • 1 
5257.3 
52£: .5 
5279. " 
5295.5 

.5 

.1 
5 '3 ~ 7 • ~ 
2490.5 

.9 

.9 
~ ~ 69 .9 

.f. 

.1 

. ~ 

.) 

21B i. Q 

2189.8 
2208.1 

1152.0 
19 00.4 
2568.8 
.l~:;'l. 4 
3230.C 
30 E9.1 

l09S .1 
947.J 
813 .'1 
€~9 .4 
591.2 
754 r is 
;;48.1 
540.7 
411.5 
410.: 
~ E1 • iJ 

5lS2.1 
5199.1 

2432.4 

2-137.5 

2216.1 
2222.5 
2:.31.7 

f' R 0 f T F. - Paduc"h T) Landfill - pro: 

lTERATJON NUMBER "7 

VALUSS IN ::111E DOl-lAIN 

.U 

.9 
n 

.9 
,3 

_. <1 
.1 

2.0 
.4 

-). <1 

-IV. f 
-12. '2 

· ~ 
.8 

• S 
.9 

1.1 
1.~ 
1.j 
1.5 
1 
loB 
J. ~ 
.:!.O 
~. 1 

2 • ~ 
1.9 
1 

-. E 
-1. 3 
-1., 
-1.£ 
-1.;' 

-1.: 

NO TYPE DEPTH UNIFRH. <---- D.~H":lIG ----> <----' $HEAR HO~fJLI}S -----> 
(tt) STRAIN NEW USED ERROR NEW U::;ED ERROR 

0.5 .01467 .046 .0 .. 6 
16,5 .053 .054 
25.0 .055 .05" 

.02493 .055 .0:'< 
,01"~S ,OEO .061 

-}. 1 
-1. 5 
-1. 4 
,-1.) 

-1. 8 

L,7u . u 
1 S3j.:;; 
261';.1 
3 4Sl'j.,3 
3] 15.:: 

1 d. 
1 1 d ~ 
2 ,J. 
3 72 .. 
3 81. 

.1 

· e 

1. 
L 

2 • 
3 . 

GIGO 
Ri'.l'IO 

.831 

.771 

.757 

.75(, 
,717 

.laS 

.163 

.lll2. 

.497 
,40 ;\ 
.470 

· ·160 
.4 S2 
.445 

· ,38 
· ,41 
· ;'44 
.242 
,~H 

.2'J6 
,243 
,237 

,224 

,221 
.223 

GIGa 
RhT:O 

, ~J& 
• -17 ~ 
· fc5 
.764 
,722 
.604 
.510 
.470 
,192 

~\;l !1!. ~ 
(j')O ~ ~ 
~~ l> I 
0.. .... \ ::::0 
<::€ = 
~';l!J en ro N 
CO ~ c;::) 

n1f;i - m.", ::lru ,.....;) 

01.0 C ::1'(1) 

3 
CD ;a 



p-ft-r.out. 

9 
N 
l'-.) 

Itl 
n 

89.0 .1.9367 .182 

t:; .. ~12 632 
H 
I~ 
Ii, 

l' " .073'/2 

,.192 
.204 

l. :; ,:V~ 

h .07H6 
5 191.(1 ~(JS()2:7 

:~ 
";:!J 
::i;; 
.::!'i1 
lS 

.HI 
H 
1: 
.I) " 
oJ' j!o 
.~(, 

i? 
~~ 

~05UO~ 

.04e 16 

.1240(; 

.12951 

.132Z~ 

.lJ4H 

13196 

VALUES IN TIME DO,...A1N 

103 
65 
6 f., 
67 
66 
E6 

LAYER HAl. TICCKNcSS l~E:PTH 

HI 
11 
1" 
1) 
1.1 
I~ 
1<. 
1'> 
U 

,HI 
H 
l~ 
!] 

J.t 
$!J 
.!4 

TYPE (l tI (ft) 

13.0 
7. (1 

ltl.O 25,0 
~. 0 

9.0 
9.0 
9.0 
9.D 
9.0 

10.0 

10.0 
10. U 
lO.O 
10.0 
11. ') 

10. U 
10.0 

Y. a 
9. U 

10. U 
10.0 
10.0 
10.0 
10.0 
10.0 
10. Q 

70. S 
79. ') 
~0. () 

149.0 
159. [I 
169.5 
180.5 
191.tl 
201 ~ U 
? 11 

2'16.5 
266.0 
~~6 .0 

l26.0 
336.0 
346. t' 

1.£ 
1.6 
-.5 

-. <; 
-. ~ 

.9 
- ,0 
- .1 
- .2 
-:.3 
- ~ .3 
- .4 
- .1 
- .2 
- .0 

,6 
-.3 

.0 

.2 
.4 
. , 
.6 
.7 
.6 

VJJ.X. STAAT N 
( I 

.02253 
,034 "8 

.0.J931 

.,vSl.10 
. OS 625 

] 04.11 
,23074 
.293"4 
,37615 
.50144 
.64594 
,09319 
.10(122 
.106,7 

,11737 
.07617 

07592 
.0'1492 

.lQ7q7 
, 14~ 79 
.15618 
~ l~759 
.17844 
.18797 
.1%2.l 

971.4 
77$ .9 
582.2 
486.2 

3813.4 
:)700.3 
3604.6 
3531.6 
34BO • ., 
J45~.4 

530S .0 
5317 .. 3 
5~41.J 

5365.0 
539.4.1 
5434.6 
5~ 65.5 
2546.9 
2593.1 
2575,9 
2501.3 
2409.0 
2326. S 
2258.7 
2202. 'I 
2175.1 

,SO ,9 
787,1 
632, S 
527.1 
790.5 
678 .0 
560.3 
504.6 
449.2 

,3 

5279.5 
S~9 5,5 
5321,5 
5359.1 
S3Bi .2 

203, ;; 
163.0 
189.8 
:ZOe.7 

2.1 
-1.1 
-8.6 
-8.4 

.6 

.6 

.7 

.8 

.9 
1.2 
lou 
1.0 
1.2 
1.3 
1.3 
1.4 
] .4 
2.2 
2,7 
2.2 
1.3 

.6 

-l.~ 
-1.6 
-1. 4 

MAX. STRESS Ave;. 
(P"!) (gl 

;),,1.72 .32'172 
6::'3.)4 .31!J~2 

9-/1.60 ~31t,l,~4 

Dl1.7e .30978 
1617.94 

3914.3} 
3980.Q: 
4007.0e 
4004. GJ 
J9S9.12 
3955.16 
3nO.35 
36aZ ~ 74 
3831.94 
37S3.Q9 
3761.9: 
J722.05 
J74!:1.51 
3S 57.4" 
4012.4) 
4153,34 
4~67.0~ 

4%5.89 
4414.4_ 
44~G.74 

~ 291 ~4 
• 2~70? 
· ::58 43 

.21084 

.20243 

.19286 

.1.8212 

.1717G 

.10723 

.105:)9 

.10508 

· Jlll22 

---------------.-·---·--~·--~!;<irrt> 

.163 

.135 

.502 

.487 

.474 

.464 

.45"1 
• 4~2 
.542-

• 54 ~ 
.548 
.552 

555 
. 248 
.251 
.251 
.246 
.238 

.2 9 

.2 

.2 

.2 

TIME 
(!'I.!C) 

G.06 
6 ~ D tJ 

6.0 G 
6. U8 
6.0a 
6. OS 
(;.1 [) 

6.1E 
6.16 
6.H 
G.H 
6.H 
6.14 

b .06 
6.04 
G.02 

.S.9$ 
5.96 
5.96 

1211212010 3: 10 PM I!-U-l.~U~ ,--,..--..-... ",-~~-~-.-.~,--~-,~~"." ..... --,,~-"-,"~---------,--..--.---.-.--.~ ..... -,- --.~ 
. __ ._._ .. _--EL.li~li.~ 

3'1 
30 

lG.l' 
10.0 

)56.0 
3E6.0 

,20n~J 

, 1~993 
4q~1.1q 

4U5.97 

PERIOD ".-; 1. 9~4 S{3.C FROM AV£P.A.G£ SHEAR WAVE VELOCITY' Of' 

C/Sf;C 

OPTIaN ••• COMPUtE l>1D'l'lON IN NE;~1 SUBLAYERS 

Acce:'E?,OGP..A1-1 - riocll-h: .:-.lor 
D E P 0 SIT - radu",,,h U :'"ndfill - teo-fiold pLoi 

LAYER 

~1I7HIN 

W!7HIN 
WITHIN 
WI::1HN 
vl!':HIN 
I'II':'HIN 
vlI':'HIll 
vlI::HIN 
Wl~'HIN 

WI'l'HLN 

e'lLPTH 

be.O 
75,0 
6~, 0 
94,0 

12(,.0 
13,1. U 

W·.I:. Ace. 

.32114 

.31349 

• ~ 2 0: S 
• c3182 

· "5.114 
• 25520 

l'nl~ 

is.12 
t).12 
L1B 

(,18 
5.66 
<":,.8"; 

S.84 

fR, 

1. O~ 
l,02 
.93 
.92 
,B 9 
.86 
.84 
, 8 ~ 
. ~'/ 

1.01 

1. 
1. 8" 

OPTI'JN ...... ,. COt'1?UTE !-lOTION IN HE~1 SUBLAY'ERS 

ilCCE::'8'V)GRAI1 -
D t: 0 S I l' - Fatluc~ h U 

1A'1ER 

vlI':'HrN 
vlI:'HIN 
O[j~'CR. 

l·t;PTI'i 

371. n 

Ace. TIME 

5.58 
S.56 

3.02 

OPT ION ., cot'i?UTE STRESS/STRAIN HISTORt 

CCM?U1'E Sl'RESS OF STRAIN HISTORY ]0.1' THE Tep OF - LAYE:R 21 
SCALE fOR PLC'T'l'HiG . ()OOU 
IDSN'l'lf'lCATION - -- str""' in leyer 21 

CCHPU1'E STR£SS UP. S1'RAIN H!STCKY ~.T THE; TOP OF LAYER ~1 
'::'CA1.sE FCIR PLOTT n~(; 
IDEilTI flChTIOl" - -- ~ or.In It:yer 21 

8C9~3 ith.l0C 

, ,94 
5.94 

ACG. 8P.TIQ '~H SAV8D 
QUIET ZONE ACC, "EC • 

.OOD 

, QOO 

• CUU 
• (:00 
• CO') 
• Gut; 
~ C u~, 

.COl' 

S 12 

'A(;(;. l<.f.1' 1'.1 ';1'1 SAV8D 
QUIET ZONE ACe. !'\EC, 

• GOl! 

• COO 
· coo 



o 
I 

N 
1.1.) 

f!-tt-t..OUL 

• ~1ll\Kr.. --

• :l1l .. 1: ... $~ 

• :ih,)I1,,~" 

• llh"I:",Sil/lHl 

"" Shdk~91 

... Shur.:€~tl. 

~nu .. ! .. ~l"'dtmll ,$I"" tll1 •• H·: .. tl .. fl of H,put. l • 
•• (lte 

"cc,eL'H",tl')1l b ",dd~J 1;0 th~ 
modified ::'0 

printing. The 
and damping CUrves are 
&. Kavazaojian (199S) 

\4i15 te; Matasov ic & Vue 
.and! ?ond Vllcecic 

119~1) for of \Tariotl, pLa,!ln.CJ.1:le:" 
by: )le-ven Matasovic 

• • "" • ~ •• ~ •• * ~ •• ~~~;!;. ;;;; .:. ~1~~ .: ~ ~ ~ ••• * ••• ~ •••• « •• I "" ....... 4 

[-lAX. NUMBER Qf n;RM~ IN ,'OURi£P. 'l'RA.t'lSfORM 40% 
NECE;SSI\RY LENGTH OF BLANK CUt<'J.l0N X 2501~ 

OPTION 1 ,.. R8AI.) RE1.AnON BETWBe~ SOIL PROPERTIES AND STRI\'rN 

CURVE NO. : 
CURVE: NO.2, 

CURVE 

~TR~\IN 

. :1001 

1.1)01)0 
3.1600 

G/G!T\<iJ.'~ 

i. 000 
1. 000 
1.000 

.31h 

.DO 

*11 Modulus for all Wd:ste- (t4aCi:3S0Vic 50 K~vaza.njian, 1998 
*r i Dampi ng fox 01 I [~a51:e (Ma tasov ic & .Kavllza 1'1:) ian, 199a 

cURVE NO. 2 

C'rRAIN DM!l'JNG 

1,13 
1.77 
2. S6 
4.03 
5.89 
8.;'7 

12.91 
) 7.63 
21. 92 
25.17 

-"-.. - ... -.-------.. --l'~(1---

.ulal, l1li 

MM'"IHAt f'l'l'il !H>. <l 

CURVE NO, 7: ~4 Modulus for Sand and Dobry, 
CURVE NO.. 6; -A4 Da.mping for S~nd ond Docry. 

CURVE NO. 7 

STRA.IN GIG",,, 

.0001 1. 000 
• GOO3 1. 000 

.964 

.870 

.712. 

.474 
.1000 .253 
",:UbG .103 

1.0000 .028 
3.16DO • GO~ 

"""'I'&fdlll, .nt:, 

CURVE NO.9: 
CURVE NO. 10: 

CURVI:: Nt'. 51 

STUIN 

.0001 
" 0003 
.0010 

.10GO 

.3160 

G/Grna" 

1.000 
1. 000 

.995 

.936 

.B18 

.640 
• Q05 
.210 
.095 
.034 

#5 
#5 

CURVE NO. 8 

STRAIN DjUo(PING 

.85 

3.00 
5.4& 

1.0000 :' 3. ~4 
.0000 .00 

CL ,Vucet.1C:: dnd C.obry .. 
CL ;Vucetlc clnd [;obry. 

CURVE NO.lO 

STRAIN DAMPING 

.0001 2.59 

.0003 2.58 
2.58 
2.58 
4 .6~ 
7.7·; 

11.67 
16.0B 
:'0.12 

.0000 .ou 

MATERIAL TnE NC. 6 ........... ~ ... " "' ....... 

CURV~ N'j. 11: #6 Mc.dulU$ tor C :PI<10 IVllce:'tic .:.nd Cobr x', 
CURVE NO. 1": tiE: D.:,mplng for PI..:;;;.?O' (Vuce1:ic ,;,'ind CobrYt 

CURVE No.n CUR\r!:: NO.12 

STRAIN G/Gm;;x STRAItI DANPING 

.0001 1.000 .0001 .8 :; 
1.000 .0003 .8 '5 
1.000 • 0010 1.36 

.0030 • ,,76 . 0030 2.lE 

.0100 .901 3.82 

.030() .743 6.00 

.1000 .538 .1000 B.72 

.3000 .332 .3160 12.41 
1. 00 00 .158 16.90 
3. 0000 • D48 21. ~ 6 

OPTIJN READ SOIL I WASTE PROFIL£ 



NO. Pi1duc<ln n Landfill - feft-fil'!ld prof 

LAYERS 39 
llEDROCK 371. 0 

NO. TnE! 

10 
11 
12 
13 
14 
15 
16 
17 
1B 
19 
20 
21 
22 
::3 
24 
25 
2€ 
2'1 o 28 

I : 9 
N 30 

..j:::o. J1 " 
32 <J 

:u 4 
:la 4 
J5 .:) 
36 .:] 
37 4 
;G 4 
39 BASE 

THICKNESS 

7 
10.00 

9.00 
9. )0 
9.00 
9.00 

11.. JO 
11. vO 

10. Dcl 

9. DO 
9.00 
9.00 

10.00 
10. VO 
10.00 
10.00 
10.00 
10. JO 
10.00 
10.00 
10.00 

DEPTH 

16 .~u 
25.00 

43 
52 
~1 

129.00 
IB.QC 
149.00 
159.00 
169.!)l: 

230.00 

316.00 
32f.. 0(1 
33;;.00 

346.00 
356.00 
366.00 

.046.00 
J085.00 
4234.00 
5323. SO 
t,l·l! 2.50 

Z06J~. LiO 
22003.00 

36163.01 
39833.01 
1:483.01 
43133.01 
44783. (ll 
46433.02 
48083.02 
49733.02 

MODULUS 
( ksf) 
136 E. 
246~ • 
3391. 
4547. 
4547. 
4547. 
4929. 

5B23. 
5823. 
sen. 
5823. 
7548. 
7,46. 

9707. 
9707. 

1004:J. 
10043. 
10043. 
10043. 
10043. 
10043. 
10043. 
10043. 

Q15062. 

DAMPING 

'.00 
5.VO 
5. ~o 
5.00 
S.OO 
S.OQ 

5. va 
5.00 
5.00 
5.00 
5.00 
5-.00 
5. no 

".00 
".00 

5.00 
5.00 

UNIT '~T. SH. VEL. 

121.UO 950.0 
121.00 llOU.U 
121.00 1100.0 
121.00 1100.0 
120.00 1150.0 
120.00 
120.00 

E'I.aO 

140Q.O 
124.00 1400.0 
126.00 1575.0 
126.00 1515,0 
1?6",OG 

16S.00 
165.00 

65.0Cl 
65.00 
GS. 00 
6S.00 

1400.0 
1400. [) 
1400.0 
1400.0 
14 U(). 0 
1400. n 
1400.0 
1400.0 
9000.0 

PERIOD : 1. 118 :;e; FROM AVERAGE SHEAR vlAVE VELOCITY OF 13 26.8 tt! sec 

Al1P::'ITOD8: 
AMPL! FICATION ~ 14.02 

FOR FREQUENCY (f} 1.0/; c/~ec 
,DEl. PEP.IOO (1 I f) .96 

OPT ION 3 REJl.D H1P[J'r ~IO'rIC"N 

rILE NAME FOP, INPUT MOTLGN ~ 
NO. OF' INPC:' ACCf::L. POINTS ,~ 

NO. OF POlNTS USED IN FFT 
NO. OF HEA~Il1C; LINES = 
NO. 0" POINT::; P£;;R LlNE; 

TIME STEP FOR I~POT MOTICN ~ 

[,ORMAT FOR OF TIH8 HISTOR\: ~ 

ACCF.:,S;(OGRAM 

2904 
4096 

.s 
8 

.0100 
(OFS!.6) 

H E A D E R ..... ** .. 

tabas .l:3dr 

Ti:lba~-"-Golshan, fxan Sq. Of 09-16-1978; Mw : 7.39 
kill; Thrust Fault 

Rock; Predom. Period ~ 0 ,1~40 sec; Ds ~ 1£.3 s 

'----·'~·01:-1Q 

I;, 1I1,., WI 

e:H-t..QIU. " __________ " __ ,.,,, __ l:1I = n~li) II IL!!4 

U!)~or.r. M~x. AL-';'~ =.;; 13*78516 g; M'dX. in fi2.E: ::: 0~S11560 g; To:= 0.1:>40 5 

363"8---2904 ptz. e 0.01 ~.c; 

FIRST & L.1\S1' 5 LINES 02' INPUT MOTION , •••• 

-.005a~c -.010540 -.003040 
-.002460 -.006020 
-.014750 -.013550 
-.000930 -.002500 

5 -.007910 -.010120 
••.• , •.• HPUT MOT:ON -'lEAD NOT EeEOED ••.•.•..••• 
35~ -.UOB32G -.OU0200 .010240 .016[l40 .015310 .012150 .00050 .006790 
360 -.000560 -.010850 -.022440 -.036560 -.051930 -.0604,0 -,0 ~6'/O -.042240 
361 -.030870 -.024900 -.01S760 -.013470 -.003D80 -.006700 -.0 2250 .OO;J5JQ 
36:! .002460 -.010120 -.027260 -.OJ7640 -.037170 -.0305QO -.0 J'JOO 
363 -.019670 -.OlS510 -.013770 -.011%0 .000000 .000000 .0 <l000 

t4-',XIM[JM ACCELERATION ,g llSE 0 
AT TIME ]0.95 sec 

THE VALUES WILL BE MULTHLIED B~ A FACTOR 
TO GIVE NEW MAXnlUM ACCELEKATION 

3.94 c(.<;o 

.44359020 
• 36~OOOOO 

MEAN SQUARE fREQUEtlCY ~ 

MAXIMUM ACCE:LSRA'1' ION ~ .35999'1 FOR FREQUE:NCI ES f.l.Et~CVELl AEOVE 25.00 c/ ,,,0 

OPTION 4 '" RSAD WHERE 06JECT HOTH)N IS GIVEN 

OBJECT MOTIO!\ 1N LAYER NUBBER 3!l OOTCROl'PING 

OPTIO!>; 5 .. 08TldN STRI'.IN r;OMPATIBLF. saIL PROPERTIES 

HAXIMUM OF I':'ERATIONS 
?ACTOR UNIFOFJ.l STRAIN IN TI~IE DOMAIN .66 

ACC£LEP.OGRP.M 
PRO,' L E - Paducah U Lbndflll - prot 

ITERATION NliMcER 

VALOE:S IN ~'lME DOMAIN 

NO T¥PE DEPTH UNIFR1'L <---- DhHPING ----> <---- SH~AR HODULUS -----> 

1 " 
(. 

€ 
~ ~ 
~ (, 

14 
I'.. 
H
I" 

(ft) STRAHl NEW USED £P.ROP. 

6.5 
16.5 
25.0 
34,5 
43.5 
52.5 
n.5 
7Q .5 
79 ~5 
69.0 
99.1I 

109.(l 
119.0 
1~9 .0 
139. G 
149.0 
159.0 
16~ .5 
)80.5 

l~l. 0 
201.0 
211.0 
2~1.U 

231.0 
241).5 
249.5 

,03157 

• v42:05 
.04:,03 
• v4058 
.04700 
.OS188 
· OSl03 
.05~69 

.05082 
,05507 
.058S€. 
.06201 
.06467 
.05161 
.05335 
.05514 
.05649 
.1)~746 

.0;'926 

• O~7 6~ 
.04021 
.05017 
• 05~ 2B 
.05369 
• u~493 
.05£02 

• OED 
.067 
,OS7 

.095 

.097 

.1<2 

.126 

.129 

.132 

.134 

.1UO 

. oS!} 

.094 

.095 

.096 

.097 

.097 
,098 

.llsn 

.050 

.050 

.050 

.050 

.050 

.050 

.051) 

.0;'0 

.050 

.050 

.050 

.050 

.050 

.050 

.050 
,050 
.050 
.050 
.050 
.050 
.1)50 
.OSI) 

.050 

1':_3 
2~. B 
25. S 

.1 

4ti. , 
,,9.1· 
60.3 
61. :I 
G2.0 
6:: ~ b 
4}. S 
~B.l 

46. ') 
49.1 
49.4 
49.5 
... C. 1 
46.7 
·n.2 
IJ7.7 
46.2 
4E.6 
45. 9 

NEW 

IGlS .11 
1669.5 
2311. 5 
314~ .i: 
3030.7 
295.:J.3 
2680.0 
2609.4 
222 9 ~ 3 

200, .1 
ltH~D .1 

,),'/1.4 
5413 .i\ 
~35D. 9 
5288.4 
5229. G 
5176.3 
S130.S 
5091.5 

DSED 

.f. 

45 .;" 
45 6. ~ 
49 S.t 
49 e.C 
50 3.l1 
5B 3 ~ 0 

sa:3.0 
7547.B 
754'1 .~ 
7547.6 
7547.6 
7547. ~ 
'1547. ~ 
:;7{)6.8 
9706,6 
9706.8 
9706. e 
~706. 6 
g7G6.8 
970&.8 

ERROR 

... !"" , ~ 

, 

... ~ ~ .. 
-"""' . ., 

GIGo 
RI·.nO 

1.000 
1.00u 
1. 000 
LOOO 
1. 000 
1. 000 
1. 000 
1. 000 
l.OOO 
1.000 
1. GOI) 
1.000 
1. 000 
1. 000 
1. 000 
l.000 
1.000 
1. 000 
1. 000 
1. 000 
1. 000 
1. 000 
1. 000 
1. 000 
1.000 
1.000 



p-!f-L.~ .. _. _____ _ 

?7 
20 
29 
3D 
31 
32 
33 
34 
:~ :; 
36 
37 
38 

286.0 
296 _ 0 
306.[1 
316.0 
326.0 
~n6.() 

346.0 
356.0 
366.0 

.05806 

.06146 
.06222 
.063()9 

.126 

.129 

.12') 

.130 

.1)0 
~ 1; 1 
.131 
.132 
.132 

.050 

.050 

.050 

.050 
.050 
,050 

61.1 
61. 2 

Gl. 
£:1.S 

.9 

€2 

36a6.7 
3652.9 
362",2 
3604.9 
3588.4 
3569. q 

3491.5 
34'/9.0 
3455.3 
3428 .3 

ACCF.LERO(;RAM taba!!. ""I 
PRO F I L E - Paducah 0 Landfill - f",,-fi~ld prof 

l.TERA'flON Nt:MBER 2 

VA;:,UE;S IN T 111£ 1l0NAIN 

--172 .4 
-174. ~ 
-177.0 
-178.6 
-179.0 
-161.4 

-187.7 
-1&8 • ., 
-19;;.7 
-193.0 

NO TYP8 DEPTH UNrr~J. <---- DAMPING ----> <_.,-- SHEAR MODULUS -----,' 
(tt) STRAIN NEW llSED £RI1.0R NE;W USED i;RROR 

J 0 o 1L 
• 12 
N13 
VI 14 

I ~ 
16 
17 
18 
19 
2Q 
21 
22 
23 
24 
25 
26 
"}"1 .~ 

28 .j 

29 
31) 

3: 
32 
33 
34 
35 
36 
37 
J8 

6.5 
16.5 
25.0 
34.5 
43.5 
52.5 
61.5 
10. S 

99.0 
1 (l~.0 
119.0 
1~9. I) 

139. I) 

2111.0 
nl.V 
ZZl.!) 

.01712 
.02574 
.026&7 
.02547 
.03136 
.030:4 
.0443 B 
.OQ90tl 
· UtLl·;! 
.0(;846 
~07724 

.08542 

.09·],1 

• O~5Z3 
.OS8S0 
.0054 
.()C418 
• () E6·~~ 
· 004~D 
.09'1 A 1 

.049 

.0% 

. US'I 
.0Sf. 
.060 
.063 
.0,)0 
.034 
.DO 
.136 
.142 
.147 
.151 
.092 
.095 
.096 
.098 

.095 

.097 

. v9~ 

.101 
~ 1()2 

.103 
.151 
.153 

.060 

.Of'i 
.061 
.066 
.069 
.07: 
.095 
.097 
~ 122 
.126 
.129 
~ 13~ 

.134 
• :)95 
.J96 
,,\)97 
.099 

.093 

.094 

.095 

.0% 

• O~8 
~ 126 
.127 

316.0 .H2 
3~b.~ .1<3 .130 
336.0 . .l64 ,131 
316.0 .165.131 

.133~4 .166 .132 

.13670 .HO .l.i2 

1.1 

1135.0 
19R5.5 
Z~73 ~ (5 

3485.3 
3344.1 
3225.7 
2321.9 
2721.2 
2035.1 

153 G. 3 

.7 
4030,5 

.2 

.8 
2 6E. 5 

~3. 6 
00.6 

2 58. <l 
2 12.7 

r,CCELE:P.OGRAM t.::tb~s. !,ja1: 

1019.0 
16E!'.S 

2065.3 

408G.7 
4035. I) 
3963.4 
3945.8 

50~1.3 
36B6 • ., 
3652.9 

3455 . .l 
3426.3 

PRO F' ! 1, E - P",dtlc.;.lh (J Landfill - fee-ti~ld prof 

IT~RATIO~ ~lmBER 3 

VA1U8S I!, TIME DOMAllJ 

10.3 

lli. ? 
9. S 
~L4 

8.Q 
5.0 
4.1 

-~. 5 
-12, a 
-17 .2 
-21. '") 
-';.7. C 

",.3 
2.1 

-1 ~ 6 

-2 ~ ~ 

-5.5 
-6.5 
-7. ;: 

-30.1 
-<11.1 
-44. J 
-46.9 

-58.1 
·~OO. 1 
-62.3 

LOOO 

• GOO 
.000 
.000 
.OGO 

GIGo 
AATIC 

.73" 

.68 € 
,6132 
.692 
.667 
.650 
.544 
.529 
.363 
.367 
.355 
• .345 
.337 
.541 

.519 

.513 

.558 

.5S1 

.545 
· :'39 
.533 

.367 

.364 
· '3.61 
_ .359 

.357 

.346 

.l44 

.}H 

~.iL!L~ 

~"l.i'" ~ (I~ i1i-'~-'------------------

.IIII!I, III 

P~J;'-~~Qut 

NO Tl'?£ De:~TH UNIFRH. <---- DhMPING <---- SHf::AR ~Jer)(:LUS -----, 

Ii 
7 h 

10 
E 
1:: 
13 
14 
l~ 
1< 
17 
18 
l~ 

21) 

21 
22 
23 
;,U: 
25 
26 
?7 
2B 
2~ 
30 
31 
32 
33 
34 
J5 
36 
37 
36 

(ft) S'trU.IN NEW :J5EO ERRO,~ 

€l.S 
7:J .5 
7:?5 
89.0 
99.0 

109.0 
119.0 

169.5 
18".5 
191.0 
ZOLfiJ 
2J.1.. D 
221. 0 
~31 .0 
240 .. 5 
249 
2~B. 5 

'~:3 6.0 

066.0 

.01114 .040 
.01635 .047 
.01750 .049 
.01736 .049 
.02226 
.02724 
.03538 
.U~1(J4 .oes 

.130 
38 

,08411 46 
.09.70 S3 

61) 

• Q4829 
.05256 .0% 
.05705 
.06205 

.104 

.093 
.05214 .09(; 
,1,15538 .096 

.099 

.1Q 1 
.06439 .102 
.06716 .10.1 
.12570 .164 
.1.~367 .lE6 
.1'1225 .1£9 
.15049 
.1:'831 
.16506 ~175 
.17111 
.17E03 
.16Q6~ .l'I9 
.18531) .16U 
.19130 .1"1 
.198uS .163 

. :)49 

.094 

.130 

.136 

.14~ 

.1'17 

.151 

.on 

.098 

.100 

.10~ 

~ 093 
.095 
.0:;>7 

.10:! 

.103 

.1,,1 

.16, 

.16E 

.168 

~t4 
~, :: .. :. ~ :: 

-! .. !. 

~ } 

NEVI 

12:;7.5 
204,;,4 

20Q r). q, 
1863 .. :3 
1606.5 
1487.9 
1369.3 
4_\23., 
4190. J 

5235.1 
5111. j 
5005. I 
~ 903.5 
"1812.. S 
1718.1 
2241. ~ 
21;;; .0 
2 t}7~)' . S 
20U5. B 
1939.5 
186-1. ~ 
1837. -, 
1800. E 
1766. t 
173J.4 
1691.7 
164 (,. (j 

ACCELEHOGP.A.t-1 t:.i.lbdS. :;,;"I 

USED 

1135.0 
.1 R 85.~) 
2573 . 6 
3485.3 
3344.1 
3225.7 
2621. 9 
2721.2 
2.035.1 
IS ~i6. 4 
17€1.7 
1~49 ~.: 

1536.J 
422-'l.1 

37 59.9 
5365.5 
S2 47.5 
511~. ~ 

5004.7 
4:':03.2 
481£1.2 
4748.2 
2651.3 
256.Lo 
2513" 3 
2453. (, 
2~99. 4 
23'5.2 .,1 
2305.8 
2::,cB. ~ 

Zl"~ .4 
2111. 'I 

o Fe L E - Paducah [J Lbndf >11 - tee- fie 1d prot 

ITERATIQIJ NOYlBER 4 

VALUes IIi T HIt: DOMAHI 

ERROR 

1.5 
7, ~ 

6.2 
.5 

-1.6 
-5.7 

-10.8 
-12.2 

2.3 
: ~ f., 

.7 

-2.3 
-.4 
-- .2 
- .1 

.l> 
,(I 

-.J . ~ 
"" 1 b: • ~ 

-19. " 
-20. S 
-~2. :; 
-2J.7 

-:" .0 

.... 1.:. 

-2~. J 

Ne T1PE DEPTH UNIFPJ-!. <---- VAMPU.t,; ----> <---- SHEAR flODULtJ5 -- .. --> 

!k .-J 

(it:) STRAHl NEW USED EP.ROP. NEW USED UU\Oi( 

? " 16 . ., 
15. () 

'19.5 

:o~ .0 

39.0 
49.0 
59.0 
69.5 

· ;114S3 
.01461 

• VH3Jl 
.10244 

.O'IS-1l 

.05021 

.i)5522 

.060 lSI 

,037 
.044 

.0£1 

.126 

.135 

.H~ 

.155 

.lEZ 

.OES 

.091 

.10l) 

.040 
,047 
.04£ 

.138 

.140 

.15:: 
~ leO 
.OS() 

.093 

.096 
,1)99 
lin 

-9.9 
-6.9 
-7.7 
-7.2. 

1 
-5, S 
-j, 'I 
-1 ~ 8 
-.3 
1.0 
1.3 

--::'.7 

~l. is 
-1.1 
-. B 

2119, .: 
.il 

3206,8 

l~S";. S' 

-i~3:::. t 
4:8 S.·' 
41~S. 4 

1227.5 
2(H6.:1 

3)'::5 <., 

JS7},~ 

.'1 
;052.1 

148"'. " 
l.~ c ':;t • .:i 

415C.O 
4 ~ 5"J ~ {. 

GIGo 
!{AT10 

.819 

.765 
" 'J09 
.7b7 

.3et 
• ;'03 
.28] 

.264 

.560 
• ~!.16 
.S:q 
· ,,:4 
• !:o11 

.436 

.. 489 
• :!64 
.2,7 
.250 
" 2 q ~ 
.239 
.234 
.230 
.2:26 

.21S 

.nu 

.l' 0 

.9 

· S 
.7 6 
.7 
.6 9 

· :'21 
, ,,03 

~ :a Ui°/;lm en O' s:: . " 
2.::::S J> ! ~"'\ 
a:S-, ::::0 ;\ I 
::?:~I => ; 

~'~'~!I en..... " 
OJ !S: I"V 
... Q; c:::::> ('iI1 

~~ N r~§ 
(")~O C ::ren 

3 
CD 

a 



9 
N 
0"1 

r:--f f~.~"~, __ ~ 

!. 180.5 .l16C;18 
llJ 1 <;1. U 
~l 2(11,!) 

U 
2J 
~~ 
2~ 

.:d 
;t, 

., 258.5 

)0 266.0 
1I 
j~ >I 

l.l 
j>4 

J~ 

3~ ,1 

,\)0419 

3$ -l 306.0 .12)J9 

ACC£J..£ROGRAl<\ 

111'1, 

· J92 
· J94 
• ~96 
• :>98 

.10] 

.16b 

.173 

.176 

.179 

.180 

.182 

• ] ~ 8 

.lOll 

.0% 

.101 

.10: 
• .1 1)4 

1'1] 

_ 1 '1 S 

.18 1 

R 0 F 1 :., E - f'adUCiJh U Landfill -

TTERl'.'l'I0N fiu/~RER c, 

VAJ..UES lN Tll4E )OMAIN 

NO TYPE DEPTH <---- J}A}J~:NG ----> 
(it) NEi'i lJSED ERROR 

j 

< " 
4 t. 

8 
Y 

1U 
1.1 
1:: 
13 
H 
15 
16 
17 
1S 
19 BO. 5 
20 S 1. 0 
21 01. 0 

.cJ.t) 
23 
2il 

26 
27 
28 267.5 
2S ;:-76.' 
31) 256,0 
31 296.0 
J~ 306.0 
3] })6.0 
34 .. 3:36, (J 

:;,5 ~J 6 .. 0 
36 346.0 
37 
38 .. 

.03€ .031 

.058 1 

.064 -; 
• O~S 
.048 7 
• O~ 1 7 

.1,349 

.042 

.044 
• fJ'i q 
• O~ 9 
• OS] 
.075 
• O~ lJ 
.122 
.137 

.IG2 

.096 

.099 

.102 

.09J 
~ 093 
, il9'i 
.097 
.098 
.100 
.101 

.1&398 • n~ 
.178 
.le 0 
.1bZ 
.181 

.20711 .19S 
.J8'> 
.IBE 

.04~ 

.050 
,OSq 

.0"8 

.OB~ 

.12fl . 
,1.1S 

.162 

.006 

.091 

.100 

.103 

.092 

.09/1 

.nlls 

. 101 

~ 1 r 0 
.1 7~ 
.160 

H4 
.185 

-2.7 
-3.6 
-3.3 
-:L.l 
-;':.8 
-2.? 

.i] 

-3.7 
-3. <.I 

-2, <.I 

-1 . .j 
-. '1 
- .1 

-2 

-1.3 
-1 .. 2 
'"1.0 
-1 .. 3 
-1.3 

-1.3 
-1. 4 
-1 . 

.6 

.9 
1. J 
1.0 
1. D 

• B 

• R 
.B 
.8 

3671.6 

;!~41. :, 
2Hl.O 

16.:J6.0 

pto: 

<---- SHEAR MOD,}WS 
~:EW lJSED 

3~SO,,9 

:J27~. 1 
3144.5 
2246. :3 

.3 

1533. :' 

125~.3 

)680.4 
,545.0 

2147.6 
19~2 ¥ e 

5433 . ., 
$30(; .. 5 
:'191.3 
,\)85.5 

la~3. 6 

167:l. B 
1640.2 

1'<>11') roY-'l&-

'1 

-----> 
ERROR 

.!t 
L.l 

.. l 

-2.l, 

.487 

.223 

.215 

.1.07 

. ZOO 

.193 

.19B 
• .1 a 3 

.908 

'II t:lOY 
.780 

,33(\ 

.229 

.524 

77 
71 
67 
';3 
60 
57 

lV12/::010 3: PM 

JliJI, IW 

p-ft-L. out _,. __ .• _ •• _. __ , ___ l~.Ll::;.lQ12 __ ~ 

ACCE1£,ROGHAH 
PRO f I L E - ?aduc';.l.h U L2.itl\:ltill 

ITERATION NUMBER h 

VALtJE:S IN T1t1E DOHA!N 

NO TYPE PEP'rH UNIFRM~ <---- ----) 
STRhIN NSW ERROR 

1. 6 6.S .0081.4 .03S ~U36 

.0:196 .042 .042 

.0::3:'2 .043 ~044 
4 C ')4.,5 .O~32·) .013 .0,11 

JU 
11 

89.0 
~9 .0 

13 ·1 
14 129. Q 

139.U 
16 14.9.0 

lS:LG 
5 1(,9.'" 

180.5 
21.1 5 
21 
22 211.Q 
23 
24 
25 240~5 
2[ 249.5 
2'1 4 25ti.S 
26 
29 
30 4 266.l' 

·1 2%.0 
4 306.0 
4 
4 
4, 

4 3£6.0 

.01724 .048 .1)·1~ 

.0~HlG3 .l~] 

.11796 .101 
.03"/68 .0 f:; 5 
~a4192 .O:J9 
· Qt;670 ,092 
.05171 .09S 
.0570:, .099 
· Q6:: ;;" . 1 02 
.04450 .090 

• O~)969 

.093 

.094 

.090 

.097 

.1 ~~46 . jl\) 

.D463 .l72 

.16546 .17:-

.17737 .17~ 

.1S!H6 .181 
.19939 16:; 
.2D64S .184 

.185 

.053 

.143 

.1S~ 

.090 

. U 03 

.0% 

.099 

.10~ 

.091 

.093 

.101 

.169 

.1/2 

.175 

.178 

.1SU 

. J83 

.lB4 

.185 

.18S 

-. ., 
-: .2 

-1.1 
-l.0 

- _ 9 
-1.3 
-1.8 
-2. J 
-:: .0 
-1., 
-. : 
-.4 

-1.2 
-1.1 
-1.0 
-. 9 

-. e 
-.8 
-. B 
- .6 
-. S 
-.8 
-. S 
-.6 
-.9 

.2 

.2 

.2 

.J 

.4 

.-1 
,4 
.4 

.2 

.2 

.2 

tLllH!!.l. ~\(;L 

rec-iit::lJ Pl:ot 

(---- SHEAR NODULUS -----> 
NEW (ISEL) ERROR 

1266. (0; 

2157. :3 
2323 itO 
3911 ... '-; 
3744. ~ 

1!J1:l:; _-' 
1347.6 
157£.2 
Hl·).2 
1242. .1 
4083.5 
3 ~ 3Q . 6 
3 'lH t;. B 
5552.4 

19 6~ • i3 
Hlbl.c. 
1790.7 
1 7l' ~ 
1637.4 
1591 

.3 
1481.8 
1433.5 

2910. -, 

.6 
JSSlJ.4 

1tl E?9 

4526.3 
4::£2.9 
4107. e 
4041.9 
3891.3 
37 4~. 9 
S506.B 
~381.2 

~1 c8. 8 

Q.O 
18 .. L.;1 

18 5. S 
17 S. 4 
l~ 2.·1 
If C. 7 

.1 .. 

.4 

.4 
I ~ 

.'i 

.9 

1.1 

-. ~ 
-i .. :. 

.:: 
-J.j 

-.7 

ACCCLEr.OGF;)1.M. L"ba~_!:;.d..z 

It R 0 f' I L B - t'ooucbh 0 L;.'jodtill lee-field prof 

ITERATION NUMBER 

'/A:'U8S IN' 'rlHE DONA,N 

NO ':'~~E: DE:f'TH ONIFRM. <---- DAMPING ----> (---- "HEAP. MCDVLUZ -----c 
(fL) STRAIN m.:w USED ERROR N"W USED ERROR 

I 6 .00811 .03~ .035 
6 .01168 .041 .041 

.U1303 .00 .043 
~ .DD:7 .043 .043 
~ C 43 .01700 .0,18 .048 

.02094 .OS2 
,02608 .07-1 
.OJ047 078 _l179 

9 4 .(14S5~ .117 .110. 
10 <.I 05702 .12~ .123 

-. ) 

-.3 
-.5 

-1 . .l 
-1.·1 

12E1 .2 
2159.7 
29~b. 6 
3~ 16 .. -0 
3H" .1 
J 6l:l. 4 
3!08. 

12E6u8 

2~23.D 

.~.S 11 .Ij 
}'''4 

;.:: 9 9 ~ -, 

GIGo 
RATIe 

.913 

.812 

.8:i6 
· as? 
.32l) 

, "J90 
.66'1 

.2':;2 

.l.::~ 

.600 

.578 

.536 

516 
· 4~'1 
.%') 
.5=,4 
.543 

.20') 
.1'.1-; 

• J.BS 
.lB0 
.17: 

Ie .; 
,HI 

• 1 ~6 

.H~ 

.914 

.875 
· E'i:2 
· ceO 
• 8~ J 
.793 
.. 6ES 
.645 
.397 
.35 ... 



.140 -1.2 

.152 -,7 
.11599 .16U -.4 
.03705 .085 -.6 
.0412'.1 .oas .089 -.5 
.045~5 .092 .09~ -.6 
.05092 .095 .095 -.5 
.05621 .098 
.06170 .101 
.04398 .090 
.04,,84 • 092 
,04956 .094 
.05214 .096 -.<1 
.05462 .097 -.1 
.U56Sl .09ij .099 -.~ 

.05891 .100 .100 -.4 

.14597 .170 .170 .1 

.15519 .172 .172 .1 

.10597 .175 .175 .1 
.179 .1 
.181 .2 
.183 .3 

.20877 .:.6S .184 .3 
.2 
.1 

.187 .0 

.19B .0 

.HO .0 

IN TIME DOMAIN 

MAT. 'XH=CKN~$S UBP'rH I~Al(' S'l'RAIN 
TYPE; (ft.) ift) (:) 

~, 

S 
!i 

13 ,0 
7.0 

10.0 
9.0 
9.0 
9.0 

9.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10. () 
10.0 
11.0 

10.0 
9.0 
9.0 
~ .0 
9.0 
9. () 
() .0 
0.0 
0.0 

C.O 
0.0 

6.5 
16.5 
;:S .0 

79.5 
89.0 
99.0 
lO~.O 

119.0 
129.0 
139.0 
149.0 
159.0 
169.5 
180.5 
191.0 
201.0 
211.0 
221.0 
231.0 
"40.5 

.5 
276.5 
266. () 

316.0 
326 ~ 0 
336.0 
346.0 
356 .0 

.01229 

.0179~ 
,01974 
.01996 
.01576 
.03173 
. 03951 
.04617 
.06908 
.08639 
.11161 
,14610 
. 17 ~7 5 
.OSG1E: 
.0.248 
.06963 
.07715 
.08517 
.09349 
.0660 
. (n098 
.07509 
.07900 
.oa~'}5 

.oa60B 

.08926 

.22117 

.23513 

.25132 

.26997 

.28939 

.30543 

.31632 

.32166 

.32551 

.33066 

.3~023 

1814.7 
1513.9 
1360.6 
4602.0 
4435.9 
4267.3 
HOi .5 
3~53 .6 
3808.S 
5575.8 
5449.4 
5336.6 
5234.9 
5l42.0 
5063.2 
4990.5 
2045.8 
19~5. 6 
2878.4 
1784. '/ 
1693.7 
16~3 .1 
1~"7 .2 
15 55 ~ 3 
lS39. OJ 

1519.2 
1461.8 
1432.5 

1775.1 
1488.7 
1347 .8 
4576.2 
4410.2 
4242.1 
40e.'l.5 
3930.6 
3786. e 
S552.4 
5426.6 
5314.1 
521L9 
5119.0 
5038.1 
4964.2 
2Q~O. 4 
:968.6 
:SB 1: 6 
:790.7 
:704.J 
:63".4 
:591. 9 
:566.7 
:0,45.9 

.·1 

.'1 

.4 

*.4 
-.1 

.0 
-.1 

M.l).X. STRESS AVG. Ace. 
(psf) (g) 

155.6 
38;L1 
5'17 .0 
760.6 
964.5 

1144.6 
1303.8 
1467. S 
1597. S 
17 79.6 
1981.0 
2174.9 
2368.7 

2953.S; 
3150.4C 
3347.69 
3540.12 
3699.7C 
3851.53 
3950.51 
4117.58 
4~36 .18 
4336 .. "12 
4431.12 
4534.65 
4628.83 
1728.84 
4934.20 
4<)32.14 
5001.17 
5035.3~ 
5039.5J 
5032.21 
5030.31 
,041.67 

.151316 

.18972 

.16703 

.1e ~36 

.181H 

6455 
6346 
6321 
6292 
6220 
6089 
5G6B 
5673 
5H5 
5197 
4940 
4575 
4440 

~: 3524 
.13232 
.1291'1 
.125::5 
,12138 
.11684 

.. 11237 
.10833 
.10485 

.519 

.51 : 

.204 

.178 

.170 

.163 

.ISS 

.156 

.146 

.143 

TIME 
(ue,,) 

1Z ~ 6 9 
12.SS: 
12.90 
12. ~O 
12.90 
12.9] 

1.3 .. U2 
13 .09 
13.01 
13.03 
13.0S 
13 .05 
13 .OS 
13 .05 
1.3.04 
13.04 
1.>'04 
13 .03 
13 .0.3 
13.02 
13 ,02 
13 .03 
13 .01 
13.00 
12.99 
12.97 
12.% 
12.95 
1:: .94 
12.92 
12.90 
12.8S 

,JJIJI, l1li 

e-tt-e.o~u~l __________ __ 

3B 10.0 366.0 .35329 5064.42 

?E:I?XOD = 1. 782 sec FROM AVERAGE SHEAR WAVE VELOCIT't O}' 

FREQueNCY A!~PLI7UDE: 

MAXIMIJM AMfLIFIC.l\.TION : 
fOR FREQUENCY (f) c/sec 
FOR ~EIUOD (1 I !) Z.05 

c,!'1'!ot<! ••• COMPUTE MOTION IN NE:N SUBLP.'{E:RS 

ACCELEROGRIU'-'1 - tab.!l$ . soar 
D £ l? 0 S I or - Padllc"h:) Landfill - !e~-J:ield pro" 

LAY8R 

!'1Il'HIN 
1'1I TH IN 

WITHIN 
IUTHIll 
IHTHIN 
WITHIN 
tHTIlIN 
WITHIN 
WITHIN 
WITHrN 
WI':'H!N 
WITHIN 
I~!THIN 

13.0 

3S. (I 
46. Q 

57.0 

8t,: ¥ Q 

94.0 
lO~. 0 
114.0 

MAX. ACe. 
(g) 
.19763 
.19162 
.18730 
.18178 
.17305 
.17Q"V 
.17237 
.17H2 
.17 S53 
.17713 
.17604 
.169gS 
.15840 
.15574 
.15772 

TIME 

l2. 8~ 
l~ 

.93 

.95 

.96 

.99 
• 9~ 
.99 
.99 
.01 
.05 
.05 

MliI.sa.fR. 
(c/s"c) 

1. 24 
1.13 
1. 06 

· 99 
• 94 
• 91 
· 90 
· 90 
· 92 
• 96 

1. 03 
1. 09 
1.17 
1.27 
1.27 

t,;:'Y::::CN ;;.MP1J1'E Ol II!;" 

ACCELEROGRAM - r"abd~ • Sa!" 
DE? 0 5 I T - PdduC2Ih fJ :"df'ldt"ill ~ tee-tield prof 

LAYE:R 

WI7HIN 
IHTHIN 
OOTeR. 

371. [) 
371.0 

~..i\.X. Ace. 

• 339~il 
.36000 

TIME 
(zec) 
12. S8 
10.95 
10.95 

11N. sQ •• fl. 
(c/"e<;;i 

1. 23 
3.93 
3.94 

OPT LON 7 COM?IJTE STRESS/STRAIN HISTORY 

COMrUTE STRESS OR STRAIN iUS'I'ORY hT THE: TOP Of LAYER 
SCALE fOR PLOTTING .0000 
IDENTH'ICATION - -- stress in leyer 21 

COMPUTE S'l'RCiS;; 01': STRAHl M:SrORY hI' 'XH!:; Tep OF LAY~R 

SCALE: FOR [>L01'TII,G .0000 
IDEl'lT:rrCATION - .::Jt;t'oin in icyer 21 

21 

.10183 12.87 

032.6 It/sec 

Ace. RATIO 
QUIET 

.003 

.OOj 

.003 

.003 

.003 
• (103 
.003 
.003 
.003 
M 0,)3 

.003 

.1-.CC. RF.T:O 
QUIST ZONE 

.OQ' 
• DOD 
.00) 

TH SAVEr; 

TH SAVED 
Ace .f<EC • 

~):'lI'U 1 

c :c. 
g>~:r;li:O 
=0 :s:: ' 
0._. J> j 
-:s:-s:j ;:0 ; 
or;;; '"'. ' 

~~l!J! Q \'1!'r<il!! 
CD ttl OIOj .. ~..; " ~s: N --
ru§ c:::> 
gm -
:::1'(0 .......:> rn"· CI) ", 

3 a 0 
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t;t1 
v.) 

p·M~N-6.0t1c )211212010 ~:28 PM 

..... /I ..... • ,,,," ...................... II!' ... It !!It. 11 ...... !II .... ' ••• " .......... , ••• Ii "" ,1 .. . 

• SHAK8 -- A COME'UTER PROGRAM FOR EAR1'HQU1,KE RESPONSE 
ANALYSIS OF HORIZONTALLY LAYERED SITE:S 
by! Per B, Schn",bel S. .John Lysme.I -- lSl7:J 

• ShakeS, H'v!> 

• ~h"'l:d' 

, ~hdtC!lti/~.! 

c.)" .. 

• !ih,,~ .. 'il 4r.11 tUllIl1l: .. U<l1> <>f rl>p>ll; 

flhl<. NUMBEr< or ?CRl1S Itl FOURIER 'fRANSFORM. 4096 
NECESSARY LENGTH OF' a:'IINK CO.llilON x 2509 

C>FT10N 1 ,., READ REI,]<_TION BETWEE~ son. H::OP£Rl'IES AND STRAIN 

MAl'ERIl,L TYPe: NO. 1 

ClJRVE NO.1: 
CURVE l~O. 2 : 

CURVE NO. 1 

STRAlN GIG",,,,, 

1. 000 
1. 000 
1. 000 

~ 99·'1 
• ~8 J 

.0:316 ~ 959 

.1000 .S8l 

.3100 .o!;5 
1. 0000 ,316 
3,1600 .130 

----_. 

~l Modulus tot OIl Wa~te (Mat","ovi;:: & Kaviir.anjian, 1998 
~1 I)amping for 011 Wa!lt:€ (Mat.,asovic Ii Ka.va4:~f\jia.n, 11;)98 

CURVE NO. 2 

STRAIN DAMPl NG 

1.13 
1. 77 
2.S8 

.oon .{.03 
. Ql()() ~. 89 
.0316 6.97 
.100G 
.3160 

1.OOOll .92 
3.1600 25,17 

P.'!tge ~ c."! 1] 

e:!!!!!..~_" .. ,, ___ ... ____ . 

MA'f1:!UA:. nt's UO. 4 

CURVE ~J~. 7; ~4 ModlJlu~ :Cox: Sand lVucet.ic and 199q 
CURVE NO. e: #4 Dalnp.l.tHJ fOl: Send !Vucp!t.~r; (.';.Ina 1'991l 

t;;4Jfi.Vt CURVE NO. B 

,,'tI'lAUI ;::/(""",,1< STMI N Dhl!P ING 

.0316 

.100(' 

.3160 
1. 0000 

.0000 

1. EO 
J. UO 
S.4B 

10 
40 

::0, ~) 
::3.9·1 

.00 

KM'SlItAL :&'rt Uv. 5. 

CURVE Nc). ~: 

CURVI:: ND. W: 

CURVE NC'. 9 

STRAIN 

.0001 

.10aO 

GIG"' .. >: 

.31&0 .210 
1.)000 .09~ 

3.16:;0 . G34 

Hf<itRlM. T\'i'!;: 

CURVE: NO. 11; 
CURVe NO. l~: 

CUiWE: NO.ll 

STRAIN G/GnICli'. 

.0001 1.eae 

.0003 1.COO 

J.OOIJO .C48 

OPTION 2 

fl S t100ul us tor CL 
~ S D"mping tor CL 

CU1W8 NO.IO 

,TAAY N DAMP INC 

0001 5f, 
.0003 
.8010 .56 

.0300 7 . 

. 1000 .67 
" 3000 

1.JOOO :0 12 
.0000 .00 

and 
1991 ; 

#6 11odulu. tor C cPI~JO VUcetlc ",nd J;obry, 19:,1. 
no Damplng for c IPI=30' ·Vuc:et.H: and llobry, 1991: 

CURVE NO.12 

STRAIN DAMPING 

. 0001 .8 S 
.8S 

.0010 1 

• U32U 
8 

12.41 
1.iJOOO 16.% 
3.1600 

R~;;'D SOIL I ~'r,Sl'E PROFlLE 

____ l_;_/!~'!..ill,,~_..!:t! 

RECEIVED 
[ MAR 0 "82012 \ 

Division of Waste Management 
Solid Waste Branch 



rr:l 
I 

.j::o. 

e-t·!-SW··f..Cllt 12/t~r!NC; !:!!l PH 

PRDFILE NO. f'aducClh [) :'andfill fCt'-ii ... ld prof 

NlINB£R LAyr.RS 4'1 
b8~l'H TO BEDROCK 441.0 

NO. 'rYPE D8P'ffi MODUL~S 
( kg!) 
2507. 

745. 
855. 
%:l. 

DAl-1PING UtnT "n. SH. VEL. 

10.00 

1 3 , ~) (I 

10 7. JO 
11 1t)~GO 

12 
13 
11 
] 5 
!C 9. Ol' 
n 
10 
l~ 

.:2 10.00 

~ 5 

37 
38 
:39 
40 
41 
42 
4'j 

44 
4 S 

10.l)t\ 

10.00 
10.00 
10.00 
.1l) .. :10 
10.00 

~. 00 
9.00 
9.00 

0,.00 
[i. )0 
0.00 
0.00 

tJ t~ 1 0 ~ DO 
4-' Bb.SE 

10.00 
20.00 
30.U(· 
QO.G(,' 

159.00 
159.00 
17~ .oc 
189.0C 
199. nc 

2n.OG 

396 .00 

426,(JO 
~'l6.()O 

5832.01) 

H20 :~ 

5614.00 
6954.00 
e1S4.00 
93.,4.00 
0554.00 
1774. DO 

30'132.00 
31992.00 
33~52.uu 

315:2.00 
35709.01) 

411~2. 50 

54240.01 
5S6 90.01 

10'11. 
U76 . 
1279. 
271~ • 
1:386. 
246:, . 

5~Z3. 
sa23. 

7548. 
7548. 
7548. 
7548. 
754 B. 

9707. 
970"/ . 
9707. 

10043. 

1004, . 
10013. 
10043. 

415062. 

5. ()O 
5.00 
S.OO 
5.01) 
~i _ 00 

5. no 
~. 0.0 

S.OO 
5.00 
5.00 
5. no 
~ • 00 
5. UU 
5.00 
5.00 

5.00 
".00 
5.00 

iH.lO 
e 5. '>D 
37.10 

130.00 
124.00 
124. ,)0 

120. 

12:0.0Q 
12 0 ~ 00 
) 20.00 
124.00 

12".00 
12b.O(J 
12 0.00 
126.00 
128.00 
12 t:. uO 

165. ()U 
105.00 

P~~H10f) ~ :~4~G gee FROM AV8P.AGf: SHEAR WAVE: VI':LClCTTY OF 1220.3 fth<'c 

E'OR 
FOR 

AMPLITUDE;: 

c'PT :ON J 

16 .. 07 
.Si c/,;<;c 

l .. l~ 

HEAD INPUT MUTION 

FILE !lANE FOR INPtJ'f MOTION ~ 
NO. OF INPUT A.CC8L. POH:J'rS 2248 
NO. OF POINTS USE~:' IN FF'I' ~ 40!-Jb 

NO. or HEP.OTtJC; LTNES = 3 
NO. OF PCHN'f'S ?F.R LINE ::: 8 

Tn~E S'l'8P FOP, l~PJT ~IOTION ~ .0200 

tS6-.c.(.;.2L. ~dr 

6,0.4 
664.0 
6<7.7 

.0 

.0 
B ('0.0 
950.0 

.0 

1250.0 
1250,0 
1250.0 
12 '>0.0 
1400.0 
14CO.O 
14l:0.0 

is "j' ~,{j 

l? 77J. (J 

1575.0 
1575 .. 0 
1S'J 5.0 
1400.0 
14(:() .0 

1400.0 
jqOO.O 

1400.0 
14 00.0 
140Q.0 
9000.0 

p-NSW-&. out , ____ . __ ,_ .• _________ ,. .• ,"_._. ___ .,. ::/~;:no: .. J::;~ PH 

:ORJII.J\T fOE\. OF TIME Hl.::.i'rOf\):' ~ (or-9.6} 

k",1-~·'" Ace E L E R 0 G l' Jl... H HI2F,Dr;R ..... ~~ .. 

Time hl!->'tor.y :r,dtch(!~d LO :spC'(;t.l:um:dt...:r-t.<.>r.diit / 'VJCC for Sl $cbnlnt.t~ 

Mdi~ in file O~f,16S7? iJ /S.8 5 

22€lB pts @ U.C2 5 

FIRST & lA5T 

.OOOS25 

.001324 
-.OO1l6l'1 

.000107 

.0U9€13 

L:NES OF INPUT HiJTIC)N 

.U00616 .£JOO'!2, .001030 .,)[11291 
.001149 .OC095~ '.)002,,8 

-.ClI,)1l2~ -.OU1"36 -.0012;" -.OOOSl? -.')00337 
.0007j-j .\)0161:' .0048:)3 .QlJJ~)5:j .nfJ,?,Ol~1 .1)l)t.S26 
~Ij05!,;Za -.U11607 .'J'llS19 .037028 -.L)Z~9S7 -.053:'67 
MOT:OH ,<EAD flOT BOhOLL> ........... . 

·,(>,)0714 -.U00753 -',00(r17ti -."uuau 
-.O(JD931 -.OOO~S4 -.U(Il)f}f9 ~~vO(Jge9 

·.OOlO~7 -.nOIO'7 --.0010;02 •. 
-.001073 
-.001019 

MAXIMOM AGCELEFIATION .0j6577 
AT TIME 3. <:2 ""c 
THE VP.L~ES WUL of; l~ULn?LIED BY 1\ ,FACTOR 
TO GIVE NECtJ MAXIMUM J...CCE!.£RJI..'I"18N 

c/::;ec 

.;'65~:47() 

,36{JOUO{)O 

FOf.i F'REC-UF:N.C!f:S P.EMCVEfJ A5()Vl:: 2~.I ~ 1)0 cl!;:,~c::; 

OPT LOK R.AD ;IHERE ObJECT HO';'ION IS (;rVEN 

CBJE:CT t-10TI:JN :TN LAyeR NOt·1BeR 47 otYfCR0PPING 

OPl'IOK ~ ••• OBTillt, STRAIN CO!WATiB::'C: PRCFEF.TIE5 

t4AXIHUt1 NU~lBER 0,- HERAl'lCNS 
fACTOR fOR UtilI E'ORN STRl'.! N I ~ r IN;; l't)P.hJ i'!" • b6 

A.cccr.E:r~oc:p.p.H t:5 6-6.!c2b. ::Ia.,l. 
PRO F I L £ - P<il.duc~h. 0 L.:...nd£111 - f~e-Lu:l,j prot 

n:;RP.TION N0l18EP. 1 

VP.:'U8S IN T It-lE [!Ot--tA: N 

N(' TYPE UNlfRN. -(---- O':'.MPIUG <---- SH£hf\ H~[)ULUS -,,---> 

1 

i 
4 1 

HI 
H 
I: 
l! 

U 

1 
\ 
t 
t 

ID.~ 
1:2.5 
131.5 
140.5 
149.5 
159.0 
H9.0 
179.0 

STRAIN NEW USED EP.RCiR NSl'I USED EkR.~? 

. 007~·1 .OJ., .O~I] 

.085~1 ,1:4 

.130\)4 .140 

.lG1J4 ,149 .050 
,1"8561 .USO 
.20082 .USt) 

. IS;; .050 

.D80S .098 

.O~ge2 

. 09~ 48 

.09167 

.05'533 

.08308 
_1)6497 
.06-]..10 
.O~912 

.08:, 

.006 

.114 

.115 

.145 

. 146 

.H8 
1 il9 

• ,I~U 

.050 

.050 

.OSO 

·'1: . 

€-7. ;7, 

6e.o 
43. B 
5(.0 

.B 

4.1 t 

5< , 
Sf, 

G5 • 

::29.;1. r;: 

G 6 ~ .7 
7Qf:J.8 
757. ;:: 
a 13.:;' 
S75.1 
9~ 3.8 

4~U .: 

ii~"5 
Q4 •• 7 
680.3 
f,~5 ~::? 

2:"C·'.1 L000 
741.i:: L uiJU 
$:-4.£ -11) 1.0(10 
9<':2.9 .1 l.u00 

lU'll.l -31. 7 LilUU 
1176.2 1~00ij 

1:27~.3 l.ono 
-89,(· 1.000 

-1>::0.5 1_VOO 
ZQE4.E -lOS.~ 1.000 

~5 6, ~ 
4:: 8.(
-is- 6. ( 
58 3. G 
5& .3.0 

-8 
-13 
-1~ 

-:>~ 
~·2 S 

1. QUO 
1.oau 
LOU() 
1. v(hJ 
1.000 
1.0(10 
1.000 
1.000 
1.0t)0 

u00 



~l ·1 189.0 .09012 ~14;: 

22 ~ 199.0 ~07053 

28 

.07143 

.071B6 

· osseo 
• 05~45 .100 

33 310.5 ,OS970 
34 31~ .. S < 059G2 
35 " 318 .. S .U57,12 .126 
36 " 3n.~ .128 
37<1 346.5 .129 
39 " 356.0 
39 <I 3£6.0 
40 ~ 376.0 .134 
41 <I 386.0 .l35 
42 4 396.0 
43 4 4Q6.0 
14 .j 416. U 
45 .~ 426.(1 .u~ov2 

46 " 436.0 .0,;514 .134 

.050 

.050 

.050 
,0"0 
, 050 

· 0 50 

• U50 
, USU 
• Q 50 
· 0,0 
.050 
.050 

.050 

.050 

66.5 
52. G 
52.7 
52. $ 
S2.9 
53.0 
53.0 
49.2 
.9. :1 
4" .4 
4".7 
<-j9.9 

50.0 
58.0 
61. 0 
60,9 
6). 2 
f, 1 ~ B 

G2 
63. ;) 

.1 

,,2. -, 

509.5 
600.4 
~eo. 7 
571.3 
563 . .2 

4"63.8 
4966,6 
3609.9 
3610.8 
3569.4 
34S4.4 
3427.6 
3375.0 
3337.8 
3316.3 
3310.2 
3320.3 
:3341.0 
33~6.8 

ACC£LEl\0GRAM t':;6-"c2b. ;jclr 

7547,,& 
7547.8 
'1,,17.8 
7S47.8 

97 (I 6 ~ S 
10043.5 

P F. 0 F :£ L E - J?!J.duci.l.h U Landfill - tee-field P!o.E 

11'8RJ\'l'ION NIlMBE:R 2 

VALOES IN TIME D01>1."[N 

NJ TYPE DEPTH UNXfRN. <---- CAMPING ----> <---- SHEAR ~JODOLUS 
(it) STRAIN NEW !)SED ERROR NE:'~ 058D 

1 6 2.5 .OOHu .026 .035 
2 1 10.U .\H529 .102 .124 

1 20.0 ,(}B7l .119 .140 
30.0 .O~6S14 .128 .1~9 

40.0 .113S5 .134 .154 
50.0 .12437 .138 .1"8 
60.0 12879 .l:l~ .159 

8 E7.S ,09348 ,OH~ .089 
9 76.5 

10 86.5 
11 " 95.0 
12 104.5 
D 113.5 .078 
14 122. ~ 
15 131.5 
16 ~ 140.!J 
17 
1il 
18 
20 
21 

2:1 
74 
25 
2.0 
27 
20 
2:::: 
30 
31 
32 

3:< 

149.5 
159. Q 

le9.0 
179.0 
189.0 
199 _0 

~61 ~ 0 
271. a 
281.0 
291.0 
301.0 
~10 .5 

.086 
14 .11'1 
17 .115 

.1209S 65 .1':J5 

.13721 (.7 
.14627 70 
,154;0 72 
.16102 74 
.07168 06 

.06088 
• 06~1q 
.06415 

J7 
08 

.n 1 

.10J 

.1:l4 

.149 
.149 
.105 
.106 

.099 

.099 
_099 
.100 
.100 

2398.2 
695.9 
no.s 
e 50.4 
nG.4 

1491. 6 
488.7 

4769.2: 
4732.5 

ji;)ij'$!> q:( U 

"/:)/.;, 

813.5 
6 7S,..1 
943,9 

:1l32.0 
532.3 

503 ! 
4%4.4 
4972.2 
4SfJ 

ERROR 

4,3 
4.6 
S. U 

10. S 
11.2 
11.1 
11.3 

4.0 
-8.9 

1, 000 
1. GOU 
1.000 
1. ana 
1.00D 
1. ODD 

1.000 

.000 

.000 

.000 

. uoo 
,000 
.000 
,000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 

.915 

.78 .., 

.527 

.384 

.478 

~ LI:I9 

• 264 
. 27~ 
.275 
.273 

.474 
,47.; 

.010 

.512 

.011 

ii, 

p-H!:W-f..OlJt 

H 
J:' 
.It 
J1 4 3Q6.5 
lB 
n 
·HI 
41 
4::: 
4j 
4>1 
4l> 
4' 

356.0 
:;C6.0 
37 (;) ~ 0 

.Hl6.0 
396.0 
406.0 

.10079 

.105D2 

.10896 
,11264 

_ 11983 

ACCEI.EROGRAl-l 

.1:06 

.160 

.161 

.162 

.100 

,13:: 
.134 
.135 
.135 
135 

_ 1 :~ 5 

4.1 

15 
15 ~ 9 

1 »0 
1 ~ 3 
1 _ 6 

.0 

lIlLl-l. WI 

4'IO~ .0 
2616.8 
2580.S 
2530.7 
24'16.9 
24~f::I ¥ 7 
2385.1 
2351. J 
2324.5 
2304.1 

2285 
2287.1 

3375.0 
J337.6 
)316.3 

0.2 
3 0.3 

j,() 

3 6.8 

? Ref' I L E - fllciu:;ah U plof 

l'rSRATICN NUt1Jl8R 

Vi\LUES IN TIt~E DOMMN 

NO TYPE: DEPT!' IJNIFRf·J. <---- clAMPING ----> 
Ifti STRATll NEW nSE!:' ERROR 

I 
q t 

2.5 

I 40.0 
6 t ~il.O 

7 1 60.0 
~ ~ 67.5 

9 '" 
10 
11 { ~s.o 
11 104.5 
13 113.S 
14 122.5 
15 131.5 
IE 140.5 
17 149.5 
18 159.0 
1':3 1 £,9 ~O 
20 179.0 
21 169.0 
22 199,0 
23 209 ",0 
24 219.U 
25 2:'9.0 
26 
27 
28 
2~ 
)0 

j 1 
32 
3 J 
34 

35 
J6 
37 
38 356.0 
39 l 66. U 
40 376.0 
41 386.0 
4~ 3%.0 
43 ~06.0 
44 
45 
40 4 436.0 

.02] 

.089 

.lCI4 

.112 

.118 

.121 
.0B125 .12~ 

.06420 .OTI 

.21201 .111 
~09020 ,OS6 
.OG663 .078 
.04921 .070 
.0'>446 ,073 

.l)"l5 

.111 

.114 
,15302 .172 
.16068 .175 
.16097.179 
.19431 .152 
.20569 .164 
,%429 .102 
.OCG95 
.0 G949 
.0'1:'02 106 

,107 
.108 
.096 

. (J99 
• OS~56 ,100 
.0610S .101 
.06239 .101 
.1J..452 .160 
.11819 .161 
.122~9 ,163 
.12740 .1(4 
.1~~~e2 ,1 E6 
.DeH .167 
.13961 .168 
.1~~93 ,1<9 
.1·)541 .170 
,lq€5G 
.1<1830 
.14~65 .171 

.026 

.134 
,lJS 
,1 J~; 
• U~E 

.076 
.0BO 

w 174 
.106 

.10Q 

.104 

.15:: 

.153 
,,154 

-14 
-13.8 
-13.9 
-14.2 

.2 
-3.1 
-:.4 

S.4 
5 ~ 6 

-3.4 
-j.2 
-3.0 

-;. ? 

- .0 
- • I> 
- .6 
- .3 
-:;.2 . 
-J,U 
-: . ., 

4.8 
5.0 
5.1 
(j.9 

~ .9 
.S 

<---- SHEAR ~10Dl)LV$ 
NEW VS£P 

2450.5 
714.4 
794.9 
SaO,l 
967.7 

1055.6 
1145.0 
16C~. 3 

55(} .5 
1H1.8 
2:)59.0 
29~5. :: 
291G.7 
2344. r. 
2178.1 
2Je~ .5 
115(} ~ 3 
1D8S.4 

.g 
92~ .0 

3744.4 
3681.5 
J€.23.5 

HE3.0 
.4 

4~1 \:I", 1 
;l8 75,~ 

2358.9 

222~ .0 
2177.2 
213L4 

2398.2 

4ee. "/ 
1: 15.5 
lS.17. ~ 
28:: 0 . .3 

211i ll. 7 
1957, ::, 
1::e 0.:: 
l~:;) .1 
11 64.5 
1144.9 
1111.E 
35'15.1 
.3520~5 
3474.1 
3,129.4 
3~H~'7 . 5 
3348.1 
4S78.4 

4"/32, , 
47 Go. B 
Ulfj.6 
2560.9 
25J0,7 
247 G. 9 
2429.7 
2385.1 

.tJ 

i:RHOR 

t + ~ 
~.4 

... 
-~''';' .. ~ 

G/Go 
RI\TIO 

957 
.935 
.902 
· e83 
.856 
.638 
· S:Jl 
· ,49 
• 3~2 
_ 493 

.56t: 

.6:: 
• GO? 
.59] 
.42CJ 
• 4(j~ 

.46 
,4(; 

.45 
• 4~ 
.44 

.ZEl 

.257 

.252 

.242 
• 2~ 7 

~,$:~~I'H 



i\CC8LEROr,RA.M 

PRO F r L E - Pad"c"" U - te~-field p.rof 

t'lj 

IT8P.Al'ION NUMBE? q 

VALlies IN TmE )OMAIN 

NO TYPE DEPTH UN1!:,"'R~L Ub.NPING ----> 

l 
': 1 
4 ~ 

12 

1 
1 

13 , 

is 

18 

:':1 .; 
22 

: it) STR.~IN NEW USED ERROR 

Z .5 
1Q. " 
;.'0.0 

E 6." 

113.5 
12,. ') 
131.5 
11,0.5 
149.5 
159.0 

LI~llR 8 

.l)4903 

.0 :;39~, 

. 075'1~ 

.03;J91 
lG319 

.181S0 

.020 
• 08S 
,099 
. 107 
.111 

· D71 
.106 
.083 
· 07~) 
· D(a 
.070 
.072 
.100 
· 111 
l75 

.17 '1 

.021 

.089 

.0 

.0 8 
~ 0 U 

.0 
~ 0 :J 
.1 
.1 '1 

.18 3 ~ 1 '751 

.lS7 

.190 

-5. G 
-S.l 
-S.9 

-5. !; 
-6 .. 2 

-4. D 
-j. cl 
-j t 6 
"'.3 ~ :.; 
-2. ~ 
-2 .. ; 

1.5 
:. J 

J 

-j. 

~ ~~ 2J9.5 

.102 

.103 

.104 

.10:1 

.) 06 

.107 

.1(J~ 

.09C 

.097 
_ o~8 

-3.1 

2Y :, 271 
"Hl ~ ~ 1 

32 ~ 

34 
J~ ~. 

36 ~ 

4 .14 u." 
:IS ,j 356. (I 

39 " 366.0 
110 <4 3'; 6. (l 

4J. <I 3!6.0 
42 .. 396.0 
43 .. 4Q ,;.0 
44 4 .J1f,.U 

45 .. 'J26.0 
16 ..! '136. I) 

.onu .093 

.u~B98 .094 
1.150;;0 1'9" 

.164 

. 166 
· l68 

.H276 .lC~ 

.14666 .170 

.14,;99 • L 7 J 

.lS219 .172 

.1 SA 02 .172 

.15562 . J 7:'. 

.15566 .173 

ACC8LE:ROGRAH 

.160 

.1bl 

.1;;3 

.16":t 

. 166 

.167 

.166 

.16~ 

~ 1'7 i) 
.1'10 
_ 1.71 

.17 1 

fRO f' r - Paducah LJ 

rl'SRA1' ION NUMBER S 

VAT.UE:.: IN TIt~£ DOMAIN 

NO TYPE DEPTH UNlFRH. DAfIP:NC 
itt) STRAIN NSW USS{) 

1 .. !f .uU~~~ 

-3 

-3 
-3. 5 
-3 

-3.1 
1 .. 1 

1 • 
1 • 
1-
1. 
1.2 
1.1 
1.2 

1.1 

ERROR 

-;: .1 

<---- SHEAR MODULUS -----/ 
NI::W 

24:'8.8 
717 .0 
;104. " 

:l 
981.'/ 

2101. 9 
30 '19. q 
2998 
2924.1 
2277.8 
21701 .·1 
llO1." 
1020. "I 

371;) .1 
3663. } 
36U~. 8 
5420.5 
5360.1 
5294.9 
5237 .2 

1991.1 
1975.4 
J 961.9 
1%1.4 

US::;D 

2450. 
714 • 
794. 
~ i I) • 

967. 

20'>9.0 
299:) ~ 2.: 
2916.7 

2178 

:1>0.3 

j 51 ~I ~ J 
H63.il 

~1'19. 9 
SOB'? e 
<'025.0 
·lS68.5 

2134.4 

~os .. a 
20Q .4 

202 .1 
10;: .9 

pro: 

<. --- SHEAR MOlYJLUS 

ERRGR 

NE:N OS£O BRRCI\ 

,<1M.'! /11!.tt ~t' .1 

1';;9"'·-' "t U 

• ~77 
.959 
.930 
.91·1 
.. 90J 

· S98 

.64: 
• tS26 

.198 

.186 

.lI6 

.480 

.471 

.Z.E 

.226 

.221 
.217 
.213 
.20:9 

• 20~ 
.204 
.203 
.202 
.20 : 

GIGO 
P.l,TIO 

.981 

l~/!;/~CI!I'l ):~!~ p-»::lI-ct .tll:t __________ ._._._ .. __ • __ . __________ , __ ~_.,. ____ .. _. __ .. __ ~~.lL:.l.J'~ 

H 
I':: 
I:: 
U 

H' 

j~ 

4l 
H 
~~ 
. ~.., 

IJ.O .02QSO .003 .v6~ 

0.0 .03627 .0<;6 .O~S 

0.0 .0483" .lD4 
0.0.05524.109 

.05~40 .111 .11.4 

.(}6172 ~113 

.04509 

113A:) 

.10f 

.08:; 

.075 

1:2.5 .O"[~ 

131.5 .10~ 

1 ~ Ij. ~ 
149.5 
159.(1 .J'l 79 
169.Q .214'79 let; 93 

.2.J~20 .191 87 

2~U.~ .UE-S)B 

90 
SS 
01 

.. lUS 
26.0 H044S8 ,091 "US~ 
27.0 .O':';f~O) .092. .. 094 
2fJ *0 .O~;'/61 .093 ,,(}95 
<9.0 .04908 .094 .0% 
30 ,(I ~0507B .095 .U97 
~l.S .l1~J2'.~ 096 ~Q9a 

.098 
~ 162 

.1., [1]2 . 1 68 .168 
J76.0 .1'>456 .lG9 
)86.0 .1 .. ~Bltl .17)" ~170 

39G.0 .172. .171 
S06.0 .17;": 
·Jl6,O .15632 .1'12 
4:::6.0 .1~.l76S .173 
~36.0 .15735 .173 .172 . 

ACCELEROGRP.H 
PRO r I L £ - P"duc~" IJ 

ITSPN!'lON NUMBER b 

~/A:"Ut:~ IN TIME DOt'-'lAlN 

-2. S 

.2 
-:. z 
·-2. ;: 
-2.0 

or., 

-loB 
-1.7 
-1.6 
-1.5 
-.1.9 
-1.7 

,'f 

1.: 
1.5 
],'1 

: .2 
-1.9 
-2.0 
-1.9 

-: • .2 

~".2 • r) 
-2 

,0 

7n.8 
:30tl.5 
~95. 7 

29~9.0 

2:;4U. c 
223:l. : 
1 Q7 9.4 

Db4.1 
992.8 
81LJ 

33 E6. E 

• 9 
5,.lJ t3 ~:, 

548 q. 7 
:,41'1.1 
535(, .2 
52137.9 
5231." 
5183 . ~ 

.2 2202.9 

• J 
.'1 

,J1 

.3 

2148.4 
2:)99. J 
<JSb 

.8 
199:;. () 
1~7~.5 

1;>56.1 
194:) .0 
1047.5 

717 .0 
I:H]4.6 
an.3 

1781.0 

2174 _ 4 

1101.4 
1021).7 

944.2 
Ai €" 2 

~4 2~.' 

.9 
5232.:: 
SH7.f} 
5114.4 
S() t"6. 9 

21<'2.4 
2114.4 
20"14. I 
2039. t 
20 10 ~.? 
lS~ 1" 1 
lS'7S.4 
19f1.9 
] £ 61 ~ ~ 

tJO Type ()t;P'l'f1 UNI fRM~ [lA.MPING ----,> <---- SHEAf< t-tCUCLUS 
ift) S'J'RI.IN NEW USED ERfWP. NEyl USEe; 

2.~) .0\1"".'7.1 "020 .010 
10.0 .02396 .OB/' . O~3 

1 .095 
'4 1 .10:' 

1(; 

1.4 

I .107 
1 .110 

.U6058 .112 .112 

76. S 
80.5 
95.0 

104 H5 
113.5 
122" S 

• O~3.J 6 
.D024 
.07425 
.05418 
.0,119 
. 0'15i 0 
" 1.).:'048 

. 0 ~ 7 
IOU 

. Q, 0 

.07:

.Of6 
, C E:~J 
.071 

.068 

.1U~ 

.081 

.073 

.1)67 

.069 

.011 

-1.3 
-J .. 

-1 
-1.3 
-1,3 
-1. J 
-. (. 

-J.~ 

-1.9 
-1.0 
-.8 
-. e 
-.8 
-.7 

2463 
71 R 4 
310." 
898. C 

184CL8 
040.0 
1450~~ 

2J78.5 
J 132: •. ',: 

2~;' 1.9 
717.R 

J.7 
6, :3 
3.9 

.1 

.5 

.5 
~ s 
, S 

2.6 
4.4 

2. '7 
2. f., 

-2.. D 
-3 . ., 
-S.'1 
-8.0 

-JO.q 

Z .4 

2 • 
2.:' 
2k3 

2.J 

2. ·2 

- . ., 

-" ~ 
..... 5 

-1.0 

- . ., 

8kROi'< 

.! 

.J 

.963 

.942 
· ~L~t, 
.916 
.5>11 
.909 
.6% 
.431 

.462 

.141 
,189 
.175 
.1€2 
.150 

.500 
.493 

· ,,59 

· :.39 
· :',)2 

,21,17 

• ZOJ 

.196 
.197 
.195 
· ]SS 

• ;92 
~ S;~ 4 
.946 
.930 
.921 
.91£ 
.91'; 
· ':7'; 
~5! 

.58. 

.63f 

.665 

.~o 

· is: 



e-HSW-t.l:lUt 

:s 
:6 

18 
l~ 
20 
21 

24 
25 
26 
27 
2S 
29 
J'l 
31 
J2 
JJ 
34 
35 
36 ,I 
}7 

38 
39 
40 
11 
4:: 
43 
44 
45 
46 

131.5 

159.() 
169.0 

199 
?t'i9 

:71.0 
2&1.0 

3~9. 5 
337.5 

J 66. 0 
376.0 
386.0 
3~6. 0 
406.0 
416.0 
426.0 
436. U 

.0687"1 
.076.Jt 
.nVUi 
.1~61E 

.22570 
,25 G25 
.29598 
.05340 
.05526 
.05734 

.12115 

. 1290l) 

. 134Hil 
~ 14013 

.1 B ~ 

.194 
• 19~ 
.096 
.Q98 
.09~ 

• ]()O 

.10: 

.090 

.(,92 

.G93 
• liSt;. 

• (;95 
.o,=" 
.162 
.16J 
.1£5 
.167 
,16B 

.173 

.173 
.1 
.0 

8;'5.2 

4033.6 
3979.5 
3922.6 
3875.7 

5618. a 
5555.9 
5487.5 
5426.7 
5356.6 
5299.B 
52~9.4 

2305.7 
2254.6 
2207.5 
2lS0.0 
2099.3 
2056.3 
2016.6 
198$1.4 
1970.6 
1950,4 
1940. B 
1945.5 

;"CCELEP,OGRf"M t.56-"c;Zb. ,,,r 

2340. 
2233. 
1079. 

984. 
8n. 
Sll. 

398 J ~;: 
3925.2 
J6£6. G 
3S16.8 

3759. " 
3708.9 
5549.5 
5484. "' 
5417 .1 
5356.2 
5287.9 
Snl.i: 
5183. q 

2297 .1 
224S~9 

2202.9 
214e.4 
2099.3 
2(J58.3 
2020.8 
1993.0 
1974.5 
1956.1 
1945.0 
1947.5 

P. R 0 ~~ 1 L E - PadUt:.:Qh U La.ndfill fee-field p:of 

ITERATION NU1.j3ER 

Vll.1(1SS :N TIMS [,O>'lAIN 

NO TYPE 

1 r. 

13 
14 
1S 
16 

1 :0.1.' 
I 20. U 
1 JO. (i 

1 40. (I 
1 50. U 
I 60. (I 

17 14~],,~) 

159, \) 
1<9.0 

~Q 179,[1 
21 H~.[) 

23 
24 
25 
26 

UNIFRM. !)llJ.l?INC, ----> 
STRAIN ~EW USED 8RROR 

.00<:15 .n~ .020 -1.0 

.02]]0 .J82 .08~ -.9 

.03572 .)94 .O~5 -1.1 

.0,511 .102 .11D -1.0 

.05143 .lOe .187 -1.0 

.055Z5 .109 .1:0 -1.0 
.1.I2 .1:2 -.3 
.067 .(10' -.7 

.14534 .')99 .100 -1.1 
-. '\ 

.lOR -.7 
.17071 .176 .170 .1 
.1994,) .183 .182 .'i 
.2313(; .190 .16B .0 
.. 2'}2·17 .19£ .194 
.31309 .:02 .19B 
.05"32 .0% .096 -.7 
.05404 .097 -.8 
.0,59.9 .098 -.B 

.100 -.8 

.101 -.8 
.Q615j .101 .102 -.9 

2465.1 
718.8 
tl12. q 
900.2 
991.9 

lOe~. 5 
1171.4 

1067. ~ 

712.3 

3914.9 
3859.5 
3812.8 

r~q" ,~ 

81u •. / 
~~~. 2 
969.6 

1080. ~ 
1170.4 
~046,e 

640.0 

1070.1 
,)61. 7 

B 55 ~ 2. 
758.9 
675.5 

4033.6 

3875.7 
3819.2 
3770.7 

1.5 
1.6 
- .9 

-2.3 
-4.4 
-6.9 

-10.:: 
1.2 
1.4 
1. .1 

5 
1.6 

1.3 
1.3 
1.3 
1.3 

.3 

.2 

.1 

.0 
- .1 

ERROR 

.1 

.1 

.2 

.2 

.2 

.1 
,5 

J .3 
,5 
• <1 
.3 
.3 
. 3 

-1.3 

-6.5 
-11 w:3 

.S 

.9 

.9 

1.1 

,475 
.453 
,185 
.169 
.153 
~ 139 
+12B 
.528 
.520 
.512 
~ 506 
.49B 
.491 
.572 

.539 

.534 

.229 
" 1Z4 
. 219 
.214 
.20" 

.196 

.197 

.1S'O 

.194 

.194 

.983 

.965 

.949 

.933 

.n'1 

.. ~ 19 

G60 

"642 

. :47 

.1)3,1 

lEJ1;:/:Ii!lf 1,;:& PH 

261,0 .04206 .OS9 ~UB9 

?71 .OLl340 .O~~ ,090 
3D .091 .Og~' 

31 .092 
32 S 301.0 ... 
34 
35 
36 
37 
J8 
J~ 

40 
41 

43 
44 
45 
46 ~ 

J28. _ 11830 
jJ'l. . l2:21 
J46. .12788 
356, .13393 

.13947 
~7 6. (! .1<\·13] 
386.0 .14904 
~C) f,. 0 1. ,221 
4%.0 

64 .165 
(·6 .10" 
08 .163 
G~: .170 
71 .171 
72 
72 

VALUES IN :lOW,IN 

LAYEH NAT. ':'HICKNESS 

10 
11 
12 
13 
14 
15 
16 
17 
16 

21 
22 

24 
2.::) 
2'; 

27 

29 
3') 

31 
3~ 

33 
34 
35 
36 
37 
Jb 
3~ 

40 
1.1 
41 
43 
44 
15 
46 

Til'E (tt) 

".0 2.5 
.ll 10.0 

lCI.O 20.0 
.0 30.0 

1.0.0 4\J. tJ 
.0 50. () 

1] .1) 

5.0 

10. :: 

9. a 
g. (\ 
,. U 

11.0 
11. j 
10.0 
10.0 

10.0 
S .0 
9.0 
9.0 
9.0 

lO.() 
11l.1i 
10.0 
10.0 
10.0 
10.0 

113.5 
122 
131.5 
IIj().5 
149.5 
1 ':9.0 

209.0 

"50.5 
2E-l.Q 
2"1l.0 

,0 
291 ~ Q 

301_ () 
:nO.5 

:JBG.O 
.3%.0 
406.0 
416.0 

MA},: • 

- .8 
-.U 
-.8 
-.8 

-.2 
- .2 
- .1 

." 

.0 

.<1 

STRAIN 
(,) 

• u03? 
• 03~3 
. 0541 
• 0683 
. 0779 

· l)S 17 

.000,)7 

.07556 

.1,)191 

.11329 

.25865 

.35509 

,031'&8 

.09J23 
,0637:' 
.. 06576 
,05fJJ:' 
· ()7Ulu 
. 07272 
n74~d~ 

.20292 

.21102 
,2186SJ 
.22562 
.23062 
,2 ~40S 

2 :'.S 0:> 
,2 3 96:~ 
,2j8SS 

,.IlI,I, 811 

56GS. (J 

5(;02.3 
.7 

,3 
.1 

2218.9 
2156.5 
2]('5.1 

1971. 6 
1949,6 
19·10.8 
194 (,.7 

56UL8 

2L:dJwLJ 
7099. J 

1989.4 
197t.L 6 
1950.4 

.~ 

.1 

.4 

.1 

STR~SS Ace. 
(psfi (9) 

tU.]" .267e8 
:J3.~7 .261~~ 

438.78 .25J() 
€13.8~! .24270 
771.:::1 .2"976 
904.82 .21510 

:091. :18 
22,6.23 
2421.94 
;?S70. 4~) 
2767,75 
2906.9~1 

3036.97 
3132.90 
J104. E4 

}SlS.S7 

3734.2G 

3967.58 

H3~.23 

4496.BI 
-155).5tS 
4587. ~3 
4612 w 19 
4642.24 
iji)S0.81 

4£ 41. o·'! 

· ~ 0955 

.1,)73e 

.1"i440 

.17502 

.17146 
,1 (-.7:8 

.16188 

.15S91 

.1106 
~ 1167 
.114::' 
112 • 
1111 

.1,E4 

.loa:; 

· luaus 
· v 'J"J7 ~i 
.0:-559 
.09308 
.09;)51 
.0 a82" 
• I) 8t:~ 7.:) 

.08:<01 

.579 
H 572 

. SIS;! 

~ :lUY 
.2Q5 
.20.1 
.! 9B 
.196 
.194 

.1 ~n 

TIME 
St;'C; 

4. 
4. 
4 • 
4 . 
4 • 

4. 

3.80 

j . ,~ 

j.7'(; 

3.7ij 
3.8e 
J.B 0 
3. B (J 
l. BO 
3.76 

3. 2 
3. 

3. 0 
$. 
j. ~t 

J. (€ 

3. (.; 

.>. c • 

. r:~ 
3. ':;(1 

J .Sb 
J.5' 
3 • ~6 
:; 
3 
.. L52 

,l.H 

o 

~:r:;-J -r"i 
g' g J~"" 
a2.~ ~ , 
~ ~,'I' :::0 .~ 
lUm - I" 
Ullin -liT n;' QO . 

W =:L!J' ::: .... 1» c::.:a ~ 

g~ N "1 
".~ 0 

en 
a 



:.. 
~ 

<\. 

~ 
'. t.< ~ 
=- """ ,. <: 
! 

I~ 
t' 

r 
i 
! 
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p-XI;W-n .• <lu!:._. _________ _ 

• SHAKE -- A COMPUTER PROGRAM FOR E:ARTHQUAKE RESPONSE 
ANALYSIS ClF HORIZONT.ALI.Y LAY£R8D 
by: E'er B. schn"bel & John Lys:ner --

• Shake85 IBM-PC version of SHAKE 

• 5h"k,,86 

by, S.5. (Wi.llie) Lai, J""uary 1985 

modul:J.~ r~duction curves fo!: 
using .re::Jults trom Sun eC al. 

S. r. Sun &. Rdlf.in Go':'o!tor khi 
26, lSi8 S 

II ::;n8.ke90/91: Adjuf>t last iter<:it:ion; Input noW' is eir:..hcI: 
Gmax or max Vs; up to :"3 mc:lt:eri.c:11 typez can .
bt! specified by user; up t.o SO 1,ayere c.en 
bf:! spf<:cifit:!d; object motion can be !:ead in 
from <J separate file dnd can he,\ve u~el: 
specified fermat; Different period" for 
response apectri.l.l calculation .. ; options 
are renumoered: and gener .. l cleanup 
by; J. 1. Sun, 1. M. Idris. ;; P. Dirri'" 
June 1990 - ""E;otUUY 1991 · ........ --_ ............ -- ... --- ................. -..... _---.-..... - ...... ----_. __ ... ' .... """ .......... -.. - .. 

'JII ;;ha,.:<.:}91 Gener."l cleanup .:lnd finalllC1Llon of input I " 
output form",t ... 
by: r. H. I::lrisu 
D~c"mbe r 1991 

• Shttke98 Routine for direct calculation of average 
acc"l"ration is added to the program. out
put: format is modified co enable the two -
- page landsc~p" printing. The followir.g 
modulus reduction "nd damping curves are 
"dded: M"t:""ovic & Kova ... njian (1998) fOl; 

rnun.lcipal solid w"~te; Mata~avic & VuoeLic 
(199J) for SMa ""nd; and vucet;ic ,,no Dobry 
(19~11) ':01 cloy.3 of variol,l~ pla::lCicit;ies. 
by: Nt:ven Matosovic 
August 1.93 - May 1998 

•• '*., l "' .... -. .' •• fie •• IHt ••••••••••• If. iii ." ........ It ... "'._ '" .",11 t- ••• .... "' •• 

t><.AX. NUMBSR OF T£RMS IN FOURIER TRANSFOHM ~ 4096 
NECESSARY L8NGTH OF BLANK COfL.'10N X 25619 

('PTION 1 ••• READ RELATION BET~iEEN SOl: ?ROPERTIES AND STRAIN 

MATERIAL TYPE: NO. 1 

CURVE NO.1: 
CllRVE NO. ;:; 

CURVE NO. 1 

~~RAIN G/Gm"" 

, 0001 1. UOO 
1.000 
1.000 

.0032 

.0100 

.0316 . Sl59 
1000 .681 

.3160 ,655 

1. 0000 
3.1600 

#1 Modulu~ for OlI W'"'~te !M~~~.ovic 6 Kavazanji"n. 199. 
-Hl Damping for OIr W~!Jtt;;: ~M~taso\fic & K~Vo!l:Z¢T)j.iall_ 1996 

CURVE NO. 2 

STRAIN DAMPING 

2. !;~ 
.0032 oJ. ('3 
.0100 5 ~ e 9 
.0316 8. S? 

12. S1 
17.63 

... ----. p,.\I>: i ct U 

l:!1:/!'!HJ; !l~\< ~~ 

"'.1;11'1:1<1111. T\'.I'E lie. ~ 

CURVE NO, 7: #4 
CURVE! NO, 8 , # 4 

CURVE NO, 7 

STRAIN Clew .. '" 

.000: 1.000 

.0003 1.000 

.0010 .%4 

.0032 .370 

.0:00 .712 

.0310 .474 

.1000 .253 

.3160 .103 
1.0000 .O~9 
3.1600 .004 

MP.TERIAL TYP8 NO. 5 

CUFVE H<). 5:; #5 
CURVE NO. 10: #5 

CURVE NO. 9 

STRAIN G/G;n,,)( 

.000) 1.000 

.0003 1.000 

.0010 .995 

.0030 .936 

.0100 • ale 

.03Z0 .640 

.1000 .405 

.3160 .210 
1.0000 .095 
3.1600 .034 

w.."fEkl.l\L n:n: 

1I1J.I. JW 

__________ """'~, __ ~-El.li!2.!.U..~11_:;1!_I~ 

for $,.:tnd 
fer Sand 

(i.lllcetic ",nd jobry, 
(VlH':etic ;lnd ')obry. 

CURVE NO. 8 

STRAIN DAMPING 

,0001 .tiS 
. DOC) 1.04 
.0010 1.66 

3.00 
5. 4~ 

.0316 10.01 

.1 DOO : 5.40 

fox:- CL 
for CL 

CURVE: Nil. 1 <l 

STRAIN DA.'lPING 

.0001 2. S6 

.0003 2.58 

.0010 2.56 

.OOJO 2. ;,~ 

.0100 4.64 

.0300 '1.77 

.1000 11.67 

.3000 16.08 
1.0000 20.12 

.0000 .00 

and Dacty, 19S1' 
and Dobry., 19:;1t 

c 

cn~:I;l:D 
0::1 =0 s: i 

CURVE NO, 11: 
CURVE NO. l~: 

Uo Modulus tor C 
~6 Damp~ng for c 

( PI;30) 
(PI~30) 

Vuceuc and Dobry. 19S1) 
Vuceuc and Dobry, 19911 

Q.~""I » !. :E ~ ::::0 ! 
~ ~ I C> , 

0) ii>liJ.r ." .. ' ~~ N l-Cl1RVE NO .11 

STRAIN 

.0001 

.0003 

.0010 

.0030 

.0100 

.0300 

.1000 

G/Gr~fJ.x 

1.000 
1. 000 
1.000 

.976 

.901 

.743 

.538 
.3000 .332 

1.0DOO .159 
3.0000 .048 

OPTr.:,N 2 

§:::J c:::::> 
OW -
:T~ ~ m 
a C 

STRAIN :>A..'lPING 

.0001 .85 
.85 

1. 36 
2.1e 
3.02 
6.00 

.1UUU 

.3lEO 
1. 0000 15.90 
3.1600 :! 1.16 

REAt> son I WASTE PROFILE 

-_· ... ·--Page"" ::: ?t 11 .... ""-,--,""-,--".,. .. ,,<""""">,,-" •• ~ 



e~H:lW·h." .. ~ 

SOIL PROF'ILE NO, r-r,)dUc~h U Lundfill - fee-field plof 

IJUHBER OF LAYER!': 41 
DE?TH TO BEDROCK 441. C 

NO, TiP!:: 

10 
11 
12 
13 
14 
15 
If 
n 

19 
20 
21 
2? 
23 
24 
25 
26 
27 
28 
2~ 

30 
,1 
32 
33 
3.J 
35 
36 
37 
38 
39 
qO 
41 
4Z 
43 
44 
45 
46 
47 BASE 

THICKNESS 

10.00 
10. \)0 
10.0(' 
10 .00 

7.0l' 
10.0(\ 

9.0(' 
9.0C 

10.0U 
H'.DC 
10.0C 
10.0(: 

9, GD 

9,00 
9. DO 

10, DC 

10.ua 
10.00 

DEPT~ 

jU. U:; 
40,00 
50. O~ 
60. OJ 
67.50 

189.00 
199, aD 
209.00 

281.0D 
291.00 
301.00 
310.50 

328 
337. SO 
346.50 
3% .on 

4Z6.00 
436.00 

TOT w PRESS. 

2;'28.SO 
335;,.50 
4~06.50 

5071.50 
58.32.00 
6%3.00 
820;, .01) 
9242.00 

18154.00 

21774.00 
23014.00 
24254.00 
2':>494.00 
26796.UO 
28160.00 
29472.00 
30732.00 
31992.00 
33::52.00 
34512. 00 
35709.00 
36843,01) 
38152.50 
3%37,50 
41122.50 
42690.DO 
44340.00 
45%)Q.OO 
47640,00 
49290,00 
50940.01 
52590.01 
~4~40.lJl 

5')690.01 

1071. 
1176. 
1279. 
2'"/ IS. 
1:18 (). 
.2465. 

5e23 . 
5023. 
5923. 
') ,48. 
7548. 

9707. 
9707. 
9707, 
9707. 
9707. 
0043. 
0043. 
00Q3. 
0043. 
0043. 
0043. 
0043, 
O{)43. 
0043, 
0043. 

5.0C 
5.00 
5.00 
5.QfJ 
5.00 
5.00 
5.00 
5.00 

;, .00 
5.00 
5.00 

5,00 
5.00 
5. UO 
5.00 
5.0U 
5.00 
5.00 
5.00 
<;. 00 
5.00 
5,00 
5.00 
5.00 
5,00 
5.00 
5.0') 
5.00 

UN:T ~IT. 

85. DO 
87.10 

130.00 

12LQC 
121.00 

120.00 
120.00 
124 ~ 00 

.00 

126.00 
126.00 
126.00 
126,00 
12t. VO 
165.00 
16S.00 
165.00 

165. CO 
lb5.00 
165.00 

PER rOD ,. 1.·146 sec rEOM AVERAGE; SHEAR WAVe VELOCITY OF 1220.3 ft(""c 

16.07 
.87 c/sec 

('PTIDN READ INPUT ~:(lTlON 

f'LLE NAl1E r'OR IN?UT NO:-ION ~ fiBS-we:: .Si:I,t 
NO. 0,' INPu'r ACCEL. POINTS < 3764 
NO. Of' POINTS CSED :N ~,T 4096 

NO. Of' HEADING LINEs ~ 6 
NO. OF FeINTS PER 1.1 lJE ~ B 

T [ME STEP FOR INPDT MO':710N = .0100 

~ige 

Sii. VEL. 

,,6LO 
687. '1 
e:;o. U 

950 .. 0 
1100.0 
lJOO.O 

1100.0 

575,0 
.575.0 

"100.0 
400.0 
400,Q 
400.0 
400.0 
400.0 
400,0 
400.0 
400.0 
400.0 
40Q .0 
4Q().U 
000.0 

12il2l:!UlC J ':, PM p.":'11~.If.~!l .. ·.41at 

fO r'J'1i':r t'Q R l'JM~ HISTDRY ~ 1<''-9. (,1 

..... •• .. ACC£LEFiOGRAM HSAD£R 

HE5-WCC synthetic for lC:lxge in near-field; 
o.r.iQ~ geheri'\r~d by H.B. :.tor M ..... 7 eq. 
Tri!: ar;celerogram was USBR far Eradb~llY Santct 
wnex" th",r" is 7 .25 Inez & Hw 6.75 @ Thrust 
Max~ in fj.le 0 
47:)-8 ~ 378~ pt •. 

FIRS':: f. LAS1' 5 LINES OF' INPUT MOTION 

1 -.OOvooo .V0470: .(107918 ,012~39 .0 5,94 ,1)02460 
-.010565 ,006040 .02:666 .UJ3959 -.0 ,18,) -.UJ7'!i.S 

.015.)62 -,033526 .0 6350 ,046006 
,013TI~ .0301~5 .0 772B .UIH,4 -.006B~7 -.021263 

-,016395 .009715 .015249 .0 2747 .Ol'4127 ··.00840 -.0:2041 

JI.AXWUM ACCEI.ERA'J'LDN .7~OQUO 

AT TIME 7.75.oc 

THE VALUES WILL se: MULTIPLIED BY A ,ACTOR ~ 

10 GIVE NEW MAXIMUM ACCELERhTIOIJ 

. 038 ,~B 

. 0 0 ~"'J ~ 

MEAN SQUARE FREQUENCY = 
MAXUWH A~CEL£RATION ~ 

3.96 
.361911 ,'REQUENCIES REHOVED MOVE; 25.00 c!>ec 

OPTION ~ ... READ WHeRe OBJ8Cr 140TlON IS G:VEN 

CBJECT MOTION IN LAi'EH NONBER 39 OUTCROPPING 

OPl'iJN 5 ... OBTAlN S'~RAIN CC'MPATlBLE SOlL PRO?ERTlES 

MAXIMUM NtJl>18ER OF ITERATIONS 
FACTOR fOP. UNrFOR:~ STPJ'.IN IN 'r 1MB DOl>lAIN .66 

hCCELEROGRAM >iSS-wee: .30r 

PRO F I L E - Pad-":'c.Jh U L;jndfill .fcc-1'i~ld prof 

ITERA'f ION NUMBER 1 

VALOE:S IN 'l'rt1E DOt-1AHl 

1\0 TYPE DEI"rH UNIFP.N. <.---- DAJ1Prt,G ----> <---- SHEAR ~IODULliS GIGo 

a 

10 
11 
1::: 
13 
14 
15 
16 
17 ~ 

(ft) STRAIN NEIl lISED ~RROR NEW US~D ER"OR R~.TIO 

2:.5 .02 
10 (J .10 
20, () .11 
30.0 .11 
40.0 .D70()O .11 
50.0 

04." .Oj60~ .G6 
:"3,5 ~03880 .06 
:2.~ .04128 .OE 
31,5 .04019 .OS 
40.5 . C8 
49.5 .10 

.05<) 

.(lSO 

.050 

.050 

.0,0 

• DoD 
.050 
.050 
.050 
.0;'1) 

.050 

58.0 
57.2 
5L8 

.~ 

26.2 
20. !> 
2:!.6 
24.3 
42,6 
43. G 
53. ;; 

2J"iti. ~ 
691. 6 
7'/4.3 
80.5 
%9.5 

lOc"} ,~ 
1149.6 
18€ 1. 0 
757.3 

15S 6.3 
2296,4 
323S.6 
3179.3 
3131. : 

2~~7. 1 
714. E 

l071.1 
\ 176.:' 
1~79.3 
2714 •. / 
13 B 6 ~ 3 
24<4.<. 
3;91.4 
4546. ,. 
~5~6.9 

4546. ~ 

1. VO. 
1. OU" 
Loa •. 
LDO~ 

1. 00. 
1. oo~ 

1.00. 
1. 00, 

·u.: 1. 00; 
:.00 
1. DO:; 
1.00,' 
1.00.' 
1.00' .• 
1.00:; 
l.vO. 
1. VO~ 

1::: /lZ 120 1 0 ~.~;:,2.-!!1 



p-l1liW-h.""n. l;;ll;t:!flll> j: 2~ li'N 

18 
19 

21 

23 
24 
25 
26 
27 
26 
lSi 
30 
H 
32 
33 
34 
3~) 

36 
37 
.38 
)9 
,1U 
41 
42 
43 
41 

46 

159.0 .03857 .109 
1<>9.0 .03996 .1U 
179.0 .0413;) .113 
189.(1 .04269 .114 
1~9.0 .03394 .Oa2 
209.0.03488.083 
:219.0 .03573 .083 
229.L) .03646 .084 
239.5 .OB5 
250.5 .085 
261. 0 .077 
2"11.0 .079 
261.0 .030~4 .OB 
~91.0 .03143 .079 
301.0 .0318~ .060 
310.5 .03221 .OBO 
31S.5 .03256 
328.5 .03192 
337.5 .032~S 01 
316.5 .03308 02 
356.0 .03372 03 
366.0 .034)7 04 
376.0 .03490 OS 
366.0 .03534 05 
396.0 . 03~G2 06 
406.0 .o;::58 lJ • Db 
<J16.0 .0:364C 07 
4<6.0 .0366~ 07 
4%.0 .03729 08 

.050 

.050 

.OSO 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 

.050 
• USO 

.050 

.050 

.050 

.OSO 

.050 

.050 

.050 

.050 

.050 

.0,0 

S4 • .3 
55.0 
55.6 
56.2 
38.8 

37.2 
:0.5 
37.8 
50.3 
50.7 
51. 1 
51.5 
51.9 

.8 
~::;'l 

53.4 
5~. <) 

2537.4 
2497.6 
2460.2 
~424.2 
q739. ~ 
~ 696.3 
4659.0 
4627.3 
4598.8 
~s 73.8 
6319.6 
6289.1 
6262.3 
6239.2 
6Z19~9 

G199.l 
Gl77. e 
1741.3 
4707.5 
4672.5 
4635.4 
4598.7 
4569.4 
4545.1 
4529.9 
4517.9 
4489.2 
446:/ .4 
4441.6 

ACCELEROCRA-M HBS-wee .!Iar 

5820.0 
5623.0 
5823.0 
5623.0 
7547. B 
7S47.8 
7547. e 
754'J. E 
754'). t 
7547.6 
9706.E 
9706. S 
9706. E 
9706.8 
~,)06. 6 
S706. b 
9706. b 

10043.5 
10043.5 
10043.5 
10043.5 
ID043.5 
10043.5 
10043,5 
10043.5 
10043.5 
l0043. e 
l0043.5 
.10043,5 

PRO? I L E - Paducah U Landfill - fee-field prof 

ITERATION NUMBER 2 

VALfJES IN TIME: DOMAIN 

TYPE lJEP'l'H UNIFRM. <---- DAMPING ----> <:---- SHEAR MODULUS 
(fe) Sl'RAIN Ne:~1 USED ERROR NEt~ USED 

2.5 .00226 .G20 .02B 
10.0 .02320 .061 .105 
~O.O .03559 .094 .116 
10.0 .04535 .102 .119 
40.11 .0,247 .107 .117 
50.0.05826 .111 .116 
60.0.06373.114 .120 
67.5 .()4490 .069 .067 

!; 76.5 ,12777 .0515 
10 66.5 .0702S .079 

95.0 .O~168 ,071 
104.5 .03962 .Uf5 .063 

6 113.5 .OQ269 .065 
U2.S .04605 .066 
131.5 .05161 .095 ,QS7 

.05490 .097 .089 

.06339 .LJ; .10S 
159.0 .06679 .135 .109 
169.0 .07002 .137 .111 
179.0 .07335 .13S 113 
169.0 .07652 .141 .114 
199.0 .04018 ,OB2 
209.0 .041:l4 .063 
2,9,0 .04::28 
2"9.0 .04300 
239.5 .04358 
2SU.S .OqqZS .090 
261.0 .03259 .080 .077 
271.0 .O.lJJ8 .081 .076 

5 281.0 .03409 .062 .079 

-4() .~ 
-28.9 
-24.2 
-16.6 
-9.2 
-4.7 
-5.7 
2.3 
"'.5 
5.9 
5 .3 
3 .4 
3. (5 

3.6 
a .S 
8.8 

18 .9 
19.0 
19.1 
19.2 
19.3 

6.3 
6.2 
6.1 
6.0 
5.8 
S • ., 
3. & 
3. '7 
3.8 

2462.0 
718.9 
S12.7 
899.9 
990,4 

1079.2 
1166.1 
1830. " 

682 .. 1 
1414,0 
2205,7 
3163.1 
3101. 5 
3046.0 
HoB.4 
<GOS.5 
1ge 2.4 
g:4.0 
1871. :3 
1819.5 
]7,2.2 
4476.2 
44:; 1. 9 
4397.1 
4)70.6 
4349.9 
4325,0 
61i 5.5 
61:0.6 
6065. a 

237::L9 
6:-;1.6 
774.3 
567.5 
969.5 

1067.2 
1149.6 
IS;:;1. (; 

757 . .3 
1556.3 
2296.4 
3~35.6 
3179.3 
3l:ll.l 
2522.7 
2875.0 
2579.7 
2537.4 
2497.8 
2460. Z 

6319.6 
62S~ .1 
6262.. ;: 

-129.5 
-133.1 
-136.7" 
-140.2 
-59.3 

-63,1 
-64.1 
-65.0 
-53.6 
-54.4 
-55.0 
-55.6 
-56.1 

-111. 8 
-113.4 
-115.0 
-1' 6.7 
-118.4 
-119.8 
-121.0 
-121. 7 
-122.3 
-123,8 
-125.1 
-12 Eo.1 

-----> 
ERROR 

3.4 
J.!:I 
4.7 

3. " 

1.1 
1.4 

-l. ') 
-ll.U 

-5,6 
-4,1 
-2.3 

-9.5 
-10.3 
-30,1 
-31.9 
-33. S 
-35 .~ 
-36.8 

-5.9 
-6.0 
-6.0 
-5,9 
-,,7 
-5.8 
-2.3 
-2,6 
-2.9 

1. QUO 
1. 000 
1. 000 
1.000 
1.000 
1.000 
1.000 
l.OOO 
1.000 

l.OUt) 
1.000 
1.000 
1. 000 
1. 000 
1.,000 
1. 000 

1,000 
1. 000 

GIGo 
RATIO 

.949 
~ ,2S1 
.906 
.901 
.90$ 
.907 
· ,99 
.6S6 
.546 
.631 
.677 
.712 
.699 
• 6~9 
• ;'93 
.563 
.443 
.436 
• ,129 
.4:!2 
.416 
.628 

.606 

.651 

.646 

.045 

t>-14!lW.h.<)l1l 

11 ~ 291.0 .03474 .062 .079 
): !> 301.0 .035.36 .030 
.1:1 !> 310.5 .03601 . 090 
l4 !'> 319.5 .03664 .030 
l!. 328.5.04890 .101 
st ~37.5 .0500~ .]22 .101 
T1 ~46.~ .05111 ... lZJ .10:: 
:~ 35G.0 .05215 ,124 .100 
)~ 366.0.05,09 .124 .104 
'Il) 376.0 .05387 .12" .105 
U 386.0 .05455.126 .105 
4: 3%.0 .05509 .126 .106 
4) '106.0 .0:'560 .10£ 
H 416.0 .0:;631 .107 
4~ 426. a .0,,697 .107 
4f 436.0 .05758 .loa 

3.9 
4.1 
4,.J 
1.5 

16.6 
16.0 
16.6 
16.5 
16.4 
16 .2 
16.2 
l~" 2 
I.e; ~ 2 
H.1 

,Jllll, III 

6047.7 
6011. 5 
5976.1 
5941.4 
3919.6 
3874.6 
3S3~. 3 
37~)5. 5 
3761.1 
3733.0 
370S. e 
J 689.;; 
1672.1 
3647,5 
)625,1 
3604.6 

ACCELEROGRAM HHS-WCC .Sa! 

6239.2 
6219.9 
6199.1 
6177.8 
47Q1.3 
4'707. :; 
4072. :, 
4€~ 5.4 
4596. ') 
45C9.4 
4545.1 

. 4529.9 
4517. , 
440&.2 
4462.4 
4441.£ 

PRO r I L r:: - r·~duc .. h U Landtill - tee-tield prof 

n'ERATION NUl-lBER 

VJI.LU8S 1 N TTt~8 DOYlAI Ii 

-3.2 
-3.5 
-). ') 

-4.0 
-~ 1. 0 
-21. 5 
-:1.9 
-U,l 

-2Z. " 
-22,4 
-22.5 
-:2.8 
-:3,0 
-:3.0 

NO T~PE DEPTH ONIFRM. <---- DAMPING ----> <---- SHf:AR MOrnT.llS -----> 
(ft) STRAHl NEW OSED ~RROR NE,/ USED ERROR 

1 ~ 2.5 
I "0,0 

20.0 
4 1 311.0 
5 I 40.0 

1 50. () 
"0,0 
e;7 1 S 
76. :. 

10 66,5 
95.0 

12 104.5 
13 113.5 
14 1:2.5 
15 131.5 
16 140.5 
17 HS.5 
10 109.0 
19 H8.0 
20 179.0 
21 lES.O 

1~9. 0 
23 209.0 
24 219.0 
25 Z:9.0 
26 2~9.5 
27 250.5 
28 261. 0 
23 271.0 
30 181.0 
31 291.0 
J2 301.0 
33 310.5 
34 319.5 
35 328.5 
36 3~7.5 

n 346.5 
38 356.0 
3S' 366.0 
40 4 376.0 

.; 386.0 
3%.0 
406.0 

,00181 .018 .020 
.078 
.090 

.04056 .098 

.OQ763 .104 .10'1 

.0533~ .IOS .111 

.05800 .1lO .114 

.O>l~O? .00 .008 

.12996 .09E .095 

.06805 .078 ,079 
,04932 .070 .0 7 1 
,03717 .0€4 .065 
.O~035 .066 .067 
.04348 .00 
.05187 .095 
.05556 .098 
.O'i51~ .141 .133 
.080,4 .144 .105 
.06573 .147 .137 
.0;1062 .149 .13S 
.09480 .152 .141 
.03854 .086 .087 
,03933 .086 .088 
.03989 ,067 .069 
.OQQ4S .067 .069 
.O~17Z .088 
,O~294 .069 
.03050 .078 
.03127 .079 
.OH~5 .o~O .08:! 
.03:;59 .080 .082 
.03324 .081 .063 
.03390 .062 .oe, 
.03455 .082 .084 
.05396 .125 .121 
.05545 .126 .122 
,05679 .129 ~1:23 

.OS79g .129 .124 
,05906 . )29 .124 
. 05998 .1]0 .125 
.06083 .131 .126 
.06162 .131 .126 
.062~5 .132 .12') 

-9.2 
-4.9 
-4.0 
-3.9 
-3.2 
-Z.8 
-: .9 
-2.3 

.6 
-1.0 
-1. G 
-2.4 
-2.2 
-~ .0 

.4 
'.7 
C .'0 
tLtl 
C ~ 6 
t. G 

-1.6 
-1. ::J 

-~" 2 
-';.3 
-L,6 
-1.1 
-2. a 
-2.7 
-2. Q 

-2.6 
-:;. :. 
-2.4 
-2.3 

"3.7 
3.B 
3.51 
3.0 
3.9 
3.9 
3.9 
4. a 
•. 1 

247 ~. 7 
7::1.1 

1086 . .3 
117,. :: 
18 € D. 7 
677.7 

1<)8'1.5 
2.232. a 
,212,4 
314".8 
J091.Q 

1532. S 
~ ~41. 3 
QS09. E 
l487.1 
44£5.6 
4417 , 7 
.372.9 
62B3.8 

.7 
6175.t 
6136.::: 
6096.0 
60:;8 . :) 

3;31.3 
3S91.0 
1SS5 _ S 
3.)25.8 
3498.8 
3473.7 
3~ 48.0 

24 t 2. ~ 

1019.l: 
1166.1 
18)0. € 

co251 

31 ;'J.1 
31 () 1 "~) 

1819.5 
~772.2 

4tj7o~2 

4431. & 
4 ~s"? " J 

604'/ .. / 
6011.5 
,976.1 
5SU.4 
3919. E 
3874. < 

37':: 1. 1 
;733.0 

.5 
" .~ 
.9 
.8 
.7 

~ . "' 
-. !'.:. 

-t· ~ .. 

-. 

.643 

.641 

.639 

.636 

.OZ. 

.469 

.405 

.402 

.458 

.455 

.453 

.451 

.15U 

.44'1 

.444 

.442 

GIGo 
RATIO 

.982 

.935 

.925 
· ;118 
• !J1.? 
• 07 ~ 
.452 
• :'9& 
~ 65 0 

· esc 
(,~ 2 

.67 U 

4(l 

30 
21 
12 

, se 7 

.583 

• ~,7~ 
.576 
.573 
• ,,36 
.631 
.6:27 
.623 
, (,19 
.6H 
.612 
.390 
· Je t 
.382 
.27B 

· ::7: 

.3 Et; 

l:Jl':/;tl'lllt H~'.l "Ii 



p-mW-h.",ut " _______________ .:ll::J:I!l1l !;~l> l?M 

a'i .. ~ tJ 614? .1:'1 
41> .. 
I~ to '" 

ACCELSROGRAt~ HSS-wee. ~"r 
PRO F 1 L 10 - Pdducah IJ Landti 11 - fee-field ptct 

l1'ERATION NliV.Sr;R 4 

VAL~ES TN TI!18 DOMAIN 

NO TYPE DEPTH UNIFP.N. L'AMPING ----> <---- SHE:IIR MODULUS ---- .. > 
(ft) S'rRAIN NEW llS8D E:P.ROP NEW USF.P 8RROR 

1 6 
2 1 

1 
, 1 
6 j 

I 

~) G 
10 
11 

13 
14 
15 
16 
17 
18 
19 

tr:l 20 
I 21 

~ ~; 
21} 

25 
26 
27 
28 
29 
30 
3] 
32 
33 
.34 
35 
% 
37 
38 
39 
40 
41 
42 
43 
,14 
'is 
q6 '1 

2 .. 5 

5U .0 
60.0 
67. ,5 
'IG.5 
~ 6. 5 
95.0 

][14. S 
113.5 
122.5 
1'31.5 
140.5 
149.5 
159. [I 
169. U 
179.0 
IB~. 0 
199.0 
~O 9. 0 
219.0 

310.5 
.31 

346.5 
356. U 
"~66. 0 

0%.0 
406.0 
416.0 
IC6.0 
436.0 

.0J03( 
• (J3~22 
,0461 
.0;')6 
.0560 
.li4V: 

.04/37 

.0:,561 

· 03e5: 
• 03Y9f; 

.03222 

.032B5 

.05514 

.0569 S 

.05638 

.I)S9"'/2 

.ll6090 

• U 6E6U 

~ 106 
.10~ 

.065 

.095 

.077 

.069 

.u63 

.065 

.066 

.095 

.097 

.144 

.148 

.152 

.1~5 

.157 

.084 

.005 

.085 

.086 

.1187 

.O~O 

• UB 1 

.126 

.128 

.129 

.130 

.l:ll 

~ 13 4 

.136 

.108 

.110 

.067 

.0% 
• ()7~ 
.070 
.064 
.066 
.061 
.1)95 
• O~8 
.141 
.144 
.147 
• 1'1~ 
• IS:; 
.086 

.087 

.088 

.Oijl 

.082 

.125 

.12& 

.128 

.129 
120 

.130 

.131 

.131 

.132 

.133 

.133 

.134 

-1.2 

-1.2 
-1.1 
-1.1 
-lo1 
-1.7 
-.8 

--1.2 
-1. 4 
-1.6 
-J . S 
-1. ~ 
-.S 
-.7 
2.4 
2.9 
3.2 
.3.3 

-1 
-1. 9 
-2.1 
-1.9 
-J . £ 
-1,4 
-1.8 
-2.0 
-2.1 
-2.1 
-2.1 
-2.1 
-2.0 

.8 

1.1 
1.1 
1 

1.7 

2476.3 
721.5 

.9 

1681.7 
683.9 

150.,).7 
22b6.1 
3245. G 

Hal.1 
3122.3 
2607,6 
2614.3 
1707.9 
1615. :; 
1529.2 
1463.4 
1427.1] 

.433.3 
';351. 8 
6318. :2 
6288.9 
6260,6 
62)1. 5) 

H9~.~ 

6159.9 
3687.8 
:;62~ .• 1 
3578.1 
3,34.3 
34%.6 
3461.5 
3434.9 
3405.1 
3372.5 
3337.5 
3302 .9 
3207.1 

ACCELERCGRAM HBS-wcc. sin 

1174. 
1860. 

677. 
1487. 
22:32. 
3212 .. ~ 
3148.8 
3091.0 

153,2. ~ 
4541. 3 

437/.9 

609<.8 
6U56. , 

3631.3 
3591.0 
3555.5 
3525. , 
3498.6 
3473,. 7 
3448. a 
3418.3 
33B9~7 

33E'0.4 

PRO FIT.. E - fadllCiab (] Lc:.lndfill - tel!:;-fi~ld pLQf 

I'l'8P.A'l'ION tJUMIlEP. , 

VAL'J8S IN TIME DOMl,IN 

.1 
.1 
.1 
.2 
.2 
.2 
. .) 

1.1 
.9 

J.} 
1.0 
1.0 
LO 
1.0 
.9 
. ~ 

-7.6 
-8.2 
-I. q 

1.5 
1.7 
1.9 
1.7 

1." 
1.4 
1.1 

1.4 
1.5 
1.0 
1." 

"1.1 
-1.3 
1.5 

."1. 6 
-1.7 
-1.8 
-1.9 
-2.0 
-2 ~2 
-2.4 
-2.6 
-2.9 

NO TYPE [>Ef'TH UtJIF'!l.N. <---- L'A.'!"lNG ----> <---- SHEAR l'<ODOLU$ -----;. 

.9a'l 

.968 

.959 
,. 942 
.931 
.924 
.918 
• 6~5 
.489 
.604 
.658 
.706 
,693 
.680 

.,263 

.647 

.644 

.640 

.636 

.02 
• 62~ 
.624 
.371 
.366 
.362 
~ 358 
.354 
.35] 
.348 
.346 
.343 
,340 
.337 
.335 

GIGo 

l!.:M':;'H'.!.!.(j~'J;;,:;'I. ______ , 

(ft) 

l' 2.5 
1 Ill.0 
1 "0.0 
1 

'!> 1 
1 
t 

76. ~ 
1U 86.5 

~5. 0 
12 104,5 

113.5 
{; 122.5 
5 131.5 

16 ~ 
17 

J 9 
20 
21 189.0 
22 199.0 
2.3 
24 

::;:;, (I 

t. 239.5 
!> 250.5 
!> 261.0 

29 211. (I 
30 
31 
32 
32 
.14 
.15 3:8.5 
3E ~1.17.5 

)', 346.5 
Jo :,56.0 
39 36G.0 
~(J :'16.0 

386.0 
4~ 
~ :; 
44 
(15 

436,0 

STRAIN NE~I USED 

.00174 
, ()1938 
.03003 

.03466 
,03792 
.v'i()94 
.<l4972 
.OSj52 
.08429 
.09::76 
.10144 
.10856 
.ll::?l 
. o J 5::-; 6 
.03632. 
.03651 
.03745 
.03894 
.04030 
.02E51 

.03020 

.03072 

.03129 

.0319J 

.055H. 
• U!,700 
.05666 
.00011 
.06138 
• ()o~~S 
,06352 
.06462 
.06590 

,018 
.077 
.09 B 
.09, 

.062 

.06t, 

.QH 
.. 09A 

• 15~1 

.084 

.OB5 
• CS6 
.OS7 

.080 

.126 

.1'::8 

.129 
~ 13 (} 
.131 
.13 :: 
.133 
.134 

.ou 
.077 
.08S 

.un 

. 06~ 

.lIO<: 

.095 

.14B 

. 15~ 

.1,5 

.1.01 
.084 

.08 7 

.088 

.077 

.018 

.07B 

.078 
,(j'fS 

,080 
.081 
.1ZE 
.12& 
.12;: 
.l.\Q 
.131 
.13~ 

.11~ 

.133 

.134 

.136 

-- .. tl 
-.,j 
- .3 

-.5 
-.5 
-.8 
-.7 
-.J 
-.8 
-.8 
- .S 
-. 'I 
-.~ 

-.6 

-1.U 
-1.1 
-1.3 
-1.1 

.0 
-.9 

-1.1 
-1.1 
-1.2 
-1.2 

.0 

.1 

.2 

.2 

~ :=; . ~ 
.4 
.5 

.. 7 

.7 

NEill 

2416.8 
7:::1.7 
S:0.5 

1513.3 
2269.0 

13& Z. 4 
4648.9 
'163 J. 5 
4615.2 
4565 .. 9 
45"5.0 
4471.6 

323.3 
2ge.3 
;;73.0 
245.5 
21 G. 3 
687 
be 4. tJ 
5< 8. e 
521. (: 
481.4 
~ 4 ~J 1 
41 S 4 

. € 

ACCELEP,OGP.t\!!1 HEti-wc.;c ~_";)dr 

U~cU 

820.3 
909.4 
999.8 

IUBS.9 
1177.2 
18 B 1. 7 

Z:5(;.1 

1 
3122.3 
2697.6 
261lL3 
1707.9 
1615.5 
1029.2 
1463.4 
1427 .4 
4609.5 
45d 7. ~ 
4574.5 
45112.4 
4484.6 
4433.3 
6351. 8 

6198. ~ 
615, •. " 

C ~1. 1 
5 5 ~ 1 
5 4.3 
4 6. C 
'-l 4.5 
4, 4 _ (, 

33].2.5 

I? R 0 f I L E - P"jelt.;(;(.Ih 0 Lt.lndiill - l~e-tielu prot 

ITERATION Nl1r~BER 6 

VP.LU8S IN TIME DOMAIN 

.t' 

.0 

.0 
.1 
.1 
.1 
.1 

." 

.8 

.0 

.6 
• S 
• S 
.5 
.7 
.7 

-2.6 
-3.7 
-4.6 

.8 

.', 

.~ 
,f, , 
.~ 
.S 

"" .~ 

~ ,8 
-1.(1 
-1.1 
-1.; 

1\0 TYPE DEPTH UNIFPl'l. <---- DAHPUlG ----> <---- SHEAR NUDULUS -----> 
: ft) Sl'Rl\lN NEW USED EP.ROP. NEW USeD ERRQR 

.016 

.076 
.02988 .G88 .088 
.03~51 .U9E, .09'1 
.04521 .102 .10: 
.05055 .106 .10c 
.05483 .lOS .1OS 
.03685 .eGo .D£~ 

.12242 .09" .09. 
~l)G324 .Off, .. l)77 

.0.J582 .O~S .0r,~ 

-.2 
-.2 
-,1 
-.2 

620. ~ 
910.b 

loa 1.: 
10,,0.5 
11)1) .1 
1$ S 7.5 

a 20.5 
~n 0.2 

lUvU. B 

ISS:.3 

RAT 10 

.968 

.969 

.960 
_ 04 a 
.933 

.610 

.605 

.'14 

.700 

· ~ 3() 

.263 
.251 
.245 
.611 
· ~u ~ 
.606 
.602 
.594 
.5a7 
.654 
.651 
.646 
.645 
.042 
• t.39 
.635 
.]E7 

• ?'61 
• J5€ 
• J5l 

34t 
.345 
_ 342 

· ,3 ~ 
.33E. 

.325 

.96& 

.9'::9 

.560 

.945 

.9,). 
• Sl:!7 
.9::!l 
.697 
.497 
· 61~ 
• 6e~ 

_;'~/]J2:.2 .. .) : ~ S. .. !'!1 



e-M::W-~,.<1ut ;;'11:/:1,'111) 30:11 N~ 

12 
l.! 
14 

17 
1a 
19 
20 

;.!B 

29 
30 ~ 
31 ) 
32 ~ 

!I 
34 ~ 
35 -I 
36 Ii 
37 4 
]8 ,I 
J 9 r1 
40 -I 
'll -j 
42 .. 
43 .1 

44 '" 
45 4 

3l. 
,10, 
49. 
59. 
6Q. 

~:j9 • .., 
25~) .. J 
261. t) 
271.0 
281.0 
291..0 
201. Q 

310.5 

3~6. [) 

:,86.0 
$96. U 

.03451 

.03·rS7 
, U4U,8 
~ 0491 Sl 

,10570 
.]]'18 

.028S, 

.0303 6 
,03(:90 
.0314 G 

,U 94 
.096 
.147 
,152 

.065 
.08., 
.075 
.077 
,077 
.079 
.07S 
.079 
.079 
.126 
.128 
.129 
.130 
.131 
.132 
.l33 
.U4 
.135 
.136 

.DS4 
... 0516 
.146 
.150 
.155 
.157 
.159 

~ 08 <5 

• UBI 
-.01 
-.4 

,/I 
.0 
• t 
.J 
.J 

3270.0 
3204.2 
3144.5 
2717,3 
l64l. 7 
1638.6 
1519.0 
1431.1 

Q546. 'l 
4492.4 
GJge.5 
6366.3 
6338.4 
(l314.5 

4649.9 

6.!o • t 
632 ~.3 

6Z~ .:3 
627 .0 

· 2 
.2 

· 2 
• 4 
.4 

-1. 5 
-2.5 

-1.5 

.5 

.6 

.5 
• :5 
.5 
.2 
, :.2 
.2 
.3 
.3 
.3 
.3 

.2 
1 

.0 
,1 

-.1 

-.4 
-.:::> 

tr1 16 -I 
'126.0 
'136,0 ~ Q70 P. (. 

• Q7S 
.077 
~ 07'7 
.076 
.078 
.079 
.080 
.1?G 
.128 
.129 
.130 
.131 
.132 
.133 
.134 
.l.l4 
.135 
.136 
.137 

.,l 
... :i 
•• 1 

6237.6 
3695.9 
3629.7 
3571.0 
3521. 7 
,479.2 
3443.2 
3409.9 
3374.4 
3333.5 
3291.J 
3248.9 
3204. -, 

6:245. :, 
6:16.3 
3687.2 
3624.0 
3566.6 
3521..0 
3461.4 
344, .1 
3415.4 
3392.2 
33'101" 6 
j30b.5 
3266 ".:; 
3225. Q -.7 

I ....... 
1..1,) 

F: 0 I L prof 

ITERP.TION NUNBER 

VALUJ:;Z r N T:tME DOl4AIN 

NO T¥PE D£PTH UNlfl\l'L <---- JJ>.ri~ING ----> <---- SHEAR MODl)L;), 
(ft) STRAHl N!>W USED ERROR NE~ OSE!! ERROR 

1-
10 

2. ~ 
10.0 
~O. 0 
30. (J 

40. (t 

11 95.0 
n 
lJ 
14 .& 1~2.5 
111 !. 131.5 
I~ ~ HO.5 
Ii II 149.5 
III 15:'.0 
U 169.0 
::'1 179.0 
:21 189.0 
~Z 1')9.0 
;<3 
:1-4 

.00173 

.01925 
· (>2982 
.03841 
.04509 

,03435 
.03741 
.04042 
.0469) 
· OS27 2 
· ()874(, 

.lJJ:'~O 

~ 0356l 

.018 

.076 
· oe a 
.096 
.102 
.106 

• a 0< 
.064 
.066 
.094 
.09( 
,J .18 

.063 
• V6 j 
.08 J 

.010 

.07<. 

.oas 

.096 

.10::' 

.065 

.056 

.0'1'1 

.096 

.141 

· os~ 

-.1 
-.1 

-.l 

2477.1 
721. e 
320.6 
910,7 

:001.4 

3207.4 
3147.5 
2723. () 
264£·.8 
1622.9 

2477.0 
721. -, 
820.5 
910.5 

1001. 2 
1090.5 
117').1 

3::04. ;: 
314 q. 5 

163" ~ e 
1519. (1 

1·:13J.1 
1386.0 
13€1.7 

• (I 
.0 
.0 
.0 
.0 
.0 
.() 

.1 

.3 

.2 

.1 

.1 

,2 

-1",8 

.2 
,2 
,3 

--'--~---"'-"-'--------" .. \", ,,""l;y-n-------'-

,690 
.Ss9 
.534 

~ 251 
.242 
.237 
.616 

• 6~8 
w 654 
.651 
.649 
.646 
.643 
.640 
.3£7 
.361 
.355 
.351 
.347 
.343 
.340 
.337 
.3JJ 

.321 

GIGo 
RATIO 

.986 

.969 

.%0 

.94€ 

.935 
• 9~7 
.922 

.692 

38 
34 
19 
17 
16 

I:, 

p·K::W-h~ _______ ,~ ______ . 

229.0 .1)84 .084 
26 .08~) 

27 .067 
28 
29 
30 
31 291.0 

"~o 1.0 
jj ,31l).~ .079 
34 313.5 .079. DB 
35 328.5 .126 .126 
36 337.5 .05(:,6"; .127 .123 

3:if-.S ~OS8'J5 .120 .123 
38 or,002 .: 30 ,D') 

.131 
,{) ~ .132 
"1 .133 

:;,6.0 .134 
'l06 .. t) .135 

44 ~H6*O .136 
-i~b~O ,069S~ ~ 131 .137 

4 436.D .0'l13D .138 .138 

VALUES IN no,'lAI!, 

L],Y£H MAT. THICI,l(ESS DEPTH 

10 
II 
12 

14 
15 
H 
17 
10 
IS 
20 
21 
2: 

24 

26 

2S 
3[; 

J€ 

38 

40 
41 
42 
43 

~~PE (ttl (ft.) 

1).0 .5 
10.0 :0, (1 

10.0 20,0 
10 

0.0 
13.0 
7.0 

10.0 
9.0 

.0 
,0 

9.0 
9.0 
9.0 

10.0 
lO. () 
10.\.) 
10.0 
10.0 
10.0 
11.0 
11.0 
10, G 

Hl.O 

10.0 
9.0 
9.0 

-IE,. :) 

66 .5 
~l ~ . () 

104.5 

1 9. \l 
1 9.0 
1 9.0 
1 :;.0 
1 ~I. U 

9.0 
9.0 

~ <1.0 
2 9.5 
2 U. 5 
2 1.0 

.0 
,0 

.0 .5 
9.0 
9.0 

-"37" 5 

-.3 
- ~,3 

- .3 
-.2 
-.2 

- ~ 2 

-.2 
-.2 
-.1 

'.1 
- .1 

.0 

.0 

.0 

.1 

.1 

.2 

.2 

MhX. S'l'MIN 
(·'1 

,00:62 
· 02~n 7 

.18402 
• O~) 52c 
.1,)690& 

.0520:

.0566d 
,Oe;12..J 
.07411 
.07988 

.17271 
, lTl81 
• O~j·ll 
.05379 
.05395 
.0:'556 
.05780 
.0596·J 
.0.:.l2S9 
fJ~ lSZ 

,JlI~., l1li 

__ " _____ ....!.,;.iliL~~.:.2.!!...!l! 

461 G. 'I 
4557.0 
,JS03. () 
(~/h)4. £} 

:3 6J 6.3 
35"rs. S 
35:: '1 • .':> 

:>4il 0.4 
344.l 

3328 

4606. 
454 {l ~ 
4,j92. 
t~~~8 • 
63f)6. 

JQ95.S 
",629. '7 
3571.0 
J S::! 1 

340S.9 

3~91. 3 

.1 

.1 

.: 

.1 

.1 

.1 

.1 

.l 

.1 

3239.5 -~~ 
319~.9 -.~ 

HAX. ST HESS AVG. Ace. 
(p~t) (q) 

(,4.86 
::10." .21717 
37,). 7,) 

1446. Z4 
571,0 
702.12 
816.3 J 
925.7 'of> 

o l3, '/4 

496.41 
505.32 
S()9 < 53 
559.9B 
627.93 
688.31 
7<: 5.14 
71D. t: ~ 
8111 

.2u9~ 9 

.20378 

.1 ~~0 5 3 

.183::2 

.1 ")6':1 
w l·luU~ 

.H,l80 

.15~:1 

.153: J 
14748 

.J 0886 

.10347 

.10041 

.0ge0 7 

.t' 924 

. U9D 1 
,0878 

.0855 

.08H 

.u"1';;;:'j 

• O"'"l50~ 

.067l;() 

.06:- 8 i~ 

.611 

.602 
~ 595 
.659 
.651; 
.653 
.651 
.648 
.645 
.643 
.368 
.361 
.356 
.351 
.346 
.343 
. !40 
.336 
.332 
• 3~8 
.313 
.319 

1'IM~ 

3.7S 
3.76 
j.7E. 

J. -'6 

j .Il 
j. ·/1 
3. ~n 
.3. "/1 
.:l .71 
j, 72 

3.7l 
.)," 1 
3 .13 
J,13 
.3,lJ 
3.12 
),1: 
3,1: 
3.1\1 

. OS 

.O.s 

.:LOS 
3.0,j 

) 03 
,1 ,0, 

o 

~:rill~ en O· rwiY 
0:::" :::::-
==01 ;::::... m 0. _ I J::> 

~~I ::0 iO 
g:~w: (inn- 00 
!f' s: 1'.;)" --

fl ~ I 5! <.;;. ~ 
~~ I'.;) m 
a C 
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• ;:;lIAI;£ --

'II' __ ... _____ "... ... _____ .... ___ ..... _, ____ .... ____ ............. _______ ........ _ .. 

,. $rh.~~(:>e~ 

• :Ih"k,,~~ 

• '::11.* k!t~o{, I t 

• __ ... _____ ... __ ... _ .... ___ .... ___ ........... ____ ... ___ • __ ....... !Ioo _____ ...... ""'. * 

• !fh,aijQ!ll C""olul d .... "nUp dlUi finAli:: .. tl"n l>t !nput. 
Olltl'llt • CIte 
by: t. 
lWC"l1Ill11f 

MAX. NtJ~!BE:R 01' TERNS IN FOURIER l'RANHORM 40% 
N£C~SSARY LENGTH or BLANK COM~lON X 25619 

OPTION 1 ... READ RELATION BETWEEN SOlL PROPERTIES AND STRAIN 

!'.ATSRIAL TYPE 1(0. 1 

CURVE NO. 
r(JRV2 NO. 

CURVE NO. 1 

STRAI~ GIG!!'."", 

.0(/01 

.994 
.0100 .983 
.03 In .959 

.881 

.655 

~odul'.J~ for V:.;..t~tc. :M';tt.;),~ovic .s. Ki;lva:anjiao, 1998 
tamping £o:.r. all Waste :M~tbl$ot}ic &. 'E\ava,;:;~nji.,n, 199i3 

CURVE NO. 

STRAIN DAl-1PING 

.0001 1.>3 
.0003 1.77 
.0010 2.5B 
.0032. 4.03 
.0100 5.89 
.0316 e.97 
.1000 12.91 
.3160 

1. 0000 
3.1600 

1' .. ",,,,1 ot n 

I;, ,JJ111, JW 

t!::tl::""-l» ..... UL . ____ ". __ ~ •••• , ___ " .. ____ .. _"......!:11;:/~(ll(l ~:)I, ,,~ 

MATERIAL TYP E NO. ,; 

CURVE NO.7: #4 Hodulus 
CURVE NO. B: #4 Damping 

CURVE N0. 7 

STRAIN G/Gmax 

.0001 1.000 

.0003 1. 000 

.0010 .%4 

.0032 .870 

.01(1) .712 
.474 
.253 
.103 
.028 
.OO~ 

~1h'l'1:'UAt. 1YNt fN. ~ 
• It ......... ' .............. _.* 

Sand (P 1=0) 
Sand :PI~C) 

cORVE NO. 8 

S'rR.'>.lN DAl'IPING 

.0001 
• DD03 
.0010 
.0032 
.0100 
.0316 
,1000 

.oooa 

. e s 
1. 04 
1. E,6 
3.00 
5.48 
(). (I] 

5. ,0 
O. ::::. 
3.94 

.CO 

CURVE N'.J. 9:; 
CURVE NO. 10, 

"5 !1odu1u~ fo~ CL (PI~l;,) 

#5 D •. unping for CL (PI=15) 

CURVe: NO. 9 CURVE NO.IO 

STRAIN G/Gmax STRAIN DAMPING 

,0001 1.000 .0001 2.58 
.00U3 1.000 .0003 2. S8 
.0010 .995 .QOIJ 2.5B 
.00,0 .936 ,0030 Z.58 
• O~OO .816 .OlUO 4.64 
.0320 .~4{J .0300 7.77 
.1000 .405 .1000 11 . .07 

,3:.60 .210 .3000 16.0e 
1. 0000 .D95 1.0000 ::0.12 
3.1600 .034 ,0000 .00 

NA'rf.IIIA':' TYPE: 

CORVE NO. 11: #6 Modulu~ for C 
CURVE tw. l~: ~"' Dalnping tor C 

CURVE NO.ll CUR'IE NO .12 

STRAIN G/Gm,," S:::'AAItl DAM£?ING 

. 85 

.85 

• OJ JO . UJ2U 6.00 
.1000 .536 .1000 e.72 
.3000 "332 .3160 12.41 

1.0000 • ISS 1.0000 16.90 
1.0000 .048 3.1600 2.1.2E. 

;"nd [)Ohl:Y. 
and Dobry, 

and Cobry, 19~1,~ 

;!'lnd Dobry. 19911 

(Vuce.ic and Dobry, 1951) 
(Vuc:etic and Pobry. 1991) 

OPTr0~ RR~.D / WASTE P"ROrT. i.E 

;1.1J(t :-'~,'~-I: 

Q ~, 
~'!;l .. ""PI"" en 0" ::::::::- i 

0::1 ;:::::.. : 

5:2./ ~ ! 
:!f~1 _ ! 

* *~ '-. -.-;. OJ s: f'.) 
.... tIl c:::> 
til:;;, -- m :;;, £I) f",.) 
0(0 .. 

::T3 C 
(!) 

a 



rp -0'1 

~~~"~'U~l,~ ____________________ . 

SOIL PROFILE NO. P.:ldUC(..2h U Landfill tt':':t:::-fic:ld pro: 

Of LAYERS 4 '} 
1'0 BEDROCK 441.0 

NO. TYPE: THICKNESS 
1£1:) 
5.00 

]0.00 
10.00 
10.00 
10.l10 
JO.OO 
10.00 
5.00 

'1 13.00 
10 7.00 
11 II!. 01) 
12 
13 
14 
15 
IE 9.00 
17 9.00 
18 ll). 00 
19 10,0(1 
20 10.0(1 
21 10.00 

10,0(\ 
;:3 10. ()O 
24 10.00 
15 10.00 
26 11.00 
27 11. ue 
28 ]0.00 

10.00 
3t) JO. 00 
'31 10.00 
32 10 00 
33 9. Q(. 
34 9.0(1 

35 9.00 
1~ g. 00 
37 9.00 
38 10 .00 
39 
40 
41 
42 
13 
44 
45 
40 
47 BhSE 

DEPTH 

,0. (10 
30. UO 
,0.00 
:'0.00 
50.00 
67.5,1 
76.50 

140.50 
14~.50 
159.08 
Hi9.00 
J 7~ .0(1 
139.00 
199.00 
?09.00 

291.00 

:)19.50 
328.50 
117.50 

426.00 
436.1)0 

TOT. PRESS. 

1 "jjU .00 
2528.50 
3356.50 

?832.00 
69163.0IJ 

8:<03.00 
9242.00 

16954.L'O 
16154.0V 
19J5~. (10 
205S.Ij.OO 

2l77ti.OO 

3684 .00 
3815 .50 
3963 .'i0 
1112 .5(1 

MODULUS 
(bfl 
251)7. 

745. 
B~5 • 
9;;'J. 

1)71. 
1176. 
1279. 
2715. 
l.lSG. 
?4 "5 
3391. 

:;823. 

7546. 
7:~4o . 

9707. 

97Di .. 
10043. 
1004, • 

lU043. 
1004J. 

415062. 

DAMPING 

5.00 
S .00 
5.00 
S .00 
5.00 
:, .0'1 
5.00 
5,1)0 

5.00 

5.vO 

S .O\'J 

5.00 
5.00 
5.on 

5.00 
.s .U(l 

5.00 
" .00 
5.00 
5, DO 

5.00 

~ .O(i 

UN IT WT. SH. VEL. 
Ifp") 
820.2 
569. ( 
593.2 

81.50 616.8 
84.10 640.4 
85.9D 664.G 
B1.10 667.7 

;'30.00 820.C 
~24.ilO 600.0 
:'2~L')O 800.( 
~21.t)O 9':'10.(: 

1,,0.00 
120. JD 
110. )0 
12'1. )0 
12q.00 
::?4. :JO 

. )0 

)0 

U' •• 00 
12&. JO 
126 .. ;)0 
126. JO 
165.00 

16S. DO 
165. JO 
165. )0 
165. )0 
165. GO 
165. ~O 
165. 00 
165.0U 
165.00 
16,,00 

1100.0 
1400,0 
1400.1l 

15?5.l 
1575.0 
1575 t O 
1575.0 
1400.0 
1400.0 
1400.0 
1400.0 
HOO.O 
14UO.O 

1400.0 
1400. (I 
9000.0 

~8RIOP 1. ·146 ,ROM AVERAGE SfH,AR ~IA'J8 VEL:)CITI' or 1220.3 it/."c 

16.07 
.87 c/s.c 

1. 15 s~c 

CI'TION j READ INPUT ~j('T r,JN 

rILE N!\M8 iNPUT 11(il'ION -
NO ~ OF ACC£L", ?OIHTS >; 

N(). 0., POINTS USEI) IN ,FT ~ 

NO. OF 
NO. (of' PER 

TIME STEP FOR INPUT MOTION ~ 

3760 
4096 

3 
B 

.0200 

mag Oeq ~ so,t 

1"'9'" CI! l1 

~""'I'f.! 
e:!:.~._. ______ • ______ ... ___ • ____ .. _____ ...... ___ GLE!..llijl....l:1.!.~ .. !!:! 

fORl'LA:' fuR Uf Tl ME: H lSTURY <. lliri'.i,1 

~ ...... "' .. ACe 8 r.. E ROC;; RAM H.EADER ... .I- .. "' .. 

Seed and 101 8 ,~5 F.:q. 70 m.i. from S.A 
Ma/:.. in ~5 91 Frt.'q"" 3 
S • 470 ~ 3760 pts. 

FI RST ;. LAST 5 LINE'; Of INPUT M:)TION ..... , 

.Uo:'7"1 .V'/379C .074933 .U75873 .U6260 .[152:::52 .05 b5R .()44~55 
~03152:? .027570 .023296 .023945 .02244 .8212L~ ~Ul L:iU "lHJJ,)Ol 
.0J1423 -.0)7185 -.020338 -.031722 -.0384'] -.Dq;)O~5 -.0('; ~70 -.073038 

-.O~412.4 -.()9~176 ... 100395 -.0821'12 ".06211 -.025014 -.01 [leG 
-.017032 ".018943 -.Q21842 -.029682 -.03005 ... ·)3')838 -.02 09;1 

MOTION READ NOT SCHOEl! •••••••••.• 
466 -.008844 -.002331 .0()3970 .052467 .U:.6859 .u~2Gl(J 

.065884 .071J~92 .~72492 

ACCEL ERAT IO~ 
AT st!C 

THE V.P.:'O;;~ IHLL SE f·1ULTIPLI£V !l~ A ,'ACTOR .60IJO()OOU 
TO G:VE: NEW :.I\XII1UM JlCCJ::L!:RATJON .36000000 

"REQIJ£NCY .. C/!:lL"C 

ACCELERATION 0 FOR FREQOENCleS RJ::MO',!ED ABOVE "5.00 c/""'C 

OPTION q ••• READ 1'I .. IE"8 OS.JEeT t~OTJON rs GIVEN 

OBJECT MOTION IN LAYER N011BER 39 OUTCR0PPING 

o?T!ON 5 I.. OBTAIN STRAIN CCMP~.TIBLE SOIL PROPE{:'T1ES 

M~.XIMUM N~~1Bj';F< uf ITERi'.T:CNS 
FACTOR. FOR UNIFOR.NJ STRld:~ :N TIN::: VOV..AIN ",66 

ACCE;:'EROGRAN 
P P. 0 F I L E - P"duc"h U l.andfill - pLof 

ITERA~'ION NU~lBER 1 

VHUES IN TIME DCMP.IN 

NO TYPE UN!FP.M. D.'.MPIl'G -_ .. -> <---- SHEAR MuDULUS GIGo 
~TRAIN NEW USED ERROR NEi'! usee ERR'JR RJ..TIO 

2.5 .00514 29 .050 
2 1 10.0 .1I5510 09 .050 

20.0 .08032 ZZ .O~O 

30.0 .0952'> ;;:7 .050 
Q0.0 .10148 30 .OSO 
SO.O 29 .050 

.050 

.050 

.050 
:0 .050 
:1 .05<) 

.050 

.050 
;4 .050 
15 .050 
1 E. .050 

.050 
1~9.0 .0"16€ .100 .00,0 

19 ~; .101 .050 
20 ~ .1Q2 .050 

-71.7 
t.-4 .. 0 
56. 9 
60. e 
61 ~ S 
61 ~ 4 
';0,8 
~7. (, 
..j~",2 

J:! .. 2 
26,0 
19. ~ 
20.8 
:1. ~ 
40.1 
40 t6 
49.9 
50.1 
50. G 
50,9 

23E2.7 
606.0 
7<5.6 
e51. 5 
~4u. e 

103Ll 
1131.0 
1St:? 7 
75:.4 

lSE::::.4 
2299.4 
j2QL~S 
3226. -, 
3198.5 
3037.7 
3017.4 
2767.3 
2757.3 
2735.9 
2720.0 

250'7.1 
744. ;: 
854. e 
9£2 ~ ~ 

1071.1 
1176.Z 
l.:!7S. :3 
271~.7 

D6 6. 3 
24E4.~ 
3391.4 
4546.9 
4546.5 
45~';. ~ 

4SZ8. e 
4::28. e 
59::3.0 
5a23.0 

1.000 
1.000 
1. VOO 
L.uOu 
1. ~Oil 
l. ~OiJ 
1. JO~ 
1. coa 
1. ilOO 
l. 000 
1. VOt) 
1. <loa 
1. JQiJ 
1. IlOi) 
1.000 
1.000 
1.000 
1.000 
1.000 
1. aoo 



.103 
, 07~ 
.076 
,an 
,079 

,03207 ,OB0 
,03390 ,Uo< 
.02"U ,075 

271.C .v27SB .076 
281., ,02U58 ,076 
291.C ~02917 .077 
301.C .0296'1 ,077 
"3lD.S .029£13 .073 

,078 
,097 
.098 
.098 
.098 
.()~3 

.098 

.098 

.099 
406.0 .096 
1)16.1) .099 

, lOll 
",(J317~J .. 100 

• 050 
.050 
· 050 
, 050 
.050 
• 050 
, QSO 
.050 
,050 
.050 
.050 
.050 
_ 050 
_ 050 
.050 
.050 
.050 
.050 
• D50 
.050 
.050 
,050 
~ 0'10 
~ 050 
.050 
• (J50 

51. 3 
32.9 
34.2 
35.5 
36. S 
37.9 
3ll.B 
~j. Z 
:l3 ,9 
34.5 
3S.0 
3S.4 
3.5. G 
35.9 
48.5 
46.8 
4B,9 
4B .9 
48.9 
48.9 
Qa,9 
48,7 
49.1 
49.4 
';9.S 
50.2 

2691.1 
5033.6 
49')2.8 
4910.1 
4955.5 
4798.2 
~740.9 
6407.6 
6417,0 
~J80. 3 
6350.1 
6026.1 
6309.3 
6298.5 
4910.7 
4991.6 
4860.7 
Qa77.8 
=1S81.7 
4876.9 
4881.5 
QS94. '/ 
4557.5 
4628.2 
1782.4 
nSl.(; 

562),0 
754". a 
754". S 
754 7 .8 
754".8 
7541. B 
'154 1 .6 
~1706.9 

~7Q6. 8 
9706.8 
9706. a 

9706.8 
1004:1.5 
10043.5 
101)43.5 
~004). 5 
10043.5 
10043.5 
10043.5 
1004].5 
1004].5 
10043,5 
10043,5 
10(;43. S 

R 0 F I L E - P"dllC"h U Landfill - prof 

NUV-SER 

IN TIME DOMAnl 

DE:PTtl UNH'P-M. <---- DAMPING ----;> <---- SHEA~. MODIJ11J~ 

(ft) S'l'RhIN Nt:.. USED ERHOR NEi'l IJSED 

.C02?] .021 .029 
,029(:6 .OB7 ,109 
.(,4'l58 ,101 .122 

.10S .12, 
.130 

.069 

.087 
.05991 .074 
.OQ260 .UP .068 

.05~ .0052 
,061 .063 

.03532 .06~ 

• 08'J 
.OeB ,OB'1 

.129 
.032'12 .081 

.100 

.100 

.101 

.UJJB~ .082 .01& 

.03496 .083 .076 
,0359: .064 .079 
.03(G8 .004 .080 
.03712 .OBS .082 
.02716 .075 .075 
.ll278£ .076 .on 

.07"1 .076 
.02967 .077 .077 
. il304f, .078 
,0311] .079 

... 

.0 

2452.5 
715.4 
SOO.9 
838,4 
978.6 

1069,4 
1161.1 
1635.8 

710.2 
1540.9 
2317.3 
33 5U. 6 
,2,7.9 
3251.9 
2939.~ 

2SS2.1 
2290.3 
2229.7 
2163.3 
2107.2 
2060.9 
4796.0 
4743.0 
469.:). 1 
4650.2 
1C16.1 
~;:)~9. 5 
~45E.1 

0·118.0 

23€2. "I 
6B6", 0 
765,6 
as}. 5 
g40.6 

1034,1 
1131.0 
1812.7 

752.4 
1562., 
2299 •• 
3262.5 
3226.7 
Jl98.5 
3037. i 
3017.4 
2767.3 
2757.3 
2735. ~ 
2720.0 
2697.1 
5033. e 
49'12.8 
4oll0.l 
4855.5 
479~.2 

4740. S 
6457. (. 
641 7 ~ C 
6380, :; 
6:!50 .1 
632 E ~ 1 
6309.3 

-1]5.9 
-49.9 
-51.& 
-53.7 
-55,4 
-57.3 
-59.:: 
-50. j 
-51. 3 
-52.1 
-52.9 
-GJ.4 

-104.5 
- J 05.3 
-105.8 
-105.5) 
-105.7 
-105.9 
-105.7 
-1'5. ~ 
-106.8 
-loa.O 
, 110.0 
-111. 4 

-----> 
ERROR 

3.7 
4.1 
4.4 
4.1 
3.9 
3.3 
2.6 
l.J 

-5.9 
-1. 4 

.8 
2.6 
2.2 
1.6 

"3.4 
-4.7 

-26.5 
-2~). 1 
-30.9 
-5.0 
-4.8 
-4 .. 6 
-!1.4 

-). " 
-3.1 

.0 

.0 
-.3 
-.4 
-.6 
-,9 

1.000 
1.000 
1. 000 
1. 000 
1.0CO 
1.0GO 

1.0UO 
1,000 
1,GOO 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
LOCO 
1.000 
1. 000 
1.000 
I.OOO 
l.OOO 
1.00U 

GIGO 
RATIO 

.~42 

.921. 

.896 
· sail 
.878 
.879 
.884 
.668 
• S43 
.04 
.678 

• GIG 
.612 
.475 
.474 
.470 
.407 
.463 
.667 

.643 

.636 

.6:8 

.665 

.661 

.657 

.654 

.652 

.650 

p,-H:lW-llI.<)\I L 

H .03153 .079 .0'/8 
]5 2f$.5 .84073 .112 .. 097 

37,5 ,Qq134 ,113 .(198 
17 46.S ~DtJ171 .113 ~098 

JB 56.0 .113 .[lSB 
39 56.0 .113 .osa 
40 76.0 .113 .098 
41 ~ 11 J '" 098 
42 396.0 .1l3 .09il 
·13 406.0 .113 .098 
44 .112 . Q9S 
4" .; 11 .100 
46 ~U6.(J .03S-]J .:11 .100 

ACCELE:ROG"'A~; 

n, 
13 • 

13 . 

JIll •• l1li 

6ZH.:i 
.aZ71. a 
4243.2 
n~5.9 
<12~7. 0.1 

J218.6 
42'::6.~ 

4223. S 

.1 

6296.5 
4910.7 
4091.6 
4080.7 
4877,6 
48S 1. 7 
487';.9 

4881. " 
4894.7 
4857,5 
182B.2 
4782.4 
4751.E 

to R 0 F I L E - PilduClJh 0 L",ndfl11 prOof 

ITERATION NUMf>ER 

VALUES IN TmE DOMAIN 

NO TYPE: UNIFRlo1. [lAl1PING ----> <---- SH£I\R MODULUS 

1 
., I 

1& 
II 

H 

H 

42 
43 

~ 1 
45 
4€ 

I 

STRAIN NE:W USED ERROR NEW USE[, 

2.5 
10. (l 
~O. 0 
:W.O 
4ll.[J 

76.5 

113 .~ 
122.5 
131.5 
140.5 
149.5 
159.0 
1<9.0 
179.0 
lb9.0 

250.5 
Z~l. 0 
271.0 

~ 03767 
.047.26 
,05418 
.0582 [) 

. Q2875 

.03076 

.03266 

. v:'~50 

.04109 

.0545:; 

.05855 

.06326 

.Of735 

.07P95 

.0Z~q~ 

.02751 

.0287.8 

.096 

.103 

.108 

.]lJ 

, (192 

, O'I~ 

.059 

.06: 

.0:0 6 

.068 

.126 
" 12~ 
.131 
.13 E 

,081 
,eo 1 
.082 
.07 j 
.07'i 
.G75 
.07,. 

.021 

.OB7 

.lD1 

.De 

.11:? 

.115 

. 0 62 

.i.Jn 

.Oda 
.. lZf) 
.. 12:! 
.125 
.127 

12 ~: 
,081 
.082 

.0':' 

.076 

.077 

.077 

.0'l8 

.02983 .079-

.043% .1Ie 

.0436:; .112 

3~c.() .Oi}36 ~11 

376.U .0'132 .11 
386.0 ,O·l30 .115 .11 
396.0 ,04:?Z .114 .11 
406,0 .0-l13 .112 .11 
4:6.0 .1l40J .111 .11 
416.0 .0393 .11D .11 
4H.O .0393 .11C .n 

-6.L 
-4.8 

-4,2 
-3 ~ 9 
-3.9 
-].7 

-L~ 
-: ,'''' 
-c.!> 
-:.1. 

- .. i 

5. G 
5.9 
t .2 

-2.J) 
-~ .1 
-2,5 
-3,0 
-3.4 
-2.S 
-2.4 
-:LO) 
-1.6 
.. 1.6 
-2.1 
-~. 3 
-~_ 3 

'2.7 

1,7 
1.5 
1. ~ 

.9 

.1 

-.:J 
-.5 

L'hL.6 

89'1.2 
9gB.l 

1079, 'l 
1172.3 
1882.5 

7(19,1 
Sc,;. ~ 
359.5 
406.3 
;.)6. S 
3U7 

ZSVO.O 
21S(). i: 
2D7 1.2 
1984.7 
1 t) :..~ • 8 
1856,7 
"B<1. B 

.9 
,; 70 9.2 
Q~4 9.3 

649 J. 5 
(,·136. a 

.:j f:7.~ 

~J U 2 
i 41. ~ 
·1 91.7 
!J3J 9. £ 
~34 0.2 

800. ~ 
sa s. 4 
$ne.f 

lOc9" 4 
.1 

1835.6 
710.2 

1540. ;, 
231'7.3 
335D. € 

29J9.Z 
2~a.l 
2:9tl.3 
222:".7 
21 C 3.:: 
2107. : 
20£0.9 
47$6.0 
~7';J. 0 

4<18.l 
4SS9.5 
645 &.1 
"418, (I 
63{;4. Z 
(,324. ::; 
628 O. ~ 
c~s 4. :, 
t,~'1.~ _ "'.l 
4.~71. 8 

4 0.2 
3. ~ 
2. ~ 
8.1 
J.~ 

9.4 

- i.O 
-D.D 
-15.3 

- :,.7 
- 5.4 
- <;.6 
- ).4 
- 1. 3 
- 3.2 
- 1.3 
- 0.0 

F:R~(lR 

· ~ 

1 "0 
:.0 
1,0 

2,5 

1., 
1.8 
1.< 
1.0 
1. -, 

· s 

-6.5 
-'"'. t 
-9. (, 

-10. 'J 
-11.') 

· ~: 

.2. B 

.4 
1.:C 
1.1 
1.1 

-3.1 
-2.7 
-2. C 
-2, .J 

-1 
-1. ,; 
-1.0 

,7 
1. Q 

.649 

.489 

.487 

.486 

.486 

.486 

.486 

.4'.Hi 

GIG" 
RATIO 

.978 
· S!61 

• 9~) 
.914 
• ~09 
· q08 
,676 

• -'9;> 
.. HD 
• 3~};:' 

.3(: 

.:'5"; 

• C:JS 

~ &27 

.60, 

.6€5 
• GEl 
• G:;6 
.652 
.6.48 
.6·'·i 
.642 
.4:5 
.422 
.~n 

,.jn 

.4 

.4 
,q 

.4 .. ) 

::11:::/:":" ,!~ 

o 

~:I f enol ==- I 0::::1 ;:::". ~ 
5:~f ~ 1 

~ L .. 
n1 
C 



~~ 

ACCELEROGRAM m"gBeq."~t 
PRO F I L £ - Pl>otJc"h U Landfill - .fee-field prof 

IT£RA'fJON NOl1BSR 4 

VALUES IN TIME DOMI\IN 

NO TYPE; LiEP7H l1NLfRH. LlhHP1NG ----> <---- SHEAR MODULUS -----) 
(it) STRAIN NEW USED EKRClR NEW USED ERROR 

1 l; 2.5 
2 I 10.0 
1 I 

18 
19 
20 
21 
17 

tTl n 
I 24 

I 
t 
1 
I 

e 6.5 
95.0 

104.5 
113.5 
122.5 
131.5 
1f;O.5 
149.5 
59.0 
69. (1 

79.0 
89.0 
9 ~ • (I 
09.0 
B.O 

C; ~~ ~~9~(J 

27 

29 
29 

]0 "R 1. (J 
Jl ~91.0 
32 
33 
34 
35 
.16 
J7 "Q6. 5 
38 356. U 
39 366.0 
40 376. G 
41 386.0 
42 3%.0 
43 40 (·.0 
44 
45 
46 

.00222 .020 

.J243S .083 
.OSS 

.05561 

.O~8G6 .or5S 

.02Srl6 .osa 

.(l~J02 .059 

.03201 .060 

.03782 .085 
.087 
,128 

.06235 .132 

.06781 .136 

.1)7292 .139 

.U7690 .142 

.03004 .078 

.03077 .079 
• DJ132 .0'(9 
• Ci3156 ~07S 

.03176 ,080 

.03366 . oe 1 

.02504 .073 

.02(;04 .074 

.0270'> ,075 

.02779 .076 
.076 
,076 
.077 
.116 

.\14447 .116 

.04H7 .116 

.04QlZ .116 

.04372 .115 

.O~316 .115 
· 04~73 .1l4 
.04179 
.04063 
.03925 .110 
.03852 .109 
.038&5 .110 

ACCELER()GRAI~ 

.020 
• OS] 

• U c; 
_ 056 

.059 

.06: 

.096 

.08 B 

.125 

.136 

.ue 

.u79 

.080 
• OB, 
· oe: 
.08 : 
.08Z 
.073 
.074 
.(175 

.US 

.115 

.11S 

.115 

.114 

.113 

.11 , 

.110 

.110 

-1.2 
-.9 

-1.2 
-1.1 
-1.0 
-1. 0 
-.9 

-1.8 

-.9 
-. e 
-,8 

-1. 0 
-.7 
-.6 
1.8 
.2.2 
2.4 
2.7 
2.7 

-1.5 
-1.9 
-2.0 
-2.2 
-::. <1 
-1. 1 
-.7 

-. " 
-.6 
-. '7 
-.7 
-. a 
-. B 

.8 

.6 
,4 
• :> 
.0 

-.1 
-.3 
- .. 4 
-. B 

-1.1 
-. SI 
-.7 

PRO I" 1 .L E - P",ducah U Ldnd:ill -

ITE:RP.T ION NUl~aER ~ 

Vi\LUF,~; ll:i ,!'lMB Dot1.:;lt~ 

2463. , 
716.1 
Sl1.3 
899.3 
990.4 

1081. 8 
1174. " 
1904. 5 

710.5 
1572.2 
2373.4 
34Z2.1 
3377.7 
3328 • .2 
2984.4 
29H.3 
2094.3 
2000.9 
1907.1 
182 G. C 
176E.7 
4903. E 
4976.0 
4855.2 
484 G. G 
463g .5 
4752~O 

657(;,6 
6518.3 
6461. S 
64~1. 7 
0395.7 
6371.9 
6350. t; 
4105.5 
4102.2 
n02.'; 
1117.5 
4135.1 
4159. S 
4179.1 
4222.3 
427 €. 3 
4343. (i 
4379.1 
4372.5 

2Hl.E 
717.7 

98 Q.1 
1079.3 
1172.. J 
18e2.5 

709.1 
1564.2 
2359.5 
3406.3 
3358 

2~H.3 

2900.0 
2150. ; 
2071.2 
1994. 7 
1914. B 
IB56.7 
4861. 8 
4S~{j. 6 
478 ~. 3 
476 •. 0 
47,0.9 
4709.2 

64:)6. a 
6396.0 

41.31) .. Z 
4136.6 

4155. " 
4167.2 
4202.2 
42-11.;; 
4291. 7 
4339. ~ 
434il.2 

prof 

.1 

.1 

.2 

• ? 

.6 

.6 

.6 

• G 
.0 

-2.7 
-3.5 
-4.1 
-4.9 
-5.1 

.9 

.1 

.4 

.E 

.8 

.9 

.4 

.4 

.4 

.4 

.5 

.. 5 
-.9 
-.7 
-.4 
-.J 

.0 

.1 

.3 

· a 
.2 

• Y 
.7 

TYPE: DE?:'H UNIFRJi.L <:---- DAHPItJG ----> <---- SHEAR MODULUS -_._--> 
(ft \ S·l.'RAIN NEW USED ERROR NEN \)SE:> ERROR 

I 6 2.5 .00219 .ill', .020 -.5 2464.1 2H3.3 .0 

GIGo 
RATIO 

.982 

.%4 

.947 

.9l2 

.922 

.916 
.916 
.693 
.5:2 
.635 
.696 
.H9 
.739 
.728 
s 602 
.5S8 
.369 
.1% 
.341 
.329 
.319 
.644 
.639 
.635 
.(:,)2 

.629 

.624 

.675 

.6i9 

.663 

.659 

. tiSf 

.653 

.651 

.412 

.411 

.410 

.411 

.Q12 

.414 

.415 

.41S 
4422 
.427 
.432 
.432 

12f~2/:010 3 :30 ~11 

" 
12 " 13 .~ 

l'j 
15 
1£ 
17 
18 
19 
20 
21 
22 
23 
24 
25 
20 
27 
28 
29 
20 
31 
32 
33 
34 
35 
36 
37 
39 
jS 
40 
41 
42 
43 
14 
JS 
q 6 

10.0 

60.0 
67.5 
.., 6. 5 
66.5 
95.0 

104.5 
113.5 
122.5 
131. 5 
140.5 
14".5 
159.0 

219.0 
229.0 
239.5 
250.5 
::61. 0 
271.0 
1S1.0 

310.5 
319.5 
328.5 
337.5 
346.5 
3%.0 
366.0 
J7 6.0 
3b6. Q 

396.0 
~Q6. Q 

·116.0 
.J~G. 0 
436.0 

.OZQQ8 

.03593 

.04524 

.051B6 

.05571 

.05695 

.0374f1 

.11418 
,05534 
.0384: 
.02'190 
.02985 

.04018 
• QSS?3 
.OGOJ 

.08020 
• O~953 
.03012 
• 1.l305S 
.03068 
.03118 
• r.,l33·11 
.02498 
.OZS98 
.02697 
· C2'170 
.. 02816 

• 042~O 
• C42~ 1 
.w·1140 
.04014 
.03864 
.036lQ 
, ClB.?"! 

· 082 
.09. 
.102 
.107 
~ 109 
.110 
.064 
.091 

• 06~ 
• 0 ~ 5 
.OS7 
.129 
.133 
.137 
.141 

.081 

.072 

.074 

.075 

.07 S 

.076 

.076 

.116 

.116 

.116 

.1IS 

.!H 

.1H 

.113 

.111 

.110 

.109 
· 109 

.063 

• 09~ 
.102 
.107 
.110 
.110 
.OM 

.060 
• ()8~ 
.007 
.12.8 
.lJ2 
.136 
.138 

• UBl 
.073 
.074 
.075 
.071; 
.076 
.076 
· G77 
.11~ 

.116 

.116 

.116 

.115 

.115 
Q 114 
~ 113 

• ll~ 
.110 
.109 
.11n 

-.4 
... ~ .: 
-.A 
·.1 
-"l 
.. ~ 1. 

-",:: 
....... !, 

1.4 

-.,j 

- .. ! 

-~~ 

ilL:> 
812.1 
9D0.0 
991,3 

1082.7 
1175.8 

1966.0 

nc,.4 

64 G6. 3 

6.l91 

H19.8 
-i 143 .. S 
-llll.6 
~ 19j . ~ 
~ 2 4 (J. 4 
~29S.S 

~ 37 3.::: 
1400.1 
.J 391 ~ 4 

81l. 
8~9 • 
S9C ~ 

1904. S 

20<.Hj. S 
1907.1 

6 
6518 .. :J 
G461.9 

6:nl.Q 

4135.1 
41~~. 9 
'117~. J 

? R 1 1:. E - P.d~c.h IJ L"ndti 11 - prot 

Il'E:RA'l'ION NUMBS? 6 

VALues IN 'IIME DOHAIN 

He T'fP8 [rEPTH DNIFRM. -(-.~-- [Uil-1flt:G <---- :':HSAR MorIUI~US 
(ft) STP"\;N NE:W USED eRtlN, !lEW DSED 

l~, ~ .. s ,cn::l£' .OlS", ~01~ 

10.0 

60.0 .110 
67.5 .U3'111 ,Ub'l ~064 

-'6.5 .11400 .un .091 
.05531 .073 .073 

.06·1 .064 
,; 104.5 .057 .05'/ 

• C2.982 ,,(}59 ,05::; 
.O?16S .OEO .060. 

-. ] 
-.:1 
-.2 
-.2 
- .2 
-·.2 
-.4 
-.1 

.0 
- .1 

.0 

.V 
-.1 

?1J;;4. S 
719.4 
Bl:. , 

l~ 16. a 
7lLU 

157 ... 5 
23"/7.8 

342 C. 4 
BS2.3 

24c4. 
718. 
812. 
900. 
991-

1082. 
1175. 
1914. 

711. 

.0 

.1 
,1 
.1 
.1 
.1 
• S 
.1 
.1 

.1 
.1 

.3 

-1.6 
-2. Q 

-2.6 
-2 . .., 

.'. 
, ? . .; 

.1 

ERR:;JR 

.n 

.0 

.0 

.0 

.tl 

.0 

.0 

.0 

.0 

.0 

.0 

.1 

.964 

.';)4S 

.934 
,9:5 
• !;I:20 
.918 
.702 
.;; 13 

.~9% 

• ?-60 
• J4q 
.328 
.31-1 

·l03 

.641 

.o:JO 

.676 

.672 

.666 

.6S6 

.G5·1 

.4[19 

.40B 

.40e 

.410 

.412 

.414 

.4H 

.420 

.4::'6 

.431 

.436 
· ·135 

GIGo 
KhTrc, 

· Sti.5 
.9S0 
.93S 
.925 
.921 
.919 
· (05 
· S13 
• 6:l~ 
• 7Q 1 
.753 
• 74~ 
.733 



t'1'l 
I ..... 
\0 

15 
l€ 
17 
18 
19 
20 
2: ] 

23 
24 
25 
26 ::. 
2'1 
2~ 

29 
3<) ZU J. 0 
31 291.0 
32 301.0 
:~] ~ 

34 '> 
35 ./ 
36 .. 
37 <I 
38 .1 
39 4 
40 4 
41 -I j~ 6.0 
42 ., 3~ b. 0 
43 ;I <)06.0 

44 " 416.\1 
45 4 
'Ii'; 4 

.116 
.116 
.116 
.115 
.114 
.114 

.04115 .112 

.03%5 .111 

.038:;2 .10~ 

.03791 .109 

.0300,) .109 

ACCELEROGPAl4 

.0'/4 
• Q<!:, 
~ 07 5 
.07G 

.llo 

.116 

.116 

.110 

.11S 

.114 

.114 

.113 

.111 

.110 

. ., .. ":; 
,'1 
.9 

- •. 1 

20:0). '{ 
1S48.2 

1693 w 4 
4932. e 
4~l12" "1 

4309.1 
QQV9.9 
1400.8 

18 69.7 
1779.9 
1719.7 

M2G." 

4093.~ 

'1094. -; 

43'13.2 
4400.1 
4391. q 

• ______ ..;:;l.:;.:,I1~n(i III );.~ 

. ~ 

- '1'9 
-1.0 
-1.4 
-1.6 

.1 

.C 

.( 

.C 

.0 

.0 
- .1 
-.1 

.1 

.2 

.2 

.3 

.3 

.4 

.2 

.607 

.338 

.295 
) CS2 
.619 

.644 

.662 
• (;60 
· ~57 
.655 
.408 
,408 

.4:" 
.4:8 

.438 

.4.!7 

I? R () 1 - P;::I(.hlCclh U r~andfill - prof 

ITERATION NUI1BER 7 

VJ;LUES IN 'SIME DOMAIN 

NO TYPE DEPTH Ul'lIFRM. <---- Dl'.MPH!G ----> 

" I , 
1 
1 

,; I 

\I 
III 
H 
1:! 
II 
14 

I 

Ie. :. 
Hi !. 
l' 4 
11> 4 
IS 4 
211 
::1 

~4 

~!> 
;1( 

2'1 

(tt) ~'l'RA!N NEW (SED ERROR 

1.:.5 
1 {.LO 
20,,\') 
3 Q.O 

llUL: 
113.5 
1:2. s 

149.5 

179.0 
189. C 
199.0 
209.0 
219.0 
229. C 
Z3 9.5 
250.5 

.oo:n 

.0210 G 

.03555 

.04495 
• uS140 
.05529 
.05650 
.03702 
.11391 
.05533 
• O.l~ 3) 
• 027&~ 
.02982 
.03166 
.03735 
.04004 
.05987 
.06589 
, ,)7195 

.03343 

.0 1~ 

.109 

.110 
,06] 

. J~7 

.059 

.060 

.OSS 

.067 
,130 
.134 
.139 

.0'18 

.Oi9 

.081 

.. 015 
• 06 ~ 
• 09~ 
~ 102 
.106 
.109 
.l10 

.05) 
~ 05St 

.060 

.UG 

.IJ~ 

.136 

.142 

.081 

.il 

• .1 

.4 

-.2 

.0 
,0 

<---- SHEAR MOOU;:'U5 _ •. _--> 
NEW usED ERROR 

2464. E 
718. q 
812.7 
900.6 
991. 9 

lOB 3.4 

:J3B2.Z 
3336.7 
2997. :J 
29~G. 5 
2046.3 
1939. Z 
1641. 0 
1741. 3 

4762.5 

24E4 .. 5 
'118.1 
a 12 ~ 5 
900.4 
991.7 

108.3. :;: 
1176.3 
1918 .& 

3:536.3 
2995.8 
2925,. ~ 
20:i3. '1 
194&.2 
185: .2 
1755.0 

.t. 

.1 

-... ~ 
-.11 

16';3.4 -","'"J 

4>32.8 .1 
.l 

4764.2 

.983 

.965 

.951 

.935 

.926 

.92:1 

.9J~ 

.707 

• S13 
.639 
.701 
.754 
.744 
• 'lJ4 
.60B 
.594 
.353 
• J 3~ 
.318 
.301 

.654 

.651 

·--1>"9"--.r "': 11 .. ------------

p-N;;;VJ-Il~. out. 

)v 261 
2, 271 

11 
:. 
~ 
.; 328.5 
<I 
4 
4 
4 366.0 
J 
ole 

< 
« 
.; 
~ 
4 4:Jt. 0 

.02505 

.04481 

.04472 

. <)4437 

.1J"1390 
• O/J32.ll 
.04158 

,03600 

.0')3 

.l!o 

.11(; 

.116 

.115 

.11, 

.J.1~ 

.073 

.[:74 

.116 

.11E 

.1Ie 

.llt:, 

.115 

.114 

.114 

~ lOS 
.10~ 

VALUBS IN TINE DOMAIN 

LAVE:R ;;AT, THICKNSSS DDPTH 

10 
11 
1: 

li 

1£ 
11 
13 

:;0 
21 

2·1 

2, 
3:) 

32 
33 
34 

30 
37 

40 
~l 

42 

'j"1PE i f·c) (fe) 

'" [.I 2.0 
:0.0 10. (\ 
:0.0 
:0.0 

S.O 
: 3. « 

1.0 
:0.0 
9.0 

.0 
9.0 
9.0 
9,0 
9.0 

10.0 
10, (I 
10.0 
11.0 
11. 0 
10.0 
10 0 

10.0 

".0 
9.0 
9.0 
.9.0 
£;.0 

10.0 
10.0 
10.0 
10.0 
10, () 
10.0 
10.0 
10.0 
10.0 

60.5 
~5. 0 

104.5 
113.5 
122.5 
loll.S 
140.5 

2J9.0 
2l~.0 

:::29. U 

2£·1 ~ 0 
271.0 
2a1. (1 

291. « 

329.5 
337.5 
J I,j 6.5 
306.0 
3(;6.0 
376.0 
3S6.0 
3'<6,0 
4<16.0 
416.0 
420.0 
436.0 

.1 . ..: 

.11 

.0 ... 

.IJ 

-.1 

-.< 

HAL STAAI~ 

(':) 

.0:1 ~ 1 0 

,usn? 
· 0~S ED 

· os" 11 
~ 0-1::: 2':" 
• v4516 

. 06.066 

· O~491 
.U·D·lb 
.OQ55S 
.0,,171 7 

.05065 

· C?, ~J 4 3 
.0'lQ92 

.lHi i23 

.O€5S1 
• 064,~: 

. 06::1, 
· (,601 ': 

.0S'S' 

.lJl, •. III 

6S/~. 2 
6519,3 
646~. 2 
64::5.5 
6401.6 
6383.5 
63.:3. ~ 

H06. 
~1:27 .. 
4)56. 
.J 186. 
·1210, 
(1~58 . 

657 •• ;; 

6426.0; 

408 ~. 2 

<1 23.9 
4 ~l. 5 
4 8ll." 
4 04.0 
4 5, .. 7 
4 1J. 5 

.\' 

.J 

.1 

MAX. STRESS r,'fe;. he:::. 
(p.fi (yl 

437. 

1381.83 
14~ 7. ,,:, 
15~6. 24 
lEOO.J2 
1':9S.1LI 
: 77/J. ¥J2 

12 ~2 ~ 9"; 
1 ~4:;. O~ 

2Zt. ~ t.~ 
:30.7B 
~S3.94 

413 .10 
496.56 

2'143.19 
2719_ 58 
26S16~ 85 

2E42 • 

1.537. £4 
2527.29 
2534.0-1 

.19854 
· 13 .~ 5-~ 
· If6,' 4 

. 12 32 

.12 15 

.12 4:' 
,11 60 
l171 

· \lYlel 
.087!jQ 
\(HI561 

• 08 ~?O 
,OHfj7.l. 

. 093t. 7 

.08118 

.067 

.ot..J"C 
< 06133 
.058 C.; 

,C-52tO 
· 05i)9~ 
.0482:1 
< 04.0 
• (r4S 

.678 

.672 
,666 
.6fi? 
.660 
.658 
.655 
.407 
.407 
.4(19 
.411 
.413 
.4H 
.419 
.4:3 

~eL) 

',6. ::6 

1-
l. 
1. 
1,10 
1. 

31.32 

):1 • 

31.26 
j:" • 

31. 

3l. :~6 
3 I ~ 

1.20 

;. 
·1.2e 
4.::13 
4, ~:6 

1 . 

~. 22 
.-1..;0 
.;. 
4. 

.; .16 
4,16 

1 ~ 4t; 

~.1'Lt'~0:!:'! 

~ .-------,~, 
Ul J4J 

g'g' s: m 
=0 » 
0. ...... :::0 
::E::Z:: _ 
ruru _ 

;!t!e. ~ mm 
CD !s: ,......, 
iii~ ~ 
g~ f') m 
::r('O 

~ C a 



m 
~ o 

Id.!.?~ __ 

N:1UQU , l. !o>J'/ ~".:: I'r.tH A·"t:j;.M:;~ :I!lu,1\ 'W1t.\'t; 'ltt.ot:l1'f or ')10. I; t~:" ... t: 

1(;1 
.tel efu'<: 
~~ ... uu"" 

{;c.IoIP,I'II'1I JI>;'>1'H'1I UI lIIr:iI :lVbt.ll'illiS 

II • 1" •• .:Iu.:;,," 1.1I1'1dti II - ptot 

1.P.'if.1!. 

ffS'l'UW 
Wll'lHU 
Wl'I'lrlU 
"nnw 
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tU1:IIt11 
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• SHAKE -- A COHPUTER PROGRAM FOR EARTHQUJ,.KE RESf!ONSE 
ANAL!{SIS OF HORIZONTALLY LAYERED SITES 

,., ShakeBS 

• Shakf:t;e 

by! Per B. SChnabel & John Lysmer -- 1970 

IBg-PC versio~ ot SHAKE: 
by: 9.S. nHlliel Lai, J"ouary 1985 

New rno:;;h.llu5 redur::tion curves fOl: clays 
Jdded 05ing :resL:lt:s from SUt) et. al. {19S8) 
by: J. I. Sun & ?.emln GoJ e~o.rkhi 
Feb.l:Ubry 26 , 1966 

Shdkf>90/91: Adjust: last. it:e.r:.rttion; Input. now ~'it.be.r 

• Shake31 

GlOttY. aT.' m,;"x Vs: up to 13 type5 caD .. 
be specifi\i!d by U8er; up :0 50 L"y~r" can 
be specified; object mo::ion can be rE~d in 
frolll " separ,He tile and can have llser 
specified format; Differe~t: periods for 
l:espOn!le spec;'Cral calculi2tions; options 
are renumbered; and general cleanup 
by: J. I. sun, 1 .. M. ::driss & P. Dirxim 
June 1990 - Februaxy 19n 

Gene.",l cleanup and f!naliz!ltian of input f • 
output fQrrTIot .... etc 
by: 1. M. Id:::is~ 
Oecembez 1991 

.. Sht1ke98 Routine for: direct calcllli:ttion of aveJ:~ge 
acceleration is added to the program. out
put format is modified to eClable the twc -
- page hncl~c"pe printing. The following 
modul U$ reducticn and damping Cllrves are 
added: Mata:sovic & K~v .. z"nj i"o (1998) for 
municipal sol id waste; 11" CiS.':JV ic & Vuc.tic 
(19;13) for 5MB s""d; and Vucetic and Dobry 
~19~1) tor clays of VariO\1S pla!tt.icities. 
by: Nt:vea l1atdsovic 

."' */r ~lt 1>. *~ k A?- .!~;~:~ If::~;.: ~~~; <f!;:~ -It , ... * It _. 1<'~ ;C*~* .t..~. it. ~ ._* 
HAX. NUM3ER OF TERMS IN FOURISR TPcANSE'ORM c 4096 
HECESSI>.R't LENGTH OF B1A1IK COMMON l( 2S619 

OPTION 1 ... READ RELATION 8ETWEEN SOIL PROPERTIES AND STR;\I;; 

HATERIAL TYPE HO. 1 

CURVE NO.1: 
CURve NO.2: 

CURVE: NO. 

STRAIN G/Gma.x 

.0001 1. 000 

.0003 1. 000 

.0010 1.000 

.0032 .994 

.0100 .963 

.03H .959 

.1000 .sal 
~ 3160 .655 

1.0000 4316 
J .1600 .130 

#1 Hodulu. tOt OIl N"~te (MatiSso'lic:" Kavaz,mji"n, 199. 
~l D"mp:ng for OJ! Wast" (Natasovic & Kavazanjian, 1998 

CURVE NO. 2 

STRAIN DAMPING 

1.13 
1. 77 
2.58 

.0032 4.03 

.0100 5. B9 

.0316 B .~7 
.1000 12.91 
.3150 17 .63 

1.0000 21.92 
3. J 600 25.17 

hl/" 1 <II U .-------

l;Jl:I:IIl!, ,1:)1 !'~ 

lJI, •. l1li 

MA':'ERIAL TYPE: NO. q 

CURVE: NO.7: #4 Modulus tor Sand IVucetic and Dobry, 
CURVE NO.8: #4 Damping for Sand I"ucede "fie! Dobry, 

CURn NO.7 CURVE NO. 8 

STRAIN 

.OUOI 

.(00) 

.OOIO 

.0032 
.01')0 
.0310 

,OOf) 

.3160 
".0000 
3.1600 

G/Gmi>ll 

LOOO 
1. 000 

.964 

.870 

.712 

.474 

.253 

.103 

.028 

.004 

STRAIN 

.0001 

.OOUJ 

.0010 
~ tJ 0 32 
.0100 
. (':Jl6 
.100l> 
.3150 

1.0000 
.00f)0 

~!ATERIAL TYPE: NO. S 

CURve; ;,: 
Cl1RVE 

;15 Hodlllu, :OI :':L 
~ 5 D~rnplng fo! 

DAMPING 

.85 
1 *04 
1.66 
3.00 
5.4& 

:0.:':3 
~q .94 

.00 

C;URve ~O. Cl1iWE: NO.IO 

STR.l\:N G/G!Tl';'x 

1.000 
1. 000 

.995 

.936 

.8lB 

.640 
.1000 .405 
.3160 .210 

J.OOOO .095 
] 1600 .031 

1'--:lPA1'8RIAL TYPE. NO. 6 

STRAIN 

.0001 

.0003 

.0010 

.00311 

.0100 
• DJUU 
.1000 
.3000 

:.0000 
.0000 

CCRVE NO. 11: #6 tor C 
CCR\t.s NO. 12: #6 lor C 

CURVE NO.ll 

DAMPING 

2.58 
2.5a 
2.56 
2.58 
4.64 
'I.n 

11.0 
16 ~O B 
10.12 

.00 

STRAlN G/Gmax r~1'";;,!tr :;JA."CP!:tG 

.0001 

.0003 

.0010 1.000 

.0030 .976 

.0100 .901 

.0300 .743 

.1000 .53 B 

.3000 .332 
1.00eO .156 
3.0000 .048 

iVuc~'tic ,:3nd Conry, If)~:) 

'Vucet.ic: and Dobry, 1!:9.1) 

and Cobr'i. 
and Cobry, 

o?T1vN R8~.D SOlL / WI'ISl'E PRCE'lLE 

o 

JI ~ I O::.:l » I a: So ;:0 , 

~~ 
m!ll 

~*L:J-~g: ~ < 
~ ~ N ri"1 
0(0 C ;:jco 

3 
(I) 

;:a. 
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p-MSi'i-X .~._, _____________ _ 

501:' PROFILE NO. Paduc:ah LJ LandE 11 - fee-field 

flVN8ER OF 47 
DEP'rK TO 441.0 

NO. TYPE 

9 
lU 
11 
12 
13 
14 
15 
If 
17 
lB 
19 
20 
21 
o~ 

2J 
24 
2S 

2" 
n 
':B 
29 
10 
n 
32 
',\3 

34 
35 
36 
37 

'IU 
41 
42 

44 
45 
46 
.(J 7 BASE 

THICKNESS 

10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
5.00 

9.00 
9 ~ 00 
9.00 
9.00 

10.00 
10.00 

10.00 
10. 00 
10.00 

9.00 
9.00 
9.00 
9.00 

10.00 

10.00 
] O. 00 
10.00 
10.00 
10.00 
10.00 

DEP'rH 
(tel 
2.50 

10.00 
20.00 

SO.OO 
60.00 

131.50 
110.50 
149. ~O 
15S _ 00 
169. (10 
1'/9.00 
189.00 
199.00 

261.00 
211.00 
281.00 
291.00 
)0 1.00 
310.50 
319.50 

.i8 G .00 

.i96.00 
~06. 00 
416.00 
.26.00 
43€ .1)0 

TOT. PRESS. 

1730.00 
2525.50 
3356,50 
4206.50 
5071.50 
58:32.00 

13o~4.00 

147:$4.00 
15814.00 
16954.00 
10154.00 

31992 ,00 
33~5Z.00 

34512,00 
35709.00 
3690.(1) 

49290.00 
SOHO .01 
523$10.01 
5424) .01 
55.90.01 

745. 
855", 
963. 

:071. 

271.5 . 

se 2~. 
5823. 
5823. 
5B13. 
7548. 

9707, 
9107, 
9707. 
970'} . 

10043, 

10043. 
10043. 
10043. 
10043. 

D.·,NPING 

5.00 
5.00 
5,00 

5.00 
5.01) 
5.00 
5~ 00 

5.00 

00 

.()O 

.00 

.00 

.00 

.00 
,01) 

UN!T WT .. 

n.90 
78 .20 

130.00 
12i1.OO 

12Q .llO 
120.VO 
120 _00 
120.00 

124.00 

1 ~I:', au 

IG;:) .OC 
IGS.OO 
165.00 

PERIOD ~, 1. 44 & ,ec FRON AVERAGE SHEAR ~Il\VE VEWc:rTY O~ 1220.3 f1:hec 

16.07 
. S7 C(58C 

1.15 sec 

OPl'ION 3 READ IN?U1' MOTION 

FILE Nlu'12 POE INPUT MOTION 
NO. OF' ACCEL. POIN1'S : 
NO. OF' USEe iN rn' ~ 

NO. (iF' HEAl!ING LINES ~ 

NO. C.F POINTS PE8 LI NS = 
'rIME STEP poR INPUT MOTION ~ 

6 

ri.odl-hz: _SiJ.r 

~"Y>l $ of n-------

SH. VEL. 

593.2 
616.8 
G40.4 
bG;} _0 
68 7 ~ 7 
8 2Q.:) 
600.0 

1250.0 
125(>. () 
125()~O 

1250.0 
1400.0 

1400. D 

UO().~ 

l'j()O, J 
1<100. ~ 
l~OO. D 
1400.0 
HOV.Q 
90\)0.0 

I~Jl~n(il!l 1:31 "l>! l1·tnw-r .o,ut. 

FOr,MAT FOR Of' TIM!': HI STORY - r~~"l''''l 

" .... * •. ~ Ace E E R 0 RAM Hf:ADER 

fIRST & LAST LItiES INPUT 110TlON 

1 -.0022% -.001777 
.000964 -,v c11422 

-.01:3eO -,O)E311 

.0005G9 .000731 -.OOJ668 -.01)0583 .~04051 .G02?H 

.ll02864 .O:Hi916 -.003718 

. (H)037{J .Olil41CJ .OU20' .011285 .00801< • 

221 -.00B303 

225 

t .... ..AXIt>ir..1l-1 ACCELERAT!CJ,\l • .38 ~7::l2 
l .... T 'I'lt-:E 5.5ti :::;t!t... 

THE ,lILL BE MUL'rIPL!ED BY A FIIC'rOR ,'J332~JOSO 
TO NEt<J MAXIMUM A(~CEL£RA'rrON ::;I' ~ ],6000000 

~l!:AN SQlJARE 
MAXIMUM '('('ln~~''l'Tr'" 

3.02 
.359£98 F::<:EQUENCIES REMOVED ABOV£ 25. 00 c/,,,c 

OPTION q ... READ WI;8R£ OBJECT HDTION I~ GIVEN 

OBJE(..'l' MOTION iN l..AY£K NUMfH::f\ ..59 OUTCROPPING 

OPTION ",... OBTAIN STM:n C<>MPAl'IBLE SOIL l?ROPERTI:':S 

}-lAXIY-Dt-1 NUMBER OF' ITERA'l'lCNS 
F'~.CTOR fOP, UNn'ORI"l STRAIN It. rUlE DOMAIN ~ .66 

Ace EL S ROG RAl1 
? R 0 f I I. E - pro f 

ITERATIOl\ N!.Jt·lBER 

V~.LUE:S 11: 'J'lll'; Dot1.UN 

NO Tl'PE DEPTH UNfFPJ'l. <---- [11'.I1PHIG ----> <---- SHEI'.R /100U:U5 -----0' GIGO 
(II;) STRAIN NEW o:;£D EKROF. NEW USED t:RRUR Ml'lO 

Z.O .0<144C ,027 
10 0 .04837 .104 

:5 t, 20.0 ,0735S .119 
I .126 
I .DC 
! .11027 .133 

IV , 
11 .065el .077 
1::' 104.5 .05166 .071 
13 .073 
14 " .07·1 
15 lll.) .OS43B .097 
16 14U.S .u:)o7t) .008 
17 149.5 .D~963 ,121 .,15C 

-VJ, S 
52. U 
57. S 
to.3 
Gl.6 
62 . ..J 
~3. 0 
33.7 
4E1.5 

)0.0 
:!1 • .3 
3~. 2: 

"8,4 
oj 9.1 
S8.8 

238 ~. e 
f.9Z. r;; 
770,,7 
SSL:! 
936.3 

1013. E 
1090. E 
1669.0 

6€5.8 

2$r57~c 

Z 915. a 
2sa::. C 
2615.3 
2. 572.9 
225S. :3 

2.5 (,'7.1 
'7H.E 
354 ~ ;.. 
~ C 2. <: 

j ~ ~ 1. !i 

-~ ~ 

-~ 

454Q.~ -~,L 

4:'46~~ 
4SH. 
4~28. ....~~ 

4~2~. ...91~ 

5S23. -:':K. 

1. veo 
l.~OU 

l.ilOO 
1.000 
l.OCO 
'.\leO 
1.000 
1.000 
1. olOO 
LOGO 
l.OOU 
1.000 
1.000 
1.000 
1.00U 
1.000 
1.00v 

l:n;:t::O!Q ):n t14 



rn 
I 

N 
v.l 

p-W::W-t .QIll. 

18 15~)'O 
19 16~.U 
20 179.0 
21 169. () 
22 199.0 
23 209. (; 
24 :l~LO 

25 229.0 
26 239.5 
27 250.5 
28 !,; 261. (1 

29 !> 
30 ~ 
31 !i ~91. (1 

32 ~ 301.0 
33 310.5 
34 !I 319~5 

35 '" 325.5 
36 .j JJ7.5 
37 oj 346.5 
38 .j 356.0 
39 .; 3(;6.0 
41) Ii 376.0 
41 " )96.0 
42 <I 396.0 
43 .j 406.0 
44 <I 416.0 
45 " 426.0 
46 <I 436.0 

· li51G6 
· 05j7 9 
.OS552 
,05'131 
• UQS32 
.04609 
,04654 
.04675 
.04"7 e 
,04670 
,0 3 ~ 4: 
.036U 
.0364 : 
,03634 
.03622 
.03602 
.03575 
.03412 
• U348 1 
.03580 
.03696 
.03604 
.03883 
• U3 930 
• u3945 
.03932 
.03930 
.03 SOD 
.03846 

.123 

.125 

.126 

.lZ3 

.O~l 

.092 

.092 

.092 

.084 

.08 q 

.084 

.084 

.084 

.084 

.083 

.104 

.105 

.106 

.107 

.IO~ 

.110 

.110 

.110 

.1 H) 

.110 

.llO 

.10 S 

.050 

.050 

.050 

.050 

.0:'0 

.050 

.050 

.050 

.00,0 

.050 

.050 

.050 

.Q50 

.050 

.050 

.050 

.. 050 
• Q~O 
.050 
.050 
.OSf) 

.050 

.050 

.050 

59,4 
60.0 
60,5 
61.1,9 
45,1 
45.4 
45,6 
45,7 
45.7 
45.7 
40,5 
41.1.5 
40.5 
40.4 
'1Q.3 
40.2 
.0.0 
51. S 
52.2 
52. a 
5.3 . .5 
54.0 
14.4 
54.7 
54.7 
"4.7 
54.7 
54.5 
54.3 

2211.1 
2165.9 
2130.6 
20f:S .1 
nas.s 
4262,6 
4247.4 
4240.6 
4239.5 
4242.0 
5954.1 
595:'.5 
5953.7 
5957.6 
5%4.6 
5975.4 
599Q.a 
4613.1 
Q574.2 
q~2U.2 

4458.6 
4403.3 
4363.5 
~340.4 
1333.1 
4339.5 
4340.2 
4355.3 
B82.1 

ACCELEROGRAM riodl-h •• sax 

5823. 0 
5823.u 
5823.0 
5823.0 
7547. e 
7547.8 
7547.8 
7547. e 
7541.8 
7547.8 
9706. e 
9706 ~ 9 

9706.8 
9706.8 
9706. " 
lOO~3 .5 
l0043.5 
10043.5 
10043.5 
IOOQ3.5 
lOC43.5 
lOC43.5 
lOG43.5 
aOC43.5 
10043.5 
IOC43.5 
10043.5 

PRO E' I L E - P,duc"h 0 Landfill - fee-field pre! 

ITERATION ))lUMBER 2 

VAL'JECi IN l'IME DOt~A1tl 

-163.3 
-16a.8 
-173.3 
-177 .9 
-76.0 
-77 .1 
-n.7 
-78. U 
-78.0 
-77.9 

-63.0 
-62.9 

-119.6 
-122.2 
-115" 3 
-126.1 

-131. B 
-131. 4 
-1.31. Q 
-130.6 
-129.2 

110 T¥PE DEI?TH UNIF'RM. <---- DAt~P!NG ----> <---- SHEAF. MODULUS -----> 
(ft) STRAIN NEW DSE]) ERROR N£W OSED ERRDR 

2.5 .00303 .Oli 
t 10.0.03403 .104 
1 20.0 .053~: .108 .119 
1 30.0 .06633 .l1o .126 
t 40.0 .07926 .121 .130 
1 .Ilsn? .12~ 

7 : .09295 .127 
8 ., 67.5 .078 .075 
9 C 76.5 .10S .o,:r; 

10 A6.S .097G6 .097 .083 
95.0 .06679 .07B .0'7'; 

l~ 104.5 .05009 .071 .071 
13 113.5 .05265 
14 122.5 .05508 
15 131.5 .06180 .101 
16 HO.S .06459 .103 .098 
17 149.5 .0742: .140 .121 
18 159.0 .07715 .142 

169.0 .07Y92 .144 
179 .. 0 .oe190 .14~ ~lZ6 

169.0 .08396 .146 .. 12B 
199.0 .0,117'1 .083 .091 
209.0 .(14371 .090 .092 
219.0 .01531 .091 .on 
229.0 .046·j2 .on .092 
239.0 .04760 .093 ,092 
250.= .04826 .093 .092 
261.0 .03412 .084 
271.0 .03459 .064 
281.0 .03459 .084 

-23.9 
-13.0 
-10.2 
-8.6 
-7.4 
-6.9 
-'5.7 

2.3 
9.9 
3.S 
1.4 

-1,0 
-1.2 
-1.1 
4,1 
4.1 

:.3.4 
:3,2 
:~. 9 
2~. 0 
:2. j 
-:.;, II 
-1.5) 
-1.0 
-.2 

.6 
11 

-2,2 
-2,0 
-2.0 

2445.2 
710 .. 3 
789.2 
873.2 
960.5 

1047.0 
1IJ~. 4 
H48.4 

579. ? 
1335.9 
2040.6 
2981.5 
2,)42.9 
~9OH. 0 
2485.3 
2440.4 
1806.4 
1763.1 
17:;3.6 
lo9&.:: 
1668.5 
4415.9 

2:;84. a 

53E .J 
J013.6 
1090.6 
1669. B 

665. B 
13::<3. G 
2%6.2 
29137 _ 6 
2915.6 
2B82.0 
2615.3 
2572.9 
2255. B 
2211. " 
2165.9 
2130.6 
20~;'. J 
42e B. e 
4262.6 
4::47.4-
4~40. 6 
4239.5 
4:~ <'12.0 
~954 .1 
5952.5 

1. 000 
1.000 

1,UOO 

1.000 
1.000 
1.000 

1 
1 
1.000 
LOGO 
1.000 
1.0eo 
1,000 
1.0(JO 
1.000 
1.000 
1.000 

GIGo 
RATIO 

. ~5:l 

.622 

.480 
,565 
~ 609 
,650 
.641 
.634 
.531 
.~22 

.387 

.3(6 

.3;:0 

.5,," 

.565 

.563 

.562 

.50 
• 56~ 

l::Il:/~\.Il!.l ):)1 PH e...HSW-r,.:>u,t 1:II.::nOlw lLll r.ll 

31 
JZ 
33 
34 
35 
36 
37 
36 
39 
40 
41 
4~ 

43 
44 
45 
46 

291.0 .OHJ2 ,082 .084 
3)1.0 .(J3:!~3 .062 .084 
310.5 .Q3342 .081 .084 
319.5 .03:::79 .081 
3,8.5 .04147 .113 
337.5 .04042 .112 
346.5 .04111 .112 
;56.0 .04353 .115 
366.0 .oq~76 .117 
370.0 .u1·'9b .120 .I1J 
396.0 .0493-' .121 .I1J 
396.0 .05034 .122 .110 
486.0 .05091 .122 .11J 
'116.0 .OS05S .122 .1D 
4~6.0 .05062 .122 .11') 
'i36.0 .04944 .122 

-2. J 
-2.7 
-3.0 

6.6 
7.4 
8.3 
e,6 
9.4 
~. 9 
9.7 

10.(1 
g.7 

6072.2 
6100. 9 
6125.6 
6153.3 
4236.7 
4186.3 
n'3.6 
4143.5 
40U.n 
39~6. 7 
J90().9 
3 ~ 6 3.4 
36<11.7 
36">4.0 
:3 BS: ~ a 
3B98.3 

5957.( 
5964NE 
5975.4 
5990.6 
4613.1 
4574.2 
4520.2 
4458.6 
4403.3 
4363.5 
4340. q 
4~33. 4 
4J39. 
4340. 
4~55. 

4?B2. 

ACCE:"EROGRAM dodl-hz .s"r 
PRO i" I L E - Paducah U LiJ.tldfill - fee-field prof 

nl;;RATlON NUMBER 3 

VALues IN TIME DOMAIH 

NO T\:1?E JEPTH tJNIFRM. <--.-- DAME'ING ----> <---- SHEAR MODULUS 

l.~ 

(£t) STRAIN NEW USSD ERROR NEW USED ERROR 

1 4-

10 
11 

14 
15 
16 
l'! 
18 
19 
Z() 

21 
2~ 

23 
2<1 
25 
26 
27 
28 
29 
30 
31 
3~ 

34 
35 
36 
n 
38 

40 
41 
42 
43 

I 
l 
1 
\ 
1 
t 

2.5 
10.0 
2U.O 
30.0 
40.0 

67.5 
76.5 
66 • .5 

113.5 
1:2.5 
131. 5 
140.5 
249.5 
159.0 
1~9. 0 
1'19. a 
B9.U 
)99.0 
209.0 
219.0 
::::9.0 
239.5 
250).5 
261. 0 
271.0 
2B1. 0 
291.0 
301. 0 
:nO.5 
319.5 
nB. ;; 
3~7. 5 
346.5 
3:.6.0 
366 ~ 0 
;.76.0 
386,() 
396.0 
406.0 

.OO~72 

.03072 

.04840 

.06197 

.07142 

.07843 

.08329 

.oo:rlJ 

.. 20:-!30 

.09461 
• (jG47~ 
.04C,16 
.OcJ92J 
.050:'1" 
• 05~85 
.06"56 
• D6465 
• <l88V 
.09257 
.09736 
.10213 
,03~16 

.04125 

.O·13U 

.0'1415 

.04537 

.04603 
.03165 
.03141 
",,03110 
.03065 
.02994 
.02916 
.02B~3 

.03998 

.04056 
• Q4:63 
.0457i 
· O'l~.n 
.05149 
.05340 
.05456 
.05540 

_ 02 ~ 

.089 
• 1 O~ 
.113 
.ll8 
.12: 
.123 
.076 
.: 10 
.OS6 
.077 
.069 
.070 
.071 

.153 

.l!>' 

.060 

.088 

.089 

.090 

.091 

.092 
• ()79 
.079 
.079 
.078 
.078 
.077 
.076 
.111 
.1IZ 
.: 14 
.:11 
• :20 
.123 
.12'i 
.126 
.126 

• 02~ 

.11E 

.121 
· 12~ 
.127 
.073 
.108 

· on 
~ 07(; 

.071 

.101 

.103 

.140 

.142 

.144 

.145 

.HE 

.065 

.090 

.on 

.09, 

.oa2 

.082 

.0Bc 

.082 

.062 
• OS 1 
.081 
.113 
.1lZ 
.ne 
.115 
.117 
~ 120 

· J21 
.122 
.122 

-4.2 
-3.7 
-3.2 
-3.0 
-3.D 
-3.1 
-3.1 
-1. ~ 

1.9 
-.9 

-1.9 
-2.9 
-3.0 
-3.0 
-1.0 
-1.0 

4.2 
4.:l 
4. ,;; 
5.3 
".9 

-: .4 
-: .1 
-1.9 
-1.5 
-1. 7 

-4.4 
-4.7 
-5.1 
-5.6 
-5.3 
-1.5 

.1 
1.5 
~ .0 
::: .2 

.7 

.9 

.0 

.1 

~ j 4. ~J • .: 

Zt)7S,6 
JUH.q 

-151&. : 
H35.3 
~3(5.9 

~2Ii~. 6 
6226.7 

i 
6350. S 
6387.9 
l ]0'7. 2 
4279.5 
naJ.7 
1046.9 
3036. :: 
)S~O. -1 
J'l49,6 
j 7 I) D.:~ 
3679.0 

2445.2 

5-/9.7 
1 ~:~ 5. ~J 

2S08.0 

'1~15. S 
4~·15. 1 
4~a ~ • .:: 
4~51. 5 
4212.4 
41~1.G 

61<::3,3 
I.JZJc.7 
4286 . .3 
4~::;; 3. f 
4143. S 
;·104""1.0 

~ SS 6" J 

3SIJu. ~ 

.f 
.1 

." 
I .. 

.'1 • 

-.~. ': 

..... , 

.611 

.614 

.616 

.6l7 

.459 

.455 

.450 

.444 

.438 

.434 
• q32 
• q~l 
.432 
.432 
.43-1 
.436 

GIGo 
RATIO 

.975 

.954 

.923 

.90"/ 

.397 
,390 
.386 
.60'1 
.410 
.542 
,602 
.65£ 
· G,P 
.040 
· S04 
.455 
.310 
.303 
.2st 
.251 
.ZeI 
.5,,5 
.576 
.5€J 
.SE3 
,5SS 
· ;,55 
.625 
.624 
.6:~ 

• 6~6 
• 6~9 
.631 
.635 
• '122 
.427 
.4:4 
.413 
.403 
• 39~ 
• :'I;~ 
.3,5 
• 3~3 

~~ 
OJ /j) 

~~~c::> """CJ _ 

~~ r..:> !~ 
0(.0 C =S-co 

3 
CO 

a 



e"",,IS'lt-t -"III. • 

44 
45 
IjE 

.05404 .126 .122 

.l)5461 .126 

.ll529() .124 

2.9 
2. ~ 
2.6 

ACCELEROGRAI'l rlodl":hz .".r 

3aS4. (1 

3852.8 
389 •. 3 

f' R " 1 I. E: - l!~dUc"h [) Land~il1 fee-field prot 

IT BM'l'lON NtJ1'l82R 'I 

VALUES H) ';' l!1E DOMl.IN 

-4. (1 

-3, 

NO TYPE DEPTH :JNIt'P_N. <----- f'lAMPTUG ----::. <---- SHEAR rr,O!)[)L(J$ -----> 
(tti STRAIN NEW USED ES:R0R 

(. 

I 
1 
1 00. U 
1 10.0 
1 50.0 

7 I GO. (l 

:;. 61 ~ 5 
q ~, 7G. '5 

10 ,y 
] 1 " 95. () 

~ 

14 ~ 122. 
lS D1 
16 
1'1 
IH l~". 0 
is 
20 
21 

2t" 
26 
27 
28 

1 B ~ .0 
199.0 
:09.0 
2 J ~ • 0 

.06L)86 

.20156 

• V9Q O~ 
. t0166 
" 101192 
,115:"3 
.0379, 

Jl 
32 

2 'l 1. II , 1J2~ ." 
J0J. .0 . :~ 

~ .02&4 
35 " .0379 

4 337. S • 039~ 
37 o! 346.5 .0427 
35 .046'2 
39 
1(j 

41 :;8 G. L' 
42 
43 
'14 .05&49 
45 4"6.0 .05633 
4 ~ 436.0.05444 

.116 

.11!;) 

.121 
.07& 
.110 
.085 
.076 
.067 

.158 

.160 

.08S 
,(.187 
.089 
.090 

.on 

,074 
.10S; 
.111 
114 

.11A 
.17.1 

.126 

~ 111-) 
.12-
.123 
.QiG 
.110 
· OS; 

.08.s 

.oao 
" Il89 

• U75 
.070 
• 07 ~j 

• (P6 
.111 
.ll::! 
.11_ 
.11, 
.120 
.12,\ 
.125 
.126 

.120 
• 12~ 

-1.3 

-l~ '2 

-1",2 
-1.5 

-.1 

-1 
- J . R 
-l.~ 
-1.8 
-1. 4 
-1.4 
1.7 
1.9 
?. ~ 
3.1 
3. :3 

-1.2 
'-1.1 
-LO 
-1.0 
-1.1 
-1.2 
-} ~ 9 
-2.1 

-2. a 
-':::.3 
-.7 

.J 

.-.6 . ~) 
1.1 

1.2 
1.1 
1.1 

NF.W 

snl.l 

1690. a 

1 nBS.;; 

1408. " 
1361. (I 
4 5GG. 0 
~ ~81 .1 
440B, f 
4J60.2 

6495.3 
440:;. a 
4310.1 
4190.3 

3643. 
3610. 
3641, 
.lb46. 
;;712 • 

{\.CCELBROCRJ1 •. t-1 riodl-·h:.!..~t;,ll: 

USE:D 

%8.1 
lOS) _ 6 

11 42.9 

20 'IS ~ (: 

1,02. a 
145 7 • : 

45 26 ~ 2 
4435. , 
43;;,.9 
411tt.9 

6J67.9 

4183.1 
4046. 9 

3'106. t 
3IE'!.7 

P R () f' I L E - P.l1duc~b U Land:till - fee-field pI>~t 

IT ERAT ION N[Jl~Br.I', S 

VALUES IN TIME DOMAIN 

ERR()~ 

.1 

.l 
,.I 
.J 
.l . ) 
.l 

NO TYPE tlEPTH UNI E'r-:M. <---- [lAJ~~ItIG ----> <---- SHEAR MODOLllS -----c. 

.364 

.324 

.38B 

GIGo 
RA'no 

.615 
· ·10e 
.547 
.612 
.670 

.42"

.4; 'I 

.403 
· Jg? 

.369 
• Ji5 

CIt;<; 

3:31 1'1. p-MSW-r.OUl; .•. .. ___ . __ . ___ .......l.;.t.l~~~ 

:>TII,,1II liP! IJS8D ERROR m:l'I 

\' 

.021 .o:n 
. US? .08S 
.IO? . I Q, 

.111 

.llE 

9 t .109 .110 
lQ • DB ~ 

,07" 
l~ .067 .0(7 

t 113.5 .04 /.54 .06B .Q69 
1.4 t .iJG~l .070 

15!. .098 .O~~ 

16 ~ 
17 of 
18 <I 
1 S '* 
20 4: .160 

<I 16:l.0 .12Ho .16~ .160 
22 ~ 199.0 .03')q~ .085 .OB5 

~ ~,DJ95~ .0!97 .Ofn 
24 !a ,,04148 .OBe .009 
:::5 ~ 229.0 ,CiJ:'77 .099 .usa 

s 239.5 ~04338 ~090 .090 
l> ?50.5 .04376 . 090 .090 
!> 2t1.0 .02980 .078 .07g 
~ 271. 0 

:;0 !) 261.0 
II 
J2 
33 ~ 
34 319.5 .0156': £073 .074 
3~ 4 3::8.5 .03656 .L07 ~luS 

3( 4 337.5 .OJS25 .110 .111 
37 >I 340.5 .1)4242 .11Q .114 
3" 4 .\50.0 .04£20 .11. .110 

4 366.0 .U49~4 .121 .121 
ijO ;$ .OS~3:: 1.25 ~124 

4 
4 
~ 

-I" 4 
'15 ., 

4 ~}6.0 "O~:32. .126 

ACCELE:P.QGPAH 

-4(' 

-.ii 

...... (1 

-~~ 
-1.;' -.,. 

-,<> 
-1 

.1 

2455.1 
715.5 
798.7 

31)6. 
3072. 
3038. 
:>591. 

HZo .8 
:t:i 79.0 
·135 ~. 8 
,J3~ 3.5 
6HR . .! 

-I4"1tl. a 
nu.v 
4193.1 
-I l)29. 0 
3990.3 
3753.1 
3t"'~. 4 

.r:.i.odl-h: .t.a! 

USED 

245.£1. Z 
~! 1 S. 2-
'787 w 4 

13 6 ~ E; 

210 • e 
308 • { 
305 .9 
JU1 .7 

'11~ 1. 1 
44U8. ( 
43 t5 a ~ 2 
433~. 5 
4317,0 
6 '?9 3 ~ ~ 

440, . 
~llV. 

41&0. 
4026. 
JSOS. 
3771. 
~;~lL 

;) F r I .. E p(Joucoh U Li:lndii.11 fe~-iield proi 

!"ER~.TroN NL1MSER 6 

VALUE, IN TIME DOMAIN 

tlO TY?" DEPTH <---- [)l.t~PING ----> <---- SHE.".R NODUW,; 
(it) NEW llSED EPRUf' NEW USED 

2.5 .Ou:;S6 
! 18.0 .02&~6 

1 20.0 .0.'8U .10, .102 
ol 1 ;;0.0 .05'134 .110 .110 

.06633 .115 .ilS 
~07~4U .116 .11S' 

fO~D .120 .121 
67.5 .07·j .075 
76.S .1900 .10S ,109 

10 .06£9, .064 .OB4 
11 .059(12 .075 .075 

.. ~ ,~ 

., '1 
-.-1 

""' • .3 
-.·1 
... ,,; 
...... t) 

-.5 

2455.7 
715. E 
79~. 3 
~~~. 6 
97:;.4 

1061. S 
llH.4 
17~::. E 
573.5 

13e4.5 
2125.1 

ERROR 

· 0 
• 0 
.2 

.2 

· e 
.9 
• A 
.e 
.7 
.7 

· ? 
1.2 

""'3,6 
.<1 

• 4 
• 4 
· 4 
· 5 
· 6 
· 4 

· (; 
.6 
.7 
, ? 
.7 

1.5 
.1:. 
.3 
. .\ 

- ,,5 
-,7 
-. ~ 

-1.0 
-1.() 

-. $I 
-.f; 

ERROR 

.0 

.1 

• .l 

.1 

.5 

.6 

,4 

RATIO 

· 979 

• S60 
.933 
· SH. 
.907 

• G7l 
.664 
, ~20 
· ~) 1 () 

.234 

.6U~ 

.572 

.64iJ 
,(>~ 1 
.654 
,656 
.660 
.065 
.6(S 
.435 
~ 4:;~ 

16 
01 
~ S 
7{j 

.3(;3 
,37,} 

.979 
,9El 

· ;)J_~ 
• ~()6 

.658 
" t:.:::~ 
.410 
· ::, s~, 
.£:''' 



r!.:.!'t1!.!!:.r ,eYt 

12 

14 
15 
16 

149.5 
1B 159. D 
19 169." 
'il) \79. 'l 
21 J.B9. 0 
22 1';9.0 
23 2(19.0 
24 219.0 
2S 
26 
27 
26 
29 ::. 
JU !> 281.U 
31 S "91.0 
32 !I ;)01.0 
33 ~ 310.S 
34 ~ 
35" • 5 
~6 33 1 .5 
37 :;46.5 
38 
39 
4Q 376.0 
41 
42 
43 • (1 

4 q '116. V 
4~ <126. U 

.05732 

.09255 

.10090 

.11203 

.03727 

.02599 

.1)2523 

.04214 

.067 .067 

.OGB .063 

.069 .069 
.OY7 .099 
.099.099 
.150 .150 
.154 .153 
.159 .157 
.162 .lGO 
.165 .163 
,085 .OS5 
.on .087 
.0&8 .086 
.089 .069 

.07!'> 

.075 

.090 

.090 

.on 
• Q77 
.076 

.074 .074 

.073 .l173 

.106 .107 

.11<> .110 

.114 .~H 

.118 .lIB 

.121 

.125 

.127 .127 

.128 .126 

.129 .129 

.129 .12ij 

.12$ .128 

-.4 
-. € 
-.6 

.3 
,9 
.9 
.9 

1.0 
-.2 
-.1 
-.2 
-,2 
-.2 
-.3 
-.2 
-.3 
-.4 
-.4 
-. S -. :; 
-.5 

·-1.0 
-. G 
-.3 
-.1 

.0 

.2 

.3 

.3 

.4 

.4 

3106.2 
3072 .4 
3038.0 
2591.1 
2544.5 
1572 .0 
1495.6 
1412. J 
1360.5 

.J 
,3 
.3 
.1 

- .S 
-2.Q 
-1.8 
-~ .0 
-2.2 

.1 
.1 
.2 
.2 
.3 
.1 
.2 
.2 
.3 
.3 
.3 
.J 

1.0 
.6 
.3 
.2 
.0 

-.2 

tT.I 46 4H.O .127 .126 
.4 
.4 

3116.6 
3082.4 
3047.9 
2608.3 
2061. 7 
1559.7 
14 66 ~ 4 
1367.0 
1334.1 
1.2a2~5 

4593.3 
4505.6 
4433.4 
4386.5 
436G.: 
4355.6 
6327.6 
6358.0 
6395.3 
6':26.6 
6470.0 
6521.2 
6565.5 
4522. : 
4360.4 
42%.1 
,1035.7 
389'? .., 

3745.0 
3651.3 
359J.2 
3555.2 
3585.1 
3596.4 
3E61. 9 

1310. a 
45a 6.3 
44 ~~. 5 
4426 .8 
4379.0 
4356.6 
4343.5 
6318.3 
6346.5 
6380.0 
6109.5 
6451.3 
6~OO. 9 
6543.2 
4q 76.S 
4343.0 
4193.1 
1l02S1.0 
3898.3 
3753.1 
3664.4 
3011.5 
3575.5 
3606.5 
3615.5 
.l681.7 

~ 
tJl l .. C:CELRROGRAM 

PRO F T 

NUMB£R 7 

IN TIt1E DOl-lAIN 

j' ... IOI:"''' II pte! 

nPE DEPTH UNlfRM. <---- DAMPlNG ----> <--- ::1lt."\R tKlfJ'll.lJ:: ----:-
(tt) Sl'RAIN NEW USED E~ROR /l!:W ()SED ERROR 

2.5 .OQ254 .021 .021 
10.0 .02.SQO .OB7 .oa7 
20.0 .04451 .101 .102 
30.0 .05597 .110 .110 
40.0.06590.11S ,115 
50.0 .07198 .118 .11i 

.07673 ,)20 .120 

.05134 .074 

.19142 .10B 

.OB611 .084 

.05853 .074 

.04177 .066 .057 
6 113.5 .otj36S .06l .068 

112.5 
131. :; 

5 140. S 
·1 149.5 

159.0 
169.0 
179.0 
189.0 

.04567 

.0542.5 
.05C79 
.09301 
• 1 O~ B8 

,11407 
. 12~52 
.13141 
.03722 
.03939 
.04125 

.0911 

.151 

.155 

.HO 

.163 

.165 

.085 

. OS7 

.08S 

.099 
.150 
.154 
.15Cj 

.162 

.165 

.085 

.067 

.06e 

~.J 

... ~ 

.11 
"l 
./) 

245'; .0 
715.1 
799.7 
a85.0 
97:;.9 

1062.1 
1150.0 
171?5 

577.1 
138 E. 1 
2133.9 
31:22.1 
3087.5 

2571" 3 
1554.2 
1451.6 
D73.3 
1319.1 
1265.9 
4595.2 
4507.2 
H35.4 

245S.7 
7lS,o 
7~9 .3 
884.6 
973.4 

1061.9 
1149.4 
1.71.2.6 

573.5 
1384.5 
2129.1 

3i)4" ~ 9 
260d .:. 
2561. 7 
1559 .. 7 

13.>4 .1 
1282.5 
4593.3 
4505,6 
4433.4 

.0 

.0 

.0 

.0 

.0 

.0 

.1 

.E 

,4 
.4 

-.4 
-1.0 
-l.~ 

-1.1 
-1.3 

• G 
• G 
~ 0 

.633 

.257 

.24J 
,234 
• 2~S 
.60a 
.596 
.5S(' 
.5RO 
.577 
.575 
.651 
.654 
.657 
.660 
.665 
.670 
.6'14 
• qqG 
.432 
.417 
.401 
.398 
.374 
.365 
.%0 
.3% 
,359 
.360 
.36'1 

.960 

.%1 

.935 

.91" 
• 909 
• 90'3 
.998 
. 631 
.414 
.562 
· 628 
.685 
• 678 
• 670 
· 529 
.520 
.268 
.. 252 

.60>1 
.597 
.587 

11n:/!\11ll Jt)l .. ~ p-I{n:-t.i>\.t\.. w ______ , _______ , ___ , __ • __ ... _ .... _____ .....J,;Jl:n<.!U1 ):,31 PH 

25 
26 
27 
28 
2';;: 
30 
Jl 
32 ;0 1 ~ t) 

.n " 
34 5 
3!i <1 2 Ii. 5 
3.0 37. S 
37 46.5 
39 56.0 
3:-: 66 ~ 0 
~O 76.0 
H 86.0 
42 
43 
44 
45 
46 4 

~04249 .009 
.H302 .069 

.090 

.077 
• 077 
.076 
.075 
.074 
.073 

.OLSU4 .07.1 

.03528 .105 

.0J338 .109 

.O~l92 .113 

.04589.116 
.121 
.125 

.05641 .127 
.129 
.130 
.129 
.129 
.127 

.069 
• DB 9 
.090 
. 07~ 

.OD 

.lut 

.no 

.114 

.118 

.121 

.125 

.11.7 

.126 

.129 
~ 129 
.128 
.127 

VhLOES IN TIME l!Ot~,Anl 

1.J;'(ER HAT. T!lICKN!::~S UEI!TE 

10 
11 
12 
14 

15 
H 
17 
18 
19 
20 
21 

23 
24 
25 
26 
21 
21> 
29 
30 
31 
3:-
33 
34 
35 
36 
37 

40 
41 
42 
43 

TYPE (ft) ltt.) 

5.0 2.5 
1 U. 0 
10. I) 
10.0 

13.0 
7.0 

10.0 
9. (J 

9.0 
9.0 
9.0 
9.0 
~. 0 

:U.O 

~ 0.0 
10.0 

10.0 
to .0 
]0.0 
10.0 

9.0 
;0.0 
,0.0 
:0.0 
:0.0 
: 0.0 
:'0.0 

30 ~ 0 

~ b. t; 

113.5 
121.5 
J.:l J .5 
140. 

21 Sl ~ 0 
229. G 

2€ 1. U 
7.71.0 
:'81. 0 
291. 0 
30 J. 0 
310.5 
319.5 
328 ~ 5 
337.5 
346.5 
3::'';:'.0 
:lE 6. 0 
376.0 
396. (J 
396.0 
406.0 

-.1 
-.1 
-.1 
-. J 
-.1 
-.2 
-.2 

- .. :7. 
-.6 
-.4 
-. Z 
-~ :1 

.0 

.1 

.1 

.2 

.2 

.3 

.2 

.3 

t1Jl.l:. STRAIN 
('.1 

~003es 

.04303 

.0&744 

· !l96n 

.1;;D4'1 

.0 GG1J 

.1)6920 
· OtL~2u 
.OBbO:) 

.004,)9 

.06518 

.0417 S 

.04052 

.07489 

.OB116 

.0$547 
• OBE 20 
.090119 

·13H.9 
~ 331 
6362.8 
6402.4 

4548. :: 
4366.(; 
4216. C 
4041. 9 
3898. G 
3741. :: 
3C44. J 
3"132.2 
3547.7 
3571.3 
35134.1 

6:,5'- ;J 
&3 9S ~ 3 

QS22.1 
43ii8.4 
4:06.1 
4035 • ., 
3& 97.7 
3~/4~~a 

36S 1.-"' 
3593.2 
355's. ? 

.1 

.1 

.. 

.t 

.4 

-.: 
-,:1 
-.-I 

3648.6 -.,1 

~1J..X. STRESS "1iG. ACe. 
(p"fJ (.,) 

9 •• S~ .315~9 

30-j .9S '" :Q-{:;'4 
539.10 .?lH2 
7£J. ,f. .30198 

1667.97 
1972" 35 
2(J40. (),2 

210~~:':B 

2144.0~ 

220·1. C'f 
21Q7. E3 
2265.66 
2397.lJ 

2624.30 
264c.14 

27e s. ia 
2728.41 
2£82.83 

D 

3120.72 
3171.41 
3:202.82 

.20428 

.ld 980 

.11769 

.16701 

.15703 

.10959 

.13 8S8 

.1140' 

.132:)4 

.12796 

.12·~2 J 

.090;5 
oaS28 

,fHiDf.R 

. 0657 J 

.05551 
• OG·13.~ 
.Or.?!17 

.':)1';11 

.576 

.577 

.652 

.655 
,659 
.662 
,667 
• (;72 
.676 
.450 
• q3~ 
• 41~ 
.402 
.368 
.37 J 
.364 
.358 
.354 
.357 
· 35~ 
.3E5 

TUIE 
:Jec/ 

(i.02 
C. (·2 
6.02 
C..02 
t:.Cl2 

.S • ~; e 
s. So 
5 ~ 96 
5.56 
5.94 
5. ~6 
5.94 
5.96 
€.10 
Lee 
6.(08 
CO'-

E. G~ 
6. V2 
6. ()(! 
(\.Ou 
C. C() 

5."S 
S. 'is 

!l. " 
5. 
5. 6 
5 . 
5. 
5. :i ~ 
5.34 
5.32 
5.32 

o 
~:. 
~. 

W O 
0:;:) 
:;:: 0 
(",1. ..... 

~:E. 
til ~ 
ell :e . 
rPm 
OJ~ 

s: 
» 
;:0 

<:> 
()P) 

f',) 
c;::) -f',) 

'"'tu W:::s 
:::s I).) 

01.0 C ::T31 1 
C1'l 
a 
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• SHAKE -- A COMPUTER PROGAAM FOR EARTHQUAKE RE:SPONSE 

ANALYSIS OF KORTZONTALLY LAYERED SITES 

• ShakeS 5 

Shake88 

by: Per B. Schn .. bel & . Jnhn Lysine!: -- 1970 

IBM-PC version of SHAK£ 
by: S.$~ (Willie) Lai; .7anui:try 1985 

Nev-' modulus reduction curves :o!: cl~ys 
"deed using re.ult$ from Sun et ,,1. (1968) 
by: J. 1. Sun & Ramin Gole"o]'; khi 
FelJLuary 2<5, H88 

Ii Shake90/91: Adjust, last itero?l.t.ion; Input. no\</ i:5 either. 

... Shax.e91 

Gmax, or max Vs; up to 13 ffia,tez:ii11 type.:\. c~n 1t 

be sp~cified by t1~ex; up to SO Layers can 
be :specified; object'. motion. can be .r:ead in 
from a :5epa:t:ar:e file and can have: user 
specified format; Oifterer.t periods for 
re spo!lse spect.ral ::t11culations; options 
are Ienumbered; and gener~l cleanup 
by: J. r. SUn, I. M. Idri .. ~ & ~. Dirrim 
Jun" l~~U - f'ebrilary 1991 

Gt!ncral cleall.u~, and flnaliz.a:tion of i:1put: I "" 
output fOJ;t1tt.l t •.. etc 
by: 1. M. :d.io~ 

Decembor 1991 

.. Shake98 Routine for direct calculQ'tion of average 
acceleration is add~d to the program. Out
put [annat is modified to en"ble the ~wo -
- page landsc~pe printing. The following 
modulus :reduction and damping cUrVes a.re 
added: M&tdsovic &: K<!lv('Jzanjian (1.998} for 
municipal .solid W'i.tst.e; Matasovic: 4 Vucer.i~ 
(1993) for 5MB s~nd; and Ilucedc and Dobry 
(19~)1) tor c:"ays of variou!I pla.ticities. 
by: Nev~n Matasov ic 

•• k't ** * *" *~>kht" ~~~~:~. ;:~:.: .-~~: .. !:;~ ... ~. ~~ '"*~ h~+~.Ho ~~~~~ -\ "'. ~d 

MAX. NUMEER OF n~HMS IN FOURIER TRlU1S~ORM ~ 1,096 
NECESSlIRY LENGTH 0, BLANK CC~lMON X 25619 

OPTION 1 H. REAl: RELATION BETvlEEN SOIL PROPERTIES AND STRAIN 

MATERIAL TYPE NO. 1 

CURVE NO.1: 
CURVE: NO.2: 

CURVE NO. 

STRAIN G/Gm .. >: 

.0001 1.000 

.0003 1.000 
,0010 1. 000 
,0032 .99Q 
.0100 .963 
.0316 . ~59 
,1000 .l181 
.3160 .6SS 

, 1. O()OO ,316 
:l.1600 .130 

#1 Modulu~ for OIl t'~a3t.e (MiatiJ.:!iovic KaVdZ.anjic~m, 1998 
ttl. Damping for. or: t-:e.s~e (Mat~l5ovic Kavar;a:1ji~n, 19$18 

cURVE NO. 2 

STRAIN DAMPING 

.0001 1.13 
.0003 1.77 
.0010 2.58 
.0032 4.D3 
.0100 S.B9 
,0316 8.,7 
.1000 12,91 
.3160 

l.OOCO 
3.1600 

17.63 
21,0)2 
25.17 

,JJi,I, III 

e-ltSl'/-t.0.H.!........._ •. 

MAl'SRIAL TYPE NO. 4 

CURVE NO. ?: #4 Modulus tar Sdnd IVucetic I>nd Dobry, H911 
CURVE NO.8: #4 D,,"'ping fer Sand !Vucet:ir.: and Dobry, 19911 

CtJRVF. NO, 7 

STRAIN 

.00Gl 

.0003 

.Oll1lJ 

.0032 

.0100 

.0316 

.1000 

.3160 
1.0000 
3.1600 

CURVS NO.9: 
CURVE: NO. 10: 

G/GmaJ( 

1.000 
1.000 

.96Q 

.870 

.712 

.474 

.253 

.103 
a's 

.004 

CURVE NO, 9 

STRAIN 

.000] 

.0003 

.OU10 

.0030 

.0100 

.0320 

.1000 

.3160 
1.0000 
3.1600 

G/Gmax 

1.000 
1.000 

.99':' 

.936 

.616 

.640 

.405 
,2:0 
.095 
.034 

HII'l'li:fUM :;Vl'l; 

CURVE !lO. B 

STRAIN DA~J1? I NG 

.0100 

.0316 

.1000 

.3160 
1.0000 

.0000 

~5 Modulus tor CL 
n 5 D~mping tor CL 

.85 
1. 04 
1. S 6 
3000 
5.48 

10.01 
15.40 
~O. ~3 

~3. 9~ 

.80 

CURVE lIO .10 

STRAIN DA.'lPING 

.0001 2. sa 

.0003 2.58 
• 0010 2.56 
.0030 2, ;'6 
. 0100 4,6 • 
.0300 '.77 
.100(> 1:. ,,'I 
.3000 lb.O~ 

1. 0000 ::0. l2 
.0000 .00 

CURve NO. 11: ~6 Modu1u~ for C 
CtJRIlE NO. 1~: H6 Dampi ng for C 

CIJRVE NO.1I CIJRVE NO.12 

STRAIN G/Gm6x STRAIN DAMPING 

.0001 1.000 .0001 . a 5 

.0003 1.000 .0003 .95 
,0010 1.000 .0010 1. 36 
.0030 .976 .0030 2-La 
.0100 .SOl . OJ 00 3. B2 
.0300 • 7~3 .0320 6.00 
.1000 .!i38 .1000 i. ?2 
.3000 .332 12.41 

1. 0000 .158 16.90 
3.0000 .0,8 :21.26 

:vucetic <Inti Dobry, 1991) 
lVucecic: ar.d Dobry, 1991t 

~Vucet.iG and C.obry, 
IVucetl.C dnd Dobry, 

OPTION 2 RS~.() SOIL I WASTE PROFILE 

--------~-------j;:;:,~ .. 

l;/I:::/J01(1 .k)!) I'M 

CJ 

if,i-~l o ::l J:::> ~ 

~;\ :: ~\ """w 

~ ~, l!Jt;t:).. iii,,;' ro (() r--:> ; 

OJ ~ c::I "ft • ..... W - r. O):::J N . 
:::JtlJ C tilCl 
:::T(t) 

3 
(t) 

a 



m 
I 

N 
00 

l'.~Il:",:,t."ut 

serL r"ROFIL8 ~lf,) ... f'~d:.lCclh !J L.;,.ndfill - ft::l::'-fit::ld prof 

NUM~F:R OF' LAYERS 47 
DEPTH 1'0 BEDROCK 441. U 

liO. TYPE THICKNess 

10.00 
10. U(' 
10. uo 
10.00 
10.00 

DEPTH 70T. 2i1.ESS. DAMP nJG UNIT \~T. 'iH. VE:'. 

1V 
11 
12 
13 
14 
15 
16 
17 
IV 
19 
2(1 

21 
22 
~1 

24 
25 
26 
27 
::8 
29 
jD 

:~ 1 
::'2 

';.00 

9. au 
9.00 

10.00 
10.00 

10.00 
10.00 

10.00 
10.00 

9.00 
,1 9.00 
35 9.00 
36 'J. 00 
37 
38 
39 
40 
41 
liZ 
43 Il'. DO 
4~ 10.00 
45 l(L 00 
46 10.00 
47 8ASE 

10 
2 Q.OO 
30.0D 
40,OU 
50.00 41%.;'0 
GO .0(1 '>071.50 
61.50 56n.00 
7r. c,O 

13J. )(\ 
.47J~. JU 
:,'oH .00 

159,00 16954.00 
169.C,O 18154.00 
17, .00 
IS 9.00 
199.00 21774.00 

Z91.IJU J:J::52.GO 
301.00 34512. 1)0 
310.50 35709.00 
319.50 36e43.00 
328.'>038152.50 
337.50 So 

406.0U 5094().1J1 
~H.00 52590.01 
426.00 54240.01 
1JE.fJO 55890.01 

1176. 
1279. 
~715 . 
13GG. 

4929 . 
S8 23, 
0&20. 
5823. 
5823. 
5823. 
7548. 
75(,8. 

leO!'3. 
1 GOt;1" 
lOO~3. 

100'!3. 
100,,3. 
lCO~3 • 
1000. 

4150.2. 

~. iJU 
5.0Q 
0.00 
5.00 U7.1C 
5.1,)1) 13D~O{) 

5.00 .l24MOC 
1:~4 .1) u 

12l.00 
120.00 

!:'l.OG 120.00 
120.00 

5.uQ 120.00 
5.00 120.00 

120.00 
DO .00 
124.00 

S.OJ 12'J.00 
5.00 124.00 

124.00 

126.00 
126.00 

5~OJ 12.6.00 
5.00 

165.00 
J6S.00 

165.00 
5.0(J 
5.0') 

PEkIOU 1.446 "eo:: F'ROM AVf;RAG,. SHlCi'.l< ;IAVE 'vELOCITY 0" 122D. J tti~~c 

lWrION 

ci!.(;c 
1.15 ~"c 

READ :NPUT MOTION 

fILE NAME ~"Q? INE'UT 110TI0N 
~(). OF IN1}U'l' I\CCBL. t)OINT~ .... 2904 
[\~O'" OF POINTS :JSED I~ FFT 1109& 

NO. OF '!f:A.[JTNG LINES , 
NO. PER LINE ~ B 

TlME S7EE' MOTION ~ .0100 

I" .. q" !It 11 

b4U. ij 

8:::0.0 
600.0 
80lLD 

1250.0 
12~() .0 
1 Z50. 0 

1400 
J4(1) 

1 S7S. U 
l:;-)~. 0 
1,75. U 
1400. Q 

UOQ.O 
1400.0 

1400.0 
)400. Q 

9000.0 

hli.': 1'H: E'-~jSW-t •• o~ ______ .,_.,_ .• ___ ...GL!.:E.!UQ.J..!..~.£..~ 

FDRMIIT feR OF TIME H I STORY (8 F~. 6) 

""' ... ~ ...... A C L E R 0 G R A ~l HEADEH 

T~b,).s-e-GolshiJnt Irun Sq. Of (l9-1(~-1976; Mw 7.3'";; 
'l'hru:st: Fault: 

D~ ~ 16,:' 
C); To t),t 1St'll) "'1 

FIRST , Ll,S';' S LINES OF INPUT W.n ION 

-.(,O'S8!-)O - .. 010260 -~OlOS4{] -.005£80 -.004140 -. D03040 

-.003020 
-.00%70 -.0078·10 -,003170] 

359 
360 
361 

l'IAXlMUM ACCELEMT:ON 
AT TIME 

.til15to 
10.$15 ~;~c 

l'HB VALOE~ WlLL BE flULTrfLIE'.D BY A ,'AC:'OR 
1'0 GIVe N£~I I".AlCMOJ>.1 hCC£LCRAT1011 

c/s~,c 

• 44 J5~020 
.36000000 

FOR F'REQOE.NCIES REi-.10V£tI AgOVE. 2S.VJ =/s~c 

OPT ION 4 !<EhD WHERE OBJECT l~OTroN IS GIVEN 

OBJECT EOTION Itl :'A~ER ~1)!~eEr.. 3~ OUTCRDPPING 

OPTION ;, ... OBTAIN STRAW COt4PA'l'lBLE SOIL PRCPF.RTH:S 

N;...xIM\JI~ WJMBER Of rTE~ATIOtJS 

F?CTOf: ,'cp, UNIFORH STRAIN IN TIME DOi'l.UN 

ACCELEP.OGP.At.~ ,:.u.ba:::,> ~;:;! ';:'1", 

PRO F" I L E - P"duc~h 0 L,md1i:J - fee-field prd 

ITERATION NUMBEE 1 

VALUES IN TIMS DOMAIN 

:,0 T).'~E DEPTH UN:E'P.M. <---- DAMPING --_.> <---- SHEAR N()DULlJS .-._-> 
(HI STRAIN NEW US£D EP.RtJP. NEW US80 ERR:lR 

2_ =, . c)ZJ 
10. U .105 

:1 1 20.0 .07165 .118 
4 ::l0.0 .08305 .123 
5 1 40.G .OB~7il .124 

SO.O .09690 .124 
£0.0 .OB480 .1:, 
67.5 

6 11 
14 1: 
l~ 5 13 .. 02873 ,076 

5 14 .;)JUG7 .078 
14 .02869. cJ% 
15 ~O:n3~, .100 

.050 
• OS!) 

.050 

.050 

.OSO 

.0'i0 

.050 

.050 

.050 

.050 

.OSfJ 

.OSc) 
• US') 
.05:) 
.050 

,-til). 6 

S9.3 
SS. e 
IS. Po 

59. S 
"4.7 
411. J 
29.1 

14,2 
14" 9 
.34.6 
J <;.2 
'16. I 
~S 5) 

2J79~J 
6~1. 4 
772.2 
860.4 
95':; ~ 0 

) 1141 

114 J. 3 

1620.2 
24:::5. ~ 
34~2. g 
3 3::;-J ~ 0 
3'';-),1.6 
3~3~. f. 

3lS6.4 
2e7€. 3 
27c9, '7 

250,. ; 
74,,6 
8 5~ • E 

1176, 

'd.4 
4 Q ~ 9 
4 6 ~:i 
l) Eo. ~ 

.:1 :'8. t 
4 2e. ( 

;2,1. 1) 

~ 2-'.0 

-5. <l 
-7.7 
10.°; 

-U.S 
-12.3 
-11.3 
'12.1 
-45.7 
-'}".7 
-52.1 
-39.l:! 
-3: .€ 
-33" S 
-j.j. 5 
-51.3 
-5'1. 7 

-10::: • .,. 
-110.:! 

GIGo 
RATIO 

1.000 
1. VOO 
1. UUv 
1. 000 
1.000 
1.000 
1.000 
1.000 
1. 001) 
1. <lOU 
1.0['0 
1. aDo 
l .. QO~ 
" .000 
1.000 
1.000 
1.000 
1. 000 

'-----pz;;:;~Tof1r_~ -, .. ----,,-----~--------''''''~-.-'.-.....'''.''"'''''-",......-' 



p-MSW-t,oUt _________________ , 

1:1 
:to 
~l 
;;.Z 
II 
N 
2; 
;:(, 
;:"/ 
:1 
2\1 
)1) 

1I 
1: 
Jl 
)4 
J5 <I 
'II n 
)fi 

)!i 
4n 
41 
II~ 
~l :.! 
44 
.1S 
<I~, 

169.0 
19~. (I 

~09 .. 0 
219.0 
~,~9 .0 
239.5 

301. 0 
no .5 
319 .. S 
323.5 
331 .5 
346.5 
356.0 
3H.O 
376.0 
386.0 
:l96.0 
"06.0 
416.U 
426,0 
~36 .0 

,103 
,106 

.03814 .109 

.onlJ .07S> 

.03201 .001 

.03169 ,082 

.036,7 . os~ 
,03830 ,0815 
• 04002 ,on 
.03229 .oeo 
.03324 .0Bl 
.03395 ,082 
.03455 ,082 
.03495.0B3 
.03S\)9 .083 
.03502 .083 
.0::1364 .103 
.03325 .102 
.03271 .102 
.03266 .102 
.03416 .104 
.03:,,17 .106 
.03659 .107 
.03755 .1 OR 
.03829 .109 
.03911 .110 
.(»>:~o .111 
.04052 .112 

l\CC ELE ROGRAM 

,050 
.050 
.lI50 
.050 
.050 
.050 
~ 050 
.(:5Q 

.050 

.050 

.050 

.050 

.050 

.050 

54.1 
3;';'.6 

'JO. 
til. 
42 • 
:;7. 
38. 

51.2 
5u .S 
50. S 
51.8 
52.0 
53.2 
53.6 
54.2 
54.6 
55. G 
55.2 

2684.0 
2614.3 
2550.0 
4ll 62.6 
47S Ii. e 
4705.3 
4627 _:! 
1:'5').6 
4'192, (5 

6194. t 
6136.4 
6U94. D 
6058. a 
6036.0 
6028.0 
6031.7 
4639.3 
4662. j 
4694.3 
4695.9 
4610.6 
4536.1 
4478 .2 

5823.0 
5823.0 
5823.0 
7">17 .8 
75q7 .B 
7547.8 
7547.8 
7547.& 
7547.8 
9706.8 
9706.B 
9706.8 
9706,8 
9706.8 
9706.8 
9706.8 

10043.5 
10043.5 
1U043.5 
10043.5 
10043.5 
10043,5 
10043.5 
100Q3.5 
10043,S 
} 0043.5 
10043.5 
10043.5 

PRO F I L 1:; - P"dUCdh J Lilndfill - prof 

l'l'ERA1'ION NUl~8E~ 2 

tTl N VAltJ~S IN TIME: DOMAIN 

-117.0 
-122.7 

-57.7 
-60.Q 
-63 ~ 1 
-65.9 
-68.4 
-56.7 
-:is. ? 
-59.3 
·-60.2 
-60. S 
-61. 0 
-60.9 

-:'16.5 
-115.4 
-113 .~ 
-113_8 
-117. a 
-121.3 

12·1.3 
-126.9 
-128.7 

.9 

\0 Ole ?YPE DEPTH UNTFRM. <---- DAMPING ----> <---- SH£AR ~10l)ULCS -----> 
(fto) 51'RAIN NEW liseD ERROR NE:,~ USED ERROR 

2.5 

I 
4 I :JU. Q 

5 .1 40.0 
G I 
7 I 
8 .. 67.5 
9 .. 70.5 

10 86 _ S 
11 95. J 
12 101.5 
13 113.5 
14 122.5 
15 131.5 
16 11(1.5 
17 149.5 
18 159.0 
IS 169.0 
20 179.Q 
21 189. Q 

22 199.0 
23 209. J 
24 219. Q 

25 ~::9 _ C) 

26 
27 
28 261. 0 
29 2'71.,1 
31) ZHl.O 

J 1 ~ 291. J 

.05715 

.o~e37 

.05746 

.0360'/ 

.09874 

.04620 

.03276 

.02688 

.03066 

.03132 

.03936 

. U4310 

.050B9 

.055-16 

. 060~5 

.06420 

.06776 

.03656 

.OJ795 

.03929 
.0403] 

.03509 

.03613 

.021 

.110 

.111 

.DO 

.063 
• OS 4 
.069 
.061 
.057 
.05" 
• 062 
· 086 
• DB 9 
.122 
.127 
.LJO 
.133 
.136 
.064 
.085 
.086 
.OS-I 

.082 
· OS3 
.094 

.02£t 

.105 

.116 

.12; 

.12Q 

.12q 

.123 

.066 

.1~3 

.100 
,109 
.ll?9 

.084 

-32. , 
-20.0 
-16.5 
-14 . .; 
-u.o 
-12. :3 
-12.1 
-5.6 

-~. 5 
-3.0 
-1.4 

1.6 
4.7 

11.6 
12.3 
21.3 
21.2 
20 •. / 
20. J 
19. e 

6.2 

3.7 
3. ) 

9811. :2 

19:; 1. 9 
774.0 

1650. a 
2469.0 
3450.7 
3361. 6 
3274.2 
2943.9 
2851.7 
2227.7 
21:;5.7 
2039.3 
1966.3 
BOS.l 
q 62'3.1 

,3 
,1-J71.: 
-1419. S 
4334.8 

------·-"--'----------·--··--p~il 

2379.3 
6:;1.4 
772 .2 
860.4 
S54.0 

1017 .4 
1141. ::> 

1663.8 
780.1 
1620~2 

2425.8 
3422. g 

3397.0 
337>l.6 
3235.6 
31 a&. 4 
2876.3 
27&9.7 
2684.0 
2614.3 
2550.0 
4862.6 
4786.B 
4705.3 
4627 ~2 
4550. B 
4482.6 
6194.1 
6136.4 
6094.0 
6050.8 

l.(l 

GIGo 
R~:rTO 

.949 

.929 

.904 

.894 

.891 

.691 

.892 

.687 
,563 
.6S7 
.71S 
.753 
.74., 
.743 
.657 
.647 
.494 
.476 
.461 
.449 
• q38 
.644 
.6J4 
.023 
.. £1:;; 

.632 

.628 
, £24 

~;:It':;/:Ol(1 J: ~Il PH 

!~ ~ 301.:J 
.I: !l 
l4 :, 

$~ " 
H 4 
n .; 
)fl <I 356.0 

-1 366, U 
<I .<76.0 

H " ;'86.0 
.l~ 'I 396.0 
.;~ " 406.0 
'14 <I 416.0 
-Ie; .; ·1:6.0 
," .. 436.0 

.05176 .13 

.05237 .1 4 

.05261 .1 q 

.05256 .1 4 

.05242 .1 4 

.05:23 .1 1 
.1 4 
• J 4 

.05398 .1 5 

.08 '.l 

.103 

.102 

.104 

.106 

.107 

.loa 

.10~ 

.no 

.111 
~ 11:! 

2 .. 1 

2.9 
3. ~ 

16.1 
16.8 
1'1.4 
]'1.5 
16.2 

12. ,; 
11.8 
11.0 
10 • .;1 

10.7 

lJl"l, l1li 

.5916. q 
5676.1 
5843.0 
38:6. ~ 
3810,5 
3809.5 
3609, 'J 

J76I.4 
3776.5 
3780. : 
3785.3 
3792. 4 
3791. 4 
3779.5 
37 :!9. 1 

ACCELEROGR."u'1 t"ba~ .• "r 

6036.0 
6028.D 
6031. 7 
4639.9 
4802 • .3 
4694.3 
4696_9 
461U. ;; 
45.18.1 
4478.2 
4428.:1 

.0 
4311.1 
4"8] .7 

l? R 0 F I L E - Paoucah U L~!ldfill - J:ee-t iold prof 

lTEP.AT ;ON N011BBP. 3 

VALUES IN TIME DOMAIN 

-2 . 
-2, 
-) . 

-21. 

-23. J 
-21. ') 
-20 
-H .5 
-17. () 
-15, a 
-1 t,. i 
-101.1 
-14.8 

NC TYPE: DEPTli ONH'RN. <---- [lht4PI:-.IG - .. --> <---- SHEAR MODllLV$ -----;. 
(ft I STRAIN NEW OSED ERROR NEW USED BRROR 

2.'> 
10. I) 

b7 ~ S 
76.5 

10 66.5 
95.0 

12 lOLS 
,13.5 

14 122. S 
15 131.5 
16 "4u. 5 
17 :49.5 
18 ~ 159.0 
19 :E9. 0 
~O ::. 7~). 0 

21 :BS. 0 
22 :99.0 
23 209.0 
24 219.0 
25 2~9.0 

26 239.5 
?? 250.5 
23 .0 
29 
30 
31 
32 301.0 
33 310,5 
34 319.5 

328. ~ 
36 337.5 
37 346.5 
J8 ~ J56~O 

39 
40 

· OO~24 
.02442 
.03692 
.044 sa 
.0465;( 
.0497B 
,04923 
· U,060 
.07n6 
.0400!) 
.02962 
.J2452 

.0399B 
.,04451 
• )6055 
.06665 
.. 07223 
• UnOl 
.06Q93. 
.03446 
· a353~ 
.0:;667 
.03665 
.04061 
· J4282 
.03071 
.03179 
.03275 
.03365 
.03451 
.03522 
.03589 
• J::>628 
• 0 56~5 
.05694 
.05660 
.05618 
.0554B 
• aS4 95 
.05462 
.05443 
· J5476 

.010 

.08} 

.095 

.102 

.104 

.10S 

.105 

~O 65 
.059 
.O~~ 
.OSB 
.0(0 
.087 
.090 

.139 
.142 
.144 
.062 
.083 
.084 
.086 
.068 
.089 
.078 
.OBO 
.081 
.081 
.082 
.083 
.084 
.127 
.128 
.126 
.127 

.1 ~6 

.126 

.126 

.126 

.021 

.088 
· !01 
· :07 
.1JI) 
· :11 
.110 
.063 
• 06 ~ 
.06S 
.061 
.OS7 
.059 
.062 
.0,6 
.089 

.In 

.136 

.084 
~ 0 a;; 
.09£ 
.097 
.08. 
.090 
.081 
.062 
• DB) 
.084 
.085 
.085 
· oe" 
.. 122 
.123 
.. J Z ~ 

1 " 

.124 

.124 
~ i 2 4 
.124 
.124 
.1Z4 

-6.6 
-5. 9 
-6. :. 
-5.7 
-5.4 
-5.2 
··5 ~ 0 

-5.2 
--,.4 
-3.1 
-2. J 
-1,.9 

_ 0 

1.2 
6.2 
6.2: 
6,1 
6. Q 

5.8 

-'2.7 
~ 1.6 
-1. 0 
-1.0 
-2.6 
-2.7 
-2. B 
-2. B 
-~. 9 
-~. B 
-2.7 

3.4 
3.5 
3.5 
3 • .3 
2.6 
~. 0 
1.6 

2462.9 
71B .] 

.9 

109:.8 
1188.4 
20 0 ~. 8 

600. 7 
1709 _ 5 
zs:~ 6.0 
.J510.1 
.3 ~ 1 0 .. 6 
3312.2 

1709.5 
~715. 3 
4073.6 
4618. E 
·1536. a 
4~59 .Ii 
4377. :> 
6273.3 
6/22.3 
61 Eli. 0 
6111. 7 
6061. 4 
60~O. C 
598:. S 
J6Qe. 7 
,3Q25. 9 
3616.2 
36:?-·1.8 
3 t:5~.1 
367"-" 
3654. '1 
3706, : 

2453. tJ 
~J 1 ~. 3 
800.4 
6 S~l. 8 
~e4. 2 

107:1.1 
1175.t> 
1931.9 

'174.0 
1£50.0 
Zq E~;.O 

3450.2 
33,,1. ( 
3274.2 

4S 65.2 
4511.3 
4411.2 
4419.5 
4034.8 
HE" .2 
~093. 7 
eD2" .9 
5s:oSi.3 
5,16.4 
5876.1 
5543.0 
3526.2 
3, lJ.5 
3 ~ 09.5 
3909.7 
37e7. ~ 
3779.S 
,j BJ.1 

.(;22 

.621 

.621 

.462 

.404 

.467 

.46B 

.4,,9 

.451. 

.446 

.441 

.437 

.433 

.4:'9 
426 

GIGo 
RATIO 

.979 
961 
937 

.712 
• ~~13 

· 6 ~ 9 
.736 
.7 SZ) 
.739 
.720 

.350 

.338 

.320 

.613 
,60S 

.57 '1 

.635 
· 6~8 
.621 
.615 

'/:; 
79 

o 
;;rr-.. -U""" .... 
fe: I II 

~~g) ~ I~ 
/:;: 0 ~ J> !I 
1.._, ::::0 :1 ~ .~ I ·1 :z;;.:;: =1 
tl.l I'"J , 

*: ffi'l!j ~OO i ~ 
~~ ~. < ... ~ 
::l iii ,-....) m; ('")\..0 , 

:T3 C 
(1) 

a 



~L-_~~_"". __ .. "_._ •. _. ______ . 

· O;:iS9:~ .127 _12(1 
.128 .125 

]ICCt::L8POGF' .. ",H t..b"s .s"r 

37,9.5 
,'/29.1 

PRO I L E - Paducah U L"ndfl11 - ,,,"-field prot 

IT6RI\1'ION NcMBt;R q 

VALllES It; TIME DOHAIN 

NO TYPE DF.PTH t.JNrr~1. DI\MPItlG ----> SHSAR ~lODOLUS 

-3.3 
-.L6 

(ft) STRl,IN N£W USED ERRQP. NSW USED ERROR 

1 $ 
) I 
J 1 

2.5 
10.0 
20 ~O 
30.U 
40.0 
~o .0 

OJ" 16 •. , 
10 t'j 86.5 
11 .,; 95.0 
12 (. 10·1.5 

1', 
16 
17 
1$ 
19 
20 

tT:t 21 
I 22 

lJ,) 23 

o 24 
:2 ~~ 
26 

179.0 
18~. 0 
199.0 
:09.() 
:19.0 
229.0 

2~J 25tJ 
261 

2S 
30 281.0 
3l 5 291.0 
3? 301.(1 

310.5 
34 319.:' 
3.1 32!L5 
30 337.5 
:17 .1 :)46.~ 

3B 356,0 
3:) -j 366.0 
41) 

·11 
42 396.0 
43 406.0 
44 
4'> 
46 

.002 5 

.023 9 

.035 

.042 

.04~ 

.047 

.047 
• 028 
• U'lq B 

.03924 

.04405 

.0 541 

.0 762 

.. 0 971 
117 

.0 964 

.0 056 

.0 136 

.0 213 

.019 

.104 

.061 
• 05tl 
.054 
.057 
.OGO 
.086 
.090 
.134 

· 0 ~ 1 
· OS 1 
.083 
.0'15 
.Oe? 
· [J ~ 8 
· (177 

.123 
,129 

.U" 

.123 

.126 
, 126 
.126 
.128 
.1::9 

.020 
#063 

.08':: 

~O 55 

.08 1 
.O!l(l 
.131 
.135 
.139 
.142 
.144 
.OB:; 
.083 

• U84 
,,080 

• UBS 
.089 
• ()78 

.080 

.')81 

.OBI 

.082 

.083 
• 0 ~ 4 
.121 
.128 
.128 
.117 
.. 127 
.126 
.126 

-1.5 
-1.J 
-1.B 
-1.6 
-1.6 
-1.5 
-1.5 
-2. J. 
-1. 9 
-L.3-
-1. • 
-loG 
-1. -I 

-1.9 
-z .1 
-1.4 
-1.Q 

-.8 
-.9 

-1.4 
-1.6 
-1.8 
-1.9 
-2.0 
-LO 
-2.0 

.9 

.9 . ~ 

.8 

.,1 

.1 

.1 

.2 

.4 
.'1 
.8 

313.3 
904. U 
,99.6 

U9'.3 

1135.S 
2549.3 

3340.1l 
2941.0 

4570. G 
4494.6 
Hls.S 
6323 ,5 

.6 

.5 
6204.4 
6160.1 
6121.0 
6083.3 
3003.'1 
3577.:; 
3,77.1 
359~.3 
35::9.1 

3669. " 
3691. 4 
3'101.6 
3704.4 
3676.1 
3623.9 
3:'56.5 

I\CCELBHOGRAM t?lba!:! ,S~l: 

24<2.9 
718.1 
81').5 

800.7 
1'109.5 
2526.0 
3510.1 
3410. (1 

3312 . .2 
2928.1 

467J.6 
4618. ($ 

4377 . .> 
6273 

.3 

0111.7 
60E 1. 4 
61)20.2 
5982.8 
3648. "I 
3625. SJ 
3626.2 
3637.8 
36:;2.1 
J676.2 
3654. "I 
3706.1 
3713 . U 
3701.4 
:l660.4 
3600.4 

PRO f I L E - Padu~"h U "'JncHill - .ree-tield prof 

ITS?J\TION NCMS8H 5 

VALUl-::.s IN 'rU1E DOMAIN 

.1 

• .1 
.l 
.l 
.1 

.~ 

.~ 

-1.! 
-111(;· .. ~:; 

.. ",iJ 
~t.tl 

-1.: 

NO TY~8 L<E~1'H UNIF·RM. <---- [IAMPING ----> <---- SHEM. MODUl.OS -----;. 
(h) STRAHl NSW t.JSEf' eRROf( NEW GSELl ER?0R 

"----I.;~-fOl U 

.37G 

.371 

G/Co 
RATIe 

.982 

.%4 

.948 

.93E 

.625 

. 619 

.612 

.58 (J 

.646 

.624 

.620 

.616 

.36:1 

.361 

.361 

.362-

.364 

.366 

.. 36S 

.369 
• 370 
.369 
.364 
.358 

G/Gc 
RA.TIO 

1~/1~';"l£L':JIl .t~ r:-H"'W'''!.:t~~;' __ "". _____ _ 

( 2.5 
t 
I 
! 
I 
I 

1 1 
€ 

':t 
111 
11 
i: 
L! 13.5 
14 ~ :2.5 
1~ ~ Jl.5 
H 40.5 
n 4~.5 

HI 59. 0 
a 
~t) 

::1 

~.5 

219.0 
229. a 

"" s 239.5 
~'j ~. 

~ij ~ 

1~ 
)01' 

H 
H 
n 
.14 
JS 
3< . 
17 ·t 

250. S 
261.0 
271. u 
:'.81.0 

33'1.5 
346.5 

..,;v 376. (I 

41 38LO 
~t:: 

~:I 
t~ ·116.0 
115- 426. U 
ij( 43£.0 

.00212 

.(J2313 

.034<;4 
,Q4179 
.0.:1541 
.04678 
• 04625 
.02789 
• 07185 
.03615 
o:nn 
.02"9~ 
.02689 
.03095 
.03866 
"0,)3 51 
.066B6 
.07453 
.0814S 
. 06717 
,09133 

.02931 

.03140 
, u 3:~03 
.03263 
.03324 
.05781 
.0,866 
.05~7~ 
.05810 
~ OSe'79 
.055-11 
.05478 

.05571 

.0575u 

.05945 

.01;; 

.00 

.OS3 

.09S> 

.102 

.103 

.ou 
. OS7 
.054 
.057 
.058 
.OB6 
,090 
.1: s 
.140 

.OBS 

.086 

.086 

.077 

.,)78 

.079 
.. 07~ 
.080 

.. 129 

.lZ9 
• 12 ~l 
.129 
.126 
.126 
.12" 
.12f. 
~ 12 6 

.1"7 

.128 

.uo 

.019 
• OS:2 
~ O~):~ 

.103 
· ass 
.oeo 
.004 
.058 
.054 
• 057 

• 0 6 ~J 
• \)16 
.090 
.134 

.:3" 
· :43 
• :46 

.085. 

.087 

.086 

.0"7 

.0 7 0 

.01'9 

• ~ 2. '3' 
• _2~ 
.:28 
· :z~ 
· :21 
.. 126 
~ :. 26 

· l?6 
.:26 
.:28 
~ 12g 

-. G 

-.6 
-.6 
-.6 
- .. 0 

-1.0 
-1.0 
-.9 
-.6 
-.7 
-. (, 
-. £. 
-.6 
-.4 
l.Q 
1.1 
1.3 
1.3 
1.3 

-1.1 
-1. 2 

- ~ 6 
-.5 
- • .:.j 

-.5 

- ~ oS 
-. S 
-.9 

.2 

.2 

.2 

.iJ 
-,2 
-.2 
-.1 

•. 0 
.2 
.3 

PEl L E - PdduC4h U l,a:ldrl.ll -

ITERATION fWMBSR 6 

VALVES IN rI11E: ll:)MhIH 

NC TYPE D£PTH UNH·P.M. <---- lJAM?I:IG ----, • 
(:'tl STR.'.lN NEW US!:D EP.R0P 

.00210 .019 .01S 

.02:96 .061 
• ,13424 .092 
.0414:l .099 .099 

40.0 .04502 .lU2 .tU2 • .) 
15 50.0 .046~O .103 .103 
7 60.0 .04587 .102 .102 -.J 
S (. c·,1.~ .02753 .057 .051 
S ,. 76.5 .07065 .079 .07£ 

Jil 86.S .O?,637 .00 .06': 
11 95.0 .0275.5 .057 .O~7 

12 '" 104.5 .02282 .054 .054 

I. ..u" •. WI 

. _________ .... _____ . ... __ E..:;.!.~~~_.~ 

2465 .. g 
7H.9 
U4.4 

1193 • 
2C45. 

823 • 
1146, 
2558 • 
3552. 
3450 • 
3354. 
2%2. 

1501. t 

4830. a 
4799.5 
4695.2 
4591. B 
4512.5 
~~ 3S. 7 
~3~2. '7 
0o,.0 
6270.6 
6240.6 

-' :, a "J ~ 2 
J 631.0 
3(76.4 
3700, :: 
370';.8 
3706.1 
3666.1 

.3 

2460.1 
7J8.7 
iJ 13 ~::: 
~04 .0 
S99.6 

1095.3 
1192.3 
2034.1 

816,0 
173:' .0 
254~.3 

3539. B 
34J7.9 
3340.4 
2947.0 
282;1 .~ 
1956.4 
1842.5 

6323.5 
6:! 8 J ~-o 
6242.5 
6204.4 
61£0.1 
6121.0 
6063.3 
JWJ.7 
357'/ .5 

3595. j 
J 629.1 
3GDSJ. [. 
3 n.4 
3 01.6 

04.4 
78 _1 
23.9 

3 56.5 

prOl 

<---- SHEAR ,!C'DOLUS 
NEW n.SED 

2>1 E!;' 4 
71!1.0 
014.9 
SO ~ • ~ 

Iv(';.& 
10~7. 4 
11 ~4. 5 

8~7 .. S 

.4 

10 ['I! .~ 
lD~6. i 
11"3.<; 
2045.5 
8:3.9 

1746 y () 

)~58 .:.: 

3S52. :: 

.c' 

.0 

.1 

.1 

.1 

.1 

.1 

.6 
1.0 

.6 

.J 

.4 

.4 

." 

.4 
-1.7 
-2. '3 

-2.9 
-2.9 

.S 

" 
.4 . ~ 
.3 
.4 
.. 4 
.f, 

.6 

.6 
,S 

-" 3 
-", J 
-.2 

.1 

.2 

.1 
- .. 3 

~RfDR 

.C 

.( ., 

.J 

.1 

.1 

.1 

.963 

.965 

.952 
039 

.933 

.931 

.932 

.749 

.569 

.704 

.752 

.779 

,57-1 
.336 
.. ltD 

· :100 

.595 
· 5~:> 
.651 
.6n 

.6:'5 

.631 
· 6~7 
,359 
.356 
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Scenario S4E: Evaluation of PGA for Mw 5.5 @ 2.5 km 

This appendix has been prepared by Geosyntec Consultants (Geosyntec) on behalf of LATA 
Environmental Services of Kentucky, LLC (LATA Kentucky) to address a particular comments from 
Kentucky Division of Waste Management (KDWM) on the report entitled, "Evaluation of Seismic Design 
Adequacy for C-746-U Landfill at the Paducah Gaseous Diffusion Plant (PGDP), Paducah, Kentucky," 
(subject report) that was prepared by Geosyntec. 

Comment 

Attachment 2: The S1 E and S2E scenario earthquakes are acceptable both in location and magnitude as 
reasonable, geologically defensible, scenario earthquakes for the site. 

However, the local earthquake, S3E, lacks sufficient geological justification. The local scenario 
earthquake should not be chosen on the presumed frequency of the event as Section 3.2 of the Beavers 
Report suggests. Rather, it should be chosen as the local earthquake that is reasonably likely to cause the 
greatest expected earthquake ground motions at the site based upon the weight of the geological 
evidence, inc~uding local seismicity. 

In general, KDWM agrees that an Mw 5.5 local earthquake is a geologically defenSible local MCE for 
PGDP. However, KD WM feels that the distance to the S3E earthquake is excessive because of recent 
seismicity in the immediate PGDP area. (The USGS earthquake database lists numerous recent local 
earthquakes as close as approximately 2.6 kilometers from the center of the C-746-U Landfill. When the 
uncertainty of calculating earthquake locations is considered, the C-746-U Landfill is potentially within 
the epicentral area.) 

Response 

In response to the comment, we repeated our calculations by calculating the peak ground acceleration (pGA) for a 
Mw 5.5 event at a distance of 2.5 km. The calculations are attached in a spreadsheet form [mean value; bedrock; 
median value of calculations using 5 NGA attenuation relationships (Abrahamson et al. 2008)]. The calculated 
PGA value of 0.22 g is significantly lower that the controlling SIE (Mw 7.6 New Madrid Seismic Zone event) PGA 
value of 0.36 g and hence is dismissed from further considerations. 

REFERENCES 

Abrahamson, N., G. Atkinson, D. Boore, Y. Bozorgnia, C. Campbell, B. Chiou, I.M. Idriss, W. Silva, 
and R. Youngs, [2008], "Comparisons of the NGA Ground-Motion Relations," Earthquake 
Spectra, Vol. 24, No.1, pp. 45-66. 
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Acceleration Response Spectra, PHGA 8t PGV 
Model: Suite of NGA Models (Abrahamson et al., 2008) 

Site: 

Fault: 
Paducah Gaseous Diffusion Plant - C746-U Landfill 
Postulated Local Fault (Mw 5.5) 

Model Parameter 

Source Parameters 

Moment Magnitude 
Top of Rupture (km) 
Ftype 
Dip (degrees) 
Rup Width (km) (matters only fo 

Value 

PHGA--> 

5.5 
o 
-1 
o 
13 

Location (distance) Parameters 
Rrup (km) 2.5 
Rjb(km) 2.5 
Rx (km) (used only for HW site! 2.5 
HW Flag (0 or 1) 1 

Site Response Parameters 
VS30 (m/s) 2750 
Z1.0 (km) 0 
Z2.5 (km) 2.974 
Vs30 est class (A&S; impacts onl 1 
Soil Depth Model (A&S) 0 

Number of Standard Deviations 
epsilon ( 0 = mean; 1 = 84%; 2 0 

Fault Type Variables: 
REV 
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SS 
NMljOBl 
NMl 
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measured 
estimated (as per data set) 

Rx is only used for HW sites 
It can be skipped for non HW 
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med Z1.0 (km) from cay 

Abrahamson &. Silva 
Boore &. Atkinson 
campbell &. Bozorgnia 
Chiou &. Youngs 
Idriss (Rock Sites Only) 

Sa = Spectral Acceleration 

Ftype 
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0.5 
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-0.5 
-1 

Vs30 class 
1 
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B&A 
CaB 
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Idriss 

PHGA = Peak Horizontal Ground Acceleration 
PGV = Peak Ground Vellocity 

Results of Spreadsheet Calculation 
Period Sa (g) Sa (g) Sa (g) Sa (g) Sa (g) Sa (g) 
(sec) A&'S B&.A C&'B C&'Y Idriss Median 
0.001 0.24332 0.1321 0.2421 0.2181 0.2819 0.2235 
0.01 0.24479 0.1333 0.2421 0.2181 0.2819 0.2240 
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0.04 0.32599 0.2737 0.3115 
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5 0.00494 0.0015 0.0036 0.0067 0.0027 0.0039 
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10 0.00123 0.0020 0.0009 0.0013 0.0005 0.0012 

PGV 12.47847 4.9483 9.9252 
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EXECUTIVE SUMMARY 

This report presents the findings of a fault hazard investigation for the C-746-U landfill's proposed 

expansion located at the Deparbnent of Energy's (DOE) Paducah Gaseous Diffusion Plant (PGOP), in 

Paducah, Kentucky. The planned expansion is located directly north of the present-day C-746-U landfill. 

Previous geophysical studies within the PGDP site vicinity interpret possible northeast-striking faults 

beneath the proposed landfill expansion, although prior to this investigation the existence, locations, and 

ages of these inferred faults have not been confirmed through independent subsurface exploration. The 

Code of Federal Regulations (CFR), Subtitle D, Title 40, Part 258, subpart B (258.13) requires that 

disposal facilities (such as the C-746-U hmdfill and possible expansions) be located more than 200 feet 

from a fault that has had surface displacement within Holocene time (Le'J approximately the past 11,000 

years). The purpose of this investigation is to assess whether or not Holocene-active fault displacement is 

present beneath the footprint of the proposed landfill expansion. This information can be used to address 

compliance of the proposed expansion with CPR, Subtitle D, Title 40, Part 258, subpart B (258.13). The 

investigation was completed as a collaborative effort involving William Lettis & Associates, Inc., the 

Geology Department of ~e University of Kentucky, the University of Kentucky-Kentucky Research 

Consortium Energy and Environment (KRCEE), and the University of C~icago. Technical peer review of 

the approac~ methods, results and conclusions of this study have been provided by scientists and 

technical experts with the Kentucky Geological Survey, the Illinois Geological Survey, the University of 

Memphis, the University of Illinois .- Champaign, Science Applications International Corporation 

(SAlC), and M. Tuttle & Associates. 

The geologic assessment included (a) review of relevant geologic and geotechnical data from the site 

vicinity, (b) analysis of detailed aerial photography, (c) field reconnaissance of the site vicinity and other 

important sites of previous investigations, (d) collection and stratigraphic analysis of 86 subsurface 

sediment cores, (e) laboratory chronological (age-dating) analyses, and (f) preparation of this report. AIl 

of these activities were completed at or above the accepted standard-of-practice for geologic 

investigations in the mid-continent region; overall this investigation represents an effort that exceeds 

previous levels of investigation for site-specific fault-rupture assessments in the mid-continent. Detailed 

subsurface geologic information was collected along several transects at the proposed landfill site to 

define buried strata and assess the possibility of fault-related differences in elevation of the strata. 

Stratigraphic data were collected from 86, 30-ft-Iong continuous soil cores (a total of 2,580 feet) using 

direct push technology (DPT). The DPT coring method involves pushing a hollow,. 1-11/16 inch 
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diameter, cylindrical coring tube into subsurface material and extracting the core sample for laboratory 

analysis. Immediately upon extraction at the proposed landfill site, the cores were sealed and transported 

to the Kentucky Geological Survey Core Laboratory (in Lexington), where they were unsealed and 

analyzed for lithologic and pedogenic (soil) characteristics. The analytica1 process included simultaneous 

exposure of multiple cores, arranged within the laboratory facility according to depth and position along a 

given transect, and detailed logging of each core in its entirety. This arrangement facilitated core logging 

and enabled definitive correlation of stratigraphy among several cores. Strata exposed by the cores are 

identified and differentiated based on lithologic characteristics, such as grain size (texture), sorting, color, 

contact irregularities, soil (pedogenic) structure, pedogenic clay or iron-oxide accumulation, and other 

characteristics. A total of 12 samples of wind-blown loess deposits were sent to the University of 

Chicago for age-dating via the optically stimulated luminescence (OSL) dating method. 

Geologic cross-sections prepared from the DPT data identified laterally continuous horizontal strata for 

assessing the possibility of fault displacement, and for evaluating the timing of such displacements. 

Seven primary geologic units are present beneath the site at depths of less than 30 ft, as generalized in the 

table below. Based on the OSL age-dating analyses, the deposits encountered in the cores range in age 

from about 16 ka to greater than 125 ka (see table below), which is in good agreement with ages 

determined for similar loess and fluvial packages elsewhere in the central United States. 

Upper Peoria Unit 1 

Lower Peoria Unit 2 

Roxana Silt Unit 3 

Unnamed 
Intermediate Unit 4 
Silt 
Metropolis Units 5.1, 
Formation 5.2, and 5.3 

D~~t" 
B¢j()~ 

'~t~tJi\1I1 
'Sjn~g¢ 

Jf:e~t ,:"~ 

0-6 

7-9 

9-11 

12-13 

~15 

Ugit:Ag~ 
(IOQO;~ 
y~jlrs;) 

15.4-25.2 

21.8-30.9 

32.1- 50.7 

53.6-75.5 

~125 -180 

No o 
Possibly 

Possibly 3 

Possibly 14 

Possibly 25 

Geologic cross-sections developed from the DPT data show that the upper three units (i.e. the Upper 

Peoria Loess, Lower Peoria Loess, and Roxana Silt) generally are flat-lying and mantle pre-existing 

topography. In contrast, the lower, older units (Unnamed Intermediate Loess and the Metropolis 
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Formation) exhibit occasional subtle to abrupt undulations of basal contacts, which may reflect fluvial 

processes and/or tectonic-related deformation. The geologic cross sections allow for as many as four 

folds and 21 features with noticeable elevation changes along stratigraphic andJor pedologic boundaries, 

as summarized in the table above. These possible elevation changes represent differences in the elevation 

of a given stratigraphic boundary that exceed the uncertainty in the boundary depths based on laboratory 

measurements, and thus probably are related to natural (tectonic or non-tectonic) processes. 

Of the 25 features interpreted to represent elevation changes of stratigraphic boundaries within the 

Metropolis Formation (units 5.1 to 5.3)~ 14 may extend upward into the Unnamed Intermediate Silt (unit 

4). Similarly~ only three of these 14 features possibly extend upward into the Roxana Silt (unit 3) and 

only one may extend into the Lower Peoria Loess (unit 2). None of the features extends into the Upper 

Peoria Loess. Any of these 25 features may have formed as a result of non-tectonic processes, such as 

local fluvial or wind erosion. In particular, the three elevation changes in the base of the Roxana Silt are 

unlikely to be related to fault displacement, because the sense of vertical separation differs among the 

various boundaries. Also, if any of these features were to be interpreted as a fault, it would have an 

anomalously shallow dip, and thus the differences in sense of displacement upsection would imply both 

normal and reverse faulting, depending on the stratigraphic level. The absence of similar elevation 

differences elsewhere in the sections lends support to the interpretation of a non-tectonic origin for these 

three features. 

Therefore, if late Quaternary displacement has occurred beneath the site, the most-recent displacement 

occurred following deposition of the Unnamed Intermediate Silt between approximately 53,600 and 

75,500 years ago. Although unlikely, the data do not preclude the possibility of displacement of the 

Roxana Silt beneath the site, which is approximately 34,600 to 47,200 years old. There is no perceptible 

displacement of the base of the Upper Peoria Loess, which is approximately 16,600 to 23,500 years old. 

If late Pleistocene faulting occurred at the site, the age of such deformation would be similar to the 

youngest age of faulting previously interpreted along northeast-striking faults in southern Illinois. 

Thus, the detailed coring data collected during this investigation show no evidence for Holocene «11,000 

years) displacement along previously interpreted faults underlying the site. The data and interpretations 

do not preclude the possibility of late Pleistocene displacements at a few localities beneath the site, 

although the stratigraphic elevation changes may also be interpreted as stratigraphic variability related to 

erosional or depositional processes. Based on these data, we conclude that the latest Pleistocene strata 
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have not been displaced, and that faults beneath the site, if they exist, have been inactive during the 

Holocene. On the basis of the findings of this study, and in cumpliance with Code of Federal Regulations 

(CFR), Subtitle 0, Title 40, Part 258, subpart B (258.13)~ a setback of 200 feet from the previously 

interpreted faults is not warranted. 
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1.0 INTRODUCTION 

This report presents the results of a fault rupture hazard investigation for Holocen~ faulting across a 

proposed expansion at the C-746-U landfill, in Paducah, McCracken County, Kentucky. The existing C-

746-U landfill is a Class II solid waste facility that is operated by the Paducah Gaseous Oiffusion Plant 

(pGOP), and owned by the U.S. Department of Energy (DOE). The site is located approximately 4 miles 

south of the Ohio River and approximately 10 miles west of Paducah in western Kentucky (Figure 1). 

The DOE·owned property encompasses 3,600 acres of which 750 acres are occupied by an uranium 

enrichment facility (PGDP) that lies within a restricted area (Figure 2). The proposed landfill expansion 

lies outside of this restricted POOP area and is directly adjacent to a wildlife management area managed 

by the Commonwealth of Kentucky. The proposed landfill expansion area of interest for this fault study 

lies directly outside of the operating C-746-U landfill along its western and northern perimeters, and north 

of two inactive POOP landfills (Figure 2). 

1.1 Purpose 

The purpose of this investigation is to assess the presence or absence of Holocene active faulting across 

the footprint of the proposed C-746-U landfill expansion. Seismic reflection profiles previously acquired 

and interpreted by Blackhawk Geosciences (2003) suggest two faults (Fault 1 and Fault 2) offsetting 

Quaternary to Tertiary (Mounds Gravel) deposits beneath the project area (defmed as the west-central part 

of the C-746-U landfill) (Figure 2). However, the existence, locations and ages of these inferred faults 

have not been confumed through independent subsurface exploration; thus, the intent of this latest fault 

hazard investigation is to comply with Code of Federal Regulations (CPR), Subtitle D, Title 40, Part 258, 

subpart B (258.13) which states: 

New MSWLF (Municipal Solid Waste Landfill Facility) units and lateral expansions shall not be located 

within 200 feet (60 meters) of a fault that has had displacement in Holocene time unless the owner or 

operator demonstrates to the Director of an approved State that an alternative setback distance of less 

than 200 feet (60 meters) will prevent damage to the structural integrity of the MSWLF unit and will be 

protective of human health and the environment. (Note that Holocene time means the most recent epoch 

of the Quaternary period, extending from the end of the Pleistocene Epoch to the present. This generally 

refers to the last 11,000 years.) 
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1.2 Scope of Work 

The primary purpose of this investigation is to evaluate the absence or presence of Holocene faulting at 

the site of the proposed C-746-U landfill expansion. The suitability of the C-746-U landfill with respect 

to fault location and age was evaluated following regulatory criteria provided in the 2005 Code of Federal 

Regulations, Subtitle D, Title 40, Part 258, subpart B (258.13). These regulations emphasize the 

importance of identifying any Holocene active fault that could produce primary surface fault rupture 

within 200 feet (61 m) of the proposed landfill footprint. If large displacements were to occur beneath the 

site, such ruptures presumably would damage the integrity of the liner as well as monitoring and waste 

collection systems~ possibly leading to groundwater movement between the landfill and surrounding 

geologic strata. The purpose of the fault investigation is to assess the location and Holocene activity of 

previously interpreted Faults 1 and 2 at the site, and provide recommendations, if necessary, for setback 

conditions in compliance with CF~ Subtitle D, Title 40 for surface-fault rupture hazard (e.g., ground 

rupture along a surface fault trace). 

Our scope of work was designed to focus on previously interpreted near-surface faults intersecting the 

proposed landfill expansion and was outlined in our proposal dated September 30, 2004 to the Geology 

Department of the University of Kentucky, and University of Kentucky-Kentucky Research Consortium 

Energy and Environment (KRCEE). The scope of work for the project consisted of the following: 

• Compile and review existing subsurface data obtained from previous geologic and geotechnical 

investigations of the site and surrounding vicinity. Analysis of readily available aerial photography 

(November 200 1 vintage) provided by KRCEE to evaluate the Quaternary geology and 

geomorphology in the direct vicinity of the PGDP site and to provide guidance on the appropriate 

investigation plan. 

• Conduct field reconnaissance of the site area to provide relevant information on the type, location, 

and bedding of existing bedrock and surficial deposits in the direct vicinity of the site, and to assess 

possible logistical constraints imposed on the project 

• Conduct field reconnaissance of the Barnes Creek fault zone on April 20, 2005 in Massac County, 

southern Illinois with Mr; John Nelson of the Illinois Geological Survey to obtain a general 

understanding of the findings of several recent geologic studies performed along this fault zone. 
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• Augment available subsurface site data by collecting arid logging 86 closely spaced direct push 

technology (DPT) cores along the northern and western perimeters of the existing C-746-U landfill, in 

September and October 2005. In lieu of pennitting the excavation and documentation of an 

exploratory trench at a DOE facility, the drilling program was designed to evaluate the presence or 

absence of vertical separation across the previously inferred faults. Four of the 86 cores were drilled 

for the purpose of collecting sediment (loess deposits) for dating by the optically stimulated 

luminescence (OSL) technique. 

• Prepare this report summarizing the results of the fault-rupture hazard study. 

1.2.1 Geologic References Reviewed 

We reviewed published maps and literature pertaining to geologic and seismic conditions in the project 

area. As part of our study, we reviewed the following: 

• "Seismotectonic Investigation Report for Siting of a Potential On-site CERCLA Waste Disposal 

Facility at the Paducah Gaseous Diffusion Plant, Paducah, Kentucky", prepared by SAIC, dated 

March 2004. 

• "Technical Memorandum for the C-746-U Landfill Fault Study at the Paducah Gaseous Diffusion 

Plant, Paducah, Kentucky", prepared by Bechtel Jacobs Company, LLC, October 2003. 

• "Final Shear Wave Seismic Survey Report C-746-U Landfill Seismic Assessment, Paducah Gaseous 

Diffusion Plant, Paducah, Kentucky", prepared by Blackhawk Geoservices, dated October 2003. 

• "Archival Photo Analysis Paducah Gaseous Diffusion Plan", prepared by U.S. Army Corps of 

Engineers, September, 2000. 

• "Acquisition of SH-wave Seismic Reflection and Refraction Data in the Area of the Northeastward 

Trending Contaminant Plume at the PGDP", prepared by Langston and Street, dated July 31, 1998. 

'"Geologic Features Relevant to Ground-water Flow in the Vicinity of the Paducah Gaseous Diffusion 

Plant", prepared by Drahovzal and Hendricks, 1996. 
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• ''Paducah Gaseous Diffusion Plant, Notice of Intent Application, I 995~ Solid Waste Landfillu 

• 44Application for a Solid Waste Landfill, Notice of Intent to Apply (application form dated 1992): 

Hazardous Solid Waste Landfill Subsurface Investigation Reporr\ prepared by SAle, February 1994 

We also consulted a variety of other unpublished reports and references pertaining to the geology and 

hydrogeology of the vicinity of the PGDP site. A list of selected references is presented in "Section 9 ~ 

References." Some of the data contained in the referenced reports were used and relied upon during our 

geologic evaluation of conditions affecting the proposed landfill expansion. The locations of nearby 

geotechnical borings and monitoring wells are shown on Plate 1. 

1.3 Acknowledgments 

This fault hazard investigation, performed by WLA, was managed by Dr. Ed Woolery of the University 

of Kentucky, Department of Geological Sciences~ and Mr. Steve Hampson of the University of Kentucky

Kentucky Research Consortium for Energy and Environment. John Baldwin, Keith Kelson, Robert 

Givler, and Sean Sundermann of WLA performed the data collection, analysis and reporting for the fault 

hazard study. The execution of the field work was accomplished by KRCEE's other subcontractors which 

included: Science Application International Corporation, Inc. (SAIC) oversaw the Field Operations 

Management; Miller Drilling Company drilled the OPT cores; and Tricord, Inc. oversaw Health and 

Safety. Data collection and interpretation of the cores by WLA also included a technical peer review by a 

three-person internal review panel consisting of Mr. John Nelson of the Illinois State Geological Survey 

(18GS), Dr. Roy Van Arsdale of the University of Memphis, and Dr. Martitia Tuttle of M. Tuttle & 

Associates. This included a review of logged cores at the Kentucky Geological Survey core library and 

tbis report. Additional peer review services were provided by Dr. Leon Follmer of the 18GS, Dr. Steve 

Forman of the University of Illinois, at Chicago~ Dr. David Amick ofSAICs and Mr. Marshall Davenport 

of Jacobs Engineering. 
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2.0 REGIONAL SETTING 

2.1 Regional Seismotectonic Setting 

An understanding of the regional seismotectonic setting is essential for evaluating the style, pattern and 

timing of defonnation that previously has been interpreted (i.e., Faults J and 2) in the vicinity of the 

proposed landfill expansion. Faults 1 and 2 lie at the northern margin of the Mississippi embayment, near 

the transition zone between two late Precambrian-early Paleozoic rifts (Le., the Reelfoot rift and Rough 

Creek graben) and the southernmost part of the Illinois Basin (Stearns, 1957; Steams and Marcher, 1962; 

Braile et aI., 1982; Kolata and Nelson, 1991; Potter et al.~ 1997; Kolata and Hildenbrand, 1997) (Figure 

3). The northeast-trending Reelfoot rift includes the active New Madrid seismic zone (NMSZ) located 

about 100 km southwest of Paducah (Ervin and McGinnis, 1975; Kane et aI., 1981; Hildenbrand et al.~ 

1982); however, bands of contemporary microseismicity associated with the NMSZ project northeast 

toward Paducah (Wheeler, 1997) (Figure 3). The Illinois Basin includes the Wabash Valley fault zone 

(McBride et aI., 1997). Faults within the Wabash Valley fault zone have been shown to terminate at the 

intersection of the northern margin of the Rough Creek graben, 60 km north of the POOP, and thus are 

not considered a surface-fault rupture hazard at the C-746-U landfill (Hildenbrand and Ravat, 1997). The 

Rough Creek graben lies directly northeast of Paducah and is relatively aseismic (Wheeler, 1997) (Figure 

3). 

Within the intersection between the Reelfoot rift and Rough Creek graben, and directly to the north

northwest of Paducah in southern Illinois, is an approximately 40-km-wide zone of steeply dipping, 

northeast-striking bedrock faults that comprise the Fluorspar Area fault complex (FAFC) (Kolata and 

Nelson, 1991) (Figure 3). The FAFC was active during the latest Proterozoic to early Cambrian (several 

hundred million years ago), coincident with the formation of the northeast-striking faults associated with 

the Reelfoot rift. These faults were reactivated during late Pennsylvanian (290 to 300 million years ago) 

and Permian (250 to 290 million years ago) time in response to the AUeghenian orogeny. This episode of 

deformation produced displacements of Paleozoic bedrock in excess of 800 meters, through a 

combination of normal, reverse and strike-slip faulting, and also included ultramafic igneous activity. In 

Cretaceous time (65 to 135 million years ago), the Reelfoot rift was reactivated and underwent 

subsidence, forming the Mississippi embayment. More recently, some faults within the Reelfoot rift (i.e., 

the NMSZ) have been reactivated in the Quaternary and, consequently, northeast-trending faults, 

including some within the F AFC exhibit evidence of Quaternary displacement (Nelson et aI., 1999). A 
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key question and the focus of this study is to determine if the faults identified below the landfill offset 

Holocene stratigraphy. 

Several faults within the F AFC, such as the Lusk Creek, Raum, Hobbs Creek and Barnes Creek fault 

zones are postulated to extend southwest across the Ohio River into western Kentucky close to the POOP 

facility (Nelson et aI., 1999; McBride et a1., 2002) (Figure 4). These fault zones consist primarily of high

angle, northeast-striking normal faults that bound northeast-striking horsts and grabens, with a fewer 

number of reverse and strike-slip faults (Nelson, 1991;·Potter et al., 1997; Nelson et at, 1997 and 1999; 

McBride et at, 2002). Nelson et al. (1999) interpret the graben as pull-apart structures produced by 

strike-slip faulting, however no master fault is proposed or has been identified to date (Potter et aI., 1997; 

McBride et al., 2002). Thus, during the interpretation of OPT core data collected during this study, both 

oblique dextral strike-slip and dip-slip displacements accompanied by warping and folding were 

considered. Models that include pure dextral strike-slip faulting, however, were not considered as a 

possible mode of deformation because of the preponderance of regional and local seismic reflection data 

that strongly suggests oblique-slip displacement as the primary style of deformation. 

Recent seismic reflection studies in the PGDP site vicinity and south of the Ohio River by Langston and 

Street (1998) and Woolery and Street (2002) provide evidence for the southwest projection of FAFC 

structures into western Kentucky (Figures 2 and 4). On the seismic reflection profiles, near-vertical, 

northeast-striking faults are interpreted to displace Quaternary reflectors, extending within approximately 

25 feet (7.6 m) of the ground surface (Woolery and Street, 2002). These northeast-trending faults and 

structures exhibit a similar structural style to faults identified in the F AFC of southern Illinois. Orahovzal 

and Hendricks (1996) further suggest that some of these northeast-trending structures in western 

Kentucky displace Tertiary alluvium and may act as migratory pathways for contaminant plumes at the 

POOP facility. 

On the basis of similar fault orientations and tectonic origin with the failed Reelfoot rift, some workers 

have postulated that faults within the F APC may connect with active northeast striking faults that 

presently accommodate strain within the NMSZ (Potter et al., 1995; Wheeler, 1997). If true, faults 

associated with the F AFC may be Holocene active, and preferentially oriented for accommodating dextral 

strain within the central United States. For instance, Wheeler (1997) interprets faults withln the F AFe 

align with the projection of a northeast-trending band of microseismicity that extends from the NMSZ in 

southeastern Missouri into western Kentucky (Figure 3), The possible association of northeast-trending 
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NMSZ contemporary microseismicity aligned with northeast-striking faults in western Kentucky,. 

suggests that some of the F AFe faults may accommodate Holocene deformation (Wheeler, 1997); 

however, recent studies by Nelson et al. (1999) and McBride et al. (2002) do not support this 

interpretation and f'md no evidence of faulting along several F AFC structures within the past 55,000 to 

128,000 years. In river vaUeys east of Paducah. sand dikes exist that cut sediment mapped as Pleistocene 

and recent fluvial and lacustsrine depostis (Amos and Wolfe, 1966; Amos and Finch, 1968; Olive, 1966). 

The sand dikes are somewhat weathered and do not appear to be historical in age. Radiocarbon dating of 

the sediment adjacent to dike tenninations indicated that most, if not all, of the liquefaction features 

formed within the past approximately 4,850 years (M. Tuttle, written communication, 2006). The timing, 

source, and magnitude of the late Holocene earthquake that induced this liquefaction east of Paducah have 

not yet been determined M. Tuttle, written communication, 2006). To summarize, regional and local 

geologic and geophysical studies support a seismotectonic model in which northeast-striking faults of the 

F AFC, which were active during the Quaternary, extend southwest into western Kentucky close to the C-

746-U landfill (Figure 4). 

2.2 Fluorspar Area Fault Complex 

Several fault evaluation studies performed in the F AFe provide valuable information on the sty Ie, 

geometry and timing of faulting that is directly applicable to assessing the faults interpreted to underlie 

the C-746-U landfill. For instance, recently identified faults in western Kentucky are interpreted to have 

orientations and patterns ·of deformation similar to the northeast-striking fault zones identified in southern 

Illinois. At least four fault zones (e.g., Barnes Creek, Hobbs Creek, Raum and Lusk Creek fault zones) of 

the FAFC have been extensively studied by the Illinois Geological Survey, the United States Geological 

Survey and SAle (2004) (Figure 4). Nelson et al. (1999) dermes the FAFC as consisting of relatively 

long, narrow grabens bounded by both normal and reverse faults that formed as "pull-apart" structures in 

response to poorly understood oblique strike-slip faulting. To date, no master strike-slip fauJ~ or direct 

evidence of strike-slip faulting has been documented to validate this interpretation. It is based primarily 

on circumstantial evidence that includes an assumed regional stress orientation that would be similar to 

present...day orientation, and a structural pattern of deformation best explained by transtension 

deformation (i.e., pull-apart basins along step-overs). Brief descriptions of the four primary fault zones of 

the FAFC are provided below, including the Barnes and Hobbs Creek fault zones, which project 

southwest near or through the proposed landfill expansion (Figure 4). 
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2.2.1 Barnes Creek Fault Zone 

The 25-mile-Iong (40 km), northeast-trending Barnes Creek fault zone is located about 6 miles (to km) 

northeast of the proposed landfill expansion (Figure 4), The fault zone is defined as a complex system of 

grabens and horsts that merges to the southwest with the Hobbs Creek fault zone north of Metropolis, 

Illinois. The Barnes Creek fault zone is characterized as a zone of narrow (IOO-to 200-ft-wide) to 

relatively broad (650-to 980-ft-wide) N20EO- to N400E-trending grabens bound by high-angle normal and 

reverse faults (Sexton et aI., 1996; Nelson et ai., 1999; McBride et aI., 2002). Based on borehole data, 

vertical separation is inferred to be as much as 95 feet (29 meters) for the Metropolis Formation and tess 

than 5 feet (15 meters) for the Sangamon Geosol (Nelson et aI., 2002). The Barnes Creek fault zone has 

been the focus of numerous detailed geologic and paleoseismic investigations to assess activity (Nelsonet 

at, 1997 and 1999; SAlC, 2004). Based on creek bank exposures, geophysical profiles and geologic 

cross-sections supplemented with geotechnical borehole information, McBride et aI. (2002) interpret the 

fault zone as displacing Cretaceous through lower Pleistocene stratigraphy. 

As part of a study for a proposed PGDP Site 3A landfill, SAIC (2004) performed a subsequent study of 

the Barnes Creek fault zone that included additional acquisition of geophysical, ground penetrating radar 

and borehole data, as wen as interpretation of the same creek bank exposures of Nelson et al. (1997 and 

1999). The Barnes Creek study by SAIC (2004) concludes that some faults offset Holocene-age deposits. 

Our reconnaissance-level review of the same exposures with J. Nelson in March 2005 suggests that while 

relatively young geologic deformation is present, SAIC's (2004) interpretation of Holocene faulting is 

equivocal. We base this interpretation on! (I) an apparent absence of faulting observed in the upper 

younger deposits (Le. presence of only a fracture); (2) uncertain origin of observed fractures (e.g., 

possibly related to roots); and (3) absence of distinct stratigraphic offset of Holocene deposits. 

2.2.2 Hobbs Creek Fault Zone 

The southern portion of the 43-mile-Iong (70 km) Hobbs Creek fault zone is defined by the Massac Creek 

graben (Nelson et at., 2002) (Figure 4). The Massac Creek graben consists of an approximately N30oE

trending, 2~300 ft-wide (700 m) graben occupied by a complex zone of high-angle normal and some 

reverse faults that displace Mississippian limestone, Cretaceous McNairy Formation and Pleistocene 

Metropolis Formation. Based on borehole and geophysical data, the Metropolis Formation is interpreted 

to be vertically displaced as much as 100 feet (30 m) (Nelson et al.~ 2002). A review of the geologic map 

of Nelson et aI. (2002) shows that the Tertiary-Quaternary Mounds Gravel exhibits an apparent right-
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lateral deflection of up to 0.62 mi (1 km) across the Massac Creek fault zone. The Massac Creek graben 

is mapped as far southwest as the city of Metropolis based on the interpretation of city water wells, 

alignment of the valley walls of Massac Creek, and local exposures showing offset Metropolis Formation 

(McBride et aI., 2002). The trend of the Massac Creek graben projects about 1.6 mi (2.5 km) east of the 

proposed C-746-U landfill (Nelson et al., 2002) and may correlate with a similar-sized graben imaged by 

Langston and Street (1998) (Figure 4). Geologic cross-sections developed from geotechnical borings 

aligned across the Massac Creek graben show no elevation changes in the overlying Wisconsin loess or 

Holocene alluvium. Therefore, McBride et al. (2002) and Nelson et aI. (2002) interpret this structure to 

be inactive during the Holocene. The Massac Creek graben appears to have been inactive for at least 

75,000 years (Nelson et aI.. 2002). 

2.2.3 Raum Fault Zone 

The 50-kIn-long Raum fault zone is about 4.3 mi (7 km) west of the Hobbs Creek fault zone in southern 

Illinois (McBride et at., 2002) (Figure 4). On the basis of seismic reflection and borehole profiles, the 

fault zone is characterized as a 1.0 mi-wide (1.6 km) zone of north- to northeast-trending, steeply dipping 

faults bounding horst and graben structures. Faults displace Paleozoic bedrock and apparently continue 

upsection into the overlying Quaternary Metropolis Formation (McBride et at, 2002). Stratigraphic 

contacts associated with late Pleistocene loess and late Pleistocene to Holocene alluvium show no 

evidence of displacement across the Raum fault, indicating this fault zone is not active during the 

Holocene. 

2.2.4 Lusk Creek Fault Zone 

The northwestern boundary of the F AFC is bound by the Lusk Creek fault zone (Figure 4). Geophysical 

profiles and boreholes show the fault zone is characterized by subparallel high-angle normal and reverse 

faults with vertical displacements of up to 230 ft (70 m) in the Cretaceous McNairy Formation, and 

possibly up to about 16 ft (5 m) of the Pleistocene Metropolis Formation (McBride et at, 2002). The 

fault zone is composed of numerous, 330 to 980 ft-wide (100-to 300-m) grabens that displace the middle 

Pleistocene Metropolis Formation:> but do not appear to offset overlying late Pleistocene loess deposits. 

2.3 Fault Studies at the PGDP in Western Kentucky 

Several local and site-specific fault studies have been performed in the vicinity of the PODP faciljty 

(Figure 2). These investigations consisted mostly of geophysical surveys to identify subsurface structures 
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aligned with faults mapped or imaged in southern Illinois. In addition, a site-specific fault hazard study 

was perfonned by SAlC (2004) at the existing PODP facility located south of the proposed C-746-U 

landfill. In general, these studies suggest possible evidence for a southwest continuation of the F AFC 

into western Kentucky. For instance, Langston and Street (1998) and Woolery and Street (2002) image 

numerous northeast-striking, steeply dipping faults bounding horst and graben structures at and near the 

POOP facility (Figure 2). Faulting near the PODP facility typically is interpreted as extensional, with a 

smaller number of contractional structures. Many of the normal faults can be traced upsection into the 

Quaternary Metropolis Formation and possibly into overlying Pleistocene loess deposits (Woolery and 

Street, 2002). Langston and Street (1998) postulate that some of the fault zones act as preferential 

pathways for contaminants in the Mounds Gravel and Metropolis Formation, providing further evidence 

that the faults may displace Neogene fluvial deposits. 

Site-specific fault studies at the PGDP facility using geophysical data and cross-sections prepared from 

DPT cores (SAlC, 2004) for the proposed Site 3A landfill in the southern part of the facility interpret as 

many as 6 to 11 potential north to northeast-striking faults (Figure 2). SAIC (2004) interpret narrow 

structures bounded primarily by normal faults exhibiting down to the east vertical displacement. Several 

of the faults are interpreted as extending upsection into the Metropolis Formation, and based on S-wave 

profiles interpreted by SAIC (2004). On the basis of limited DPT core data, SAlC (2004) concludes that 

the "study did not find Holocene-age displacement of faults at Site 3A" and that faulting is interpreted to 

extend within 20 feet (6.1 m) of the ground surface. However, SAle (2004) also interpret possible post

Metropolis faulting exposed in stream cuts bordering Barnes Creek, approximately 10 km northeast of the 

PODP (Figures 1 and 4). Collectively, these previous studies suggest the presence of northeast-striking 

normal and reverse faults of Quaternary age near the C-746 .. U landfill that may be laterally continuous 

with the F AFC in southern Illinois (Figure 4). 

2.4 Geomorphology of the FAFC 

The regional landform,s of this part of the central United States are dominated by numerous large fluvial 

systems (Ohio, Cache, Obion and Tennessee Rivers) that have coursed toward the Mississippi embayment 

throughout much of the late Pleistocene (Saucier, 1996; Frye et aI., 1962; Fisk, 1944; Esling et al., 1989; 

Autin et aI., 1991; Blum et at, 2000). The ancestral course of the Ohio River represents a prominent 

physiographic feature that trends oblique across the F APe in southern Illinois. The ancestral Ohio River 

once flowed westward through the Cache Valley northwest of its present-day location, and transported 

outwash deposits from Wisconsin glaciers located to the north-northeast up to about 25,000 years ago 
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(Fisk, 1944; Esling et aI., 1989) (Figure 1). The ancestral Ohio River is interpreted to have abandoned 

this northern course and migrated to its present-day location about 14,000 years ago~ at or near the time of 

the Maumee Flood on the Tennessee River (Wayne and Zumberge, 1965; Olive, 1980). 

Some faults comprising the FAFC are recognizable in DEM images as 6- to 12-mi-Iong (10- to 20-km) 

northeast-trending lineaments that coincide with linear valleys, bluffs and drainages (Figure 1). Nelson et 

al. (2002) suggest that numerous creeks, as well as the ancient path of the Ohio River in southern Illinois, 

appear deflected across faults within the FAFC. For instance, the ancestral Ohio River valley exhibits 

about 6 to 9 mites (10 to 15 km) of possible left-lateral deflection across the Lusk Creek fault zone of the 

F AFC, whereas smaller creeks such as Barnes and Massac Creek follow the northeast-southwest 

structural grain of the FAFC (Figure 1). Faults associated with the F APC, however, do not appear to 

deflect the present-day courses of the Ohio River and Mayfield Creek (Figure 1). Alternatively, the 

apparent deflection of the Ohio River may be in response to the juxtaposition of different rock types at the 

fault and differences in resistance to erosion. In this case, the apparent deflection is bedrock-controlled 

and represents a fault-line escarpment along the Lusk Creek fault zone, and thus the deflection may not be 

related to recent tectonic activity (1. Nelson, personal communication, 2006). 

South of the Ohio River in the elevated terrain of the POOP, there is little geomorphic expression of 

prominent northeast-trending lineaments (e.g., linear valleys, drainages and bluffs) similar to those readily 

observed in southern Illinois (Figure 1). For instance, a digital elevation map (Figure 1) exhibits few 

northeast-trending lineaments or linear drainage patterns suggestive of structural control. Furthermore, 

the modern day Ohio River and Mayfield Creek also show no distinct deflection across the southern 

projection of the FAFC that might be construed as tectonic-related deformation. Orahovzal and Hendricks 

(1996) performed a comprehensive geomorphic analysis of the region and identified numerous northeast

trending lineaments in the vicinity of the POOP that are similar in style and orientation, and project 

toward the FAFC (see their Plate 2). Based on 1 :250,000-scale SLAR (synthetic-aperture radar data) 

imagery, Orahovzal and Hendricks (1996) interpret two lineaments about 800 feet (244 m) northwest and 

soUtheast of the margins of the proposed C-746-U landfill (Figure 2). The northwest-bounding SLAR

lineament appears to coincide with a northeast-striking fault previously imaged in geophysical profiles of 

Woolery and Street (2002), as well as a groundwater contaminant plume within the Tertiary-Quaternary 

Mounds Gravel. The study by Drahovzal and Hendricks (1996) suggests that some of the SLAR

lineaments coinciding with faults may be of structural origin. 
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3.0 REGIONAL STRATIGRAPHY 

The regional stratigrapby is based on the geologic mapping of the area by Finch, 1967; Olive, 1980 and 

Nelson et at, 2002 and site specific subsurface studies performed by SAIC (1994 and 2004). 

3.1 Pre- Late Quaternary Stratigraphy 

The stratigraphic history of the site region is greatly influenced by its position at the northern margin of 

the Mississippi embayment and the structural control imparted by the Illinois basin, Rough Creek grabe~ 

and Reelfoot rift. The regional stratigraphy consists of south-dipping Cretaceous through Tertiary clastic 

sediments thinning over northwest-dipping Paleozoic bedrock at the northern end of the Mississippi 

embayment (Nelson et aI., 1999). Post-Paleozoic regional stratigraphy includes northwest-dipping 

Mississippian limestone unconformably overlain by about 300 to 330 feet (92 to 101 m) of south- to 

southwest-dipping Upper Cretaceous and Tertiary deposits, which in turn are overlain by Quaternary 

material (Finch, 1967; Olive, 1980) (Figure 5). A generalized stratigraphic column for the region is 

shown in Figure 6. The Upper Cretaceous deposits are about 200 feet (61 m) thick, and include non

Iithified, interbedded fme-grained sand and clay of the McNairy Formation present at about 70 to 80 feet 

(21 to 24 m) below the ground surface (Woolerr and Street, 2002; SAle, 1994). Stratigraphically above 

the McNairy Formation is the Porters Creek clay, which is dark gray, slightly to very micaceous clay of 

Paleocene age. Unconformably overlying the Cretaceous and Paleocene deposits is about 100 feet (30 m) 

of Plio-Pleistocene sand and gravel that locally are referred to as the Upper and Lower Continental 

Deposits, The Lower C()ntinental Deposits regionally correlate with the Mounds Gravel and the Upper 

Continental Deposits largely correlate with the Metropolis Formation in southern Illinois and western 

Kentucky (Nelson, personal communication~ 2005). Based on borehole data south of the proposed 

landfill, Mounds Gravel unconfomably overlies the McNairy Formation and Porters Creek Clay (SAIC, 

2004). At the PGDP facility, Mounds Gravel is defined as a buried paleo-terrace riser trending roughly 

west to northwest across the southern part of the facility (Phillips, 1992) (Figure 2). Grading into the 

Mounds Gravel is an approximately 30-foot-thick (9 m) ~'si1t and sand" terrace deposit previously mapped 

by Finch (1967) and Pryor and Ross (1962), which largely correlates with the Metropolis Formation of 

southern Illinois (Nelson et al., 1999; John Nelson, personal communication, 2005), The Metropolis 

Formation is overlain by several packages oflate Pleistocene loess deposits as described below. 

WLA 1725 Final 12 



3.2 Late Quaternary Stratigraphy 

The Plio-Pleistocene Metropolis Formation, Pleistocene loess packages, and associated paleosols 

developed in the loess are less than a few million years old, and thus form the fundamental stratigraphic 

sequence and marker units of the Holocene faulting investigation. Nelson et a1. (2002) describe the 

Metropolis Formation as a fluvial deposit consisting principally of silt and sand with lesser amounts of 

clay and chert gravel. The Tennessee~ Ohio, Mississippi and Cumberland Rivers are sources of the 

sediment for the Metropolis Formation (Olive, 1980; Nelson et al. l t 999). Nelson et at. (1999) interpret 

fluvial units in the Metropolis Formation to be aggradation phases of a glacial-interglacial cycle, and 

buried soils developed within these deposits to represent interglacial phases during the late Pleistocene. 

In this part of the central United States, at least three late Pleistocene loess deposits fonned as a result of 

the extensive glaciation and de-glaciation during the late Quaternary overlie the Metropolis Formation. 

Each loess deposit has a subsequent soil (Le., "paleosol", or buried soil) developed near the top of the 

deposit denoting an interglacial period of relative landscape stability (Follmer, 1996; Grimley et al., 

2003). The three late Pleistocene loess deposits that have been recognized on a regional scale are thought 

to have been deposited between approximately 200,000 and t 0,000 years ago (200 to 10 ka). Regional 

models interpret the loess deposits as follows: Loveland Silt (180 to >125 ka), Roxana Silt (55 to 28 ka), 

and Peoria Loess (25 to 10 ka) (Curry and FoUmer, 1992; Leigh, 1994; Follmer, 1996; Grimley et aI., 

2003; Forman and Pierson" 2002; Bettis TIl, et al., 2003). Locally near thePGDP facility, these deposits 

are as much as 20 feet (6.1 m) thick. If faulting bas occurred within the time frame of loess deposition 

(200 to 1 0 ka)~ one or more of the loess units should exhibit deformation. 

The Loveland Silt is found stratigraphically below the Roxana Silt and Peoria Loess, along the major 

rivers of the Midwest (Follmer, 1996; Grimley et al., 2003). It generally is defmed as silt~ that is strongly 

mottled in yellow, orangeJ and gray. It is massive to blocky and commonly sandy, especially near its 

base, and has the same overall silty texture as the Peoria Loess (Nelson etal., 2002). The Loveland Silt is 

primarily aeolian in origin and was deposited during the late Illinoian glaciation (marine isotope stage 6), 

and has an age of about 125 to 180 ka. 

The Roxana Silt is regionally defined as a pinkish brown to tan loess and colluvial silt that was deposited 

throughout much of the central United States during the middle Wisconsin (Follriler, 1996). The lower 

portion of the Roxana Silt has been interpreted as colluvial in origin, whereas the main body of Roxana 
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Silt is believed to be loess that originated through deflation of valley-train deposits of the ancient 

Mississippi River between 55 and 28 ka (Curry and Follmer~ 1992; Leigh and Knox, 1993). 

The Peoria Loess is yellowish brown to grayish brown and is common throughout the central United 

States as the youngest surface-mantling loess unit. This unit was derived largely from valley~train 

deposits between about 25 and 10 ka along the Illinois and Mississippi valleys (Follmer, 1996; Hansel 

and Johnson, 1996). The Peoria Loess mantles the bluffs and ridges south of the Ohio River and at the 

proposed C .. 746-U landfill. 

3.3 Regional Paleosols 

Paleosols of regional extent developed during the interglacial periods, and in between the three late 

Pleistocene loess packages. These paleosols provide stratigraphic markers for assessing Holocene 

faulting at the proposed landfill expansion. The presence of buried paleosols, as wen as the soil horizons 

near the ground surface <-'relict soil"), indicates intermittent periods of relative landscape stability during 

which original deposits are altered by pedogenesis (soil formation; Birkeland, 1986). Development of the 

soil horizons is a function of five primarily factors: climate, biological activity, relief (topography), parent 

material and time (Jenny, 1941). Because of these factors, soil-fonning (pedogenic) processes acting 

through geologic time produce soil stratigraphic characteristics that can be used to correlate deposits that 

have undergone similar depositional and post-depositional histories. Thus, buried paleosols can be 

correlated over fairly large distances if the soil-formation factors are taken into account, and can be used 

as local or regional stratigraphic markers to assess the presence or absence of deformation. For this studY!k 

paleosols provide the means to estimate deposit age through regional correlation with dated paleosols, and 

to evaluate fault displacements through correlations of soil horizons across fault zones. 

Geologic and pedologic studies in the Midwestern United States have identified several prominent 

paleosols developed in Quaternary deposits. From oldest to youngest, the paleosols include the: (1) 

Yarmouth Geosol, which developed in the lower part of the Metropolis Formation and upper part of 

Mounds Gravel (Esling et at, 1989; Grimley et at, 2003); (2) Sangamon Geosol, which developed into 

the upper part of the Metropolis Formation and the Loveland Silt; (3) Farmdale Geosol, which formed in 

the Roxana Silt, and the (4) modern-day soil profile developed in the Peoria Loess. The Yarmouth 

Geosol formed over an extensive period of time and is broadly correlated with Marine Isotope Stages 

(MIS) 7 to 11, the Crowley's Ridge silt (Grimley et aI., 2003), and parts of the Metropolis Formation. In 

most places, the Loveland Silt is modified by formation of the Sangamon Geosol that developed during 
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the Sangamon-time interval from about 65 to 125 ka (Grimley et aI., 2003; Forman and Pierson, 2002). 

The Sangamon Geosol is characterized by a thick solum, an increase in iJIuviated clay with depth that is 

derived from the loess parent material, clay films, red hue (7.5YR or 5YR hues), prominent clay seams 

along prismatic and angular blocky peds, and well-developed zones of manganese oxide development. 

Development of the Sangamon Geosol ended during the deposition of the Roxana Si1t upon which the 

Farmdale Geoso! is developed. The Farmdale Geosol is considered to have formed in a cool climate over 

a period of about 3,000 to 5,000 years between 30 and 25 ka before the last glaciation (Follmer, 1983; 

Forman and Pierson, 2002). 

The Peoria Loess overlies the Roxana Silt and is estimated to be between 25 and 10 ka in age (Forman 

and Pierson, 2002). Soils developed in the Peoria Loess and mapped previously at the C-746-U landfill 

are predominantly silt loams with moderately developed B-horizons that began developing about 12,000 

years ago. The major soil series developed in the Peoria Loess at the site include the Calloway, Henry 

and Grenada silt loams (U.S. Department of Agriculture, 1976) that typically form on level to gently 

sloping hillsides. The surface soils consist of a moderately developed fragipan, and a relatively compact, 

unaltered silty clay loam that ranges from 66 em (below the ground surface) to 125 em in depth. 
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4.0 PREVIOUS SITE-SPECIFIC C-746-U LANDFILL GEOLOGIC STUDmS 

An initial geologic and geotechnical study for the C-746-U landfill and subsequent seismic reflection 

survey provide valuable information on site stratigraphy and inferred faults lying beneath the site. The 

following section provides a summary of the findings of the previous investigations performed at the 

landfill, and Woolery's (personal communication, 2005) re-interpretation of seismic felecion data 

previously acquired at the site. 

4.1 SAIC (1994) 

A geotechnical and geologic investigation performed by SAIC (1994) prior to construction of the existing 

C-746-U landfill included completion of27 shallow (12 to 32 ft; 3 to 9.8 m) and 5 deep (85 to 90 ft; 26 to 

27 m) exploratory borings across a former low ridge (Plate 1). Pre-development maps show the former 

site topography consisted of a relatively narrow northeast-trending ridge bounded by northeast trending 

creeks (e.g., Little Bayou Creek) and dissected by east and west-trending swales (SAlC, 1994) (Plate 1). 

The swales drain toward Bayou and Little Bayou Creeks located to the west and east of the site, 

respectively (Figure 5). The Bayou and Little Bayou Creeks drain to the Ohio River located north of the 

site. 

Geotechnical borehole information indicate that the upper 30 feet (9 m) of stratigraphy at the site coarsens 

with depth, and includes a shallow (approx. upper 15 feet [4.6 m]) surficial package of loess directly 

overlying massive silt and clay (approx. 15 to 30 feet [4.6 to 9 m]) with occasional interbeds of silty sand 

to clayey sand (inferred as Metropolis Formation) (Figure 7). Particle-size data from the loess and upper 

part of the Metropolis Formation, within 5 to 15 feet (1.5 to 4.6 m) of the ground surface, indicate the clay 

fraction increases with depth (see Tables E5 and E6 of SAle, 1994). This increase in clay likely 

represents, in part, the presence of the Sangamon Geosol that overprints much of the upper part of the 

Metropolis Formation. In addition, grain size analyses (see Figure 9 ofSAIC, 1994) indicate the presence 

of two relatively continuous sandy units between 15 and 18 feet (4.6 and 5.5 m) below the ground surface 

(bgs) (i.e., contains as much as 20-25% sand) and 22 and 25 feet (6.7 and 7.6 m) bgs (Le., contains as 

much as 60% sand) that are part of the Metropolis Formation (Figure 7). These paleosols and sandy 

units, in part, are marker horizons by which to assess tectonic-related deformation for the fault hazard 

investigation (this study). 
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4.2 Blackhawk Seismic Retlection Survey (1003) 

Because of the recent studies that identified faulting at and near the vicinity of the PGOP (SAIC, 2004; 

Woolery and Street, 2002), the Commonwealth of Kentucky requested that a fault investigation be 

conducted at the proposed C-746-U landfill expansion. Consequently, a high-resolution horizontal shear 

wave (S-wave) seismic reflection survey was acquired at the C-746-U landfill by Blackhawk 

GeoSciences (Blackhawk, 2003). The purpose of the study was to identify potential subsurface anomalies 

suggestive of young and near-surface faulting, and to intersect faults striking predominantly northeast 

through the existing and proposed C-746-U landfill site. The survey consisted of two S-wave lines (SL-l 

and SL-2) oriented parallel to the present-day northern and eastern boundaries of the landfill (Plate 1). 

Seismic line SL-I is oriented north-south and is about 1 ~800 feet (550 m) long. Seismic line S-2, oriented 

east-west, is about 1,400 feet (427 m) long. 

Blackhawk's (2003) interpretation of the seismic data includes identification of two clearly discernable 

buried reflectors correlating with the top of the local hydrologic unit known as the Regional Groundwater 

Aquifer (RGA; this unit is regionally correlated with the Mounds Gravel) at about 70 to 40 feet (21 to 12 

m) bgs and the top of the McNairy Formation at about 60 to 80 feet (18 to 24 m) bgs (Figures 8 and 9). 

The reflector between 30 and 40 feet (9 and 12 m) bgs is interpreted as the top of a coarse-grained unit 

that presumably lies within the upper part of the Mounds Gravel or lower part of the Metropolis 

Formation. Based on discontinuities of these reflectors and incoherence patterns in the seismic data, 

Blackhawk (2003) interpreted two near-vertical faults, designated Fault 1 and Fault 2 (Figures 8 and 9). 

These faults are inferred to have northeasterly strikes with down-to-the-northwest vertical separation 

across the northern and central part of the C-746-U landfill footprint (Plate 1). Blackhawk (2003) shows 

displacements of the McNairy Formation by as much as 30 feet (9 m) and ofa distinct overlying reflector 

within the Metropolis Formation or Mounds Gravel by as much as 20 feet (6.1 m). Blackhawk (2003) 

also interprets faulting within the older units (Metropolis Formation and Mounds Gravel), and suggests 

that faulting may extend within 15 to 20 feet (4.6 to 6.1 m) of the ground surface; however, the age of the 

shallowest units where deformation is interpreted could not be determined given the resolution of the 

data. 

4.3 Alternative Interpretation of Seismic Lines SL-l and SL-2 

Prior to this study, SAlC (1994) borehole data and Blackhawk (2003) seismic Jines provided the best 

subsurface information for delineating the locations and styles of possible deformation in the 
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investigation area. These data are used in defining the target areas for detailed borehole arrays described 

in section 5.0 below. As part of this fault hazard investigation, Dr. Ed Woolery of the University of 

Kentucky provided an independent review of Blackhawk (2003) seismic lines SL-l and SL-2 (Woolery, 

personal communication, 2005). Based on offset reflectors, abrupt terminations of strong reflection 

signals, residual diffraction patterns, abrupt changes in reflection dips, and associated folds the re-analysis 

suggests a more complex fault zone than previously interpreted by Blackhawk (2003). Woolery finds 

numerous normal and reverse faults, as well as warped and folded stratigraphy that collectively suggest a 

transpressional style of deformation (Figures 8 and 9). In general, the seismic lines exhibit episodic 

tectonic-related deformation that extends above the Paleozoic bedrock into overlying unconsolidated 

Quaternary deposits and close to the base of the inferred loess deposits. Deformation zones identified 

from the interpretation of the seismic lines are discussed below. 

4.3.1 Alternative Interpretations of Seismic Line SL-l 

In line SL-l, three primary zones of deformation (DZl-l to DZl-3) ate interpreted. The deformation 

zones of Woolery (personal communication, 2005) are shown in Figures 8 and 9. 

4.3.1.1 Deformation Zone DZ1-1 

Deformation zone DZl-l is about 260 feet (79 m) wide and lies along the southern part of line SL-l 

between shot points UKK-I-IOO to-235 (Figure 8). Blackhawk (2003) did not interpret faulting in this 

area. The zone of deformation is characterized by a series of steep, north- and south-dipping faults that 

exhibit both normal and reverse displacement. The northern margin of the deformation zone is bordered 

by a prominent zone of incoherent reflectors truncated near shot point UKK-1-235. Faults within 

deformation zone DZl-1 have inferred displacements of as much as 25 feet (7.6 m) within the Mounds 

Gravel, whereas vertical displacements are less than about 3 feet (0.9 m) across disrupted reflectors 

representing strata likely within the Metropolis Formation. 

4.3.1.2 De/ormation Zone DZl-2 

Deformation zone DZl-2 is relatively narrow (160-ft-wide;49-m-wide) and is between shot points UKK-

1-350 to-430 (Figure 8). This zone is roughly coincident with Fault 2 of Blackhawk (2003), and is 

defined by a steep, north-dipping fault that extends upsection into the Metropolis Formation. Directly 

south of the fault is a region of incoherent reflectors that does not permit the interpretation of a readily 

identifiable or laterally continuous reflectors for assessing fault location. 
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4.3.1.3 Deformation Zone DZl-3 

Deformation zone DZl-3 is about 120 feet (36.6 m) wide and is located at the northern end of line SL-l 

(Figure 8). This portion of the seismic line is characterized by a loss of coherency between shot points 

UKK-1-785 to-90S (Figure 8). Although Blackhawk (2003) did not interpret faulting along this zone, 

Woolery (personal communication, 2005) identified two boundary faults that exhibit. an apparent 

southside-down vertical separation. The northernmost boundary fault is interpreted to extend into the 

Metropolis Formation with a total vertical separation of about 2 feet (0.61 m). The overall structural style 

of deformation interpreted across deformation zone DZl-3 is extensional. Because this area of the 

proposed landfill expansion lies within a forested region it was not investigated as part of the surface-fault 

rupture investigation. 

4.3.2 Alternative Interpretations of Seismic Line SL-2 

Re-interpretation of seismic line SL-2 suggests the presence of two primary deformation zones (DZ2-1 

and DZ2-2) which respectively coincide with Faults I and 2 of Blackhawk (2003) (Figure 9). 

4.3.2.1 Deformation Zone DZ2-1 

Deformation zone DZ2-1 lies along the central part of seismic line SL-2 and is about 90 feet (27 m) wide 

and is located between shot points UKK-2-315 to-360 (Figure 9), Three relatively high-angle fault 

strands are interpreted as offsetting shallow reflectors within the Mounds Gravel and Metropolis 

Formation. The primary fault, which is located near shot point UKK-2-360, dips southerly and branches 

upsection into a half-flower structure accompanied by two north-dipping faults that offset the Metropolis 

Formation. Deformation zone DZ2-1 corresponds with Fault 1 of Blackhawk (2003) 

4.3.2.2 Deformation Zone DZ2-2 

Deformation zone DZ2.,;2 lies along the eastern part of seismic line SL-2 and is about 420 feet (128 m) 

wide and is located between shot points UKK-2-509 to 719 (Figure 9). This deformation zone represents 

the most prominent anomaiy of the seismic reflection survey. Four possible high-angle north and south

dipping fault strands exhibiting both normal and reverse displacement are interpreted across deformation 

zone DZ2-2. The Mounds Gravel is interpreted as being displaced as much as 10 feet (3.0 m), whereas 

seismic reflections believed to be in the Metropolis Formation exhibit vertical displacements up to 2 feet 

0.61 m). The pattern and style of deformation interpreted along this section of line SL-2 is suggestive of 

WLA 1725 Final 19 C ... -.D ~ 

l MA;~~llJ 
Division of Waste Management 

Solid Waste Branch 



a "positive" flower structure, and thus may represent transpressional deformation. Deformation zone 

DZ2-2 coincides with Fault 2 of Blackhawk (2003). 
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5.0 ANALYTICAL APPROACH AND METHODS 

The primary objective of this fault hazard evaluation of the proposed the C-746-U landfill expansion is to 

intersect shallow deposits and soil horizons, to assess their age and lateral continuity, and to identify the 

absence or presence of fault-related vertical displacements. A total of 86 OPT cores were collected at 

variable spacings along parts of seismic lines SL-l and SL-2 to specifically target possible defonnation 

zones identified by Blackhawk (2003), and Woolery (personal communication, 2005) (Plate 1). In 

addition, a total of 12 optically stimulated luminescence samples were collected from the cores to provide 

age estimates of the shallow loess deposits by which to assess active faulting (i.e., within the last 11,000 

years; Holocene Epoch; see section 5. 3). Our approach was to span these zones with initial borehole 

spacings of 40 feet (12.2 m), followed by smaller intervals of 20 and 10 feet (6.1 and 3.0 m) in areas 

containing possible fault-related features interpreted from seismic data, or inferred from preliminary 

cross-sections developed from initial boreholes. The OPT core locations are indexed to the shotpoint 

nUIIlbers along seismic lines SL-1 and SL-2, and are designated according to the previous shotpoint 

designations. 

The elevations along the two transects range from approximately 367 feet (112 m) above mean sea level 

(mst) at the eastern end of seismic line SL-I~ to 372 feet (113 m) above ms1 at the southern end of seismic 

line SL-2 (Plate 1). ' The borehole transects traverse an area that is readily accessible, and currently is 

vegetated with grasses or covered with gravel. Both transects are outside of the C-746-U landfill security 

fence. The locations of the direct push cores and geophysical profiles are provided in Plate 1. The areas 

of detailed subsurface studies do not span the entire region of interpreted faulting by Woolery (personal 

communication, 2005), although the investigation intersects zones of deformation considered to be the 

most prominent and distinct on the interpreted seismic reflection profiles. 

Miller Orilling Company collected 86 direct push technology (DPT) Geoprobe cores along the two 

transects to explore subsurface conditions at the site. The cores were collected as continuous cores. Four 

of the 86 DPT cores were collected in light-sensitive sample liners, placed within a PVC pipe and 

specially handled for optical stimulated luminescence (OSL) analysis. A Geoprobe, a hydraulicaUy

powered, soil probing machine that utilizes static force and percussion to advance small-diameter soil 

sampling tubes collected the cores. AU the OPT cores extended to a depth of 30 feet (9 m) and consist of 

approximately 1 and 11116-inch-diameter samples within six (6), 5-foot-Iong (1.5 m) sections at each 

borehole location. The core samplers extended into undisturbed stratigraphy below the base of the 
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sampler by static force from the Geoprobe machine. Clear, thin-walled plastic liners within the Geoprobe 

sampler tubes preserved the sediment cores. The sampler tubes were labeled, sealed and placed in 

wooden core boxes for shipment to the Kentucky Geological Survey (KGS) core facility in Lexington. 

Following the collection and labeling of each DPT core, the entire depth of each borehole was sealed with 

a bentonite/Portland cement grout mix. Following temporary storage of the cores on site, the WLA staff 

geologist and SAle field operations manager containerized and padded the cores to maintain their 

integrity for shipment to the KGS core facility. The field staff followed standard chain-of-custody (COC) 

procedures throughout the sampling and transportation process of the cores. KGS project personnel at the 

KGS core library checked the cores and COC documents prior to accepting the cores. There were no 

. inconsistencies encountered during transportation of the cores and chain-of-custody procedures. 

Project geologists, scraped clean, and described the 30-ft-long (9 m) continuous cores in detail to identify 

stratigraphic marker horizons, buried soils and any concealed evidence of faulting. The project geologists 

placed sets of five to six OPT cores side-by-side and in sequential order for detailed characterization and 

direct correlation of soil and deposit stratigraphy between cores. Using the Unified Soil Classification 

System and standard geologic and pedologic observations (see site work plan dated June 21, 2005) 

geologists logged the cores. This logging procedure produced preliminary geologic cross-sections based 

on the OPT data and allowed confirmation of laterally continuous horizontal strata among adjacent 

borings. 

5,,1 Uncertainty Estimation 

Geologic cross sections developed from the DPT data incorporate the uncertainty in the location of 

stratigraphic boundaries between the primary geologic units at the site. In estimating the elevations of the 

basal contacts of the stratigraphic horizons, six sources of uncertainty are considered: (1) actual 

stratigraphic variability; (2) mechanical error in measurement (assumed to be zero); (3) elevation error in 

survey of monuments; (4) core compression and/or recovery; (5) contact correlation and interpretation; 

and (6) presence of inclined basal contacts. The natural stratigraphic variability (#1) of each basal contact 

is assumed to be adequately represented in the 86 borehole samples. Mechanical uncertainty (#2) is 

considered minimal, if present at alI~ because the depth of each contact was measured numerous times 

and/or reviewed by several geologists during our internal review process. Uncertainty in elevation (#3) 

from the licensed survey is considered to be within the nearest 0.1 foot (0.03 m) horizontally and 0.01 foot 

(0.003 m) vertically, and thus is considered negligible in this analysis. Of these potential contributors to 
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the uncertainty in the basal contact elevation error, three types of uncertainty (#4 to #6) need to be 

critically evaluated. 

Thus, the sources of basal contact elevation error that need to be addressed include: (#4) core 

compression andlor recovery, (#5) contact correlation and interpretation (i.e., distinct vs. gradational), and 

(#6) the presence of inclined basal contacts. The methods for determining these sources of uncertainty 

are described below. Core compression and recovery (#4) was documented for every core inthis study 

during core collection and core analysis phases. Core compression often accounts for most, if not all, of 

the "missing" core where recovery was less than ] 000/0 for each 5-foot (1.5 m) core sample. Since the 

DPT method obtains cores by pushing the sampling tube into the ground. it is not uncommon for some of 

the soils to compress as they enter the sample tube. For example, during a 5-ft (1.5 m) sample run, only 

4-ft (1.2 m) of core may be recovered from the sample tube with the I-ft (0.3 m) of "missing core'; 

representing a 20% compression of the 5-ft (1.5 m) soil due to sampling method. For each basal contact, 

we recorded the amount of compression (depth measured vs. amount of core recovered) and used this 

value as the range of uncertainty for any basal contact encountered within that 5-foot (1.5 m) sample 

interval. Compression and recovery uncertainty values ranged from 0.1 feet (0.03 m) to as much as 1.6 

feet (0.5 m). The uncertainty contact correlation and evaluation (#5) was determined to estimate the 

geologist's confidence in choosing each basal contact. Essentially this value is a measure of how difficult 

it was to identify each contact. This uncertainty (#5) was evaluated by taking an estimate independently 

from each geologist that logged the core, and taking the average uncertainty value for each basal contact. 

The average uncertainty values of the basal contact are listed in Table 1. Significantly non-horizontal or 

inclined basal contacts (#6) were evaluated for selected basal contacts only. Based on core logging, the 

basal contact of unit 5.2 is erosional, and the only significantly non-horizontal (Le., steeply inclined) 

contact. There were 5 significantly non-horizontal basal contacts with uncertainties ranging between 0.4 

and 0.5 feet (0.12 and 0.15 m). 
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Table 1. Average Uncertainty in Contact Correlation by Stratigraphic Unit 

':: ><'" 
Uncertaility"(feet) , Bi\sal,CoJitaet I' ",' 

Base of Upper Peoria, unit 1 0.6 

Base of LOwer Peoria, unit 2 0.4 

Base of Roxana Silt, unit 3 0.4 

Base of Unnamed liltennediate 
0.3 

Loess, unit 4 

Base of Metropolis, unit 5.1 0.5 

Base of Metropolis, unit 5.2 0.4 

Overall, the greatest source of uncertainty in'estimating the basal contact elevation is from (#4) core 

compression, and (#5) a lack of a distinct basal contact. For developing the geologic cross sections, the 

largest uncertainty of those described above (#4, #5, & #6) was selected as the range in possible 

uncertainty. For example, if 1 foot (0.3 m) of core compression (#4) represented the largest error for a 

basal contact, then an error of 0.5 feet (0.15 m) was placed on either side of the noted basal contact 

elevation. This is represented by an error bar at each basal contact for each OPT core on the geologic 

cross-sections discussed in Section 6.0. 

5.2 Estimated Ages of Deposits 

The assessment of fault activity requires an understanding of the Quaternary and depositional history of 

the site area, and a means to estimate the age of stratigraphic deposits or bedrock units. In assessing the 

age of surficial deposits at the C-746-U landfill, we use: (1) stratigraphic position and cross-cutting 

stratigraphic relations; (2) radiocarbon analyses of eight charcoal-like fragments collected from near

surface deposits encountered in the OPT cores; and (3) optical stimulated luminescence (OSL) analyses of 

12 sediment samples collected from DPT cores. Pedogenic development also provided a means to assess 

relative ages of deposits among the core samples, and to obtain correlative ages by comparison with well

dated soil chronosequences in the region (Le., Farmdale vs. Sangamon Geosols). 

During the logging procedure, material resembling charcoal was noted on log fonns and subsequently 

collected for radiocarbon analysis. The radiocarbon method is applicable primarily in dating organic 

material formed from photosynthetically fixed carbon within the last 50,000 to 60,000 years (Trumbore, 
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1998). The dimensions and angularity of each charcoal sample, as well as interpretation of the type of 

carbon extracted (e.g., detrital charcoal, wood, stick, seed, root, etc.) were noted on a sample log form. 

Individual carbon samples were wrapped securely in aluminum foil, which was labeled with a sample 

designation, collection date, project description, and placed in a sealed plastic bag. Individual charcoal 

samples were further screened for likelihood of containing carbon by analyzing the samples under a 

microscope. Out of a total of 46 samples, eight (8) possible charcoal samples were selected and 

submitted to Beta Analytic, Inc. (Miami, Florida) for radiocarbon analysis using the accelerator mass 

spectrometry (AMS) technique. The very small radiocarbon samples (between 1.3 and 189 milligrams) 

were treated with acid and base washes, followed by combustion prior to analysis. Following the 

combustion phase~ Beta Analytic noted that there was not enough carbon available for the AMS 

technique, or the resultant material presumed to be charcoal was primarily iron or magnesium oxides 

comprised of fine-grained silt and clay particles. As a result, none of the eight (8) samples was adequate 

for radiometric analyses. The age estimates of the deposits encountered at,the site are based on optically 

stimulated luminescence (OSL) samples derived from loess units, as well as correlative age estimates 

based on relative soil development. 

Twelve (12) OSL samples were collected from the DPT cores and submitted to the University of Illinois, 

Chicago (mC) for analyses by Dr. Steve Forman, director of the UIC OSL labomtory. The application of 

the OSL method closely parallels the application of carbon-14 dating and provides a complimentary 

dating range spanning a few centuries to limits in the range of 2 to 10 percent. Cores collected in light

sensitive sleeves were transported to UIC, where WLA opened and logged the core in the UIC OSL 

laboratory. Each core submitted for analysis was conected adjacent to a "pair" core that was logged in 

detail at the KGS library. Both cores for each OSL analysis were shipped from KGS and re-opened at 

UIC, and used as a guide for evaluating stratigraphic and pedologic boundaries during the OSL analysis. 

Samples identified for OSL analysis in both the light-sensitive and regular cores were selected based on 

proximity to stratigraphic and pedogenic boundaries, and the preferred absence of features related to 

bioturbation and other pedogenic processes. The results of the OSL analyses are presented in Table 2, 

and a description of the OSL analytical methods can be found in Forman and Pierson (2002). 

5.3 Survey of Geoprobe Locations 

Prior to drilling, Dummer Surveyors surveyed and marked the core locations with labeled wooden stakes. 

The proposed DPT core locations coincided with shot point designations from the Blackhawk (2003) 

seismic lines SL-l and SL-2. Dummer Surveyors also preformed a civil survey of the final borehole 
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· locations and elevations following the drilling program to provide the location and elevation of the OPT 

boreholes. The elevations of each borehole are used for stratigraphic correlation among boreholes along 

the two transects. Elevation measurements are within the nearest 0.1 foot (0.03 m) horizontally and 0.01 

foot (0.003 m) vertically, and are tied to the POOP coordinate system and U.S. Coast and Oeodetic Survey 

monuments. 
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6.0 EVALUATION OF LATE PLEISTOCENE STRATIGRAPHY 

The OPT cores collected for this surface fault rupture investigation exhibit seven primary stratigraphic 

and pedologic late Pleistocene horizons. The late Pleistocene stratigraphic deposits consist of laterally 

continuous ftning upward fluvial packages overlain by loess. The age of the surficial deposits 

encountered in the DPT cores are as much as 75.5 ka. Geologic cross-sections depicting subsurface 

conditions underlying the western and northern margins of the landfill provide the basis for assessing the 

absence or presence of Holocene (within the last 11,000 years) faulting at the site. From the cross

sections, as many as four (4) folds or warps, and 21 features with representative elevation changes across 

stratigraphic and/or pedologic boundaries are inferred from the Geoprobe data. However, no actual fault 

surfaces, slickensides, or fault gouge was observed in any of the cores; interpretations of possible fault 

displacements are based primarily on elevation changes among the various OPT core lo~ptions. These 

elevation changes can also be explained by original topographic variability and/or erosional contacts 

between strata. The estimated amount and style of vertical separation of the features are summarized in 

Tables 3 and 4 and discussed. in Section 6.2. Most of the anomalous features are limited to horizons 

within the Metropolis Formation and unnamed intermediate loess, however it is possible that several of 

the fault-like features extend upward close to the base of the Peoria Loess. The near-surface stratigraphy 

encountered in the DPT cores, and possible near-surface structural features interpreted from the geologic 

cross section, are discussed in the following sections. 

6.1 Near-Surface Stratigraphy at the C-746-U Landfill 

Near-surface stratigraphy at the site is based on a review of previously drilled geotechnical boreholes and 

seismic reflection profiles, coupled with detailed descriptions of 86 OPT cores collected as part of this 

fault hazard study. At least seven distinct stratigraphic horizons (units 1 to 4 and units 5.1 to 5.3) are 

recognized in the upper 30 feet (9.1 m) of material at the C-746-U landfill. The upper three horizons are 

generally nearly flat-lying and mantle pre-existing topography. The lower horizons occasionally have 

subtle to abrupt undulations of stratigraphic contacts that reflect fluvial depositional processes. Between 

depths of about 19 and 30 feet (5.8 and 9.1 m) bgs, three stratigraphic horizons (units 5.1 to 5.3) are 

present within the Metropolis Formation. This part of the Metropolis Fonnation (approximately 25 to 30 

feet [17.6 to 9.1 m] bgs) is composed primarily of interbeds of coarse-grained sand and gravel with 

channel-like morphology and cut and fill structures. These deposits were also interpreted at a similar 

depth in the geotechnical boreholes for the design of the landfill (SAIC, 1994) (Figure 7). The Metropolis 
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Formation fines upsection, between about 25 and 19 feet (7.6 and 5.S m), and consists of strongly mottled 

clay~ silt and fine-grained sand with discontinuous interbeds of sand and sandy gravel and likely mixes, in 

part, with the Loveland Silt. The Sangamon Geosol overprints the upper section of the Metropolis 

Formation as prominent subvertical clay seams and orange and red mottles. Directly overlying the 

Metropolis Formation is a 15-to 19-ft-thick (4.6-to 5.8-m-thick) loess package that includes an unnamed 

loess, the Roxana Silt and the Peoria loess. As noted below, the Peoria Loess is herein subdivided 

informally into lower and upper parts. 

6.1.1 Upper Peoria Loess (unit 1) 

The uppermost surficial deposit in the study area is the Peoria Loess. At the site, Peoria Loess is 

subdivided into two units (units 1 and 2) based on the presence of a weak paleosol in the middle of the 

loess package. The Upper Peoria Loess (unit 1) is about 6 feet (I.S m) thick and is characterized as a 

brown (IOYRS/3) to yellowish brown (lOYR5/S) clayey silt (up to 15% clay) to clean silt with minor 

traces of clay. In general, unit 1 is massive and speckled (3-5%) with small (<3mm) angular to sub

rounded blackish nodules of iron-manganese oxyhydroxides. Some cores have poorly developed brown

orange iron-oxide zones defined as mottles 'and fine nodules. The lower boundary of unit 1 is distinct 

when well expressed, but is often diffuse to gradual, because of bioturbation, compression from DPT 

sampling, or the poor expression of an underlying paleosol developed in the Lower Peoria Loess (unit 2). 

OSL dating of unit I yields a range in age between 25.2 and 15.4 ka, consistent with a Peoria Loess age 

(Table 2). As noted in Section 3.0, the Peoria Loess is approXimately 12 to 25 ka (Forman and Pierson, 

2002, Grimley et aI., 2003). 

The Upper Peoria Loess is overprinted by "modern" soil that began developing about 12 ka after the 

cessation of loess deposition (Forman and Pierson, 2002; Grimley et aI., 2003). The soil consists of a thin 

A-horizon with minor organic accumulation, and a distinct whitish silt-rich E-horlzon present at about 1 

to 2 feet (0.3 to 0.6 m) bgs. Clay content increases below the E-horizon to as much as 15% where the 

loess becomes mottled at about 2 to 4 feet (0.6 to 1.2 m) bgs. The C-soil horizon is noted by the decrease 

in clay content, relatively clean, massive silt with little to no mottling. 

6.1.2 Lower Peoria Loess (unit 2) 

The Lower Peoria Loess, unit 2, is generally about 3 feet (0.9 m) thick~ and the top of the unit is between 

5.0 to 9.0 feet (1.5 to 2.7 m) below the ground surface. The Lower Peoria Loess is a brownish yellow 
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(lOYR6/6) to yellowish brown (IOYR 5/4-5/8) silt to clayey silt. The upper portion of the loess is weakly 

to moderately clay-rich and is interpreted to represent a slight i lluvial clay accumulation. The upper 

portion of unit 2 has a similar texture and color to the Upper Peoria Loess (unit 1), but is clearly distinct 

from unit 1 due to the presence of discontinuous and subhorizontal whitish to light yellow silt laminae. A 

review of literature regarding the base of the Peoria Loess indicates that these discontinuous laminae are 

interpreted as mixing or welding from bioturbation and colluvial processes with the underlying Roxana 

Silt (L. Follmer, personal communication, 2005). With the exception of these laminae, unit 2 generally is 

massive, moist and soft and compresses readily with the OPT sampling technique. Unit 2 mimics 

present-day topography similar to unit 1 and generally is horizontal across much of the site explored. The 

basal contact of unit 2 is generally defined by a relatively distinct clean silt with laminae overlying a more 

clay-rich silt with abundant relict root casts and mottling. On the basis of OSL dating, the age of unit 2 

ranges between approximately 30.9 to 21.8 ka (Table 2), consistent with the basal age of Peoria Loess and 

welding with Roxana Silt (unit 3). 

A weakly developed soil horizon defines the top of unit 2. The soil horizon is identified in the cores 

based on the presence of subtle to moderate iron-manganese oxyhydroxides developed within the upper 

0.5 feet (0.15 m) of the unit. As the oxyhydroxides decrease down section to less than 5% nodules, there 

is a corresponding subt1e increase in clay content. This paleosol contains few randomly distributed 

pedogenic interfaces (e.g. fractures) lined with whitish silt. 

6.1.3 Roxana Silt (unit 3) 

In the study area, the Roxana Silt, unit 3, conformably overlies unit 4 (unnamed intermediate loess) and 

ranges from about 1 to 2.5 feet (0.3 to 0.76 m) in thickness. The Roxana Silt of the study area lacks the 

more distinct pinkish hue often reported elsewhere in the central United States (Grimley et aI., 2003). 

Unit 3 consists of a yellowish brown (lOYRS/4) to pale brown (lOYR6/3) silt with clay and silty clay and 

contains distinct, discontinuous, yellowish-white thin laminations. Unit 3 also contains prominent clay 

films along well-developed pedogenic interfaces, a significant clay content compared to overlying loess 

packages, extensive mottling and weI1.developed, clay-filled root casts. The basal contact of unit 3 is 

about 10 to 11.5 feet (3.0 to 3.5 m) below the ground surface. The basal contact generally is defined as 

distinct and is marked by a thinly laminated yellowish-brown silt with little to no manganese-oxides. It 

overlies a darker brown to grayish-brown silty clay (interpreted as a buried paleosol) that denotes the top 

of unit 4 (unnamed intermediate loess). Based on the OSL analyses, the age of unit 3 ranges from 32.1 to 
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50.7 ka (Table 2). This age range is consistent with reported ages for the Roxana Silt in the central 

United States (Grimley et aI., 2003). 

The Fanndale Geosol and associated mottling and clay development overprints and obscures much of the 

massive nature of unit 3. The upper part of the Farmdale Geosol is marked by the concentration ofime

to medium-sized iron and manganese oxyhydroxide (5-10%) nodules near the upper contact of unit 3. 

Down section the soil profile contains prominent dark gray subvertical clay seams filling pedogenic 

interfaces (clay films) and root casts with zones of prominent oxidation along the seams. The Farmdale 

Geosol exhibits extensive mottling and moderate clay film development in these DPT cores. 

6.1.4 Unnamed Intermediate Loess (unit 4) 

Within the study area, unit 4 ranges in thickness from 5.0 to 7.0 feet (1.5 to 2.1 m), and is defined as a 

yellowish brown (lOYRS/6) or light brownish yellow (lOYR6/4) to brown (10YRS13) silty clay with 

thinly laminated silt interbeds. Although relict bedding is partly preserved in the unit, much of it is 

destroyed by soil forming processes responsible for the well-developed unnamed paleosols present 

throughout unit 4. The upper part of the unit is marked by a high clay content and manganese oxide 

staining and nodule development associated with the paleosol. Subvertical grayish clay-rich seams are 

pervasive throughout the unit and cross-cutting softer yellowish-brown silty clay to clayey silt. In some 

cores, a second zone of manganese staining and nodules occur about a foot (0.3 m) below the upper 

contact with unit 3, and are randomly distributed throughout the unit as fine roundish nodules or grains. 

Unit 4 is strongly mottled, generally moist and soft (silt) to stiff (clay). The basal contact, between 15 to 

19 feet (4.6 to 5.8 m) bgs, is generally distinct and characterized by a distinct, massive silty to silty sand 

horizon with laminations and/or zones of mixing that directly overlie a darker gray clay-rich unit 

(interpreted as a buried paleosol possibly related to the Sangamon Geosol). Based on two OSL dates 

yielded from sediment samples collected at 12.1 to 12.3 feet (3.7 to 3.8 m)and 13.1 to 13.4 feet (4.0 to 

4.1 m) in DPT UKK-2-544, the age of the central part of this unit ranges between 53,6 and 755 ka (Table 

2) suggesting an intermediate loess unit exists directly below Roxana Silt and presumably above the 

Loveland Silt. The Loveland Silt is reported to be older than 120;000 years (Grimley et aI., 2003). The 

basal age of unit 4 is unknown, and therefore may be more representative of Loveland Silt. 
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6.1.5 Metropolis Formation (units 5.1 to 5.3) 

The Metropolis Formation, considered to be Pleistocene in age, consists of a complex fluvial sequence of 

clay, silt and sand with some gravel that occurs at about IS to 19 feet (4.6 to 5.8 m) bgs and extends as 

deep as 30 feet (9.1 m) bgs (maximum depth explored). Based on the DPT cores, the Metropolis 

Formation is subdivided into three fluvial subunits (units 5.1 to 5.3) based on textural variations and a 

general fining-upward sequence observed within each unit. The Metropolis Formation encountered in the 

cores generally represents an upward-fining fluvial sequence that has been overprinted by multiple 

paleosols. The upper part is silty and has properties similar to the Loveland Silt (> 120,000 years), thus 

the exact boundary between these stratigraphic boundaries is unclear and may lie within unit 5.1. 

6.1.5.1 Metropolis Formation-unit 5.1 

Unit 5.1 of the Metropolis Formation is generally about 5 feet (1.5 m) thick. The unit is defined as a light 

brownish gray (10YR6/2) to grayish brown (I OYRSI2) clay to silty clay, which grades. down section to a 

gray (1 OYR511) to light grayish brown (1 OYR6/2), or grayish brown (1 OYR5/2) clay with silty to sandy 

interbeds. The upper part of unit 5.1 is generally massive with occasional faint laminations of silt, which 

may be representative of the Loveland Silt. Vertical dark blue grey clay seams are extensive within the 

upper 2 feet (0.61 m) of the deposit and interpreted to be fi11ed root casts within the Sangamon Geosol. 

The lower part of the unit generally contains thin interbeds of sandy silt, silty sand, silt and clay. I ron

manganese oxyhydroxide staining in unit 5.1 is minor and consists of mottling in the upper part of the 

unit. The basal contact is distinct and varies between 23 and 30 feet (1.0 and 9.1 m) deep. Based on the 

age of the overlying loess deposits, the estimated age of the upper part of this unit is believed to be close 

to the age of the Loveland Silt (Le., 120 fo 180 ka). 

6,1.5.2 Metropolis Formation-unit 5.2 

Within the study area, unit 5.2 of the Metropolis Formation consists ofa reddish yellow (7.5YR6/8 to 6/6) 

to a strong brown (7.5YR5/8) sandy clay or clayey sand (60 to 70% sand) with clay interbeds. Compared 

to the overlying clay-rich unit 5.1, this unit is composed of a greater percentage of silt, sand and gravel, 

and characterized by more pronounced iron oxide staining. The upper part·ofunit 5.2 often contains thin 

clay interbeds about a foot (0.3 m) below its upper contact, suggesting the presence of a separate fining

upward sequence. Unit 5.2 often occurs below a depth of 26 to 29 feet (7.9 to 8.8 m), and occasionally 

extends below the depth of exploration. Unit 5.2 is moist to very moist, soft, stiff to hard, with little or no 
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iron-manganese oxyhydroxide staining. The. lower portion of the unit is up to 2 feet (0.61. m) thick and 

often fines upward into a silt or clay. 

6.1.5.3 Metropolis Formation-unit 5.3 

Unit 5.3 is a bedded, brown (7.5YR5/4) to strong brown (7.5YR5/8), fine- to medium-grained sand and 

gravel with silt and some reddish yellow (7.5YR6/8) clay laminations. This unit is moist and dense with 

a distinct orange sand and clay-rich laminae, and often is stained orange-brown. Minor, blue-grey clay 

subvertical seams that delineate ancient rootcasts or pedogenic clay seams are present throughout the unit. 

Iron and manganese oxyhydroxide staining is absent or weakly expressed. The base of this unit extends 

below the depth of subsurface exploration. 

6.2 Possible Zon~ of Near-Surface Deformation 

The geologic cross sections prepared from the DPT cores illustrate the lateral continuity of several 

distinct lithologic loess strata and soil horizons, as well as older fluvial strata, that lie beneath the C-746-

U landfill (Plates 2 and 3). These strata and paleosols can be used as strain gauges for assessing: (l) 

Faults 1 and 2 of Blackhawk (2003), and (2) zones of deformation (e.g., warping, folding and faulting) 

interpreted from the re-evaluation of Blackhawk (2003) seismic reflection lines SL-I and SL-2 (Woolery, 

personal communication, 2005). During the interpretation of the cross sections, anomalous features 

possibly related to faulting or folding were evaluated with respect to regional seismotectonic models that 

hypothesize Quaternary faulting along northeast-trending structures (see Section 2.2) (Wheeler, 1997; 

Nelsonet at., 1999; MoBride et al., 2002). The long-term deformation pattern of strata beneath the C-746-

U landfill is constrained by stratigraphic continuity of the loess and fluvial deposits, and the soils 

developed in these deposits. The OSL data and regional stratigraphic correlations show that the material 

encountered is late to middle Pleistocene in age. Because no Holocene deposits are present at the site, 

any feature interpreted as displacing the Peoria Loess (units 1 and 2 dated between 15.4 and 30.9 ka) is 

considered conservatively to represent Holocene activity. 

Along the western boundary of the landfill, three geologic cross-sections h~ve been constructed to 

document the subsurface stratigraphy and possible fault-related struoture beneath the site. These three 

sections are designated from south to north as oross~sections UKK-I-IA-IA', IB .. IB' and Ie-Ie' and 

overlap, in part, with seismic line SL·l. Similarly, two cross-sections intersect much of the northern 

perimeter of the landfill and are designated from west to east as cross-sections UKK-2-2A-2A', 2B-2B\ 
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which partly overlap with seismic line SL-2 (Plate 3). The locations of the cross-sections are shown on 

Plate 1, whereas Plates 2 and 3 show the geologic cross-sections UKK-l and UKK-2, respectively. The 

geologic cross-sections display as many as seven primary stratigraphic horizons in the upper 30 feet (9.1 

m) of material underlying the site, and coincide with the unit designations previously described in the 

above section. The cross-sections have a four times (4x) vertical exaggeration for the purpose of 

displaying thin stratigraphi~ and pedogenic horizons, and identifYing subtle changes in stratigraphy across 

the site that might be representative of faulting or folding, or alternatively to original perturbations in the 

paleo-topography. Accompanying each exaggerated cross-section is an identical section without vertical 

exaggeration to better illustrate actual field conditions (shown on Plates 2 and 3). The cross-sections 

allow possible interpretation of as many as four (4) relatively large folds or warps, and 21 features with 

representative elevation changes across stratigraphic andlor pedologic boundaries. These features 

(labeled AA to DD; and A to U) are shown graphically in index figures lOa and lOb. The estimated 

amount and style of vertical separation of the features are summarized in Tables 3 and 4 and discussed 

below. 

6.2.1 Geologic Sections Along Seismic Line SL- I 

Cross-sections lA-lA', IB-1B' and Ie-IC' correspond with portions of seismic line SL-l. Geologic 

cross section lA-lA' is oriented along the southern end of seismic reflection line SL-I and intersects a 

narrow zone of previously interpreted steeply dipping faults paving a normal sense of motion and 

coinciding with deformation zone DZl-l (Woolery, personal communication, 2005, see Figure 8). One 

broad warp (feature AA) and five possible distinct changes in the elevations of some stratigraphic 

contacts (features A to E) are inferred in cross section UKK .. IA-IA'. Geologic cross section UKK-IB-

1B' lies along the central part of seismic reflection line SL-l and crosses a broad zone of moderately 

disturbed reflectors within the Metropolis Formation that are interpreted as being truncated across a near

vertical, north..,dipping fault near shot point UKK-I-41S (Figure 8; Fault 2 of Blackhawk, 2003). In 

section UKK-IB-IB" two subtle warps (features BB and CC) and two features (features F and G) 

associated with possible vertical elevation changes across stratigraphic boundaries are interpreted (Tables 

3 and 4). Geologic cross section UKK-IC -IC' lies along the north-central part of seismic reflection line 

SL-l and intersects a steep, north-dipping fault interpreted as Fault I by Blackhawk (2003), and a steep, 

south-dipping fault interpreted by Woolery (personal communication, 2005) (Figure 8). In section UKK-

1 C-J C to 1 C' no broad large possible structures are interpreted, however, five possible discrete features 

(H to J) associated with elevation changes acroSs stratigraphic boundaries are interpreted. 
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6.2.1.1 Zones of Possible Broad Tilting and Warping Along Seismic Line SL-1 

As shown on Plate 2, the fluvial stratigraphy within the Metropolis Formation (units 5.1 to 5.3) dips very 

gently southward in section UKK-IA-IA' and is somewhat suggestive of a weakly expressed monoclinal 

feature (Feature AA; Figure lOa and Table 3). For example, the base of unit 5.1 decreases in elevation 

about 5 feet (1.5 m) across the section, indicating an apparent southerly dip of about 2°. However, this 

prominent dip is not present in higher stratigraphic boundaries coinciding with unit 4 and the younger 

loess packages, suggesting that the feature, if present, formed prior to deposition of units 1 to 3. The 

approximate location, sense and amount of tilt of the Metropolis Formation (units 5.3 to 5.1) is consistent 

with deformation interpreted in line SL-t between shot points 180 and 215 (Woolery, personal 

communication, 2005). 

Based on north-dipping basal contacts of 5.2 and 5.1 in cross-section UKK-IB-tB' it is possible to 

interpret two relatively broad north-facing warps exhibiting northside-down separation. The two warps 

(features BB and CC) are interpreted at the southern and northern ends of the geologic profile (Figure 

lOa). A possible north-facing warp, feature BB, interpreted along the southern part of the section lies 

between OPT cores UKK-1-350 and 380 (Figure lOa). Feature BB is defined by gentle (3°), north 

dipping stratigraphy associated with units 5.2 and 5.1. The amount of vertical elevation change 

associated with the tilting is as much as about 3 feet (0.9 m) across the unit 5.2 basal contact. Unit 4 and 

the overlying late Pleistocene loess (units 1 to 3) packages exhibit an overall gentle north-dip to flat.-Iying 

character that is consistent with overlying topography. Feature CC is defined by a gently north dipping 

panel of Metropolis Formation stratigraphy (units 5.2, 5.1 and 4) located between OPT cores UKK-1-405 

and 430 (Figure lOa). These units dip up to about 3° to the south and account for a decrease in elevation 

of about 2.25 feet (0.69 m). The overlying strata comprising the late Pleistocene loess material generally 

dip gently north or are nearly flat-lying. 

6.2.1.2 Distinct Elevation Changes in Stratigraphy Along Seismic Line SL-1 

Based on the geologic cross-sections constructed from OPT data it is permissible to interpret as many as 

10 features (features A through J) aligned with moderate to abrupt vertical changes in elevations across 

stratigraphic boundaries (Figure lOa). Of the ten (10) possible features, seven (7) are constrained to 

stratiliraphic horizons equal to or older than unit 4 (53.6 to 75.5 ka). It is possible to interpret as many as 

three features (features 0, I and J) projecting into the Roxana Silt (unit 3) and Peoria Loess (units 1 and 

2). Each of the ten (10) features possibly associated with fault-related deformation are discussed below. 
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Feature A is a low-angle, south-dipping feature that can be inferred to intersect DPT cores UKK-1-200 to 

220 and exhibits a southside-down, nonnal sense of vertical separation. Given the range in uncertainty of 

the basal contact of unit 5.1, there is a relatively abrupt difference in this contact's elevation between DPT 

boreholes 205 and 210 (Figure lOa). Similarly, the base of unit 4 shows a trough between DPT cores 210 

and 220 and a south-facing slope between DPT 215A and 220. Changes in elevation are as much as 2 

feet (0.61 m) across the unit 5.1 basal contact and decrease upsection to about 1.75 feet (0.53 m) across 

the base of unit 4. If these features are related to fault deformation, the fault would dip gently (20° to 30°) 

to the south. However, an absence of a similar south-facing dip panel across the basal contact of unit 3 

(within a resolution of ....Q.4 feet [....Q.I2 m]) indicates an absence of deformation of the Roxana Silt 

(Figure lOa and Plate 2), 

Distinct vertical changes in elevation across stratigraphic boundaries associated with basal units 5.2 and 

5.1 contacts between DPTcores UKK-1-205 and 215A defines the location of feature B (Figure lOa). 

Feature B dips north about 40° and exhibits as much as about 2 feet (0.61 m) of northside-up vertical 

separation across the base of unit 5.1, consistent with a reverse sense of separation. This feature does not 

extend upsection into the overlying nearly flat-lying stratigraphy of unit 4 (unnamed intermediate loess) 

within a limit of resolution of .... 0.3 feet (0.09 m), 

Feature C coincides with an abrupt northerly dip of the stratigraphic basal horizon of unit 5.2 that lies 

between DPT cores UKK-I-215A and 220 (Figure lOa). This feature is relatively steep (80° to 90°) and 

exhibits a north-side down vertical separation of as much as ",-,1.75 feet (0.53 m) across the base of unit 

5.2, consistent with a normal sense of separation. Feature C does not project upsection across the 

overlying stratigraphic boundary of unit 5.1 within a resolution of ....Q.5 feet (0.15 m). 

Feature D is interpreted as a near-vertical (800 to 90°) feature that separates the south-dipping (-3°) 

stratigraphic basal contacts of units 5.2 and 5.1 between DPT cores UKK-I-220 and 225 (Figure lOa). 

The southside-down vertical separation is subtle and can be interpreted to be as much as .... 1.25 feet (0.38 

m). This feature does not extend upward into unit 4 which dips north, or the overlying, relatively flat

lying loess deposits (units 1 to 3) within a resolution of about 0.3 feet (0.09 m). 

Feature E is a near-vertical feature that is defmed by a relatively abrupt change in elevation of the south

dipping (~6°) basal contact of unit 5.2 between DPT cores UKK-I-230 and 235 (Figure lOa). The sense 

of separation is as much as ~1.75 feet (0.53 m) with a southside,..down sense of separation. Feature E 
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cannot be projected upsection through the relatively flat-lying stratigraphic boundaries of the upper 

Metropolis Formation (unit 5.1) and loess deposits (units 1 to 4) within a resolution --0.3 feet (0.09 m). 

Feature F is interpreted as dipping south about 35° and coincides with the broad north-directed tilting 

( .... 5°) associated with feature BB near DPT cores UKK-1-350 to 380 (Figure lOa). Feature F vertically 

separates the basal contacts associated with units 5.2, 5.1, and 4.0 with the apparent separation being 

reverse and progressively decreasing upsection. The apparent vertical separation is as much as about 3 

feet (0.91 m) across the base of unit 5.2 and decreases upsection to about I foot (0.30 m) across the basal 

contact of unit 4. Within a resolution of about 0.4 feet (0.12 m), the overlying loess packages are 

generally flat-lying to gently north-dipping above this zone and show no evidence of vertical separation. 

Feature F closely aligns with Blackhawk (2003) Fault 2, but exhibits a reverse sense of separation in 

contrast to the normal separation interpreted across Fault 2. 

Feature G coincides with abrupt north-dipping (~100) fluvial stratigraphy of the Metropolis Formation 

and units 5.2 and 5.1 between DPT cores UKK-1-405 to 415 (Figure lOa). The feature aligns with the 

broad north-facing warp of feature CC, as wen as a near-vertical fault interpreted in Hne SL-l 

(deformation zone DZl-2 of Woolery; Figure 8). Feature Gdips approximately 45° to the south, and 

exhibits a northside-down elevation change that is consistent with reverse separation. Across the basal 

contact of unit 5.2 there is as much as about 1.75 feet (0.53 m) of vertical separation. The overlying 

Peoria Loess (units 1 and 2) does not appear vertically offset within a limit of resolution of about 0.4 feet 

(0.12 m). 

Feature H coincides with the interpretation of a shallow (20°) south-dipping feature that coincides with an 

abrupt inflection (_7°) of the lowermost units (basal contact of unit 5.2) of the Metropolis Fonnation, and 

can be projected upsection across the basal contacts associated with units 5.1 and 4.0 between DPT cores 

UKK-1-530 and 555 (Figure lOa). The feature exhibits a southside-up vertical separation ranging from 

about 2 feet (0.61 m) across the unit 5.2 contact and decreasing up section to about 1.25 feet (0.38 m) 

across the basal contact of unit 4. The sense of separation is consistent with reverse motion along feature 

H. The overlying loess packages of units 1 to 3 generally are flat-lying within a limit of resolution of ..... 0.4 

feet (0.12 m). Lastly, feature H closely aligns with Blackhawk (2003) Fault 1, however it displays an 

opposite sense of vertical separation to that of Fault 1. 
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Feature I lies between DPT cores UKK-I-565 and 575 and coincides with the alignment of a discrete 

change in elevation across the south-dipping (~12°) basal boundaries of units 5.2 and 5.1 (Figure lOa). 

The feature dips south approximately 70°, and exhibits a sense of separation that is consistent with a 

southside-down, normal separation. The estimated change in elevation across feature I is about 3.25 feet 

(l.0 m) at the basal contact of unit 5.2, and decreases upsection to about 1.25 feet (0.4 m) across the base 

of unit 5.1. It is possible to interpret as much as 2 feet (0.61 m) of vertical separation within the overlying 

loess units, however, because several of the inferred separations are based on anomalous contacts in DPT 

core UKK-1-575, these displacements are considered suspect. Furthermore, the upward projection of 

feature I from the Metropolis Formation into the overlying loess boundaries is highly questionable, 

because these cores experienced adverse drilling and sampling conditions imparted by moderately thick 

artificial fill that may have influenced the location of the stratigraphic boundaries. Lastly, the overall 

sense of separation is consistent with Woolery's (personal communication, 2005) re-interpretation of 

seismic line SL-l, however, the apparent vertical separations that are possible across the loess boundaries 

are considered unlikely. 

Feature J is interpreted as a near-vertical alignment of elevation changes across the north-dipping ( ..... 6°) 

base of units 5.2 and 5.1 horizons between DPT cores UKK-1-585 and 590 along the northern end of 

section UKK-I-C-C' (Figure lOa). The feature is defined primarily by abrupt north-dipping stratigraphic . 

panels of the Metropolis Formation that exhibit a northside-dowll sense of vertical separation. It is 

permissible to project feature J upsection into the two lowermost loess packages (units 3 and 2); however, 

the amount of vertical separation in the overlying loess unit is inconsistent stratigraphically, and suggests 

that the presence of artificial fill influences the elevation at which the stratigraphic contacts are 

encountered. Feature J does not align with any previously interpreted faults of seismic line SL-l. 

6.2.2 Geologic Cross Sections Along Seismic Line SL-2 

Geologic cross-sections UKK-2A-2A' and 2B-2B' coincide with seismic line SL-2, and lie along the 

northern perimeter of the present-day landfill (Plates 1 and 3), Geologic section UKK-2A-2A' overlaps 

with a narrow zone of previously interpreted steeply dipping reverse faults, including Fault 1 of 

Blackhawk (2003), and numerous discontinuities of Woolery (zone DZ2-1; personal communication, 

2005) (Figure 9). In section UKK-2A-2A' it is possible to interpret an antiform (feature DD) and 

numerous distinct elevation ch~ges (features K to P) across stratigraphic. boundaries in the Metropolis 

Formation. Geologic cross-section UKK-2B-2B' lies along the eastern end of seismic reflection tine SL-2 

and spans a zone of east- and west-dipping faults interpreted by Woolery (zone DZ2-2; personal 
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communication, 2005), as well as Fault 2 of Blackhawk (2003) (Figure 9). Overall, cross-section UKK-

2B-2B' depicts: (1) relatively flat-lying stratigraphy with no prominent large structural-like features, and 

(2) five distinct elevation changes (features Q to U) that are limited primarUy to unit 4 and older units, 

except for feature U that extends into Roxana Silt. 

6.2.2.1 Zones of Possible Broad Tilting and Warping Along Seismic Line SL-2 

It is permissible to interpret an antiform (feature DO) based on east and west tilted fluvial stratigraphy of 

the Metropolis Formation that span DPT cores UKK-2-319 and UKK-2-379 (Figure lOb). For example, 

the base of unit 5.2 dips about 6° to the east and west, and changes about 5 feet (1.5 m) in elevation across 

the antiform. The apparent tilting decreases upsection and is constrained primarily within units 

comprising the Metropolis Formation and possibly unit 4.0 (unnamed intermediate loess). Feature DO 

does not propagate into the overlying, gently west-dipping to nearly flat-lying loess packages of units 1 to 

3 (Roxana Silt and Peoria Loess). The approximate location and sense of vertical separation, and pattern 

of tilted stratigraphy is consistent with deformation interpreted in line SL-2 between shot points UKK-2-

310 and 360 (Figures 9 and lOb). 

6.2.2.2 Distinct Elevation Changes in Stratigraphy Along Seismic Line SL-2 

Based on the geologic cross-sections constructed from DPT data, it is permissible to interpret as many as 

11 features (features K through U) aligned with moderate to abrupt vertical changes in elevation across 

stratigraphic boundaries (Figure lOb). Of the eleven (11) possible features nine (9) are constrained to 

stratigraphic horizons of unit 4 (53.6 to 75.5 ka unnamed intermediate loess) and older deposits. Two 

features (L and U) may intersect the basal boundaries of the Roxana Silt and Peoria Loess. Each of the 

eleven (11) features possibly associated with fault-related deformation are discussed below. 

Feature K is a steeply dipping feature that coincides with a subtle westward-directed tilt (_9°) of the base 

of unit 5.1 (Figure lOb). It is unclear if it vertically separates the base of unit 5.2, because where the 

feature would project down-section and intersect unit 5.2, the basal contact lies beneath the depth of 

exploration. This feature exhibits a westside-down, normal component of vertical separation that 

accounts for 1.0 to 1.5 feet (0.3 to 0.46 m) of elevation change across the base ofumt 5.1. Feature K does 

not extend across the base of unit 3.0 within a resolution of about 0.4 feet (0.12 m). Feature K also 

closely coincides with an east-dipping fault displaying normal displacement of Woolery (personal 

communication, 2005) but does not overlap with any faults interpreted by Blackhawk (2003). 
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Feature L coincides with a moderately expressed inflection of units 5.2 to 4.0 that comprise the western 

limb of a possible antiform (Feature 00) (Feature lOb). Feature L accounts for vertical changes in 

contact elevations between OPT cores UKK-2-329 to 349. The feature dips about 40° east, and vertically 

separates west-dipping (,...,10°) stratigraphy associated with basal contacts of units 5.2 and 4.0 as much as 

2.0 and ..... 1.75 feet (0.61 and 0.53 m), respectively. It is permissible to interpret feature L as intersecting 

the base of unit 2.0 (Lower Peoria Loess) possibly as much as 1.0 feet, (0.3 m), however unit 1.0 (Upper 

Peoria Loess) is flat-lying within a resolution of about 0.6 feet (0.18 m). The character of the feature 

changes upsection near the base of unit 4, where it coincides with an anomalous trough rather than a 

continuous panel of west dipping stratigraphy. This suggests that it is unlikely feature Lprojects upward 

into the overlying Roxana Silt and Peoria Loess. 

Feature M coinddes with an abrupt west-tilted (10°) basal horizon of unit 52 within the Metropolis 

Formation that projects upsection across the base of a slightly less tilted «5°) unit 5.1 (Figure 1 Ob). 

These west-tilted fluvial strata define a near vertical feature consistent with a normal component of 

separation. Changes in elevation are up to about 2.0 and 1.5 feet (0.61 and 0.46 m) for the base of unit 

5.2 and 5.1, respectively. Feature M does not offset the base of unit 4.0, or the upper loess packages, 

within a resolution of about 0.3 feet (0.09 m). Feature M is closely aligned with a steep west-dipping 

normal fault interpreted as the main fault in OZ2-1 (E. Woolery, personal communication, 2005) and as 

Fault 1 (Blackhawk, 2003) (Figure 9). 

Feature N dips about 85° east, and coincides with east-dipping (",,5°) basal contacts of units 5.2 and 5.1 

(Figure lOb). The unit boundaries exhibit as much as ~ 1.5 feet (0.46 m) of elevation change across the 

feature, consistent with a down~to-the-east, nonnal sense of vertical separation. Feature N does not offset 

the base of unit 4.0, nor the overlying loess packages within a resolution of -0.3 feet (0.09 m). This 

possible fault-related feature lies within the fault zone of Fault 1 (Blackhawk, 2003) and OZ2-1 (E. 

Woolery, personal communication, 2005) but exhibits an opposite sense ofvemcal separation (Figure 9). 

Feature 0 dips east about 40° and coincides with the west-tilted ( .... 10°) basal boundary of units 5.2, 5.1, 

and 4.0 (Figure lOb). The basal unit horizons of the Metropolis Forma1ion exhibit down-to-the-west 

vertical separation that is consistent with a reverse sense of motion. Changes in elevation are as much as 

~1.0 foot (0.30 m) across units 5.2, 5.1, and 4.0. The feature is constrained to an anomalous trough 

present at the base of units 5.2 and 5.1 between cores DPT 354 to 364. Feature 0 cannot be traced 
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upsection into the overlying loess packages within a resolution of 1.9 feet (0.58 m) (units 3 and 2) and 0.6 

feet (0.18 m) for the Upper Peoria Loess (unit 1). 

Feature P is near-vertical and coincides with the west-dipping (-' .. }OO) stratigraphic boundaries of units 5.2, 

5.1, and 4.0 between DPT cores 359 and 369 (Figure lOb). Feature P exhibits normal separation with the 

westside-down and coincides closely with Blackhawk (2003) Fault 1. Changes in elevation are as much 

as -2.0 feet (0.61 m) across the base of units 5.2 and 5.1, and decrease upsection to about 0.5 to 1.0 foot 

(0.15 to 0.3 m) across unit 4.0. Feature P cannot be traced upsection into the younger loess packages of 

units 3 to 1 (Roxana Silt and Peoria Loess) within a limit of resolution of---O.4 feet (0.12 m). 

Feature Q is near-vertical, and exhibits an elevation change across the basal boundaries of units 5.2,5.1, 

and 4.0 between DPT cores UKK-2-519 to 524 (Figure lOb). The vertical separation is as much as 2.0 

feet (0.61 m) across the basal of units 5.2 and 5.1, and decreases upsection to about 1.5 feet (0.46 m) at 

the intersection with unit 4.0. The basis for the presence of this feature is driven strongly by the large (2 

feet or 0.6] m) uncertainties associated with the base of units 5.2 and 5.1 observed in DPT core 519; 

however, this feature does not vertically separate the flat-lying unit 3 (Roxana Silt) within a resolution of 

about 0.4 feet (0.12 m). Feature Q lies in a region where no faults have been previously interpreted along 

line SL-2. 

Feature R is vertical and coincides with a subtle elevation change across the base of unit 5.2 between DPT 

cores UKK-2-549 and 554 (Figure lOb). The vertical separation of Feature R is extensional, as much as 

1.0 feet (0.30 m), and is expressed as the east-dipping (<50) basal contact of unit 5.2. This feature does 

not warp any overlying stratigraphic unit boundaries within a limit of resolution of about 0.5 feet (0.15 m) 

(unit 5.1). The feature coincides with an east-dipping reverse fault interpreted by Woolery (personal 

communication, 2005) between shot points UKK-2-539 and 549 (Figure 9). 

Feature S dips about 65° west and is defined by an westside-down elevation change across the west

dipping (,...,2°) base of units 5.2, 5.1, and 4.0 (Figure lOb). The amount of apparent normal separation' 

across the stratigraphic boundaries is as much as l.0 feet (0.30 m) (unit 4.0), 1.5 feet (0.46 m) (unit 5.1), 

and 1.0 feet (0.30 m) (unit 5.2). Feature S does not coincide with any faults interpreted in line SL-2 and 

does not project into overlying loess packages (Roxana Silt and Peoria Loess) within a resolution of about 

0.4 feet (0.12 m). 
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Feature T dips about 370 west and coincides with possible gently east-dipping (~3°) stratigraphic horizons 

associated with units 5.2, 5.1, and 4.0 between OPT cores UKK-2-649 and 669 (plate lOb). This west

dipping feature exhibits a reverse sense of separation that is as much as 2.0 feet (0.61 m) for the base of 

units 5.1 and 4.0~ but considerably less across the deeper basal contact of unit 5.2. The less pronounced 

nature of the feature across the base of unit 5.2 and 4.0 suggests that this feature may represent the natural 

variability and undulations of the fluvial stratigraphy within the Metropolis Fonnation. Feature T does 

not coincide with faults previously interpreted by Woolery (personal communication, 2005)9 or Fault 2 of 

Blackhawk (2003). Lastly~ feature T does not project into overlying loess packages (Roxana Silt and 

Peoria Loess) within a resolution of about 0.4 feet (0.12 m). 

Feature U dips about 25° east and coincides with gently (2°) west-dipping strata associated with units 5.2 

to 4.0, and possibly the base of unit 3 (Figure JOb). The changes in elevation of units across feature U are 

stratigraphically inconsistent along its projected length suggesting its projection upsection into the 

Roxana Silt and Peoria Loess is highly suspect. For example, vertical separations are as much as about 2 

feet (0.61 m) across the base of unit 4.0 (unnamed intennediate loess), and as small as I foot (0.30 m) 

across the base of unit 5.2 {Metropolis Formation}. The Lower Peoria Loess (unit 2) is flat-lying above 

this feature and does not reflect any warping within a limit of resolution of about 0.4 feet (0.12 m). The 

approximate location of feature U coincides with the general location of a feature interpreted by Woolery 

(personal communication, 2005) between shot points UKK-2-669 and 679, and exhibits a similar sense of 

vertical separation (Figure 9). 
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7.0 POTENTIAL FOR HOLOCENE FAULTING AT THE C-746-U LANDFILL EXPANSION 

Available regional and local geologic and geophysical data in western Kentucky provide evidence of 

steeply dipping, northeast-striking faults lying within the Reelfoot rift that possibly connect with the 

F AFC of southern Illinois and northwestern Kentucky (Figures 3 and 4). The presence of northeast

trending contemporary microseismicity within this zone of poorly characterized faults suggests that some 

of the north- to northeast-trending structures may accommodate present-day regional strain, and thus may 

be similar to faults in the NMSZ (Figure 3). This investigation of Holocene faulting at the C-746-U 

landfill expansion provides subsurface information by which to assess the presence or absence of 

Holocene activity on previously interpreted northeast-striking faults (Faults I and 2 of Blackhawk, 2003), 

as well as multiple faults and folds interpreted from previous site-specific seismic lines (Woolery, 

personal communication, 2005) (Figures 8 and 9), These previously interpreted faults that would 

intersect the landfill lie within a diffuse band of contemporary microseismicity, and· generally coincide 

with a southwestern projection of the Hobbs Creek and Barnes Creek fault zones in the F AFC of southern 

Illinois (Figure 4). The inferred faults of Blackhawk (2003) and Woolery (personal communication, 

2005) were evaluated with respect to a regional tectonic model in which the near-vertical, northeast

striking faults accommodate oblique dextral strike-slip faulting, including components of extensional and 

contractional deformation that result in substantial vertical separation of horizontal strata. 

This study assumes that if faults underlie the site, material displaced by these inferred faults record 

discrete brittle deformation in contrast to some localities associated with the 1811-1812 earthquakes, 

where evidence of past surface rupture is enigmatic along much of the NMSZ. The absence of primary 

surface rupture with this earthquake sequence may be partly a result of the rupture being broadly 

distributed through the thick semi-consolidated to unconsolidated saturated deposits in the Mississippi 

embayment. We suggest that there is only a remote possibility that the deposits encountered in this fault 

study may not record discrete Holocene fault rupture because the Quaternary section underlying the site is 

thin «100 feet thick; 30 m). These relatively thin early to middle Quaternary fluvial materials overlain 

by late Pleistocene loess have been shown regionally to be displaced by faults in southern Illinois (Nelson 

et al., 1999: SAle, 2004) and southeastern Missouri (Harrison et aI., 1999; Baldwin et at, in press), 

indicating that the material underlying the proposed landfill expansion should record brittle deformation, 

jf faulting has occurred in the recent geologic past. Also, the cores collected for this study provide direct 

evidence for the absence of slickensides, breccia and clay gauge across some of the interpreted fault zones 

of Blackhawk (2003) and Woolery (personal communication, 2005). 
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Based on the tectonic model described above and in patterns typical of surface-fault rupture behavior~ the 

five geologic profiles that intersect the previously interpreted northeast-striking faults show that the strata 

younger than unit 3.0 (Roxana Silt) are undeformed beneath the site. Of the 25 features possibly 

associated with vertically separated or warped stratigraphic horizons, 20 features do not extet:td into unit 

3.0 (Roxana Silt; Tables 3 and 4), which has an estimated age ranging between 32 and 51 ka at the site 

(Table 2). As noted in Section 6.0, of the five possible features that intersect the Roxana Silt, it is 

permissible to extend only three into the overlying Peoria Loess (10 to 25 ka). However, the presence of 

two of these features (l and J) is highly suspect because of their association with artificial fill, and the 

third feature (L) does not displace the overlying Upper Peoria Loess (unit 1). Collectively, the findings 

from this study strongly suggest that the previously interpreted faults at the landfill are not Holocene 

active. 

Only in a few instances is it permissible to interpret fault-like features extending upward into the Roxana 

Silt (unit 3) and Peoria Loess (unit 2). These interpretations are highly questionable, especially when the 

features are evaluated with respect to the geologic sections having zero vertical exaggeration, and/or the 

near-surface sampling conditions (i.e., presence of artificial fill). Nowhere along the profiles do we 

interpret a clear or distinct separation of the Upper Peoria Loess (unit 1) or the base of the Lower Peoria 

Loess (unit 2) that unequivocally can be interpreted as fault-related. We argue for the absence of the 

upward projection of these features into the Peoria Loess when~ (1) there is a high degree of uncertainty in 

the location of basal contacts because of compression, artificial fill, or highly-saturated loess; (2) the 

fault-like feature has an unrealistically low inclination; and (3) a preponderance of OPT data constrain the 

majority of the fault-like features to the Metropolis Formation and unnamed intermediate loess (unit 4). 

Many of the possible vertical steps interpreted in the Metropolis Formation (units 5.3 to 5.1) also can be 

explained alternatively by non-tectonic fluvial processes (i.e." channel erosion and deposition). For 

instance, the base of unit 5.1 typically is abrupt, erosional, and characterized by coarse-grained fluvial 

deposits overlying fine-grained overbank deposits. This contact often defines the base of a prominent 

channel that varies in thickness and elevation through scouring and natural stratigraphic undulations. 

Unit 5.3 also is a gravelly, coarse-grained sand Ukely associated with Pleistocene braided stream deposits. 

These types of fluvial deposits often have a natural undulatory surface related to local channel SCOUT, and 

deposition of mid-channel sand or gravel bars. When buried and viewed in profile, these contacts can 

appear as vertical steps. We interpret that many of these steps are a result of fluvial erosion, lateral 
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accretion~ or other fluvial processes, but we cannot absolutely preclude the possibility of fault 

displacement. 

In short, we are unable to unequivocally preclude that some changes in horizon elevation are related to 

tectonic displacement. Therefore, we conservatively assume that all of the features identified in the 

sections are of potential tectonic origin. This is especially evident when features I, J and L are considered 

anomalous due to abrupt, sampling-induced variations in stratigraphic continuity, or compared against the 

preponderance of OPT data from the direct vicinity of the features that indicate Holocene inactivity (Le., 

feature L). Under these conditions and assumptions, unit 4 is the youngest horizon potentially displaced 

by faulting at the site. Unit 4, an unnamed intermediate loess, is dated at about 53.6 to 75.5 ka, and thus 

pre-dates the Holocene by several tens of thousands of years. The study findings suggest that the 

previously interpreted faults of Blackhawk (2003) and Woolery (personal communication, 2005) were 

active during the late Pleistocene but not during the Holocene, and have vertical displacements typically 

ranging from about 1 to 3 feet (0.3 to 0.9 m). This late Pleistocene age of possible faulting at the C-746-

U landfill expansion more closely correlates with the age of faulting associated with structures comprising 

the F AFC of southern Illinois (Nelson et at, 1999). Therefore, this fault-rupture hazard investigation 

indicates that: (1) there is a strong likelihood of no Holocene faulting across the existing and proposed 

landfill expansion; and (2) the C-746-U landfill is not subject to fault-setback conditions outlined in CPR, 

Subtitle 0, Title 40. A summary of the findings of the OPT-based geologic profiles is provided below. 

7.1 Fault 1 and Deformation Zone DZ2-t 

Fault 1 of Blackhawk (2003) and deformation zone DZ2-1 of Woolery (personal communication, 2005) 

are intersected by OPT cross-sections UKK-IC-1C' and UKK-2A-2A' (see Plate 1, and Figures 8 and 9 

for locations). Blackhawk (2003) interprets about 20 feet (6.1 m) of vertical displacement of either the 

Metropolis Formation or Mounds Gravel across this fault, and maps the fault to within 15 to 20 feet (4.6 

to 6.1 m) of the ground surface. Alternatively, Woolery (personal communication, 2005) interprets a 

"half-flower" structure that vertically displaces the Mounds Gravel about 10 feet (3.0 m) and the 

Metropolis Formation about 2 feet (0.61 m) (Figure 9). In either caset many of the DPT cores would 

intersect the fault zones, and thus should be expressed in the lower part of the cross-sections, if present. 

The DPT core data from these sections depict a possible northeast-trending, buried topographic high 

(antiform/feature DD) limited mostly to the Metropolis Formation, that may be reflective of tectonic 

deformation (e.g., folding and faulting associated with a "half-flower" structure inferred by Woolery) 
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(Figure lOb). The antiform has an overall southerly plunge, and vertical relief estimated to be as much as 

5 feet (1.5 m) of the base of unit 5.2, whereas the overlying younger loess sheets of units 3 to 1 (Roxana 

Silt and Peoria Loess) are relatively horizontal above the tilted fluvial strata of the Metropolis Formation. 

These stratigraphic and structural relations suggest that, if the antiform (feature DD) is related to tectonic 

deformation, it pre-dates the Holocene (see Plate 3). Similarly, fault-like features (K~ M through P) 

inferred from these sections are constrained primarily to the Metropolis Formation (units 5.3 to 5.1) and 

the unnamed intermediate loess (unit 4) suggesting that the features are pre-Holocene in age (Tables 3 and 

4). The fault-like features typically exhibit about 1 to 3 feet (0.3 to 0.9 m) of vertical separation of basal 

contacts within the Metropolis Formation, consistent with both a normal and reverse sense of motion. 

We acknowledge that it is permissible to infer near-surface faulting of the Peoria Loess across a few of 

the features shown in sections UKK-IC-IC' and UKK-2A-2A~; however, we consider this scenario to be 

unlikely. For instance, features I and J of section UKK-IC-IC' can be inferred to intersect or come close 

to the base of the Peoria Loess (Figure lOa). The cores used to define features I and J underwent 

significant compression, which resulted in uncertainty in evaluating the elevations and correlation of 

stratigraphic horizons within the upper 10 feet (3.0 m). In cores UKK-570 to 590, and directly below this 

anomalous zone of compression, it is reasonable to infer vertical separation across the basal contacts of 

units 5.1 and 5.2; but above "the base of unit 4, features I and J suspiciously align with the southern and 

northern margins of a body of artificial fill (Figure lOa). If features I and J represent faults, we interpret a 

pre-Holocene age of faulting based on: (I) the presence of fiU which artificially distorts the basal contacts 

of the near-surface loess due to compression; and (2) an observed increase in vertical separation upsection 

along the feature, indicating the amount of displacement is stratigraphically inconsistent. Similarly, we 

interpret that it is unlikely that feature L (section UKK-2A-2A') extends across the basal contact of unit 2 

because of: (1) a moderate inclination (45°), and (2) a direct association with other adjacent fault-like 

features (M through P) that do not displace the Peoria Loess (Figure lOb). 

In summary, the cross .. sections intersecting Fault I and DZ2-1 depict primarily near-vertical, fault-like 

features coincident with zones of apparent warping or folding (Figures lOa and lOb). The fault-like 

features typically exhibit an apparent vertical separation consistent with both normal and reverse 

components of motion that extends across the basal unit 5.1 and 5.2 contacts. The youngest potentially 

displaced unit in these sections is the unnamed intermediate loess (unit 4), indicating that the age of Fault 

1 (Blackhawk, 2003) and faults interpreted in deformation zones DZ2-1, pre-date deposition of unit 3 

(Roxana Silt) at about 32 to 51 ka. 
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7.2 Fault 2 and Deformation Zones DZl-2 and DZ2-2 

OPT core data used in constructing sections UKK-IB-IB' and UKK-2B-2B' provide the basis for 

assessing the presence or absence of Fault 2 (Blackhawk~ 2003) and the broad zone of deformation 

delineated by zones DZl-2 and OZ2-2 (Woolery, personal communication, 2005) (Figures 8 to 10). 

Woolery (personal communication, 2005) interprets a "positive" flower structure deforming the 

Metropolis Formation along faults with as much as 2 to 3 feet (0.6 to 0.9 m) of vertical displacement. 

The geologic sections prepared from the DPT data and presented without vertical exaggeration exhibit 

nearly flat-lying stratigraphy across the entire north-central and northeastern part of the landfill (plate 3). 

At an exaggerated scale (4x)~ these same OPT data delineate seven features with vertically separated 

stratigraphic boundaries. Five of the seven features (features F, T to Q) appear to intersect the Metropolis 

Formation and the unnamed intermediate loess (unit 4), and the remaining two features (O and U) project 

upward across the Roxana Silt (unit 3) basal contact (Figure lOa and lOb). 

The likelihood of features G and U extending beyond unit 4 is believed to be low. Feature G dips south, 

would have a reverse sense of motion, and can be interpreted as intersecting the basal contact of unit 3 

(Roxana Silt). However, it does not vertically separate the base of the Peoria loess (unit 2), which dips in 

an opposite direction of the underlying units within a resolution of about 0.4 feet (0.12 m). Profile UKK-

1 B-IB', without vertical exaggeration, shows that feature G is moderately well express~d across the basal 

unit 5.2 contact, but is barely discernable across the basal contacts of units 5.1 and 4. These relationships 

suggest that if feature G is present, it most likely is present only within the Metropolis Formation (Figure 

lOa). Similarly, it is possible that feature U ofsectiQn UKK-2B-2B' projects upward into unit 3 (Roxana 

Silt), but because of its moderately low inclination (about 37°), and a pattern of stratigraphically 

inconsistent vertically separated contacts (i.e., displacement increases upsection), there is a very low 

likelihood that feature U has a tectonic origin. 

In summary, geologic profile UKK-2B-2B' provides an extensive DPT data set that shadows much of the 

northern part of the landfill. This section shows laterally continuous, nearly horizontal stratigraphic 

contacts along its entire length. Where the profile intersects the surface projection of Fault 2 (Blackhawk, 

2003) and deformation zone OZ2-2 (Woolery, personal communication, 2005), the stratigraphic 

information indicates that there is no distinct vertical separation across geologic strata within the 

Metropolis Formation. This is similarly true with DPTdata interpreted in the north-south oriented profile 

of UKK-IB-IB' and crossing Fault 2, with the minor exception that several subtle perturbations at the 

base of units 5.1 and 5.2 occur along this section. Estimated amounts of potential vertical displacements 
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across the inferred fault-like features are as much as 3 feet (0.9 m), consistent with Woolery's (personal 

communication, 2005) interpretation of the geophysical profiles. Collectively, the sections show: (1) the 

presence of undeformed, . latest Pleistocene to Holocene deposits beneath the central part of the C-746-U 

landfill, and therefore (2) an absence of Holocene faulting beneath the landfill, and (3) the presence of 

some possible fault-like features aligned with previously interpreted Fault 2 (Blackhawk, 2003) and DZ2-

2 (Woolery, personal communication, 2005)within units older than unit 4 (unnamed intermediate loess 

dated at 53.6 to 75.5 ka). 

7.3 Faults along the Southwestern Perimeter of the Landfill: Deformation Zone DZt-l 

DPT data collected along section UKK-IA-IA' shadow deformation zone DZl-l along the southwestern 

perimeter of the landfill (Plates 1 and 2). Deformation zone DZI-l is characterized by a series of steep, 

north- and south-dipping faults that exhibit both normal and reverse displacement (Woolery, personal 

communication, 2005). The exaggerated geologic section depicts the gentle south-dipping, undulatory 

stratigraphic contact of unit 5.2 that projects below the depth of exploration. The overlying strata also 

have a gentle southerly dip, but at apparent inclinations that progressively decrease upward to the base of 

unit 4, which has a southerly dip that is parallel with the present-day topographic surface (Plate 1). A 

total of five possible fault-related features are interpreted on this cross-section, with four of the features 

(B to E) present only in the Metropolis Formation (units 5.3 to 5.1). Only feature A is interpreted to 

extend upward into unit 4. However, because this feature is inclined at less than 30°, feature A probably 

is not related to faulting in this tectonic environment. Within a resolution of about 0.4 feet (0.12 m), none 

Qfthe five features interpreted in section UKK-IA-IA' is associated with vertical separation of the basal 

contact of the Lower Peoria Loess (unit 2). Therefore, cross section UKK-lA-1A' shows continuous 

stratigraphy the faults in deformation zone DZ 1-1 interpreted by Woolery (personal communication, 

2005). We inteI'P.ret that these faults have not experienced Holocene fault disp1acement and thus are 

judged to be inactive. 
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8.0 CONCLUSIONS 

This subsurface investigation using 86 DPT cores, each approximately 30 feet (9.1 m) long, provides 

detailed stratigraphic information for characterizing the locations and age of possible faults previously 

interpreted beneath the C-746-U landfill. Analysis of these cores, including detailed logging and 

stratigraphic correlations of more than 2,580 feet (about 790 m, or one-half mile) of core, provide the 

most comprehensive information to date on near-surface stratigraphy beneath the landfill. The focus of 

this analysis was on several possible faults previously identified on geophysical profiles, which appear to 

be the most likely candidates for possible Holocene activity at the site. The locations and ages of the 

possible faults are constrained by stratigraphic continuity of late Pleistocene loess and fluvial deposits, as 

wen as pedogenic horizons developed in these deposits. The geologic cross-sections developed from the 

DPT data allow the possible interpretation of as many as four relatively "broad" folds or warps, and 21 

features with elevation changes across stratigraphic and/or pedologic boundaries. The 25 potential fault

related features identified during this study represent the most distinct and vertically continuous features 

within the DPT geologic cross-sections that could be interpreted as faulting or folding. On the basis of 

the DPT data. there is no evidence that Faults 1 and 2 of Blackhawk (2003), as wen as the deformation 

interpreted by Woolery (personal communication, 2005), have displaced latest Pleistocene to Holocene 

deposits. Therefore, we interpret that these faults have been inactive during the Holocene (past 11,000 

years) and probably during the past 15,000 years. Additional possible deformation-related features could 

be interpreted elsewhere from the DPT data, but these likely would be present only within units 5.2 and 

5.1, and thus would represent pre-Holocene displacement. Therefore, based on the collection, 

documentation, and analysis of the 86 detailed DPT cores within the C-746-U landfill area, we conclude: 

Previously acquired and interpreted geophysical data from the vicinity of the PGOP collectively 

indicate this part of western Kentucky is intersected by predominantly moderate to steeply dipping, 

north-to northeast-striking late Quaternary faults that exhibit normal and reverse displacement. 

Structural models of the region hypothesize that these faults also have accommodated oblique dextral 

displacement during the late Quaternary, however, no master strike-slip fault has been identified 

along which the majority of this hypothesized strain was accommodated. 

• Collectively, there are at least seven late Pleistocene distinct stratigraphic and pedogenic horizons 

present in the upper 30 feet (9.1 m) of geologic material at theC-746-U landfill. The upper three 

units (Le., the Upper Peoria Loess, the Lower Peoria Loess, and the Roxana Silt) generally are flat-
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lying and mantle pre-existing topography. In contrast, the four lower horizons have rare subtle to 

abrupt undulations in stratigraphic contacts, which may reflect fluvial depositional processes and/or 

tectonic deformation. 

• Numerical dating of several late Quaternary strata using Optically Stimulated Luminescence (OSL) 

methods provides well constrained ages on eolian and fluvial deposits beneath the site, including an 

unnamed loess (53.6 to 75.5 ka), the Roxana Silt (32 to 50 ka), the Lower Peoria Loess (22 to 30 ka) 

and the Upper Peoria Loess (10 to 25 ka). 

• The closely-spaced DPT data provide evidence for the continuity of undeformed late Pliestocene 

strata (Upper Peoria Loess) beneath the C-746-U landfill, and thus for no Holocene displacement 

along previously interpreted faults beneath the C-746-U landfill. 

• The most recent fault displacement~ if present at the site, is constrained to post-date deposition of unit 

4, an unnamed loess deposit between the 53.6 and 75.5 ka based on OSL dating at the site. 

• The late Pleistocene age of inferred faulting at the site is similar to the youngest age of faulting 

reported by Nelson et aI. (1999) along F AFC northeast-striking faults in southern Illinois. 

• This subsurface exploration does not span all zones of deformation interpreted in seismic reflection 

lines SL-l and SL-2; however, the DPT core data span the most prominent zones of deformation 

interpreted by Blackhawk (2003) and Woolery (personal communication, 2005), and thus, 

collectively suggest that the northeast-striking faults in the direct vicinity of the landfill have not 

experienced Holocene displacement. 

• The interpretation of the DPT data strongly suggests the absence of a surface-fault rupture hazard at 

the landfill that could significantly impact the design of the proposed and existing facilities. 

• On the basis of the findings of this study, and in compliance with 2005 Code of Federal Regulations, 

Subtitle D, Title 40, Part 258, subpart B (258.13), a setback of 200 feet (60.1 m) from the previously 

interpreted faults of Blackhawk (2003) and Woolery (personal communication, 2005) is unwarranted. 

I 
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Table 2. OSL Laboratory Results: C .. 746-U Landfill Expansion, Paducab, Kentucky 

UKK .. 1-215 UKK-IA~lA' 5.8-6.0 UIC 1693IRJ SiltILoess 16.6 ± 1.2 Upper Peoria Loess (unit 1) 

UKK-2-544 UK .. 2B-2B' 12.1-12.3 UIC 1732 SUtILoess 70.1 ± 5,.4 Unnamed Intermediate Loess 

UKK-2-544 UK-2B-2B' 13.1-13.4 UIC 1733 SiltILoess 58.1 ±4.S 
Unnamed Intermediate Loess 

1 The IR designation indicates excitation by infrared diodes (880 ± 80 nm) by the multiple aliquot additive dose technique (Forman and Pierson, 2002). 
2The OR designation indicates excitation by green light (514 ± 20 nm) by the multiple aliquot regenerative dose technique (Jain et aI., 2003). 
J The IRr designation indicates excitation by infrared diodes (880 ± 80 nm) by the multiple aliquot regenerative dose technique (Jain et at, 2003). 
4 AU errors are at 1 sigma. OSL ages determined at Luminescence Dating Research Laboratory at Univ. of Illinois at Chicago. 



Table 3. Summary Table of Zones of Possible Tilting and Warping - Proposed C-746-U Landfill, Paducab, Kentucky 

AA UKK-1A-A' W 

BB UKK-1B·B' W 

cc UKK-IB-B' I UKK-I-405 to 
430 

W 

00 I UKK-2A .. A' I UKK .. 2-319 to 
379 

F (Antiform) 

A: W = warping, F = folding 
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. $,~Daf;.a~,on.:ri~> 
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:fe~~ 
i~~~~~~j1,~) 

5 

3 

2.25 

5 

B: N= northside-down, S == southside-down; W == westside·down; E = eastside-down 
C: Age of youngest stratigraphic basal boundary affected by possible warping 
0: Ka == 1,000 years 

Unit 5.1 

Unit,5.! 

Unit 4.0 

Unit 4.0 

Metropolis 
Formation 
Metropolis 
Formation 
Unnamed 

Intermediate 
Loess 

Unnamed 
Intermediate 

Loess 

~~:. 

;yi~,~~.i'~tlI~it . 'V:er«~,.nY 
S/'::I'::':t"'d' 
,:~I!!\r~ ,".,; I' 

;,K:"~" 

>125 

>125 

53.6 to 75.5 

53.6 to 75.5 



Table 4. Summary of Features Having Distinct Elevation Changes in Stratigraphy - Proposed C-746-U Landfill, Paducah, Kentucky 

B ItA -lA' I UKK-1-205 to 215A 

C IIA-lA' I QKK-I-215A to 220 

D I lA-lA' UKK .. 1 .. 220 to 225 

E lA-lA' UKK .. 1-230 to 235 

F IB-IB' UKK-1-350 to 380 

G lB -lB' UKK-1-405 to 415 

H I IC-IC' UKK .. I-530 to 555 

IC -IC' I UKK-1-565 to 575 I 

J le-lC' UKK-1-585 to 590 

K 2A-2A' UKK-2-304 to 309 

L 12A-2A' UKK-2 .. 329 to 349 

M 12A-2A' UKK-2-349 to 354 

N 2A-2A' UKK-2-354 to 359 

0 2A-2A' UKK .. 2 .. 354 to 364 

Division of Waste Management 
SOlid Waste Branch 

2.0/0.3 I N/R 

1.7510.5 I NIN 

1.25/0.3 I SIN 

1.75/0.5 SIN 

3.0/0.4 SIR 

1.75/0.4 I N/R 

2.0/0.4 SIR 

3.25/1.0 SIN 

1.25/1.0 NIN 

1.5/0.4 I WIN 

2.0/0.6 E+WIR 

2.0/0.3 WIN 

1.5/0.3 EIN 

1.0/1.9 I WIR 

I M I Unit 5.1 
I \'u._ •• .,.., ........ 

..... ."" I >125 

I H I Unit 5.2 I ~ .... ""-'":~' ... : .. I >125 

I H I Unit 5.1 I \~.~-...... .., ....... 
'1"'11 .. Jt.,. I >125 

H I Unit 5.2 I \'." ..... ..,I;' ....... 
Formation) J 

>125 

M I Unit 4.0 I ~Unn~med I 53.6 to 75.5 

I M I Unit 3.0 I (Roxana Silt) I 32.1 to 50.7 

L Unit 4.0 \ """' ....... ""'" ... ...,,... 53.6 to 75.5 

H 53.6 to 75.5 

H r __ _ t .. _ .. - .' , >125 

I H I Unit 5.1 I \J..,.& ... loJ.v,ilv ...... ~ 
..... ~ . '\. I >125 

I M I Unit 2.0 I \AJv.:,... I 
Peona Loess) 

21.8 to 30.2 

I H I Unit 5.1 I ~Metro.~ol~s I >125 

I H I Unit 5.1 I ~""".''':.t;'u,:~ I >125 

I M I Unit 4.0 I; ~ .... -: ......... I 53.6 to 75.5 



Ii, 

Q 2B -28' UKK-2 .. 5 19 to 524 2.0./0..4 WIN H U 

R 2B-2B' UKK .. 2-549 to 554 1.0./0..5 I EIN I H I Unit 5.2 I ~HW"'':~V''\'' 

S 2B-2B' UKK-2 .. 579 to 589 1.5/0..4 WIN I H I Unit 4.0. I ~ ..... Ul7 .... · ... 

T 28-28' UKK .. 2-649 to 699 2.0./0..4 ElR M Unit 4.0. I ~ ........ ': ... "" ... 

U 28-28' UKK .. 2-669 to 679 2.0./0..4 EIN L Unit 3.0. I (Roxana Silt) 

A: Limit of resolution of unfaulted unit that lies directly above feature 
B: Direction of inferred vertical separation (direction of down·thrown side )/apparent sense of vertical separation N = Nonna1; R = Reverse 
c: H = High-angle (>60°); M = Moderate-angle (S 60° to 30° ~); L = Low-angle « 30°) 
D: Age of youngest basal boundary with vertical separation 
E: Ka :: 1,000 years 
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53.6 to 75.5 

53.6 to 75.5 

>125 

53.6 to 75.5 

53.6 to 75.S 

32.1 to 50..7 

0: Parenthesis indicate possible fault-like feature that comes ·'anomalously close" to the ground surface but is believed to be a result of DPT sampling complexities 
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Figure I. Location map of Paducah Gaseous Diffusion Plant (PGDP) and surrounding region. Note northeast-trending 
geomorphic lineaments associated with the westernmost part of the Fluorspar Area Fault Complex (F AFC) in 
southern Dlinois. Also, note the apparent left-lateral deflection of the paleo-Ohio River along the western 
margin of the F AFC and absence of any deflection of the modem -Ohio River along projection of the F AFC. 
Alternatively, the deflection is across the fault-line scarp of the Lusk Creek fault zone and the deflection 
represent differences in bedrock erodibility. 1725 Paducah 

Revised 07126106 



Explanation 

--- Interpreted fault from 
geophysical profiles 
(projected to ground surface 

Fault 1 and Fault 2 of 
Blackhawk (2003) 

- SlAR lineament (Drahovzal 
and Hendricks.1996) 

- Seismic line location 
(approximate) 

r:;::::t Terrace back-edge (base 
.:::::;;; of Mounds Gravel) 

(PhilliPS. 1992) 

Figure 2. Site map of Paducah Gaseous Diffusion Plant (PGDP) and proposed C-746-U landfill expansion. Seismic line 
and fault traces considered approximate (taken from Langston and Street. 1998; Woolery and Street, 2002; and 
SAle, 20(4). SLAR lineaments from Drahovzal and Hendricks (1996). U.S.G.S. topographic base map from 
Joppa and Heath 75-minute quadrangles (1990). 
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Figure 3. Seismotectonic map showing major geologic structures near Paducah (modified from Potter et al.. 
1m). Heavy solid lines are faults. Lusk Cr. FZ, Lusk Creekfault zone; HF, Herod fault; SF, Shawneetown 
fault; HO, Hicks dome; FAFC, Fluorspar area fault complex (shown schematically only - the number 
of faults is too large to illustrate at this scale); ReG, Rock Creek graben; TF, Tabb fault system; MG. 
Mexico graben; SGG, Shady Grove graben; ARFZ~Albion-Ridgway fault zone; IEF, Inman East fault; 
HLP, Hovey Lake fault. Seismicity from 1974 to 2004 (after Rhea et al., 1995; Johnston and Schweig, 
1996; posl-1992 seismicity from New Madrid earthquake catalog). 
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Figure 6. Schematic stratigraphic column of the PGDP region modified from Nelson et aI. (2002) and SAle 
(2004). Paleosols developed in the Loveland Silt (Sangamon Geosol), Roxana Silt (Farmdale Geosol) 
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Plate1 • Topographic Map of the Paducah Gaseous Diffusion Plant C-746-U LandfiD Expansion 
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JUSTIFICATION FOR THE USE OF BORINGS INSTEAD OF 
TRENCHING FOR THE HOLOCENE FAULT STUDY 



JUSTIFICATION FOR THE USE OF BORINGS INSTEAD OF 
TRENCHING FOR THE STUDY 

At the time of scoping of the Holocene Fault Study, the investigators and technical 
oversight personnel evaluated the use of exploratory trenches as a primary tool for 
identifying fault traces. Trenches were projected to be 10 to 15 ft deep with lengths of 
hundreds to thousands of ft. The project scoping group rejected exploratory trenches for 
two primary reasons: 

1. Trenches pose inherent risk to excavation workers, the investigators, and the general 
public. 

2. The shallow depth of the water table in some areas would result in standing water in 
the trenches (making observations difficult, increasing the dangers of trench wall 
failure, and generating a large waste volume requiring characterization and 
disposition). 

The participants to the scoping agreed that closely-spaced soil borings to 30-ft depth were 
a preferred approach to identifying fault traces. In addition to significantly decreased 
health risk and waste volume, the borings allowed observation to 30-ft depth. The 
increased depth was important because the shallow soils at 10- and 15-ft depths are 
relatively uniform, making detection of a fault offset difficult. Enclosed with this letter is 
a list of scoping participants and their affiliations. 

The University of Kentucky Research Consortium for Energy and Environment 
coordinated the investigation which resulted in the Holocene Fault Study. William Lettis 
and Associates, Inc., was the primary project contractor. The investigation benefitted 
from the input of professors of the Department of Geological Sciences of the University 
of Kentucky, Dr. John Nelson of the Illinois Geological Survey, and Dr. David Amick of 
Science Applications International Corporation. 

LIST OF SCOPING PARTICIPANTS AND AFFILIATIONS 

The scoping team includ~d: 

Dr. John Volpe (KRCEE) 
Dr. Ed Woolery (UK Geological Services) 
Steve Hampson (KRCEE) 
Bruce Phillips (Navarro) 
John Baldwin (Lettis & Associates) 

Independent Reviewers included: 

Dr. Tish Tuttle (Tuttle and Associates) 

Dr. Keith Kelson (Lettis & Associates) 
Dr. Dave Amick (SAIC) 
Marshall Davenport (Bechtel Jacobs) 

Dr. John Nelson (Illinois State Geological Survey) 
Dr. Roy Van Arsdale (University of Memphis) 
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1. INTRODUCTION 

The U.S. Department of Energy (DOE) has completed a fault study at the C-746-U Contained 
Landfill at the Paducah Gaseous Diffusion Plant to satisfy Condition 8 of the revised landfill permit, 
issued February 1,2001. 

The seismic reevaluation study shall completely reevaluate the ground motion potential, the potential 
for structural offset along local faults, and all other seismic risks associated with the New Madrid Seismic 
Zone, the Wabash Valley Seismic Zone, and local fault zones. 

Prior to conducting this fault study, DOE provided a work plan to the Commonwealth of Kentucky 
(Commonwealth) for review (Feireisel 2003). The Commonwealth subsequently provided conditional 
approval of the work plan (Ritchie 2003). This Technical Memorandum documents the fault study 
activities and presents the results (data) from the fault study. The interpretation of the Shear-Wave (S
Wave) Survey is presented in the Appendix to this Technical Memorandum. 

The fault study consisted of a horizontal (S-Wave) Survey. An S-Wave Survey is a nonintrusive 
geophysical method that uses acoustic energy to image the subsurface; it is used to detect anomalies in the 
shallower portions of the subsurface. A summary of this geophysical technique is presented in the 
Appendix to this Technical Memorandum. 

2. PLANNED ACTIVITIES 

The planned S-Wave Survey activities are described, as follows, in Section 2.1.3 of the Technical 
Specifications portion of the work plan (F eireisel 2003). 

A high-resolution horizontal shear (S) wave (HSW) seismic reflection survey ... with an estimated 
total footage of 2,908 ft (approximately 1,209 ft. East-West, approximately 1,699 ft North-South). 
The purpose of this survey is to provide higher resolution data, which may better defme potential 
faulting, from the surface to the top of the Clayton-McNairy Formation. For the purpose of this 
description it is assumed that the survey will be 96 channel, 48 fold and will be conducted using a 
geophone spacing of 2 feet, a "vibroseis" and! or hammer generator source and a geophone frequency 
of40 Hz. 

The conditional approval received from the Commonwealth requires the collection of "full-fold (i.e., 
48 fold) data along the entire length of the proposed profile lines ... to insure that the maximum data 
quality is achieved from the beginning to end of the two lines" (Ritchie 2003). Since the proposed lines 
extended 200 ft beyond the boundary of the landfill, DOE extended the survey lines by 50 ft at each end 
to achieve full-fold data within 200 ft of the landfill boundary. 

The conditional approval received from the Commonwealth also requires that DOE provide the 
Commonwealth with a copy of the S-Wave raw data files (SEG-Y format) and a copy of this finalized 
Technical Memorandum for review (Ritchie 2003). DOE provided the raw data files to the 
Commonwealth on August 21, 2003, and has agreed to provide this Technical Memorandum to the 
Commonwealth. 

1 



3. SUMMARY OF WORK PERFORMED 

Science Applications International Corporation (SAlC) and its subcontractor, Blackhawk 
GeoServices, performed the S-Wave Survey. SAlC is under subcontract to Bechtel Jacobs Company LLC 
(BJC), DOE's Management and Integration contractor. 

The S-Wave Survey was conducted from May 22 through 26, 2003, along two perpendicular lines 
that intersect northwest of the landfill. A total of 3,196 linear ft of data were collected (1,398 ft along the 
East-West line and 1,798 ft along the North-South line). The survey was conducted using the Bay 
Geophysical MicroVibrator S-Wave source, a 96-channel seismograph, and 40 Hz horizontal component 
geophones. The geophones were placed at 2-ft intervals, and "shots" (using the Micro Vibrator energy 
source) were taken at 2-ft intervals. Figure 1 illustrates the locations of both S-Wave Survey lines. 
Blackhawk GeoServices processed the data, and their report is contained in the Appendix to this 
Technical Memorandum. The Blackhawk GeoServices report contains detailed information regarding the 
data acquisition, data processing, and interpretation of results. 

4. DEVIATIONS FROM PLANNED ACTIVITIES 

There were no deviations from the work plan, as conditionally approved. 

5. DATA ACQUIRED 

The results of S-Wave Survey are presented in the Appendix to this Technical Memorandum. The 
Appendix consists of the report prepared by Blackhawk GeoServices. It contains processed data from 
both survey lines. 

6. SUMMARY OF RESULTS 

The goal of this study was to determine if geologically young faulting is present beneath the 
C-746-U Landfill. The study was completed as planned. The S-Wave reflection data reveals two zones of 
deformation, which are interpreted as potential faults. In both zones, the deformation extends from the 
bedrock up to and through the Regional Gravel Aquifer (RGA). The RGA generally is thought to be 
Quaternary to late Tertiary in origin; therefore, the deformation occurred within the past few million 
years. The RGA is, however, covered by approximately 45 ft of even younger sediments. Because there 
are no strong seismic reflectors observed in these shallower sediments, it could not be determined, using 
the S-Wave reflection technique, if these potential faults extend into the younger units. 
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The U.S. Department of Energy (DOE) is the lead agency at the Paducah Gaseous Diffusion 
Plant (PGDP). The general location of PGDP is presented in Figure 1. The U.S. Environmental Protection 
Agency (EPA) and the Commonwealth of Kentucky, pursuant to the Federal Facility Agreement (FFA), 
regulate environmental restoration activities at PGDP. 

Over the past year, representatives from the Commonwealth of Kentucky, DOE, and their 
support staffs have developed a field investigation program to address seismic issues associated with the 
C-746-U Landfill. This site is located on DOE property, northeast of the present security fence (Figure 2). 

Blackhawk GeoServices (BHG), in partnership with our subsidiary, Bay Geophysical, 
performed a horizontal shear-wave (s-wave) seismic reflection survey at the C-746-U Landfill from May 22 
to May 26, 2003. The work was performed under subcontract number 4400069187 with Science 
Applications International Corporation (SAIC). 

For this study, s-wave seismic reflection data were acquired along two survey lines (Lines 1 
and 2) totaling approximately 3,200 linear feet of surface coverage. The locations of the survey lines 
relative to PGDP and permanent geographic features are shown in Figure 2. For production work, key 
seismic equipment used to collect the data included: 

• Bay Geophysical MicroVibrator, 
• 96-channel OYO DAS-1 Seismograph, 
• 40-Hz OYO SMC70 horizontal component geophones. 

This report summarizes all data acquisition and field methods used to conduct the 
investigation and includes sections on data processing, interpretation, conclusions and recommendations. 

1.1 PROJECT OBJECTIVES 

The purpose of the C-746-U Landfill seismic reflection survey is to identify potential 
subsurface anomalies indicating the presence of young/shallow faulting. Specifically, the target zone of the 
s-wave study extends from as near to the ground surface as possible to an approximate depth of 50 feet 
below ground surface (bgs). 

1.2 GEOLOGIC SETTING 

The shallow stratigraphy at the C-746-U Landfill site consists of variable layers of sand, silt, 
and clay. The Upper Continental Recharge System is the shallowest stratigraphic unit, extending from the 
surface to a depth of approximately 45 feet below ground level. This unit is composed of loess and other 
fine-grained continental deposits, and is Quaternary in age. Beneath this lies a thick layer of sand and 
gravel, known as the Regional Gravel Aquifer. This gravel deposit extends from approximately 45 feet to 
80 feet below ground surface (bgs). The Cretaceous age McNairy Formation, composed of sands, silts, 
and clays, lies beneath the Regional Gravel Aquifer and extends down to a depth of approximately 325 
feet bgs, where Mississippian age Limestone bedrock is encountered. 

The key reflectors at the Landfill site include: 
• A strong reflection from the top of the Regional Gravel Aquifer 
• A moderate to poor reflection from the Regional Gravel Aquifer/ Top McNairy Interface 
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Although the McNairy/Mississipian Limestone interface provides a large acoustic contrast, it lies at a depth 
well below the level of this investigation, and no reflector from this interface is expected. 

The s-wave survey focused on identifying faulting between the surface and the top of the 
Regional Gravel Aquifer. Based on the geologic setting, the seismic surveys completed recently at the 
southern side of the PGDP and mapping in the Fluorspar Area Fault Complex of Massac County, Illinois 
(located just across the Ohio River from Paducah, Kentucky), if faulting is present at the PGDP, it would 
be expected to trend northeast and consist mostly of high-angle normal faults that outline horsts and 
grabens (Nelson 1998). 
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This section describes the seismic methods and field procedures used to conduct the C-746-
U Landfill investigation including survey control, source testing, and production parameters. 

2.1 GENERAL 

Seismic Reflection Technique 

Seismic reflection profiling is a standard technique employed by the oil and gas exploration 
industry. The use of this technique in shallow engineering and environmental projects has been a 
relatively recent phenomenon, as the formerly high production costs and serious computing requirements 
were prohibitive. Advances in microelectronics have led to engineering seismographs and PC-based 
processing that now permit the cost-effective use of reflection seismic methods in a wide variety of 
applications (Steeples and Miller 1988). 

Details of the general seismic reflection technique can be found in many comprehensive 
texts, such as Sheriff and Geldart (1995); therefore, only a brief synopsis of the basic principles is 
presented here, with particular emphasis on the characteristics of shear waves. 

The seismic reflection technique can be divided into two categories based on the type of 
seismic energy used. Compressional, or p-waves, propagate through the earth as a series of 
compressions and rarifications and are identical to ordinary sound waves. As shown on the left side of 
Figure 3, particle motion for p-waves is parallel with the direction of propagation. Shear waves, or s
waves, propagate through the earth by distorting the shape of the medium through which they are 
passing. The right portion of Figure 3 shows that particle motion in s-waves is perpendicular to the 
direction of wave propagation. An important feature of shear waves is that, unlike p-waves, they will not 
propagate through liquids or gases, as these materials have no shear strength. This makes them 
particularly valuable for the detection of voids, fractures, and faults. 

Civil engineers have been using shear wave velocities since the 1940's to determine elastic 
moduli of near surface materials, which are linked to material properties of rock and, thus, to the safety of 
construction works such as dams or tunnels (Garotta 1999). Geophysicists, on the other hand, have 
moved cautiously to the use of shear waves. The oil and gas (O&G) industry experimented with shear 
wave techniques in the 1970's and 1980's, but has for the most part discontinued their use except for 
special applications. This primarily was because p-waves did a better job for targets on the order of 
several thousand feet below ground surface. Shear wave propagation through the earth generally is 
limited to a few hundred times their wavelength before attenuating below detectable levels (Helbig 1984). 
For the O&G industry, this is a serious limitation. 

The application of shear wave reflection techniques to shallow subsurface investigations 
began in the 1990's. For these applications, the limitations imposed by the attenuation of shear waves 
over distance no longer are applicable. On the contrary, for engineering and environmental applications, s
waves provide higher resolution and resolve shallower targets than p-waves. Primarily, this is because s
wave velocities are slower than p-wave velocities, resulting in greater subsurface resolution, and s-waves 
generally are not affected by shallow groundwater tables, which results in greater resolution, particularly in 
low-velocity unconsolidated sediments like those at PGDP. 
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Seismic Reflection 

The basic principles of the reflection technique are illustrated in Figure 4. The seismic 
reflection method involves projecting acoustic energy down from the surface, and then recording the 
acoustic energy back at the surface as it reflects off of formations at depth. Seismic energy also is 
refracted and diffracted at boundaries in the subsurface, in accordance with Snell's Law. One of the main 
design considerations for a successful seismic reflection survey is the ability to separate the reflected 
energy from the other arrivals in processing. 

A seismic reflection occurs when an acoustic wavefront encounters an impedance boundary 
in the subsurface. Seismic impedance depends on both the velocity. and density of a rock, and impedance 
boundaries occur where these rock properties change abruptly, usually due to changes in lithology. The 
reflection coefficient, R, across an interface, is expressed by a function relating the acoustic impedance of 
adjacent layers. R determines the relative amplitude of the reflected wavelet. 

R = °2 V 2 -GlVl 

G2 V2 +OlVl 

where, R = reflection coefficient, 
at. a2 = mass density of the material on each side of the interface, and 
VI, V2 = p-wave velocity on each side of the interface. 

The sign of the reflection coefficient determines the polarity of the reflected wave. The 
magnitude of the reflection coefficient is critical to obtaining usable data. The seismic reflection technique 
will not work if the acoustic contrast is not sufficient to produce a clear reflection, regardless of the survey 
parameters or processing techniques employed. The ability of the seismic reflection method to detect an 
individual sedimentary bed is not only a function of the acoustic impedance at the top and bottom of the 
bed, but also depends on the layer thickness. The minimum resolvable bed thickness often is quoted as 
1/4 to 1/8 of the wavelength of the seismic reflection. Wavelength is inversely proportional to frequency. 

That is: 

v=fl. 

where, v = acoustic propagation velocity, 
f= frequency, and 
A= wavelength. 
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Wavelength controls vertical resolution and obviously is dependent on frequency and velocity, 
with shorter wavelengths resolving smaller subsurface features than longer wavelengths. Generally, shear 
waves travel at roughly half the velocity of p-waves; therefore, for a given frequency, shear waves will 
have approximately half the wavelength, translating to twice the resolution. 

Shear wave velocities in the PGOP area have been determined by previous downhole surveys 
performed at the site. Table 2-1 presents shear wave velocities determined by cross-well testing at 
various locations around the PGOP facility. Figure 5 presents s-wave and p-wave velocity data from 
borehole 0802 that were acquired with a P-S SuspenSion logger. From Figure 5, it's evident that s-wave 
velocities above the water table (-20 feet bgs) are roughly half the velocity of p-waves, whereas below the 
water table, p-wave velocities increase significantly to the approximate velocity for water [-5,000 feet per 
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second (ft/s)] and the s-wave velocities generally remain unchanged. Below the water, this translates to an 
s-wave velocity that is roughly 4 times slower than the p-wave velocity. 

TABLE 2-1 
L OCAL S-WAVE VELOCITIES (FT/S) FROM CROSS-WELL MEASUREMENTS 

Depth (ft). Site 
Z-1/Z-3 Z-5/Z-7 Z-9/Z-12 Z-13/Z-16 

5 620 490 
10 770 600 625 
15 630 815 
20 735 855 
25 1070 890 1220 
30 975 1300 
35 1015 975 
40 1020 1180 915 1330 
45 1035 1280 990 
50 1025 
55 1180? 980 
60 1125 
65 1115 1105 990 
70 1065 1470 
75 1185 1330 
80 1225 1205 1500 
85 1320 
90 1310 1250 1070 
95 1260 1190 
100 1360 1210 1510 
105 1245 
110 1180 1105 1100 
115 1515 1160 1090 
120 1470 
125 1290 
130 
135 1200 

At the Landfill site, shear wave interval velocities in the sedimentary layers above bedrock 
are less than 2,000 feet per second. The frequencies put into the ground by the MicroVibrator ranged from 
40-300 Hertz (Hz) and recoverable frequencies ranged from 40-280 Hz. Table 2-2 compares the 
frequencies, velocities, and wavelengths for the site area, with consideration to the data acquisition 
parameters used and recovered signal frequencies. 
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TABLE 2-2 

VELOCITY, FREQUENCY, AND WAVELENGTH RELATIONSmpS FOR 
RESOLUTION OF POST-PALEOZOIC FAULTS 

Vertical Offset Vertical Offset 
Velocity Frequency Wavelen~h Mapping Limit Detection Limit 

fils Hz ft (1/4 A), ft (118 A), ft 

1,000 40 25.0 6.3 3.1 
1,000 80 12.5 3.1 1.6 
1,000 120 8.3 2.1 1.1 
1,000 180 5.6 1.4 0.7 
1,000 240 4.2 1.0 0.5 

2,000 40 50.0 12.5 6.3 
2,000 80 25.0 6.3 3.1 
2,000 120 16.6 4.2 2.1 
2,000 180 11.1 2.8 1.4 RECEIV D 2,000 240 8.3 2.1 1.0 

DIV[:~S~ ~~:: ] 3,000 40 75.0 18.8 9.4 
3,000 80 37.5 9.4 4.7 
3,000 120 25.0 6.3 3.1 
3,000 180 16.7 4.2 2.1 s . gement 

olld Waste Branch 
3,000 240 12.5 3.1 1.6 

When a reflecting boundary exists, it's important to optimize the field procedure and 
acquisition parameters to ensure the quality of the final processed data. Choosing the best field 
parameters involves determining the relative importance of several competing objectives, such as site 
constraints, equipment capabilities, and processing needs. 

In all geophysical surveys, the objective is to extract the usable data (Le., in this case, 
reflections from various lithologic boundaries) from the unwanted background information (geologic and. 
ambient noise). In reflection seismology, it's desirable to record high frequency, high signal-to-noise ratio 
reflection events from the boundary of interest. The frequency of a reflection event is largely determined 
by the source input frequency and the filtering effect of the ground. Often, the target reflector frequency is 
similar to that commonly recorded for coherent noise (in particular, the noise from ground rOll), making it 
difficult or impossible to selectively filter out the noise. Isolation of the reflection events requires careful 
design of field acquisition parameters, such as the source/receiver geometry, choice of source and 
receiver types, as well as recording parameters" such as sampling rate and filter settings. 

In general, s-wave data is more difficult to assess in the field than p-wave data. The primary 
reason for this is the predominance of Love waves on the shot records, which are usually strong enough 
to mask all other arrivals below first breaks. Love waves are surface waves involving transverse motion 
parallel to the surface of the ground and have velocities intermediate between the s-wave velocity at the 
surface and the s-wave velocity in deeper layers (Figure 6). Because these waves are trapped in the near 
surface layer or weathering layer, they attenuate slower than other seismic waves and often are the 
strongest events on the record. Love waves are not seen on p-wave data and are unique to the shear 
wave reflection method. 
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Figure 7 presents a raw s-wave production shot from Line 1 (Shotpoint 196.5). The seismic 
source is located between channels 48 and 49. The first breaks on this record are direct arrivals near the 
source and become refractions at the longer offsets. Beneath the first breaks, high amplitude Love waves 
can be seen propagating throughout the record. Fortunately, this coherent, source-generated noise can be 
mitigated with a number of field and processing tools. In the field, the application of a 100 Hz Low-Cut filter 
revealed the underlying reflectors. During data processing, velocity filtering or statistical noise. attenuation 
algorithms were applied to the data to remove this unwanted signal. In the figure, the geophone at position 
74 was disconnected intentionally to track geometry. 

Figure 8 presents the same shot record from Line 1, after Love wave mitigation. This record 
demonstrates the relationships between the s-wave reflection and refraction events within the zone from 
60-120 milliseconds (msec) and several s-wave reflectors that previously were obscured by Love waves. 
Note that ground roll (Rayleigh waves) and the airwave are absent, since Rayleigh waves are surface 
waves that travel in the vertical plane, and s-waves will not propagate through gases, respectively. The 
refraction event, highlighted in brown, is always the first to arrive at the long offset geophones and usually 
makes up the bulk of the first breaks. Refractions are.characterized by linear moveout across the shot 
records, that is, they appear as straight segments. The reflection events, which dominate the areas 
highlighted in green, are characterized by a hyperbolic moveout. Multiple reflections, though not clearly 
evident in this shot record, result from a double bounce of acoustic energy between, for example, the 
surface and a hard layer (Figure 9). Multiples display nearly the same hyperbolic moveout as primary 
reflections and are typically easy to recognize. Some multiples do stack in on the final sections, and any 
interpreters working with these data need to be aware of their presence. 

2.2 DESIGN OF SURVEY PARAMETERS 

A summary of the production data acquisition parameters is provided in Section 2.5 and 
Table 2-3. For this phase of the project, the receiver group interval was 2 feet, with one 40-Hz horizontal 
component geophone located at each station. Shot records contain 96 live channels in a symmetric split 
spread configuration, except at the beginning and end of each line, where the MicroVibrator was rolling on 
and off of the spread. Data were recorded with a 0.5-msec sample rate and a record length after 
correlation of 1 second. The source parameters were determined by on-site testing. 

2.2.1 Source Testing 

The MicroVibrator used on this project is patented to Bay Geophysical. It weighs 
approximately 300 pounds and is coupled to the ground by several large spikes (or smaller spikes as 
conditions warrant). It generates a sweep by oscillating a mass through a user-defined range of 
frequencies, which are transmitted into the ground. 

Typically, the advantages of using a vibratory source for reflection work include a higher 
signal-to-noise ratio when compared to impulsive sources, such as the hammer and cylinder, weight
drops, or dynamite. This is due to the statistics of the correlation process and the ability to control the 
frequencies put into the ground. Another advantage is that particle motion amplitudes are much lower with 
vibratory sources, greatly reducing or eliminating damage to any nearby surface structures. This is 
because the energy of a vibratory source is input into the ground over a relatively long time interval. 

Vibratory sources function by holding a plate on the ground and vibrating the plate through a 
user-defined range of frequencies, known as a "sweep." The length of the sweep, peak force, and 
frequency range can be changed in the field. At the instant the vibrator begins its sweep, the seismograph 
begins recording the Signals received from the geophones. The seismic signal created by the sweep is 
received by the geophones and stored in the seismograph. By correlating the recorded signals from the 
geophones with the known sweep generated by the vibrator, a seismic trace is obtained. 
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Source testing at the Landfill site was limited, since a recent shear wave survey conducted at 
the PGDP already had determined most of the field parameters. Due to the presence of the thick Regional 
Gravel Aquifer, some short experiments with the sweep were conducted. The gravel layer was expected 
to absorb more high frequencies than previously observed at the southern portion of the PGDP; therefore, 
tests were conducted using 30-240 Hz and 30-300 Hz sweeps. No significant changes in data quality 
were observed, so the decision was made to proceed with data acquisition using the parameters from the 
previous survey at the PGDP (40-300 Hz). This sweep had produced excellent data quality on the 
previous shear wave surveys at PGDP. 

2.3 SITE-SPECIFIC PROBLEMS 

Conditions in the field were ideal for seismic data acquisition. Lines 1 and 2 ran parallel to the 
landfill fence on the west and north sides. These areas were swaths of mowed grass, and surface soil 
conditions were uniform throughout most of each line. Both lines extended· across dirt roads and into 
thicker grass in the northwest corner of the survey area. Topography was gentle, and conditions were 
generally dry, except for a few wet spots in the low areas. 

Only one site-specific problem became apparent during the course of data acquisition. It was 
observed early on that a relatively high-frequency "buzz" could be seen ahead of the first breaks on the 
shot records. The "buzz" was broadband, ranging from approximately 180 to 250 Hz. At first it was 
suspected that there may be underground utilities beneath Line 1, but this was determined by SAIC not to 
be the case. The source of the noise remained a mystery until data acquisition extended away from the 
fence. Geophones placed on that part of the line beyond the extent of the landfill fence were noise-free. 
The "buzz" was observed once again on Line 2 when the active spread became adjacent to the fence. 
After further investigation, it was determined that the landfill fence was carrying a current that fluctuated, 
but sometimes reached as high as 500 milliamps. The current probably was being induced into the fence 
by overhead powerlines leading into the PGDP facility. Since geophones are sensitive to electrically 
induced noise, it is likely that the current in the fence was the source of this "buzz". The induced noise 
from the fence was, however, quite low in amplitude and would have caused only a slight degradation of 
the data, if any. 

2.4 HEALTH AND SAFETY (H&S) 

The C-746-U Landfill seismic survey was conducted under the Health and Safety Plan 
prepared by SAIC. SAIC personnel provided health and safety coverage. The survey was completed 
safely. 

2.5 PRODUCTION PARAMETERS AND LINE INFORMATION 

The nominal spread configuration is graphically represented in Figure 10. Production 
parameters for the two seismic lines are summarized in Table 2-3. 
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TABLE 2-3 

NOM~AL SEISMIC REFLECTION ACQUISITION PARAMETERS 
Shot Spacing 2 feet 
Geophone Group 2 feet 
Interval 
Nominal CMP Fold 48 
Maximum Offset 95 feet 
Minimum Offset 1 feet 
Spread Geometry Symmetric Split Spread 48/48 - (190 foot total active array) 
Seismograph 2 OYO DAS-1 Recorders (Master/Slave) 
Number of Channels 96 
Sample Rate 0.5ms 
Record Length 1.0 second 
Field Filters 3/18 - Out Hz/dB 
Seismic Source Bay MicroVibrator, - 300 Ibs of peak ground force 

40 to 300 Hz, Linear, 8 second sweep, 4 sweep/station 
Geophones 1 X 40 OYO SMC70 40 Hz Shear Wave phone 
Cables 48 pair cables with Amphib Heads, 4' takeouts, 24 takeouts / cable 
Rollbox I/O Inc. RLS-240M 

CMP - Common Mid Point (Having the same midpoint between source and detector.) 

Table 2-4 lists the lines surveyed and their number of stations. The lines also are shown on the seismic 
line-location maps (Figures 2 and 3). 

TABLE 2-4 

SUMMARY OF LINE AND STATION NUMBERS 
Line Name First Station Last # of Stations Line Feet 

Station 
1 76 976 900 1,798 
2 76 776 700 1,398 

2.6 PRODUCTION PROCEDURES 

A Kentucky-licensed surveyor surveyed Lines 1 and 2 under the supervision of SAIC. At that 
time, stations were staked and XYZ coordinates shot on 100-foot centers, plus at the line intersection. 
Supplemental elevation shots were made at high and low surface areas along each line. All XYZ 
coordinates were used by the seismic data processor to position the data and perform statics analysis and 
datum corrections. . 

At the start of each line, the source (the MicroVibrator) was positioned at the first receiver 
station. A total of 9 cables with 24 geophones per cable (216 channels) were connected to the OYO DAS-
1 seismographs via a roll box, which is mounted in the recording vehicle. When the source is moved one 
station past the first midpoint of the spread (between geophones 48 and 49), the roll box is incremented 
one channel, thereby maintaining the source at the midpoint position of the active 96 channel spread. In 
order to survey the entire line, the 9 cables were leap-frogged along the line until the last station was 
reached. After the operator in the recording vehicle incremented the channel on the roll box, the 
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MicroVibrator began its sweep sequence, and the seismographs began recording simultaneously. The 
synthetic sweep was recorded on auxiliary channel 2 in the master seismograph for correlation with the 
recorded data from the geophones. The uncorrelated data was written to the hard drive. and to 4 mm data 
tape. Correlated records were generated and written to tape after the completion of a line. 
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The C-746-U Landfill seismic reflection data were processed using UNIX-based ProMax® 
software. The processing flow is based on a standard common midpoint (CMP) reflection processing 
sequence with modifications for specific conditions at the survey site. Each line was processed 
individually, while keeping all area-based parameters the same for uniformity. Table 3-1 below shows 
each step in the processing sequence leading to the final stacks used for interpretation. 

TABLE 3-1 
DATA PROCESSING FLOW 

Sequence Process Applied Relevant Parameters 
1 Convert SEG-Y to Internal Format & Correlate 
2 Geometry Definition & Trace Edit 
3 True Amplitude Gain Recovery 
4 Surface Consistent Amplitude Recovery 
5 Surface Consistent Spiking Deconvolution Operator: 80 msec; Noise 0.01% 
6 Spectral Enhancement 30-300 Hz 
7 Elevation & Datum Statics Datum: Intermediate Floating; Vc = 3,000 ftls 
8 CMP Gather 
9 Velocity I Mute Analysis - Pass 1 
10 NMO Correction and Mute Application 
11 Surface Consistent Auto-Statics 50-300 msec Static Gate 
12 Velocity I Mute Analysis - Pass 2 
13 NMO Correction and Mute Application 
14 Surface Consistent Auto-Statics 50-300 msec Static Gate 
15 Surface Wave I Linear Noise Attenuation 
16 AGC Scaling 100 msec Gate 
17 Velocity I Mute Analysis - Final Pass 
18 NMO Correction and Mute Application 
19 Surface Consistent Auto-Statics 50-300 msec Static Gate 
20 CMP Consistent Trim Statics 1 msec Maximum Shift 
21 CMP Stack 
22 Final Datum Correction Datum: 500 ft; Vc = 3,000 ftls 
23 Spectral Balancing 40-280 Hz 

FINAL STACKS 
-r~ -c"-~ 

24 F-X Predictive Enhancement Filtering 
ENHANCED STACKS 

",,'., '-' 

25 Finite-Difference Time Migration 95% Smoothed RMSllnterval Velocities 
MIGRATED SECTIONS 

~ ",' ,,'" $< 

.26 Time to Depth Conversion 
DEPTH SECTIONS 

CMP - Common Mid POint (HaVing the same midpoint between source and detector.) 
NMO - Normal Move Out (Normal move out is the increase in arrival time of a seismic reflection event resulting from an 

increase in the distance from source to detector, or from dip to reflector.) 
AGC - Automatic Gain Control (Automatic gain control alters the amplification factor of the amplifier in accordance with the 

amplitude of the input signaL) 
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Data processing includes compressing the frequency-modulated signal (correlation) to a 
signal similar to that observed with explosives or other impulsive seismic sources. The geometry and 
coordinates of all sources and receivers on the seismic profile then are input to the computer and bad 
data traces are edited out (geometry and trace edit). An attempt is made to reverse the localized filtering 
effects that near-surface materials cause on the seismic signal (deconvolution and amplitude recovery). 

Effects of surface topography and variations in the upper layers of the earth are applied to the 
data (datum and automatic statics). Nonlinear effects of the data acquisition geometry (velocity analysis 
and normal moveout correction) are accounted for and removed in order to correctly image subsurface 
features. Directional filters are applied to the source (shot) records to eliminate unwanted signals 
generated by the seismic sources (surface wave I linear noise attenuation). Statistical data sets are sorted 
and then summed by subsurface reflection point (common midpoint stack). The data are spectrally 
whitened to adjust amplitudes of all frequency components and filtered to keep those reflection 
frequencies with the best signal/noise ratio (spectral balance). 

Good sources for explaining seismic data processing can be found in Seismic Data 
Processing by Yilmaz, 1997. 
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The C-746-U interpreted seismic sections are presented as Figures 11 and 12, and a fault 
interpretation map is presented as Figures 13. Uninterpreted s-wave seismic sections for Lines 1 and 2 
are presented in Appendix A. These seismic sections are displayed in Variable Density format, with blue 
reflectors corresponding to amplitude peaks and red reflectors corresponding to amplitude troughs. The 
vertical axis is time, with an approximate depth scale located on the left side of the section. The depth 
scale is derived from a combination of locally measured s-wave velocities, stacking velocities and nearby 
well control. Also note that the top of the data occurs at roughly 20 msecs. This is a result of processing 
the data to a datum of 400 feet. 

The locations of interpreted faults on Figure 13 are based on anomaly locations at the top of 
the Regional Gravel Aquifer (RGA). 

4.1 GENERAL CHARACTERISTICS 

In spite of the ideal surface conditions, data quality is significantly lower on the C-746-U lines 
than has been seen in the previous study at the PGDP. Since all the equipment was functioning properly, 
and the acquisition parameters were identical to those used on the previous survey (which was located 
less than 5 miles away), it appears that the geology at the C-746-U Landfill site is just not as amenable to 
seismic imaging as the previous work at the PGDP. Nearby well control indicates that we can expect only 
a few good reflectors in this area. The previous work at PGDP has shown that gravels and firm sands 
adjacent to silts and clays produce the largest reflection events above the bedrock limestone. 

As discussed below, the interpreted horizons have been identified as the Top RGA 
(highlighted in yellow) and the Top McNairy (highlighted in green). Interpreted faults are shown in red, with 
faults numbered from east to west. 

The seismic data at the C-746-U Landfill site is less constrained by ground truth than the 
previous work at the PGDP. The nearby well control is shown on Figure 13, and generally lies to the north 
and west of the two seismic lines. Two wells, GB-01D and MW-367, lie in close enough proximity to the 
seismic lines that they can be used to identify reflection events in the seismic sections. 

The Boring log from Well GB-01 D is found in Appendix A. This well is located approximately 
50 feet off the north end of Line 1. This log shows a rather uniform sequence of silty clay and clayey sand 
down to 42 feet below ground surface. Strong reflectors within this interval are not to be expected. From 
42-78 feet bgs, the stratigraphy changes over to sand (the Regional Gravel Aquifer), with a thin gravel 
streak at 61 feet bgs. Reflectors can be expected at the top and bottom of this sand, and possibly from the 
gravel streak. 

The boring log from Well MW-367 also is included in Appendix A. This well lies approximately 
100 feet north of Shotpoint 632. The log shows a similar sequence of silts and clays down to 50 feet bgs, 
where the stratigraphy changes to sand and then gravel. The sand/gravel sequence ends at 80 feet bgs, 
and returns to a clay which marks the top of the McNairy Formation. 

The other well control in the area (shown on Figure 13), is too far away to utilize directly in 
the interpretation, but generally shows that the top of the Regional Gravel Aquifer maintains a level of 
roughly 45 feet below ground surface. The thickness of the unit is variable, but averages around 30 feet 
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thick. Interestingly, well GB-01 D is the only well where sand predominates in the RGA; all of the other 
wells show a preponderance of gravel in this interval. 

4.2 HORIZON IDENTIFICATION 
~ 

Both seismic sections (Figures 11 and 12) are dominated by a strong reflector that shows a 
fair amount of structural relief. On Line 1 (Figure 11), this reflector occurs at 115 msecs on the north end 
of the section and descends in an irregular fashion to a time of 145 msecs at Shotpoint 430. Tracing this 
strong reflector over shotpoints 230-415 is difficult, and then a strong, flat-lying reflector appears on the 
south side of the section at 100 msecs. 

S-wave velocities at the PGDP site show a gradual increase in velocity from about 600 ftls at 
the surface to 1000 ftls at approximately 50 ft. Below that, the s-wave velocity data show a gradual 
increase in velocities from about 1,000 ftls to approximately 2,000 ftls at a depth of approximately 370 feet 
bgs. The stacking velocities used to process lines 1 and 2 confirm this trend. Using the average s-wave 
velocity above the specific depth of a horizon provides an "expected" two-way travel time to that formation. 
(Note that an additional 20 msec must be added after multiplying by 2, to account for the time lag induced 
by the datum and correction velocity.) Using this method, it appears that the strong reflection event 
described above corresponds to the top of the Regional Gravel Aquifer in Well GB-01 D, which, as stated 
earlier, should produce the largest reflection event in the section. 

Using the same approach, the Top McNairy/Base RGA reflection event should come in at 
approximately 190 msecs on the north end of Line 1. Hints of reflectors occur at this level, but they are 
discontinuous and hard to correlate across the section. The Top McNairy Horizon is a dashed green line 
across the section to reflect the uncertainty in the interpretation. 

Line 2 (Figure 12) also is dominated by a strong reflector at the 110-130 msec level. This 
reflector exhibits some structural relief, and is difficult to pick in shotpoint intervals 620-680 and 75-300. 
Using the methodology described above with Well MW-367 confirms that the strong reflection event 
corresponds to the top of the Regional Gravel Aquifer. Again, the Top McNairy/Base RGA reflector is i1\
defined, but a dashed green line connects hints of reflectors at this level. 

4.3 FAULTING 

The previous seismic assessment at the southern side of the PGDP concluded that faulting 
was present in the Paleozoic basement limestone, and that some of the faults extended into the younger 
overlying sediments. The previous work shows that faulting generally trends northeast-southwest in this 
area. For most of the faults, relative movement along the main fault plane is normal, with the downthrown 
side to the east. These normal faults, along with their associated splays, either form a series of narrow 
horst and graben features or divide the local sediments into a series of rotated blocks. Both are consistent 
with extensional regional tectonics and faulting observed in the Fluorspar Area Fault Complex of Massac 
County, Illinois, located just across the Ohio River. 

At the C-746-U Landfill Site, 2 potential faults have been interpreted, and are shown in Figure 
13. On the s-wave profiles, the interpretation was completed on migrated data. Potential faults are 
identified primarily by disrupted reflectors in areas where the Top of the Regional Gravel Aquifer (RGA) 
shows structural changes. 

Since faults in this area are known to trend NE-SW, it is useful to start from the intersection of 
the two seismic lines and work south on Line 1 and west on Line 2. Overlaying the sections at their tie 
point shows that from the line intersection, the top of the RGA drops off slightly in elevation to the east and 
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south. In particular, the Top RGA reflector makes a sudden dip to the east at shotpoint 353 on line 2 and 
shows a similar sudden dip to the south at shotpoint 555 on Line 1. These structural features in the Top 
RGA reflector are interpreted to show disrupted bedding along a fault trending NE-SW, and movement is 
consistent with normal faulting with the downthrown side to the northwest. This fault is labeled as number 
1 on the sections and fault interpretation map. 

Continuing south on Line 1, the next structural feature in the Top RGA reflector is the abrupt 
termination of the event at approximately shotpoint 400. Here the Top RGA reflector is obscured, only to 
reappear 50 msecs (-20 feet) higher at shotpoint 225. An attempt has been made to interpret the Top 
RGA through this interval, but the reflector is dashed to denote the uncertainty in the interpretation. 
Regardless, this area shows the largest lateral variation in Top RGA reflector depth on the two seismic 
sections. The presence of a fault within this zone is likely. A similar, though less dramatic, shallowing of 
the Top RGA reflector occurs near shotpoint 625 on Line 2. Both features are consistent with movement 
along a normal fault with the downthrown side to the northwest. This interpreted fault is labeled as number 
2 on the seismic sections and fault interpretation map. 

The data only allows for the identification of those faults associated with structural changes. 
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The shear wave seismic reflection survey at the C-746-U Landfill Site images the Top of the 
Regional Gravel Aquifer (RGA) with reasonable success. The Top McNairy/Base RGA horizon also is 
present, but discontinuous and difficult to correlate across the sections. The limited data quality appears to 
be a function of geology~ since equipment was functioning normally and acquisition parameters were 
identical to those used at the previous PGDP survey (less than 5 miles away). Surface conditions at the 
Landfill site were excellent. 

Nearby well control is sparse, but shows that few good reflectors can be expected in this area. 
Wells GB-01 D and MW-367 provide ground truth, allowing identification of reflecting horizons. Potential 
faulting is identified by disrupted reflectors and associated structural features. Two faults are interpreted 
using this criterion. More faults may be present in the area of investigation, but the more subtle 
manifestations of faulting cannot be identified with reasonable certainty in this dataset. 

Figure 13 shows the interpreted faults at the Landfill Site. Faults are posted on this figure 
where they intersect the Top Regional Gravel Aquifer (RGA) reflector. 

3915SAI 
October 2003 5-1 

[MM 082012 

Division of Waste Management 
Solid Waste Branch 

Final Shear-Wave Seismic Survey Report 
C-746-U Landfill Site Seismic Assessment 

Paducah Gaseous Diffusion Plant 



All geophysical data analysis, interpretations, conclusions, and recommendations in this 
document have been prepared under the supervision of and reviewed by Blackhawk GeoServices senior 
geophysicists. 

Jeffrey B. Hackworth 
California Registered Geophysicist GP979 
Manager, Blackhawk GeoServices, Southeast Region 
Oak Ridge, Tennessee 

October 27, 2003 
Date 

* This geophysical investigation was conducted using sound scientific principles and state-of-the-art 
technology. A high degree of professionalism was maintained during all aspects of the project from 
the field investigation and data acquisition, through data processing, interpretation, and reporting. All 
original field data files, field notes and observations, and other pertinent information are maintained in 
the project files and are available for the client to review. 

A geophysicist's certification of interpreted geophysical conditions comprises a declaration of 
his/her professional judgment. It does not constitute a warranty or guarantee, expressed or implied, nor 
does it relieve any other party of its responsibility to abide by contract documents, applicable codes, 
standards, regulations, or ordinances. 
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PADUCAH GASEOUS-~ 1 
DIFFUSION PLANT I 

PA~~~~iL~E::~;KY i 
I 

LINE 2 I 
SP7fl.776 I 

SHEAR WAVE II 

MIGRATED SECTION 
DIRECTION: W-->E I 

~_~~ ... _ ..... _ .. ~ ..... _ .... _ ... _ ....... ~ .. _ ....... J 

r::::VACOO!~~.-::::=~--·'l 
DATE MAV2003 

;:S!RWOO :e~V:lJo~ I 
~~~~I~~L 01:::~ ! 
SOUF.CE e,&.'(MtCROVlBRATOR I 

(,w,300Hz) 
• SWEePS 
C8'o/TeREDONlHE 

sou",""""'" ~'STATlON I RCQtlVCnl!.nc.:nvl\\. t:~, 

STAI'O'oAOSPREAI)' 9{;-1·)(-1951l 

1_ ._~~ ~_ , ........ ~M~~~ 

JJ1ul. WI 

I
'~~~::~::::::::.oo=--···· 
Oe<:mMlryfndTl'lIe.E<lt 

;.~=== 
sp=:~:=;-,:~·~" 

, I;kI:;:~~ ':.._ $t~IIIJ~ 

CD~~l\I'rt.PIoc"$lndNMO 
PASS 1: Vttooil)/Mul'AN!1tl, 

~~~~ L~:r"O:::E:;,.~~a;· 
PASS2:V.lodt)Mh~tyIhI 

::~~?!=:r~a;· 

~~~:==~"M~ijon 
PASS 3; NI.roCOfTodlonlllcWeApplla.llOl1 

::SC~5E:~~s,.ue, 

~~4~~~~~ 
:j~i=~~=r'=V~~ltlM 

L, .. , .• "" .• ,,_ 
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- . -- . , - . , BORING LOG GB-01D 
Sheet 11 2 -='----

Client Martin Marietta Energy Systems, Inc~ Project Solid Waste Landfill Subsurface Investigation at POOP 

location W 3159.2 - N 6682.8 Staned 11102193 Completed 11/03193 

Drilling Contractor _G.=:.E=.;O::;..:~:.=.:...:K ___ _ Ground Elevation 360.2 ft. Total Depth 88 ft. 

Drill Method and Equipment Mobile M-61! 8.5" 00 Hollow Stem Augers 

Driller Joe Wilkinson Logger Glenn Zinter 

~~ 
SAMPLE 

SPT 
COMMENTS 

> RESULTS ~ 
background 

Ulw ffi reading 

~~ =r a: 
(I) Hl > HNu .Oppm 5[ ~ 

0 

~ 
(/) 

fbG: i ~ 
fr-r ...... 0 R&d art- 40 cpm ci eN) (/) 

LITHOLOGIC DESCRIPTION -' ::) UaOcpm 

80% 1·3-6-7 ORGANIC SILTY LEAN CLAY gray-brown (10 YR 512) ~Nu-O 

(8) SLIGHTLY SILTY CLAY (Silt 1()'15%), mottled It gray 1'Iy- -«», G - 0 

2-4-7·9 
( 10 VR 7/1) and btown-yellow (10 VR 618), trace scattered ~Nu.O 75% black grains, damp 1'Iy--«» (11) 

-5.0 60% 2-5-7-8 HNu.O 
(12) 1!o'r-40 

80'1(, 3-8-7-8 
(13) 

HNu.O 

9O'Xt .... 7-9 HNu-O 

r-' (11) PlY. eo 

9O'Xt 5-&9-9 HNu.O 
(15) PlY. SO 

.40% 7-1~1~23 LEAN CLAY WITH SILT (Silt 25%), trace sand, It. gray HNu.O 
(26) (10 VR 712) wi1h interbeds of day, yellow-brown (10 VR 514) 1'Iy- eo, CIa 0 

90% 10-&6-11 ~Nu.1 

(12) PIY--«» 

95% 3-6-~16 Same as above with hematite Uned vertical fracture HNu-1 
(11) 14.0-14.5 ft. p.ty.40 

95% 4-4-4-7 LEAN CLAY WITH SILT (Silt 20%). mottled It. gray HNu.O 
(8) (10 VR 712) and brown-yellow (10 VR 616) PIY-40 

80% 4-4-7-7 HNu.l 
(11) 1'IY-4O 

100% 7-7-11-17 HNu.S 
(18) SILT WITH SAND AND CLAY (Sand 20%, Silt 15-20%), trace p.ty-4O 

5-9-11-18 
fine gravel, yeIIow-red (5 VR 516), moist 

HNu.4 100% 
(20) JI!T- 60. CI- 0 

100% 5-8-11·12 HNu-4 
(19) "y-70,G-O 

100% . ~7-9-14 HNu-3 
(16) PIy-60 

95% 5-9-10-12 HNu.l 
(19) CLAYEY SAND (Clay 40%), very fine grained to fine grained. p.ty-60 

7-6-6-8 
micaceous. yellow-red (T.5 YR 516) 

HNu-O 100% 
(11) SANDY LEAN CLAY (Sand 40%), yellow-red (7.5 VR 516). p.ty-40 

moist 
100% 4-6-8-8 HNu-O 

(11) PIT·4O,u.O 
,r--. 

80% ~-3 Same as above wi1h trace coarse gravel, wet HNu.O 
(13) 

80% ~5-1Q.15 HNu.O 
(15) IVy- 4O.CI- 0 



B-38 
.. " . 

,.'BC:>IUNG LOG 
''''4 G8-010 311E. 

Sheet 21 2 ~. 

Client . Martin Marietta Energy Systems, Inc. Project Solid W~te Landfill Subsurface Investigation at PGDP 

75% 

25% 

100% 

SPT 
RESUlTS 

3-4+10 
(10) 

2·3-0&-5 
(7) 

SP 

COMMENTS 
background 
redtg. 

HNu-oppm 
Rad~-40qxn LITHOLOGIC DESCRIPTION . _. 0 q,wn 

SANDY LEAN CLA Ytrace organics, yelloW-red (5 VR 516). HNu _ 0 

we~ - fo'r-40.-.0 

POORLY GRADED SAND fine-medium grained, micaceous, _ HNu _ 0 
yellow.red(S YR 5/6), sawrated ~_ 50, _.0 

Same as above~ trace gravel at 47.5 ft. 

Same as above, gravelly at 55.S It. 

Same as above, mefJium-coarse grained, red-yellow 
(7.5YR6I8) 

HNU-O • 
-fo'r-40.a.O 

_ HNu-O 
IVY. 40 

HNu.O 
- ~-50 

_ HNu";O 
-IVY-SO 

..,. HNu_O 
fo'r-60 

100% 1-1,,",1-.46 I'II'I""I""",'~' ....... 'i!.'I. ~~i-:-~~==~=,..,....,~'-:O:-..",."..,,..,.----,-.,,,..,,..,...~--.,. __ --.--I HNu - 0 
(59) ... ~~ GC SANOYGRAVELWlTHCLAY 50% gravel,30% poonygraded 1VY.40 

3-5-11-12 
(18) 

.:.~: :;': .... . . 
70'1. 10-11-15-18 .-..... • 

(2e) • " .' ..... 
80% 2~7.g '.:.: ..... 

(11) 

100% 

100% 

100% 

100% 

304+18 
(12) 

04+8-9 
(14) 

2-3-4-4 
(7) 

3-4-7-6 
(11) 

10-3-7-8 
(10) 

.' .... 
" . ~ .. .. .-... 

•• a • . . - : 
' ... .. . . 

>.~.: :::. 

sand, 20% clay, brown fl.5VR 514) J,..--------I-------I 

SW WELL GRADED SAND mediun-c:oarse grained, mica.eous, _ H;: ~ 
trace gravel. trace organics"red.,yeUow (1.5 VR 616), sarurated-f-____ --I 

SP 

-
POORLY GRACED SAND medium'-coarse grained, 
brown (7.5 VR 516), saturated 

'. 

_ HNu.o 
IVY-60 

HNu_O 
.- fo'r-60 

_ HNu-O 
fIt-80 

_ HNu-O 
fIt-80 

_ HNu-O 
fit-SO 

_ HNu_O 

fI1- 60 

SUGHTLY SILTY LEAN CLAY (SUt 10%),11. gray (10VR 711)_ HNu.-O 
with thin, horizontal organic laminations,' micaceous fo'r. 60 

Same as above with trace thin sand laminations, very fine 
grained, gray (10YR 611). micaceous 

-Total Depth 88 ft. 

HNu-O 
- ft'r-80 

_ HNu.O 
fIt-60 

_ HNu-O 
1VY-60 



C-17 page.J.. cf 3. 

LITHOLOGIC LOGI BORING/WEll. NO.: /HtcI-3~"l-
Facilit.y: I Site: 

Client: Environmental Restoration Division I .) , 

Coatn.ctcr. ( -, Drill Contractor: /it II Ii ~ Driller: ~~j,,1f 14-//"~~ 
Start Time: 13!JAJ2IOL I End Time: ;r €> /0& I"'~ Borehole Dia s): ., '2f /''-1 
Drill Yethod/Ri, Type: /15.11 / {~C .. / J' 

. 
Total Depth: 

Lo"ed By: ~~~ Iii.", Protection L."ei: Y ,-

Depth I SAIIPLE I ~ I 
(tt) I IDte~ INumbe:,~ Io/~Bet.a(:'-Fa'~~r· tlTBOLOGIC DESCltIPTtON I~I COMMENTS 

O- f ,5.)!'; CUt{ (OL)/~ili .. f(Jt,. 
fq'p#.7A ~ -

* 
r2;'~' tlfltjl. v# 19,,< .. 

r,41 F .5 1'1- t"" .. .j i 8rl;'., lsrA -'! ; 
I 

},o 
~,.,'" /"u("~' . - 914 1 .. J''&'' /' IJ./-f .51' ~' · .1-; ",/IV 

· '2- - ~.~ify CtAY/fL) j ).' If A "/t'f: J .. "'i7 Ale,,; 'tn,~ .,. /',h" ~:J. · · IJJl,IIV"I'",XJlfar!:i · ,f~!II~id Jrpw#\ :If}/' 3 -· ~-!I"~"'j, ~~"~,,t ; · · I.e;, - . ~ {,;;I-. I I 

'I ~ 
.. i-

r ... 5 : X 
- I $~r W/~~iI1e cttz'-'IIJ 
· ~i ~'JI ... jl?,t /. ~?... ~ 

t ..: fr#lrti VI ;{'v J~~ V .. 
bvt tU&'K~I'~ :~ .. 

r'~.u JI'I1I4I '/ry .. 
1- ..: "J-4 :;~7 j,r " · ~,~~/ · .. ;-
, . 

· · · , -
· · .. 

C1-/I . 
; .J:r"l. r v/f ~1ftI~ 4!~"l(~ //,()-/5.e'J,L>f ,.-pn · j{1 · ~.,. ~1l"'lfll t·~ -lI 't' /' 1~1t ~~i/:~ 

11 .:. 
1?t 

1""e, j/, /'I.t .s~,: , t1 III -/e/,e ,-
· P&,wJt/~Yif ~ ~il7j, · · f,~.;/ ~'1.ff). ~ Iz':' /f.'''#IU?",.'fJ/,-. / . ; v. /HZ} H/ ~ ;I,~ .. · 

~ · 
N · ~ 

<. m,/ II' 

IJ ~ '-
S ., , · - - . 

~------------------------------------------------~--------~~ ; ~ I DJ.TA aer~: \ DA.TE: 
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LITHOLOGIC LOG1 BORING/WELL NO.: ~1t/-Jb-1-
Facility: I Site: 

Client: Environmental Restoration Division I ,) 

~~----------------P'------------~---------,----~~--~--~~ 
Contractor: ( I Drill Contractor: /111;;., Driller:jj,,,, JI, /''''~. ( 
Start Time://JP/(QlJl ·1 Ene! Time: Borehole n;a(s): 

Drill Yethod/Ric Type: II.!/? /C/'6 _ ~ 5' Total Depth: 

Protection Leyel: j) 

DepUlI ~ I ~ I -I Ile~ lALPiliieta Gamma. voe'. UTBOLOGIC D!SIoo.N.6I. .. 0N 
(n) fDtef9a1 .Numbe!"t (ttl rT~11 (.,..1 I (,.,.., 

COMM!l\"TS 

i'l-. 

" ...... . 1.vm: I DA.tE: 
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LITHOLOGIC LOGI BORING/WELL NO.: /lV-3~ 7-
Facility: T Site: 

~.~cli_·e_n~_' _________ E_n_~_'r_onm __ ~~_n_t~ ___ R_es_t_o_ra_t_io_n __ D~i_~~S_io_n __ ' ____ ') __ r-____ ~~ __________ ~ 

Contractor. ( I Drill Contractor: . 4 ~ / Driller: It I'L,~ &/t,,,~.4 

~ 

Start Time: IJJ~ /1 ~7Z I Ead Time: Borehole Dia s): I 
Drill llethod/Ric T~e: /If,,4-/( ~y:,.·of .5" '.total Depth: 

LOlled B1: ,J:,,/ U./ Protection Leyel: J) 

nepth I SAMPLE . ." ~ I . I CUPS I 
(n) ( lleco'l.ry fALPIWBeta.{.GUama. ,VOC'. llTBOLOGIC DESClUPTION LOG 

blterYal Numbe:-I (tl) ( .... I .,.. (".) 

-
'-~ -

· · · J I-· · --
Jl~ 

· · 
33-: 

.. 
· .. 

., tf-. 
~~ ~7 

3,+:--~~~~---r-r------~~~------~ 

~ 
: .. 
-t .. • '" s , , 
(~ 

· · · --· · --· · · -
0 

· · · -· · · · -
0 

· · · -:. 
· 

".'\ "" ~ 

.. , .. " .. ' 

" ..... I DATE; I 



C-17 
Pag,.L cf .!:L 

LITHOLOGIC LOGI BORING/WELL NO.: tflW D~ =r 
Facilily: l' tit 1:>7 -
eliellt: Environmental Restoration Division I ,) 

- , 
CODtnctOr. -GA...\C- I Drill CODtractor: _ Me, ~ 

<~-5 -
· · · · 

~-: 
· · · // 

~7 -::"1;a>:) 

:4U 
3'b" ..: .. 

· · 37 ..: · · 

Borehole Dia(s): 1;$1,-/ 

Total Depth: ~ 

Protection LeY.!: T::> 

UTIIOlOGIC I)ISCIIIP'nON I ~RI 
CJ.I> '-( I S 11-1'1 ( tto 'Zr.'J 
7/ZAC.JL RICJL ~~..I 
VML{ 5T7~ ).,'~~';J 
~~SrlV"t.Lat...) 

KL()'1/2.l,/"'~~ u~ 
B44;W J.j,s,t '1/z..A," 
llLJ"Wl.. ~/L) I Jw'lvl ~;; 
(liS"::> s. '-T)..IPP~ 
Zr-r-

CONKE.IIw"TS 

ii' • 
-"'~40 -i.~-+--+---+--+--==-.... -+-------;~~--t---------t 

GLb..-..( J 5 AAJO ~'t . . 

t..,cil:. .. u.. ~,z;:1'ri:') 505--
,l('vAlo~ t=r..ut:.
c.,,z.l.-'v N~ H".Sr:; 

,/~Jt \f ~nFr/~7?'Z1ii:. 

l.t &t~r 'I£,l..L4 .• ~/.!f,rl-

1!;U>JoJJJ (. 'I.' Y e "leO 
~ Y~IdJ.::irl-

J3~'6f#~( I(.)V'L'/#) 
. ~ 

TlZAe<- ;.(1 ~ 

I~------------------------------------------------------------------~--~~ I " ..... . 
, DAtE: 
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LITHOLOGIC LOGI BORING/WELL NO.: t11t.A..J 3~ -=r 
Facilily: l' t\ D? 
ai.llt: Environmental Restoration Division I .) . 
CODVaCtor: GAr \ <!..-I DrUl Contractor: M v. ~ Driller: ]).. OJ c5;J-c ? 

"'I 

Borebole Dia(s): -g-ycJ 
Total Depth: ~ 

Protection Legel: D 

~D f,Al-i-;r:> 

kJ£,?; £J/wL '7 e AI' ~J 

WJl,LL St.~rr;> .,I ~-

i-() ~v:> "I7Z-4C" 
J-ttU J ,J-tCi5Tj" U~ 
Vif.c,..U.~,c..iJf)~.,. l3;!c:J4;.0 1.----1 

(IU 'Y R..I¢J) 

jAJ t£AJe> C~~ 
6tZAVlf.L; Co~SL-
5..wu.> n:>,u.u::> iV,,", ~ ~ 
e,;ZAl/ LL--...JwLT-J l.J~ 

"~i.('u')4!c.M':-< l5i240~~ 
va" IZ- 'r''-'./ 

CONK!."'''S 

('. . 

DATA ~; .,,4MrE; DATA tH£tK£D Ie 1ttV1£im BY; .. ",' I 
'-ll..':::::::;::======' =' =~=========' D~=n::=;d' ' 

/ 
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LITHOLOGIC LOGI BORING/WELL NO.: mw D~::r 

Climt: EDvironm~ntal Restoration Division I ,) 

'" Coatractor. GA.. \ <2- I Drill Contractor. M~ ~ DriUer: ]). OJ c5;hJ ? 

Start Time: J43~ ~/'7/(;I9-1 End Time: 17-10 ~/7/~z... Borebole Dl.(s): ~!/" 

Lo,ae4 By: V. H Uc...L....J IU ~ Protection LeY!l: D 

~J -.: 
.. . 

ft, 'I :. 
, . .. . 

COMK£'~"1S 

1'- .. 
~~~.~--~----~---+---r-------+--~----------~--~--~~------------~ 

.. ~SA.J:)D CD~,z~L (("O~ 
: ,l C1~i..<Lll(J;z,)j 

(,~ -: ~ C-;z,~£,-1t) V-£JZ 'f 
. "". ,0 COA-tP!><..- PI/... ~~i.£. .. 6/!) ~ C.~va tI~ ;bt:J.u...y,-_+ 

~1 .: (t 'So;Zn[J:>: ~~~oJ('4.~ 
: 10 ~ S~~..,I~~~ 
., ~~~~~~/~ 

",~ & ~ b1Uj~.J..7' ->veS/B).1 
.. 11Z~ 12,(),uN2>CZ:> I 
.. ~,Civ~. 

"i ~ 
· · 

70 ~.r---~----~---+--~----~~--~---------------+--~~------------~ · .. 
· .. 

71 -: 
: <?J'" 

71- .: 1.( · .. 
.. 

7; ..: . 

Fe ,z "IJC)U_S 

5L¥-LPt:.£-

DATA CHECkED at REVIEWED BY: 

( 
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Page ~ Cf.!:L 
,. .... 
P-------~----------~--------------------------~--------------------~ LITHOLOGIC LOGI BORlNG/WELL NO.: tf)lAJ D~ -=r 

Faci1it.7: 1'Ot D7 
Cli-.t: EnYironmental Restoration Division I ,) 

r'r--------------------PI------------------------~~--------------------~ Coatractor. GA.,c.... I Drill CoDtraetor. M~ 'S DriDer: PO' 81.:);h>? 

.. 
· .. 

711-.. 
.. 
.. 
· 1, ~ 
.. 
· .. 

l1D .. 
· .. 

~I .:. 
· .. 
.. 
· r ,S'l. -.. .. .. 
.. 

" -· .. .. 
.. 

~q -· · .. 
.. 1>, .. 
.. 
· · -.. 
.. 
.. .. -. 
.. .. 
.. 

/1M .. 
'" .. 

~ .. 
a -- to 

~ .. .. .. 
t .. -. -, .. , . 

/' 

~ t;'~O 

~ 

'"- IN ~~~c..~ , 
Cu'-/ .. ~/l~1l~ 
FtAJL.7ZJ~t,,~ 
AiZ44~cD . ~ J 1:;' A. .. 1M ~ ~ ,. 

, ~'Q,~ e, 
'5,-, PI= .I ~ 
~..,).s,... '1c~Li),,"; 

Qo y. fl..Gje) ~.,::> ,-,~ 
£'I16'1 UuyZ,7/J ) 

r~-·--~~~-----------------:-------------. I DATI......... ". . .... 14i1tJt; DATA CII!ti£D .. REva:~ IT, IIWt: I 
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