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The Bureau of Sanitation (BOS) hereby transmits two copies of the subject document for your 
review and approval. This document contains revisions to the final cover design for the slopes of 
Disposal Areas "A" and "AB+" and the decks of Disposal Areas "A", "B" and "AB+" from the 
original and approved closure plan dated February 1994 and revised June 1996 and March 1997.The 
revised design for these areas of the landfill is based on an engineered alternative final cover that 
employs a monolithic soil layer as an evapo-transpirative infiltration barrier. The monolithic cover 
was shown to perform better than the Title 27 prescriptive cover in controlling infiltration. The 

· rhortolithil::·soi!· coveJ:C-is also more economical·to·pFocure;.·place, maintain and repair than the·. 
prescriptive cover. Refer to the technical report as presented in Appendix J. Also, the proposed 
monolithic cover report was submitted to both the RWQCB and the LEA on April 8 and July 1, 
1998. Both agencies found the report to have met the state requirements and subsequently issued 
conditional approvals on July 23 and August 5, 1998. Copies of the approval letters are presented 
in Appendix G. 

As part of this revision, BOS prepared a revised closure cost estimate demonstrating that the 
construction of the monolithic cover will result in an overall decrease of $2,066,661 excluding 
contingencies. The total cost reduction including 20% contingency is $2,480,000. A revised initial 
cost estimate worksheet is presented in Appendix F. 

The attached revisions replace in full all prior pages within Volume IV of IV Replacement 
Amendment to the Final Closure Plan, dated June 1996 and later revised in March 1997. These 
revisions are also summarized on the attached summary table . 

. AN EQUAL EMPLOYMENT OPPORTUNITY- AFFIRMATIVE ACTION EMPLOYER 



Due to the potential for enhanced performance at lower cost, BOS requests an expedited review and 
approval of the revised closure plans. The BOS also requests reimbursement for the total cost 
reduction. Upon your approval of the revised plans, please instruct the Union Bank of California to 
disburse the amount of $2,480,000 to the City of Los Angeles. 

If you should have any questions, please call Kelly Gharios at (213) 893-8209. 

Attachment 

C: Drew Sones, BOS 
Joe Maturino, LEA 
Rod Nelson, RWQCB 
Kelly Gharios, BOS 
Paul Blount, BOS 

· K.eii.R:ea:a;sos · 
Reina Pereira, BOS 
Ed Kavazanjian, Geosyntec Consultants 

Very truly yours, 

A1~4~ 
STEPHEN A. FORTUNE, Division Manager 
Solid Resources Engineering & Construction Division 
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deeper rooted vegetation, and better 
evapotranspiration performance. 
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SUMMARY OF REVISIONS 

City of Los Angeles. Bureau of Sanitation 

GeoSymec Consultants 

FINAL CLOSURE AND POST-CLOSURE MAINTENANCE PLANS 
LOPEZ CANYON SANITARY LANDFILL 

This Summary of Revisions outlines the amendments to the Final Closure Plan 

(FCP) and the Final Post-Closure Maintenance Plan (FPCMP) for Lopez Canyon 

Landfill. The FCP is comprised of the Partial Closure Plan (PCP) (Volumes I through 

lli) dated Apri11993 and the Amendment to the PCP (Volume IV of IV), dated 

February 1994. The Amendment (Volume IV of IV) dated June 1996, transformed the 

PCP into the FCP. The FPCMP is comprised of the Partial Post-Closure Maintenance 

Plan (PPCMP) (Volume I) dated January 1993 and the Amendment to the PPCMP 

(Volume IT of IT) dated February 1994. The Amendment (Volume IT of II) transformed 

the PPCMP into the FPCMP. 

The June 1996 document (Volume IV of IV Replacement) replaced in whole. 

the February 1994 Volume IV of IV and amended the FCP and the FPCMP. Revision I 

to Volume IV of IV Replacement Amendment to Final Closure Plan was prepared in 

March 1997 to address comments from the CIWMB and LEA, prior to final approval of 

the closure plan being granted. Applicable sections were revised and replaced the 

respective sections of the original June 1996 document. Revision II to Volume IV of IV 

Replacement Amendment is being submitted October 1998 as an additional revision of 

applicable sections to be incorporated into the June 1996 report, to reflect a 

conditionally approved alternative fmal cover. 

i 
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1. INTRODUCTION 

1.1 Terms of Reference 

City of Los Angeles, Bureau of Sanitation 

& GeoSyntec Consultants 

This volume presents an amendment to the Final Closure Plan (FCP) for the 

Lopez Canyon Sanitary Landfill. Outlined below is a chronological order of 

amendments made to this report: 

• Volume I\7 of IV Replacement P.u~endment to FL"1al Closure Plan \Vas revised in 

June 1996, to replace in whole the February 1994 Volume 1V of 1V and amend the 

Final Closure Plan and Final Post Closure Maintenance Plan. The objective of this 

frrst amendment was to incorporate into the Final Closure Plan (FCP) information 

on the closure of the deck area of Disposal Areas A and B, and the deck and slopes 

of Disposal Areas AB + and C sufficient to constitute a FCP for the entire landfill. 

This volume included revisions to the FCP necessitated by changes in the design of 

the landfill since submission of the FCP. These changes required revisions to the 

fmal cover, frnal grading plan, post-closure settlement estimates, surface-water 

drainage controls, soil loss analysis, landfill gas control system, landscaping and 

irrigation, cost estimate for closure, closure implementation schedule, and fmal 

cover construction quality assurance (CQA) plan for the landfill. 

" Revision I to Volume 1V of 1V Replacement Amendment to Final Closure Pian was 

submitted to the CIWMB, RWQCB artd LEA in March 1997 to address comments 

from the CIWMB and LEA, prior to fmal approval of the closure plan being 

granted. Applicable sections of the amended FCP were revised to reflect these 

comments, and incorporated into the original June 1996 document. Revised sections 

included the fmal cover design, landfill gas control system, closure cost estimate, 

fmal cover performance evaluation report and CQA plan. 

CE4100.Q6/LPZ96.Q6.SO! 98 10 21/16:24 
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City of Los Angeles, Bureau of Sanitation 

& GeoSyntec Consultants 

• Revision II to Volume IV of IV Replacement Amendment to Final Closure Plan is 

being submitted October 1998 as an additional revision of applicable sections 'to be 

incorporated into the amended FCP June 1996 report, to reflect a conditionally 

approved alternative fmal cover. Revised sections include the fmal cover design, 

landscaping and irrigation, closure cost estimate, closure plan implementation 

schedule and CQA plan, with new appendices added to address monolithic cover 

water balance analyses and fmal cover performance evaluation. 

The June 1996 report was prepared by GeoSyntec Consultants (GeoSyntec) for 

the Bureau of Sanitation, Department of Public Works of the City of Los Angeles 

(BOS). The report was written by Mr. Michael S. Snow, P.E., and Dr. Neven 

Matasovic and was reviewed by Dr. Edward Kavazanjian, Jr., P.E., G.E., of 

GeoSyntec . 

The two subsequent reports, submitted March 1997 and October 1998 

respectively, were prepared and written by Ms. Reina Pereira, P.E., and were reviewed 

by Mr. Kelly Gharios, P.E., of BOS. GeoSyntec Consultants assisted BOS in the 

preparation of the technical documents which are part of these revisions. 

CE4!()().()6/Lpz96-06.SOI 1-2 98 10 15/10:08 



1.2 Background and Purpose of Amendment 

City of Los Angeles, Bureau of Sanitation 

& GeoSyntec Consultants 

The purpose of this amendment to the FCP is to provide the Local Enforcement 

Agency (LEA), Los Angeles Regional Water Quality Control Board (RWQCB), and 

California Integrated Waste Management Board (CIWMB) with the necessary 

information to consider the FCP and this amendment as the FCP for the entire landfill in 

accordance with Title 27 of the California Code of Regulations. Closure requirements 

for municipal solid waste landfills are contained in Title 27, RWQCB Order 

No. 93-062, a:rtd in '258. of Title 40 of the Code of Federal Regulations, commonly 

referred to as SubtitleD of the Resource Conservation and Recovery Act (Subtitle D). 

The Partial Closure Plan-Volumes I through III (PCP) was submitted in 

January 1993, revised in April1993, and approved by the RWQCB on 21 July 1993, by 

the LEA on 4 November 1993, and by the CIWMB on 16 December 1993. The 

· amenamenr rotlie-PCP(VOlumervorrvrwas tlistsii&ffilited ill .February 1994. Tl:J.e 

PCP and the amendment to the PCP constitute the FCP. The amendment of the PCP 

was revised in June 1996 (Volume IV of IV Replacement) and was resubmitted as the 

amended FCP to replace in whole the February 1994 submittal. A revision to the 

amended FCP was made in March 1997 to address comments from the CIWMB and 

LEA prior to final approval being granted. This replaced applicable sections of the June 

1996 report. 

By letters dated July 31, 1997, and August 5, 1997, the LEA and CIWMB 

found the revised closure plan technically adequate, with final approval contingent on 

the approval of the environmental documents. Subsequently, Revision ll to the amended 

FCP is being submitted October 1998 as an additional revision to applicable sections of 

the June 1996 report to reflect a conditionally approved alternative fmal cover. 
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The PCP (Volumes I through III) was prepared in order to accommodate 

closure of the slopes of Disposal Areas A and B in advance of the remaining areas. 

The amendment to the PCP was prepared to address ·additional information on the 

closure of the deck areas of Disposal Areas A and B, and the deck and slope areas of 

Disposal Areas AB + and C. The amendment to the FCP addresses the additional 

information on the closure of the deck area of Disposal Areas A and B, and the deck and 

slope areas at Disposal Areas AB + and C resulting from the change in fmal elevation of 

the deck of Disposal Area C. The FCP proposed that the closure of the landfill be 

accomplished in two phases. Phase I closure includes the slopes of Disposal Areas A 

and B. Phase I closure began in the Spring of 1994. Phase I closure was to be 

completed by Summer 1996. As a result of the suspension of closure activities in order 

to allow city resources to work on future CUP areas, the Phase I closure was not 

completed by 1996. Phase II closure includes the top decks of Disposal Areas A and B 

and all of Disposal Areas AB+ and C. Phase II closure is currently scheduled to 
· commenceintheWinterof1999.···· ............................................. . 

1.3 Report Organization 

The remainder of this report is organized into sections which describe the 

necessary revisions to the FCP as follows: 

• Section 2 presents a description of the revised fmal cover design; 

• Section 3 presents the revised fmal grading plan for the decks of Disposal 

Areas A, B, AB+, and C, and the slopes of Disposal Areas AB+ and C; 
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• Section 4 presents revised post-closure settlement estimates for Disposal 

Areas A, B, AB+, and C resulting from the modifications to the final 

grading plan; 

• Section 5 presents the revisions to the surface-water drainage design for the 

decks of Disposal Areas A, B, AB +, and C, and slopes of Areas AB + and 

C resulting from the modifications to the fmal grading plan; 

• Section 6 presents revised soil loss estimates for Disposal Areas A, B, 

AB +, and C resulting from the modifications to the final grading plan, 

surface-water drainage system, and fmal cover cross-section; 

• Section 7 presents the. revisions to the landfill gas control system resulting 
··· ····- ~,. ···· ·· ··················· ············· ······· ··· from tlie mooificationstotliefmal gi:aamgpian;·· ····················· 

• Section 8 presents the revised landscaping and irrigation design resulting 

from the changes to the fmal grading plan; 

• Section 9 presents revised cost estimates for implementing closure resulting 

from the modifications described in Sections 1 through 8; 

• Section 10 presents an updated closure implementation schedule; 

• Section 11 presents revisions to construction quality assurance (CQA) 

procedures resulting from modifications to the fmal cover cross-sections; 
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" Appendix A presents the Updated Site Facilities Map which amends the Site 

Facilities Map of Volume ill of IV of the FCP; 

• Appendix B presents the Updated Site Radius Maps which amend the Site 

Radius Maps of Volume ill ofiVofthe FCP; 

"' Appendix C presents the Updated Ground-Water Monitoring Network 

which amends Drawing No. 1 of Volume II of ll of the FPCMP; 

" Appendix D presents the Updated Figures 1-1 and 3-1 which amend 

Figures 1-1 and 3-1 of Volume ll of ll of the FPCMP; 

e Appendix E presents the Revised Post-Closure Maintenance Cost Estimate 

······· ······which amendsSection4-ofVoh:imellofllofthe FPCMP;··· 

• Appendix F presents the updated Closure and Post-Closure Cost Estimates. 
' Revised Initial Cost Estimate Worksheet which amends the Appendix K of 

Volume ll of IV of the FCP and Table 4-1 of Volume ll of ll of the 

FPCMP; 

e Appendix G presents various approval letters from the CIWMB approving 

the revised final cover design; 

., Appendix H presents a Final Cover Performance Evaluation report, 

including water balance (infiltration) and slope stability analyses for the 

fmal cover of Disposal Area C; 

CE4100-06/LPZ%{)6.SO! 1-6 98 10 15/10:08 



City of Los Angeles, Bureau of Sanitation 

& GeoSyntec Consultants 

• Appendix I presents a revised CQA Plan for implementing the procedures 

presented in Section 11 ; 

• Appendix J presents a report on the Proposed Engineered Alternative Final 

Cover on the Slopes of Disposal Areas A and AB+, and the Decks of 

Disposal Areas A, B and AB +; 

• Appendix K presents a report on the Evaluation of the Phase III West Ridge 

as a Borrow Source for Monolithic Soil Cover; and 
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The final cover for Disposal Area C has been revised from the design presented 

in the PCP to conform to the requirements of SubtitleD, Title 27, and RWQCB Order 

No. 93-062 for final covers over bottom liners which include a geomembrane. This 

revised final cover design was submitted to the CIWMB in February 1994 and was 

approved on 10 October 1995. A copy of the approval is presented in Appendix G. The 

fmal cover presented in the PCP employed an infiltration barrier layer composed of 

compacted soil only. The revised design for Disposal Area C incorporates a 

geomembrane in the infiltration barrier layer in the deck and bench areas. The 

...... geomembrane.was .. included inthedeek-and-benchareasinaccorctance·withilieprescfibed··· 

minimum construction standards of SubtitleD and Title 27. On the slopes of the waste 

face, an engineered alternative fmal cover is employed. The alternative slope final cover 

was designed in accordance with state and federal regulatory standards for a performance­

based design of an engineered alternative fmal cover. 

A performance evaluation of the Disposal Area C alternative slope fmal cover 

was conducted to demonstrate compliance with applicable state and federal regulations. 

The performance evaluation included an infiltration analysis and a slope stability 

assessment for the alternative slope fmal cover design. The performance evaluation also 

included a demonstration that the construction of the prescriptive fmal cover provided in 

state and federal regulations on the side slopes was burdensome and impractical and 

would not promote attainment of the performance goals for fmal covers, as required by 

the state regulations. A detailed presentation of the performance evaluation is contained 
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in the Final Cover Performance Evaluation report presented as Appendix H of this 

addendum. A summary of the performance evaluation is presented herein. 

Additionally, the final cover design for the slopes of Disposal Areas A and 

AB +, and the decks of Disposal Areas A, B and AB + have been revised from the 

prescriptive standards outlined in Subtitle D and Title 27 to reflect an alternative 

engineered monolithic cover. This request was submitted to the RWQCB and LEA on 

April 8, 1998, and conditionally approved by the RWQCB Lll a letter dated July 23, 1998, 

and by the LEA on August 5, 1998. Copies of tire approvals"are shown in Appendix G:'-· 

The final cover presented in the amended FCP utilized a one foot infiltration 

barrier layer under a two foot vegetative layer on the slopes of Disposal Areas A and 

AB +, and a GCL liner l!Il~er_a_tw?~O()!_v_egetativelayer Cl!lthe decks ofDisp<)sal_Jl.r:ells 

A, B and AB +. The revised design for these areas employs a monolithic fmal cover 

which was shown to perform better than the Title 27 prescriptive cover in controlling 

infiltration in a report entitled "Proposed Engineered Alternative Final Cover on the 

Slope of Disposal Areas A and AB + and the Decks of Disposal Areas A, B and AB + 
- Lopez Canyon Restoration Project," as presented in Appendix J. 

2.2 Regulatory Framework 

State of California regulations concerning design and construction of fmal 

covers for closure of municipal solid waste landfills are found in Title 27, and RWQCB 

Order No. 93-062. Federal regulations for fmal covers are provided in Subtitle D. State 

and federal regulations both provide a minimum prescriptive construction standard for 

the fmal cover of Municipal Solid Waste Landfills (MSWLFs) that includes a protective 
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vegetative erosion control layer and a low-permeability soil infiltration barrier layer. 

State regulations are somewhat more restrictive than federal regulations with respect to 

these layers, requiring a thicker erosion control layer and an order of magnitude lower 

hydraulic conductivity for the barrier layer. The state and federal regulations both 

require that the final cover have a "permeability" less than or equal to that of any bottom 

liner or underlying material. This requirement is generally interpreted as an implied 

prescriptive requirement that a geomembrane be included in the final cover barrier layer 

. above.areas which incorporate a geomembrane in the bottom liner. This "permeability" 

requirement is also interpreted as a performance standard requiring less infiltration of 

surface water through the final cover than liquid flux through the base of the landfill. 

Based upon the state and federal regulations and considering that Disposal 

Area C does have a ~e()Il1el11~r!ll1ebottoii1Jiner,tlleprescripti:ve[I1JllLC:oYerJo.rDisposaL 

Area C is inferred to consist of (from top to bottom): 

• a vegetative layer at least 12-in. (300-mm) thick and of greater thickness 

than the rooting depth of any vegetation planted on the fmal cover; 

• a geomembrane infiltration barrier; 

• a compacted soil barrier layer not less than 12-in. (300-mm) thick with 

a maximum hydraulic conductivity of 1 x 10-6 em/sec; 

• a foundation layer at least 24-in. (600-mm) thick; and 

• a design which provides for the minimum maintenance possible. 
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Both federal and state regulations provide for design of an alternative to the 

prescriptive final cover. Federal regulations allow the director of an approved state to 

approve an alternative design shown to be equivalent or superior to the performance of 

the prescriptive design with respect to infiltration and wind and water erosion. California 

is an approved state. 

Section 21140. of Title 27 provides for the approval of alternative final covers 

when t..l}e .owner demonstrates t_l}at: 

• "the final cover shall function with minimum maintenance and provide 

waste containment to protect public health and safety by controlling at 

a minimum, vectors, fire, odor, litter and landfill gas migration.· The 

final cover shall also be C:<Jll1Pati~l(!\Vith pgstc;l{)strreJaJ:lclllS.(! .. " ... 

• the engineered alternative is consistent with the performance 

requirements as established in 40 CFR 258.60(b), which states that the 

alternative fmal cover design shall meet or exceed the prescriptive 

permeability of lxl0·5 em/sec, or less than the permeability of any 

bottom liner, with a minimum of 18-inches of earthen material. 

Additionally, provide an erosion layer that provides protection from 

wind and water erosion, equivalent to the prescriptive minimum of 6-

inches of earthen material capable of sustaining native plant growth. 

The state and federal requirement that the fmal cover have a "permeability" less 

than or equal to the bottom liner or underlying material is generally interpreted as an 

implied fmal cover infiltration performance standard that the flux through the cover 

should be less than the flux through the base liner. United States Environmental 
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Protection Agency (USEP A) has confirmed this interpretation of the implied prescriptive 

requirement and performance standard of the Subtitle D closure requirement in the "Final 

rule; corrections" for SubtitleD published in the Federal Register of 26 June 1992 

(Vol. 57, No. 124, pp. 28626-28628). USEPA's comments on the prescriptive and 

performance standards for final cover design are discussed in detail in the Final Cover 

Performance Evaluation report presented in Appendix H. 

· The FL11a! Cover Performance Evaluation report presented L11 AppendLx H of u'lis 

addendum contains the demonstration required by state regulations that construction of 

the prescriptive final cover on the slopes of the waste face of Disposal Area C is both 

burdensome and impractical and will not promote attainment of the performance goals 

for fmal covers. On the basis of this demonstration, an engineered alternative fmal cover 

for the Disp()salAre~tC:: \Vaste slopes\Vas<f~v~l()p~<i, ... 

The Proposed Engineered Alternative Final Cover report presented in Appendix 

J shows that the monolithic soil cover modei provides better Infiltration control than the 

prescriptive standard described in Title 27, thns providing better ground water protection. 

Moreover, the prescriptive standard illustrates constructability that is more burdensome, 

quality assurance testing procedures that are more stringent, it is more susceptible to 

cracking, involves more labor intensive maintenance, and is significantly higher in cost 

of purchase and placement of material. Based on the above fmdings, it was determined 

that the engineered alternative cover developed for the slope of Disposal Areas A and 

AB +, and the deck of Disposal Areas A, B and AB + would be more practical and would 

better promote attainment of performance goals. 
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Final cover configuration for the entire landfill is shown in Figure 2-0. 

Disposal Area C Deck/Bench Areas 

The fmal cover on deck and bench areas of Disposal Area C satisfies the 

prescriptive standard in t.he CalifowJa .regulations. The deck and bench area fl.na! cover, 

shown in Figures 2-1 through 2-1(f), consists of the following components (from top to 

bottom): 

• vegetative layer at least 24-in. (600-min) thick; 

• 12 oz/yd2 (410 g/m2
) non-woven geotextile cushion; 

• 40-mil (1-mm) thick very-flexible polyethylene (VFPE) geomembrane 

(smooth on the deck areas and textured on the bench areas). Technical 

specifications are shown in Table 2-1. Note that VFPE geomembranes 

include very low density polyethylene (VLDPE) and linear low density 

polyethylene (LLDPE), as noted in Appendices H and I; 

• 12-in. (300-mm) thick barrier layer of compacted low-permeability soil, 

with a hydraulic conductivity no greater than 1 x 10.,; cm/s. A 

geosynthetic clay liner (GCL) with a hydraulic conductivity no greater 

than 5 x 10 -9 cm/s may be used as a barrier layer for the deck area 

instead of the low-permeability soil. Technical specifications for GCL 

are shown in Table 2-2; and 
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2.3.2 Disposal Area A, B, and AB+ Deck Areas 

The final cover on the deck of Disposal Areas A, B, and AB+ has been 

modified from that presented in the PCP to. delete the geotextile between the vegetative 

layer and the low-permeability soil barrier layer. It has also been modified from the 

original Amendment to the Final Closure Plan to delete the option of using a geosynthetic 

clay liner (GCL) as a low permeability barrier layer. The revised final cover comprises 

a three foot single layer monolithic cover of silty sand or clayey sand with a saturated 

hydraulic conductivity no greater than 3 x 10'5 cm/s oveEIYil11Ll!~U_Ill_()Lt~QJQQJ: .. :J ...... .. ...... ~~i;;t~gf~~~d;tl~~-l~y~;- Th~ ~~dlfl~dfl~~~~~~~;j~~resented in Figures 2-2 through 

2-2(b). 

2.3.3 Disposal Area C Slope Areas 

An engineered alternative fmal cover was developed for the slope areas of the 

Disposal Area C waste face. The engineered alternative was developed on the basis of 

the demonstration included in Appendix H of this amendment, the Final Cover 

Performance Evaluation report, that inclusion of a geomembrane in the slope areas of the 

Disposal Area C final cover would be burdensome and impractical and would not 

promote attainment of the performance goals of a fmal cover. Use of a geomembrane in 

the final cover on the waste slopes was deemed burdensome and impractical due to 

constructability, stability, and cost considerations. Furthermore, the maintenance 

CE41 OO.Q6/LPZ96-06.S02 2-7 98 10 15!14:46 



City of Los Angeles, Bureau of Sanitation 

& GeoSyntec Consultants 

requirements for a slope final cover incorporating a geomembrane were deemed contrary 

to the performance goal of minimizing final cover maintenance. 

The engineered alternative fmal cover design for the slope areas of the Disposal 

Area C waste face is shown in Figure 2-3. The final cover for the slope area consists of 

the following components (from top to bottom): 

• vegetative layer at-least 24-Lll. (600-~'11) th.ick; 

• 12-in. (300-mm) thick barrier layer of compacted low-permeability soil 

with a hydraulic conductivity no greater than 1 x 10·6 crn!s; and 

• 24-in. (600-mm) thick foundation layer. 
·--- ~· -··-···-··~···-·-···-····-·-·-·-·-·~-"-'···~·--"---·~·~····~~·····--·· ~--··----~~· 

2.3.4 Disposal Area B Slope Areas 

The same final cover used on the Disposal Area C slopes will be used on the 

slopes of Disposal Area B. This final cover for the B slopes is different than that which 

was originally submitted in t..l:!e PCP. The monolithic clay cover was replaced with the 

fmal cover as described in the above section. This modification was submitted to the 

CIWMB on 31 May 1994 and approved on 10 October 1995. A copy of the approval 

letter is presented in Appendix G. This fmal cover is shown in Figure 2-3 and described 

in the preceding section. As the slopes of Disposal Area B are not underlain by a 

geomembrane liner, the fmal cover for the benches in these areas do not require a 

geomembrane. The final cover conforms to the prescriptive design standard. 
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The final cover for the slopes of Disposal Area A has been modified from the· 

monolithic clay cover originally submitted in the PCP, and the 2 ft (0. 6m) foundation 

layer, 1 ft (0.3m) clay layer and two ft. (0.6m) vegetative layer final cover as submitted 

in the June 1996 Amendment to the Final Closure Plan. The modified final cover 

consists of an engineered monolithic soil cover composed of a minimum 2 ft (0.6m) thick 

f'nun;lat!" nn l'!l'VPr ('\,,Prlat,; b)' a ·~ ft f0 Om) hnTPr n-f cilhT sann or C'la"e·n c<;Jn.-1 urfth a ,...., .. ~ .. "-',. ....... ...,J.., ... v~ .......... u... ·.J ..... ' ........ """")'"'" ...,.._ ...,,..,. .. ) .,... · J J ._....._.._ ... ~ "'"lt.a.~W. 

saturated hydraulic conductivity no greater than 3 x 10·5 crn!s. The existing interim soil 

cover on the slopes of Disposal Area A consists of at least 6.5 ft (2m) of silty sand or 

clayey sand characterized by a hydraulic conductivity of 4.6 x 10·5 cm/s. Additionally, 

the Proposed Engineered Alternative Final Cover report (refer to Appendix J), shows that 

. . .... tl1t:e2'i~ti!Jg iil!e!'ill! §()il c:gver d~!llQ!1!>tr!!tesJessnerco1ationthan.theTitle.27 .. prescriptive .... 

cover. Therefore, the existing slope areas of Disposal Area A meet final closure 

specifications. Refer to Figure 2-3(a). 

The fmal cover for the slopes of Disposal· Area AB + has also been modified 

from the 2 ft (0.6 m) foundation layer, I ft (0.3m) clay layer and two ft (0.6 m) 

foundation layer as submitted in the Amendment to the Final Closure Plan. The modified 

fmal cover also consists of an engineered monolithic soil cover as described for the slope 

areas of Disposal Area A above. However, a 3 ft (0.9m) thick layer of soil with a 

hydraulic conductivity of no greater than 3 x 10-5 crn!s is required to be placed in this 

area to meet minimal final cover thicknesses, as illustrated in Appendix J, and shown in 

Figure 2-3(b). 

The change in the final elevation of Disposal Area C has produced a split-deck 

fmal grading plan, with the deck of Disposal Area C at elevation 1,600 ft msl and the 
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deck of Disposal Area AB + at elevation 1770 ft msl. This split deck has created a need 

for construction of a final cover on the waste slopes of Disposal Area AB + between the 

decks of Disposal Areas AB+ and C. Additionally, a portion of the haul road and 

perimeter channel in Disposal Area AB + will be reconstructed to include a final cover, 

since refuse underlies this area. This final cover detail is shown in Figure 2-4. 

2.3 .6 Sources of Dirt for- the Monolithic and Prescriptive Final Cover 

The amount of dirt required to close the decks of Disposal Areas A, B and 

AB +, and the slopes of Disposal Areas AB + with a monolithic cover, and the slopes and 

deck of Disposal Area C with the prescriptive vegetative layer is approximately 494,000 

.. ~') ........ ;~~~~;?;;~;~)~~i~p!:~~~:;~!~~~~·~~~~~~~,9!~~~~:~~;:~:=~w;:~:~······ 
entitled Evaluation of the Phase III West Ridge as a Borrow Source for Monolithic· Soil 

Cover, that demonstrates the ridge to be a feasible borrow source of material for 

monolithic soil cover. 

The remaining quantity is being obtained from construction contractors either free or 

through purchase orders. 
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Use of an engineered alternative final cover on the waste slopes of Disposal 

Area C requires a demonstration that the alternative design provides equivalent protection 

to ground water and resistance to infiltration compared to the prescriptive design. The 

potential for infiltration of surface water through the alternative fmal cover on the slopes 

of the waste face was evaluated using two USEPA-developed water balance models: (i) 

HELP Model Version 2 [USEPA; 1984 a,b]; and (ii) Lhe SW-!68 Mode! developed by 

Penn et a!. [1975]. The infiltration calculations are included in Appendix H of this 

addendum, the Final Cover Performance Evaluation report. 

Neither the HELP nor the SW-168 Model predicted infiltration through the 

cover. One fa~to~ influencing theJa(;~ ()fJilfiltrl!ti()gj~1h~high per~entageofrun~ofL .......... . 

from the 2H: 1 V Disposal Area C slopes. In addition, the annual precipitation is 

significantly less than the annual pan evaporation rate. As a result, the soil moisture 

storage capacity was not exceeded in either short term or long term conditions, resulting 

in no infiltration through the final cover barrier layer. Because there was no infiltration 

through the barrier layer, the engineered alternative final cover design for the Disposal 

Area C slopes meets the infiltration performance standard of less infiltration through the 

final cover than through the bottom liner. 

Likewise, use of an engineered alternative fmal cover on the decks of Disposal 

Areas A, B and AB +, and the slopes of Disposal Areas A and AB + demonstrate that the 

alternative design provides equivalent or better protection to ground water and resistance 

to infiltration compared to the prescriptive design. The infiltration performance 

evaluation was conducted using the LEACHM Model nnder existing site conditions. This 

infiltration water balance analysis is included in Appendix J of this report. 
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Both one-dimensional (infinite slope) and two-dimensional slope stability 

analyses of the Disposal Area C final cover were performed. Slope stability calculations 

are included in. Appendix H of this report, the Final Cover Performance Evaluation 

report. The one-dimensional slope stability analyses were performed using the 

methodology suggested by Matasovic [1991]. Two-dimensional slope stability analyses 

were performed using the computer program PC STABL 5M [Achi!leos, 1988]. 

One-dimensional stability analyses yielded a minimum (static) factor of safety 

of 2.0 for a failure surface passing thtough the waste immediately below the existing 

foundation layer. The corresponding pseudo-static factor of safety for a seismic 

coefficient of 0.2 \¥~s ... 1.4:1: <:Je_o~yl1tec cgnsicif!fS_!.II!§P$ell<:lo:s1!!1icJactm: .. of .. safety .... 
- -~························ ···-··-·····-········ 

acceptable based upon the conclusions of Seed [1979]. Based upon observations of the 

performance of slopes and embankments in earthquakes around the wotld, Seed [1979] 

concluded that slopes designed with a pseudo-static factor of safety of 1.15 for a seismic 

coefficient of 0.15 experienced "acceptable" deformations (less than 1 ft (0.3 m)) in 

earthquakes of all magnitudes and intensities. However, to substantiate this conclusion, 

maximum permanent seismic displacements were estimated using charts developed by 

Hynes and Franklin [1984] using Newmark analyses. Predicted displacements for the 

critical ftnal cover failure surface were on the order of 2 in. (50 mm) for the design peak 

ground acceleration of 0.69 g. Two-dimensional slope stability analyses yielded a 

minimum (static) factor of safety of 2.86 and a pseudo-static factor of safety of 2.0. 

The infiltration analyses indicated the potential for development of down slope 

seepage parallel to the face of the slope within the vegetative cover layer was negligible, · 

even for the 100-year, 24-hour storm. However, stability analyses were conducted for 
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' 
the limiting case of seepage parallel to the slope. Stability analyses for the condition of 

seepage parallel to the slope yielded a minimum (static) factor of safety of 2.5 for this 

condition. 

The final cover on the slopes of the Disposal Area AB + waste face will have 

the same cross section as the final cover on the Disposal Area C waste face. However, 

the inclination of the slopes on the Disposal Area AB + waste face is 2.5H: 1 V, flatter 

t'lan the 21I: 1 V inclination of t."1e slopes on the Disposal Area C vvaste face. As the final 

cover on the Disposal Area C waste face was demonstrated to be stable, separate stability 

calculations for the flatter Disposal Area AB + fmal cover were not considered necessary. 

The stability calculations are included in Appendix H of this addendum, the 

•... Ei!llil (:Qy~r:.J'.e:rfQP::tlaPc~EYlilu<ttion.report. ... 
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8. REVISED. LAND.SCAPING AND. IRRIGATION 

Introduction 

The proposed landscape design for the closed Lopez Canyon Landfill is an 

interim open space landscape revegetated with California native plant materials suited 

for Southern California. The primary purpose of the vegetative cover will be the 

protection of surface soils against erosive elements such as water and wind. Secondary 

or indirect purposes of the cover include aesthetic enhancement and restoration and 

replacement of native grass and sage scrub species.. The deck and slope areas of the 

landfill will receive vegetative types which respond to site factors such as solar 

orientation, degree of erosion potential, and water conservation. Figures 8-1 through 

8-5 show slope and deck planting areas; with typical planting legends and details in 
······ Figures~~6and8:7·.-

All deck and south/southwest oriented areas of the landfill will be planted with 

native grassland species of Southern California with .. additional non-native, 

noncompetitive grasses. Pioneer plant species will be included to rejuvenate the soil 

environment. All north/northeast oriented slopes will be revegetated with native shrubs 

and grasses typical of the local slope areas adjacent to little water, little maintenance, 

and will be shallow rooted to avoid penetration of the low-permeability fmal cover 

layer. 

It is intended that whenever possible, the deck areas will be seeded during the 

rainy months in order to reduce the amount of supplemental irrigation. It is also 

anticipated that construction schedule demands ·may not allow waiting for a rainy 

season. There may also be little or no rain in any given year. Therefore, at the 

CE4100-06/LPZ96-06.S08 8-1 98 10 15/15:09 



City of Los Angeles. Bureau of Sanitation 

& GeoSyntec Consultants 

discretion of the Engineer, temporary overhead spray irrigation systems may be used to 

assist germination and establishment of seed on the deck areas. These systems may be 

rented and left in place until the vegetation is well established, a period between six and 

eighteen months. 

As an alternative to permanent irrigation systems, temporary irrigation systems 

may be used for all or part of the landfill. However, permanent overhead spray 

irrigation systems will be designed for all slope areas. In some areas, sufficient natural 

vegetation may already have become established by the time irrigation construction is 

ready to begin. The Engineer may exercise the option to postpone installation of 

permanent irrigation on some slope areas, or to use temporary irrigation systems, for 

areas which have well established vegetation, or which are not over the waste prism and 

would not affect the fmal cover system. 

A water balance study was performed to determine if irrigation of the fmal 

cover would create excess infiltration of water into the trash prism. Based on the results 

of the study, irrigation of the fmal cover to establish vegetation will not result in 

unacceptable percolation through the cover, even under the wettest conditions. A water 

balance study for the Lopez Canyon Landfill was prepared by Law Environmental dated 

March 27, 1992, and is included as Appendix J of Volume ll of IV of the FCP. In 

addition, periodic monitoring of watering by a landscape architect representative will be 

conducted until final cover vegetation is established. 

Based on the conditionally approved alternative fmaJ. cover for the decks of 

Disposal Areas A, B and AB +, and the slopes of Disposal Areas A and AB +, an 

important factor governing the performance of the monolithic soil cover is 

evapotranspiration. Evapotranspiration of infiltration water from the cover soil requires 
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the establishment of vegetation on the cover, and should display rooting depths of at 

least 12 to 18 in. (200 to 450 mm). Only plant species that can survive on the natural 

precipitation should be considered for vegetating these areas of the landfill. 

These requirements are consistent with the seed mix currently established for 

the other areas of the landfill. The time of planting should be in the fall to coincide with 

the natural seasonal rains, as in the other areas of the landfill, with temporary irrigation 

used in the event. that additional water is needed to establish vegetation. Additionally, 

this alternative cover system allows for a wider variety of native vegetation to establish 

itself, which has deeper roots than would be acceptable with the prescriptive cover, thus 

requiring less maintenance and removal. A water balance analysis peiformed on the 

alternative fmal cover determined that there is less infiltration into the landfill than the 

prescriptive cover, however, if any irrigation is applied, the daily volume will be 

··m:onitoreda:nd recorded;· 

8.2 Post-Closure End Use 

The proposed interim end use for the site is open space and will be planted with 

foothill grass plant species and inland sage scrub plant species. The vegetation 

established on the slopes at the completion of closure should be compatible with most 

ultimate end uses. The cover has been designed to accommodate irrigation so as not to 

limit any future end use selected for the site. 
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All plant species for the site have been selected because of their adaptability to 

a limiting set of site criteria. The more important criteria includes low water 

consumption, tolerance of high salt content in the soils, adaptability to clay soils, ease of 

maintenance, low fire fuel load, shallow root systems and wind tolerance. The layout of 

containerized plants which is shown on the plans is intended as a general design. The 

actual number and layout of plants will be determined in the field by the Site Engineer 

based on actual conditions at the time of planting. 

····-~··· ··· ···· · 8;3;2 ······ ······ ·· DeckandSlopeAreaPlant·Ma:teriais· · ·············· ············ ··· ·········· ········ 
) 

-·/ 

All deck and south/ southwest oriented areas will be vegetated with a select 

grass seed mix comprised of native annual and perennial bunch grass species. 

Individual species selected as the vegetative cover are identified in Table 8-1. The 

grasses will provide a green vegetative color during the wet season and a light 

green/light brown color during the dry season. Several grass species are warm season 

perennials providing green foliage during the summer months on li\nited water. Their 

warm season perennial characteristic should limit fire fuel load buildup. Establishment 

of the grass should occur in the frrst two to three growing seasons. 

All north/northeast oriented slopes will be revegetated with perennial shrubs 

common to the local slopes of the area. The shrubs will provide visual integration of 

these disposal areas to the adjacent open space areas. The ultimate height of the 
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vegetative cover will be approximately four feet witb most species reaching two feet in 

height. Establishment of tbe shrubs should occur in tbe fourtb or fifth growing season. 

Individual species selected as tbe vegetative cover are identified in Table 8-1. 

The lower slope area of Disposal Area A can be seeded and/or planted witb 

deeper rooting shrubs. The shrubs will not threaten cover integrity since tbe final cover 

design in this area provides for a vegetative layer 10 to 40 feet thick. During cover 

construction, soil deptbs should be noted to ensure proper placement of deeper rooted 

plants. 

Shrub and tree species common to tbe chaparral belt plant community can be 

installed on tbe Disposal Area A slopes where deeper vegetative soil layers will be 

placed. These shrubs and trees are not available in seed source and should be installed · :J ········ ·· ·· ·· :::~::~ i~::~~;;s~f~:~:~~~~e frrsrstage of p1antestal51isnmerit. Tliese snruo 

8.3.3 Soil Amendment 

Prior to seeding, a soil activator/conditioner will be applied to tbe decks and 

slopes. The soil activator will provide an available nutrient base for quick establishment 

and will provide a long,term fertile soil environment for full plant development. The 

soil activator is formulated to provide an appropriate soil environment for tbe native 

plant species proposed as a vegetative cover. 
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Upon completion of closure construction, and prior to seeding operations, an 

aggressive weed eradication program should be implemented to eliminate invasive 

weeds sue)) _as mustard and thistles. These undesirable plants are natural to disturbed 

sites of the region and their control will be necessary to ensure proper establishment of 

the desired plant species, to reduce fire potential, and to eliminate possible penetration 

of the final cover by undesirable deep rooting species. The weed eradication program 

for each area may be modified by the Engineer, depending upon the condition of the 

area and project schedule. 

The initial removal of weeds may be accomplished by mechanical means and/or 

by herbicides, as determined during a site inspection by a State licensed Agricultural 

Advisor and the Engineer. During testing of the irrigation system and following the 

first-stage of weed removal, dormant weed seeds will germinate. Two to three weeks 

following the appearance of these weeds, a second eradication effort is required to kill 

the second generation weeds. This is usually accomplished by herbicide application. 

Following eradication of the second generation of weeds, the slopes are ready for 

planting. 

After seeding and germination, each area should receive continued weed 

monitoring during the plant establishment period, with supplemental weed eradication 

- activities as necessary. 
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The slopes will be constructed to limit water infiltration and allow for proper 

establishment of the vegetative cover. The minimum cover thickness required for 

vegetation will be 24 inches and may be highly compacted. Slope scarification and 

texturing will eliminate high run-off velocities of water and will create pockets for seed 

dispersal and germination ... The selected method for texturing will produce surface 

pockets to a minimum depth of two inches normal to the slope at not greater than eight 

inches apart. Prior to slope texturing, the surface will be dampened to a minimum depth 

of two inches. 

Seeding procedures for the deck area will be performed by mechanical drill 

seeding. This technique provides better contact between the seeds and the soil which 

will increase the germination percentages. Prior to drill seeding, and the addition of soil 

activators, all compacted soils should be watered to reduce soil compaction in the upper 

three inches of soil. This step increases the drill seeding equipment's efficiency at 

dropping. seeds into the ;oil and will incorporate the soil activator with existing cover 

soils. Drill seeding can occur following the installation of the temporary irrigation 

system and weed eradication. 

Installation of the slope vegetative cover will be performed by two-stage 

hydroseeding in the fall months after weed eradication. The two-stage hydroseed 

installation creates a better growth environment resulting in increased landscape 

CE41Q0.06/LPZ96-06.S08 8-7 98 10 15/15:09 



City of Los Angeles, Bureau of Sanitation 

& GeoSyntec Consultants 

coverage. The first stage of the process is an application of the seed mix and soil 

activator in the form of a light slurry on the textured slope. The second stage is an 

application of a tackifier and mulch over the seed. This process provides soil contact 

between the seed and soil and provides a heavy mulch cover over the seed which will 

reduce exposure to the sun. The tackifier prevents loss of the mulch from rain or 

irrigation and wind. 

8.5 Irrigation System 

The final cover irrigation system will consist of a pressured water supply line, 

the existing one million gallon (1 MG) water tank, a booster pump at the reservoir, 

mainline distribution networks on the irrigated areas, permanent or temporary sprinkler 

····systems·on ·the···· slopes,- and irrigation-controllers·sufftcient1U uverate eacJ:careaofthe-- - - ····· ·· 

landfill. 

The existing landfill water supply system is designed to lift water from the Los 

Angeles Department of Water & Power main pipeline on Lopez Canyon Road to the 1 

. MG water tank. This system consists of two 400 gallon per minute (gpm) pumps and an 

above ground ten inch diameter cast iron pipeline to the 1 MG water tank at the top of 

the landfill. Irrigation scheduling will account for the rate of filling and depletion of the 

tank reservoir. This limitation will restrict the size of area which can be irrigated at full 

germination rates during any period. Water Management will be the responsibility of the 

Site Engineer. 
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A 485 gpm duplex booster pump station is located at the reservoir in order to 

pressurize the upper deck and upper slope distribution systems which do not receive 

sufficient head pressure from the tank. These pumps could be operated up to 24 hours 

per day to meet demand during critical seed germination periods, depending on the 

limitations of the water supply system. 

Air and vacuum release valves will be located at all high points in the system. 

Blow-off valves will be placed at low points, with a lateral connection to the storm drain 

for all discharges. Pressure regulating valves will be located at main supply lines that 

feed slopes to reduce the water pressure to acceptable levels. Pressure relief valves will 

also be installed in the supply line to eliminate pressure surges. Isolation valves will be 

installed at a spacing of approximately 1,000 feet to provide for flexibility during 

operation and maintenance of the system 

8.5.1 Deck Area Irrigation 

The deck area irrigation system for the Lopez Canyon landfill is proposed to be 

a temporary manually operated system. 

The major components of the system will be rented and consist of a mainline, 

lateral pipes, risers, manual valves, and sprinkler heads. The point of connection to the 

water supply for the deck systems will be a flange fitting, located at the edge of the deck 

area. The booster pumps may · be used to provide adequate pressure for the deck 

systems. Sprinkler laterals will be placed directly on the ground and spring check 

valves will be utilized at all risers to minimize gravity drainage from the laterals. This 

will eliminate the wasting of water and reduce the potential for erosion. The supply 

CE41Q0.06/LPZ9Ml6.S08 8-9 98 10 15/15:09 



.. ~T 
'---"' 

City of Los Angeles. Bureau of Sanitation 

& GeoSyntec Consultants 

system will be designed to provide a minimum of 40 psi pressure to the sprinkler heads. 

8.5.2. Slope Area Irrigation System 

The proposed method of irrigation for slope areas is permanent, automatically 

operated systems. Layout and installation details are shown in Figures 8-8 through 

8-17. Typical layout will include a supply line and a lateral line placed along the outside 

of each bench at the top of the slopes. These pipes would be buried in the vegetative 

layer for protection from physical and ultraviolet (U. V.) damage. Other lateral lines 

may run under benches or down slopes as necessary for adequate coverage on large 

slope areas. Laterals on slope faces should be avoided if possible. Most mainline and 

lateral Jines will be PVC with U. V. inhibitors. The main system distribution lines will 

···besteel:Sieeves·wilJ-be·installed-arbenchcrossinJrnrprorecrthePVC.j5ipe. · ·· ··················· 

Sprinkler heads will have a gear driven rotary design with part circle coverage 

at the top of the slopes, and full circle heads at mid-slope where necessary. The supply 

system will be designed to provide a minimum of 40 psi pressure to the sprinklers. The 

sprinkler nozzle sizes will vary depending on the water pressure and desired coverage at 

each head. Check valves will be used to minimize drainage and reduce the potential for 

erosion and rutting. 

An alternative, less expensive method for irrigating slopes will be to use 

temporary rental type systems. The Engineer will make the final determination of 

which type of system will be used, depending upon conditions .and schedule 

requirements when the slopes are ready for irrigation and seeding. Temporary systems 

for slopes will include a mainline, lateral pipes, risers, manual valves, and sprinkler 
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heads which will be placed on the surface of the cover at the outer edge of the bench 

above the slope. The source of irrigation water for temporary systems on slopes would 

be points of connection at the permanent mainlines at the end of each bench. 

8.6 Description of Figures 

Figures 8-1, 8-2., and 8-3 illus~ate Decks A, B,C, and AB+; Slopes areas 

AB+ and C; and the Haul Road landscape areas. Figures 8-4 and 8-5 illustrate A and 

B Slopes landscaping. 

Figures 8-8, 8-9, and 8-10 illustrate Decks A, B, C, and AB+; Slopes areas 

AB+ and C; and the Haul Road irrigation areas. Figures 8-11, 8-12, and 8-13 illustrate 

· Aand BSlopesirrigation-areas- ·· ~ . 
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9. REVISED CLOSURE COST ESTIMATE 

9.1 General 

This section presents the July 1998 revised cost estimate for closure of the 

Lopez Canyon Sanitary Landfill. This estimate supersedes the February 1995 estimate, 

the estimate presented in Section 11 of the PCP and the estimate presented in Section 8 

of t..'!e a..'IJlendment to the .PCP (PCP) submitted in February . 1994. The modifications to 

the closure cost estimate are related to the modifications in the final cover design and · 

fmal grading, landfill gas control system, irrigation system, and surface-water drainage 

system. In addition,. the City of Los Angeles maintains a fully funded trust fund for the 

entire value of the closure cost estimate. 

9.2 Cost Categories 

9.2.1 Final Cover 

The Lopez Canyon Sanitary Landfill Disposal Areas A, B, AB +, and C are 

comprised of about 84 acres (34 hectares) of deck surface area and about 77 acres 

(31 hectares) of slope surface area. A minimum 24-in. (600-mm) thick layer of interim 

cover wilf exist over the entire landfill area once filling is complete. This cover is placed 

during the normal landfill operations at the site. The planned fmal cover for the decks 

of Disposal Areas A, B, and AB+ and the slopes of Disposal Areas A and AB+, 

consists of a 36-in (900-mm) monolithic cover. The fmal cover for the slopes of Disposal 

area B and C consists of a compacted low-permeability soil barrier layer approximately 

12-in. (300-mm) thick, and a 24-in. (600-mm) thick protective soil vegetation layer. 
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The final cover design for the deck and bench areas of Disposal Area C consists 

of an 12-in. (150-mm) thick compacted low-permeability soil barrier layer, a 40-mil 

(1-mm) thick VFPE geomembrane, a 12 oz/yd' (410 g/m2
) nonwoven geotextile cushion, 

and a 24-in. (600-mm) thick protective soil vegetative layer. The final cover for the 

slope areas of Disposal Area C differs from the deck and bench areas of Disposal Area 

C in that no geotextile cushion or geomembran~ is used. The deck/bench surface area 

of Disposal .. -\rea C is about 24.1 acres (9.8 hectares) v:;hiJe t.l}e:slope surface area is about 

10.9 acres ( 4 .4 hectares). The deck surface area of Disposal Area AB + is about 31 . 6 

acres (12.8 hectares). The Disposal Area AB + deck includes about 4.8 acres (2.0 

hectares) and about 2,000 linear feet of the existing paved haul road and concrete 

trapezoidal perimeter channel to the north of the proposed access road. The slope surface 

.. _~~:r~()f])_isp()sa1~rea~J3±isa~()!ltJ2,~acJ:c:!SfZ,Jht::ctaii:!s) ..................... . 

The revised cost estimate for final cover construction reflects the supply and 

installation of the geotextile cushion and VFPE geomembrane on the deck and bench 

areas of Disposal Area C, the revised quantity of earthen material used in the final cover 

for Disposal Areas AB+ and C, the changes in surface areas resulting from the fmal 

grading design modifications, and the need to reconstruct the existing haul road and 

perimeter chant1el. Additionally, it reflects the revised cost estimate for ll:!e modification 

to an alternative final cover for the decks of Disposal Areas A, B and AB +, and the 

slopes of Disposal Areas A and AB +. 

Installation of the geotextile cushion and VFPE geomembrane is estimated to 

cost about $785,740 based on a unit cost of $0.75 per square foot ($8.07 per square 

meter) which includes construction quality assurance. The revised fmal grading design 

for Disposal Areas AB+ and C resulted in a decrease in earthwork quantities (i.e., low-
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permeability clay and vegetative cover). This resulted in a decrease of $1,722,585 in 

earthwork costs. The cost of demolishing and reconstructing those portions of the 

existing haul road and perimeter channel that overly waste has been estimated at 

$305,640. This resulted in a decrease of $1,466,586 in total closure costs. As a result 

of the above changes, the total cost of final cover construction has decreased from 

$10,687,998 to $9,221,412 in 1995 dollars. Note that this includes an increase of $359 

for construction management costs and a reduction of $50,000 for closure plan costs that 

were considered when figuring t.i1e total cost reduction of closure construction. 

Additionally, with the modification to the monolithic final cover for the deck of 

Disposal Areas A, B and AB + , and the slopes of Disposal Areas A and AB +, this 

resulted in a decrease in material and construction cost (i.e. low permeability vs. 

... .. I!l()!1()litl1j~ (;()\Tel): _ Tl1~()I"igirlal C()stforc;l()Silr~gfth~l'tl?ovt:mt:ntionet:tdecksandslopes 

using the low-permeability clay layer was $10,275,503. The revised cost for closure 

using a combination of prescriptive and monolithic cover is $8,208,842, resulting in an 

overall decrease of $2,066,661 for the fmal cover. 

9.2.2 Revegetation and Irrigation 

Revegetation and irrigation costs cover the cost of soil preparation and planting 

of the vegetative cover, and temporary and permanent irrigation systems on the deck and 

slope areas, respectively. The revised revegetation i!nd irrigation plan and figures are 

presented in Section 8 of this document. The revised cost estimate for revegetation 

reflects the decrease of about 5 acres (4 hectares) in the total surface area of the landfill 

to be revegetated. At a unit cost of about $3,225 per acre ($8,000 per hectare) for soil 

preparation, planting, fertilizing, and mulching, the revised surface area results in a 
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revegetation cost savings of $16,125. The elimination of the temporary irrigation system 

on the deck areas resulted in an additional cost savings of $232,000. The pernianent slope 

irrigation system has a unit cost of about $19,000 per acre ($47 ,000 per hectare). The 

revised final grading plan resulted in a decrease of slope surface area of about 16.5 acres 

(hectares). The revised surface area results in a decrease in irrigation costs of about 

$313,500. The total cost for revegetation and irrigation decreased from $2,382,350 to 

$1,821,823 in 1995 dollars. 

9.2.3 Landfill Gas Control System 

The cost estimate for the landfill gas control system is essentially unchanged 

.. fl:~~tll:ltJ>l"(!S_e!ltedL!!t:lJe £(::!'_sinc~~tl!~_PIQR.Q~~<L~rtig~Um.9 !Jg.riz<:>.nt!!.LlandfilLgas ...... . 

wells in Disposal Area C will already be in place when closure is implemented. 

9.2.4 Surface-Water Drainage System 

Costs for the surface-water drainage system include construction of the on-site 

drainage facilities. The revised cost for the surface-water drainage system reflects t..he 

decrease of about 5 acres (2 hectares) in the total landfill surface area and the 

corresponding changes to the surface-water drainage system presented in the FCP and 

which are described in Section 5 of this amendment. These changes result in: (i) a 

reduction of about 780 ft (240 m) in the total length of downchutes; (ii) a reduction of 6 

inlet structures and bench crossings; (iii) the addition of about 1,000 ft (305 m) of 

diversion channel; and (iv) the addition of two splash walls. 
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In addition, several surface-water drainage elements included in the closure cost 

estimate presented in the FCP have either been: (i) built since the FCP was issued; or (ii) 

eliminated as a result of design modifications, These elements include: (i) three detention 

basins ($980,000); (ii) one debris basin ($180,000); (iii) 6,100 ft (1,860 m) of concrete 

trapezoidal channel ($176,530); (iv) 2,070 ft (630 m) of reinforced concrete pipe; (v) 

6,000 square feet (560 square meters) of grouted riprap ($48,000); and (vi) 143,250 

square feet (13,310 square meters) of 4-in. (100-nlnl) t.hlck asphaltic concrete pavi..11g for 

access roads ($14,800), As a result of all the above changes, the total cost for the 

surface-water drainage system has decreased from $2,394,989 to $829,870 in 1995 

dollars, 

This category includes installation of the signs and perimeter fence and the cost 

is unchanged from that presented in the FCP, 

9.2.6 Contingency 

· A 20 percent contingency factor has been added to the closure construction cost 

estimate presented in Section 9 .. 3. This percentage is unchanged from the FCP. 
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Table 9-1 presents a summary of costs for the closure features previously 

described by category. The revised total cost for closure implementation has decreased 

from $21,849,558 to $15,058,997 in 1995 dollars. Any cost overruns that result from 

this cost estimate will be paid by the City. Appendix K of the FCP Volume II of IV has 

been revised to include the updated closure cost estimate. Appendb: K is provided as 

Appendix F of this document. 
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UPDATED CLOSURE PLAN IMPLEMENTATION SCHEDULE 

General 

The updated closure implementation schedule presented in Figure 10-1 reflects 

the most current closure schedule as of October 1998. 

10.2 Closure Process 

Closure activities initially started on the slope of Disposal Area A in the Spring 

of 1994. However, some staff were released to the Bureau of Street Maintenance later 

that year due to budgetary reasons. The remaining staff were unable to continue with this 

slope closure. The closure of Lopez will commence again after July 1, 1996, when the 

last shipment of refuse is received. 

The length of time for closure construction depends on the amount of staff 

available. Staff currently performing actual trash disposal activities will be reassigned 

to closure construction. Attrition rates will then be a factor, as that will determine 

remaining available staff for construction. 

The closure construction process will be implemented in two phases: (i) Phase I 

will include the slopes of Disposal Areas A and B; and (ii) Phase II will include the 

remainder of the landfill. The schedules will delineate the estimated time frame to 

complete tasks relative to the closure activities associated with the slopes of Disposal 
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Areas A and B (Phase I) and the decks of Disposal Areas A, B and Disposal Areas AB + 
and C (Phase II). 

10.2.1 Phase I Closure 

As shown on Figure 10-1, closure construction activities for Phase I will 

recommence July 1, 1996 and will continue umil May 1999. 

Phase I closure shall start with abandonment of vertical gas wells followed by 

the rough grading of the slopes, which inCludes some clearing and grubbing. During 

preparation of the slopes for final cover placement, the final cover materials will be 

s~~I<piled on ~e _de_c~~f D_i~IJ<ls_al Ar_:~s A_~nd ]3._ J3~fl"<>_\\l_lll~~eri~_VI'~lc()~ti11l!~!?-IJ_e 
transported and stockpiled on site during construction of the final cover, as necessary. 

Placement of the fmal cover materials will begin after rough grading of the 

slopes has been initiated. As placement of the fmal cover progresses, landfill gas control 

system modifications and surface-water drainage controls will be constructed. 

The integration of the landfill gas control system with placement of the fmal 

cover will include lateral extensions of the horizontal landfill gas wells through the fmal 

cover and connection to the main landfill gas collection header. Existing vertical landfill 

gas wells will also be extended up through the fmal cover or abandoned and redrilled as 

necessary at the time of closure. 

Landfill gas control system modifications will begin approximately one month 

before placement of fmal cover begins, and will be conducted one lift at a time to reduce 
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as much as possible any down-time of the system. Landscaping and irrigation will begin 

after final cover placement has been initiated. The estimated time for completion of the 

Phase I closure construction has been revised from 29 months to 35 months. 

All waste materials generated from closure construction, including, but not 

limited to, drill cuttings, waste from clearing and grubbing, corrugated metal pipe, 

concrete, masonry, excavated trash, spoils, asphalt, non-salvageable gas system pipe, and 

all other construction debris will be disposed of on-site in Disposal Area C. In addition, 

all non-recyclable refuse generated at the landfill during closure construction by, but not 

l.imited to, BOS personnel, consultants, and contractors, will also be disposed of on-site 

in Disposal Area C. 

10.2.2 Phase II Closure 

As shown on Figure 10-1, closure construction activities for Phase ll has been 

revised to commence in May 1999 and will continue until April 2001. It is anticipated 

that the final cover borrow source for Phases I and ll may be different. As a result, an 

additional test pad may be required for the new borrow source. Equipment mobilized for 

Phase I will also be used for Phase II. 

Rough grading of the site can begin after the fmallift of refuse has been placed. 

Final cover placement will begin with the slopes (upper and lower) of Disposal Area C. 

During preparation of the site for final cover placement, the final cover materials will 

be stockpiled on the deck in such a manner so as not to interfere with fmal cover 

placement, or it will be stockpiled in a nearby location. Borrow material will continue 
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to be transported and stockpiled on site during construction of the final cover, as 

necessary. 

Placement of the final cover materials will begin after rough grading of the site. 

Abandonment of landfill gas wells for the slopes, if necessary, will take place in 

conjunction with final cover placement. As placement of the fmal cover progresses, 

landfill gas control system modifications and surface-water drainage controls can be 

constructed. The construction of the surface-water drainage controls and landfill gas 

control system modifications will be completed just after completion of the final cover 

construction. 

The integration of the landfill gas control system with placement of the final 

cover will include lateral extensions of the horizontal landfill gas wells through the fmal 

cover to the main landfill gas collection header. Existing vertical landfill gas wells at the 

time of closure will also be extended up through the fmal cover or abandoned and 

redrilled, if n~cessary. Landscaping and irrigation will begin prior to completion of the 

placement of final cover. 

Waste materials generated during Phase II closure activities including, but not 

limited to, drill cuttings, waste from clearing and grubbing, corrugated metal pipe, 

. concrete, masonry, excavated trash, spoils, asphalt, non-salvageable gas system pipe, and 

all other construction debris will be disposed of on-site in Disposal Area C. In addition, 

all non-recyclable refuse generated at the landfill during closure construction by, but not 

limited to, BOS personnel, consultants, and contractors, will also be disposed of on-site 

in Disposal Area C. Waste (construction debris and non-recyclable on-site refuse) 

generated after completion of closure construction will be disposed of off-site. 
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Upon completion of the tasks described for closure, existing site structures will 

be utilized for post-closure maintenance activities and potential post-closure end uses. 

The estimated time for completion of all Phase II closure construction has been revised 

from 28 months to 48 months. 
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City of Los Angeles, Bureau of Sanitation 

& GeoSyntec Consultants 

REVISED CONSTRUCTION QUALITY ASSURANCE PLAN 

The construction quality assurance (CQA) plan presented in the PCP has been 

revised to reflect .the changes in the final cover design presented in Section 2 of this 

amendment. The revised CQA Plan is presented in Appendix I and contains 

descriptions of: 

• 

• 

• 

• 

• 

• 

• 

site and project control meetings; 

documentation requirements; 

VFPE geomembrane CQA; 

cushion CQA; 

soils CQA, including construction of the low-permeability soil barrier 

layer; 

geosynthetic clay liner CQA; and 

monolithic soil cover CQA . 
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TABLE2-3 
SOILS FIELD AND LABORATORY TESTING SUMMARY 

MONOLITHIC SOIL FINAL COVER 
LOPEZ CANYON SANITARY LANDFILL 

TEST METHOD 
MINIMUM TEST 

ACCEPTANCE CRITERIA 
FREQUENCY 

In-Place Moisture/Density I per 1,000 yd3 Dty density no Jess than 90% of the maximum 

Nuclear Method dry density. Moisture content within ±2 percent 
(ASTMD2911) of optimum moisture content 

Standard Proctor I per I 0,000 yd' N/A 

Compaction Test (7,650 m3
) 

(ASTMD 698) 

In-Place Density and I per 10,000 yd' Dry density no less than 90% of the maximum 

Moisiure Content (Sand- (7,650 m3
) dry density. Moisture content within ±2 percent 

Cone) (ASTM D 1556) of optimum moisture content 

Particle Size Analysis I per 5,000 yd' No particle greater than 4 inches at least 
(ASTMD422) (3,825 m3

) 25 percent passing No. 200 sieve 

Atterberg Limits I per 5,000 yd' Plasticity Index Jess than 15 
·· {ASTMD4318)- "-·~ ·-- -·-·~- . c(3;82Ytn3) ~ ~·~·~·~·-··-·-·- -~~~-- -·- ~··--·---·--~~· ~· . .. -·~ ·- ~ ~- ~ -·~,_,_.,_,~ ... ~- ~-~-~-- _,_ .. -"-·-·~---~-·'-"-·-·~·· 

Laboratory Permeability 1 per I 0,000 yd' Hydraulic Conductivity no greater than 

(ASTM D 5084) (7,650 m3
) lxJo·' em/sec 

Note: Since Atterberg Limit and grain-size distribution testing will be performed on representative 

materials during processing of stockpile materials, additional tests will be conducted only on 
materials obtained for laboratory permeability analysis. 
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TABLE 9-1 

City of Los Angeles, Bureau of Sanitation 

GeoSyntec Consultants 

REVISED SUMMARY OF CLOSURE COST ESTIMATE 
PARTIAL CLOSURE PLAN AMEJ\'DMENT 
LOPEZ CANYON SANITARY LA.1\'DFILL 

CLOSURE FEATURE ESTIMATED COST 
(1995 Dollars) 

. Final Cover Construction* $4,076,882 ! 

Revegetation/Irrigation* $1,821,823 

Surface-Water Drainage System Installation* $829,870 

Site Security Installation $33,000 

Other1(includes clay -C Deck, geotextile-CDeck& 
· ~Benc1:ie~ cTay: aiTsioJ?es, reilmidingponionsof t:he.haui 

.. ... .. .. $~.7~7.?~9 

road and drainage channel, landfill gas system 
modifications, ground-water monitoring modifications, 
vadose zone monitoring modifications, and construction 
management) 

I. Subtotal 12,549,164 

II. Contingency Costs (20 percent) $2,509,833 

ill. Total Closure Costs $15,058,997 

1 Total final cover cost is the sum of "Final Cover Construction" costs and a portion of 
"Other" costs. 

Note: *Cost estimate features changed from the PCP. Revised 10/98 
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INITIAL COST ESTIMATE WORKSHEET 
(rev. 10/89) 

SITE DESCRIPTION 

SWIS # I 9-AA-0820 

The following questions will provide general information regarding the site description, the type of waste 
accepted at the site and basic geological information. This information will aid in assessing factors that may 
affect the initial cost estimates. 

Prepared By: GeoSyntec Consultants Revised By: City of Los Angeles Bureau of Sanitation 

General Site Information: 

Name of Solid Waste Landfill Lopez Canyon Sanitary Landfill 

Solid Waste Facilities Permit Nnmber 19-AA-0820 

Facility Operator CITY OF LOS ANGELES BUREAU OF SA:NTIATION 

Site Owner CITY OF LOS ANGELES BOR.EAU OF SANITATION 

Site Location (California coordinates, township & range or longitude/latitude, preferred) 

Section 6 

Assessors Parcel Number ___________________________ _ 

Site Address 11950 Lopez Canvon Road. Lakeview Terrace CA 9!342 

I. Wbat is the existing State Water Resources Control Board classification of the solid waste landfill? 
(mark the appropriate response) 

NEW 
If Waste Discharge Requirements 
(WDR) revised since 11-84 

Class I 

X 

OLD 

Class I 

Class II-I 

Note: The solid waste landfill is excluded from these requirements, if the facility is a hazardous waste 
facility or co-disposal facility of both hazardous and nonhazardous waste as a RCRA Subtitle C 
facility subject to specific closure plan requirements. 

Class II Class II-2 

X Class III Class III 
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SWIS # 19-AA-0820 

2. \Vllat is the :mticipated closing date for the exisring permitted landfill? Proposed expansions which 
have not been approved by the Board and LEA are not to be included in these calculations. Include 
calculations supporring the estimate date. (Attach additional sheets as necessary.) 

month February , year 1 96 

Note: All facilities with an anticipated closure date of September 28, 1992, or earlier, will be required 
to submit their closure and postclosure maintenance plan no later than July 1, 1990. 

TY!Je of Fill 

3. Type of fill (check appropriate type) 

Trench X Canyon 

X Area ___ Other (describe) 

Pit 

Volume of Waste 

4. What is the estimated in-place volume oflandfilled wastes 
at the site in cubic yards? 

5. What is the design capacity of the site in cubic yards? 

6.Minimum thickness of waste (ft)? 25' 

7. Average thickness of waste (ft)? 

8.Maximum thickness of waste (ft)? 245' 

9 Average height above surrounding terrain (ft)? N/ A 

10. Typical tnciination of side slopes, in slope ratio 
(horizontal:vertical)? (e.g., 5:1, 2:1) 

Note: 

1 L Quantity of waste typically received (tons/day)" 

12. Total permitted site acreage? 

13. Waste disposal area acreage? 

Waste Description: 

CE41 OO/LPZ98-18.doc 2 

26,562,000 

120' 

2:1 

4,000 

399 

161 



14. Estimate of solid waste received (total of entries for 
residential, commercial, industrial, demolition and other 
should add up to 1 00%). 

SWIS # 19-AA-0820 

% Residential_]j_ % Commercial __ 

% Industrial __ % Demolition __ 

% Other (special waste streams, such as ash, auto shredder 
waste, infectious waste, sludge, asbestos) 

Describe material under "other" and give its percentage. 

Material Percentage 

Street SweeJling 15 

Resid. + Indus. + Comm. + Demo. + Other= 100% 

Site Geology and Groundwater Data 

15. Briefly describe the underlying geology of the site. (Mark as many boxes that apply). 

·-c-~x---·-··· . ··--sballow-a:lluviurtc<50' . ·····~·-·---·~··· ____ ._- - "15eep al1uviuni>50' ........ . 

X Sedimentary 

Metamorphic 

a: Wbat is the name of the nearest major fault? 

b. Distance from site (miles)? 

c. On-site fault(s), ifkoown? 

16. Wbat are the groundwater characteristics? 

a. Wbat is the depth to groundwater (ft)? 

Igneous 

San F emando Zone 

Onsite 

Yes 

A seasonal water table was 
obtained from MW 88-5 drilled to a 

depth of 42 ft or 1429.7 ft MSL 

This will be the range of water levels, from well data, in a groundwater well network. Note: Consider 
seasonal variations from rainy to dry periods, wet and dry years, well locations and variations in the 
subsurface geology. 

Highest recorded level (depth in ft) ELEV. 42ft. 1429.7 ft MSL 

We!! Number MW 88-5 Date Recorded 3/9/88 

Lowest recorded level (depth in ft) ELEV.__,N"-'1 A,__ __ 
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swrs # 19-AA-0820 

Well :-lumber NiA Date Recorded N/ A 

Typical NIA 

b. What direction does the'groundwater flow? 

The apparent ground water flow direction is north to south. 

c. What is the groundwater gradient? 

Data is insufficient to determine ground water gradient. 

CLOSl:JRE COSTS 

Final Cover 

17. Area of Landfill for Final Cover 

a. Area of top deck to be capped (ft') A,= 

b. Area of side slopes to be capped (ft') A,= 
(map area) 

Horizontal: Vertical Conversion Factor (C) 

5 : I 
4 : I 
3 : 1 
2Y2: 1 
2 : I 
1%: I 

18. Final Cover Soil- Foundation Layer (Already in place) 

a. llbickness 

l) Top deck (minimum 3 feet of soil) 

T,=(>3') 

2) Side slope (minimum 3 feet normal to slope) 
T, = (> 3') 

b. Volume= [(T, x A,)+ (T, x A, x Conv. factor)]/27{yd') 

c. %Native soil 

1.02 
1.03 
1.05 
1.08 
1.!2 
1.!5 

d. Native materia! acquisition cost (excavation. hau!ing,etc~) ($/yd3) 

e. Native soil cost($) 
(Line 18b x Line 18c x Line 18d) 
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f. % Imported soil 

g. Imported material acquisition cost (purchase, delivery. etc.) 
($/yd') 

h. Imported soil cost($) 
(Line l8b x Line !Sf x Line 18g) 

i. Placement, grading and compaction (to achieve relative 
compaction of .90) unit cost ($/yd3) 

j. Placement, grading and compaction cost($)' 
(Line l8b x Line 18i) 

k. Subtotal fmal cover soil ($) 
(Line 18e + Line 18h + Line 18 j) 

Clay Layer 

e. On-site material acquisition cost(excavation, hauling, etc.) 
($/yd') 

f. On-site clay cost($) 
(Line 19c x Line 19d x Line 19e) 

g. % Imported Clav 

h. Impc.)ned material acquisition cost (pUH.:hast:, deiivery, etc.) 
($/yd') 

permeabiliry no greater than I x 10-6 em/sec) unit costs 
($/yd') 

CE4l OOILPZ98-!8.doc 5 
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$0 

$0 

100 
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20. Synthetic Membrane 

Note: This item must be estimated in addition to the clay 
barrier layer unless/until an alternative fmal cover 
design has been approved in the closure plan. 

a. Type of membrane (e.g., HDPE, CPE, PVC) 

Thickness (minimum 30 mils) 

b. Quantity (ft') 

c. Purchase, delivery and installation unit cost (Sift') 

d. Synthetic layer testing (percent of total synthetic membrane 
unit cost) (%/100) 

e. Synthetic layer costs($) 
(Line 20b x Line 20c x (1 +20d) 

21. ·what other types of materials/layers are included in the design 
(e.g., asphalt-tar, gravel for gas venting)? 

SWIS # 19-AA-0820 

VLDPE 

40 

1,051,158 

$0.45 

0.15 

$543,974 

16 oz.geotextile cushion layer, 1 ft. thick drainage layer, 8 oz. geotextile filter layer, 1 ft. 
thick erosion layer 

a. Geotextile filter (8 oz. nonwoven) 

1) 

2) 

Quantity (ft') 

Purchase, delivery and installation unit cost ($1ft') 

a. Synthetic layer testing (% of total synthetic membrane 
u..."lit cost) (%/1 00) 

3) Geotextile layer costs($) 

b. Drainage layer (1-ft thick sand layer, min. k=lO·' em/sec) 

1) Quantity (yd3
) 

2) Purchase, delivery and installation unit cost ($/yd3
) 

3) Drainage layer costs 

c. Erosion layer (2-ft thick native soil layer) (A,B, AB+ and C) 

1) Volume of soil on deck areas (A,B, AB-;- and C) (yd') 

2) Purchase, delivery and installation on decks unit cost ($/yd3
) 
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SWIS # 19-AA-0820 

3) Volume of soil on slope areas (A, B, AB+ and C) (yd3) 247,695 

4) Purchase, delivery and installation on slopes unit cost (S/yd3) $4,50 

5) Total cost of erosion layer 
(Line 2lc.lx Line 2k.2 +Line 2k3 x Line 2!cA) $2,203,176 

d. Total other types of layers($) 
(Line 2la.3 +Line 2lb.3- Line 2lc.5) $2,729,378 

NOTE: Thickness of individual layers may be modified depending on the integrated cover design, 

22. Construction Quality Assurance 

The following cost estimates apply to the quality assurance activities necessary to ensure that the fmal 
cover is installed properly, as specified in the design parameters, and fulfill the conditions mandated 
by regulations, · 

a. Monitoring costs incurred while evaluating the fmal cover system components: 

1) Laboratory test fees (e.g .. soil permeability, soil density and 
moisture content) ($) 

----·-·-····~··~·-·- .. ,~--·--·-··-···-·-·----~-~--·-··-~~--~·----~·-··-··-

clay, visual check of completed cover)($) 

c. Reporting costs (e.g., daily reporting procedures, corrective 
measure report, as-built reports)($) 

24. Soil Preparation 

a. Area to be vegetated, including closed areas that need replanting 
(acres) (Line l7a +Line 17b)/43560 

b. Preparation unit cost (S. acre) 

c. Soil preparation subtotal! S) 
(Line 24a x Line 24b) 

25. Planting 
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SWIS # 19-AA-0820 

a. Type of vegetation Annual and perennial native grasses and flowers 

b. Planting unit cost (e.g., seeding, sprigging, plugs) (include cost of 
seeds, sprigs, plugs) ($/acre) 

c. Planting .cost($) 
(Line 24a x Line 25b) 

26. Fertilizing 

a. Type of fertilizer 

b. Fertilizer unit cost ($/acre) 

c. Fertilizing cost($) 
(Line 24a x Line 26b) 

27. Mulching 

a. Mulch unit cost ($/acre) 

b. Mulching cost ($) 
(Line 24a x Line 27a) 

28. Irrigation installation cost($) (temporary) 

29. Revegetation Subtotal($) 
(Line 24c + Line 25c + Line 26c + Line 27b + Line 28) 

Landfill Gas Monitoring and Control 

30. Does the landfill have a gas monitoring network? 

YES X NO 

If NO, 

a. What will be the spacing between monitoring wells 
(< 1000 ft)? 

b. What criteria was used to select this spacing? 

c. Total number of gas monitoring wells? 
Note: Depth of probes should equal at least I x depth of refuse within 1000'. 

d. Number of probes per wellbore? 
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Root stimulant 

$300 

$48,330 

$600.00 
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Suggested minimum; 

L Surface (5-10ft) 

2. Intermediate (half the depth of boring) 

3. Deep (to depth of boring) 

e. Cost of Design($) 

f. Cost of drilling, materials ($) 

g. Cost of installation($) 

h. Subtotal for monitoring network($) 
(Line 30e + Line 30f + Line 30g) 

If YES, 

i. How many gas monitoring wells are in place? 

SWIS # 19-AA-0820 

0.00 

0.00 

0.00 

0.00 

52 

J. What is the lateral spacing between gas monitoring wells?_ ... ~ _________ ... <:hOOO ft _ _ __ ·····---

k. What is the number of probes ·per wellbore? 

!. Additional monitoring wells required at closure? 

m. Number of probes per boring? 

n. Cost to expand existing monitoring network (design, drilling, and 
installation)? 

31. Is there a gas control system operating at the landfill? 

YES X NO 
If YES, 

a. What type(s) (e.g., recovery, perimeter extraction, air 
injection, etc.) is/are in place? 

b. What type of system will be installed during closure? 

c. Cost of design ($) 

d. Cost of materials ($) 

e. Cost of installation ($) 

f. Subtotal for control system($) 
(Line 3!c +Line 3!d +Line 3le) 
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one to four 

None 

N/A 

$0.00 

Extraction 

None 

0.00 

0.00 

0.00 

0.00 



32. Landfill Gas Subtotal($) 
(Line 30h + Line 30n + L.ine 31 f) 

Groundwater Monitoring Installations 

33. Does the landfill have a ground-water monitoring nerwork? 

YES X NO 

If YES, 

a. Number ofupgradient (minimum l) wells 

b. Number of downgradient (minimum 3) wells 
(number of background wells) 

If less than minimum or NO, 

c. Number of wells to be installed (minimum l upgradient and 
minimum 3 downgradient). 

d. Drilling total footage (ft) 

f. Developing, installing, materials ($) 

34. Groundwater monitoring subtotal ($) 
(Line 33e +Line 33f) 

Drainage 

35. Is there a surface water runon and runoff control system existing at the site: 

YES X NO 

If NO, 

a. What will be the estimated cost of installation and construction of the 
drainage conveyance system to accommodate anticipated runoff (e.g .. 
diversion ditches, do,vndrains, energy dissipaters) and protection 
from runon (e.g., dikes. levees, protective berms)?($) 

b. Cost of grading and drainage design ($) 

c. Drainage subtotal ($) 
(Line 35a +Line 35b) 
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0.00 

4 

0 

0 

0 

0 

$0 

$747,283 

$82,587 

$829,870 
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SecuritY 

36. Is there a security system established at the landfill (e.g., fencing, access gates, 
locks on the gates, informational signs)? 

YES X NO 

a. What is presently in place at the site? (mark appropriate boxes) 

X Fencing X Locks 

X Gates Other (describe) 

X Signs 

b. What will be the estimated cost of installing a security fence, access gates 
with locks, and/or informational signs (e.g., either around site perimeter or 
around enclosures) to protect equipment and the public and is compatible 
with postclosure use? 

c. What will be the estimated cost of dismantling and removing security 
equipment not necessary after closure and incompatible with_postclosure use? 

~···-··-···---··-··-··-·-·-·····-···-· ····-···-··-···----~·-~·~·--- .. --··-·-·~·-·-· 

d. Security system costs ($) 
(Line 36b +line 36c) 

SUPPLEiVrENTAL DATA 

37. Itemize cost on additional worksheets for closure procedures, specific to this solid 
waste disposal site, and attach at the end of this worksheet. Make sure each page is 
appropriately labeled with site name and SWIS number. 

(Line 88) 

POSTCLOSURE MONITORING A..';'D MAINTENA.';'CE COSTS 

Revegetation 

3 8. Fertilizing (first 2 years) 

a. Area to be fertilized (acres) 

$33,000 

$33,000 

$1,655,629 

161 

b. Type of fertilizer 7 -l-7 starter and 8-5-1 slow release 

c. Fertilizer unit cost ($/acre/yr) $1,000 
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d. Fertilizing cost ( frrst 2 years) 
(Line 38a x Line 38c) 

e. Fertilizing costs for the four year period 

39. ltrigation (frrst 4 years) 

a. Type of irrigation system 

b. Quantity (gallon/day) 

c. Unit cost ($/gallon) 

d. How many irrigation days per week? 

e. Annual irrigation costs ($/yt) 
{(Line 39b x Line 39c) x Line 39d} x 52 wk/yt 

f. Annual maintenance costs ($/yt) 

g. ltrigation costs ($/yt) 

. ··-··-··~·~- ~- _ ---~-~SLiile~9e+:Jirl"l!lfl~ -~-~- _ _ __ 

h. ltrigation costs for a four-year period 

40. Revegetation Subtotal (first 4 years) 
(Line 38e + Line 39h) 

Leac~ate i\'lanagement 

41. Does the solid waste disposal site have a liner? 

SWIS # 19-AA-0820 

$322,000 

$644,000 

Overhead spray 

165,422 

$0.0011 

7 

$66,235 

$73,992 

$560,908 

$1,204,908 

YES X (Disposal Area C) NO X (Disposal Areas A,B, and AB+) 

42. Does the landfill have a leachate collection/removal system? (e.g., leachate 
barrier and recovery system, dendritic system) 

YES X NO If YES, 

What type of system·' A leachate seepage cut-off barrier wall at the downstream end of disposal area 
AB+ with a gravel collector placed upstream of the barrier wall. The leachate collection and removal 
system for Disposal Area C consists of a drainage blanket on the liner with an integrated drainage 
system on the bottom canyon. 

b. Annual cost of operation and maintenance of system ($/yt). $29,000 
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SWIS # 19-AA-0820 

43. List types of leachate (including leachate-affected water and landfill gas condensate) treatment used 
and that will continue to be used during closure and postclosure maintenance (e.g., discharge to sewer, 
on-site or off-site management). 

a. Type of treatment (on-site). 

Landfill Gas Condensate pH Adjustment 
(Note: Leachate production is not anticipated and has not been detected to-date.) 

b. Volume/unit frequency (e.g., gals/day, gals/month) 

c. Unit cost of treatment ($/gal.) 

d. Annual costs of on-site treatment. ($/yr) 

44. Type of treatment (off-site) 

a. Volume/unit frequency (e.g., gals/day, gals/month) 

b. Unit cost of treatment- including hauling($) 

c. Annual costs of off-site treatment. ($/yr) 

-·-··----····~·-··-·-·-·--·-·-·-·-···-·-·-·- -·-···-"-·~·-·-·····-·--~·-···-·-·-·--· '' 

d. Other (explain) 

45. Leachate sampling and testing 

a. Number of samples/round 

b. Sampling costs/round($) 

c. Frequency of sampling per year 

d. Annual sampling costs ($/yr) 
{Lll1e 45b x Lint: 45c) 

e. Testing costs/sample ($) 

f. Annual testing costs ($/yr) 
(Line 45a x Line 45c x Line 45e) 

g. Annual sampling/testing cost subtotal ($) 
(Line 45d +Line 45!) 

46. Leachate management costs ($/yr) 
(Line 42b + Line 43d + Line 44c + Line 45g) 
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210 gal/day 

$0.38/gal 

$29,127 

NIA 

NIA 

N/A 

$0 

I 

$40 

52 

$2,080 

$58 

$3,016 

$5,096 

$63,223 



l\'Ionitoring 

47. Gas Monitoring Systems 

a. Nfonitoring devices of principal gases 
(e.g., Gastech, OVA, etc.) 

b. Frequency of monitoring (e.g., daily, weekly, monthly) 

SWIS # 19-AA-0820 

OVA Meters 
Gas Chromatography 

Flame Ionization Detector 

Note: See supplemental cost worksheets for additional gas monitoring costs. 

c. On-site annual monitoring costs for principal gases? ($/yr) 

d. Annual sampling costs for trace gases ($/yr) 

e. Annual testing costs for trace gases ($/yr) 

f. Assumed replacement frequency, of probes, in years. 

g. Installation unit cost for probes ($) 

-··---·~ ---- · li.··-AiiiluaTrepfil.cemelilcosi:S($f--
-· -~· -·~--~ .. ·-·~··--·-·~··~·-···~~-~~··~·-·-·--·-···-·-··· 

(Line 30i x Line 47g)/Line 47f 

i. Annual maintenance costs ($/yr) 

j. Gas monitoring subtotal (5/yr) (Line 47c +Line 47d +Line 47e + 
Line 47h +Line 47i) 

48. Is the vadose (unsaturated) zone monitored at this landfill? 

YES NO X 

If YES, 

$0.00 

$0.00 

$0.00 

52 

$2,500 

$2,500 

$3,000 

$5,500 

a. What type of monitoring procedures and equipment are utilized? (e.g., vacuum/pressure lysimeter) 

b. How many monitoring devices are utilized? 

c. Annual sampling costs (S:yr) 

d. Annual testing costs ($iyT) 

e. Assumed replacement frequency, of devices, in years 

f. Installation unit cost of devices($) 

g. Annual replacement cost ($/yr) 
(Line 48b x Line 48f)/Line 48e 
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SWIS # 19-AA-0820 

h. Annual maintenance costs (S/yr) 

l. Vadose zone monitoring subtotal ($/yr) 
(Line 48c + Line 48d + Line 48g + Line 48h) $0.00 

49. Ground-Water ;'vlonitoring 

a. Number of wells 12 

b. Frequency of monitoring, per year 4 

c. Analytical methods (e.g., EPA 60 I and 602 or 624, and 625) 

EPA 624and 625, and 8080, Metals (unfiltered), pH, electrical conductivity, 
BOD, COD, IDS, Total Hardness 

d. Number of samples/round I 

e. Testing costs/sample($) $1,700 

f. Annual groundwater sampling & testing costs ($/yr) 
[(Line 49d x Line 49e) x Line 49a] x Line 49b $8 

g. Annual monitoring costs ($/yr) $5,267 

h. Assumed replacement frequency, of wells, in years 20years 

i. Installation unit cost of wells($) $8,333 

J. Annual replacement cost ($/yr) 
(Line 49a x Line 49i)/Line 49h $5,000 

k. Annual maintenance costs (S/yr) $2,400 

1. Ground-water monitoring subtotal ($/yr) 
(Line 49f + Line 49g +Line 49j +Line 49k) $94,267 

50. Monitoring Cost Subtotal ($/yr) 
(Line 48i + Line 491) $94,267 

See supplemental worksheets for additional monitoring costs. 

Drainage 

51. How often do you anticipate the need to perform maintenance activities (e.g., clear material from 
r:unoff surface wa:ter conveyances, erosion repair, minor grading, repair of articulated drains; also 
problems with runon maintenance and repairs of levees, di.J.ces, protective berms)? 

Once during the summer months and after each heavy rainfall. 

a. Annual maintenance costs ($/yr) $37,000 
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SW!S # I 9-AA-0820 

Securitv 

52. What ate the estimated annual maintenance costs to repair/replace fencing, gates, 
locks, signs, and/or other security equipment at the landfill site? ($/yr) 

Inspection 

$7,000 

53. What will be the routine maintenance inspection frequency of the landfill during postclosure (minimum 
semi-annually)? 

Varies (see Post-Closure Plan) 

a. Inspection unit cost($) $0.00 

b. Annual inspection costs during the postclosure care period? ($/yr) $300,000 

Components that should be inspected include, bnt are not limited to: 

• Final cover~ erosion damage 

• Final grading - ponding caused by settlement 

• Drainage control systems - continuity of arti£_ul_a~e_q_>4-a_i1!~.~e.<!i:J:rl~ll!"hQ1~&4SQ!!dJlits. 
-~--~-~-- ·- -~-·-·--·------~-~-----~-.. -·-·-···-·-·-·-.. ---~------ .. ··-~---·-·-·-·-·---- --· --·-········-·····---·--·-·-·-~--~·-··-··-

• Gas collection/control systems 

• Leachate collection and treatment systems effectiveness, and continuity 

• Security ~ fences, gates and signs 

Vector and fire control 

• Monitoring equipment 

• Litter control 

SUPPLEMENTAL DATA 

54. Itemize annual costs on additional worksheets for monitoring and postclosure maintenance 
procedures, specific to this solid waste disposal site, and attach at the end of this worksheet. 
Make sure each page is appropriate labeled with site name and SWIS number. 

Other-Annual Postclosure Maintenance Costs 
(Lines 66c, 67c, 68c, 69f, 70e, 7Ib, 72g, 73d, 74b 
75d, 76b, 78d, and 79b) 
Administrative Costs 
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SUMMARY OF COST ESTIMATES 

Facility Name Lopez Canyon 

Closure 

Landfill Gas Monitoring and Control (Line 32) $0 

Groundwater Monitoring Installations (Line 34) $0 

Drainage Installation (Line 35c) $829,870 

Security Installation (Line 36d) $33,000 

Leachate Management (Line 46) $63,223 

Water Monitoring (Line 48i + 491) $94,267 

Drainage (Line 51 a) $37,000 

Security (Line 52) $7,000 

Inspection (Line 53 b) $300,000 

Landfill Gas Management 
(Line 47j, 56e, 57d, 58b,59c, 60e, 6le, 62e, 63e, 64d, 65c) $277,500 

Other (Line 54) $390,150 

Final Cover Maintenance (82f, 83b) $18,658 

III. Subtotal $1,187,798 

IV. Subtotal III x 30 years $35,633,940 

V. Revegetation (Line 40) ~ l 204 908 
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NIA: NOT APPLICABLE TOWARDS CLOSURE 
S1JPPLEMENTAL WORKSHEETS 

55. Clay Layer (C Deck) 

a. Area to be capped (ff) ofC Deck 

b. Thickness (ft) (minimum I foot) 

c. Volume (yd3
) (Line 55a x Line 55b)/27 

d. % On-site Clay 

e. On-site material acquisition cost 
(excavation, hauling, etc.) ($/yr') 

f. On-site clay cost($) 
(Line 55c xLine 55d x Line 55e) 

g. 

h. Imported material acquisition cost 
(purchase, delivery, etc.) ($/yd3) 

i. Imported clay cost($) 
(Line 55c x Line 55g x Line 55h) 

j. Placement/spreading~ grading, compaction 
(to achieve penneability no greater 
than I x 10"" em/sec) unit costs ($/yd3) 

k. Placement, grading and compaction cost($) 
(Line 55c x Line 55j) 

1. Subtotal clay costs ($) 
(Line 55f+ Line 55i+ +Line 55k) 

GAS RECOVERY SYSTEM MONITORING 

56. a. Monitoring devices of principal gases (e.g., Gastech, OVA, etc.) 

Kuetz velocity meter. thermometer, magnehelic, differential pressure gauge, 
Gas-tech 1-<t'-204 

b. Frequency of monitoring (e.g., daily, weekly, monthly) 

c. On-site monitoring costs'' ($/yr) 
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982,278 

1.00 

36,381 

0 

0 

$0 

100 

6.50 

$236,477 

8.37 

$304,509 

$540,986 

Quarterly 

$16,000 



d. Annual analysis costs ($/yr) 

e. Gas Recovery System monitoring subtotal ($/yr) 
Line 56c + Line 56d) 

SWIS # 19-AA-0820 

$3,000 

$19,000 

57. Gas Migration Control System- Gas Collection Indicator Probe (GC!P) Moilitoring 

a. Monitoring devices of principal gases (e.g., Gastech, OVA, etc.) 

OVA, Gas Tech NP-204, Magnehelic, Differential Pressure Gauge, Barometer 

b. Frequency of monitoring (e.g., daily, weekly, monthly) 

c. On-site monitoring costs? ($/yr) 

d. Gas Migration System- (GCIP) Monitoring Subtotal ($/yr) 

58. Visual Inspection of Landfill Surface 

a. Frequency of monitoring (e.g., daily, weekly, monthly) 

59. Instantaneous Surface Emissions Monitoring 

a. Monitoring devices of principal gases (e.g., Gastech, 
OVA, etc.) 

b. Frequency of monitoring (e.g., daily, weekly, monthly) 

c. On-site monitoring costs? ($/yr) 

60. !niegr~ted Surface Emissions Ivionitoring 

a. Monitoring devices of principal gases (e.g., Gastech, 
OVA, etc.) 

b. Frequency of monitoring (e.g., daily, weekly, monthly) 

c. On-site monitoring costs? ($/yr) 

d. Annual analysis costs (S/yr) 

e. Integrated Surface Emissions moniloring subtotal ($/yr) 
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Quarterly 

$7,000 . 

$7,000 

Weekly 

$20,000 

Organic Vapor Analyzer 

$28,000 

Organic Vapor Analyzer, 
Integrated Surface Sampler 

$74,500 

$10,000 

$84,500 



61. Sampling Gas in Branch Line, Probes, and Headers 

a. Monitoring devices of principal gases (e.g., Gastech, 
OVA, etc.) 

SWIS # 19-AA-0820 

Kurtz Velocity Meter, 
Magnehelic Differential Pressure Gauge, 

Gas Tech NP-204 

b. Frequency of monitoring (e.g., daily, weekly, monthly) Quarterly 

c. On-site monitoring costs? ($/yr) $1,000 

d. Annual analysis costs ($/yr) $5,500 

e. Sampling gas in branch lines, probes and headers subtotal ($/yr) $6,500 

62. Ambient Air Sampling at Perimeter of the Site 

a. Monitoring devices of principal gases (e.g., Gastech, 
. OVA, etc.) Integrated Ambient Air Sampling Unit, 

Line Monitoring Station, 
Organic Vapor Analyzer 

b. -~~"_que~~~!lll~lli~~~~~(e~.g:'<Ja_i!y,weel<ll'~ll!~!ltl:tlyL ··-- -- _____________ g,~egy_____ ---~---

c. On-site monitoring costs? ($/yr) 

d. Annual analysis costs ($/yr) 

e. Integrated Surface Emissions monitoring subtotal ($/yr) 

63. Gas Recovery System- Flare Station Sampling 

a •. Monitoring devices of principal gases (e.g., Gastech, OVA, etc.) 

b. Frequency of testing (e.g., daily, weekly, monthly) 

c. On-site monitoring costs? ($/yr) 

d. Annual analysis costs? (S/yr) 

e. Flare Station Sampling subtotal ($/yr) 

64. Flare Source Testing 

a. Frequency of testing (e.g., daily, weekly, monthly) 

b. On-site monitoring costS ($/yr) 

c. Annual analysis costs ( s. yr) 
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$10,000 

$35,000 

$45,000 

TedlarBag, 
Organic Vapor Analyzer 

Quarterly 

$500 

$2,500 

$3,000 

Annually 

0.00 

$52,000 



SWIS # 19-AA-0820 

d. Flare Source Testing subtotal ($/yr) $52,000 

65. Gas Recovery System Monitoring- Suinps and Condensate Drain Lines 

a. Monitoring devices of principal gases (e.g., Gastech, OVA, etc.) 

OVA meters, Gas Chromatography, Gas Sampling Equipment 

b. Frequency of monitoring (e.g., daily, weekly, monthly) Weekly 

c. On-site monitoring costs? ($/yr) $7,000 

66. Reseeding and Mulching 

a. Labor $13,!50 

b. Materials $13,000 

c. Reseeding and Mulching Total ($/yr.) $26,150 

67. Monitoring Supervisor 

a. Duties 

Supervise and coordinate post-closure monitoring activities and provide QA/QC. 

b. On-site costs ($/yr) 

c. Supervisor subtotal ($/yr) 

68. Health and Safery Officer 

a. Duties 

Supervise, coordinate, and administrate health. and safety 
activities relative to post-closure monitoring and maintenance. 

b. On-site costs ($/yr) 

c. Health and Safety subtotal ($/yr) 

69. Monitoring Equipment Maintenance and Repair 

a. Monitoring Devices 

$90,000 

$90,000 

$38,000 

$38,000 

Organic Vapor Analyzer, KtrrZ Velocity Meters, Thermometers, Magnehelic, Differential Pressure 
Gauges, Gas Tech NP-204, Wind Monitoring Stations, Integrated Ambient Air Sampling units, 
Vacuum Pumps. Integrated Surface Sampler. Barometer 

b. Frequency of maintenance Monthly 
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c. Frequency of Repair As Required 

d. On-site maintenance and repair costs ($/yr) $40,000 

e. Replacement parts costs ($/yr) $15,000 

f. Equipment Maintenance and Repair subtotal ($/yr) $55,000 

70. Monitoring Equipment Replacement Amortization 

a. Monitoring Devices 

Organic Vapor Analyzer, KUIZ Velocity Meters, Thermometers, Magnehelic, Differential Pressure 
Gauges, Gas Tech NP-204, Wind Monitoring Stations, Integrated Ambient Air Sampling units 
sample train, Integrated Surface Sampler, Organic Vapor Monitor 

b. Average equipment life or replacement cycle. Every 5 years 

c. Equipment Cost List 

OVA - 8 @ $8,500/ea. $68,000 
KUIZ- 5@ $1,200/ea. $6,000 
Magnehelic- 5 @ $300/ea. . ... ----· --·--~ ____ .$J,5.QlL. ....... -~-~--·--

········-···~~·-···-- - ---NP-=-:ro4::-n;y··--· ·----··· --~-$1,500/ea. ------ $3,ooo 

Wind Station- 3 @ $2,700/ea. $8,100 
Ambient Air Sampling Unit- 5@ $2,200/ea. $11,000 
Sample Train- 4@ $2,500/ea. $10,000 
Surface Sampler - 5 @ $750/ea. $3,750 
OVM- 2@ $1,800/ea. $3,600 

TOTAL 

d. Amortization Costs ($/yr) 

e. Amortization Subtotal ($/y-r) 

71. Monitoring Materials 

a. Material Items 

Tedlar bags, Tygon Tubing, Calibration Gases. Safety Equipment, Misc. Tools, 
cleaning and maintenance supplies 

b. On-site Material Costs ($/yr) 

72. Monitoring Vehicles 

a. Type of Vehicles 

4-Wheel drive vehicles 

b. Number of Vehicles 
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$114,950 

$23,000 

$23,000 

$25,000 

6 



c. Unit cost of vehicles 

d. Average vehicle life or replacement cycle 

e. Estimated trade-in value 

f. Amortization costs ($/yr) 

g. Monitoting Vehicle Cost ($/yr) 

73. Weather Station Management 

a. Number of Stations 

b. Frequency of monitoting 

c. On-site monitoting costs ($/yr) 

d. Weather Station Management Subtotal ($/yr) 

7 4. Subdrain Collection System Maintenance 

b. On-site monitoring costs? ($/yr) 

75. Subdrain Collection System Sampling 

a. Frequency of monitoring, per year 

b. On-site monitoting costs? ($/yr) 

c. Annual analysis costs ($/yr) 

d. Subdrain Collection System Monitoting subtotal ($/yr) 

76. Outfall System Inspection 

a. Frequency of monitoring, per year 

b. On-site monitoring costs? ($/yr) 

77. Final Closure/Post-Closure Plan Preparation 

78. Surface Water Monitoting 

a. Frequency of monitoring, per year 

b. On-site monitoring costs 
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.$18,000 

5 years 

$2,000 

$16,000 

$19,000 

3 

Weekly 

$72,000 

$72,000 

$5,000 

Quarterly 

$3,000 

$2,000 

$5,000 

Quarterly 

$10,090 

$0.00 

Two times ar ..... "lua!!y 
duting discharges 

$3,000 





'1ac:errten:Vsf>re2Ldit!g, gJradtng, compaction 
(to achieve permeability no greater than 1xl0·6 em/sec) 
unit costs ($/yd') 

b. Purchase, delivery and i:o.stallation unit cost ($/ft') 

c. Cushion fabric testing (percent of total cushion fabric 
· unit cost (%/1 00) · 

d. Geotextile layer cost (S) 
(Line 81a x Line 8lb x [I+ Sic]) 

FINAL COVER iYIAINTENAJ.'.;CE 

82. Repair and Replacement ofVLDPE Geomembrane and ofGeotextile Cushion 

a. Assumed repair/replacement frequency 

b. Assumed area of repair replacement (ft') 

c. Purchase, delivery and i:o.stallation unit cost (Sift') 

d. Cost of repair/replacement($) 

e. Annual cost ofprovidi:o.g construction quality assurance (CQA) 
durmg the repair:; {25° o of the constfttction cost)($) 

f. Total annual cost of repairs (S) 
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$15.91 

1,051,158 

$0.20 

0.15 

$241,766 

Annually 

5,000 

$1.10 

$5,500 

$1,375 

$6,875 



83. Final Cover Earthen Repair 

84. 

a. Assumed area to be repaired ( ff) 

b. Total annual cost of earthen cover repair (including CQA during 
the repair) ($) 

Rebuilding of Haul Road and Channel 

a. Total length of the Haul Road to rebuild (ft) 

b. Haul Road rebuild unit cost ($/ft) 

c. Total Haul Rpad rebuild cost($) 
(Line 84a x Line 84b) 

d. Total length of channel to rebuild 

e. Channel rebuild unit cost ($/ft) 
f. Total channel rebuild cost ($) 

(Line 84d x Line 84e) 

g. Total rebuild cost($) 
-----~{L-ine84e-+-bine-84fj··· 

h. Design cost ($) 
(20%/1 00 Line 84g) 

i. Total Haul Road and Channel Cost 
(Line 84g +Line 84h) 

85. Gas System Modifications 

a. Deconunission Existing Shallow Vertical Wells 
l. Wells at 12.5' ( #23) 
2. Wells at 37.5' (#81) 
3. Wells at 62.5 (#106) 

b. Subtotal Deconunissioning Wells @$51ft. 

c. Abandonment Materials and Labor 
1. Sand- 1,000 bags@ $8/bag 
2. Bentonite Chips - 350 bags @ $9/bag 
3. Labor (2 per Crew)- 130 hours@ $20/hr. 
4. Backhoe- 130 hours@ $90/hr. 
5. Foreman- 130 hours@ $35/hr. 
6. Water Truck - 130 hours @ $60/hr. 

d. Subtotal Abandonment Materials and Labor 

e. New Shallow Well Construction- 10,333 LF@ $36/ft. 
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17,500 

$11,783 

2,000 

$90 

$180,000 

1,660 

$45 

$74,700 

$50,940 

$305,640 

288 ft. 
3,038 ft. 
6,625 ft. 

$50,000 

$8,000 
$3,150 . 
$2,600 

$11,700 
$4,550 
$7,800 

$37,800 

$372,000 
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f. Well disconnection materials and labor (Disposal Area C)- 186@ $20 ea. $3,720 

a Well Connection Materials 
~· 

I. 2" Slide Gate Valve 450@ $12 ea. $5,400 
2. 6"PVCTee 450 @ $25 .ea. $11,250 
3. 6"CapPVC 450@$!0ea. $4,500 
4. 6"x2" PVC Red 450@$20ea. $9,000 
5. 2" PVCEl 450 @$5 ea. $2,250 
6. I" Make Adapter-PVC 450@ $3 ea. $1,350 
7. I"PVCCap 450@ $2 ea. $900 
8. 2" Flex Cplg. 450@ $75 ea. $33,750 
9. 2" PVC pipe 450 @$5 ea. $2,250 

h. Connection Assembly-Labor 450@ $17.50 ea. $7,875 

i. Connection Installation 450 @ $26,40 ea. $11,880 

j. Subtotal Well Connection Materials $90,405 

k. Relocate and Replace Header System- 36,780 LF@ $8/ft. $294,240 

I. Relocate condensate sumps - 8 @ $4,000/ea. ............ ······· ·---··· -·-······- -·- $3~,1JJlQ ............ . 

m. Gas Well Protection- 233 @ $425/ea. 

n. Total Gas System Modifications· 
(Line 85b + Line 85d +Line SSe + Line 85f + Line 85j 
+ Line 85k + Line 851 + Line 85m) 

86. Groundwater Monitoring Well Abandonment and Replacement at Closure 

a. Abandonment of Wells MW 88-5 and MW 88-4 

b. Replacement of VI ells MW 88-5 and MVl88-4 

c. Groundwater Well Replacement Total 

87. Lysimeter Abandonment and Replacement at Closure 
a. Abandonment of Lysimeters 88-1 and 88-2 

b. Replacement ofLysimeters 

c. Lysimeter Replacement Total 

88. Construction Management- QAIQC 
(Note: does not include final cover QA/QC) 
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$15,540 

$1,320 
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$9,720 
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~ste£.11fi .1JIIIIt0..-fl:WCQ 

roo A. BURNETT 
ICARJSEL MARIN 

:O.fr. ·Dennis Dickerson. Executive Officer 

oF Los ANGELES 
CAt.iFCRNiA 

RICHAAO J. RIORDAN 
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APR 0 8 1998 

California RegionaL Water Control Board (RWQCB) 
1 0 I Centre Plaza Drive . 
:O.fonterey Park. California 91754-2156 

Attention; Rodney H. Nelson 
Head of Landfills Unit 

- ... 

JUDITH A. WI.SON 
ClllllfCII:It -­.;Qtll r;-. 

- '· t.AIIII.EY -

PROPOSED ENGINEERED AL TER.'fA ID"E FINAL COVER ON THE SLOPE OF 
DISPOSAL AREAS "A" AND "AB+" AND THE DECKS OF DISPOSAL AREAS "A", "B" 
A:-iD "AB•''· LOPE7. C:\NYON RESTORATION PROJECT 

rn accordance with Title 27 of California Code of Regulations. the Cicy of Lo3 .~geles, Bureau of 
Sanitation is submitting an engineered a!temative co the prescriptive final cover described in the Fmal 
Oosure Plan of Lopez Canyon Restoration Project. Attached co this letter is the technicaL report 
prepared by Geosyntec Consultants for the Bureau of Sanitation. In this report, we are proposing tO ~~~~---·-
utilize. a. monolithic.~ fina.lJ:.o.Y.er_on.the.slopes-of~Oisposal-Areas~••A"-.md·''~i>''anatfie. C!eclCSOf · 

·;~··-ooposafAreas "A"~ "B" and "AB+". The anaLysis presented in the report demonstrates that a properly 
engineered monolithic soil cover performs better than Title 27 prescriptive cover in controlling 
infiltration at the site. The monolithic soil cover is also more economicaL to procure. place, maintain 
and repair than the prescriptive cover. 

Due to the potentia! for enhanced performance at !o•..,·er cost. the Bureau of Sanitation request an . 
expedited review 3.Pd approvaL of our proposaL. To help you e.~pedite the review process, Bureau and 
Geos;.ntec staffs will be presenting and discussing the report with you and your staff on Wednesday, 
AprilS. 1998 at 9.00 o'clock in your office. 

If you should have any questions, please contact KeUy Gharios of the Bureau at (213) 893-8209 or Ed 
Kavazanjian of Geos}Titec at (714) 969-0800. 

Attachment 
c: . Peter Janicki, CIW~IB 

Joe ~faturino, LEA 

C. ~cpez..dosure 
F:.!e: :!. ;.9 

·--I 

~ 1/)i .~~~~ 
h""' STEP HE:-<:\. FORTL'NE. Di sian ~!anager. 

Solid Resources Enginee · " & Construction Division 

AN EQUAL EMPLOYMENT OPPORTUNrTY- AFFIRMATIVE ACTION EMPLOYER 
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California 
-.- --- ---1 . ,_ 

. '-' - ~ ;- i • • • ~ .. # Control Board 
Los Angeles Region 

ltttc:T"'''d .~1::$$: hctp:/lwww.swrc:b.ca.~~ 
\•J! C.mtt~ P'J~ Drive, Monterey P.it'Jc., C.ilifomi;a 91'!5..t.'Z! s,; 

?hone(JZ:J} :56-7500 FA.:'<(3'!3) Z$.6-75CO 

July 23. 1 S9S 

Stephen A. Fortune, Division Manager 
Solid Resources Engineering & Construction Division 
City of Los Angeles 
419 South Spring Street, Suite 800 
Los Angeles, CA 90013 

CONDITIONAL APPROVAL OF ALTERNATIVE FINAL COVER ON THE SLOPES OF 
DISPOSAL AREAS A AND AS+ AND THE DECKS OF DISPOSAL AREAS A, B, AND AB+ -
LOPEZ CANYON RESTORATION PROJECT (CASE FILE 69-068) 

Dear Mr. Fortune: 

On April a, 1998, we received from you a report. entitled "Alternative Final Cover Water 
Analysis, Decks of Disposal A;:as A, B, and AS+. Slopes of Disposal Area A and AS+, Lopez 

\ Canyon Landfill, Lakeview Terrace, California". In a letter to you dated May 20, 1998, we 
I· provided our. comments on the subject report. In response to our comments, you have 

submitted two letters to the Regional Board, dat<ag___J_uo~L23.--1.998,~and---July---1-;·199a;----------
~····-~·~~--- .. --re-s-peetivery~·-·-·-·-·-·---···-· --- - ~ ~ ~~ ~~-~ ---~ ~-·-· ·~ 

~ / We have reviewed the subject letters an.d found that they adequately ·addressed our 
comments. The use of the proposed monolithic final cover is therefore conditionally approved 
per the requirements of Section 20080 of Title 27. California Code of Regulations (CCR). ·The 
approval is conditional because Section 200SO(b) of Title 27, CCR, requires -that the 
engineered alternative "(A) is consistent with the performance goal addressed by the particular 
construction or prescriptive standard and (B) affords equiva~ent protection against water quality 
impairment. • Although the computer modeling in your report and letters demonstrated that the 
proposed monolithic final cover can exceed the infiltration centre( performance of the Title 27 
prescriptive cover,. this conclusion must be supported· by actual monitoring c:iata, whicn is only 
available after !J",e landfill is closed. The formal approval of the alternative final cover is 
therefore subjected to the results of post-construction infiltration monitoring data of the site . .. .. 

If you have any questions. please contact Mr. 1Nen Yang at (213) 266-7659. 

Sincerely. 

K ~A.N-.1.1_( 1\(k~v'\ 
' 

RODN::Y NELSON. Chief 
Grcur.d't\oatsr Regt.:fatory Unit 

cc ?eter Janicki, Remediatio~. Closure and Technical Assistance Branch. CIWMB 

California Environmental Protection Agency 

~:1 R.e::yc!~cl P1:1p~,. 
Q~,. .7f,J::on: J. :o .. ~'~:-lr-'<1 :Jt'd :J1fhCt'C~ .·;.:t ~~a!!t;t '{Ca/Jft;,..,;;:': ~(J(~l' f"<!!Cftl'~eJ for tht !Jt:rr<t;it Oi,3'"'1!..:ent and fur:zr.~ gMerall~,J. 
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August 5, 1998 

Mr. Stephen Fortune, Division Manager 
Solid Resources Engineering and Construction Division 
City of Los Angeles Department of Public Works, Bureau of Sanitation 
419 South Spring Street, Suite 800 
Los Angeles, CA 90013 

Re: Proposed Alternative Final Cover for Lopez Canyon 

Dear l\t!r. Fortune: 

ENVIRONMENTAL.. AF 
COMMISSION 

M~RK S. ARMBRUST£, 
PRESIDENT 

ANNE SHEN SMITH 
VIC:E•PR£SIDENT 

E'OWARC J. BEGL.EY. JR.. 
TOO A. BURNETT · 

EL.lZAB£TH 0. ROGERS 

•Uti/~ 

py]; 
~ 

\ 

·~·7··_:_·-~~The~Gity~of~Los~Angeles~Local~Enforcement~·.A.:gency·ha.s-·recetvectyourtequest~·for--~~·· ·~~~.~.-~ 

conditional approval of the proposed monolithic cover design. We have reviewed the 
following documents submitted to us in the technical briefmg meeting held on June 25, 
1998 at Lopez Canyon. 

1. Memorandum from E. Kavazanjian, Tarik Hadj-Hamou (GeoSyntec Consultants) 
to Kelly Gharios (BOS), Addit.ional LEACHM Analyses, Engineered Alternative 
Final Cover Disposal Areas A, B, and AB+ Decks and Disposal Area A and AB+ 
Slopes, Lopez Canyon Sanitary Landfill, Lake View Terrace, CA., June 22, 1998 

2. Construction Quality Assurance Pian, Final Cover Construction, Disposal Areas 
A, B, and AB+, Lopez Canyon Sanitary Landfill Lakeview Terrace, California, 
Revised June 25, 1998. 

3. Initial Cost Estimate (rev. 10.89) 

The LEA grants conditional approval for the use of an alternative final cover (for Deck of 
Disposal Areas A, B. and AB+, Slope of AB+) consisting of a three foot layer of borrow 
soil (k value of 1 x ro·; cm!s) over an existing interim cover (k value of 4.5 x 104 cm/s, 
minimum two feet thick). Conditional approval is also granted for the use of the 
alternative final cover (existing interim cover) for the slopes of Disposal Area A. The 
approval is conditioned upon the following requirements: 

AN EQUAL EMPLOYMENT OPPORTUNITY- AFFIRMATIVE ACTION EMPLOYER _,...,..,.,._.-.@ 



Reviewedby: pf~ ~ 
WayneTsu 

Cc: Kelly Gharios (BOS) 
Rod Nelson (RWQCB) 
Peter Janicki (CIWMB) 
Darryl Petker (CIWMB) 
Ed Kavazanjian (GeoSyntec Consultants) 
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1. SITE AND PROJECT CONTROL 

1.1 Project Coordination Meetings 

To guarantee a high degree of quality during installation, clear, open 
channels of communication are essential. To this end, meetings of key project 
personnel are necessary. 

1.1.1 Resolution Meeting 

Foil owing the completion of the design, plans, and specifications for the 
project, a Resolution Meeting will be held. This meeting will include the Geosynthetic 
CQA Managing Engineer, the Geosynthetic Site CQA Manager, the Soils CQA 
Managing Engineer, the Soils Site CQA Manager, the Engineer, and the Project 
Manager. 

The purpose of this meeting is to begin planning for coordination of 
construction tasks, anticipate any installation problems which might cause difficulties 
and delays in construction, and, above all, present the CQA Plan to all of the parties 
involved. It is very important that the criteria regarding testing, repair, etc., be known 
and accepted by all parties prior to the installation of geosynthetic materials and 
construction of the soil components of the final cover system. 

1.1.2 Preconstruction Meeting 

A Preconstruction Meeting will be held at the site prior to installation of the 
geosynthetic materials and construction of soil components. As a minimum, the 
Preconstruction Meeting will be attended by the Geosynthetic Installer's 
Superintendent, the Geosynthetic CQA Managing Engineer, the Soils CQA Managing 
Engineer, the Geosynthetic Site CQA Manager, the Soils CQA Manager, the Earthwork 
Contractor, and the Project Manager. 

CE4100-02/LPZ98-53/rp I I0/22/98 8:38AM 
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1.1.3 Progress Meetings 

A weekly progress meeting will be held between the Soils Site CQA 
Manager, the Geosynthetic Site CQA Manager, the Geosynthetic Installer's 
Superintendent, the Earthworks Contractor, the Project Manager, and any other 
concerned parties. The progress meetings will be used to discuss current progress, 

·planned activities for the upcoming week, and any new business or revisions to the 
work. The Site CQA Managers will document any problems, decisions, or questions 
arising at this meeting in their daily reports. Any matter requiring action which is raised 
in this meeting will be reported to the appropriate parties. Minutes of the weekly 
progress meetings shall be documented by the Project Manager or his representative and 
distributed to all appropriate parties. 

1.1.4 Problem or Work 'Deficiency Meeting 

.. -.~·---~:__-·-··-··--·--·~ -A-special-meeting-wi:H~be-held-when~and~if·-a-problem-or--deficiency-is--~~--- ----·~­

present or likely to occur. The meeting will be attended by the affected contractors, the 
Project Manager, the Site CQA Manager(s), and other parties as appropriate. If the 
problem requires a design modification, the Engineer should either be present at, 
consulted prior to, or notified immediately upon conclusion . of this meeting. The 
purpose of the work deficiency meeting is to define and resolve the problem or work 
deficiency. 

1.2 Project Control Visits 

Periodically, the construction site will be visited by each CQA Managing 
Engineer and/or each CQA Project Manager (if different from the CQA Managing 
Engineer). If possible, each such visit should be coordinated with a similar visit by the 
Engineer. State of California regulatory officials may be informed of the dates of the 
visits. 

CE41 00-02/LPZ98-53/rp 2 !0/22/98 8:38AM 
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2. DOCUMENTATION 

2.1 General 

An effective CQA plan depends largely on recognition of all construction 
activities that should be monitored, and on assigning responsibilities for the monitoring 
of each activity. This is most effectively accomplished and verified by the 
documentation of quality assurance activities. Each CQA Representative will document 
that all quality assurance requirements have been addressed and satisfied. 

Each Site CQA Manager will provide the Project Manager with signed 
descriptive remarks, data sheets, and logs to verifY that all monitoring activities have 
been carried out. Each Site CQA Manager will also maintain at the job site a complete 
file of plans and specifications, a CQA plan, checklists, test procedures, daily logs, and 
other pertinent documents. 

2.2 Daily Recordkeeping 

Standard reporting procedures will include preparation of daily CQA 
documentation which, at a minimum, will consist of: (i) field notes, including 
memoranda of meetings and/or discussions with the Earthwork Contractor, Installer, or 
Project Manager; (ii) CQA monitoring logs, and testing data sheets; and 
(iii) construction problem and solution summary sheets. This information will be 
regularly submitted to and reviewed by the Project Manager. 

2.2.1 Monitoring Logs and Testing Data Sheets 

Monitoring logs and testing data sheets will be prepared daily. At a 
minimum, these logs and data sheets will include the following information: 

• an identifYing sheet number for cross referencing and document 
control; 
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• date, project name, location, and other identification; 

• · data on weather conditions; 

• a Site Plan showing work areas and test locations; 

• descriptions and locations of ongoing construction; 

• equipment and personnel m each work area, including 
subcontractors; 

• descriptions and specific locations of areas, or units, of work being 
tested and/or observed and documented; 

• locations where tests and samples were taken; 

• calibrations or recalibrations oftest equipment, and actions taken as a 
result of recalibration; 

• delivery schedule of off-site materials received, including quality 
control documentation; 

• decisions made regarding acceptance of units of work, and/or 
corrective actions to be taken in instances of substandard testing 
results; and 

• signature of the respective Site CQA Manager(s) and/or the Field 
Monitor(s). 

In any case, all logs must be completely filled out with no items left blank. 
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2.2.2 Construction Problems 

The Project Manager will be made aware of any significant recurring 
nonconformance with the construction plans, project specifications or CQA Plan. The 
cause of the nonconformance will be determined and appropriate changes in procedures 
or specifications will be recommended. These changes will be submitted to the 
Engineer for approval. When this type of evaluation is made, the results will be 
documented,. and any revision to procedures or specifications will be approved by the 
City and Engineer. 

A summary of all supporting data sheets, along with final testing results and 
the respective Site CQA Manager's approval of the work, will be required upon 
completion of construction. 

2.3 Photographic Reporting 

Photographs will serve as a pictorial record of work progress, problems, and 
mitigation activities. The primary project file will contain color prints; negatives will 
also be stored in a separate file. These records will be presented to the Project Manager 
upon completion of the project. 

2.4 Design and/or Specifications Changes 

Design and/or specifications changes may be required during construction. 
In such cases, the respective Site CQA Manager will notify the Project Manager. 

Design and/or specifications changes will be made only with the written 
agreement of the Project Manager and the Engineer, and will take the form of an 
amendment to the specifications. 
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2.5 Final Report 

At the completion of the work, the Soils and Geosynthetic CQA 
Representatives will submit to the Project Manager a signed and sealed final report. 
These reports will acknowledge: (i) that the work has been performed in compliance 
with the plans and specifications; (ii) physical sampling and testing has been conducted 
at the appropriate frequencies; and (iii) that the summary document provides the 
necessary supporting information. 

At a minimum, this report will include: 

• summaries of all construction activities; 

• monitoring logs and testing data sheets including sample location 
plans; 

• changes from design and material specifications; 

• record drawings; and 

• a summary statement indicating compliance with project plans and 
specifications which is signed and sealed by a Registered Civil 
Engineer or Certified Engineering Geologist in the State of 
California. 

The record drawings will include scale drawings depicting the location of the 
construction and details pertaining to the extent of construction (e.g., depths, plan 
dimensions, elevations, soil component thicknesses, etc.). These documents will be 
prepared by the appropriate CQA Representative and included as part of the CQA plan 
documentation. 
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3. VERY FLEXIBLE POLYETHYLENE (VFPE) GEOMEMBRANE 
QUALITY ASSURANCE 

3.1 Design 

A copy of the VFPE geomembrane construction drawings and specifications 
prepared by the Engineer will be given to the Geosynthetics CQA Representative. The 
Geosynthetics CQA Representative will review these items for familiarity. This review 
should not be considered as the peer review of the design. Peer review should have 
been conducted at an earlier stage. 

3.2 Manufacturing 

The VFPE Geomembrane Manufacturer (Manufacturer) will provide the 
Project Manager with a list of guaranteed "minimum average roll value" properties for 

---~·~~----the-cype-of-geomembrane-to-be-<ielivered~--=!'he-Manufaeturer-wiH-also-provide-the~~~--~-~­

Project Manager with a written certification signed by a responsible representative of 
the Manufacturer that the materials actually delivered have "minimum average roll 
value" properties which meet or exceed all certified property values for that type of 
geomembrane. 

The Manufacturer will also provide the Project Manager with the following 
information: 

• the ongm (Resin Supplier's name and resin production plant), 
identification (brand name, lot number), and production date of the 
resin; and 

• a copy of the quality control certificates issued by the Resin Supplier. 

The Geosynthetics CQA Representative will examine all of the 
Manufacturer and resin suppliers certificates to ensure that the property values listed on 
the certifications meet or exceed those specified. Any deviations will be reported to the 
Project Manager. 
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3.3 Shipment and Storage 

During shipment and storage, the VFPE geomembrane will be protected 
from puncture, cutting, or any other damaging or deleterious conditions. The 
Geosynthetics CQA Representative will observe rolls upon delivery to the site and any 
deviations from the above requirements will be reported to the Project Manager. Any 
damaged rolls will be rejected and replaced at no cost to the City. 

3.4 Conformance Testing 

3.4.1 Testing Procedures 

In order to ensure that the VFPE to be installed for this project meets the 
·-~--~~--·---···-···design.requirements,.a.minimum-Design-:Y:ield-Point--is-Speci.fied~~For-the-purpese-ef~ ·--·-·--------~ 

these specifications, the Design Yield Point is defined as the point on the stress-strain 
curve at which the tangent modulus first becomes 290 psi. The stress-strain curve will 
be determined based on testing method ASTM D 638, 

The following test procedures will also be conducted: 

• thickness (ASTM D 751 with conical tip); 
• specific gravity (ASTM D 792 Method A or ASTM D 1505); 
• carbon black content (ASTM D 1603); and 
• carbon black dispersion (ASTM D 5596). 

Where optional procedures are noted in the test method, the requirements of 
the specifications shall prevail. 

CE4 I 00-02/LPZ98-53/rp 8 10/22/98 8:38AM 



GeoSyntec Consultants 

3.4.2 Sampling Procedures 

Upon delivery of the geomembrane rolls, the Geosynthetics CQA 
Representative will ensure that samples are obtained from individual rolls at the 
frequency specified in this CQA plan. The samples will be forwarded to the 
Geosynthetics CQA Laboratory for testing to ensure conformance to both the design 
specifications and the list of physical properties certified by the Manufacturer. 

Samples will be taken across the entire width of the roll and will not include 
the first lineal 3 ft (1 m). Unless otherwise specified, samples will be 3 ft (1 m) long by 
the roll width. The Geosynthetics CQA Representative will indicate the machine 
direction on the samples by marking an arrow on each sample. 

Unless otherwise specified, conformance samples of the VFPE 
geomembrane rolls will be taken at a frequency of one sample per lot or one per 
100,000 ft2 (10,000 m2

) of material delivered to the site, whichever requires the greater 

3.4.3 Test Results 

The Geosynthetics CQA Representative will examine all results from 
laboratory conformance testing and compare results to the project specifications. The 
criteria used to determine acceptability are presented in the Specifications. The 
Geosynthetics CQA Representative will report any nonconformance to the Project 
Manager. 

3.5 Handling and Placement 

Transportation of the geomembrane is the responsibility of the Manufacturer, 
Installer, or other party as agreed upon. All handling on site is the responsibility of the 
Installer. 
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During the installation, the Geosynthetics CQA Representative will verify 

• handling equipment used on the site is adequate to handle the 
geomembrane without causing damage to the geomembrane; and 

• the Installer's personnel handle the geomembrane with care. 

Upon delivery at the site, the Installer and the Geosynthetics CQA 
Representative will, to the best of his or her ability, conduct a surface observation of all 
rolls or factory panels for defects and damage. This examination will be conducted 
without unrolling each individual roll unless an above average frequency of defects or 
damage is observed or suspected. The Geosynthetics CQA Representative will report to 
the Project Manager: 

• any rolls or portions thereof, which should be rejected and removed 
·-·~·····-.~~-·--·~--.. ~·~·-··- .... ~-·-·-·~·- .. ~~-··-""-·-··-·-frem~-th~--site-·becauSe -they-·have·-severe·-manufacturing--"defects-·~or·-··~ --·~·-··~·~·~·-·_.,_., ... _ ... ~ 

damage; and 

• any rolls which exhibit an average occurrence of manufacturing 
defects or damage which are considered by the Geosynthetics CQA 
Representative as repairable flaws. 

3.6 Storage 

The Installer will be responsible for the storage of the geomembrane on site. 
The Project Manager will designate storage space in a location (or several locations) 
such that on-site transportation and handling are optimized if possible. Storage space 
should be protected from theft, vandalism, passage of vehicles, stormwater runon, etc. 
The storage space, if unpaved, should be graded and rolled smooth in order to protect 
the geomembrane materials from puncture. 

The Geosynthetics CQA Representative will verify that storage of the 
geomembrane ensures adequate protection against dirt and sources of damage. 

CE41 00·021LPZ98-53/rp !0 I 0/22/98 8:38AM 



GeoSyntec Consultants 

3.7 Geomembrane Installation 

3. 7.1 Surface Preparation 

The Earthwork Contractor will be responsible for preparing the soil subbase 
which supports the geomembrane materials according to the Engineer's specifications. 

The Geosynthetics CQA Representative will verifY that: 

• a qualified geotechnical engineer, normaiJy the Soils CQA 
Representative, has verified that the supporting soil meets maximum 
dry density and moisture specifications (if applicable); 

• the surface to be lined has been roiled and compacted so as to be free 
of irregularities, ruts, protrusions, loose soil, and abrupt changes in 
grade; 

• the surface of the supporting soil does not contain angular to 
subangular stones, debris, or other objects which may damage the 
geomembrane; and 

• there is no area of the supporting soils excessively softened by high. 
moisture content. 

The InstaiJer will certifY in writing that the surface on which the 
geomembrane will be installed is acceptable. The certificate of subgrade acceptance for 
the area under consideration will be given by the InstaiJer to the Project Manager prior 
to commencement of geomembrane installation. The Geosynthetics CQA 
Representative will be furnished a copy of this certificate by the Project Manager. 

After the supporting soil has been accepted by the Installer, it will be the 
Installer's responsibility to indicate to the Project Manager any change in the supporting 
soil condition that may require repair work. If the Geosynthetics CQA Representative 
and/or Soils CQA Representative concurs with the Installer assessment of the subgrade 
damage, then the Project Manager will ensure that the supporting soil is repaired. 
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3.7.2 Geomembrane Placement 

3.7.2.1 Field Panel Identification 

A field panel is the unit area of geomembrane which is to be seamed in the 
field (i.e., a field panel is a roll or a portion of roll cut in the field). 

It will be the responsibility of the Geosynthetics CQA Representative to 
ensure that each field panel is given an "identification code" (number or letter-number) 
which may or may not be consistent with the Installer's proposed layout plan. This 
identification code will be agreed upon by the Project Manager, Installer, and 

Geosynthetics CQA Representative. This field panel identification code should be as 
simple and logical as possible. (Note: roll numbers established in the manufacturing 

plant are usually cumbersome and are not related to location in the field.) It will be the 
responsibility of the Installer to ensure that each field panel placed is marked with the 
original roll number. The roll number will be marked at a location agreed upon by the 

·-···-----------Pr.oject-Manager,Insta1Ier,and-Geosyntheties-GQA-Representative;--'Fhe-Geosyntheti:cs----·---··-·­
CQA Representative will record the identification code, dimensions, weather 
conditions, time, location, and date of installation for each field panel. 

The Geosynthetics CQA Representative will establish a table or chart 
showing correspondence between roll numbers, factory panels, and field panel 

identification codes. The field panel identification code will be used for all requisite 
quality assurance documentation. 

3.7.2.2 Field Panel Placement 

The Geosynthetics CQA Representative will verity that field panels are 
installed in the manner indicated in the geomembrane seam layout plan, as approved or 

modified. 

Field panels will be placed one at a time, and each field panel will be seamed 
immediately after its placement (in order to minimize· the number of unseamed field 

panels exposed to wind). 
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Geomembrane placement will not proceed at an ambient temperature below 
40°F (5°C) or above 100°F (38°C) unless otherwise authorized by the Project Manager. 
Geomembrane placement will not be conducted during precipitation events, in an area 
of ponded water, or in the presence of excessive winds as determined by the 
Geosynthetics CQA Representative or Project Manager. The Geosynthetics CQA 
Representative will verify that the above conditions are fulfilled. The Geosynthetics 
Site CQA Manager will inform the Project Manager if the above conditions are not 
fulfilled. 

The Geosynthetics CQA Representative will visually observe each panel, 
after placement and prior to seaming, for damage. The Geosynthetics Site CQA 
Manager will advise the Project Manager which panels, or portions of panels, should be 
rejected, repaired, or accepted. Damaged panels or portions of damaged panels which 
have been rejected will be marked and their removal from the work area recorded by the 
Geosynthetics CQA Representative. Repairs will be made according to procedures 

----~-------descFibed-in-Section-3.7A~·--~-~--~··--'·---·······--- '-·---·-······-····~·-··~-·--~···-----·----~-~ 

3.7.3 Field Seaming 

3.7.3.1 Seam Layout 

The Installer will provide the Project Manager and the Geosynthetics CQA 
Representative with a seam layout drawing, i.e., a drawing of the facility to be lined 
showing all expected seams. The Geosynthetics CQA Representative will review the 
seam layout drawing and verifY that it is consistent with the accepted state-of-practice 
and this CQA Plan. Seams not specifically shown on the seam layout drawing may not 
be constructed without the Project Manager's prior approval. A seam numbering 
system compatible with the panel numbering system will be agreed upon at the 
Resolution and/ or Pre-Construction Meeting. 
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3.7.3.2 Seaming Equipment and Products 

Approved field seaming processes are fillet extrusion seaming and double­
track fusion seaming. Proposed alternate processes will be documented and submitted to 
the Project Manager for approval. Only seaming apparatus which have been specifically 
approved by make and model will be used. The Installer will ensure that all seaming 
equipment used on this project are in good working order including accurate 
temperature gauging devices. 

The Project Manager will submit all seaming documentation provided by the 
Installer to the Geosynthetics CQA Representative for his concurrence. 

Extrusion Process 

The extrusion seaming apparatus will be equipped with gauges giving the 
relevant temperatures of the apparatus such as the temperatures of the extrudate, nozzle, 

~-~---~~~~-and--preheat~--'I'he--Installer-wiH~-veiify-equipment-operating--temperature~with~a-~~--~--~--~-~­

pyrometer to <;?sure that accurate temperatures are being achieved throughout the course 
of the geomembrane installation. 

The Geosynthetics CQA Representative will record machine operating 
temperatures, extrudate temperatures, and ambient temperatures at appropriate intervals. 
Ambient temperatures will be measured approximately 6 in. (150 mm) above the 
geomembrane surface. 

Fusion Process 

The fusion-seaming apparatus must be automated vehicular-mounted 
devices. The fusion-seaming apparatus will be equipped with gauges indicating 
operating temperatures. Pinch roller pressure settings will be adjusted by the Installer as 
required. 

The Geosynthetics CQA Representative will record ambient temperatures, 
seaming apparatus temperatures, and speeds. Ambient temperatures will be measured 
approximately 6 in. (150 mm) above the geomembrane surface. 
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3.7.3.3 Seam Preparation 

The Geosynthetics CQA Representative will monitor the preparation of the 
geomembrane for seaming operations to assure that: 

• prior to seaming, the seam area is clean and free of moisture, dust, 
dirt, debris of any kind, and foreign material; 

• if seam overlap grinding is required, the process is completed 
according to the Geomembrane Manufacturer's instructions within 
one hour of the seaming operation, and in a way that does not 
damage the geomembrane; 

• the abrading does not extend more than 0.5 in. (12 mm) on either side 
·~·~-·---~---~-~--~-~~-~-~ofthe-extruded~weld;<md ~~--~~~~---~-~~·~-··~·--~~~·~~~---·~·-

• seams are aligned to mm1m1ze the number of wrinkles and 
"fishmouths." 

The Geosynthetics Site CQA Manager will inform the Project Manager if the 
conditions identified above are not met. 

3.7.3.4 Trial Seams 

Trial seams will be made using extraneous pieces of VFPE geomembrane to 
verify that seaming conditions are adequate. Such trial seams will be made at the 
begirming of each seaming period, and at least once every five hours, for both fusion 
and extrusion seaming apparatus used during the seaming period. A trial seam will also 
be made in the event that the ambient temperature varies more than 18°F (1 0°C) since 
the last passing trial seam test. The ambient temperature will be measured 
approximately 6 in. (150 mm) above the liner. Also, each seaming technician will make 
at least one trial seam for each seaming period. Trial seams will be made under the 
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same conditions as actual seams. If any seaming apparatus is turned off for any reason, 
a new passing trial seam must be completed for that specific seaming apparatus. 

If a trial seam specimen fails according to the criteria identified in the project 
specifications, the entire trial seam testing operation should be repeated. If a specimen 
fails in the subsequent testing, the seaming apparatus and seamer will not be accepted 
and will not be used for seaming imtil the deficiencies are corrected and two 
consecutive successful full trial seams are achieved. 

Additional testing of trial seams may be conducted if agreed upon between 
the parties involved. Any such agreements will be documented by the Geosynthetics 
CQA Representative. After completion of the testing described above, the remainder of 
the trial seam sample may be cut into three pieces and distributed,. one to be retained in 
the City's archives, one to be given to the Installer, and one to be provided to the 
Geosynthetics CQA Laboratory for the additional testing, as required. If a trial seam 
sample fails a test conducted by the Geosynthetics CQA Laboratory, then a destructive 

~---~sampi~H-be-taken-fromeaeh-oHhe-seams-completed-by-the-seaming-technician·and---~---· 

apparatus subsequent to the successful field trial seam test. The conditions of this . 
paragraph will be considered as met for a given seam if a corresponding destructive 
sample has already been taken and meet or exceed the requirements of the project 
specifications and this CQA plan. 

3.7.3.5 Nondestructive Testing 

Concept 

The Installer will nondestructively test all field seams over their full length 
using a vacuum test, spark test, air pressure test (for double-track fusion seams only), or 
other approved method. v acuurn testing and air pressure testing are described in the 
Vacuum Testing and the Air Pressure Testing of this section, respectively. The purpose 
of nondestructive tests is to check the continuity of seams. It does not provide any 
information on seam strength. Nondestructive testing will be carried out as the seaming 
work progresses, not at the completion of all field seaming. Nondestructive testing will 

CE41 00-021LPZ98-53/rp 16 !0/22/98 8:38AM 



GeoSyntec Consultants 

not be permitted without adequate illumination unless the Installer demonstrates 
capabilities to do so to the satisfaction of the Project Manager. 

The Geosynthetics CQA Representative will: 

• observe all nondestructive testing; 

• record location, date, test unit number, name of tester, and outcome 
of all testing; and 

• inform the Installer and Project Manager of any required repairs. 

The Installer will complete any required repairs in accordance with 
Section 3.7.4. 

In some cases, seams may be inaccessible for nondestructive testing due to 
~---~~·-~-------the-design-of-the-closure-system-. ]?.revisions-may-be-made-to-prefabricate-portions-of---·~----­

the geomembrane to allow nondestructive testing of seams that would otherwise be 
inaccessible. Once tested, the prefabricated portions may be installed. In those cases 
where no provisions can be made to nondestructively test a seam, the seam must be 
capped following the method described in Section 3.7.4.3. The seaming and capping 
operation will be observed by the Geosynthetics CQA Representative for uniformity 
and completeness. 

The seam number, date of observation, name oftester, and outcome of the 
test or observation will be recorded by the Geosynthetics CQA Representative. 

Vacuum Testing 

The equipment for seam vacuum testing will consist of the following: 

• a vacuum box assembly consisting of a rigid housing, a transparent 
viewing window, a soft neoprene gasket attached to the bottom, port 
hole or valve assembly, and a vacuum gauge; 
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• a vacuum tank and pump assembly equipped with a pressure 
controller and pipe connections; 

• a pressure/vacuum hose with fittings and connections; 

• an approved applicator; and 

• a soapy solution. 

The following procedures will be followed: 

• if vacuum testing a fusion seam, the flap must be removed prior to 
testing; 

• energize the vacuum pump to maintain a tank pressure of 
approximately 5 psi (34 kPa) gauge; 

• with a sqapy solution, wet a strip of geomembrane which is 6 in. 
(!50 mm) larger in area than the vacuum box; 

• place the box over the wetted area; 

• close the bleed valve and open the vacuum valve; 

• ensure that a leak tight seal is created; 

• for a period of not less than 10 seconds, examine the geomembrane 
seam through the viewing window for the presence of leaks indicated 
by soap bubbles; 

• if no leak indications appear after 1 0 seconds, close the vacuum valve 
and open the bleed valve. Before moving the box over the next 
adjoining area, place a mark (with an approved marker) on the 
geomembrane at the leading edge of the viewing window, then move 
the box over the next adjoining area so that the last mark on the 
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geomembrane is at the rear of the viewing window, and repeat the 
process; and 

• all areas where leaks appear will be marked by the vacuum testing 
. technician and repaired by the Installer in accordance with 
Section 3.7.4.3. 

Air Pressure Testing (For Double-Track Fusion Seams Only) 

The following procedures are applicable to those processes which produce a 
double seam with an enclosed air channel space. 

The equipment will be comprised of the following: 

• an air pump equipped with a pressure gauge capable of generating 
and sustaining a pressure between 25 to 30 psi (175 and 210 kPa) and 

-~----·-~----··-····~----·-----mounted-on.a.cuslnon-to.:protectthe-geomembr.ane;--·--------·~------··----·--··· 

• a hose with fittings and connections; and 

• a sharp hollow needle, or other approved air pressure feed device and 
pressure gauge. 

The following procedures will be followed: 

• insert a protective cushion between the m:r pump and the 
geomembrane; 

• seal both ends of the seam to be tested; 

• insert the needle or other approved pressure feed device into the 
chaJmel created by the fusion seam; 

• insert the needle with the pressure gauge into the chaJmel at the 
opposite end of the seam where the pressure feed device is located; 
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• energize the air pump to a pressure between 25 and 30 psi (175 and 
210 kPa), close the valve, and sustain the pressure for ·a minimum 
period of 5 minutes; 

• if any loss of pressure exceeds 2 psi (15 kPa) on the gauge at the 
opposite end of the seam to the pressure feed device or if the pressure 
does not stabilize, locate the faulty area and repair it in accordance 
with Section 5.8.4.3; 

• verify the relief of the air pressure of the end of the seam opposite the 
pressure gauge; and 

• remove the needles or other approved pressure feed devices and 
repair all holes created during the test procedures. 

Destructive Testing 

Destructive seam tests will be performed at selected locations. The purpose . 
of these tests is to evaluate seam strength. Seam strength testing will be conducted as 
the seaming work progresses, not at the completion of production seaming. 

Location and Frequency 

The Geosynthetics Site CQA Manager will select locations where seam 
samples will be cut out for laboratory testing. Those locations will be established as 
follows: 

• A mm1mum average frequency of one test per 500 lineal ft 
(150 lineal m) of seam length. This. minimum frequency is to be 
determined as an average taken over the total length of the 
geomembrane seams constructed for the final cover system. 
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• A maximum frequency will be agreed upon by the Installer, Project 
Manager .and Geosynthetics Site CQA Manager at the Resolution 
and/or Pre-Construction Meeting. 

• Test locations will be determined during seaming at the 
Geosynthetics Site CQA Manager's discretion. Selection of such 
locations may be prompted by suspicion of excess crystallinity, 
contamination, offset seams, or any other potential cause of 
inadequate seaming. 

The Installer will not be informed in advance of the locations where the 
seam samples will be taken. 

Sampling Procedure 

~~- -~--Samples-wi!J-be-maFk<ld-by-the-Geosynthetie-GQA-Representative-and~~-------·-·· 

removed by the Installer for field and laboratory testing as the seaming progresses. This 
procedure will allow review of laboratory test results before. the geomembrane is 
covered by another material. The Geosynthetics CQA Representative will: 

• observe sample removal; 

• assign a number to each sampling location, and mark the sample 
removed from that location accordingly; 

• record the sample location on the layout drawing; and 

• record the reason for taking the sample at this location . (e.g., 
statistical routine, suspicious feature of the geomembrane). 

All holes in the geomembrane resulting from the destructive sampling 
procedures will be immediately repaired by the Installer in accordance with repair 
procedures described in Section 3.7.4.3. The continuity of the new seams constructed 
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as part of the repaired area will be tested according to the Vacuum Testing of 
Section 3.7.3.5. 

Prior to the removal of a sample, two specimens for field testing should be 
taken. Each of these specimens will be I in. (25 mm) wide by 8 in. (200 mm) long, 

. with the seam centered parallel to the width. The distance between these two specimens 
will be 44 in. (1.1 m). If both specimens pass the field peel tests described in the Field 
Testing of Section 3.7.3.6, a sample for laboratory testing will be taken. If either 
specimen fails the testing, the seam should be repaired in accordance with the 
procedures identified in Section 3.7.4.3. 

Size and Distribution of Samples 

The sample for laboratory testing will be located between the two specimens 
removed for field testing as described in the Sampling Procedure of Section 3.7.3.6. 
The destructive sample will be 12 in. (0.3 m) wide by 42 in. (1.1 m) long with the seam 

-~- ·-~sentered~lengthwise,~The-sample·wiH~be·eut~into-three·parts-and·distributed-as-follows:~-~--~·---~--~-

• one portion, measuring 12 in. x 12 in. (0.3 m x 0.3 m), to the Installer 
for laboratory testing (if required); 

• one portion, measuring 12 in. x 12 in. (0.3 m x 0.3 m), to the City for 
archive storage; and 

• one portion, measuring 12 in. x 18 in. (0.3 m x 0.45 m), for 
Geosynthetic CQA Laboratory testing. 

Final determination of the destructive sample dimensions and distribution 
will be made at the Pre-Construction Meeting. 

Field Testing 

The two I in. (25 mm) wide specimens mentioned in the Sampling 
Procedure of Section 3.7.3.6 will be tested in the field for peel. The testing will be 
conducted using a gauged tensiometer which has been calibrated within the last six 
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months. If any field test sample fails to pass the criteria identified in the specifications, 
then the procedures outlined in the Procedures for Destructive Test Failures of 
Section 3.7.3.6 will be followed. 

The Geosynthetics CQA Representative will witness all field destructive 
testing and record the date, seam number, panel numbers, location, the assigned 
destructive sample number, and the results of the field tests. 

Geosynthetics Construction Quality Assurance Laboratory Testing 

Destructive test samples will be packaged and shipped, if necessary, by the 
Geosynthetics CQA Representative in a manner that will not damage the test sample. 
The Project Manager will verifY that packaging and shipping conditions are acceptable. 
The Project Manager will be responsible for storing the archive samples. This 
procedure will be fully outlined at the Resolution and Pre-Construction Meetings. 
Destructive samples will be tested by the Geosynthetics CQA Laboratory. The 

-·-~·~~-~--..Geosynthetics.-GQA--baberater.y--wiU-be..-..J)elected~by--th~Geosynthetics......eQA~-·~~··~--~ 

Representative with the concurrence of the City. 

Testing will include "Seam Strength" (ASTM D 4437 as modified in NSF 54 
Appendix A), and "Peel Strength" (ASTM D 4437 as modified in NSF 54, 
Appendix A). Modifications to the testing procedures and the minimum acceptable 
values to be obtained in these tests are indicated in the Specifications. At least five 
specimens will be tested for each test method. Specimens will be selected alternately by 
test from the samples (i.e., peel, shear, peel, shear ... ). 

The Geosynthetics CQA Laboratory will provide test results to the 
Geosynthetic Site CQA Manager no more than 24 hours after receipt of the samples. 
The Geosynthetics Site CQA Manager will review laboratory test results as soon as they 
become available and make appropriate recommendations to the Project Manager. 

Acceptable seams must be bounded by two locations which meet the 
following criteria: (i) where destructive samples have passed all laboratory tests; (ii) the 
entire production seam length and seaming apparatus in question is capped; and 
(iii) constructed by the seamer. Whenever a reconstructed seam length exceeds 150 ft 
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(50 m), a sample will be taken from the zone in which the seam has been reconstructed. 
This sample must pass destructive testing or the procedure outlined in this section must 
be repeated. 

The Geosynthetics CQA Representative will document all actions taken in 
conjunction with destructive test failures. 

3.7.4 Defects and Repairs 

3.7.4.1 Identification 

Seams and non-seam areas of the geomembrane will be examined by the 
Geosynthetics CQA Representative for identification of defects, holes, blisters, 
undispersed raw materials and any sign of contamination by foreign matter. The surface 
of the geomembrane will be clean at the time of examination. The geomembrane 

-·-----··~--~surfac_e_syilLhe_swepLJJL-washed-~by_the.-Installer-if-debr:is~of-any-kind-inhibits--·--··~---­

examination. 

3.7.4.2 Evaluation 

Each suspect location both in seam and non-seam areas will be 
nondestructively tested using the methods described in the Vacuum Testing of 

• 
Section 3. 7.3 .5. Each location which fails the nondestructive testing will be marked by 
the Installer or the Geosynthetics CQA Representative and repaired by the Installer. 
Work will not proceed with any materials which will cover geomembrane locations that 
have been repaired until laboratory destructive test results have been approved by the 
Geosynthetic CQA Representative. 

3.7.4.3 Repair Procedures 

Any portion of the geomembrane exhibiting a flaw or failing a destructive or 
nondestructive test will be repaired. Several procedures exist for the repair of these 
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3.7.5 Geosynthetic Final Cover System Acceptance 

The Installer will retain all responsibility for the installed geosynthetics until 
accepted by the City. 

The installed geosynthetics will be accepted by the City when: 

• the installation is finished; 

• verification of the adequacy of all seams and repairs, including 
passing nondestructive and destructive tests, are complete; 

· • Installer's representative furnishes the Project Manager with 
certification that the VFPE geomembrane was installed in accordance 

·-····--~~·-~-~------········With-the-Manufaeturer·'s-reeommendations-as--weH-as-the·plans·and··--­

specifications; 

• all documentation of installation is completed; and 

• the Geosynthetics CQA Representative's Final Report and Record 
Drawings, sealed by a Professional Engineer registered by the State 
of Illinois, have been received by the City. 
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4. GEOTEXTILE CONSTRUCTION QUALITY ASSURANCE 

4.1 Design 

A copy of the geotextile construction drawings and project specifications 
prepared by the Engineer will be given to the Geosynthetic CQA Representative. The 
Geosynthetic CQA Representative will review these items for familiarity. This review 
should not be considered as the peer review of the design. Peer review should have been 
conducted at an earlier stage. 

4.2 Manufacturing 

The Geotextile Manufacturer (Manufacturer) will provide the Project Manager 
with a list of certified "minimum average roll value" properties for the type of geotextile 
to be delivered. The Manufacturer will also provide the Project Manager with a written 

~~-------~---certification.signed-by-a-responsible.representative-{)f.the-Manufacturer-thaHhe·materials~-~-----· 

actually delivered have "minimum average roll values" properties which meet or exceed 
all certified property values for that type of geotextile. 

The Geosynthetic CQA Representative will examine all the Manufacturers' 
certifications to ensure that the property values listed on the certifications meet or exceed 
those specified for the particular type of geotextile. Any deviations will be reported to the 
Project Manager. 

4.3 Labeling 

The Manufacturer will identify all rolls of geotextile with the following: 

• Geotextile Manufacturer's name; 
• product identification; 
• lot number; 
• roll number; 
• roll weight; and 
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• roll dimensions. 

The Geosynthetic CQA Representative will examine rolls upon delivery and 
any deviation from the above requirements will be reported to the Project Manager. 

4.4 Shipment and Storage 

During shipment and storage, the geotextile will be protected from ultraviolet 
light exposure, precipitation or other inundation, mud, dirt, dust, puncture, cutting or any 
other damaging or deleterious conditions. To that effect, geotextile rolls will be shipped 
and stored in relatively opaque and watertight wrappings. The Geosynthetic CQA 
Representative will observe rolls upon delivery to the site and any deviation from the 
above requirements will be reported to the Project Manager. Any damaged rolls will be 
rejected and replaced at no cost to the Owner. 

4.5 Conformance Testing 

4.5.1 Tests 

Upon delivery of the geotextile rolls, the Geosynthetic CQA Representative 
will ensure that samples are removed and forwarded to the Geosynthetic CQA Laboratory 
for testing to ensure conformance to both the design specifications and the list of 

, guaranteed properties. 

As a minimum, the following tests will be performed on geotextiles m 
accordance with the referenced ASTM Standards: 

• mass per unit area (ASTM D 3776); 
• grab strength (ASTM D 4632); 
• tear strength (ASTM D 4533); 
• burst strength (ASTM D 3786); and 
• puncture strength (ASTM D 3787). 
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4.5.2 Sampling Procedures 

Upon delivery of the geotextile rolls, the Geosynthetics CQA Representative 
will ensure that samples are obtained from individual rolls at the frequency specified in 
this CQA plan. The samples will be forwarded to the Geosynthetics CQA Laboratory for 
testing to ensure conformance to both the design specifications and the list of physical 
properties certified by the Manufacturer. 

Samples will be taken across the entire width of the roll and will not include 
the first linear 3 ft (I m). Unless otherwise specified, samples will be 3 ft (I m) long by 
the roll width. The Geosynthetic CQA Representative will mark the machine direction on 
the samples with an arrow. Samples will be taken at a rate of one per manufactured lot or 
one per 100,000 ft2 (9,300 m2

), whichever requires the greater number of samples. 

The Geosynthetic CQA Representative will examine all results from 
laboratory conformance testing and compare results to the project specifications. The 
criteria used to determine acceptability are presented in the Specifications. The 
Geosynthetic CQA Representative will report any nonconformance to the Project 
Manager. 

4.5.4 Conformance Test Failure 

The following procedure will apply whenever a sample fails a conformance 
test that is conducted by the Geosynthetic CQA Laboratory: 

• The Manufacturer will replace every roll of geotextile that is in 
nonconformance with the specifications with a roll that meets 

specifications. 
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• The Installer will remove conformance samples for testing by the 
Geosynthetic CQA Laboratory from the closest numerical rolls on 
both sides of the failed roll. These two samples must conform to the 
specifications. If either of these samples fail, the numerically closest 
rolls on the side of the failed sample that is not tested, will be tested 
by the Geotextile CQA Laboratory. These samples must conform to 
the specifications. If any of these samples fail, every roll of 
geotextile on site from this lot and every subsequently delivered roll 
that is from the same lot must be tested by the Geosynthetic CQA 
Laboratory for conformance to the specifications. This additional 
conformance testing will be at the expense of the Manufacturer. 

The Geosynthetics CQA Representative will document actions taken m 
conjunction with conformance test failures. 

The Installer will handle all geotextiles in such a manner as to ensure they are 
not damaged in any way. The Installer will comply with the following: 

• In the presence of wind, the geotextile will be weighted with 
sandbags or the equivalent. Sandbags will be used during installation 
only and will remain until replaced with the appropriate protective 
cover soils. 

• The geotextile will be kept continually under tension to minimize the 
presence of wrinkles in the geotextile. 

• The geotextile will be cut using an approved geotextile cutter only. 

CE4100·02/LPZ98·53/rp 

If in place, special care must be taken to protect other materials from 
damage which could be caused by the cutting of the geotextile. 
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• The Installer will take any necessary precautions to prevent damage 
to the underlying VFPE geomembrane during placement of the 
geotextile. 

• During placement of geotextile, care will be taken not to entrap 
stones, excessive dust, or moisture that could damage the geotextile, 
cause clogging, or hatnper subsequent seaming. 

• A visual examination of the geotextile will be carried out over the 
entire surface, after installation to ensure that no potentially harmful 
foreign objects are present. 

The Geosynthetics CQA Representative will note any noncompliance and 
report it to the Project Manager. 

All geotextile seams will be sewn using thread approved by the Maimfacturer 
and which is resistant to ultraviolet radiation. Spot sewing is not permitted. Thermal 
bonding is not permitted without written approval of the Engineer. Geotextiles shall be 
overlapped a minimum of 6 in. (!50 mm) prior to seaming. No horizontal seams will be 
allowed on side slopes steeper than 20 percent (i.e. seams will be along, not across, slopes 
steeper than 5H: 1 V), except as part of a patch or for seams connecting the ends of two 
panels of geotextile deployed parallel to the slope (referred to as cross seams). Cross 
seams shall not be continuous across two or more panel widths. 

4.8 Geotextile Repair 

Any holes or tears in the geotextile will be repaired using a patch made from 
the same geotextile. Geotextile patches will extend a minimum of 1 ft (0.3 m) beyond the 
damaged area. Geotextile patches will be sewn into place no closer than 1 in. (25 mm) 
from any panel edge. Should any tear exceed 50 percent of the width of the roll, that roll 
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will be removed from the slope and replaced. Care will be taken to remove any soil or 
other material which may have penetrated the tom geotextile. 

The Geosynthetic CQA Representative will observe any repair, note any 
noncompliance with the above requirements and report them to the Project Manager. 

4.9 Placement of Soil Materials 

The Earthwork Contractor will place all soil materials located on top of a 
geotextile in such a manner as to ensure: 

• no damage to the geotextile; 
• minimal slippage of the geotextile on underlying layers; and 
• no excess tensile stresses in the geotextile. 

···~·~~~-~~~~·~ Any~noncomplianee--will·be-noted~by·the~Geosynthetic--eQA~Representativ~-~~~···~·~~ 

and reported to the Project Manager. 
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5. SOILS CONSTRUCTION QUALITY ASSURANCE 

Soils CQA will be performed on all soil components used during construction 

of the final cover. The criteria to be used for the determination of acceptability of the 

construction work will be as identified in Table 5-1. 

5.1 Monitoring 

The Soils CQA Consultant will monitor and document the construction of all 

soils components. Monitoring the construction work includes the following: 

• monitoring the quality of the material stockpiles, obtaining borrow soil 

samples for conformance testing; 

• testing to determine the moisture content and unit weight of each lift during 

placement and compaction of soil used in construction of the 

foundation, low-permeability soil barrier, and vegetative layers; 

• recording test.results and locations; 

• noting any deficiencies; 

• monitoring the thickness of lifts as loosely placed and as compacted; 

• monitoring that the total thickness of the foundation, low-permeability soil 

barrier, and vegetative layers is as indicated on the construction plans; 
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TABLE 5-1 
SOILS FIELD AND LABORATORY TESTING SUMMARY 

TITLE 27 FINAL COVER CONSTRUCTION 
LOPEZ CANYON SANITARY LANDFILL 

TEST METHOD 

Grain Size Distribution 
(ASTMD422) 

Modified Proctor 
(ASTMD 1557) 

ill-Place Moisture/ 
Density Nuclear Method 
(ASTMD2911) 

In-Place Moisture/Density 

Grain Size Distribution 
(ASTMD422) 

Atterberg Limits 
(ASTM D 4318) 

In-Place Moisture/ 

Density Nuclear Method 
(ASTM D 2911) 

ill-Place Moisture/Density 
Sand Cone Method 
(ASTM D 1556) 

Modified Proctor 
(ASTM D 1557) 

BAT Hydraulic 
Conductivity 

CE4/00-02/LPZ98-52 

MINIMUM TESTING 
FREQUENCY 

1 test per 10,000 yd3 

(7,650 m3
) 

1 test per 10,000 yd3 

(7,650 m3
) 

1 test per 1,000 yd3 

(765m3
) 

I test per 10,000 yd3 

1 test per 5,000 yd3 

(3,820 m3
) 

I test per 5,000 yd3 

(3,820 m3
) 

1 test per 250 yd3 

(190m3
) Minimum of4 

tests per day 

I test per 2,500 yd3 

(1,900 m3
) 

1 test per 5,000 yd3 

(3,820 m3
) 

1 test per 2,000 yd3 

(1,530 m3) 

ACCEPTANCE CRITERIA 

Maximum particle size of 6 in. 

NIA 

Dry density no less than 90% of the max. dry 

density for the foundation layer, no less than 85% 
of the max dry density for the vegetative layer 
moisture content no less than the optimum 
moisture content, as measured by ASTM D 1557. 

Dry density no less than 90% of the max. dry 

Minimum fmes content of 50%. 

Maximum particle size of3 in. (75 mm). 

Criteria to be detennined by Engineer prior to 
construction following test pad evaluation. 

Criteria to be detennined by Engineer prior to 
construction following test pad evaluation. 

Criteria to be detennined by Engineer prior to 
construction following test pad evaluation. 

NIA 

Maximum saturated hydraulic conductivity of I x 
10 .. cm/s based upon correlation between BAT test 
and in situ hydraulic conductivity from test pad. 
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• monitoring the action of the compaction and heavy hauling equipment on the 

construction surface (i.e., penetration, pumping, cracking, etc.); and 

• monitoring the repair of nonconforming areas and testing perforations. 

Monitoring the earthwork for the foundation layer specifically includes the 

following: 

• monitor clearing, grubbing, and stripping of the existing interim cover 

surface; 

• monitor the scarification of the interim cover surface to a depth of 6 to 8 in. 

(I 50 to 200 mm) and recompaction; 

• reviewing documentation of quality control test results; 

• visually monitoring the physical condition of the material during placement; 

and 

• visually monitoring the foundation layer stability under the action of the 

compaction equipment. 

Monitoring the earthwork for the compacted low-permeability soil barrier layer 

specifically includes the following: 

• reviewing documentation of the quality control test results; 

• monitoring the soil for deleterious material; 
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· • monitoring moisture conditioning and preprocessing, if any, of the borrow 

soil material; 

• monitoring the thickness of lifts during placement of the material; 

• monitoring that the surface of each lift is scarified to a depth of2 to 4 in. (50 

to 100 mm) prior to placement of the following lift; 

• recording the construction equipment used for material placement; 

• performing BAT hydraulic conductivity tests and recording the test results 

and location; 

--··~··-·-~----~-~--~~lllon!~_ring. the pr9te~tio!l of the final surface of the low-rerrn~aJ?ili_ty~soil_~~~------­
barrier layer from excessive moisture loss prior to placement of the 

vegetative cover layer; and 

• monitoring preparation and smoothness of the surface prior to the installation 

of the VLDPE geomembrane in 'C' Canyon. 

Monitoring the earthwork for the vegetative layer specifically includes the 

following: 

• reviewing documentation of the quality control test results; 

• monitoring soil for deleterious material; 

• monitoring the thickness oflifts during placement of the materials; 
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• monitoring wrinkles that may appear in the underlying geotextile cushion on 

VLDPE geomembrane during placement of the vegetative layer in 'C' 
Canyon; and 

• recording field density and field moisture content measurement at location of 

each test on test logs. 

5.2 Laboratory and Field Tests 

The laboratory and field test methods, laboratory and field testing frequencies, 

and criteria used to determine acceptability are presented in Table 5-1. A special testing 

frequency will be used at the discretion of the Landfill Engineer or the Soils CQA 

Consultant when visual observations of construction performance indicate a potential or 

recurring deficiency. 
-~---~-·~--·-~-~---·-·········---··----·-~·-·--

5.3 Survey 

The top of the low-permeability soil barrier shall be surveyed before the 

installation of the immediately overlying vegetative cover layer. The thickness of the 

low-permeability soil barrier shall be determined by comparing the survey of the 

finished foundation layer and the top of the low-permeability soil barrier layer. 

5.4 Deficiencies 

5.4.1 General 

If a defect is discovered in the earthwork product, the Soils Site Monitor will 

immediately inform the Soils CQA Managing Engineer or his designated representative. 

The Soils Site Monitor, in consultation with the Soils CQA Managing Engineer, will 

determine the extent and nature of the defect. If the defect is indicated by an 
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unsatisfactory test result, extent of the deficient area will be determined by additional 

tests, observations, a review of records, or other means that the Soils CQA Managing 

Engineer deems appropriate. 

If the defect is related to adverse site conditions, such as overly wet soils or 

surface desiccation, the Soils Site Monitor, in consultation with the Soils CQA 

Managing Engineer, will define the limits and nature of the defect. 

5.4.2 Notification 

After determining the extent and nature of a defect, the Soils CQA Site 

Manager will notify the Landfill Engineer and Landfill Manager and schedule 

appropriate retests when the work deficiency is to be corrected. 

5.4.3 Corrective Action 

At locations where the field testing of the soil indicates that the compacted unit 

weight, moisture content, or field or laboratory hydraulic conductivities do not meet the 

requirements presented in Table 5-l, the failing area will be reworked as indicated 

below: 

• If the results of any in-situ moisture or dry density, or field hydraulic 

conductivity value fails to meet the specified criteria presented in 

Table 5-1, two additional tests of the same type will be performed in the 

vicinity of the failed test. If either of the two additional tests results in a 

failure, then this area of the low-permeability soil barrier will be 

considered in nonconformance and will be removed, reworked, and 

recompacted to meet the requirements specified in Table 5-1. 
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• Perfonu in-place density and moisture content testing in the vicinity of a 

nonconforming area to evaluate deficiency in-place density and 

moisture content. 

• Obtain samples of low-permeability soil liner material from nonconforming 

areas for potential laboratory testing to evaluate differences in soil 

properties that could contribute to the nonconforming test results. 

Criteria to be used for determination of acceptability will be as identified 

herein. Other tests conducted on hydraulic conductivity samples will consist of 

Atterberg limits and grain size distribution. 

5.4.4. Repairs and Retesting 

The City's work force will correct the deficiency to the satisfaction of the Soils 

CQA Consultant. If a project specification criterion cannot be met, or unusual weather 

conditions hinder work, then the Soils CQA Consultant will develop and present to the 

Landfill Engineer suggested solutions for approval. 

All retests recommended by the Soils CQA Consultant must verifY that the 

defect has been corrected before any additional work is performed by the City's work 

force in the area of the deficiency. The Soils CQA Consultant will also verifY that all 

installation requirements are met. 

Penetrations into the compacted low-permeability soil barrier resulting from 

sampling or other activities shall be properly backfilled with hand-tamped select low­

permeability material and/or bentonite powder. CQA personnel will repair nuclear 

density, sand cone, and BAT hole perforations. The City's work force shall repair 

perforations and/or excavations resulting from CQA sampling and testing. All repairs 

will be inspected by the Site Soils Monitor for compliance. 
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6. GEOSYNTHETIC CLAY LINER (GCL) QUALITY ASSURANCE 

During the installation of the GCL, the CQA CONSULTANT will monitor 
and document that material handling and storage, deployment, seaming, anchoring and 
protection, and repairs are in conformance with the Contract Drawings and the 
Technical Specifications. The Site CQA Manager will review the Geosynthetics 
CONTRACTOR's submittals and provide recommendations to the OWNER. 
Monitoring activities will be documented, as will all deviations from the Contract 
Drawings and the Technical Specifications, and their resolutions. Any nonconformance 
identified by the CQA CONSULTANT will be reported to the OWNER and the 
Geosynthetics Contractor. The GCL CQA activities are described in greater detail in 
the following sections. 

6.1 Geosynthetic Clay Liner (GCL) Conformance Testing 

.~~~~-~-~~ CQApersonnerwflEample the GCL at the manufacturer's plani"ancf/or after~-~~·~.~~·--

delivery to the construction site. The samples will be forwarded to the Geosynthetics 
CQA Laboratory for testing to assess. conformance with the Technical Specifications. 
The test methods and minimum testing frequencies are indicated in Table 6-1. 

Samples will be taken across the entire width of the roll and will not include 
the first 3ft (0.9 m) if the sample is cut onsite. Unless otherwise specified, samples will 
be 3ft (0.9 m) long by the roll width. The CQA CONSULTANT will mark the 
machine direction with an arrow and the manufacturer's roll number on each sample. 

6.2 GCL Delivery and Storage 

Upon delivery to the site, the CQA CONSULT ANT will check the GCL 
rolls for defects (e.g., tears, holes) and for damage. The CQA CONSULTANT will 
report to OWNER and the Geosynthetics CONTRACTOR: 
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• any rolls, or portions thereof, which should be rejected and removed 
from the site because they have severe flaws; and 

• any rolls which include minor repairable flaws. 

The GCL rolls delivered to the site will be checked by the CQA 
CONSULT ANT to ensure that the roll numbers correspond to those on the approved 
manufacturer's quality control certificate of compliance. 

6.3 GCL Installation 

The CQA CONSULTANT will monitor and document that the GCL 1s 
installed in accordance with the Contract Drawings and the Technical Specifications. 
The Geosynthetics CONTRACTOR shall provide the CQA CONSULTANT a 
certificate of sub grade acceptance prior to the installation of the GCL as outlined in the 

~·~~----~--~ -rea:iiiiCaJ~s-pecffications.-TlleoCC1nsfallaiion activltiestObe-monitoied and 

documented by the CQA CONSULTANT include: 

• monitoring that the GCL rolls are stored and handled in a manner 
which does not result in any damage to the GCL; 

• monitoring that the GCL is not exposed to UV radiation for extended 
periods of time without prior approval; 

• monitoring that placement and compaction of soil does not cause 
damage, create large wrinkles, or induce excessive tensile stresses to 
the GCL; 

• monitoring that the GCL are seamed in accordance with the 
Technical Specifications and the manufacturer's recommendations; 

• monitoring and documenting that the GCL is installed on an 
approved subgrade, free of debris, protrusions, or uneven surfaces; 
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• monitoring that no needles are in the GCL or bentonite powder using 
a metal detector; 

• monitoring that the GCL is not .installed on a saturated subgrade or 
standing water and is not exposed such that it is hydrated prior to 
completion of the side-slope liner system; and 

• monitoring that any damage to the GCL is repaired as outlined in the 
Technical Specifications. 
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Soils CQA will be performed on all soil components used during 
construction of the monolithic soil final cover. The criteria to be used for the 
determination of acceptability of the construction work will be as identified in 
Table1-I. 

7.2 Monitoring 

The Soils CQA Consultant will monitor and document the construction of all 
----~--~--~so'flscompoTieritS.~Momtonn.gffie construction wol'Kincliiaestlief011owing: 

• monitoring the quality of the material stockpiles, obtaining borrow 
soil samples for conformance testing; 

• testing to determine the moisture content and unit weight of each lift 
during placement and compaction of soil used in construction of the 
foundation, and monolithic soil layers; 

• recording test results and locations; 
• noting any deficiencies; 
• monitoring the thickness of lifts as loosely placed and as compacted; 
• monitoring that the total thickness of the foundation and monolithic 

soil layers is as indicated on the construction plans; 
• monitoring the action of the compaction and heavy hauling 

equipment on the construction surface (i.e., penetration, pumping, 
cracking, etc.); and 

• monitoring the repair of nonconforming areas and testing perforations. 
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TABLE 7-1 
SOILS FIELD AND LABORATORY TESTING SUMMARY 

MONOLITHIC SOIL FINAL COVER 
LOPEZ CANYON SANITARY LANDFILL 

TEST METHOD 
MINIMUM TEST 

ACCEPTANCE CRITERIA 
FREQUENCY 

In-Place Moisture/Density 1 per 1 ,000 yd3 Dry density no less than 90% of the maximum 
Nuclear Method dry density. Moisture content within ±2 percent 
(ASTM D 2911) of optimum moisture content 

Standard Proctor 1 per 10,000 yd' N/A 
Compaction Test (7,650 m') 
(ASTMD698) 

In-Place Density and I per I 0,000 yd' Dry density no less than 90% of the maximum 
Moisture Content (Sand- (7,650 m') dry density. Moisture content within ±2 percent 
Cone) (ASTM D 1556) of optimum moisture content 
Particle Size Analysis 1 per 5,000 yd' No particle greater than 4 inches at least 
(ASTMD422) (3,825 m3

) 25 percent passing No. 200 sieve 

Atterberg Limits I per 5,000 yd' Plasticity Index less than 15 
(ASTM D 4318) (3,825 m') 

~Lalroratoi')l?et'!fl eabt!iry-- l-per 10;000-yd' ~Hydraulic-€onduetivity-ne-greater4an~----

(ASTM D 5084) (7,650 m3
) lxiO'' em/sec 

Note: Since Atterberg Limit and grain-size distribution testing will be performed on representative 
materials during processing of stockpile materials, additional tests will be conducted only on 
materials obtained for laboratory permeability analysis. 
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Monitoring the earthwork for the foundation layer specifically includes the following: 

• monitor clearing, grubbing, and stripping of the existing interim 
cover surface; 

• monitor the scarification of the interim cover surface to a depth of 6 
to 8 in. (150 to 200 mm) and recompaction; 

• reviewing documentation of quality control test results; 

• visually monitoring the physical condition of the material during 
placement; and 

• visually monitoring the foundation layer stability under the action of 
the compaction equipment. 

Monitoring the earthwork for the monolithic soil layer specifically includes the following: 

• 
• 
• 

reviewing documentation of the quality control test results; 

~<;>.nitoring soil for deleterious .. mat.e.rial;~~-~-··~·~·------··---·~-----··­
monitoring the thickness of lifts during placement of the materials; and 

• recording field density and field moisture content measurement at 
location of each test on test logs. 

7.3 Laboratory and Field Tests 

The laboratory and field test methods, laboratory and field testing 
frequencies, and criteria used to determine acceptability are presented in Table 6-1. A 
special testing frequency will be used at the discretion of the Landfill Engineer or the 

Soils CQA Consultant when visual observations of construction performance indicate a 
potential or recurring deficiency. 
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TABLE6-1 
GEOSYNTHETIC CLAY LINER CONFORMANCE TESTING 

PROPERTY TEST i\tiETHOD MINIMUM TESTING 
FREQUENCY 

Dry Mass per Unit Area ASTMD3776 40,000 ft" 
(3,715 m2

) 

or one per lot<2> 

Puncture Strength, ASTMD4833 40,000 ft2 

Unhydrated dCL (3,715 m2
) 

or one per lot<2> 

Bentonite Free Swell USPNFXVII 40,000 ft2 

(3,715 m2
) 

or one per lot<2> 

Hydraulic Conductivity\'! ASTMD5084 100,000 ft2 

. (9,290 m2
) 

or one per lot<2> 
.. 

~-----· -
Note::;: (I) Performed at a confining stress of S psi. 

(2) A lot is defined os a series of consecutively numbered rolls from the same nmnufacturing line. 
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7.4 Survey 

The top of the monolithic soil layer shall be surveyed immediately following 
the installation end of construction. The thickness of the monolithic soil layer shall be 
determined by comparing the survey of the finished foundation layer and the top of the 
monolithic soil layer. 

7.5 Deficiencies 

7.5.1 General 

If a defect is discovered in the earthwork product, the Soils Site Monitor will 
immediately inform the Soils CQA Managing Engineer or his designated representative. 
The Soils Site Monitor, in consultation with the Soils CQA Managing Engineer, will 
determine the extent and nature of the defect. If the defect is indicated by an 

~linsausfacforytesnesuK-extent of1heaellcient area\VlTnJe<leterriiinedtiy additional 
tests, observations, a review of records, or other means that the Soils CQA Managing 
Engineer deems appropriate. 

If the defect is related to adverse site conditions, such as overly wet soils or 
surface desiccation, the Soils Site Monitor, in consultation with the Soils CQA 
Managing Engineer, will define the limits and nature of the defect. 

7.5.2 Notification 

After determining the extent and nature of a defect, the Soils CQA Site 
Manager will notify the Landfill Engineer and Landfill Manager and schedule 
appropriate retests when the work deficiency is to be corrected. 
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7.5.3 Corrective Action 

At locations where the field testing of the soil indicates that the compacted unit 
weight, moisture content, or laboratory hydraulic conductivities. do not meet the 
requirements presented in Table 6-1, the failing area will be reworked as indicated below: 

• If the results of any in-situ moisture or dry density, or field hydraulic 
conductivity value fails to meet the specified criteria presented in 
Table 6-1, two additional tests of the same type will be performed in 
the vicinity of the failed test If either of the two additional tests 
results in a failure, then this area will be considered in 
nonconformance and will be removed, reworked, and recompacted to 
meet the requirements specified in Table 6-1. 

• Perform in-place density and moisture content testing in the vicinity 
of a nonconforming area to evaluate deficiency in-place density and 
moisture content 

-------------.:::-·---------u&ain samplesOfso!T-inateriai . from nonconforming areas . for 

potential laboratory testing to evaluate differences in soil properties 
that could contribute to the nonconforming test results. 

Criteria to be used for determination of acceptability will be as identified 
herein. Other tests conducted on hydraulic conductivity samples will consist of 
Atterberg limits and grain size distribution. 

7 .5.4 Repairs and Retesting 

The City's work force will correct the deficiency to the satisfaction of the 
Soils CQA Consultant If a project specification criterion cannot be met, or unusual 
weather conditions hinder work, then the Soils CQA Consultant will develop and 
present to the Landfill Engineer suggested solutions for approval. 
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All retests recommended by the Soils CQA Consultant must verif'y that the 
defect has been corrected before any additional work is performed by the City's work 
force in the area of the deficiency. The Soils CQA Consultant will also verif'y that all 
installation requirements are met. 

Penetrations into the compacted low-permeability soil barrier resulting from sampling 
or other activities shall be properly backfilled with hand-tamped select low-permeability 
material and/or bentonite powder. CQA personnel will repair nuclear density and sand 
cone hole perforations. The City's work force shall repair perforations and/or 
excavations resulting from CQA sampling and testing. All repairs will be inspected by 
the Site Soils Monitor for compliance. 
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I. 1:\TRODUCTION 

I. I Terms of Reference 

This report presents a technical evaluation of the infiltration control 
performance of a monolithic soil cover for the decks of Disposal Areas A, B, and AB+ 
and the slopes of Disposal Areas A and AB+ at the Lopez Canyon Sanitary Landfill. 
The Lopez Canyon Sanitary landfill is an inactive California Class III municipal solid 
waste landfill located in the Lake View Terrace section of the City of Los Angeles, 
California. This report was prepared by the Huntington Beach, California office of 
GeoSyntec Consultants (GeoSyntec) for the City of Los Angeles Bureau of Sanitation 
IBOS). 

This report was prepared at the request of Mr. Kelly Gharios, P.E., of BOS. 
The scope of :-;ervices included in this report is described in the memoranda entitled 
Co:-;t Estimate and Schedule for Engineering Services. Engineered Alternative Final 
Cover, Disposal Areas A, B. and AB+ Decks and Disposal Area AB+ Slopes, Lopez 

( 

Canyon Restoration Project, dated II December 1997, and Cost Estimate for ( 
Engineering Services. Evaluation of Existing Soil CoYer as a Monolithic Soil Final 
Cover on the Slopes of Disposal Area A. Lopez Canyon Restoration Project, dated 
l l Mai·ch 1998 from Edward Kavazanjian. Jr. and Tarik Hadj-Hamou of GeoSyntec to 
\lr. Gharios. The work presented in this report was performed under the GeoSyntec 
conttact with BOS for engineering services in support of the Lopez Canyon Restoration 
project. 

d b \ . ·M· ' 1 D · '· ~ 1' ~ ' ' '' 1 n1s report \.V·as prepare y ~ 'lr. 1 1cnae~ ...... eurcon, .:.v1s .. co 1een Lmaweit. 
and Dr. Tarik Hadj-Hamou, P.E., all of GeoSyntec. This report was reviewed by 
Dr. Edward Kavazanjian. Jr.. P.E .. G.E., also of GeoSyntec in accordance with the peer 
review policy or the firm. 

1.2 Project Overview 

The Lopez Canyon Sanitary Landfill is an inactive California Class Ill 
municipal solid waste landfill wliich is owned and was operated by the City of Los 

( ·;:'J 1 nu.o.JIJ.P/.118· ~:: "'1 ·r 
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-'.ngeles (the City) Bureau of Sanitation (80S). The Lopez Canyon Sanitary Landfill 
received waste from the mid-1970's until I July 1996. The Lopez Canyon Sanitary 
Landfill is located in the Lake View Terrace section of the City. The site location is 
'hown in Figure 1-l. 

The Lopez Canyon Sanitary Landfill covers approximately 399 acres 
( 162 ha) of which 162 acres ( 65.6 ha) are designated for landfilling. The Lopez Canyon 
Sanitary landfill is divided into four disposal areas known .as Disposal Areas A, B, AB+, 
and C. In order to accommodate closure of the slopes of Disposal Areas A and B in 
advance of final closure of the remaining disposal areas, the Final Closure Plan (FCP) 
[BAS, 1993] proposed that the closure of Lopez Canyon Sanitary Landfill be 
accomplished in two phases. Phase I closure includes the slopes of Disposal Areas A 
and B. Construction is currently underway on Phase I closure. Phase II closure includes 
the decks of Disposal Areas A. B. AB+. and C and the slopes of Disposal Areas AB+ 
and C. Phase II closure construction has yet to begin. 

___ .-!Tc!.h!>e:._c""u'±!r~rel!l!y __ proROSed final cover for the decks of Dis!2Qs.al Areas A. B. 
AB+. and C and the slopes of Disposal Areas AB+ and C is described in Final Closure 
Plan. Lope: Canyon .Sanital)' Landfill, Lakeviell' Terrace, Volume lV of lV. 
Replacement Amendmelll to Final Closure Plan [GeoSyntec, 1996] and Revision to 

\ ·olume IV o( IV. ReplacemenT Amended to Final Closure Plan [Bureau of Sanitation, 
! l)l)7]. The currently proposed final cow:r on the decks of Disposal Areas A, B. and 
.-'.B+-:uid the slopes of Disposal Areas A and AB+ consist -of the following components 
'from top to bottom): 

.1\. A Recycled and .:.:'·· 
U Recyclable Paper ·.~ 

• a vegetative layer <.n--leasl 24-iu. ( 600-tran) (hick~ 

• a barrier layer composed of either compacted low-permeability soil 

wit.h a hydraulic conductivity no greater than I x !0'6 em/sec 12-in. 
(300-mml thick or a geosynthetic day liner (GCU; and 

• a foundation layer at least 24-in. (600-mm) thick . 
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This currently proposed final cover meets or exceeds the prescriptive 
requirements of Section 2 I090(a) of Title 27 of the California Code of Regulation 
(27 CCR) for final covers. If compacted low-permeability soil is used as the barrier 
layer, the proposed cover conforms to the prescriptive requirements of 27 CCR. The 
use of a GCL as the barrier layer constitutes an engineered alternative to the prescriptive 
final cover. 

State regulations provide explicit criteria that must be satistied for approval 
of engineered alternatives to the prescriptive tina! cover in Section 20080(b) of 27 CCR. 
The objective of this report is to demonstrate that a monolithic soil cover is an 
engineered alternative that satisfies state regulations for the final cover at municipal 
waste landfill facilities with respect to infiltration· resistance. The engineering 
evaluation conducted by GeoSyntec to demonstrate that a monolithic soil cover is an 
acceptable engineered alternative to the prescriptive final cover with respect to 
infiltration resistance include: 

• reviewing federal and state requirements for final cover design; 

• selecting an analytical model to compare the intiltration performance 
of the Title 27 prescriptive cover to that of the monolithic soil cover 
proposed as an engineered alternative: 

• evaluating the geotechnical characteristics of the existing interim soil 
cover on the decks of Disposal Areas A. B. and AB+ and the slopes 

of Disposal Areas A and AB•: a.nd 

• evaluating and comparing the performance of both the existing 
interim soil cover and a layer of compacted soil placed for the 
specific purpose of serving as an engineered monolithic soil cover to 
the Title 27 prescriptive soil cover for the site-specific conditions at 
the Lopez Canyon Sanitary Landfill. 

• developing a performance evaluation program for the proposed 
monolithic soil cover. including details of the instrumentation. the 
monitoring freqt1ency, and the performance evaluation methodology. 

. Cf:'.Jf()I).I).Jif.P"/.98-i:!..RPT " -' ~>::-:otJ 17/!o:::.: 
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The analyses presented in this report demonstrate that the infiltration control 
performance of a monolithic soil cover on the decks of Disposal Areas A, B, and AB+ 
and the slopes of Disposal Areas A and AB+ can exceed the infiltration control 
performance of the Title 27 prescriptive cover if the monolithic soil cover has the 
appropriate hydraulic properties. As a monolithic soil cover can be shown to be equally 
effective as the prescriptive cover with respect to other final cover functions (e.g., waste 
isolation, erosion control), it may therefore be concluded that a monolithic soil cover 
with the appropriate hydraulic properties is an acceptable engineered alternative for the 
final cover on the decks of Disposal Areas A, B. and AB+ and the slopes of Disposal 
Areas A and AB+ at the Lopez Canyon Sanitary Landfill. 

Analyses .presented in this report indicate that the existing interim cover soil 
on the slopes of Disposal Area A are likely to have the appropriate hydraulic properties 

·· to serve as a monolithic soil final cover. A performance monitoring plan is provided to 
demonstrate that the existing interim soil cover provides satisfactory infiltration control. 
The analyses presented in this report also indicate that the existing interim soil cover on 

-~~ ----------meC!ecl<s ofUisposans:reasA~~ anaAB+ and onllie s!OpesofDrspO:~al Area A"E+ do----------~--· 

not have the appropriate hydraulic properties to serve as a monolithic soil final cover. 
Recommendations are provided for procurement of soil with the appropriate properties 
for use as a monolithic soil final cover in these areas. A monitoring program for 
impl~_mentation after placement of the procured ,;oil is also provided herein to 
demonstrate that the infiltration performance of the monolithic soil cover exceeds that 
of the Title 27 prescriptive cover in these areas. 

1.3 Report Organization 

The remainder of this report is organized as follows: 

• Section 2. Background lnfornuuinn. provides general background 
information regarding the Lopez Canyon Sanitary Landfill. 

< "/:'.J I I }(J.().J/{.1'%98. 7::J<I'J' 'JX ( JlJ I iiI 0 ~ '7 
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• Section 3, Alternative Final Cover Requirements, presents the 
relevant state and federal regulatory requirements and the proposed 
alternative final cover configuration. 

• Section 4, Water Balance Analysis, describe the water mass b~lance 
equation and discusses the component of the equation. The section 
also describes the LEACHM computer program used to model · 
infiltration through the alternative and prescriptive final covers and 
the input data required for the analyses. This section also presents 
the weather data selected for use in evaluating cover performance at 
the Lopez Canyon Sanitary Landfill. 

• Section 5, Geotechnical Evaluation of Existing Conditions, describes 
the geotechnical field and laboratory investigation programs 
performed to assess the geotechnical characteristics of the existing 
interim soil cover on the decks of Disposal Areas A. B. and AB+ and 
the slopes of Disposal Areas A and AB+. 

• Section 6, Monolithic Soil Final Cover Evaluation. presents the 
infiltration control performance evaluation for the existing interim 
cover soil and ofa layer of additional soil placed as a monolithic soil 
cover on the decks of Disposal Areas A. B, and AB+ and on the 
slopes of Disposal Areas A and AB+. · This section also presents a 
comparison of the infiltration control performance of the Title 27 
prescriptive cover to the existing interim cover and to an engineered 
monofithic soil cover at the Lopez Canyon Sanitary LandfilL 

• Section 7, Performance Evaluation Program. presents 
recommendations for instrumentation and performance monitoring of 
the monolithic soil cover and the performance evaluation 
methodology. 

( 'f:.J IOO-O..J!U'/.9X-72 1<1'1' 5 ~JX 09 171!0· ,::7 

.I\. A Recycled and __ -:::.. 
~ Recyclable Paper .-::c. 

( 

( 
\ 

( 



• Section 8. Summary and Recommendations. summarizes the work 
described in the report and presents GeoSyntec's recommendations 

. with respect to the use of a monolithic soil cover as an engineered 
alternative tina! cover for the decks of Disposal Areas A, B. and AB+ 
and the slopes of Disposal Areas A and AB+ at the Lopez Canyon 
Sanitary Landfill. 

Tables, figures, and appendices are included at the end of this report. 
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2. BACKGROUND INFORMATION 

2.1 General 

The Lopez Canyon Sanitary Landfill is owned by the City of Los Angeles 
and is located at 11950 Lopez Canyon Road in Lakeview Terrace, California. The 
Lopez Canyon Sanitary Landfill received waste from mid-1970's until it closed on 
.I July 1996. Closure construction work at Lopez Canyon SanitarY Landfill started on 
the slopes of Disposal Areas A and Bon 7 July 1996. As of 31 December 1997, 
17 acres of the slopes of Disposal Area B have been closed in accordance with the 
prescriptive requirements. 

2.2 Climate 

The Lopez Canyon Sanitary Landfill is located within, but on the margin of, 
the Los Angeles basin. The Los Angeles basin area climate can best be described as 

( -

relatively mild, with cool, wet winters and warm, dry summers, both moderated by sea ( 
breezes. This climatic pattern is caused by a semi-permanent high pressure system from 
the eastern Pacific Ocean. During the summer months, this high pressure system is 
generally located in a northern position and prevents storms from moving across the 
regwn. 

The climate in the area of the Lopez Canyon Sanitary Landfill is 
characterized as semi-arid. The 100-year mean rainfall in the vicinity of the site is 
approxin1ately 16 in. ( 406 mm ). This precipitation falls -predorrtint.ttely duriDg the 
winter months (November through March). Typical daily high temperatures for the area 
range from approximately 60° F ( 15.5° Cl in the winter to 95° F (35° C) in the summer. 
Typical daily low temperatures for the area range from approximately 40° F (-+.5° C) in 
the winter to 60° F ( 15.5' Cl in the summer. 

CFA I 00-0..J!LP/.98· 7:::_ N PT 
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2.3 Existing Conditions 

The Lopez Canyon Sanitary Landtill is divided into four disposal areas, 
denoted as Disposal Areas A, B. AB+, and C. The limits of these four disposal areas are 
shown in Figure 2-1. Closure constn-!ction has already commenced on the slopes of 
Disposal Areas A .and B. The final cover. in these areas is the ·prescriptive final cover 
contained in California.Title 27 regulations and is composed of a 2-ft (0.6-m) vegetative 
soil layer underlain by I ft (0.3 m) of !low-permeability soil with a hydraulic 
conductivity less than or equal to I x 10·6 cm!s underlain by a foundation soil layer at 
least 2 ft (0.6 m) thick. The final closure plan currently calls for the decks of Disposal 
Areas A, B, and AB+ and the slopes of Disposal Areas A and AB+ to be covered with 
either the same final cover as the slopes of Disposal Areas A and B (i.e., the Title 27 
prescriptive final cover) or an alternative final cover that uses a GCL composed of 
0.25 in. (6.25 mm) of bentonite soil with a saturated hydraulic conductivity less than or 
equal to 5 x 10·" cm!s in lieu of the 1-ft (0.3-m) layer of compacted low-permeability 
soil. The infiltration resistance of the GCL has been shown to be superior to that of the 
prescriptive clay barrier layer in satisfaction of the regLJl<H_QIY__!:~.IJire~Itts __ fo.Lan ___________ _ 

-------"~-----------------·-----------

alternative final cover. 

The decks of Disposal Areas A, B. and AB+ and the slopes of Disposal 
Areas A and AB+ are currently covered with an interim soil cover. Test pits excavated 
on the existing interim cover on the slopes of Disposal Areas A and AB+ and vn the 
deck~· of Disposal Areas A. B. and AB+ indicate that the thickness of the exi,;ting 
interim cover in these areas ranges from a minimum of 2ft (0.6 m) to over 18ft r5.5 m.1. 

2.4 Proposed Alternative Cover 

:Vlonolithic soil covers are being used with increasing frequency in southern 
California as an alternative to the Title 27 prescriptive cover for California Class lll 
municipal solid waste landfills. The increasing popularity of the monolithic soil cover 
can be attributed to both lower cost and superior performance. The monolithic soil 
cover alternative is cheaper than the prescriptive final cover because the monolithic soil 
cover is generally cheaper to procure, is cheaper and easier to construct. and is cheaper 
to maintain ai1d repair. The performance of the monolithic soil cover. if properly 

.1\ A Recycled and . .:.-.:-..::.,_ 
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contigured. is superior to that of the Title 27 prescnptlve soil cover because, in the 
semi-arid to arid southern California climate. it can have superior infiltration resistance 
and it is less susceptible to degradation (e.g., cracking during and after construction 
from desiccation and/or differential settlement). Due to the potential for enhanced 
performance at a lower cost. the BOS requested that GeoSyntec perform the analyses 
described herein to determine the range of soil properties and cover thicknesses within 
which the infiltration resistance of the monolithic soil cover exceeds that of the Title 27 
prescriptive cover at the Lopez Canyon Landfill. 
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3., ALTERNATIVE FINAL COVER REQUIREMENTS 

3.1 Regulatorv Considerations 

3.1.1 Federal Regulations 

The federal regulations for closure of municipal solid waste landfills are 
found in Section 258.60 of 40 CFR Subpart F- Closure and Post Closure (Subtitle D). 
The federal regulations provide· that the final cover of a municipal solid waste landfill 
shall: 

• be designed to minimize percolation and erosion; 

• include a barrier layer with a minimum thickness of 18 in., a 
maximum permeability (saturated hydraulic conductivity) of 
I x 10.; cmls. and a permeability less than or equal to the bottom 

---------·-·······----·---·-IineL>:)i"s.t.e.m..and.nalur.aLsllhscil.•q:u:es.en4..and .. ---

• include an e!'"osion layer, a minimum of 6-in. thick. capable of 
sustaining native plant growth. 

The federal regulations allow the director of an approved state. such as 
California, to approve an alternative design to the prescriptive final cover· design 
provided that the performance of the barrier layer and erosion layer are shown to be 
equivalent or superior to the performance of the prescribed layers with respect to 
percolation and wind and water erosion. 

3.1.2 State Regulations 

The state of California regulations for design and construction of final covers 
for closure of municipal solid waste landfills are found in Title 27 of the California 
Code of Regulations (27 CCR). These are the same regulations formerly contained in 
14 CCR and·23 CCR. 

( 'f:'-1/(JfJ-IJ.JII.P"/.98- 7:! Rf'·1· 
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Section 21 090(a) of 27 CCR. provides the following requirements for the 
final cover, called herein the "Title 27 prescriptive cover": 

• a foundation layer of at least 2 ft, unless the Regional Board finds 
that differential settlement of the waste and ultimate land use allow 
for a lessor thickness without impacting the integrity of the cover; 

• ·a "low hydraulic-conductivity" layer not less than one-foot thick with 

a minimum permeability of 1 x !0'6 crnls and a permeability equal to 
or less than any bottom liner or underlying natural materials; 

• a vegetative layer containing no waste or leachate, placed on top of 
the barrier layer, not less than one foot and of greater thickness than 

. the rooting depth of any vegetation planted on the cover; and 

• design and construction which provides for the minimum 
maintenance possible. 

State regulations also allow engineered alternatives to the Title 27 
prescriptive cover. Criteria are provided for both Regional Water Quality Control 
Board (RWQCBl and California Integrated Waste Management Board (C!WMBJ 
Qppn?_val of an engineered alternative final cover. Sections 20080(b) and (c) of Title 27 
provide the criteria for approval of an engineered alternative by the RWQCB. These 

criteria are: 

• The· prescriptive staridard is not l~U·Siblc:·bc(..;~1t1Se it is unreasonabi"e. 
and unnecessarily burdensome and will cost s~bstantially more than 
alternatives which meet criteria, or the prescriptive standard is not 
feasible because it is impractical and will not promote attainment of 
applicable performance standards: and 

• There is a specific engineered alternative that is consistent with the 
performance goal of the prescriptive standard and affords equivalent 
protection against water quality impairment. 
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Section 21140 of 27 CCR provides criteria for CIWMB approval. This sec~iona!Jows 
for alternative covers provided the design will function with minimum maintenance and 
provide waste containment to protect public health and safety by controlling at a 
minimum, vectors, fire, odor, liter and landfill gas migration. The alternative final 
cover shall also be compatible with post-closure land use. 

lt should be noted that the RWQCB and CIWMB have already approved an 
alternative final cover for the decks of Disposal Areas A, B, and AB+ in which a GCL is 
used in lieu of the low hydraulic conductivity layer of the Title 27 prescriptive cover on 
the. basis of superior infiltration resistance. 

3.2 Proposed Alternative Final Cover Configuration 

The monolithic soil final cover is an engineered alternative final cover which 
has been previously approved by the RWQCB for other sites in the re~iE_n. on a 
conditional basis. The -monolithic soil cover design concept utilizes a single layer of 
s()il several feet thick to serve the combined functions of the vegetative layer and the 
barrier layer in the Title 27 prescriptive cover. The monolithic soil cover is typically 
vegetated with native plants that live on the natural seasonal precipitation. The 
monolithic soil cover controls infiltration by the following mechanism: rain water 
rercohtes into the monolithic soil cover and is stored by capillary tension in the soi I 
until removed by evaporation and transpiration. The monolithic soil cover must have 

sufficient storage capacity to retain the intiltrating water until the storage capacity of the 
~:oi! is restored by evaporation. The C'onditiona! approvals gran(ed to date by the 
RWQCB have required performance monitoring of monolithic soil covers after 
construction to demonstrate their effectiwness. 

3.3 Technical Approach for Demonstrating Compliance 

Monolithic soil covers have been approved as alternative final covers on the 
following basis. There is essentially no difference between the erosion resistance of a 
monolithic soil cover and the Title 27 prescriptive cover. Furthermore, in arid and 
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semi-arid environments, the ability of the Title 27 prescriptive cover to control 
intiltration may be impaired due to desiccation and cracking due to differential 
settlement This cracking may result in a diminished ability of the Title 27 prescriptive 
cover to attain the applicable performance standard: The monolithic soil cover will also 
be less expensive to construct and should require less maintenance than the Title 27 
prescriptive cover. Therefore. if the infiltration control performance of a monolithic soil 
cover in the semi-arid climate of the Lopez Canyon Sanitary Landfill can be shown 
equivalent or superior to the infiltration control performance of the Title 27 prescriptive 
cover under the as-designed conditions, the monolithic soil cover may be said to afford 
superior protection against water quality impairment and the monolithic soil cover 
should be acceptable as an engineered alternative final cover per the governing 
regulations. 

The technical approach used to demonstrate that a monolithic soil cover 
performs as well or better than a Title 27 prescriptive cover with respect to infiltration 
control consists of water balance analyses of the two final cover concepts under similar, 
representative climate conditions. The water balance analyses are used to show that the 
percolation through a monolithic soil cover is less than the percolation through a 
Title 27 prescriptive cover for the climatic conditions found at the landfill site. · The 
technical approach includes the following steps: 

• · Selection of a Water Balance :V!odel. 

• Evaluation of :V!aterial Properties. 

• Evaluation of Climate Data. 

• Evaluation of the Vegetation Properties. 

• Monolithic Soii Co~er Design. 

• Water Balance Evaluation and Comparison. 

• Instrumentation and Monito.ring of :V!onolithic Soil Cover. 

• Calibration of Water Balance Model. 

• Final Water Balance Evaluation and Comparison. 

The nine steps of the above technical approach are employed m the 
remainder of this report. 
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4. WATER BALANCE ANALYSIS 

4.1 Introduction 

The water balance analysis presented in this report uses an unsaturated· flow 
computer code. The computer code employs a mass balance finite difference based 
approach to predict unsaturated flow. A description of the components of the mass 

· balance equation used in the computer code is presented in Section 4.2. Details of the 
computer code and specific input used in the computer simulations are provided in 
Section 4.3 . 

.f.2 Water Balance Equation 

The computer code used in the analyses presented in this report employs a 
mass balance finite difference based calculation to track infiltration (percolation) 

~~~--~-~------~ thrg_ggh_ the_s_Q_y~r.___Tb.s: _ _m_as.s_balane<: __ equation__presenred-helo:w_-r.ep~esen.ts-the-------~ 
conceptual approach taken by the computer model in predicting the hydrologic 
performance of the final cover system. 

Water Balance Equation: 

Perc= P- Of- 6S - (E+ Tl 

Wh~re: Perc = Percolation that has passed through the cover. 

P = Precipitation falling on the cover, 
Of= Overland flow, or precipitation runoff. 

6S =Change in soil storage of infiltration. 

E = Evaporation. and 
T = Transpiration of vegetation. 

<.F.+ iOf/.0-ll/.fl/:N.;. ;2 NI'T 14 
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The following sections define the various components of the mass balance 
equation. and how they may affect an eanhen cover system performance. 

4.2.1 Percolation 

Percolation is the result oi the mass balance calculation. Percolation is 
defined as the quantity of water. typically expressed as volume per unit time, that exits 
the base or bottom layer of the cover system. Water that enters, or infiltrates the cover 
but does not exit the cover is termed intiltration. Percolation may consist of water that 
either infiltrates the cover by rainfall. snowmelt or that is released from the cover soil 
storage component. Water is released from soil storage when the soil is placed at a 
water contents higher than the soils natural equilibrium water content with the 
atmosphere. 

4.2.2 Precipitation 

Precipitation. for purposes of this report, is detined as rainfall that lands on 
the cover surface. (ln areas of colder climates the water equivalent of snowfall must 
abo be included.) Of significance to an earthen cover's hydraulic performance is both 
the total magnitude and distribution of precipitation. 

4.2.3 Overland Flow 

0\'erland tlow is defined as precipitation that falls on the cover but does not 
infiltrate. There is a maximum rate at which a soil profile can absorb water. When the 
rate of precipitation exceeds this maximum rate. overland tlow is generated. 

4.2.4 Soil Storage 

Soil storage is de tined as the \'Olume of water that is held in the pore spaces 
of the soil. .-\change in soil srorage corresponds to a change in soil water content. The 
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maximum storage capacity of a soil is the storage capacity at saturation. The soil may 
approach saturation, and thus the storage capacity of soil may become depleted, with 
repeated rainfall events. A period of dry weather may restore the storage capacity of the 
soil. The water contained in a soil layer can move downward as percolation driven by 
the unsaturated hydraulic conductivity and potential gradient present in the soil. Water 
contained in a soil layer can be removed by evaporation and transpiration. Upward 
movement is also driven by suction gradients created in the soil when a lower moisture 
content exists at an upper depth. usually created by evaporative 01: transpirative losses. 
All of these water movements can affect soil storage capacity (i.e., change the water 
content of the soil). 

-1.2.5 Evaporation 

For the purposes of this report. evaporation is defined as water held in soil 
storage that is converted from the liquid to the gas phase. The energy required for the 

-·--·------phase-·chan-ge co1 tJes prirmrrily-fronr>uhrrradinttoll'am!·"ttn;-re·lmtve-ir(JITI'i·dity-6f~the·--------·­

atmospheric air above the soil cover. Comparatively, evaporative losses from the upper 
soil layers are greater in dry, warm. sunny days. than on cloudy, rainy, or cool days. 
Evaporation is a factor in restoring soil cover storage. Water lost from the soil layers by 
evaporation combined with the water losses from plants (transpiration) is termed 
evapotranspiration. The following section discusses transpiration. 

.1.2,6. Transpiration 

W mer lost due to the action of plants on the soil cover is termed 
transpiration. Water t1ows through the plant. from the soil to the air, along a gradient of 
decreasing water potential. The water movement through the plant is driven a potential 
gradient created by solar powered evaporation at the leaf surface. which maintains a low 
water potential in leaves. This potential gradient enables roots to extract water from the 
soil in proportion to their rooting depth during the daylight hours. Cohesion and 
adhesion of water molecules to holds th" microscopic water column inside the plant 

stems together. 
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The gradients that are created by evaporation at the leaf surface are only 
strong enough to extract water at a certain maximum soil suction. The soil suction at 

which plant roots can no longer extractwater is termed the wilting point. The roots of a 

plant must also exert a suction themselves to prevent water loss from the root to the soil 
if the soil dries and the soil suction becomes less than the wilting point. A minimum 

root water potential less than the wilting point is created by osmotic suctions in the root 
cells to prevent these losses. Roots also become less efficient in the uptake of water at 
greater depths due to a decrease in the driving gradient. A root resistance factor, with a 
value greater than one, approximates this occurrence. Transpiration and evaporation 
both work to remove soil water from storage, creating upward suction gradients and 
acting to dry out the soil profile. This drying action restores the soil storage capacity for 

future rain events. These processes are enhanced by prolonged periods of dry, warm, 
and sunny weather. 

-!.3 LEA.CH:\1 Model 

LEACH:VI (Leachate Estimation and Chemistry :Vlodel) [Hutson and 

Wagenet. 1992], a one-dimensional finite-difference computer program, was selected as 
the water balanc~ model for comparison of the performance of the monolithic soil cover 

to that of a Title 27 prescriptive cover. LEACHM was selected because it has. already 

been_accepted by several southern California RWQCB's as the basis for conditional. 
regulatory approval of monolithic soil covers (pending performance monitoring of the 

as-constructed cover). LEACHM simulates water and solute transport through 

uns.aturated soils to a maximum depth of 6.6 ft (2m). LEACHM uses Richards' 

egi.imion [Richards. ·1931] to simulate flow of water in unsaturated· sot is. ··The rrfbdei has· 
algorithms to predict evaporation from the soil surface and transpiration of plants from 

the root zone. Precipitation in excess of the infiltration capacity of the pro tile is shed as 
overland tlow. 

LEACH:Vl models the unsaturated hydraulic conducti,·ity of soil at a given 

water content using Campbdl's prediction function [Campbell, 1974 ]. LEACHM uses 

a soil-water retention fitting program to compute fitting parameters for Campbell's soil­
water retention function fr.om engineering and index properties of the soil. Site specific 
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mea~ured soil parameters and weather data can be used for model input. The specitic 
input tile variables are discussed in more detail in the following section. 

4.4 Input Parameters 

4.4.1. General 

The input file parameters and variables for LEACHM include soil properties, 
weather data, vegetation data. finite-difference nodal arrangement, initial conditions and 
boundary cond.itions. The following sections discuss the selection process for the input 
parameters. 

4.4.2 Soil Properties 

------------- Soil JlrOJl~J:lies . .J.n12ut for LEAC!:IM __ c_onsl.s.t_oL ... s.at:ur.ate.d __ h.y.draulic _________ _ 

conductivity and fitting parameters for the Campbell· s soil-water retention function. 

The fitting parameters for the Campbell's soil water retention function can 
be derived in two ·ways using LEACH:Vl. The first way is to directly input measured 
mois~ure content and soil suction values into the model's curve fitting program. The 
measured values are typically evaluated in the laboratory using pressure plate apparatus 
[ASTM D 2325]. The second way is to use one of the several regression equations 
integrated in the curve fitting program to calculate the retention fitting parameters. The 
input to the regrc>si.on .::qu~t!ons consist of grain size distribution paran1eters. bulk 
density, and one match point of hydraulic conductivity and soil suction. This match 
point is usually specified as the saturated hydraulic conductivity at zero suction. 

Both of the methods described above were used to obtain retention tittirig 
parameters for soils used in evaluations presented in this report. Soil Water retention 
properties were directly evaluated from laboratory testing data for the existing interim 
cover soils. Figure ..J.-1 shows the result of the moisture retention test (AST:vt D 23251 
conducted on a sample collected in Test Pit A-6. The figure shows the variation of 

Yolumetric moisture content. e. as· a function of suction. h. The figure abo shows the 
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Campbell's soil water retention function fit through the data obtained in the laboratory 
test. The Campbell's soil water retention function relates the suction. h, to the 
volumetric moisture content. e and i.s defined by the following two equations: 

h = a (!!..)-b for e > e e. , 

fore > 8 > e 
' 

with 

8 = Zb e, 
' (1+2b) 

where a and bare the parameters of Campbell's soil water retention function. 

e, is the volumetric moisture content at saturation, and 80 is the volumetric moisture 

conte.~t. separating the domain of validity of each equation used to define the moisture 
retention curve, The Campbell's soil water retention curve fit through the data obtained 
from the laboratory test in sample for Test Pit A-6 is characterized by a= 0.26. b = 
9.7Q3, e, = 0.3624. and e, = 0.3811. 

The curve fitting method was used to develop soil properties for potential 
import soils. Further description of the soil sampling and laboratory testing of the 
existing interim cover soils can be found in Section 5 of this report. Input values used 
in the LEACHM analysis for the properties of the generic import and existing cover 
soils are presented in Section 6 of this report. 
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-t4.3 Weather Data 

Weather data for LEACHM include daily precipitation. daily minimum and 
maximum air temperatures. and pan evaporation rates. However, in the absence of pan 
evaporation data, the pan evaporation rate can be calculated by LEACHM using the 
Linacre equation [Hutson and Wagener, 1992] and data about location of the site 
(latitude, elevation) an9 weather (temperature, precipitation). LEACHM can perform 
infiltration simulations for durations of up to 10 years. Simulations performed for the 
Lopez Canyon Sanitary Landfill used 10 years of actual weather data selected as 
indicated below. 

Weather data used for the Lopez Canyon Sanitary Landfill simulations was 
obtained through the use of a weather database published by Earthlnfo, Inc. Earthlnfo, 
Inc. obtains data from the National Climatic Data Center (NCDCl for weather stations 
nationwide [Earthlnfo, 1996]. 

A search of theEarthlnfo, Inc. data base revealed th<!!_seven~weather_stations _____ ·---· 
lay within an approximate radius of 17 miles ( 10.6 km) of the Lopez Canyon Sanitary 
Landfill. Table 4-1 lists these stations and summarizes their characteristics. Of 
particular importance is the station elevation, number of record years, percent coverage 
for data completeness), the average rainfall for the period of record. and distance from 
Lopez Canyon Sanitary Landfill. 

Precipitation is one of the major factors affecting cover performance . 
. -\nnual precipitation totals and statistics for the entire period of record consisting of the 

available Lopez Canyon Sanitary Landfill statistics. Generally, as stations increase in 
elevation temperatures become cooler and precipitation increases. Likewise, as 
elevations decrease temperature extremes drop and precipitation decreases. The 
disposal areas of Lopez Canyon Sanitary Landfill under consideration for monolithic 
soil cover are at an approximate elevation of 1500 ft (450 m) mean sea level. The 
station that best approximates this elevation and is the closest to Lopez Canyon Sanitary 
Landfill is the Sunland station. 
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The Sunland station has an annual average precipitation of 16.18 in. 
( 410 mm) per year for the period of record ( 18 years). The 100-year mean rainfall for 
the Lopez Canyon Sanitary Landfill is approximately 16 in. ( 406 mm) per year. The 
time period of 1951 through 1962 for the Sunland station has an average annual 
precipitation of approximately 18.1 in. (460 mm) per year and includes several 
wet years of 35.43, 19.97, and 19.8 in. (900, 507, 503 mm) of precipitation. Thus, the 
I 0-year period ·1951 to 1962 from the· Sunland weather station was deemed a 
conservative representation of a 10-year weather pattern of the Lopez Canyon Sanitary 
Landfill. The daily precipitation and daily minimum and maximum temperature values 
from the Sunland station for the time period of 1951 through 1962 were used for 
weather data input to LEACHM. Figure 4-2 displays a plot of the cumulative annual 
precipitation values from the Sunland station from 1951 through 1962. Also shown in 
Figure 4-2 is the 100-year average rainfall at Lopez Canyon Sanitary Landfill. 

4.4.4 Vegetation Data 

Plant data for LEACHM include: 

• root depth and root distribution; 

• plant growth options of constant vegetation and "growing" 
vegetation: 

• wilting point; 

• minimum root potential; 

• maximum ratio of actual to potential transpiration; 

• root resistance; and 

• germination, emergence. maturity, and harvest dates. 
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·Grasses planted and established on alternative final covers can have an 
average root depth of up to 18 in. (200 ro 450 nun). However, to be conservative, a root 
depth of 12 in. (30 em) was used in the model. A vegetation growth option of.constant 
vegetation was selected. Vegetation percent coverage was input at 75 percent for the 
LEACHM simulations. A wilting point of 1.500 kPa and a minimum root potential 
3.000 kPa were input to the program. The maximum ratio of actual to potential 
transpiration androot resistance were set. at 1.1 and !.OS ,respectively. These are typical 
values recommended by Dr. Hutson for southern California [personal communication, 
1996] in the absence of species-specific information. The values for the germination, 
emergence, and maturity dates of vegetation are overridden when the constant 
vegetation option is selected. 

4.4.5 . Finite-Difference Nodal Arrangement 

The LEACHM model has the capacity to simulate the vertical water regime 
in a saturated or partially saturated soil profile up to 6.6 ft (2 m) thick. The soii_2rofile 

·--·-------~----------------------"---~------------------~------

(0 be simulated is divided into a number of horizontal layers of equal thickness. Soil 
properties are specified for each layer. Soil properties may vary from layer to layer to 
simulate layered protiles. Nodes are situated at the center of each layer for finite 
difference calculations. Two additional nodes are required for boundary conditions. one 
above the surface and one below the lowest depth. 

For the covers simulated at Lopez Canyon Sanitary Landfill the profiles were 
divided into 20 to 25 layers depending on the thickness of the cover. Nodal spacing was 
1 ... ,-t·"'l~ ·~,... ..... t ...... ~ ·'~ '1 11 :..._ th() ffi,......\ .f.",...[ ·~lJ ,.;m,,J_,r;,.....n\· l='<>f"h J"\'Pr \'/'·1<.: 'IS<.:iO"neri <.:t"'lPf'ifir l','....yt \...'.Jl~:O..,tU~ 'U ...;..,-t- a~. \V\.i ~ Utj IV <-!.L • • ~! ~u.u.:.;.~.:\ . .0: . .-~. ::......<.<'...-<> ::<.o., '"''" ;.r; <,.,: ..... • : .. ;:;:•• ...., ·•r--,....••·-

properties according to the soil it models. The maximum time step for iteration was set 
at 0.05 day. LEACHM !~educes this time step. depending on the rate Of precipitation, to 
gain added accuracy in the water balance calculation. 

4.4.6 Initial and Boundary Conditions 

lpitial conditions for LEACH:VI are specified by assigning the initial head or 
water content to em:h node in the finite-difference nodal grid. Initial water content 
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conditions are either volumetric water contents corresponding to optimum conditions, as 
defined by Proctor compaction tests, for assumed borrow source soils, representative in­
situ moisture contents for in-place cover soils, or published literature values for soils 
used in the Title 27 prescriptive cover design. The values used for model input are 
given in Section 6, Monolithic Soil Cover Evaluation. 

The boundary condition at the bottom of the soil column can be selected as a 
fixed water table, free drainage (or unit gradient), zero flux, or lysimeter boundary. The 
simulations were conducted by using the lower boundary as a unit gradient boundary. 
This boundary condition allows water to flow through the bottom of the cover in an 
unsaturated condition at less than field capacity. 
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5. GEOTECHNICAL EVALUATION OF EXISTING INTERIM COVER 

5.1 Introduction 

A geotechnical investigation of the characteristics of the e)(isting interim 
cover was conducted on the slopes of Disposal Areas A and AB+ and the decks of 
Disposal Areas. A, B, and AB+. The purpose of the geotechnical investigation was to 
evaluate the thickness of the existing interim cover and to assess the material properties 
of the soils in the existing interim cover for use in LEACHM analyses. 

The geotechnical investigation consisted of a field investigation and a 
laboratory testing program. The field investigation included the excavation of test pits, 
logging of the test pits. in-situ measurement of unit weight and moisture content of the 
existing interim cover, and collection of bulk samples for laboratory testing. 

The test pits were excavated by the on-site City operations crew using a John 
Deere 892 ELC excavator with a 4 ft ( 1.2 m) wide bucket. Test pit excavations were 
p(!rrol'mea-in-tevei-lJt>PE\Inc1Udmg haif,maSR resp1ratorsrm · accordance w~----­

GeoSyntec' s Site Health and Safety Plan. Air monitoring during excavations was 
performed by on-site gas inspectors in accordance with the Lopez Canyon Sanitary 
Landfill Health and Safety Plan. for excavations in waste. Following completion of each 
test pit excavation. the test pit was backfilled with the excavated material. The 
backt'Ilied material was compacted by track-walking with the excavator. The test pits 
were logged by Colleen Caldwell. GeoSyntec staff engineer. Detailed test pit logs are 
provided in Appendix A. 

The in-sit.u unit weight and moisture. content of the interim existing cover 
were measured using a Troxler 3440 nuclear density moisture gauge [ASTM D 2922]. 
In-situ unit weight testing was limited to shallow surfaces (depth of 8 in. (200 mm)) due 
to disturbance .caused by excavation at depths greater than I ft (0.3 m). In-situ testing 
for unit weight was further limited by presence of gravel and cobbles in the top 6 to 
8-in. (!50 to 200 mm) of the existing interim cover on the deck of Disposal Areas A and 
.'\B+ and by the stockpile present on the decks of Disposal Areas A and B. 
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Bulk samples were collected from each excavated test pit. The bulk samples 
were visually classitied at the Huntington Beach laboratory of GeoSyntec. 
Representative samples of the different types of soil encountered during the excavation 
were shipped to GeoSyntec's Geomechanics and Environmental Laboratory (GEL) in 
Atlanta, Georgia for testing. 

The remainder of this section presents the results of the field investigations 
on the slopes of Disposal Areas A and AB+ and the decks of Disposal Areas A, B, 
and AB+. 

-, ;,,_ Deck ofDisposal Area AB+ 

A total of 15 test pits, designated AB-1 through AB-13, AB-24, and AB-25, 
were excavated during ·the field investigation of Disposal Area AB+ deck. The 
locations of the test pits are reported in Figure 5-l. 

The thickness of the existing interim cover on the deck of Disposal 
Area AB+ varies from 2 ft (0.6 m) to II ft (3.3 m). Table 5-1 summarizes the elevation 
of existing interim cover and thickness of interim existing cover at each test pit. The 
detailed logs for the test pits are provided in Appendix A. 

The soils found in the test pits were visually classified as being 
predon1inantly silty sands with gravel and cobbles in test pits AB-1 through AB-8, 
AB-l 0 through AB-13. and AB-25. In test pit .-',.B-3, a layer of darker brown sandy­
clayey silt was foL!nd at c!ypth 0 to 4ft (0 to 1.2 m). Based on discussion with the City 
operations crew. it was decided that this represents a mix of various stockpiles placed 
after the landfill had reached final grade. Bulk samples from AB-3, AB-4. AB-7, 
AB-1 0. and AB-25 were selected as representative of the range of soils found in the 
existing interim cover on the decks of Disposal Area AB+ and were shipped to GEL for 

laboratory testing. 

The in-situ unit weight of the existing interim cover was evaluated using the 
nuclear gauge method [ASTM D 2922]. The in-situ dry unit weight was measured at 
test pits AB-1. AB"2. AB-1 0. AB-11. and AB-25 and was found to range from 76 to 
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98 percent of maximum dry unit weight obtained from ASTM D 1557 (76 to 98 percent 
relat.ive compaction), with an average value of 88.6 percent relative compaction. The 
presence of gravel and .cobbles within the top I 0 in. (250 mm) of the existing interim 
cover impaired the installation of the nuclear gauge at other test pit locations for 
measurement of in-situ dty density. In addition, it was not possible to reliably measure 
the dry density at depth greater than about I ft (0.3 m) because of the disturbance to the. 
soil caused by the excavator bucket. Consequently, it was decided on site to assume 
that the in-situ unit weight of the existing cover. soil was. on the order of 85 percent of 
maximum dty unit weight as obtained from ASTM DI557. Based upon GeoSyntec's 
experience in evaluating interim soil covers at southern California landfills, this is a 
reasonable value. 

5.3 Slopes of Disposal Area AB+ 

A total .of ten test pits designated AB-14 through AB-23, were excavated on 
the slopes of Disposal Area AB+.. The thickness of the existing interim cover on the 
>lopes ofDisposa!Afea AB+ averaged 3 to IVJno:9 to 3 m) on the lower slopes and 
2 to 3 ft (0.6 to 0. 9 m) on the upper slopes. The locations of the test pits are shown on 
Figure 5-1. The thickness of existing soil cover at each test pit is reported in Table 5-2. 
Detailed logs of the test pits are provided in Appendix A. 

The existing interim cover soils on the slopes of Disposal .-\rea AB+ were 
,·isually classified as silty sands with gravel and cobbles (Test pits .-\8- 1-+. AB- I 6 . 
.-\B-19. and AB,23) and sandy-clayey silts (AB-17. AB-18. AB-20, AB-2l. and AB-22). 
'..,.;.,.:, . .-~·!~" '0 c: .. .,. n ..... C""t'O,....,"' ,...."",.,,,..... .... ,....,.1 ~he S'"';l ...,Ja,.....,.-4 ......... tho .-.1,.... .... .:::.- ...-.f Tl;S"OS'll 
,~\...1.,.V1U. U!:' ~ 1 .•HJ '-'!-' 1'.~ 1 11,'> !J'-'l,,Vlill'-'1• HI \JH ~H '-¥\,1 '.Ill ~ J'-' •'IV}-'"-;, V1 '-"h}-' '~' 

Area AB+ are a combination of both daily cover soils and/or cover fills employed for 
hot spot repairs. 

5.4 Deck of Disposal Area A 

A total of five test pits designated A" I through A-5, were excavated on the 
deck of Disposal Area A .. The locations of the test pits are reported in Figure 5-l and 
detailed logs· are ·provided in Appendix A. At the time of the. investigation. 
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approximately 90 percent of the deck of Disposal Area A was covered by stockpiles of 
vegetative cover soil and clay which hampered an extensive investigation of the existing 
interim cover. The thickness of existing interim cover on the deck of Disposal Area A 
is estimated to vary between 5 to 6 ft ( 1.5 to 1.8 m). Table 5-3 lists the thickness of 
existing interim cover at each test pit location. 

The existing interim cover soils were visually classified as silty sand with 
gravel and cobbles, a soil very similar to that encountered on the deck of Disposal 
Area AB+. Bulk samples were collected during the investigation for further evaluation. 

5.5 Slopes of Disposal Area A 

A total of six test pits designated A-6 through A-ll,. were excavated on the 
slopes of Disposal Area A. The thickness of the existing interim cover on the slopes of 
Disposal Area A ranged from 7 to 18ft (2.1 to 5.5 m). The minimum thickness of the 
interim final cover encountered in the test pits excavated on the Disposal Area A slopes 
was found to be 7 ft (2.1 m). The locations of the test pits are shown on Figure 5-1. 
The thickness .of existing soil cover at each test pit is reported in Table 5-4. Detailed 
logs of the test pits are provided in Appendix A. 

The existing interim cover soils on the slopes of Disposal Area A were 
visLtai'!y classified primarily as sandy silt with few gravel and cobbles. According to 

City Operations personnel, the slopes of Disposal Area A were constructed out of daily 
cover soils utilizing scrapers and dozers to build-up approximately 18 ft wide ''push-up" 
·.berms on the outside edge~. of the slopes. 

The in-situ unit weight of the extstmg interim cover on the slopes of 
Disposal Area A was evaluated using the nuclear gauge method [ASTM D 2922]. The 
in-situ dry unit weight was measured at test pits A-7 through A-ll and was found to 
range from 84 to 94 percent of maximum dry density obtained from ASTM D 1557 ( 85 
to 95 percent relative compaction), with an average value of 90 percent relative 
compaction .. In-situ unit weight measurements were also taken at additional locations 

·on .the slope.'i of Disposal Area A Unit weight measurements were taken in test areas 
approximately 4ft b'y 5 ft ( 1.2 by 1·.5 m) cleared adjacent to test pit locations. Test areas 
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were cleared and grubbed of existing vegetation and roots to a depth of I to 2 ft (0.3 to 
0.6 m) utilizing a 4 ft ( 1.2 m 1 wide grader blade attached to a backhoe. 

5.6 Deck of Disposal Area B 

A total of eight test pits designated B-1 through B-8, were excavated on the 
deck of Disposal Area B. Table 5-4 lists the thickness of the existing interim cover at 
each test pit. Detail logs are provided in Appendix A. At the time of the investigation, 
approximately 60 percent of the deck of Disposal Area B was covered by a stockpile of 
vegetative cover soil. 

The soils encountered in the test pits excavated on .the deck of Disposal 
Area B were visually classified as varying from silty sands to sandy, clayey silts, as 
shown on the test pit logs attached in Appendix A. However, the soil condition on the 
deck of Disposal Area B are very variable because of the mixture of vegetative cover 
soils and concrete and asphalt 'winter fills' mixed with daily cover soils present at this 

---~--· -·-l0cttt-ien:--Bu+k-samples-were·-coHecte&frorrreaclrtest-pir-furfurthen~vmuati"l1rr . 

. ' 

5.7 Laboratorv Testing Program 

5.7.1 Introduction 

Laborawry testing program consisted of index and engineering property tests 
on selected repre<ent<niv?. hulk samples collected during the geotechnical field 
investigation. A complete soil sample Jog, including those samples selected for 
laboratory testing. is provided in Appendix A. Sampling locations are indicated on 
Figure 5-l. Laboratory testing was conducted by GeoSyntec's Geotechnical and 
Enviwnmental Laberarory (GEL). 
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The laboratory testing program included: 

• soil classification per ASTM D 2487, including associated index 
testing (sieve analysis ASTM D 422, hydrometer, moisture content 
ASTM D 422, Atterberg limits ASTM D 4318); 

• modified Proctor compaction tests (ASTM D 1557); and 

• saturated hydraulic conductivity tests (ASTM D 5084; and 

• moisture retention tests (ASTM D 2325). 

A summary of the laboratory test results performed on representative bulk 
samples is presented in Table 5-5. Complete laboratory testing result are presented in 
Appendix B. 

5.7.2 Laboratory Testing Results 

A summary of the results of laboratory testing performed on representative 
bulk samples obtained during the interim final cover field investigation are presented in 
Tab!'"· 5-5. As shown in this table, the existing interim cover soils on the decks of 
Disposal Areas A, B. and AB+ and the slopes of Disposal Areas A and AB+ classify 
primarily as clayey sand or silty sand (SC or SM) according to the unified Soil 
Classification Sys.tem (ASTM D 2487). 

The saturated hydraulic conductivity was measured on two representative 
samples of soil collected on the deck of Disposal Area AB+. The saturated hydraulic 
conductivity tests (ASTM D 5084) were performed on remolded samples. Based on 
field observation and result of in-situ measurements, a dry density of about 85 to 
'90 percent of maximum dry density measured in accordance with ASTM D 1557 was 

deemed representative of in-situ conditions of the existing interim cover on the decks of 
Disposal Area AB+. Consequently, two hydraulic conductivity tests were performed. 
The first test was performed on a sample from test pit AB-1 0 compacted to a dry density 
of 85 percent of maximum dry density at a moisture content equal to 2 percent greater 
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than the optimum water content obtained from ASTM D 1557. The second test was 
performed on a sample from test pit AB-25 compacted to a dry density of 90 percent of 
the maximum dry density at a moisture content equal to 2 percent greater than the 
optimum moisture content obtained from ASTM D 1557. 

The saturated hydraulic conductivity were measured to be 4.5 x.I0-4 crnfs on 

the remolded sample from test pit AB-10 and 7.6 x 10"5 cm/s on the sample from test pit 
AB-25. A saturated hydraulic conductivity of 4.5 x w-• cm/s was then used to 
characterize the existing interim cover on the decks of Disposal Areas A, B, and AB+ 
and the slopes of Disposal Area AB+ for further engineering evaluations. The 
heterogeneity of the soils composing the existing interin;t cover and the presence of 
gravel within the silty sand and clayey sand favored the use of the higher value of 
saturated hydraulic conductivity measured in the laboratory for these subsequent 
analyses. 

To further characterize the existing interim cover on the decks of Disposal 
·----~· -~--~- AI:<:!!__,'\B+ ~f!1ojstur~~lenli9n te§.L(ASTl'vLQ_2325l_Wl~eJf.urm~cLruuLs.ample._from ___________ _ 

; 
test pit AB-10. The results of this rest are provided in Appendix B. The results from 
the moisture retention test were used to characterize the foundation layer in the water 
balance evaluation of the monolithic soil cover and Title 27 prescriptive cover. 

The saturated hydraulic conductivity was measured on the four samples of 
soil collected on slopes of Disposal Area A. The saturat<:d hydr,wlic conductiYity tests 
1.-\STM D 5084) were performed on remolded samples. Based on field observation and 
res,!lt of in-situ measurements, a dry density of about 90 percent of maximum dry 
Jen~ity' a1easured in accordance with ASTN1 D 1557 \VU~ dte1ued represenLaLive of 
in-situ conditions of the existing interim cover on the slopes of Disposal Area A. 
Consequently. the hydraulic conductivity tests were performed. Samples from test 
pits A6, AS, A9. and A 10 compacted to dry densities of 90 percent of maximum dry 
density at a moisture content equal to 2 percent greater than the optimum water content 

obtained from AST\l D 1557. 

The saturated hydraulic conductivity on the four samples from the slopes of 

Disposal Area A were measured to range from 3.6 x 10·' cm/s to 8.6 x 10·5 cm/s .. -\n 

~1\·erage saturated hydraulic conductivity Of 4.6 X 10·' Ctn/S was then used tO 
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characteriz.e the existing interim cover on the slopes of Disposal Area A for further 
engineering evaluations. 

To further characterize the existing interim cover on the slopes of Disposal 
Area A, a moisture retention test (ASTM D 2325) was performed on a sample from test 
pit A6. The results of this test are provided in Appendix B. The results from the 
moisture retention test were used to characterize the existing soil. cover in the water 
balance evaluation of the monolithic soil cover and Title 27 prescriptive cover. 
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6. MONOLITHIC SOIL FINAL COVER EVALUATION 

6.1 Vegetation 

An important factor governing the performance of the monolithic soil cover 
is evapotranspiration. Evapotranspiration of infiltration . water from the cover soil 
requires the establishment of vegetation on the cover.. The vegetation type selected 
should have the ability to establish itself and survive on the natural seasonal 
precipitation of the site and should display rooting depths of at least !2 to 18 in. (200 to 
450 mm). 

A seeding program should include vegetation that will establish quickly, 
provide a percent coverage as great as possible, and will be self sustaining. The main 
variables to be controlled for a successful seeding program in the Southern California 
interior area consist of the time of planting, the method of planting, and the type of 
species that are planted. Only plant species that can survive on the natural precipitation 
should be considered for vegetating the slopes of the Lopez' Canyon Sanitary Landfill. 

cc-----!hese requirements are consistent .. with the seed mix currently established fo1: the· tinal·-----------

cover at Lopez Canyon. 

The time of planting should be in the fall prior to the natural seasonal rains. 
This timing allows the plants to achieve rapid seeding and sufficient biomass to sustain 
therrdtirough the summer months. Seeding at other times of the year may be performed 
with some degree of success if irrigation is used during the establishment period. 
However. some species 'Of grasses may be more susceptible to summer funguses when 
net.i'Ully rn:..:.ture. GeHcu:.tlly Unly 10 toll in. (250 to 275 111n1J of-rainfall is.requi1~.:d -to 
sustain the perennial grasses found in the area of the Lopez Canyon Sanitary Landfill. 
eliminating the need for irrigation if planted during the fall. Therefore. it is 
recommended to plant during the fall [Paul Albright. 1997). 

Hydroseeding is a proven method for planting seeds over large open areas 
that involves spraying the seeds onto the desired areas with water as the transport 
medium. Hydroseeding will be utilized for the Lopez Canyon Sanitary Landfill seeding 
program. '(he hydroseeding process can be used to deliver nutrients. pesticides. or 
fungicides .along with the seeds. ·A nutrient analysis of the final cover soil could be 
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performed to asses whether or not there exist any gross nutrient deticiencies. Specitic 
additives should be per the recommendation of the seed supplier. 

Following hydroseeding the placement of a protective cover or mulch may 
be used. A protective cover or mulch helps prevent erosion of soil by reducing the 
effects of rainfall impact and runoff, and wind while providing a suitable environment 
for the development of the vegetative cover. Types of covers or mulch consist of plastic 
sheeting, hay, straw, chipped wood, and synthetic or natural nettings and blankets. 

The specific species to be planted consist of mostly grasses that can survive 
on the natural precipitation of the area. Table 6-1 lists the seed mix recommended for 
Lopez Canyon Sanitary Landfill. This mix .is designed for fast vigorous establishment 
of .<1 tina! cover of native vegetation that reseeds itself. The recommended application 
density is on the order of 72 lb per acre (0. 79 kN/ha). 

6.2. Existing Interim Soil Cover Performance Evaluation 

6.2.1 Decks of Disposal Areas A, B, and AB+ and Slopes of Disposal 
AreaAB+ 

The characteristics of the existing interim cover on the decks of Disposal 
Areas· A. B, and AB+ and the slopes of Disposal Area AB+ were established through the 
field investigation and laboratory testing program described in Section 5.2, 5.3, 5.5, 5.6, 
and 5.7. The thickness of the existing interim cover was found to vary from 2ft (0.6 m) 
to 11 ft (3.3 m) over decks, of Disposal Areas A, B, and. AB+ and the slopes of Disposal. 
Area AB+ .. The soils found in the existing interim cover in these areas range from silty 
sand to clayey sand with gravel. 

The in-situ dry density of the existing interim cover soils on the decks of 
Disposal Areas A, B. and AB+ and on the slopes of Disposal Area AB+ was measured 
to range from 76 to 98 percent of maximum dry density obtained from AST:VI D 1557. 
The saturated hydraulic conductivity measured in that range of dry density was on .the 

order of 4.5 ~ I o·• em/sec. Water balance analyses indicate that, in its current condition, 
the existing irnerirri cover on the·decks of Disposal Area A, B. and AB+ and on the 
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slopes of Disposal Area AB+ does not perform as well as the Title 27 prescriptive 
cover. However. the existing interim cover can still be integrated into a monolithic soil 
cover on the decks of Disposal Areas A, B. and AB+ and the slopes of Disposal 
Areas AB+ as the foundation layer, 

6.2.2 Slopes of Disposal Area A 

The characteristic.s of the existing interim cover on the slopes of Disposal 
Area A were established through the field investigation and laboratory testing program 
described in Section 5.5 and 5.7. The thickness of the existing interim cover was found 
to vary from 7ft (2.1 m) to 18ft (5.5 m) over the slopes of Disposal Area A. The soils 
found in the existing interim cover on the slopes of Disposal Area A include silty sand, 
clayey sand. and sandy silt. 

The in-situ dry density of the existing interim cover soils on the slopes of 
Disposal Area A was measured to range from 86 to 94 percent of maximum dry density 

~- ----ebt'aifletHri'lm-AS-Tt\1-fH-5-5-7:-T-he--sattmlted--hydrmTliccum:luctiviry-me:rsured-ru:-rlmr---------­

range of dry density was on the order of -+.6 x !0.; em/sec. 

Water balance simulations using LEACHM were performed for a period of 
I 0 years using the weather data from the Sunland weather station for the time period 
1951" to 1962. Cumulative percolations predicted by LEACHM for the Title 27 
prescriptive cover and for the existing interim soil cover on the slopes of Disposal 
Area A using the input parameters listed in Table 6-2 are shown in Figure 6-1. The 
.... ,t . .::.r' h"l"'"'""" r-r.rr'lponents pt·.::>rl"Ic'e'" bH r k A rW\rf fr:..r th.:. Titl.:> /7 nrpscr·l~tiyP f"'C\,IPr ~v (.tt....... '-'"l <..un •• ..., .._v••• • .... ,.....,.,_. '- ...., ~· "--' ....... ,~-..._..., ~ .... "'--'' .. ,,,_ .. ''"''"' -' .t-'"..... • t-"'"" .............. • ..... 

and the existing interim soil cover are summarized in Table 6-3. Figure 6-1 shows that 
the percolation through the existing interim soil cover on the slopes of Disposal Area A 
is less than that through the Title 27 prescriptive cover. 

Based on the results of the water balance analyses. the performance of the 
existing interim soil cover exceeds the performance of the Title 27 prescriptive cover. 
The existing interim soil cover on the slopes of Disposal Area A can therefore be 
considered to be an engineered alternative cover to the Title 27 prescriptive cover. 
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6.3 Engineered Monolithic Cover Evaluation 

6.3. I Engineered Monolithic Cover Configurations 

Water balance analysis were performed to evaluate the. performance of an 
engineered monolithic soil cover for the decks of Disposal Areas A. B, and AB+ and the 
slopes of Disposal Area AB+ consisting of a combination of existing cover soil and 

imported borrow soil. Two alternative configurations were simulated in the water 
balance analyses. Both configurations employed the existing interim cover soil as the 
foundation layer. However, two different types of imported borrow soil were used in 
the configurations. as described below. 

Alternative 1 consists of 2 ft (0.6 m) of existing interim cover soil overlain 
by 3 ft (I m) of an assumed low· plasticity silt iS C). The low plasticity silt is 

characterized by a grain size distribution such that about 75 percent of the material 
passes the number 200 sieve (opening of 0.075 mm) and with a clay content of about 

8 percent. The plasticity index for this soil should not exceed 15. 

Alternative :?. consists of 2 ft (0.6 m) of existing interim cover soil overlain . ~ 

by 3 ft ( 1 m) of an assumed silty or clayey sand ( SYl or SC). The silty sand or clayey 

sand are characterized by grain size distribution such that about -lO to 50 percent of the 

material passes through the number :?.00 sieve (opening of about 0.075 mm). The 

Atterberg limits for the fines in the material should be characterized by a plastic limit 

less than 15. The cross. section of these alternative cover designs is illustrated in 

Figtll:e 6-2. Since both qlternatives have the. same configuration they are illustrated by 

the same cross section. 

Laboratory testing provided input parameters for the foundation layer 

composed of existing interim soil cover on the decks of Di:;posal Areas A. B. an-:i AB+ 

and the slopes of Disposal Area AB+. Curve fining wa,; performed to estabbh the 

input parameters for the imported borrow soils. Hydraulic conductivity parameters for 

the existing interim cover soil were obtained from the laboratory tests on the samples 
remolded to_representative densities. The initial moisture contents of these remolded 

samples coriespond"ed to optimum moisture contents evaluated by modified Proctor 
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tests based upon the assumption that the foundation layer will be re-worked at optimum 
moisture content prior to placement of the imported borrow soil. A value for hydraulic 

conductivity of 4.5 x l o-' cm/s was input for the existing interim soil cover on the decks 
of Disposal Areas A, B, and AB+ and the slopes of Disposal Area AB+. A hydraulic 

conductivity of I x 10·5 cm/s was assumed for the imported borrow soils. (SC, ML, and 
SM). Soil property values input to LEACHM are summarized in Table 6-2. 

6.3.2 Title 27 Prescriptive Cover Configuration 

The Title 27 prescriptive cover was modeled as a 4ft thick cover section. 
This cover section consisted of a I ft (0.3 m) thick vegetative layer underlain by a l ft 
(0.3 m) thick compacted clay layer, underlain by a 2ft (0.6 m) thick foundation layer. 
The cross section of the Title 27 prescriptive cover is illustrated in Figure 6-2. 

Soil. properties input for the Title 27 prescriptive soil cover are summarized 
in Table 6-2, The vegetative layer was assumed to have a saturated hydraulic 

conduct!Vlty eqillilto!xTO"' cri1/s. I he compacted clay layer was modeled with a 

saturated hydraulic conductivity equal to 1 x 1 o·6 cm/s. The foundation layer was 

assumed to have a saturated hydraulic conductivity equal I x l o-' cm/s, a value 
considered typical of native sandy silt and silty sand soil often use for structllral fill. 
Catnj:lbell's fitting parameters were obtained from soil water retention data measured for 
siltysoils by Khire et al. [1994. 1996] and Benson et al. [1994] forthe vegetative. clay. 
and foundation layers. Initial water contents were assumed from data for typical silt and 
clay soils used in constructing Title 27 prescriptive cover in southern California. 

Vegetation of the same rooting depths. percent coverage, and growth option 
was input for the simulation of the Title '27 prescriptive cover as for the simulation of 
the monolithic soil cover. 

6.3.3 Results of the Water Balance Analysis 

Water balance simulations using LEACHM were performed for a period of 
ten years using the weather data fi·om the Sunland weather station for the time period 
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1951 to 1962. · Cumulative percolations predicted by LEACHM for the Title 27 
prescriptive cover and for the two monolithic soil cover alternatives are shown in 
Figure 6-3. The water balance components predicted by LEACHM for the Title. 27 
prescriptive cover and for the two monolithic soil cover alternatives are summarized in 
Table 6-4. Figure 6-3 shows that for the first year the percolation through the Title 27 
prescriptive cover and through the monolithic soil covers are comparable. This 
comparable percolation is due to ·the .migration of construction moisture from the 
foundation layer into the waste. Figure 6-3 clearly shows that after the first year. 
percolation predicted by LEACHM, for both monolithic soil cover alternatives ts 
significantly less than the percolation predicted for the Title 27 prescriptive cover. 

The water balance simulations performed using the model LEACHM 
indicate that predicted percolation from the monolithic soil cover alternatives presented 
in the previous sections is less than from Title 27 prescriptive cover. Therefore, based 
on modeling results, performance of the proposed monolithic soil cover exceeds the 
performance of the Title 27 prescriptive cover. 

6.3.4 Sensitivity Analysis 

6.3.4.1 General 

To evaluate the impact of variability in soil properties on percolation through 
the final cover . .three series of sensitivity analyses were performed on .the monolithic soil 
covers designed in Section 6.3. The sensitivity analyses were carried out using the 
co!!!puter program LEACHM. The sensitivity analyses were performed to evaluate the 
effects of hydraulic conductivity degradation. and the absence of vegetation on the 
!Oyear cumulative percolation through the monolithic soil cover compared percolation 
through the Title 27 prescriptive cover. The following sections describe and present the 

results of the sensitivity analyses. 
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6.3.4.2 Monolithic Soil Covers 

The tirst series of sensitivity analyses were performed over the three 
different monolithic soil cover configurations (Alternative I, Alternative 2, and A 
Slope) to evaluate the consequence of degradation of the saturated hydraulic 
conductivity of the top foot of the cover. For each of these contigurations, the saturated 
hydraulic conductivity for the top 1 ft (0.3 m) was increased by an up to an order of 

magnitude (e.g. from I X !0"5 em/sec to I X w·" em/sec). Figure 6-4 compares the 
10-year cumulative percolation through the three alternative monolithic soil covers as 
designed to the percolation through the percolation through the monolithic soil cover 
with a degraded saturated hydraulic conductivity in the top foot of the cover profile. A 
description of the legend for Figure 6-4 is presented below: 

Monolithic soil cover Alternati,·e 1 for the deck of Disposal Areas A, B. and 

AB+ with the design saturated hydraulic conductivity of k = I x I o·5 cm/s 

Alt2: 

Monolithic soil cover Alternati,·e 2 for the deck of Disposal Areas A, B. and 

AB+ with the design saturated hydraulic conductivity of k = I x 10·5 cm!s 

A Slope: 

Monolithic soil cover on slope' of Disposal :l.rea A with the design saturated 

hvdrauJic COnductiVity of k = 4.6 X 1 0'5 Crnfs ' . 

Altl dee:: 

Monolithic soil cover AlternatiYe I for the deck of Disposal Areas A. B. and 
AB+ with the saturated hydraulic conductivity of the top foot increased to k = 

l x I o·" cm/s due to degradation of the soil 
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Alt2 deg: 

Monolithic soil cover Alternative 2 for the deck of Disposal Areas A, B, and 
AB+ with the saturated hydraulic conductivity of the top foot set at k = 
I x l04 cm/s due to degradation of the soil 

A Slope deg: 

.Monolithic soil cover on slopes of Disposal Area A with the saturated 
hydraulic conductivity of the top foot set at k = l xI o·• cmls due to degradation 
of the soil 

A second series of sensitivity analyses were carried out to evaluate the effect 
of vegetation on the performance of the monolithic soil covers. Figure 6-5 compares the 
10-year cumulative percolation through the three alternative monolithic soil covers as 
designed with vegetation and without vegetation. A description of the legend for 
Figure 6-5 is presented below: 

vegetated monolithic soil cover Alternative I for the deck of Disposal Areas A, 
B. and AB+ with the design saturated hydraulic conductivity of k = 
I x 10·5 cm/s 

Alt2: 

Vegetated monolithic soil cover Alternative 2 for the deck of Disposal Areas 
A. B. and AB+ with the design saturated hydraulic conductivity of k = 

I x 10"5 cmls 

A Slope: 

Vegetated monolithic soil cover on slopes of Disposal Area A with the design 

saturated hydraulic conductivity of k = 4.6 x 10·5 cm/s . 
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6.3.4.3 

Altl no veg: 

Monolithic soil cover. Alt.ernative I for the deck of Disposal Areas A, B, and 

AB+ with the design saturated hydraulic conductivity of k = I x !0'5 cm/s and 
no vegetation 

Alt2 no veg: 

Monolithic soil cover Alternative 2 for the deck of Disposal Areas A, B, and 

AB+ with the design saturated hydraulic conductivity of k = I x I o·5 cm/s and 
no vegetation 

A Slope no veg: 

Monolithic soil cover on slopes ·of Disposal Area A with the design saturated 

hydraulic conductivity of k = 4.6 x 1 0'5 cm/s and no vegetation 

Title 27 Prescriptive Cover 

A third series of sensitivity analyses was performed to evaluate the effect of 
degradation of the hydraulic conductivity of the 21 ft (0.3 m) thick compacted clay layer 
and the effect of vegetation on the percolation through the Title 27 prescriptive cover. 
\Vat.er. balance analyses were performed assuming that the saturated hydraulic 
conductivity of the compacted clay layer degraded from the prescriptive maximum 

value of I x 10'6 em/sec to 2 x !0'6 em/sec and 5 x !0'6 em/sec.. The water balance 
analyses were performed for each value of hydraulic conductivity for both the vegetated 
and the no vegetation case. Figure 6-6 shows the effects of degradation and of 
vegetation on the I 0-year Cumulative percolation through a Title 27. A description for 

the legend of Figure 6-6 is provided below: 

.1\. A Recycled and ;..~ 
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prsc: 

Title 27 prescriptive cover with the hydraulic conductivity of the compacted 

clay layer equal to k = I x 10'6 cm/s and well established vegetation on the 

cover 
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prsc n/veg : 

Title 27 prescriptive cover with the hydraulic conductivity of the compacted 

clay hiyer equal to k = I x 10·6 cm/s and no vegetation on the cover 

prsc k2e6: 

Title 27 prescriptive cover with the hydraulic conductivity of the compacted 

clay layer increased to k = 2 x 10·6 cm/s due to degradation and established 
vegetation 

prsc k2e6 n!veg: 

Title 27 prescriptive cover with the hydraulic conductivity of the compacted 

clay layer of increased to k = 2 x 10·6 crnls due to degradation and no 
vegetation on the cover 

·prsc k5e6: 

Title 27 prescriptive cover with the hydraulic conductivity of the compacted 

clay layer increased to k = 5 x I o·6 cm/s due to degradation and established 
vegetation 

prsc k5e6 n/veg: 

Title 27 prescriptive cover with the hydraulic conductivity of the compacted 

clay layer of increased to k = 5 x 10·6 cm/s due to degradation assuming no 
vegetation on the cover. 

Evaluation of the results 

Several noteworthy observations can be made regarding the results of the 
sensitivity <malyses. 

As shown on Figure 6-6, the performance of the Title 27 prescriptive cover 

with respect" to surf;,~ce water infiltration is not particularly sensitive to the presence of 
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vegetation. However, the percolation through the Title 27 prescriptive cover doubles if 
the saturated hydraulic conductivity of the compacted clay layer degrades by one-half an 
order of magnitude. If the compacted clay layer does desiccate or crack, assuming a 
one-half order of magnitude increase in saturated hydraulic conductivity may actually be 
conservative. 

As shown on Figure 6-4 and 6-5, increase of the saturated hydraulic 
conductivity in the top foot of the monolithic soil covers by up to one order of does 
result in a significant increase of the 10-year cumulative percolation. However, this 
increase is approximately equal to the increase in percolation through the Title 27 
prescriptive cover when the hydraulic conductivity of the compacted clay layer has been 
degraded by only one half an order of magnitude. Figure 6-5 illustrates that even 
without vegetation, the infiltration performances of Alternative I and Alternative 2 is 
superior to the performance of the Title 27 prescriptive cover as long as the saturated 
hydraulic conductivity is maintained at the target value. However. the A Slope 
configuration is more sensitive to a loss of compared to Alternatives I and 2. Even 
without degradation of the saturated hydraulic conductivity the percolation through the 
..A~~p<H:;on.fi.gur~!~iBfi-is-abe¥~-th-at-of-<he-T+ti+e-:2"'1-prescriptive--coverif-vegemrtonri<ts'· ~-­

not established. 

6.34.5 Summary 

In summary, results of the sensiti,·ity analyses illustrate different cover 

maintenance approaches that may be taken to maintain the performance of the 
monolithic final cover alternatives. For monolithic Alternatives I and 2 I deck areas) the 
sensitivity analyses indicates that it would be better to-strip the vegetation and rework 
the top one foot of cover soil if degradation in the saturated hydraulic conductivity 

occurs. than to keeping the vegetation intact and allowing the saturated hydraulic 
conductivity of the soil to degrade. Conversely. the sensitivity analysis indicates that for 
the A-slope monolithic alternative it is better to allow the vegetation to re111ain as 
opposed to reworking the upper layers of the cover soil to counteract degradation the 

saturated hydraulic conductivity. 
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7. PERFOR:\'IANCE EVALUATION PROGRAM 

7.1 Methodology 

The objective of the performance evaluation program is to demonstrate that 
the infiltration control performance of a monolithic soil cover on the decks of Disposal 
Areas A, B. and AB+ and the slopes of Disposal Areas A and AB+ can exceed the 
infiltration control performance of the Title 27 prescriptive cover if the monolithic soil 
cover has the appropriate hydraulic properties. 

The methodology for evaluation of the performance of the monolithic final 
cover consists of the following: 

• · Monitoring the soil moisture content and environmental conditions in 
two test sections for a period of tvio years; 

• Calibrating the analytical numerical model (LEACHM) for 
intiltration and moisture migration based upon the first year 
monitoring data; 

• Validating the analytical numerical model using the second year 
monitoring data; 

• Demonstrating that the infiltration performance control of the 
monolithic soil cover exceeds that of Title 27 prescriptive cover 

In this cover performance evaluation program, characteristic soil properties 
will be directly measured and the analytical model will be calibrated based upon the 
first year of field data. The calibrated model will then be used to predict moisture 
movement in the soil cover during the second year of monitoring. Comparison of 
predicted moisture movement during the second year to actual tield observations will be 
used to validate the analytical model. The validated model will then be used to compare 
the performance of the monolithic soil cover to the performance of the Title 27 
prescriptive cover. In the evaluation program. the final cover performance will be 
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monitored at two locations: one on the deck of Disposal Area AB+ and one on the 
slopes of Disposal Area A. Figure 7 -I shows the proposed monitoring locations. 

In order to test the validity of the analytical model for an extreme 

precipitation even. if at the end of the 2-year monitoring period a storm with a rainfall 
intensity which exceeds 75 percent of.the intensity of the I 00-year 24-hour rainfall has 
not occurred, a temporary irrigation will be set up adjacent to the monitoring stations to 
artiticially induce the 100-year. 24-hour rainfall for monitoring purposes. 

7.2 Data Requirements 

The data required to perform the cover performance evaluation include: 

• data on the soil used to construct the monolithic soil cover; 

• data on weather conditions: and ----------------

• data on moisture content in the monolithic soil cover. 

Data on the soil used to construct the monolithic soil cover include soil type, 

incsitu density. and hydraulic properties such as saturated hydraulic constructivity and 
moisti.tr:e retention curves. This data will be obtained from laboratory testing on soils 

collected during construction ofthe monolithic soil cover. Data on weather conditions 

include records of precipitation and temperatures and irrigation if used. Data from the 

Suniund weather station and daw frcn1 o.r. en-sir:: \Ve~uher ~:t~ticn will -b~ cOHected. Datu 

on moisture content in the monolithic soil cover will be obtained using the monitoring 

system described in Section 7.3 of this report. 
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7.3 Proposed Soil Moisture Monitoring Svstem 

7 .3.1 Introduction 

For the Lopez Canyon Landfill monolithic soil cover monitoring, it 1s 

proposed to use Time Domain Reflectometry (TDR) probes for soil moisture monitoring 
and·a site weather station to gather accompanying weather data. TDR probes have been 
selected due to their automated data collection abilities, minimal disturbance installation 
methods, and prior successful use on similar projects in southern California. A TDR 
monitoring probe system consists of a segmented profiling probe for monitoring 
multiple depths, transmission cables, a battery power supply, and an integral data 
logger. 

The configuration and type of soil moisture monitoring probe system for the 
Lopez Canyon Landfill monolithic soil cover is designed to provide flexibility so that it 
can be modified to accommodate whatever frequency, quality, and quantity of dma is 
required for monitoring. 

7 .3.2 Soil Moisture Monitoring Probe 

It is proposed to use a segmented profiling probe containing five individual 
probe·~ for monitoring at depths of 6. 12. 20, 30, and 42 in. (152, 305, 508, 762, 
and 1067 mm, respectively) for the test section .on the deck of Disposal Area AB+ 
where the total thickness of the proposed monolithic final cover, including the 
foundation layer,is 60 in. ( !,509 mm}. 

It is proposed to use a segmented profiling probe containing seven individual 
probe.' for monitoring at depths of 6, !2. 20. 30. 42. 54, and 66 in. (!52, 305, 508, 762. 
I 06'. !372. and !6 77 mm. respectively) for the test section on Disposal Area A, where 
the tote!! thickness of the proposal monolithic final cover is 78 in. (I ,950 mm). A 6-in. 
( !52-mm) spacing in the upper 1-ft (0.3 m) of the cover is required to better quantify 

cover oerformance . . 
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Two probes will be installed in the test section on the deck of Disposal 
Area AB+ and two probes will be installed on the test section of the slopes of Disposal 
Area A. 

The !!rial location of the probes will be decided in the field and submitted for 
approval to the RWQCB. The probes will be connected to data loggers and a power 
supply will be installed in the field, Soil moisture readings from the probes will be 
automatically taken daily and stored in the data loggers. Data will be downloaded with 
a lap top computer. It is anticipated .that data will be downloaded and analyzed once a 
month. , 

7.3.3 Data Logging System 

Each probe will be connected to a data logger unit. The data logger 
interrogates the probe at user specified sampling intervals and then measures, interprets, 
and stores the sensor values in the non-volatile memory. Each data record will be time 

----"a"naaate sllimped:-Tneaata loggers wi!T15e powered byeTiher sofar or AC current and--­
will pe enclosed in a rugged enclosure which protects the electronics from the 
atmosphere. and other damage. The data logger will be equipped with an RS-232 port 
which enai:Jles data to be downloaded with a personal computer (PC). A laptop PC will 
be used for data downloading. The data will be downloaded to the laptop PC using the 
probe. n1anufacturers supplied software. 

7 .3.4 \Veather Station 

A self-contained weather station capable of recording wind speed, wind 
direction, relative humidity. rainfall. solar radiation, and <!ir temperature will be installed 
and connected to the data logger. Weather data will be downloaded at the same time as 
the soil moisture data with the lap top PC. The weather station will be located at one of 
the test sections. 
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7.4 Vegetation 

Following construction of the monolithic soil and installation of the 
performance monitoring system the monolithic soil cover will be hydroseeded using the 
seed mix designed for Lopez Canyon Land till. 

If the seeds are planted in the fall, no irrigation will be needed to establish 
the vegetation. If the seeds are planted at any other time, irrigation will be required 
during the initial stages of vegetation establishment. Once established, the vegetation 
will have the ability to survive on the natural seasonal precipitation of the area. 
Therefore, once the vegetation has been established, the need for irrigation should be 
minimal, if at all. If any irrigation is applied, the daily volume wdl be monitored and 
recorded. 

7.5 Performance Modeling 

Hydrologic performance modeling of the monolithic soil cover will be 
performed using the model LEACH:'vl [Hutson and Wagener. 1992) discussed in 
Section 4.3 of this report. The weather data and moisture migration data gathered 
during the first year of performance monitoring period will be used to simulate the 
performance of the monolithic soil cover over the second year of c·.,)nitoring. 

7.6 Reporting 

Three reports will be prepared for submission to the RWQCE during the 
final cover performance evaluation: 

• an installation report: · 

• a model calibration report: and 

• a performance evaluation report. 

The installation report will be submitted within 12 weeks of completion of 
installation of the test sections. This report will document moisture probe installation. 
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soil test data. and initial probe readings. The report will include a record drawing 
presenting surveyed probe locations, manufacturers' product information on the probes 
and data logging equipment, field logs from probe installation. and laboratory data 
sheets and summary tables. 

The model calibration report will be submitted 15 months after probe 
installation. The model calibration report will include. the weather and moisture content 
data for the first 12 months of operation at each test section. The report will also 
include a preliminary evaluation of the performance of the monolithic soil cover in 
comparison to the Title 27 prescriptive coYer. 

The performance evaluation report will be submitted 27 months after test 
section installation. The performance evaluation report will include weather and 
moisture content data collected in the second 12 months of monitoring, a forecast of 
moisture migration over the second 12 months using LEACHM calibrated using the 
data collected over the first 12 months, a comparison of forecast and observed moisture 
migration, a description of any alterations or enhancements to the model required to 

--------obtain agreement Between ooserved ancrpreCficted moisture migration in the second year 
of operation, .and final evaluation .of the performance of the monolithic soil cover as an 
engineered alternative to the Title 27 prescriptive cover. If the monolithic soil cover 
does not perform as well as the Title 27 prescriptive cover, the report will include 
recommendations for measures required to achieve equivalent Title 27 prescriptive 
covet'' performance for the monolithic soil cover. 
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8. SUMMARY A:'o/D RECOMYIENDA TIO~S 

8.1 Summary 

This report describes water balance conducted to demonstrate that a 
monolithic soil cover is an acceptable engineered alternative to Title 27 prescriptive 
cover for the decks of Disposal Areas A, B. and AB+ and the slopes of Disposal 
Areas A and AB+ at Lopez Canyon Sanitary landfill. 

The work conducted included a field investigation, a laboratory testing 
program, and water balance analyses. The field investigation and laboratory testing 
program were conducted to characterize the existing interim soil cover. The water 
balance analyses were used to demonstrate that the performance of the monolithic soil 
cover met or exceeded the performance of the Title 27 prescriptive cover with respect· to 
infiltration control. 

The tield investigation consisted of excavating and logging test pits. 
collecting bulk samples from the existing interim cover soil, and in-situ measurements 
of the density of the existing interim cover soil. A total of 44 test pits were excavated 
on the decks of Disposal Areas A. B. and AB+ and the slopes of Disposal Areas A and 
AB+ at Lopez Canyon Sanitary landfill. The test pits logs indicate that the existing 
interim cover soils consist mostly of silty sand and clayey sand mixed in some areas 
with.gravel and cobbles . The ·thickness of the existing interim cover ranges from 2 ft 
(0.6 m) to 18 ft (5.5 m) with an in-situ dry density ranging from 76 to 98 percent of 
maximum dry density as obtained from ASTM Dl557. Reliable measurement of in-situ 

presence and cobbles and·the di:.-turhunce 
caused by the excavation activity. 

Laboratory testing was conducted on selected bulk samples to classify the 
soil according to the Unitied Soil Classification System and to obtain compaction 
characteristics. hydraulic conductivity values, and moisture retention relationships for 
the interim cover soils. The soils forming the existing interim soil covers ranged in 
classitication from silty sand (SM) to clayey sand (SC) und include some low plusticity 
silts (ML). The representative hydraulic conductivity of the in place soils of the existing 

interim soil cover was set at 4.5 x 10·" cm/s on the decks of Disposal Areas ."'.. B. and 
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AB+ and slopes of Disposal Area AB+ the larger of two values measured in the 
laboratory, due to the heterogeneity of the encountered soi I. The representative 
hydraulic conductivity of the in-place soils of the existing interim soil cover was set at 

4.6.x 10·5 cm/s for the slopes of Disposal Area A, the average of the four values 
measured in the labonuory. 

The water balance analyses were conducted using the computer program 
LEACHM. Input data for LEACHM includes the soil profile to be modeled, soil 
properties. weather data. and vegetation data. The soil profiles analyzed included the 
Title 27 prescriptive cover. the existing interim soil cover. and two different engineered 
monolithic soil covers. The Title 27 prescriptive cover consisting of a I ft (0.3 m) thick 
vegetative .soil layer, a I ft (0.3 m) thick compacted clay layer, and a 2 ft (0.6 m) thick 
foundation layer. The engineered monolithic soil covers consisted of a 3 ft (0.9 m) thick 
layer of either a silty sand or a silty clay and a 2 ft (0.6 m) thick foundation layer. 

The soil properties for the existing interim soil cover were established from 
the laboratory testing program conducted on the samples collected at the test pits. Soil 
propemes for the clay layer. vegetatlve layer. st!ty sand layer. and clayey sand layer 
were estimated from published data. Weather data from the Sunland station were used 
for the water balance analyses. The Sunland station is located 3.5 miles (5.6 km) from 
Lopez Canyon Sanitary Landfill at a comparable elevation. A I 0-year period was 
selected for the water balance analysis. The I 0-year period exhibits an average annual 
rainf<ilt'of 18.1 in. (460 mm). compared to the 16 in. (406mm) 100-year average rainfall 
at Lopez Canyon Sanitary Landfill. The I 0-year period also includes several wet years . 
and was deemed to. be representative of the weather conditions at Lopez Canyon 
Sanitary Landfill. The vegetation data used in the \V;.tter balance analyses is 
representative of the vegetation mix approved for use on the final cover at Lopez 

Canyon Sanitary Landfill. 

The results of the water balance analyses indicate that the percolation 
through the existing interim soil cover on the decks of Disposal Areas A. B, and AB+ 
and the slopes of Disposal Area AB+ exceeds that through the Title 27 prescriptive 
cover. The results of the water balance analyses indicate that the predicted percolation 
from the existing interim cover on the slopes of Disposal Area A is about 68 percent 
less than that from the Title ?.7 prescripti,·e cover over the I 0 year period modeled. The 
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results of the .water balance analyses indicate that predicted percolation from the 
engineered monolithic soil cover on the decks of Disposal Areas A, 8, and A8+ and the 
slopes of Disposal Area A8+ is about 75 percent less than that from the Title 27 
prescriptive cover over the I 0-year period modeled. The results of the water balance 
analyses indicate that the predicted percolation from the existing interim cover on the 
slopes of Disposal Area A is about 68 percent less than that from the Title 27 
prescriptive cover over the 10 year period modeled. 

8.2 Recommendations 

The work presented in this report demonstrate that a "properly configured" 
monolithic soil cover performs better. than the Title 27 prescriptive cover infiltration 
control at the . Lopez Canyon Landfill. Properly configured covers inClude the 
engineered monolithic soil cover on the decks of Disposal Areas A, 8, and AB+ and the 
slopes of Disposal Area AB+ and the existing. interim soil cover on the slopes of 
Disposal Area A. The engineered monolithic soil cover consists of a 2 ft (0.6 m) thick 
layer of foundation soil composed of the existing interim cover soil overlain· by a 3 ft 
( 1 m) thick layer of silty sand or clayey sand with a saturated hydraulic conductivity no 

greater than I ;<: lO-s crnls. To mitigate the potential for cracking due to desiccation or 
differential settlemenc. the plasticity index of the engineered monolithic soil cover 
should not exceed 15. The existing interim soil cover on the slopes of Disposal Area A 
consists of at least 6.5 ft (2m) of silty sand or clayey sand chardcterized by a hydraulic 

conductivity of 4.6 x lO-s crnls. 

Bec~use the monolithic soH cover has the ·same eros.ton resistance as the 
prescriptive cover and can be constructed more economically than the prescriptive 
cover, and because the use of the prescriptive cover may not promote attainment of the 

water quality objectives of a final cover. the monolithic soil cover should be acceptable 
a;; an alternative final cover. in accordance with state and federal regulations. However. 
because it is likely that performance monitoring will be required by the RWQC8 to 
demonstrate acceptable performance of the proposed monolithic soil cover, a 
performance monitoring program has been developed. This performance monitoring 
program includes two monitoring stations on the slopes of Disposal Area A, where the 
monolithic soil cover already ex·ists, and one monitoring station on the decks of 
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Disposal Areas A, B, and AB+. where a monolithic soil cover will be constructed. The 
recommended monitoring program employs time-domain-reflectometry probes and an 
automated weather station. The recommended performance monitoring program 
includes two years of monitoring,. with model calibration after year one and model 
validation after year two. The monitoring program is expected to res.ult in tina! 
regulatory approval of the monolithic soil final cover for the slopes of Disposal Areas A 
and AB+ and the decks of Disposal Areas A. B. and AB+. 
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TABLE 4-l 

I 
PIWXIMAL WEATHE~~ STATIONS 

LOPEZ CANYON SANITARY LANDFILL 

Station Nnme Number of Pcn·cut Latitude I Longitude 
Years Coverage i 

' 
LOPEZ CANYON LANDFILL IOO 

I 
N34: I 7:3~ WIIK:21:30 

CANOGA PARK PIERCE C 46 100 N34: II:()( 
I 

WIIB:34:00 

DRY CANYON RESERVOIR 41 7X· 'l4 N.14:2~:0l WIIX:32:00 
. 

NEWHALL 6 100 N34:22:0(j Wll8:34:00 
-

PASADENA 6X l).') .. l)l) N14·09·od . . . . W II X:O'I:OO . 
SAN FERNANDO 48 96-99 

I 
N34: 17:00 Wll8:28:00 

SUNLAND 18 99- I 00 N34: 16:od Wll8:18:00 

TUJUNGA 22 96-97 
I 

N34:16:oq Wll8: 17:00 

Noles: (I J 100 ycm mean rainfall from RDSI da!Cd Scp11:mbcr 199) 

Cf-J IOOII./'1.9~-13.1B I 

GeoSyntcc Cousullanls 

Elevation Distance Average Rainfall 
(ft) (miles) (in.) 

I 600-1800 aprox. 16111 

790 14.0 15.84 

1455 16.7 lUX 

1400 13.1 19.53 

864 15.0 19.47 

971 7.3 16.39 

1460 3.5 16.18 

1819 4.3 20.85 

98.0-Ul6/l:l.OI 



TEST PIT NO. 

AB-1 

AB-2 

AB-3 

AB-4 

- -~-A£-~5-~-

AB-6 

AB-7 

AB-8 

·-AB-9 

AB-10 

· AB-11 
:-· 

AB-12 .. 

AB-13 

AB-24 

AB-25 

CI:.J !00-04/LPZ'JR./3. THL 

A A Re<:ycled and .c 7 _, 

~ Recyclable Paper .-::c: 

TABLES-I 

TEST PIT SUMMARY 
DECK OF DISPOSAL AREA AB+ 

LOPEZ CANYON SANITARY LANDFILL 

EXISTING EXISTING 
INTERIM FINAL COVER SOIL 

COVEREL. THICKNESS 
(ft) (ft) 

I 774.4 9.5 

1768.4 5 

1763.9 5 

1759.7 4 
A 0 

''~/./ ~u 

1766.2 >9 

1755.6 6 

1755.9 . 6 

1749.1 1.5 

1761.5 4 

1763.3 4 

1759.4 >7 

1767.4 > 11 

1773.5 9 

1762.1 >9 

Gt=oSynh::c Consultnnt::: 

REFUSEEL. 
(ft) 

1764.9 

1763.4 

1758.9 

1755.7 

'' '-'"-
<1757 

1749.6 

1749.9 

1747.6 

1757.5 
. 

1759.3 

<1752 

<1756 

1764.5 

<1751 

9R0400!1}:01 



TEST PIT NO. 

AB-14 

AB-15 

AB-16 

AB-17 

- -~---AJ5'-1"8~-

AB-19 

AB-20 

AB-21 

··· AB-22 

AB-23 

Cf:J /Of/.()-1//J'/.'J:-i./ J TIN. 

A A Recycled and .;. ':­
~ Recyclable Paj>er .::c-

TABLE 5-2 

TEST PIT SUMMARY 
SLOPES OF DISPOSAL AREA AB+ 

LOPEZ CANYON SANITARY LANDFILL 

EXISTING EXISTING 
INTERIM FINAL COVER SOIL 

COVEREL. THICKNESS 
(ft) (ft) 

1742.0 6 

1759.9 8.5 

1698.5 7 -__ ) 

1700.0 2 
,,_ ~ 

" 1 VOJOk 

1691.9 5 

1622.0 2.5 

I 1730.8 3.5 
I 

1744.1 I 0 

~ 

1737.8 I 10 

Gt=oSyntc:c Consultants 

REFUSE EL. 
(ft) 

1736.0 

1751.4 

1696.0 

1698.0 

~~.--.--J.-683,.2~----.. 

1686.9 

1619.5 

1727.3 

174!.1 

1727.8 

C}~0-10611:\:01 



TEST PIT NO. 

A-1 

A-2 

A-3 

A-4 

-n.-J 

C'H-1 f(J0-04/l.PZ9R.f 3. THl. 

-".. A Reeve Jed and -' · 
'"' Recyclable Paper ;;. 

TABLE 5-3 

TEST PIT SUMMARY 
DECK OF DISPOSAL AREA A 

LOPEZ CANYON SANITARY LANDFILL 

EXISTING EXISTING 
INTERIM FINAL COVER SOIL 

COVEREL. THICKNESS 
{ft) {ft) 

1745.2 6.5 

1741.32 6 

1741 5 

1732.93 6 

-~· ' c 

' "'v 

G!!oSynt!!C Consultnnls 

REFUSEEL. 
{ft) 

1738.7 

1735.32 

1736 

1726.93 

-+7-39,16-~--~ 

9X 04 06/13:01 



TEST PIT NO. 

A-6 

A-7 

A-8 

A-9 

A "' "•v 

A-! I 

C£4100-04/[PZVR-1 3. TBL 

-'\. A Recycled and '' · 
U Rocydable Paper ·:;; 

TABLE 5-4 

TEST PIT SUMMARY 
SLOPES OF DISPOSAL AREA A 

LOPEZ CANYON SANITARY LANDFILL 

EXISTING EXISTING 
INTERIM FINAL COVER SOIL 

COVEREL. THICKNESS 
(ft) (ft) 

1738.2 7-14 

1721.2 8-18 

!678.8 >9 

!659.2 >14 
1£1AA '7 

1570.5 11 

OeoSyntec Com:ulranls 

REFUSEEL. 
(ft) 

1731.2 

1713.2 

1669.8 

1645.2 
I LA"> A 

1559.5 

');:.; 04 0611.1:01 



TEST PIT NO. 

B-1 

B.-2 

B-3 

B-4 
.,., ~ . 
~-· 

B-6 

B-7 

B-8 

CF • .JIOV·04!LPZCJR-13 TBI. 

.1\. A Recycled and .c~"' 
~ Recyclable Paper .:x_:.. 

TABLE 5-5 

TEST PIT SUMMARY 
DECK OF DISPOSAL AREA B 

LOPEZ CANYON SANITARY LANDFILL 

EXISTING EXISTING 
INTERIM FINAL COVER SOIL 

COVEREL. THICKNESS 
(ft) (ft) 

1707.44 3 

1719.02 2 

17;32.1 3 

1741.8 3.5 

~ F/·2'1.7 " J 

1743.5 >8 

1727.57 . 6 
. 

1741.7 5 

GeoSyntec Consult!lnt..: 

REFUSEEL. 
(ft) 

1704.44 

1717.02 

1729.1 

1738.3 

F/2'2.7 ~-

1735.5 

1721.6 

1736.7 

980406/1):01 
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TABLE 5-l 
I 

SUMMARY OF LAIIORATOJ~Y TEST RESULTS 

Grain Size 

ASTM 0 422 

Aucrbcrg limiu 

ASTM 0 <:JIB 

$1CYC l"''EJ LL 
Figure Figure ('.\) 
No. No. 

" 

I'L 
(%} 

'" 

I' I 
(·} 

LOPEZ CANYON SANITtRY LANDFILL 

Soil Cbssirkation 

ASTM 0 2487 

I 
Cumpa.:tion 

Modi lied Proctor 

ASTM I) IH7 

Hydr;~ulic Comlut:Jivil~ 

ASTM D 5084 

T CSI Specimen 
lniti~l Condiuom 

~::.~. Dry j Oruimum I Fig., Dry Unit I Moitnuc I CoMol.lllydrauJk 
j1i1 Weigh Moisture Nu Wdg!n Contcm i'rcss.urc Conductivity 

{pel) Comcm (pel) (',1.) (PSI) (cmfs) 

l'f.J 

GcoSynh!t.: Consultants 

RemHkl 

::;z-.-CJ:., -,-r s:o,;:;-,:~·,;;-~:,::::,- ----~--/·· ·j------. ---· --··-··-·--··-·---·--1--+-----------1 

986J1 I 

•• <O 

--+---+---+--+- ;;,=r;; " ) 

+-2~~=t~ 
Not corrc.:1cd (or ovcr-fil~d pJtliclel 

-;_,-+;;;=~=;;,,;,=,;,;;;,;,~;== 

__ , __ "_ =~;:;:;;:0;;;:~;;-.:;-;::~ r~ 
----····--··------ .. L _ 

__ ------..L._ -- 12 .'iM · S!h) S~•hl wuh Gt~,-d i ----· 

• o~f j ! ; 122 .'i 

-~,2~7-
------------------~--

'Hill\~ Ntu ~·o~t~,-~~,J rot OY~r-sir.:<J p~rtidcs 

AI1·2HJ k--
98BH I 

t-- -+'-+-- +-- t------ --------
[,., ., ~ " 1 

-~18~9-·--<)_4- 8 

+-r-- ----1--Tii;:-.-r ~o:o t--;~-r-,o.:s +--------------
---~----r--------------

/1-.\ 
., J1 20 " Cr. · :'i:mdy L.;;m C!:ir .. , 10 10 l9 )0 ' MI. . .'Iandy Sill 

!'F.J/IJIJIU'/IJ.'\-13 fill 

I 

11IUJ-I IJMI.1-0I 

i 

I 



I> 
"> ~, 
'C_g .... crn 
"[ ... ·= 'io. 
~ 

!) .( 
If ,:, 

Sire 
s~mpk 

10 

A·6 

A-8 

A·'l 

t\·10 

L>b A>· Perc em 
S:~mph: R,•,Tin~d !'.using 1200 

No. Mois1urc Skl't: ASTM 
Cmucm I> 1140 

ASTM (X) 

0 2216 

1%1 

--
9SII6~ 37.6 

981166 461 
-

•JIIIIhl 51Ht 

-
'llll!ftll H-2 

-

CI:".J IOOII.f11YX-13. TJJJ 

Grain Siu 

r\STM D -122 

Sieve llyUrom. 

Figure Figure 
No. No. 

I I 

4 . 4 

' 
,, 

9 ' 

-

' 

TABLE 5·6 (continued) 
I 

SUMMARY OF LAllORATOjW TEST RESULTS 
LOPEZ.CANYON SANIT~RY LANDFILL 

I 
I 
i 

i 
Compaction Hydraulic Conductivity 

ASTM 0 5084 

! Modified Proctor Test Specimen 

I ASTM D 1551 Initial Conditions 

Atterbere Limits Soil Classification I ASTM 0 4318 IISTM D 2487 Ma~. Dry Opthnum Fie. Dry Unh Moisture Contol. Hydraulic 
Unit ~Vdch Moisture No. Wcl&ht Conh:nt Prenure Contlu~·llvhy 

.(pel) Corucnt (pel) (%) {pii) {cm/s) 

I (%) 

LL PL i;l i 
i 

($) ,., .., i 
f 

I 
" 

34 24 "' SM ·Silly Sand li6.0 .10.5 2 1!3.3 12.2 u 7.SE·S 
l--1-- 1---- t-.,- 1---- ---r---- -----

118.2 ' 7 -
" " 12 SC · Clayey Saud ']'·· IU ' 110.0 ll.l Ll 8.8E·!i 

MI.· S;uuly.Sih ~it:_ 44 " '" 14.) 7 H}l.9 17.() u IAE·!i 
--- r--.- --- t--- t---- ----

11!8.7 13.2 
--,, )0 Ill MI. · Sandy Sill 11)9.5 12.0 lO 107.4 14.8 l.l 3.6E·6 

1--;1';:7- 1---- t-j"j- '----t--- t---- ----
10.9 

-

I 
I 
I 
I 
i 

I 
' I 
I 

GeoSyntec Consultant;; 

Remar'-s 

Not corrccu:d for over·siled p~nktcs 

--------------Mo\uure Reremion see Fig. 12 

No1 corrctled for ovo;r·~ll.:tlpJrHd!.'l 

~---------------
Nol corrected for over·~ized panick~ 

--------------

9H.04.06/! J:OJ 



GeoSynrc.:c Consultants 

TABLE 6-1 

POTENTIAL MONOLITHIC SOIL COVER SEED MIX 
LOPEZ CANYON SANITARY LANDFILL 

PLANT SPECIES PURITY/ 
GERMINATION 

Artemesia Californica (Sagebrush) . 15/60 

Encelia Califonica (Bush Sunflower) 40/60 

Eriogonum Fasciculatum (California Buckeye) 50/10 

Lotus Scoparius (Deer Weed) 90160 

Mimulus Longiflorus (Monkey Flower) 2/55 

Salvia Apiana (White Sage) 70/50 

POUNDS/ 
ACRE 

2 

3 

4 

6 

2 

3 

-~SalvtzrMe1tife rcr(l3t:rct<~sa~ge)-~- -~~ ----~515-o~---~--~~-·--·4~---~~ 

Salvia Leucophylla (Purple Sage) 

Trifolium Hirtum (Clover) 

Vulpia Myuros 

Stipdcernua (Feather Grass) 

Hordeum Californica 

, Bromux. Carinatus (California Brome) 

Eschscholzia Californica 

(California Poppy) 

Lupinus Bico/or (Lupine) 

Source: S&S Seed.:; 

C£4/00·041LPZ9:-:.. f.?. TGL 

.1\. A Recycled and ..... -:-.,;. 
~ Recyclable Paper ·~= 

75170 3 

95/85 10 

90/80 3 

80/50 8 

90/80 8 

95/80 6 

98175 2 

98/80 4 

<.)('\ 04 O(l/!3:01 



·SOIL 

Decks of Disposal 
Areas A, B, And 
AB+, Slopes of 

Disposal Area AB+ 

TABLE6-2 

SOIL PROPERTIES INPUT TO LEACHM 
LOPEZ CANYON SANITARY LANDFILL 

SATURATED HYDRAULIC 
COND!JCTIVITY INPUT TO 

LEACHM 
(cmls) 

4.5 x 10·' 

CAMPBELL'S SOIL WATER 
RETENTION FITTING 

PARAMETER 

AIR ENTRY 
VALUE 

(a) 

-1.34 

EXPONENT 
(b) 

8.783 

GeoSyntec Consultants 

INITIAL 
WATER 

CONTENT 
(Volumetric) 

0.22 

-~--~-~1-...J:.J<i!~:_c:: c:oo~ver)~.~--·~··-~···~------1~---~---·~····--1--~--------1-----~-~-1 

Slopes of 
Disposal Area A 
Existing Cover 

Alternative I 
Borrow- ML 

...... ., .......... ~."·'····· .. ···················· 
Alternative 2 

Borrow - SM OR 
sc 

4.6 X JO.; 

I.Q X 10.; 

1.0 X !(f5 

........ ································:········· .......................................................... . 
Prescriptive 
Vegetative 

Prescriptive 
Clay layer 

Notes: 

I X J(f' 

I X 10·" 

-0.26 9.703 0.25 

-2.66 3.640 0.22 

-I. IS 4.725 0.25 

-4.89 3.720 0.19 

-1.88 5.973 0.30 

For Silty o:tnd Cl<1yey Snnd Borrow Soil. initial water content equ<1!s optimum wnter content hn~ed on Proctor compaction tests 
For Chapter 15 Soil~. initial water contents n!'is.umcd rrom d<1tn for typicul silty soil~. 
For Exi~ting Cover. initail moi~ture content equal~ optimum ba~ed on Proctor compaction test~. 
nand ban~ the de~ignation of thl! !lir entry value :md cxponenl in C::tmpbdl'!'; equation used in LEACHM 

CI'A /OO-O-IIU'Z9X-i J TBL 

..1\. A Recycled and .... '....:. 
~ Recyclable Paper .::X:.:. 

980.:1-06/l:l:Ol 
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TABLE 6-~ 

SUMMAitY OF WATER BALANCE PJEDICTION USING LEACHM 
SLOPES Ol' DISPOS~\1. AREA A 

LOPEZ CANYON SANIT~RY LANDFILL 

Siinulation Satuntted Cover Root Evapotran· Overland 
Hydraulic Thickness Depth spiration ·Flow 

Conductivity (feet) (in.) (mm/yr, % )131 (mmlyr, % )131 

(cm/s) 

Prescri~;tive111 I l(f
1/l o·h/ 1()"'

1 
--

21111 12 351.7 (76.7%) 99.0 (21.6%) 

. ~-~-s -~~~;~~~·:·A.;~:~;.·;~~-~ i -~~-,-. {P:~ ~~-K ·;; 2 ;·l·.. .. . .. ~ :~ -~. -~ o · ~ 
......... .. ........................ , ....... ................................... 
6.5 12 229.9 (50.1 %) 229.6 (50.1 %) 

Nutc V;1hu.::- ;u-c iUllllWI ;~vcwgc ha.st:tl on :1 10-ycar .<.inmla!lou 

II) Title 27 prescriptive cover 
( 1) Alternative monolithic cover. 
1 \) Totals do nO! necessarily add 10 lfl()f.lf· due tn roumlin}!. 

I 

I 

CJ.;-IUJfJ/1 .PZlJX.f3 Till 

GcoSyntcc Consultants 

Change In Percolation 
Cover Storage (mm.lyr, % )13) 

(mm/yr) 

-6.4(-1.4%) 13.8 (3.0%) ................................ ................................. 
-7.{) (-1.53%) 4.4 ( 1.0%) 

'IX.Il4 06/1.1:0 I 
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GcoSymcc Cunsul!anl).. 

. i TABLE J4 . 

SUMMARY 011 WA;l'ER BALANCE PbEDICTION USING LEACHM . . 
DECKS OF DISPOSAL AREAS A, ll, AND All+ 't'-ND SLOPES OF DISPOSAL AREA All+ 

LOPEZ CANYON SANIIARY LANDFILL 

·-
Simulation Satura(ed 

Hydraulic 
Conductivity 

(crnfsl 

Prescriptive111 1 o·'J 1 o·''ll o·' 
... ,., .................................... ........... ........ . ···································--· ... 

Alternative '1 12 ' 4.5 x w·'1w' 
......... .......................... ................... ...... .. ............................. ,. ............ 
Alternative 2w 4.5 x 1 o·'fl{r' 

No1c 'v';1lucs arc ilnnu;1! <Jvcragc based on'' 10-ycar siluulalion 
( I) Tiilt.: 27 pn:scriptive cover 
12) Altcrn:llivc monolithit.: cover. 
U} Tnwb. do nul necessarily add to 1001fl. due 10 rounding. 

CJ·:-IIOO!l.PZ9R.J3 TBI 

Cover Root Evnpotran· 
Thickness Depth spiration 

(feet) (in.) (mm/yr, % J'" 

21111 I· 12 I 351.7 (76.7%) 
..................... ... .................... .1 •. . ................................... 

213 12 I 255.2 (55.6%) 
........................... ···············j . ................................... 

213 12 I 143.7 (31.3%) 

I 

Overland Change In Percolation 
··Flow . Cover Storage (mm/yr, % J'" 

(mrnlyr, % J'" (mrnlyr) 

99.0 (21.6%) -6.4 (-1.4%) 13.H (3.0%) . ...... , ........................... . ........ ., ........................ . ..................... -....... 
208.5 (45.5%) -8.7 ( -1.89%) 3.2 (0.7%) .. ................................. .................................. , ................................... 
319.9 (69.8%) -8.7 (-1.89%) 3.4 (0.7%) 

98.04.06/IJ:O/ 
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Dr:1fl 
Discussion On I y 

C:!:-41 0011.1'7.CJX./3.D/V 

.1'\. A Recycled and ;_ '.;, 
'--J Recyclable Paper ,:=c:-
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LOPEZ CANYON 
LANDFILL 

SITE LOCATION MAP 

::.:- . .. ~. 

LOPEZ CANYON SANITARY LANDFILL 

LAKEVIEW TERRACE, CALIFORNIA 

oJA~~~~------~~--~~~ 
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Gec5ynrec Consuftants 

REF. 
NO. 

5 

-
' 

. BEDDING DEP~T\: DESCRJPTlON !sAMPLE MOISTURE DRY " 
I· STRIKE/ (FEEl)· NO. CONTENT DENSITY 

DEPTH (%) (PCF) 

f.fi" 6-e.-G'lf 1i I< T'f S-"1-N 0 ( ,7A-ttV5'Z:>) 12-<f 1/0. !> 

t/.IZ<)v.JN -
fr.rAr><- ~·'""1»'66 -;n ry smvD w / t/-8 -I 

b.e.A-V6i'.. f U>f?,8t.,-:> 70 6" 
.. 

7' IVO llZ.Ar;;t 6'YV C.CU NTeYZ.o--z:> 

'/,$' 1-J~-q~ (l.'F'- exc 1t7111-rtr0 ,ee;vcll-1 

t+rT 7 !1-A-S t+ e q. $" ,=-

8- BULK SAMPLE T- TUBE SAMPLE D - DRIVE SAMPLE "¥ v S<fl; ~V~Zv a 
t-~A..<.:::.IISS' 

SCALE 1" = BEARING= TRENCH WALL: 

\ ,G.t, "'1 $/t 7'1 s, fr/D I 

\\ 
-·-- -- ----

I \ l3f'<:rwN 
7A7- ~ .::>;2-;J; :;/tC: S I 7"j ~.-1-Nb 

\ /!3vNvA-Nr ~~mf i .. 
<4>1,8o IF.S ·, I 

~ 
./!' I 

/I 
\. 

' 7' /' 

--
,:>N /110'-'ND <:>F Dol T

1 
I 62.-ZJ"-> J2.A-M 

/~ 

A-0 - \! 

LOCAT!ON: . .4·{;-f !:>GCK Q,t..,TE: 1-12·1'8 1t -!~ -f'b 

ELEVATION: /77'1- EQUIPMENT: <:Y. cAVA {01(. 

WATER LEVEL: LOGGED BY: C C. 

_/ 

H/7 T/Z $'# Cf: 9·S F 

( fl-f!- Dl/6 (/'l..GIVt:/1 e 5 /lr>-1 E 

- U> UI-Tt()?.l) 

LOG OF TEST PIT NO. 11-8-/ 

FIGURE NO. 

Q R~yclable Paper :~-·-



=---
Geo.Syntec Cor.:si.Jf(ants 

( 
REF BEDDING DEPT_!: DESCRIPTION !sAMPLE MOISTURe DRY 
NO. STRIKE! (FEEl) NO. CONTENT DENSITY 

DEPTH (~'o) (PCF) 

~ -y• 
r>ke-.:. Fl>/Uv/N ·. $A-M::>'1 S n T 

IS"· F IIZA! 

~; -
1.-T. 7ArV ~t!.-7'1 S-+'NP 

.• 

6/Z.A-Vtf?- I co,g,s t-C"S 

S' JI-lT Tle.AJ:H A7 s- ;:-r. .. 

{ ?t.A-J: 'Tic.. 8A6.S) 

I I 

I i 
I I 

I 

I I 
I 

I 
I I 

l I ! 

8- BULK SAMPcO' T- TUBE SAMPLE 

SCALE1"= BEARING= TRENCH WALL: ( 

5'1 

. 
. 

LOCATION: ,.t~ -f pez_ ( DATE: 1- 12- 'f'i3 
( 

ELEVATION: 17 ~ z:! EQUIPMENT: £-;<CM/< "To,< 

LOG OF TEST PIT NO. !rB-;... 
WATER LEVEL: LOGGED BY: C( 

~-~;R~~~y~cl~~~a~o~d~ .. ~:-~·-----------------------------------------1------------------------~F~IG~U~R~E~N-O~·~~ 



=---
Gec5yntec Consr..:ftants 

REF BEDDING DEPT~ DESCRIPTION SAMPLE MOISTURE DRY 
NO. STRIKEI (FEET) NO. CONTENT DENSITY 

DEPTH · .. (%) (PCF) 

p~ . J?>,U,W/V SAniP:; -sn.-7, .'!>«'Me ~q 
A-8.-~ 

zFr- l"'tN!!iS. { $AYU/'C-GV -;9Z.Qr PM!.T Ftt-L.. 

64-61-J {~7A-?N8f) 5/t-T'j smv.D <-/ -
.• 5' 1- fr~ S C'71't;5<-F.J -ro ~" 

1-f-1 T ..,..~~~- € 5 FT. -· 

. 

. 

· .. 

B ·BULK SAMPLE T :rusE SAMPLE D ·DRIVE SAMPLE 

-•• . 

~·:"':_"~ D'f, C-!.A-sjfilf ty - -- -
'PC· 67t..&lf ,;; c ''I sA?vr: 

-

"' .~ ... 

' 
'-7~;1- e s-' 

' 

-

i LOCATlON: A-13>-1- r;•E,CI( DATE: i- 1],- f8 

. ELEVATION: /76 f EQUIPMENT: 1?/ CAvl/70.(. ·r---------------------------

LOG OF TEST PIT NO. 4 B- 3 

WATER LEVEL: f.{ I 4 LOGGED BY: C( 

~ Recycled a ad ·'7 ·...; FIGURE NO._ 



--
Gec5yr:tec Cortsr..1tants 

( 
REF BEDDING OEPTr DESCRIPTION SAMPLE MOISTURE DRY 

I NO. STRJKEI (FEET] NO. CONTENT DENSITY 
DEPTH (%) (PCF) 

f3JUJt,oJN 
l£.tt.7f' Sl't"ND 1 ~T· T+N .. 01 :trl•VbC 

~ 5 -T ,€ G')'H::: s. { $7-'riN/N b) -
~I b!Z.!Mfl.. </ C. o..S.S t-ff.5 -AS A-i~-1/ 

'I' ih-r -r!Z/4-S H •.. 

I 
B ·BULK SAMPLS T- TUBE SAMPLE 0 • DRIVE SAMPLE. 

SCALE 1" = BEARING= TRENCH WALL: 

~ 
3£al.o.l"J-4 

s, vr:<.f54ND v '7A-1J. otn11d6 e 

~-::? -:;7 ·G~ sr4t vcn s''''l· S"' !vz:, 

i 1-- ..,.. . 

i ~· 

l 

I 
I 
i 
I 
I 

I 
I 

DATE: 1-IZ-'18 

c 
ELEVAllON: 17 b a 

LOGOFTESTPITNO. llt>-f 
WAIER i..EVEL . LOGGED BY: GL 

.!'\. Recvcled and ... -.:_ FIGURE NO.­
~Gec~yc~a~e~.~~~r~-~~\=~--------------------~------------------L-------------------------~----~~--



-=---
.---------------------------------------~----------~"--

REF 
NO. 

BEDDING DEPTH DESCRIPTION 
STRJKEI 
DEpTH ', 

(FEET) 

IY? Pt-77 z:>K. ,.,z~ sn_T 
'f?'l 

(32cwN 
S/'1-Ni:::> L7, 74-N -~t;f;o 62:::' src...-r1 

~~ C<>,3.;?, e-P"S, 7t.::' 6,.,. 
,. 51 -

l//C. ,;~ GS"7-"f7Ne;1:)?) Sl<<'f $;</?vb 

,._,.; &~ f C.O!!,f3t.A:i::> --ro.; 'I 

?'' ' 1- /VO (~!-/ 6'0-V CQ./ IV/G'IC-ED 
1 

C!EFY\/0 Tt;$fPtl. 

~AMPLE MOISTURE 
NO. CONTIENT 

rio) 

-

"" 

DRY 
DENSITY 

(PCF) 

! 

I 
i 
I 
I 
' 

l 
' I 

8- BULK SAMPLE T- TUBE SAMPLE D- ORNE SAMPLE I 
~~ SC~~~::_=~~,.,~--~~,-~~Rit:I_(3_':_ __ ~-"----------IRE!'<CH'NALL;~--,-~--~~----~----~-~ 

~,-- , I ~ 

i, :'i-S" , l -'-- \""""?---_ 9.<::: . &4da1 .,. 
""' 6:-(;V '~~~A; ", """ 1 

If:, !..7. ffN - " a "*"' 'I> S tV1.'j S 

" ~ 

' '-'/ L-<>•oCICf:S \ 
" 

"" 
\ 

·,~ '{)i( ' k,Z ~::VJ $I '1 <;hN]) 

I t-/ & tt.A-, o:c 1 C-43 5 <AiJ / 
' -~ ....._____ . ~~. 

[0 

i 
LOCATiON: 4<~--! Drt.K UAl E.: 

I 
ELEVATION: I 71., o EQUIPMENT: B';t CA <14 TO!( 

WATER LEVEL: LOGGED BY: 

' 

(i'NO NO <IZ r-s--~ f!"N '-<V AI' 

I 
I 
l 

,, 
j 
: 
1 

LOG OF TEST PIT NO. ;/-13 -s 

FIGURE NO. __ 



=---
GeoSyntec Ccrr:suftants 

( 
REF BEDDING DEPTC DESCRIPTION SAMPLE MOISTURE DRY 
NO. STRJKEI (FEET) NO. CONTENT DENSITY 

DEPTH (%) (PCF) 
1J~N ~ n -r '-f ~ """'t:> G FfL@;7> ',e. --r Fn.L 7) 

?' 

-8~,._,H 
L7. -r-+,;v-~ S'rl..-r'j >-+ND 

"-'/~""- ( L<JB6<-tn. 
-· 

9'. f- NO"T~I-f l!f!!?Y"Y' c..ov' N IG !Lf!!i'j;:). 

-
8 ·SULK SAMPLE T- TUBE SAMPLE 0 • ORNE SAMPLE 

BEARING= c TRENCH WALL: SCALE1~= 

.·. 

~. ~ "'- ,<!,?"""-'>./ ;$' LZ''f<;;~:P --- ---_! 
--~--

... 

-- ----- ___ .. . 
/ 

e,~ p ' 
ptrJ· - '5to..-"'!-7 ,,., 

I 

. / ..· 

·~ l/ 
' f--...._ ' 

1 F--r He "T~H e>v f<" U IV 7' e;-')fC €1;> 

DAnE: J - I(.- 7 'ii 
( 

ELEVATION: /71, (. EQUIPMENT: e><CA\/iS fDA? 

LOG OF TEST PIT NO. II '3-/o 
WATER LEVEL: LOGGED BY: C i-

~ r\~R~~yc~l~~· ~a~n~d~.c~,~~·----------------~--~-------------------L----------~----~------F-I~G_U_R_E_N_o_.~-· ~ 
~ R'ecyc a e a r ·:-..:-



GeoSyntec Consi..:lr.a.nrs 

REF BEDDING DEPT!' DESCRIPTION SAMPLE MOISTURE .DRY 
NO. ST!lJKEI (FEEn NO. CONTENT DENSITY 

DEPTH (%) (PCF) 

f3/l.o,_;N ?-47VI?'f 51'-T (wer) · (5AYJ?Pt-e>) A.S-7-
2' 

t7. 74-,Y /13/ZowN $h7tj ~D'f{IJUIVlil- -
.. 

/, ' -
f <:<>88 ,:,11,$ 

#17 7!2A-SH 
•. 

. ... 

8 - BULK SAMPLE T- TUBE SAMPLE 0 - DR:VE SAMPLE 

~M•"7 ,_.,. 
::><f -$11-T I . . 

I • 

LT- u~~:~ oi"! $1~:/ 
.. :'~ 

i 

' 6' H7 771/./1 t' 
i 

; 

I 
' ' 

I 
. .. 

' 
I . .. 

i LocATION: ABf Deu:. DAC:O: I- I~ -q<g 

l 
I 

ELEVATION: /7§5" EC\.:iPMENT: NC~ Vft701( 

LOG OF TEST PIT NO. 
WATER LEVEL: '-'I 4 LOGGED BY: Cl... 

·)~-~~~~~~--------------------~--------------~--------~------------F-I~G_U_R_E_N_o_. ____ ! 



---
GeoSyntec Consuitarlts 

( 
. : 

; 
REF BEDDING DEP:r.!; DESCRIPTION SAMPLE MOISTURE DRY 
NO. Sl'RIKEI (FEET) NO. CONTENT DENSiiY 

DEPTH ('.<.) (PCF) 

131Z<>wN ?hJD'f 51/..T "/•tti'WI'iL t/ C-Ofl8UiJ ru'IN 

3' (. ht..~ Z:h/1.7 P'! L ~ ) 

fJ. lffrl/ !YU>WN 51 t ''f Slt-ND -joii-A-1/6/_ -
.• f{. ~U!>- 6!2.£lj SIA;-/1'.//NG 

b' HIT T/l.lt >If -·· 

B- SULK SAMPLE T- TUBE SAMPLE 0 ·ORNE SAMPLE 

SCALE1"= BEARING= TRENCH WALL: 
( 

~ 
~\) v f::, ;1. D \<IN Si!., 
A 

/ 
.. ~ ~7- 7kN- '6M"' ~ ~ICf'f / 

"-.. <;.fHJ 
~~ Srf:- t b F7 

I,F' 

; ' 
. 

. 

. 

LOCATION: .4-l>t DoCL DATE: /- l)·'fS 

( 
ELEVATION: /7$'<; ~---------------------

WATER LEVEL. N I II LOGGED BY: C(. 
LOG OF TEST PIT NO. -A !3- 6 

FIGURE NO. 



----GecS.yr.tec Consvttar.rs 

REF BEDDING DEPTH DESCRIPTION 
NO. STRIKE! (FEET] 

DEPTH 

tyZo>'~N .; /a '1 "",f?V ::> 
z' -

7£-kSH {_IN Pu1. S 7 131/(t::.t;T 

€.1S-~P7-

. 

.. 

8- BULK SAMPLE T- TUBE SAMPLE 

,_> 1?/l..cJ l....hV $1 f_ -r '{ ~ 
H77 7',-ut: H . 

5 
. 

. ' ' 

LOCATION: kC:, t 1)ei:..:.S DATE: I - 1:, - 'i '0 

ELEVATION: 17<!-'1 EQUIPMENT: I:'{.(_ A VA 'TO£ 

WATER LEVEL: . N I ~ LOGGED BY: ((.. 

~AMPLE MOISTURE DRY 
NO. CONTENT DENSITY 

('M (PCF) 

C'X C/fV.A 78::>) -

I 
I -· I 

I 
I 
I 
I 

I 
I 
I 
I 

I 
D- ORNE SAMPLE 

! 
' 

i f 
I 

~ I 
I 

I 
' i 

I 
! 

~MD~ "'f:l -9 l.c<.A 7/ ON 71:) I.O•<..r $ P<:fT" l 
'IS ~~ ,_,, AI-'''-'•'-1 o,.j 6 -q Tr f"if-fZ' P .(. ~: l_

1 
LOG OF TEST PIT NO. .ftts~ 7;.. 

-~ · Recycled and .~ · . ...:. FIGURE NO 
-J~~~vc~la~h~le~P·~·~r~.:~-,-~----------------------~------------------_j~----------------~~-----------·~~ 



GeoSyntec Con:st.Jftants 

( 
REF BEDDING DEPT~ DESCRIPTION SAMPLE MOISTURE DRY 
NO. STRJKEJ (FEE NO. CONTIENT DENSITY 

DEPTH (%) (PCF} 

bLG'l:f-13/Uw!V ~~~7'1 SK>IC> 

"'/b~; 
I 

t-a ~ IJ u;J. TO 1/-- 11 -
.• 

( -1- lhT T~tl e 'I f'T: 5 "T<>f'l'ifD •.. 

8- BULK SA~1PLE T- TUBE SAMPLE D- ORNE SAMPLE 

SCALE 1" = BEARING= TRENCH WALL: ( 

I ~ 
/ 

lnU>1-f3{2.6w'J.t '1>11.-'C<j~ I 
I 

~ j 
I ~ _;~ q '1-Fr 

' ' ; ' 

·. 

LOCATION: )r{!,-1 1/eet::: DAnE: I - IJ,- 9'3 
( 

ELEVATION: 17hf.) EQUIPMENT: "'7'-Cffv ,1/'TO,f_ 

LOG OF TEST PIT NO. Jfe-lo 
WATER LEVEL: LOGGED BY: 

o R Recycled and FIGURE NO.---'-



---
GeoSyntec Consultants 

REF BEDDING DEPTH !sAMPLE "' DRY I DESCRIPTION MOISTURE 
NO. STRJKEI (FEEl'] NO. CONTENT DENSITY I 

·DEPTH {"!.) {PCF) 

·b~ '$t<7f,: ~k?VC> wj~/(_n-Y£51_ A-B-11 18-5 C !> TA- IVt!?I:>) ( 5'~ P~ GO) "U.r 3' 
~ ~ 7'/. 'S--t-N D ~; ~ 7- TA7v -o•"'• J>oi:JE' -

I 'I' . b /2J'IY ez__ S.<cwN 

.• 1-hT -rli?..lf-$ H A7 'I ;::r. I 
I 

•.. 

I 
I 

I 
I 

.. 

B- BULK SAMPLE T- TUBE SAMPLE 0- ORNE SAMPLE T :uHN6'D I.S" c ,-.sz 
· W~!FNW1 TC,;:;:; 

. -~--~--?._~:L!__!:!..~'::J~~~ Cl ~T. ~-~---
TRENCH WALL: 

' 
' 

~ 
C S 7.4--?N/$'7)) 5: c..--r'/ 5~D / 

~~C<.U~I .,~ 
/ 

(S~D-r-r --c,o1 . , v fPS' 51- ~ 

T,<!A-SH, "-. 
.. . 

I 
i 

. 

I I 

I 

LOCATioN A 1> + oeu:. DATE: ;-IZ-18 

ELEVATION: 17b3 EQUIPMENT: E'XCA V.<!-(o,Z 

LOG OF TEST PIT NO. 4 6 -II 
WATER LEVEL: LOGGED BY: ( ( 

1\. c\ Recycled and ·'; · . ...;. FIGURE NO 

~~~~yc=l=ah~le~Pa~~~"~·-···~-.,------------------------------------·------~--~-----------------------~·~-----·--------" 



=---
GecSyntec Con:st..:itaf!ts 

( 
REF BEDDING OEPTr DESCRIPTION SAMPLE MOISTURE DRY 
NO. STRIKE! (FEEl] NO. CONTENT DENSITY 

DEPTH (%) (PCF) 

7?"'. wzev; "51G"C'f 5~1> 
Z I • 

~· L -r &>!.eVJ '5/V~ ,;Ar; .0 -
&.o".l 

.. L 7· 74->V ·sibA> >'6 b $I U"T'f 'i ~ 

~ /6t?--frVtr7.. </ wr.>l3~e:s 

p;,;.. 6.~ s-r~s •.. 

7 I I-, 
IVo --rtt..ffsH f?Yv~C-Ov /'./~I 

l!?YYO --rec, 'TPt'T @: '19?7- FT 

I 

! . 

8 • BULK SAMPLE T- TUBE SAMPLE 0 • DRfVE SAMPLE 

SCALE 1" = BEARING= TRENCH WALL: ( 

~£ 
~ __ :;_,,< -r:-1 5 ~D 1/ 

··---·--
~ Y·o/..-- .. ¥ 

'~" ~ -r h"" 7 ,frf r 
1-r-- ::>- 4 ?tl..-r'-f .c:; .... 

.. '- ( 6/Z-k>- :'- :! j:..c,5.1cD 
5 v'"'W! t:f '?) £. CtX.-t '1 $7/h/' 1#3/ 

1--- j 

8\JC.«-'·r£0 7' No -r£. ~ 
' ; 

. 
. 

LOCAllON t\--6 -1 D/!3Z. C.. DATE; /- 12- ~ 'i3 
( 

ELEVAllON: /7§<f EQUIPMENT; €XC.trVA70~ 

LOG OF TEST PIT NO. ,t.J !3 -lz_ 
WATER LEVEL: LOGGED BY: CC. 

~ Recycled and FIGURE NO._ 



GecSyntec Consultants 

r-:---------,------------------------, 

REF BEDDING DEPT!- DESCRIPTION 
NO. I STRiKE! (FE En 

.. DEPTH 

l- 7- 7A-N ~IL"1'f $;/7\JO wj 
. 6'7Uwll!- t ~WE 

II' -NO -rll..A~f{ EY-1 CoV7V7E7Z.FZ) 

8- BULK SAMPLE T- TUBE SAMPLE 

\ 

I~ {_,/. -rnrv Wf'-{ 
~A-ND 

-~l 
' 

~-~ 
./ 

"-

--------!( ~"7 1Y 

LOCATION: .4-i:> + 'DEZ..K DATE: /- t!,- 9:1 

. ELEVATION: r7b 7 .· 

.WATER LEVEL: LOGGED BY: 

j !" Recycled 'aod 

fAMPLE MOISTURE DRY 
NO. CONTENT DENSITY 

(%! (PCF) 
. I 

-

-· 

--· 

-I 

. 

D • DRIVE SAMPLE 

1/ 
. 

I 
' ' 

~...,-~ 

. 

LOG OF TEST PIT NO. I} d - 13 

FIGURE NO._ 

I 
I 



=---
GecSyntec Ccr.st.Atants 

RC~ BEDDING DEP_~ -r 
NO. STRIKE/ (FEET 

OEPTH 

b ,, -

.. I I 

3' -

5'-

f-

' 
&LKSAMPLE 

SCALE 1• = 

M. 

'-

DESCRIPTION SAMPLE MOISTURE DRY 
NO. CONTENT DENSITY 

(%) . (PCF) 

PK. • 8 (Lew.JN SomvO'f $ rcr u( C. .I!~ 
(. mee Pltl.:r F1u.-) {weT .;lO • 0 to'S". to 

bfl-13'1 11Cfi.A1 Ft NG $ t t-7 {sA-»1?1-eD) 413zr-, -
L. -r. 7/J?./ 51'rND1 SIL-T 

-' 

PA12-t:: 8/U)WN 51 vr1 smv D {FIL'-J 

TAN/ 
/..7. P){Z.()WN $11.-1'1 5ffND 

tof3f.>IAJ"5 · 

UJ/ ~~-[!, 

T .. TUBE SAMPLE 0 • DRIVE SAMPLE 

BEARING= TRENCH WALL: 

( 
~ 'f' IIA?!> 1> 1 L 1" FILA- I 

I 

~ I ~~~ 7 l'ttv' S/I?V0£1 : nr 
-( 

n. 

/ t>t ~ rl.-0 w N 'Si L TOI S lrN !') 
'\. / -:~ L-1. -ll'tN '.lt"NOi( 

.... , 5101- ' ~ ' ... 
~·i'Y -- NO 777-/f >H GrVC:Ot./, V7~ 

. 

LOCATION: 

ELEVATION: 716'2- EQUIPMENT: j):). \3 '1 ~ 8.-C ....---------(-

LOG OF TEST PIT NO. A-B-Z.> 
WATER LEVEL: r-.1 I {';: . LOQGED BY: 



---
GeoSyntec Const..tlta.nts 

REF BEDDING DEPJ.i: DESCRIPTION !SAMPLE MOISTURE DRY . 
NO. STB!KEI (FEE NO. CONTENT DENSITY 

DEPTH (%} (PCF} 

/3{l.av..J N S'n ''f $ ~() 
{LoTS uF bL.-rvc<- ; C"(.JSLC-:', - '. -

70 81:U lJ;> e>l- S. 1 P r F) 
S7k/N£P/ S7~/C-CD <.NI71+ &r<..c'"'-1 

6' - - 1-+!T TfVIS!f 

-

6- BULK SAMPLE T- TU.SE SAMPLE D -DRIVE SAMPLE 

SCALE 1" = 

-:-- ·.·.·· .. 

.. ~ 
~''-" "~ >Jl.""CI_.; - ~N-1> '--

j -;;-z..,.rs J.- @_ :.ff~--- ' . 
r----

. 

LOCATION: A"" 1" 5 LOPES DATE: 

ELEVATION: !7<12· 'I EQUIPMENT: CXLAvlllb,Z . 

I. 
LOGGED SY: C C. 

LOG OF TEST PIT NO. AB -; f 
WATER LEVEl: N I flt 

FIGURE NO.--· 
. ... 

~ ·. . . l"' . -;...J Recyclable Paper .-·' ·· 



---
GeoSyntec Ccnst.ttants 

( 
REF BEDDING DEP_~ DESCRIPTION SAMPLE MOISTURE DRY 
NO. S"TRJKEJ (FEET) NO. CONTENT DENSITY 

DEPTH . (%) · (PCF) 

f31Zovv('l :>nl'f s~ 
-o>/ {o/38 u!.S. 

t;·, - tftT Tt/151/ 

B- BULK SAMPLE T- TUBE SAMPLE D - DRIVE SAMPLE 

SCALE1'= BEARING= TRENCH WALL: 

.. 1\:: ~ 
( 

Sfr f-iP '-f ~ C-:>13 li>? 6"S. . 

' ~- . 
>{.<; 1 . Fl ... . -r'J!.A-5 t/ 

~ 

LOCATION: A \2. 5coPe;t;, DATE: } - ) S'~ 'f:l 
v 

ELEVATION: /7 S'"J. 9 EQUIPMENT: B{.(AVI><(Dt. 

WATER LEVEL: rJ 1 P( LOGGED BY: (.C.. 
LOG OF TEST PIT NO. A b- IS 

a Recydclble Paper :~~ 
FIGURE NO.-'-



--
GeoSyntec C:x:suftants 

I 
' 

REF BEDDING DEPT!- DESCRIPTION 
.• .. 

SAI.:IPLE MOISTURE DRY 
NO. STRIKE/ (FEET] NO. CONTENT DENSITY 

DEPTH (%) (PCF) 
. 

I (3,/l.OV'/N $iLT'j ,11-Nl::> 
) 

94'16' b£:.C!"lj S7rl/N/Nb -
2·>.;. r TIZ.ASH € 'Z. ·S' - i3 f'T'" . 

.. 

. 

. 

. 

B - BULK SAMPLE T ·TUBE SAMPLE 0 ·ORNE SAMPLE 

.. . 

~e ' 
. 

-·- . 
. · . .. 

"' ~"''~-' ; 

... . ~ 
. 

. 

i. LOCATION: A~ -t Sw'f'e'S DATE: i· :,:.~-'\1f 

\ j 
ELEVATION: / (;, If 5: 5"' EQUIPMENT: f:f.(AVA"T0/1._ 

WATER LEVEL: N i ~ LOGGED EJY: U 
LOG OF TEST PIT NO. A;~-/1:, 

-) .. Recycled 'and .· FIGURE NO._ 



--
GeoSyntec Consultants 

REF BEDDING OEPTl- DESCRIPTION I5AMPLE MOISTURE DRY ' 
NO. STRJKEI (FEET] NO. CONTENT DENSITY 

DEPTH (%) (PCF) 

t;J£ · 13/l.CJ<V/\1 C.I.At-j"'f, '$!<-~ ,....,.,r->Cv'~)< 7 
{," ,t-10 NOe:D. U-ro-r$1"<>7: 

t.~ey{s-r~mro) -.s.e.owN .$/L ''j -
::;-n-ro 

2'- 7 ;!..4-$,.,. e I F7:- 2 F-r 
~ 

. 

B ·BULK SAMPLE · T- TUBE SAMPLE 0 ·ORNE SAMPLE 

SCALE 1" = BEARING= TRENCH WALL: 

c 

va) 

LOCATION: ftf>·i-<§t..OrE S DAnE: 1- !5'·"}9 

(_ r----------------------EQUIPMENT: t;"Yc...A VAtOk: ELEVATION: /700 

WATER LEVEL: N /1-\- LOGGED BY: ( (. 
LOG OF TEST PIT NO. AS-Ff 

FIGURE NO._ 



--
r-------~-------------------

. REF BEDDING OEPTr 
NO. STRIKE/ (FEED 

• ·o.EPTH 

;.{"" · f-
. 

Z.l?. f-

8 ·BULK SAMPLE 

SCALE1"= 

ELEVATION: /{, ~.> 

WATER LEVEL: N I A 

'\ A . 
~ RecydJ:~hle Paper .~· ·,· ·· 

DESCRIPTION !sAMPLE MOISTURE CRY 
NO . CONTENT DENSITY 

(%) (PCF) 

f$/t<7W N $A?VC>i 51<-t t. '!}iA-7-vt/'1-!i.D) A--3-IS 
IZ-o075 1 v<:'l.J?; 7>'!7iorf 

;~+ 13 vc.K.Cr) -
/h7 -r~H {.~IN 

T ·TUBE SAMPLE 0- ORNE SAMPLE 

SEARING= TRENCH WALL: 

.... 

EQUIPMENT: e:!.C.tl V4 7a<: 

LOGGED BY: CC 

.:, 6 -IS LOG OF TEST PIT NO. 1 ' 

FIGURE NO._ 



=---
G6oSyntec Ccnst.Atants 

( 
REF BEDDING DEPT_!: DESCRIPTION SAMPLE MOISTURE DRY ; 
NO. STRJKEI (FEET] NO. CONTENT DENSITY· 

DEPTH (%) (PCF) 

t.;r. 13 !2-4»Al $1/... ''/ 54-N !:::> -
.. 

5'- - ;.nr "77ZA-S !f -· 

. 

B -BULK SAMPLE T- TUBE SAMPLE D - ORNE SAMPLE 

SCALE 1" = BEARING= TRENCH WALL: 

( 

.. ?>1/.<>w ~ \ · .. $.1\-r-.!D 

~ . ~ .·. '':: ~- T1~tt ~ . 
...... 

~ 

~ 

. 

LOCATION:A-B+5Uf'C5 DATE: (-/b-fg 

ELEVATION: 1&9/. 'i EQUIPMENT: &Xui-VI!?V/C. 

r 

r---------~------\ -

WATER LEVEL: f'J I A LOGGED.BY: CC.. 
LOG OF TEST PIT NO. .48 -I 1 

FIGURE NO._ 



-=---
GooSyntec Consvltants 

REI" BEDDING DEPT!" DESCRIPTION SAMPLE MOISTURE DRY 
NO. STRJKEI (FEET] NO. C::ONTIENT DENSITY 
'i . DEPTH ('~) (PCF) 

' (5741/VcL::>) 8/l.<>WN " 6£elJ 
' 

-;>/.17'V C:"'j SILT -
. z.s- 2 . :r - ~ pr 1-n..,. -r,t.A$ H 

-· 

. 

.. 

B- BULK SAMPLE T- TUBE SAMPLE D- ORNE SAMPLE 

I ~ I 
' ~- pi~ z .s,- ' #77 7~fi . ·.~ 

. 
I 

.. I . .-......-.,~ 

I 

I .. 

LOCATiON: /t-1"'6 -7- $!_0f'e$ DA ~: /- !{;, ~ '18 

ELEVATION: !6 z. 'Z.- EQUIPMENT: f?l<CAl/117DJe. 

r-dA 
. ' LOGGEDBY: C<:. 

LOG OF TEST PIT NO. 
WATER LEVEL: 

·') R.i. f!<'yded and 
FIGURE NO._ 



=---
GeoSyntec Cc:roultants 

c 
REF BEDDING DEPT~ DESCRIPTION bAMPLE MOISTURE DRY 
No. STRJKEI (FEET) NO. CONTENT DENSITY 

DEPTH (%) {PCF) 

PIC. ':}ILowN 5/.MVO'j 5/t .. 7 

.J-5" - ,tt-l 7 7 £A'S II -
. .. 

... 

I 

B • BULK SAMPLE 7- TUBE SAMPLE 0 -ORNE SAMPLE 

· SCALE 1" = BEARING= TRENCH WALL: 

( 

~~ ~ .. I \ . 
. I ~ 

~~ I ~~~ 
. 

' 

. 

. 

LOCATION: .4/3-f 5LOf'C::5 DATE: 

ELEVATION: EQUIPMENT: /;YC.Itf/1!-roR_ ~------~-------------
(-

WATER LEVEL: N I Pt LOGGED BY: C C. 
LOG OF TEST PIT NO. -18 -Z! 

- FIGURE NO.--
.I'\. A -.· 
~ Recyclable Paper ,..:·::-:--



--
GecSyntec ConsCA'carus 

REF BEDDING DEPT~ DESCRIPTION ~AMPLE MOISTURE DRY 
NO. STRIKEJ (FEET) NO • CONllENT DENSITY 

.. DEPTH . (%) (PCF) 
-:-

'f'' 
<' JC 13 2.0w"' ~Ar.!P<f ~11..7 (1/6'(, " i/lf!)e.. H1J r.Y' ~7 I) 

b II. C!j - !?> ~ w.N sn-r'! -;,mv= -
.. 

3' - /-1-77 "TfZ.-..0,.$/t' 

-' 

. 

-

B- BULK SAMPLE T- TUBE SAMPLE D- ORNE SAMPLE 

SCALE 1"= BEARING= TRENCH WALL: 

i 
I 

.. 

~~ 
.. ~ 

"' .ID"' ' ' .. ~"'--~' .. . . 
fr~ZA-s 1+- (J "' F ~ 

. ~ 

. 

I 
) 

ELEVATION: /7'f<f. 0 EQUIPMENT: b/<'CA1/tr'IP,Z 

WATER LEVEL: N I fr 
· __ !\. A Recvded and .--. ...: 
~ Recyc ~ e a per .--.--

LOGGED BY: CC.. 
LOG OF TEST PIT NO. tJ 1.3 -zz.. 

FIGURE NO._ 



--
Goo.Syntec Calsvlt.ar.ts 

REF BEDDING DEPTH DESCRIPTION ~AMPLE MOISTURE DRY 
NO. STRIKE! (FEET) NO. CONTENT DENSITY 

( 
r 

DEPTH (%) (PCF) 
. 

S~Dv./N $11-7'f 5A-N.P A-.S-Z3 

c -:>/-I'm .P ,_=) -
.. No 6 i?..e>j $7-'t/NIN{, 

-' 

•• 

//) '~ r JhT "'r~t'f 

_, 

B ·BULK SAMPLE T- TUBE SAMPLE D • ORNE SAMPLE 

SCALE1"= BEARING= TRENCH WALL: 

c 

\ -~ ~ \ 
;jr.,-t 

·- i'-.... 
::,u>PCiO> 

. ~ . 

0 .. ~~ ____,,., 
"'-.l I z.• 

~ 'v 
),0 I 

------• v ~ vc-
'-] Pr(C 

1-\t! T~A-S E: Jo-t-z F r 
Mltl 

I'-I: 

ELEVATION: I 73 7. g EQUIPMENT: 8')(C.A-VI!7b/C.. .----------( -

WATER LEVEL: N I~ LOGGED BY: C. C. 
LOG OF TEST PIT NO. 

FIGURE No._: 



=---
r----------------------·-, . 

REF . BEDDING DEPT!- DESCRIPTION SAMPLE MOISTURE DRY 
NO. STRIKE! (FEET) NO CONTENT DENSITY 

DEPTH {%) (PCF) 

{._ T · '3 ;eci-<.H./ /<> /Z..A7'f Y5' ;5/ '-7 1 
?~0 <v/ b/UlV 6'2.- • • ~4Si...fiS -

.• ~e bd.-~ -;;,-r~JCS. /srA-/"1/NG 

... 

1' 1- 7/Z.A-<SH @. "'7 F T 

. 

B - BULK SAMPLE T- TUBE SAMPLE D -ORNE SAMPLE 

cc;,; 

1\ /..f. !5fUI/IJ 0 rtkrVii:, c . :>I ry 
-;..:wo 

-~~ v 
' . /. 

PC15.etS 

i LOCATION ABfPCCK CA<E: j-lb-1'6 

ELEVATION: . { 77 3 EQUIPMENT: ei-GAVR-roa_ 

WATER LEVEL: r< I A LOGGED BY: CL. 
LOG OF TEST PIT NO. ~zf 

FIGURE NO._ 



=---
GecSyntec Ccnsultants 

( 
! REF BEDDING DEPn DESCRIPTION ~AMPLE MOISTURE DRY 

NO. STRlKEI (FEET) NO. CONTENT DENSITY 
DEPTH (%) (PCF) 

/..:/. ~/l-ow A/ 5 11.-'"U( s -t-Nz:;, 

( T"'rN/ Cf/AYVe. e - .SAme- ..rs ""- 'f) -
.• 5CMC b/l.<'fv"''- ' ' "'<1/:?.& '--"'~ 

.. 
b-S'- 1'/o T;2...+$H erv t::a..r N7e>f-Gl-;:, 

8 ·BULK SAMPLE T- TUBE SAMPLE . D ·ORNE SAMPLE 

SCALE 1" = BEARING= TRENCH WALL: 

( 
'\ / 

~ 
1-T- !>!U>WN S ~ '1 sANI:::> / 
~ 

. 

/ ;,.s' 

' ' 

. 

LOCATION 4 - t'EZ. r::._ DAlE: i- ;'f- 18 

ELEVATION: 17'fS: '/- Z EQUIPMENT: /::.'"'f.( ltV A TOR,. ~--------------( 
LOG OF TEST PIT NO. A-; 

WATER LEVEL: /'{ {fl. LOGGED BY: C<. 

FIGURE NO._ 



GecSyr:tec Consuftants 

REF BEDDING DEPT_!- DESCRIPTION SAMPLE MOISTURE DRY 
NO. STRIKE! . (FEET) NO. CONTENT DENSITY 

DEPTH (%) (PCF) 

6'' - C.f..."tt.j CwA-S~ cpP -sracK..?/w) 

-;;;1>'YP c.:r. 8/Z.a.VN - o/t.A7Vb r: Stt.."T'f 
.• Cb~ $7-'I?IVIN6) 

wj o!Z-ItVff'L ·' U>/0 !!> £.-6 7b 6ff -· , 

{,' - H71 T/l..kS,l/ @ bFT 

B ·BULK SAMPLE T ·TUBE SAMPLE D ·DRIVE SAMPLE 

' I 

cr. e.~...,- Ot'ZA-N G'Ci 

;,,c. -r'i sm JD 
. .. 

I .. 

"'-- / 
. 6 ' H?T Ti< ~ 

: 

··. 

I 

J 

j LOCATION: .4-- PfiZ./::::. DATE: I- 1'i''ffi 

ELEVATION: /7'f/ EQUIPMENT: ii?t.CI'!-V If ToR.. 
.... 

WATER LEVEL: "' I 4 LOGGED BY: C.c 
LOG OF TEST PIT NO •. A -"' 

~ Recycled.and ·":" ..:. FIGURE NO._ 



=---
GeoSyntec Consultants 

REF 
NO. 

. . 

BEOOING 
· STRJKEI 

DEPTH 

OEPTr 
(FEET) 

DESCRIPTION 

. 

( 

rAMPLE MOISTURE DRY 
NO. CONTENT DENSITY 

(•k) {PCF) 

1.-7· f!,~v..J/..1 5tL7'f 5/1-ND 

{fri1.A.._&VJ S~S- S7-f7NIN6 J 
( SA'Y>'l €> -'1 S. A- - 'i J 

. 

B • Bt.JLK SAMPLS T- TUBE SAMPLE D • ORNE SAMPLE 

SCALE 1" = BEARING= TRENCH WALL: / 

\ 

5 

LOCATION: ft -DE<.. I::: DATE: f-;'f-'18 

ELEVATION: EQUIPMENT: t;XCA-VATO/Z.. .. 
LOG OF TEST PIT NO. 

WATER LEVEL: LOGGED BY: C C. . 

FIGURE NO._ 



Gecsyntec Q:::.nsufta.nrs 

. 

REF BEDDING DEPT~ DESCRIPTION SAMPLE ~<&~~~~ DRY 
NO. STRJKEI (FEET) NO. DENSITY 

DEPTH ('~) I . (PCF) 
. 

1.-T r:,.eowN - o/ZA7VUC >11..-'<'f~ A-'f 
( 5-"'Y>11' <-€'{)) 

. 

{,' . -r(ZAt$/i- €. I.'FT 

8 ·BULK SAMPLE T. TUBE SAMPLE 

L.:r-E;Uv fN -ofl-l"rNc.£ 

. 

. 

i LOCATION: A-- pecK., DATE: /-1'/--'IS 

!:: 

ELEVATION: /7 3~ 

WATER LEVEL. 

J Recycled and 

LOGGED BY: , / 

' -

-

.. 

. 

. 

D ·ORNE SAMPLE 

.. 
~~-'T'-f.~ 

. / . .. 

:::::;;;: 
- i!Z -t:;,r~- e 6 rr 

. : i 

. 

. 

\ 

LOG OF TEST.PIT NO. 

FIGURE NO ••. 



---
GecSyntec Consultants 

REF BEDDING DEP12< OESCRIPnON SAMPLE 
NO. STRIKE! (FEET) NO. 

DEPTH 

o.<: · s/Z.owv SILT 7. A"Sl;;:. l-f'%h._ I CAfi....IN ,c S. 
{," -

. -rlt7Y S/1.--ri.f slt7VD 

5'' ~ -r.e.A-SH f 5 FT ( 1- .tf. ?JOT-

8v!UVi3D p~/l.dS.. ) 

8 • SULK SAMPLE T. TUBE SAMPLE D ·DRIVE SAMPLE 

SCALE 1" = SEARING= TRENCH WALL: 

·~ 
N s IL"T ~ M>m -"'t'C.rtvN~ I 

(r A7'1 S H_ T '-f S"""D / 
~~ I'- -r!Ut'S 

5' 

LOCATION: A-- DC:Z ,t 

ELEVATION: /7lf'f 

WATER LEVEL: "'I If. 
A Recvcled, and .... ·. :_.: 
~ Recyc a e aper ·"".:""<::-" 

TIZ- ... ;+ @..S' 

' 

. 

OA TE: I ·- I '-f -1 6 

EQUIPMENT: t3'1£1fL/A-7DIZ_ 

LOGGED BY: ( C. 

( 
MOISTURE DRY 
CONTENT DENSITY 

(%) (PCF) 

-

-

( 

FIGURE NO._ 



. 

. 

=---
GecSynrec Consultants 

REF BEDDING DEPT_!: DESCRIPTION !sAMPLE MOISTURE DRY 
NO.' SlRIKE/ (FEET) NO. CONTENT DENSITY 

DEPTH (%) (PCF) 

6t-'- I p-r 01:- q,~w G'-"o/&lf -s,-~...r 
{ CA-S, . .~.) 

t>K.. -.. 12.-.,-'1 $/ L 7 'f .,;; .. -r-;-<-1> 
. {. '}7 4-7 ""<n:>) 

:!>' - <f' !3 ' ~ Cm.JN;!:_t ~p~rl •.. 

cO>V~-rG 

... I 
\ 

!7' - -r:n:: . !PZ.-<> •·""' ~tL7'f ~A7VD /1.1/X'GP 

v-' I 711- (.-~ A-:>?~7 C-ftvAij::.S 

~No 
"· 71ft?YZ. 

7/t.A-S/'1- (tc. PtHf7tc) 

I 
I 

8- BULK SAMPLE L T- TUBE SAMPLE D- DRNE SAMPLE 
1:-ku-ott...PnV-6 c<,:> oi'BU-7<>4 7t.n S A7Z-e;4or B-PEZt:: :>o<-t? ''<-<.//N/G)'t." r=n.L 

~!1u-m.-7 ( U!Wcfl...e7e -b~s 
___ ~----~ . .J> ... cA.Li"-1:=----..... ........Jl.EARJW:;_!!___ JRE.UCH-WAl-k: ---~--

,/ 

' ' 

. 

LOCATION: 13> - P t2- K DATE: L-i~··cts 

ELEVATION: {/O?. r-------------------~----·~· ~------

LOG OF TEST PIT NO. g -/ 

FIGURENO. d LOGGED BY: (C WATER LEVEL: 

Recycled and 



=---
GeoSyntec Consultants 

( 
REF BEDDING DEPT_~' DESCRIPTION . !:;AMPLE MOISTURE DRY 
NO. STRIKE! (FEEl] NO. CONTENT DENSITY 

DEPTH PK· (%) (PCF) 

c~rot=~ ~,..,"' c.-uhf r:>f Sn7 (R"S I.J ·~) 

o-;.s-' (..,7. 7/f7\.l :¥<. 7'j :SA"N D '"f" 6,VWC/. 
t.> - I C-<J>1, e t ~ (t:l 6 I'( -

.. z' ~ ?HV/1/"X-!, A:Sf?"'*-7" p 
b/l.c>.j { S T -'t7 /YeD) :St (.. 7 'I s -'/7V !::> •.. 

Gr - 7/lA-S H €. b F .,.-

B • BULK SAMPLE T- TUBE SAMPLE D ·ORNE SAMPLE 

SCALE 1" = BEARING= TRENCH WALL: 
( 

. ~- <:::c 

r. 7 "l"?V i>IC 7 If ~AYVP 
!-'-- - - --- -- - . 
~>'/£.) g 0~ 

~-rX 6 /1.81 {.57.-t"; NGl<>) 51<-7:<( ;tiVP 
-. ;t'?j c.,.~v>+.5 ......___ 

-..... b f'T -r/1.1H 
. 

. 

LOCATION: DATE: 1- l<{-9p 

( 
ELEVATION: 1711 

WATER LEVEL: {'{ {A: LOGGED BY: (L 
LOG OF TEST PIT NO. 8-c::< 

FIGURE NO. 
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GeoSyr.r.:c Consultants 

REF I· BEDDING DEPTH DESCRIPTION ~AMPLE MOISTURE DRY 
NO. STRIKE! (FEEl) NO. CONTENT DENSITY .. I· DEPTH (•k) (PCF) 

/' 
OIC · P.>tZ"''"""' <:.om,< toy <;/~7 { $A»< Pt.. ex:>) 13-- !> 

-
13/l.o...;; N 511-T'f sA?vD1 

S"T";f-1/\/e:P 

ax61-J 
.3' f/?7"7/Z-k61+- -· 

.. .. 

B ·BULK SAMPLE T ·TUBE SAMPLE 0 ·ORNE SAMPLE 

1\: 7M<:!WN Stf..-7 
l7 

. 

~ $!2-0/NN I 6/Z-G v . . 
s-'!7-'P 

# -r 7"/4-tS,'f € s' 
. 

-
' ' ' ' ' 

. 

LOCATlON: 13 · PI!:CC:: DATE: 

I 
ELEVATION: l. 7 3 2 EQUIPMENT: c'XCA VA To-e 

LOG OF TEST PIT NO. B--.3 
WATER LEVEL: LOGGED SY: C e. 



--
Geo5yntec Consultants 

REF BEDDING DEPT~ DESCRIPTION 
. 

rAMPlE MOISTURE CRY 
NO. STRIKE/ (FEET) NO. CONTENT DENSITY 

DEPTH ('~) (PCF) 

'PC· r:!tl..awM 'SILT 
• 1-I Sl ~ "t <..j S-""N 0 

btU''f I" /l.dWN ~ 't'i>o'l>''j 5> b7 ($~13-1-$ -
' 

f.> -b) 
.• :,.s WlTTflAtSH e'. .3·S""' 

•.. 

8 ·SULK SAMPLE T ·TUBE SAMPL:" 0 ·ORNE SAMPLE 

SCALE1"= SEARING= TRENCH WALL: ( 
-;;:>.t:::;_ D N / 7 

~ ·~N v ; c..., 7--tj s..--t7v D 

.. ;-n r l-r ,e.-rs"' e 3 srr 

I 
! . 

. 

. . . . 

LOCATION .. £> 'PeCK. DATE: /-1'-f-1'& 
,. Mo ui'!'J/ 13 • 'I &1"'1= ~ An1 P <.1 P 7<J "'ciC:,. ( 

ELEVATION: EQUIPMENT: {;YCA- VttTo~ 

WATER LEVEL: t--~11\ LOGGED SY: C C. 

JiCe !>ult.v c @;> C. cw· S 17 e" Cfr. ~ 

"' LOG OF TEST PIT NO. 8-'fA 

~~;Rd~~y~cl;~pa~o;d~.,;-~------------~----------~--------------L------------------------F~I~G~U~R~E~N~O~.;=~ 



=---
GecSyntec Consultants 

REF BEDDING · DEPTr DESCRIPTION fsAMPLE MOISTURE DRY 
NO • . STRIKE! (FEEl) NO. CONTENT DENSITY 

DEPTH (%) (PCF) 

8t'l<?"'-'N St'<..7'f/ ~C'f ~p 

. c 1/efb . cr>f/'7ff7e. - L/~t..-4) -
.. 

:;' - 1M I TIU'I-S H ~ .s- Fr 

... 

" 

. ·. . 
8- BULK SAMPLE T- TUBE SAMPLE D -DRIVE SAMPLE 

\ 
v 

v G.cA- VG?:r- '7 -- !'--......_ 

T!Wt-sd 

. 

.. 

'}:' V €"b S TOC.I(.,P I L. C I 0 -IS" 7ff"l c.K:. -UNP~N f?'A.7rl D ,t-f3t-7<-'f 7o 

I LOCATION: €'>- [?(;G.K_ DATE: I- I <f- Y 6 
ON Vt'b )To<A<.P!i.c· L-'Wiif).7 Po,1Nr 

ELEVATION: 17 Z!"t EQUIPMENT: ~ TO.R., 

WATER LEVEL: N I A 

) , . _ Recycled aod -~ ...: 

LOGGED BY: G:::. 

: . ·----·--··---··- . 

" 

' 
~----------~------~ 

LOG OF TEST PIT NO. & -.=,- I 
FIGURE NO._I 



-=---
GeoSyntec Consultar.rs 

REF BEDDING DEP:!:' 
NO. STRIKE/ (FEEl) 

DEPTH 

DESCRIPTION 

Ek>'-" N S t(/T'f 5 .W C> 

PIVTG!f?%/ s-rf1£141C-> 

57fbNtN6 

c 
!sAMPLE MOISTURE DRY 

NO. CONTENT DENSITY 
(•.4) (PCF) 

OF 61~ 

~ i.rf?,tv'€7... 

B • BULK SAMPLE . 

SCALE 1" = 

( U?c.A-1toN l!>-4 ON it_~ 
1./P TO Ve'b S"!<>Ct<. Ptu;i'" .J 

..,...,liGV >!-'(, <f A-<D.O Cl-7, <tq-s-.:» F7N.D~tl O~lJG>f..,<(. 
T' TUBE SAMPLE · 0 ·ORNE SAMPLE ' 

BEARING= TRENCH WALL: 

( 

~ 
. ' . 

<Pt'Ee 
LOCATION: 0- 1:)£Z, ~ DATI:: l-.1~ -"18 

ELEVATION: II.<.J<> $"' EQUIPMENT: e-,L Cf!:JArt:J( ,-----------(-

WATER LEVEL: /'J ).f.. C(. 

LOG OF TEST PIT NO. B -b 
LOGGED BY: 

FIGURE NO._ 

8 R.e<:yclable Paper .;: 



---
GeoSyntec Consuftants 

r---------------------~-----------------------------------

REF BEDDING DEPT_!: DESCRIPTION SAMPLE MOISTURE DRY 
NO. STRIKE/ (FEET) NO. CONTENT OENS!TY 

. DEPTH (%) w·: "' ·-
(,kl.j- 3£.cwH ,S IL "7'1 s-ffV 0 

-
.. 

'' '- HIT -r~ ... 

. 

. 

B ·SULK SAMPLE T ·TUBE SAMPLE 0 ·ORNE SAMPLE 

·~------'SEARING" 

~ ~ / I ~ b tU"1 - {!5; ~ ..... 7'-1. 
I 

5 I ',:- '1 .:> -17VZ" 

.. ' 
· . ~ . / I _:_ 

~6. .,.,..,. r: <-/'1511 
. 

' ' ' 

LOCATION: 0- C>tz.K DATE: I- 1'1 -Jg 

ELEVATION: ( '7- z_ 7. ,-

WATER LEVEL: tJ/A- LOGGED BY: 

~ Recycled ~od · · 



-=---
GecSyntec O:xlsuftanrs 

. 

( 
REF BEDDING DEPTr 
NO. STRIKE! (FEE1] 

DEPTH 

DESCRIPTION ~AMPLE MOISTURE . DRY 
NO. CONTENT DENSITY 

(%) {PCF) 

bi?.t:-"l.f (0>7-'ffN"'"L>)- BI!P"'-'-"1. 

it L:T'I $-frV C> 

$<?U6" 6 eAv!f'L ~~ C-<J /J .S <-£$ 7o 6 ' 

s' - Hrr 7fl-4-Sif e s • 

B • BULK SAMPLE 

SCALE 1" = 

I 

LOCATION: 5- PeU::. 

ELEVATlON: 

WATER LEVEL: f-l/ t, 

.I"\ . Recvcled aod ·- .... 
~ Recyc_I9.Die raper --c.:-

T ·TUBE SAMPLE 

BEARING= 

\ 
~· 

DATE: i- 1 <f-13 

EQUIPMENT: et<..Ai/-t- iCJ( 

LOGGED BY: C (. 

I 
D ·ORNE SAMPLE 

TRENCH WALL: 

( 

or::-1~ 

~ A9PED
1 

0/'1 MtvNO_.. ~~at..A1 -
0N"5<'7<e crt<?-J r,;> 5v/l!v8tf ,._ MOUND ( 

LOG OF TEST PIT NO. 

FIGURE NO._ 



Drnfl Gc:oSyntec Consuh<~nts 
Di:.:cu:.:~ion Only 

APPENDIX B: 
RESULTS FROM LABORATORY TESTING 

( 'J~.:f 100/!J>Z<;S./3. {)IV 9S O:i 091! 0:0 I 
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( 
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.1\. A Recycled and ,{F.-, 
~ Recyclable Paper ,..r:x:: 

ATTACHMENT A 

Sample Identification, Handling, Storage and Disposal 

Laboratory Test Standards 

Application of Test Results 

( 
', 

( 



GEOSYNTEC CONSUL TA1"iTS 
FIGURE 13 

Geomcchanics and Environmental Project ;'~lame: Lopez Canyon Landfill 

Laboratory Project No.: CE4100 

( File Name: 98BJ2.xls )( MOISTURE RETENTION TEST )( ASTM D2325 

40 
' 

~ ! 

~ 

"' a ~ .. -~ -~ ----- ·-- ----= i 
Q 
> ' 
~ 

i 

30 ..... .. .. - - --·-· ~ -----··· ! --------
= -§ 
-o • " "' ·- ------ - - •• - • ----- -------------
" l c; ' -~ 
§ 20 ------ ~-- --------- .. - • .. 

u ' " ... 
.: 
"' "o -- ---- --- -··-·· ~ .. ----· ---- ~ 

:.::! 

10 

20 

~ 
19 ····----------- ---- ---- ----

·:; 18 .. ~ --------· - .... --· 
:JJ ~- .. 
'; 

17 • --------- - ----· --- .. ~ 

~ • 
'Zi 
:::: 16 .. ------- -------- ------- . . ----

t· • 
Cl 15 ~ ------- ----- -----

0 • -o 14 ... ·-· ------------------ -- -· .. .. 

" • . .. 
"' I " = - 13 . ------- .. - ---- ... ----
] 
0 12 -------·---.- .. .. . 
u 
" • ... • = 11 ... - -------
<;;; 
"o 
:.::! 10 -

0 5 10 15 20 p 25 ( ') 30 35 40 45 50 

Note(s): Site Sample ID: 
Lab Sample No.: 

.1'\. A Recvcled and :..~...;. 
U Recycl8bJe Paper :-:-c 

CE4100/GEL98038 

ressure ps1 

AB- 10 
98B32 

( 

) 

( 

( 
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FIGURE 12 
PROJECT: LOPEZ CANYON LANDFILL 
PROJECT NO.: CE4100 
DOCUMENT NO.: 

GEo SYNTEC CoNSULTANTS ..... 
..-........-.., Geomechanics and Environ'mental Laboratory 
~ Atlanta. Georgia 

GS FORM: 
4MO 1 02126/98 MOISTURE-DENSITY RELATIONSHIP, COMPACTION TESTING ASTM 0·1557·8 

135~~~~~~~~~-~~~~,r-"\~\ 

I .! .I ' i I 1\ : ~ 
I I I ' i ! ! \. i \ 

T I I I ! I ! \ \ i \ 

SITE SAMPLE ID 

LAB. SAMPLE NO. 

SAMPLE DEPTH (It) 

VG021398 

98869 
II' ilii\-\!1 

130 ~-L....:....:_.J.-!;_L-t--'-',.J....'H 
I I ! ; I ! ; 1\ ! \ 

' ! I ; ! ' . \! \ 
: I ', , l I i\i ~ \ 

: ; ; l ·~ \: \ 
! I I ! 1 ! i\- i-\ ). 
I i , I : I ' I ; \ 

125 

i i ! ! i I :.--~ \ :\ 
!TI '!!/!:'X\~ 
i i I I I 'I i I ,'Ji i\ \ 
I \ ', i : ~ ' I ; '\\ ! \ 

120~~~~~-~-+-,~.~,,~,-+~,~.~~~~+-~1\ 
T : i 7 I ' I ; : XJ' \1 \ 

115 

fC ! I ! i i ! \ '\ 1\ 
I 1l ; l I I I ! , I · \ !\ \ 
iii I i i , : C\[ "j\ 
i! li !'• !-:-\1\j\ 

! 'I \ ! ! I ~ \ \ :\ 

SAMPLE DESCRIPTION 

MAXIMUM DRY UNIT WEIGHT (pcf} 

OPTIMUM MOISTURE CONTENT (%) 

IN SITU MOISTURE CONTENT (%) 

NOTES: 

CURVES OF 100% SATURATION 

123.6 

10.3 

: ' :\: \ 
z I '\!-\\ = 105 ~.-.;, __ ...:_~--~---+------~_;_--~--~~~~ 
>- ' \\\ 

FOR SPECIFIC GRAVITY EQUAL TO: 

2.80 

~ : \\i\ 
c i ' \.~ 

. ,/ 
' \ :\ \ ./ / 

·' ; . .. . \i •'( 
1 00 J.-; __ _;_ __ ~_.:..--~.J.------+, ~----'-+-~"--":,:1,.., -+,""'-\i' """/ / 

i , ; i :\'[\/ 
I i i ; ' ' \i '\.--'\ 

i 0![\1 

/----- 2.70 

/;-- 2.60 

·:''\1\·'\. 
!ii! (\!'\. 

l i : : i ! ; i I\ :\1 
! :•. : illl 11'\.f\'\. 

l I ! ' : ' ! i i I ! i I I : \j 1'-

I· ' , ; !; : :f\1"1 
l : · ' I I i i i I ! ! ! i'-- I 

80L-LI ~·~-~L
1

-L--+-~·~~~~~----~~--~~~i'_!~~~_:....l~i_.:..!~-L~!~~!,~-I~-~!,_L-l~!~ ~ 
0 5 . 1 0 1 5 20 25 30 35 40 

WATER CONTENT !PERCENT OF DRY WEIGHT} 

.1\. A Recycled and ,"":; 
t..) Recyclable Paper ::-.:.-:: 
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GEo SYNTEc CoNSULTANTS 
FIGURE II -~ PROJECT: LOPEZ CANYON LANDFILL 

~ Geomechanics and Environmental Laboratory PROJECT NO.: CE4100 
( ) Atlanta. Georgia .. · DOCUMENT NO.: 

( GS FORM: )( PARTICLE SIZE DISTRIBUTION AND PHYSICAL PROPERTIES ASTM C 136. 0 422, 0 2487 ) 4PS2 02/27/98 0 3042 AND 0 4318 

U.S. STANDARD SIEVE SIZES AND NUMBERS 

12' s· s~ 3· r 1.s· J•3J4"ltr 3ta· .. ItO 120 #40 160 11100 1200 
100 ' k: : 0 

I ' : . ' 

I '. 
' : '. : '. 

90 
I I 

. ' -...., 
I 

10 .. t-...... 
I :· I! F I I 80 : : ,; :I 

20 
! I~ II: ' I 
I I~ i i! j!\ ' 

70 ' . ,, ! 
30 >-I I 1: ' : 1\ I J: 1- I : J: ' "' "' I I I~ , I ~\ ' I ijj 

~ 60 .40~ 
J .. ' : I! I~ 11 \! >-

>- "' "' i '' ' 1: 1: \ I 
a: 

ffi 50 ' w 

' ' I· :\ ' I 50~ z I : 
w: !! <( 

i I '"I 1: ' !: II I ' 
0 

>- ! : I I <.l 

~ 40 '· 60~ 
<.l I I !: : I !: 1: 1: _I 
a: w 
w 

', I II: 1: I I "" 
<.l 

a. a: 
30 ' : w 

! ! i '· '' I ' 70 <>.( : ' I. ! : I ,, 
i : ! I,, I i , I ~, 

20 I I• 
80 ' I I• I i !· 

1: ! ' i ' i 1: 
,, 

I !• 

1: i! : <! II I:· 1: I I i: : ! II: I ! I 10 
: I' : !: . 111' ''' I 

90 
! : t,,' ,. 

I !• 'Ill: I 1: I ~ I I" I: : ['' I I I I • I ~ : i': 
,, 

1: .. · ' '" i: 1: . ': '•! ' . I I ' I (~·. - I" 
,, 
I !: : :11 I• I• I:: i I i : ' i !: i i I Ill I I ! 

.~: 

' 1: !:I!! I • 0 I " "' 100 
100 10 1 0.1 0.01 0.001 

GRAIN SIZE {mm) 

! ~ ! . ! f:OARSF ! FIN~ \COARSE\ MF.OIUM ! FINE 

I 
SILT CLAY ! . 

I ~ I coesu:s I I 
I 

I GRAVEL SAND FINES 

SITE SAMPLE ID VG021398 LIQUID LIMIT(%) (/) GRAVEL (%1 8.5 

LAB. SAMPLE NO. 98B69 PLASTIC LIMIT(%) z SAND(%) . 52.7 -'0 
SAMPLE DEPTH (ft) PLASTICITY INDEX Qi= FINES(%) 38.8 

Cflu ··········································· 
SOIL CLASSIFICATION: < SILT(%) 17.4 a: ····················.······················· . u.. CLAY(%) 21.4 

COEFF. UNIFORMITY (Cui 

COEFF. CURVATURE (Cc) 

PERCENT PASSING U.S. STANDARD.SIEV~ SIZES AND NUMBERS PERCENT FINER 

3" 2" 1.5" 1" 3/4" 1/2" 3i8" . 34 .,o 1 no 340 360 #100 !1200 THAN HYDROMETER 

PERCENT PASSING SIEVE SIZES (mml PARTICLE DIAMETER (mm) j 
75 50 37.5 25 19 . 12.5 9.5 4.75 2.00 0.850 0.425 0.250 0.150 0.075 0.050 0.020 0.005 0.002 0.\ 

100 99 99 99 98 97 95 92 88 . 83 76 56 52 39 38 34 24 21 

NOTES: 

. -. \ a Re<::yclable Paper .-.~-



GEo SvNTEC CoNSULTANTS 
FIGURE 10 - PROJECT: LOPEZ CANYON LANDFILL ,...,... 

c 
- Geomechanics and Environmental Laboratory PROJECT NO.: CE4100 

Atlanta, Georgia DOCUMENT NO.: . 

( GS FORM: )( PARTICLE SIZE DISTRIBUTION AND PHYSICAL PROPERTIES I( ASTM C 136, D 422, D 2487 ) 4PS2 02/03/98 D 3042.AND D 4318 

U.S. STANDARD SIEVE SIZES AND NUMBERS 

12" 5· s- r z· t.s·t•JJ4-ti2-·3JS·. #4 t10 no #40 #60 #100 #200 
100 

11: 
0 

: : ' 
' 

' 90 
:'- II! 10 .. 

' ' 

: I ~ ,: 
80 

' 
20 

: 
' II! 

' . 

I 
: : ' I! : !\ 'I! 70 
: : 30 ,_ 

11 
: .lj ,_ : J: 

J: '' (!) 

c::J : . I! .w 
~ 60 : 40;:: 

' ' >-
>- ' "' "' ' I! a: 
ffi 50 

w 

z I I! 
50 1@ 

u: : <( 

I 
1: I 1: I ! I 

0 ,_ u 
~ 40 I : ' 60 !i: 
u I : I i: I I 1: I i I a: I ' : w 
w 

I 1: 
i u 

0.. : a: : ' ' w 
30 

_t..,_,"~ ~ ~ J,- •-- -~· -I;- . ,-·- t: : - 11: -··--
\ 

""""- - ., .. .:!.OJJ...~ . . 

. ' 1: : il: \ ( ' 20 
1: II: \.. 

80 
' ' : 

' 

I II: I I; I I 1: i ... !I! I I : i : . 

90 10 

! 'I". ! 1: I '· I 
,, 

I: i II' I ' ' ..... II \ :11 '• I i ! ' '. ,. : ,, : I .... 
' I : lo!: I 1: 1: : II i: I I I I• II :1 I II: I ' I I. I II 0 i li:ll i : I• " j:, I : I 100 ;oo 10 1 0.1 0.01 0.001 

GRAIN SIZE lmm) 

F!NE SILT 

SAND FINES 

LIQUID LIMIT 1%1 39 
PLASTIC LIMIT {%) 30 
PLASTICITY INDEX 9 

SITE SAMPLE ID B-6 GRAVEL{%) 3.0 
~r-~~~~~--------~~~~ LAB. SAMPLE NO. 98A90 SAND{%) 35.1 

~=~S~A~M=~PL~E~~D~E~P~TH~=I~ft~J~=======~==~==~~~==============~=~6§r.-.. ~~~IN7E~.s~ .. ~~~~~~~.-.. -.-.. -.. -.-.. -.. -.-.. -.. ~~~1~:?~ .. -.1. 
SOIL CLASSIFICATION: (j) ;i ....... s.I.LT. I:*'.J. ............... s~ .. s .. .. 

ML · Sandy Silt u.. CLAY{%) 7.1 
COEFF. UNIFORMITY {Cui 

COEFF. CURVATURE {Cc) 

3". #200 THAN HYDROMETER 
PERCENT PASSING SIEVE SIZES (mml PARTiCLE DIAMETER (mm) 

75 so 37.5 25 19 12.5 9.5 4.75 2.00 0.850 0.425 0.250 0.150 0.075 0.050 0.020 0.005 0.002 0.001 

\,__ 100 100 100 99 99 98 98 97 96 94 90 84 77 62 48 24 10 7 

NOTES: 

1\. A Reeycled and . .:C.; 
~ Recyclable Paper .X 



Geo SvNTEC CoNSULTANTS 
FIGURE 9 

PROJECT: LOPEZ CANYON LANDFILL Alllll!!!::. 
~ Geomechanics and Environmental Laboratory 

Atlanta, Georgia 
PROJECT NO.: CE41 00 

DOCUMENT NO.: 

GS FORM: 
4PS2 021! 7/98 

100 

90 

80 

70 

j: 
<:J 

~60 
>­
"' ffi 50 
z 
u: 
1-
15 40 
u 
a: 
::;: 

30 

20 

10 

I 
I 

I I 

: 

: 

: 

I .. , 
0 

: 

: 

: 

PARTICLE SIZE DISTRIBUTION AND PHYSICAL PROPERTIES 

U.S. STANDARD SIEVE SIZES AND NUMBERS 

4'10 120 #40 #SO 11100 11'200 

,~. I' 
: . I . . 

I' .. I 
. I' ._ ..........__ I 

I' 1: 
I 
I 

1: i! I! '" 
: I I 

1: : ; 

: I' : 1: I~ i : 1: 1: ' i' I! : \ I ' 1: : 

1: li : I \ I 
' ' \i ' I 

1: 1: 
I 
I 

I· : : ' ' 1: ' I 
I I; : r: !: : : ' I I ' 

:i I 
,, 

r: I'· I I I : 1: I. ,, I 

I ' 1: : 1: I' : I ! ' ' 

I· !: : 1: 1: I ! I· 

I· 
1: 1: I ! 1: : 

: ,. : I 1: 
'' 

: ! ·: ' 
,, : 1: : :I. [: I· I I ,, 

·' II : I I 

1: ! I I· II I '• . I !'I I ·I I: I h I I I I 
I' !: ill •I I ! 'I 
,, I ' I ., 

I''' 
I ! I ,, 'Ill ! :: i I j!:ll ! I :I ' I : II: I I I I ! I· :i!: I i, I" ! I ,, .. I i I 

100 10 0.1 
GRAIN SIZE lmml 

FINE COARSE FINE 

0.01 

SILT 

ASTM C t 36. D 422. D 2487 
D 3042 AND D 4318 

0 

10 

20 

301-
:I: 
<:J 
w 

40 s: 
>-
"' a: 
w 

50~ 
< 
0 
u 

60~ 
w 
u cc 

70~ 

I 
80 

90 

I I I 100 
0.001 

( 

SITE SAMPLE I D B-3 Ll QUID Ll MIT (%) 3 7 "' ~,-.:G::..R::.A:..;V:.:E:::L:..:(c.:o/c::.;o l:._ ____ ;:B.:..-4~ 

~~l~A~B7.~S~A~M~P~L~E~N~07.~_9_8~B~1_5~,_~P~LA~S=T~IC~LI~M71~T~(~%~)-~~2~0~~·~~~S~A~N~D~(o/c~o~)------·~3~9~.2~~ 
SAMPLE DEPTH (It) PLASTICITY INDEX 17 o i= FINES (%) 52.4 

~-=-==-===::-:c~-:-'--":-=----'-'__;_;;;c...:..::.__;__;_~=~---'-'---1 (/) u ........................................ . 
SOIL CLASSIFICATION: ;:2 ..... S.I.LT_ (o,k,.l ........................ .. 

CL - Sandy Lean Clay 

3" 

LL CLAY(%) 

COEFF. UNIFORMITY (Cu) 

COEFF. CURVATURE (Ccl 

#200 

PERCENT FINER 

THAN HYDROMETER 

PARTICLE DIAMETER (mml 

75 50 37.5 25 19 12.5 9.5 4.75 2.CO 0.850 0.425 0.250 0. t 50 0.075 0.050 0.020 0.005 0.002 0.00! 

too ··,oo too too 98 

NOTES: 
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NOTES: Not correCted for over-sized partie;! 
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LAB. SAMPLE NO. 

SAMPLE DEPTH lfl) 

SAMPLE DESCRIPTION 

MAXIMUM DRY UNIT WEIGHT lpcf) 

OPTIMUM MOISTURE CONTENT (%) 

IN SITU MOISTURE CONTENT 1%) 

NOTES: 

--- . 
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LAB. SAMPLE NO. 

SAMPLE DEPTH fftl 

SAMPLE DESCRIPTION 

MAXIMUM DRY UNIT WEIGHT {pel) 

OPTIMUM MOISTURE CONTENT {%) 

IN SITU MOISTURE CONTENT{%) 
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NOTES: Not corrected for over~sized panicle s 
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SITE SAMPLE ID AB-10 LIQUID LIMIT (%) 40 <Jl GRAVEL(%) 14.7 
LAB. SAMPLE NO. 98A89 PLASTIC LIMIT (%) 28 z SAND(%) 38.9 ...~o 
SAMPLE DEPTH 1ft) PLASTICITY INDEX 12 of= FINES (o/o) 46.4 

<JJU ........................................... 
SOIL CLASSIFICATION: <( SILT(%) 39.5 a: ............................... , ........... 

SM • Silty Sand with Gravel u. CLAY(%)· 6.9 
. COEFF. UNIFORMITY (Cu) 

COEFF. CURVATURE (Cc) 
" PERCENT PASSING U .. S. STANDARD SIEVE SIZES AND NUMBERS PERCENT FINER 

3" 2" 1.$" 1" 3/4 .. 1/2" 3/8" .. , :no #20 340 n60 #100 U200 THAN HYDROMETER . PERCENT PASSING SiEVE SiZES (mm) PARTICLE DIAMETER (mm) 
/'~ 75 50 37.5 25 r 19 12.5 9.5 4.75 2.00 0.850 0.425 0.250 0.150 0.075 0.050 0.020 0.005 0.002 0.001 

\~.~' 100 100 100 97 94 91 90 85 81 75 68 62 55 46 40 24 10 7 

NOTES: ' 
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/coARse/ MSDIUM / F!NE 

i SAND 

. 

1\. 

\.. 
1-J_ 

i h I 

I i I I 
0.01 

S!LT 

FINES 

I 
0.001 

CLAY .I 

0 

10 

20 

30 .... 
:r: 

"' Uj 

40 s: .,.. 
"' a: 
w 

50~ 
<( 
0 
(.) 

60S! 

~ 
70 ll! 

t( 
80 

90 

100 

SITE SAMPLE ID AB-7 LIQUID LIMIT(%) 40 GRAVEL(%) 21.0 
~~--~~~~~--------~~=--; 

1--::L-:A...;;B-:-:. ::':S-:A:-M:-P..':L:":E::-N_0:..,. __ 9...;;8c_A_8'-8'-+--P::-:L"-A:'-:SO.:T::-IC::-::::L:-IM-.1:-:T-::'(.::.%,.:.)--_::.2.:;_5-I-' 0 t-.,;:S"-AC::N:':':D-(:..;.%:,) _____ -:3..;:5-;:.5:-1 
SAMPLE DEPTH (ft) PLASTICITY INDEX 15 o ~ FINES (%) 43.5 

1--:'S...;;O.:..I.:.;.L_C=L:..A..::S..::S...;;IF:-I;..;C....;A.:..T::..IO:-N,--: ---.JL--.:....::.:....::...;;;..;.:.;....;;.:.....;;...;;:..::.:...c __ .:.....;;_;;_-l UJ <! ...... "siLT ·(·o~j ................ 3'6: ]'" 
0: .......................................... . 

SC - Clayey Sand with Gravel u... ·CLAY(%) 6.8 

3" 

75 50 37.5 25 

100 100 97 

NOTES: 

A A Recycled and .... -::,; 
U Recyclahle Paper . ..:..(-

92 

COEFF. UNIFORMITY (Cu) 

COEFF. CURVATURE (Cc) 

#200 THAN HYDROMETER 

PARTICLE DIAMETER (mm) 

19 12.5 9.5 4. 75 2.00 0.850 0.425 0.250 0.150 0.075 0.050 0.020 o.oos 0.002 0. 

89 86 85 79 75 69 63 57 51 44 37 23 10' 7 
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GEo SYNTEC CONSULT ANTS 
FIGURE 2 - PROJECT: LOPEZ CANYON LANDFILL ~ 

- Geomechanics and Environmental Laboratory PROJECT NO.: CE4100 ., . Atlanta. Georgia DOCUMENT NO.: 

( .· GS FORM: )( PARTICLE SIZEDISTRIBUllON AND PHYSICAL PROPERTIES I( ASTM C 136, D 422, D 2487 
4PS2 02/03/98 D 3042 AND 0 4318 

U.S. STANDARD SIEVE SIZES AND NUMBERS 

12' a· s· 3· z·1.s•t•Jt4·llr3ts· #4 110 120 '"" #60 1100 #200 
100 : . 0 . 

: . 
·. '' ' . ~ ' 

' ' ~ ' 
. 

90 : ~: ' 10 
'' ' 

: : : 
80 

.. : 
20 : : ' ' .. " . ' : '\ ' 

70 . ' : 
30,.. 

: : '\ ' I :I: .... : 
:I: CJ 
CJ \ ' : w 
w 60 40:;: :;: ' : ' >-
>- '. : : : : : "' "' . ' ' c: 
ffi 50 

. ' ' : w 

' 
50[:@ z '' ' : ' <( u:: ' 0 .... : : : : . ·'-' 

3J 40 ' 60 ~ I I ' :I 1\ u : W· c: . u w 
0.. ' ,\:, c: : w 

30 . .2o_o;._ ----- i;- ·: '1: ·- ... -:· 1"'1\"' ll: ·-- .~'"" 
•. ... ·- --

: : : : 
'' II: I :I ili 

20 
. . ', . ,, 

80 
I ' :I !I: . ' : . 

1: 1: : ' ' I :1 d: ~ 10 
: ! I i ' ., 

90 

I I 11: 
I 

1: :'II I• ' II 
,, 

I: I 11: I'- I I I !! : 
::' :! : ' ' ,. . I', 

I I i·~- · .. ·' 11: 1: I I• 
·11'' ·.' ' I I! : i 11: I l ! I I I! ' I ~ !: i I 0 I . '' ' I I 100 

100 10 1 0.1 0.01 0.001 
GRAIN SIZE lmml 

I ~ ! ·,.~~~~ ec: I COARSE I FINE jCOARSE MEDIUM ! FINE I SILT I ·CLAY I 
I ll I ------- i GRAVEL I SAND I FINES I 

SITE SAMPLE ID AB-4 LIQUID LIMIT (%) 31 en GRAVEL(%) 20.1 

LAB; SAMPLE NO. 98A87 PLASTIC LIMIT {o/o) 21 z SAND (%) 60.0 _.o 
SAMPLE DEPTH (It) PLASTICITY INDEX 10 -i= FINES (%) 19.9 ou 

en<( ········································· 
SOIL CLASSIFICATION: SILT (o/o) 17.1 a: ........................................... 

SC • Clayey Sand with Gravel lL CLAY(%) 2.8 

COEFF. UNIFORMITY (Cu) 

COEFF. CURVATURE (Cc) . 

PERCENT PASSING U,S. STANDARD SIEVE SIZES AND NUMBERS . PERCENT FINER 

3'' 2' 1.5' 1' 3/4' 1/2" 3/8' #4 ,110 #20 #40 #60 #100 #200 THAN HYDROMETER 

. PERCENT PASSING SIEVE SIZES imm) PARTiCLE DiAMETER \mm) 
..., . 75 50 37.5 25 19 12.5 9.5 4.75 2.00 0.850 0.425 0.250 0.150 0.075 0.050 0.020 0.005 0.002 0.001 

100 96 96 93 92 89 87 80 71 59 48 39 29 20 16 9 4 3 

NOTES: ' 

.. . . 
.1'\ A Recycled and .• ·"' 
U Recyclable Paper .:-c. 

. 
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_. GEo SYNTEc CoNsULTANTS 
~ . 

FIGURE 1 
PROJECT: LOPEZ CANYON LANDFILL 

.-. Geomechanics and Environmental Laboratory 
Atlanta, Georgia 

PROJECT NQ.: CE41 00 
DOCUMENT NO.: 

GS FORM: 
4PS2 02/03/98 PARTICLE SIZE DISTRIBUTION AND PHYSICAL PROPERTIES 'ASTM C 136. 0. 422. 0. 2487 

0. 3042 AND. D 4318 

U.S. STANDARD SIEVE SIZES AND NUMBERS 
tr s~ s· 3· 2· 1 s· t·3/4 .. 1t2· 3/8'" 14 110 :zo 140 160 1100 1200 

100 

f-
1: 
0 

90 

80 

70 

~ 60 
>­
"' ffi 50 
z 
u:: 
>-, 
i5 40 
(.) 
a: 
"' 0.. 

30 

20 

10 

0 

I 
i 
I 

I 
I 

I I i 

' I 
! I 

i I ' ' 
i 

i ' i : 

~ 
I • I 
I ' I 

II! 

I! 
1: 

I : 
E 

li 
'li 
il; 
. 

I 

I ' 

' ' 

' 

' : I 
( 

! ··- I 
100 

C088L --e> 

I 
SITE SAMPLE. ID 

LAB. SAMPLE NO. 

SAMPLE DEPTH (ft) 

N. : ' ' ' 

: I! ' ' 

: 1: 

I : E 

! I! 
I : I! 

: 1: 

' 

: ' : 

I : 1: : 

I ' 

' 
' 

' ' ' ' 
' ' 

' 

I 
1: I 1: : 

•' 

I j: •' I : j: 
·' I 

10 

COARSE FINE 

GRAVEL 

AB-3 

98A86 

i!l : . 
' - II!! ' 

~ ::I 

I 
,. : 
E : 

I E I : I '· : 
•:11 I I:• I I 

.li!! :\l 
!ill : 1\ : 

I Iii I ! I '\ 
iii . I 

' 
I• I 
!:! 

' I Ei I 
t,; I I I I : 

1: ! ·;i! i :: ~ i I 

' ~·:I •::. I 
I i:il : I : 

.. , I i :'I : ·" . I ::! I I ' '" 1: I ' :::! I I I I I .. , 
' I : 

I I• I ::: I I : I ' I'' I 1: I ! : : 1: 
I i: I ' ' i I :I I 11:1 I : ' :: i : I I •I I 

0.1 
GRAIN SIZE (mml 

I . SAND I . 

LIQUID LIMIT 1%) 35 
PLASTIC LIMIT (%) 18 

PLASTICITY INDEX 17 

I 0 

10 

20 

301-
:I: 
0 
w 

40:;: 
>-
"' a: . w 

50~ 
<( 
0 
() 

60~ 
w 
() 

'\, 

"' ......... 
a: 

70~ 

I 
80 

I h ~ 

I I I I 

! I 
90 

II Ill I I I I I • I 100 
O.Q1 . 0.001 

SILT CLAY 

FINES I 
U) GRAVEL(%) . 6.8 
z SAND(%)' 46.6 _,Q 

FINES(%) 46.6 

( 

ot; 
U)<l: 

........................................... 
SOIL CLASSIFICATION: SILT(%) 35.2 a: ........... , ................................ 

SC - Clayey Sand u. CLAY(%) 11.4 

COEFF. UNIFORMITY (Cu) 

COEFF. CURVATURE (Cc) 

PERCENT PAS!SING U._S. STANDARD SIEVE SIZES AND NUMBERS PERCENT FINER 

3" z- l .5'' 1" 3/4" ti2" 3/8" 1 .4 •10 I no I <4o I •so #100 •zoo THAN HYDROMETER 

. PERCENT PASSING SIEVE SIZES (mmi PARTICLE DIAMETER (mml 

75 . 50 37.5 25 19 12.5 9.5 4.75 2.00 0.850 0.425 0.250 0.150 0.075 0.050 0.020 0.005 0.002 o.ci( 

. 

' ~ 
100 100 100 100 99 97 96 93 90 86 78 70 60 47 39 27 16 11 

NOTES: 

- •u'" '":' ...; /'\ 
U Recyclable Paper .-·,:-



·'\ A Recycled and .c ~::., 
-J Recyclable Paper .-:._::;:-

( 

( 



D 
"':.. 
g"' 
'C_g 
~ .... 
P::a. 
~a. 

:.?. 
~&. 
~ 

H 
.. ; 

·I '· 

Srtc 
Sample 

Ill 

Al.l·3 

AB·.J 

All -7 

A!l-10 

All·l.HJ 

.. , 
U-6 

VG02!39S 

Note: 

Grain Siz.: 

IL•h I "' 
l'<..:tfCIII 

s~mJ>k H.:,·d•·cU l'<~>~mg 8'10!1 

Nd l.t.u~!UJI' Steve ASTM 
,\STM D Hl 

Cunt,•m 0 IHO 

ASTM {'t.) 

1)22\(> Sicv.: llpJwm. 

('.t} Figure Figure 

_j~ "" No. 

9l!AII6 .!(>.(, 

98AII7 I'J.•J 

98A88 "' 
<JHA89 46.4 

98!132 

TABLE I 

LAB9RATORY TEST RESULTS 

BUREAU OF SANITATION- CITY OF LOS ANGELES 
LOPEZ CANYON LANDFILL 

Aucrbcrg l.imib 

ASTM 1>:011:1 

Sur! i'la~:.ilu.:;uion 

ASTM 0 l-187 

LL I'LLL ('..f.) (%) H· 

" " 17 :w C!.t)'<') S:uu! 

31 " Ill SC - Clayey Sam! with Gr;wcl 

"' ~- " SC · C!ayc~· Sand with Gravel 

40 " 12 SM ·Silly Sand with Gravd 

Compaction 

Muditi~tll'roctor 

ASTM 0 ISS? 

llytlrauli~ Conductivity 

ASTM 0 5084 

Test Spedrm:n 
Initial Condilions 

Ma~. Drr j Optimum I Fig.l Dry Unill Muisrun: I ConsuL lllydraulk 
'Unit Weigh Moisturc No Weight Cunwnt l'rcssurc Cundu~·tivity 

(1'1'11 Cumcm (J•tf! ('.tJ {!>>!) t1·mls) 
('.(.) 

]{,•marL; 

Not corrected lor over·size,J pattkles 122.s 1 1u I 5 

f-;;;;,2 ;-!---+---+---+--+-+--I-_ t- _____________ t~'~CIIO"i- r.-- ---!---+---
- -- t--+ WZ2 -r- "jj~ T 1.5 -r-"4.S£:4 -r-- Mtili;eR;e;i; ~cfi; \3--

124.4 t 11.2 ~ , ± ~ + ~ L "" "'"'"" ,., ""'·''"" '""'"" 
t----+---+--+-t--1-+-------------t~,~~ ~~=~~ === == === ====L============== 112.0 10.9 1.5 7.6E-5 

'.ll:lllH 

1---
IJl:IIIH.l 

98U15 52.~ 9 37 20 17 CL · Samly !.can Cia~ 

98AIJO 61.9 10 10 39 30 9 MI.· Sandy Sill 

9SU69 38.11 II II 123.6 7.5E-5 

I. Moi$ture Retention test Ol.lf:Oing; test results will be presr1o1c:tl in a rc:vised report 

"' ~ .=-.:::.... ~-
~ GooSynl~ Consullati 

Cf41001GEl iJ80J!:I Geomechanics and EnvironmentallaboratOIV 



S .. \.\II'LE JDE:>;TIFICATIO~. HA~DLING. STORAGE AND DISPOSAL 

Te:-;t matcnals were sent to GeoSyntcc Consultants (GeoSyntec) Geomechanics and Environmental Laboratory in Atlanta. Georgia by 
:he client or its representative(s). Snmples delivered to the laboratory were identified by client sampie identification (ID) numbers 
\\ hich had been assigned by representative(s) of the client Upon being received at the laboratory, each sample was assigned a 
labor<Jtory sample number to facilitate tracking and documentation. 

8<.~sed on the information provided to GeoSyntec by the client or its representative(s) and. when applicable. procedural guidelines 
recommended by an industrial hygiene consultant. the following Occupational Safety and Health Administration (OSHA) level of 
personal protection was adopted for handling and testing of the test materials: 

[X J test materials were not contaminated, no special protection measures were taken; 
[ 1 leveiD. 
[ 1 level C 
[ J level B 

In accordance with the health and safety guidelines of GeoSyntec. contaminated materials are stored in a designated containment area 
in the laboratory. Non~contaminated materials are stored in a general storage area in the laboratory. 

GeoSyntec Geomechanics and Environmental Laboratory -will return contaminated materials to the client or designated 
representative(s), at the clients' cost, -30 days following the completion of the testing program. ·unless special arrangements for proper 
disposal have been made with the laboratory. Materials which are not contaminated wi11 be discarded 90 days after they were received 
at the laboratory. unless long-term storage arrangements are specifically made with GeOSyntec Geomechanics and EnvironmCntal 
Laboratory . 

LABORATORY TEST STANDARDS 

At the reqLICSt of the client. the laboratory testing program was performed utilizing the guidelines provided in the following test 
standards: 

-~,-·---··~,~~--~--·i-~--~-m.oistu.r.e..co.ntent.=..Amedcan..Society.,-f-ar.~-.-esting. .. and-~'4a-te-via1s-f-AST-:\114}.·2~1--6-!!8tandard-Methodf'or"'/;aboratory~~-~---­
Determinarion of Water (Moisture; Content of Soil. Rock, and Soil-Aggregate ML·ctures"; 

[ I 

[Xj 

[X] 

[X] 

[X] 

[ 1 

[ I 

i i 

moisture content- ASTM D 4643 "Standard Test ,\;fethodfor Determination of Water (Moisture) Content of Soil by 
the Jlicrowave /vfetho(f'; 

particle-size analysis - ASTM D 422, "Standard Method for Particle-Size Analysis of Soils"; 

percent passing ;"io. 200 sieve- ASTM D 1140, "Standard Tesi Method for Amount of!Yfmerial in Soil Finer Than 
. .Vo. 200 (75 microns) siet·e"; 

Attcrberg limits - ASTM D 4318, "Standard Test Method for Liquid Limit. Pia1tic Limit. and Plasticity Index of 
Soils"; 

soil classification- ASTNI D 2487, "Standard Tesi ,¥fedwdfor Ciassificacion of Soils for Engineerini·Furposes"; 

soil pH- ASTM ·D 4972. "Standard Test Method for pH of Soils"; 

soil pH - United Stntes Environmental Protection Agency (USEPA) SW-846 Method 9045. Revision I. 1987, 
Standard Test Method for MeaSurement of "Soil pH": 

specific gravity - AST~I D 854, "Standard Test /l,ferhod for Specific Gravity of Soils"; 

carbonate content~ ASTM D 3042, "Standard Test Mer hod for Insoluble Resfdue in Carbonate Aggregates"; 

carbonate content- ASTM D 4373, "Stan4ard Test .\lethodfor Calcium Carbonate Content of Soils"; 

acid re-activity . AST\1 0 2488. "Standard Practice fOr Description and Identification of Soils (Visual-Manual 
Pro<·edurc'j"; 

soundness ~ ..;,:.;T;vt i...' )>)}). "Standard res.· :Hcdw.l _;or .\·oumfl~t·s.~ of Aggr~·gares' by use of Sodium Sulfau: o:­
,\-lagnesium Su//(t!c": 

1 1 loss-on-it.:nition (LOll· A~'-I':Vt [) 2 1J7~. "Test .llethods for .\foisrurt.•. Ash. and Organic Mauer of P~at and Other 

CE4!001GEL9n49 A-1 

.J'\. A Recycled and · · 
;;...) Recyclable Paper ·'":"1-:=' 



I J 

[X] 

[ J 

[ J 

[ J 

I I 

( J 

[ J 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

Organic Soils"; 

standard Proctor compaction · AST:O.f D 698. "Standard Test .\1ethodfor J'v!oislllre-Density Relations of Soils and 
Soi!-Aggregata MLr.tu;es Using 5.5-lb (2 . .J9-kg) Rammer and 12-in. (305-mm) Drop"; 

modified PrOctor compaction - AST~l D 1557, "Swndard Test Method for Moiswre-Density Relations of Soils and 
Soil-Aggregate Mixtures Using 10-lb (4.54-kg) Rammer and 18-in. (457-mm) Drop''; 

maximum relative density - ASTM D -1.253 • .. Standard Tesi Method for Ma.:dmum Index Density and Unit Weight of 
Sqils Using a Vibratory Table"; 

minimum relative density- ASTM D ..l:!54 • .. Standard Test Method for Minimum Index Density and Unit Weight of 
Soils and Calculation of Relative Densiz\·"; 

unit weight- ASTM D 2937. "Standard Tesr,.\tlethadfar Density o/Soilln Place by the Drive~Cylinder Method"; 

unit weight. void r~tio, porosity, and degree of saturation~ U. $.Army Corps of Engineers (USCOE); EM~Ill0-2-
1906, "Unit Weight, Void Ratio. Porosity. and Degree.o[Saturation. Appendix Jr; 

mass per uri it area- ASTM D 3776, "Standard Tesr .\let hod fo.r Mass Per Unit Area (weight) of Woven Fabric .. ;. 

thickness measurement- ASTM D 1777. "Standard Test Method/or Measuring Thickness of Textile Materials"; 

free swell- United States Pharmacopoeia :'-Jational Formulary (USP-NF) XVII, "Swell Index of Clay .. ; 

swell of clay in GCL's - Geosynthetic Research Institute (GRI). GCL~I. "Standard Test Method for Swell 
,t.Jeasurement oft he Clay Component ofGCL 's"; 

fluid loss- American Petroleum Instituter API) RP I ~B. "Section -1, Bentonite"; 

marsh funnel- API RP 138. "Section .J. Field Testing of Oil ,\.fttd Viscosity and Gel Strength~'; 

pinhole dispersion-· ASTM 0 .J647, "Standard Test .\fethod for ldenrificmion and Classification of Dispersive Clay 
Soils by the Pinhole Test"; 

gradient ratio- ASTM D 510 I. "Standard Test1\-ferhod for .\.!ensuring the Soil·Geotextile System Clogging Potential 
by the Gradient Rario"; 

hydraulic conductivity ratio (HCR) • AST\.1 D 5567. "Standard Test A.fethod for Hydraulic Conducti1,;ity Ratio 
rHCR; Testing ofSoii!Georextile S.1·srems .. : 

hydraulic transmissivit~·- AST\1 D ..:.-;6. "Stan(lard Test Mf!thodfor Constant HeadHy(/raulic Transmissivity (ln­
plnMjlow; ofGeorextiles and Geote:aile Relared Products": 

· Oi1«:~<.H:rrH!i'i~ivnat e:nn.~nlidatl9r. - AST;..L D 2~35. "S;1t•1dwd ·Test /vfeth.od for· One·Dimertsfona! Co!tsolida!ion 
PrOperties of Soil"; 

one-dimensional swell/collapse- AST~I D 4546. "Standard Test lvlethod for One· Dimensional Swell or Settlement 
Potential of Cohesive Soils"; 

unconfined compressive strength (t'C$) - ASTM D 2! 66. " Standard Test ,'v/ethod for Unconfined Compressive 
Srrengch of Cohesive Soil": 

triaxial .compressive strength (ICl') · AST\.t 0 :-!"767, "Standard Test .Herltod for Triaxial Compression Test on 

Cohesive Soils": 

{ J · triaxi:~l compressive strength (lT) - ASTM D 2$50. ''Standard Test Method for Unconsolidated. Undrained 
<ompressive .Strength ofCohesil'f! Soils in Triaxial Compression"~ 

I I 

I I 

rigid wall constant head h~·draulic conductivity · ASTM D 243-L "Standard Test Method for Permeability of 
Cmnu/ar Soils (Constant H(•adj'': 

rigid wall constant head hydraulic conducth'it~· - USCOE; E~l-1! !0·2-1906, "Standard Test ,\.fethod for 

?crmeabiliZI' Tests. Appendix I'll"; 

CE4l00/GEL97240 A-2 

..1'\ A Recycled and . .:::""" 
~ Recyclable Paper ·.z. 
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( 



( 
[XI 

[ I 

[ I 

[ I 

[ I 

[ I 

[X] 

[ I 

[ I 

[ I 

flexible wall. falling head hydraulic conductivity · ASTM D 5084, "Standard Test .Hethod for Measurement of 
Hydrn:lfic ConductivilJ' of Saturated Porous ,'v{ateria/s Using a Flexible Wall Permcnmetcr"; 

flexible wall falling head hydraulic conductivit)' • USCOE; EM-I! 10-2-1906, "Standard Test ,\tferhod fo~ 
Permeability Tests, Appendix V/t'; 

index nux of GCL - proposed ASTM method rough draft # I, 6/18/94, "Standard Test .\tlethod for Measurement' of 
Index Flux Through Sarurared Geosymheric Clay Liner Specimens Using a Flexible Wail Permeameter"; 

flexible waU falling head hydraulic conductivity - GRI GCL-2, "Standard Test .t.fethod for Permeability of 
Geosynthetic Clay Liners (GCLs)"; 

permeability/compatibility - USEPA ~lethod 9100 SW-846, Revision 1. !987. Stand~rd Test Method for 
Measurement of"Saturated Hydraulic Conductivity. Saturated Leachate Conducti·>'iry and lmrinsic Permeability"; 

permeability· API RP 27. "Recommended Practice for Determining Permeability of Porous Media"; 

capillary-moisture· ASTM D 2325, "Standard Test Method for Capillary-Moisture Relalionships for Coarse- and 
Medium-Textured Soils b_1: Porous-Plate Apparatus"; 

capillary-moisture- ASTM D 3152, "Standard Tesr Method for Capillnry·Moisture Relationships for Fine-Textured 
Soils by Pressure-Membrane Apparatus"; 

paint filter liquids- USEPA Method 9095, SW-846, Revision 1, 1987, "Paint Filter Liquids Test"; and 

slump- ASTM C l43-90a. "Standard Test .'vlethodforS/ump of Hydraulic ·cement Concrete". 

APPLICATION OF TEST RESULTS 

The reported test results apply to the tield materials ina5much as the samples serit to the laboratory for testing are represemative of 
-~~~--~~~~~hese4l'!ateria1s~-~T-his-reporKtppHes-onty-to-the-materials~t~:aed.-an&·does""Tlot-necessarHy1ndTcat_Mhe-'quality-orconditi'on"Uf1lPParent1r-~-~-~­

identical or similar materials. The testing was perfOrmed in accordance with the general engin~ering standards and condition.s reported. 
The test results are related to the testing conditions used during the testing program. As a mutual protection to ·the client, the public, 

and GeoSyntec, this report is submitted and accepted for the exclusive use of the client and upon the condition that this r'eport is not 
used. in whole or in pan. in any advertiSing. promotional or publicity matter without prior written authorization from GeoSyntec. 

( 
CE4100/GEL97149 A-3 
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TABLE I 

LABORATORY TEST RESULTS 

BURJ.i:AU OF SANITATION- CITY OF LOS ANGELES 
LOPEZ CANYON LANDFILL 

f. 
Auerberg i~imits 

ASTt.l h'·~JIK 

t.L ,, 'I"' I ('.f,) 
('l.) •• 0 . 

J4 24 "' 

36 24 " 
44 28 16 

" 30 18 

s_uil Classitication 

ASTM 0 2-11!7 

SM · Srhv Saud 

SC . ( '!aycy S:~mJ 

MI.. Sandr Sill 

Ml · Samly Sih 

Cumpat;tion 

MudiJkd l'w~tur 

ASTM U 1551 

llyUrauli~· Condul.'tivity_ 
ASTM U 5084 

Test Spcdmcn 

Initial Cunl.liliuns 

Mas. Dr} l Optimum I Fi~.,l)ry \I nit I Moisture I Cunsnl. I llydraulk 
l!!nit W<'IJ~h 1\~uhnne Nu W>'l)~ht l'tnucm _ !'rcs~ur~· t'undunivii)' 
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GEo SYNTEC CONSULT ANTS 
FIGURE 1 - PROJECT: ...,.. LOPEZ CANYON LANDFILL 

~-,- GeorOechanics_and Environmental Laboratory PROJECT NO.: CE4100 
( 

1 

Atlanta, Georgia DOCUMENT NO.: 
\. 

GS FORM; ( PARTICLE SIZE DISTRIBUTION AND PHYSICAL PROPERTIES '( ASTM C 136. D 422. 0 2487 ) 4PS2 03/12/98 D 3042 AND D 4318 

U.S. STANDARD SIEVE SIZES AND NUMBERS 

12' s~ s· 3~ 2· Ls- 1-3,4*112- 31a· .. #10 .:20 '"" 160 #100 #200 
100 

:;! I' i' , I 1: I -:I : I: 0 
!• i -...·· I, ! '·l : 

I' :-· u I 'ill : ... 
90 

I I!: 11': I 1"1 I: I 10 
! t: ,·:1 

•. i: I' : :II : !"t._ 1 ! I : 
I I 80 I! . ' 20 

I I' I' t: :IIi i i: ' I I :11 I : ! I .. 

""' '· I ! I I : ' 
! : :: :! I I 1i..l : 

! I I i 
70 : ; II : 

30 >-I 
1: :111 I' ! I 'i I 

: I I I I >- I I !: ' •:; I J: 
J: "' "' I : : 'til i li ' :1 ;'-. I : I I w 
~ 60 

: • I i !: ',;' I 
40:;: 

'I' I : 'Ill' 
,. 1 ·;! 

\I I I I I I; 1: !: I ; .. I I >-
>- •. ! ' "' "' : : 1: : :Ill " i ,, : i I I a: 

' 
;, 

! i w ffi 50 
;, ' ' I 

! I 1: ·t'' I' I 
; : I: i\ I I 50~ z ' :, i I ; i I ..,; u:: ; I : ·' ,, !: 

! ! ! i: I ! !: !: :! i! !: i I 'I I I 

'"' ! \ I ! I I 
0 

>- I : . 
' u 

~ 40 I I .. ':.' . : 

i ' I I !: i: :I! i i I :I I: i I I ' 60 ~ u ; I : !: !: :: I . i I i w a: ' . '' w 

I I I I 1: :!iiI I· I ! ::! I :i'( I ; 
u 

a. : : a: 
--30- I· .1,: I l: ' ; '' i ! w 

I I I ' I 1: : i: '!"' '· I : ::! i. i : I 11-.. 
·~70""'---. 

i : I ':I I ,, I :I ' 
' 

,, '!. I• 

~· ' i I 1: I : ;: 'I'' i ,. I ., • 1 :I ' 1: ' i I I '; i 
,, ; ., ! j I I r\.' 20 'I I' !• I 

80 I I . ii 1: i 1: 'I''' ;, 

i 'I ·I i ! I ~~ II I : : I: I : : :.1 i I I• : i i :! i t: I !· I 

! I 1! 1:11 I 
,, 

I 1: I'' ' 
!• ! ! : ~ i ! :1 ! ! !1: ! I ! ! I ! I,,, ! 

.. : ol ' ' . :: 
10 

,. ;, •I , I ! •I I 
90 i ! I ''''II I !: I :: I' : " ! I . :I I ! ' 11:1 i I i I I~ I 

' 
; ; j, 

I 
: .. ! :1 ' ' 

; ':•. '• ' I ' ' ' ' i 1: i:i! I i: I : i" I ! :: i : •f II"' I ! II I I I I i i I 0 . ' ,. ,. 
" : :! . :1' ' I 

100 
~DO 10 ' 0.1 0.01 0.001 

GRAiN SIZE (mm) 

• I ;:? 

I 
I COAr.C::. l F:NE [CO.'~Rse! \ol£:::nJ~ ! :::INE ! SILT I CLAY I i ~ COBBLES i I ' 0 GRAVEL SAND I FINES • 

SITE SAMPLE ID A-6 LIQUID LIMIT(%) 34 U1 GRAVEL(%) 13.4 

LAB. SAMPLE NO. 98B65 PLASTIC LIMIT (%) 24 z SAND (%) 49.0 
..J 0 

SAMPLE DEPTH 1ft) PLASTICITY INDEX 10 0 f- FINES (%) 37.6 
U1 u ... . . . " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

SOIL CLASSIFICATION: <t SILT(%) 30.3 
0: ··········································· 

SM . Silty Sand u. CLAY!%) 7.3 

COEFF. UNIFORMITY (Cu) 

COEFF. CURVATURE (Cc) . 
PERCENT PASSING u.s. STANDARD SIEVE SIZES AND NUMBERS PERCENT FINER 

3" 2' 1 .... .0 1" 3/4" 1/2" 3!8" .4 #10 >20 #40 •60 ;t1QO ;zoo THAN HYDROMETER 

PERCENT PASSING SIEVE SIZES (mm) PARTICLE DiAMETER (mm) 

( 15 50 37.5 25 19 12.5 9.5 4.75 2.00 0.850 0.425 0.250 0.150 0.075 0.050 0.020 0.005 0.002 0.001 
'. 1oo 98 98 97 96 94 93 87 79 72 64 sa 46 38 31 20 11 7 

NOTES: 

.. . 
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FIGURE 2 
PROJECT: LOPEZ CANYON LANDFILL 

PROJECT NO.: CE4100 

DOCUMENT NO.: 

4M~~ ~~~0~;98 ) (MOISTURE-DENSITY RELATIONSHIP, COMPACTION TESTING J ( ASTM 0·1557-B 
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SITE SAMPLE ID 

LAB. SAMPLE NO. 

SAMPLE DEPTH (ftl 

SAMPLE DESCRIPTION 

MAXIMUM DRY UNIT WEIGHT (pcf) 

OPTIMUM MOISTURE CONTENT(%) 

IN SITU MOISTURE CONTENT (%) 
. 

NOTES: Not corrected for over~sized particles 

A·6 

98865 

126.0 

10.5 

3: ' ' I ' , I ' :\ CURVES OF 100% SATURATION 
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FIGURE 3 
PROJECT: LOPEZ CANYON LANDFILL 
PROJECT NO.: CE41 00 
DOCUMENT NO.: . 

GS FOAM: )I (MOISTURE-DENSITY RELATIONSHIP COMPACTION TESTING I ( ASTM 0 4178 correction •ooHed ) 
4M01 03/03/98 I\_ . . . ' · I\_ ASTM D-1557·8 
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SITE SAMPLE ID 

LAB. SAMPLE NO. 

SAMPLE. DEPTH (ttl 

SAMPLE DESCRIPTION 

MAXIMUM DRY UNIT WEIGHT (pet) 

OPTIMUM MOISTURE CONTENT (%) 

IN SITU MOISTURE CONTENT (%) 

NOTES: 
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GEo SYNTEC CoNSULTANTS 
FIGURE 4 J - PROJECT: LOPEZ CANYON LANDFILL ....... 

- Geomechanics and En.viroOmental Laboratory PROJECT NO.: CE4100 (,_;. Atlanta. Georgia DOCUMENT NO.: 
A 

( GS FORM: 
) ( PARTICLE SIZE DISTRIBUTION AND PHYSICAL PROPERTIES )( ASTM C 136. D 422. 0 2487 ) 4PS2 02/26/98 0 3042 AND 0 4318 

U.S. STANDARD SIEVE SIZES AND NUMBERS 
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GAAVEL I SAND I FINES I 

RS S'l'"~" .... , ~v 

SITE SAMPLE 10 A-8 LIQUID LIMIT (%1 36 U) GRAVEL(%) 7.0 
LAB. SAMPLE NO. 98B66 PLASTIC LIMIT (%) 24 z SAND(%) 46.9 ...JQ 
SAMPLE DEPTH (ft) PLASTICITY INDEX 12 ol- FINES(%) 46.1 

rnU ··········································· 
SOIL CLASSIFICATION: <( SILT(%) 29.2 

0: ··········································· 
SC - Clayey Sand u. CLAY(%) 16.9 

COEFF. UNIFORMITY (Cu) 
. COEFF. CURVATURE (Ccl 

PERCENT PASSING U.S. STANDARD·SIEVE SIZES AND NUMBERS PERCENT FINER 
3" 2" 1.5" 1. 3/4" Hr 3/8" .. #10 .zo •4o #60 #100 #200 THAN HYDROMETER . 

PER<;:ENT PASSING SIEVE SIZES (mm) PARTICLE DIAMETER (mm .l 
75 50 37.5 25 19 . 12.5 9.5 4.75 2.00 0.850 0.425 0.250 0.150 0.075 0.050 0.020 0.005 0.002 0. 

100 100 100 99 98 97 96 93 87 81 74 65 55 46 42 36 21 17 

NOTES: 

A 0 Recyclable Paper ·-=·=-



FIGURE 5 
PROJECT: LOPEZ CANYON LANDALL 
PROJECT NO.: CE4100 
DOCUMENT NO.: 

.-- G EO SYNTEC CoNSULTANTS 
~ Geomechanics and Environmental Laboratory 

( :..--.-..... Atlanta, Georgia 

GS FORM: 
4MO 1 02/27/98 

MOISTURE-DENSITY RELATIONSHIP. COMPACTION TESTING. ( 
ASTM 0·1557-B 
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SITE SAMPLE I D 

LAB. SAMPLE NO. 

SAMPLE DEPTH (ftl 

SAMPLE DESCRIPTION 

MAXIMUM DRY UNIT WEIGHT lpcf) 

OPTIMUM MOISTURE CONTENT (%) 

IN SITU MOISTURE CONTENT (%) 

. 

NOTES: 

. .. ' . 

CURVES OF 100% SATURATI 

A·8 

98866 

122.0 

11.5 

'-"1 ~ 
ON 
TO: FOR SPECIFIC GRAVITY EQUAL 

,., ···" L'<. 2.80 
·\ --"' ' ! / 

i\1\i\ // ... 2.70 
I ' L\ \ .////- 2.60 
! .1. 
' ! l'\ / / I 
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WA iER CONICI\i7 iPERCENT CF DRY WEiGHT; 
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GEo SYNTEc CoNSULTANTs 
FIGURE 6 l - PROJECT: LOPEZ CANYON LANDFILL ...,._ 

...-.... Geomechanics and Environmental Laboratory PROJECT NO.: CE4100 ( 
Atlanta, Georgia DOCUMENT NO.: ! 

( GS FOAM: ( PARTICLE SIZE DISTRIBUTION AND PHYSICAL PROPERTIES ASTM C 136, D 422, 0 2487 J 4PS2 02/27/98 0 3042 AND 0 4318 

. 
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NOTES: 
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SITE SAMPLE ID 

LAB. SAMPLE NO. 

SAMPLE DEPTH lftl 

SAMPLE DESCRIPTION 

MAXIMUM DRY UNIT WEIGHT lpcf) 

OPTIMUM MOISTURE CONTENT 1%1 

IN SITU MOISTURE CONTENT 1%1 

NOTES: 
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(/)<( 
...... " ....... ' ........................... 
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ML - Sandy Silt u. CLAY(%) 7.6 

COEFF. UNIFORMITY (Cul 

- COEFF. CURVATURE (Ccl 

. PERCENT PASSING U.S . STANDARD SIEVE SIZES AND NUMBERS PERCENT FINER 
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_~,4o 1 ~so ' #100 :!'200 THAN HYDROMETER 

. PERCENT PASSING SIEVE SIZES (mm) PARTICLE DIAMETER (mm) 

)5 50 37.5 25 19 12.5 9.5 4.75 2.00 0.850 0.425 0.250 0.150 0.075 0.050 0.020 0.005 0.002 0.001 

100 100 100 99 98 97 97 94 90 85 79 74 68 57 47 27 12 8 

NOTES: The bulk sample contained some particles greater than 3 in. 175 mm) diameter. 

The soil classification should include "with Cobbles". 
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LAB. SAMPLE NO. 

SAMPLE DEPTH 1ft) 

SAMPLE DESCRIPTION 

MAXIMUM DRY UNIT WEIGHT (pel) 

OPTIMUM MOISTURE CONTENT (%) 

IN SITU MOISTURE CONTENT (%) 

NOTES: 
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APPENDIXK 

EVALUATION OF THE PHASE III WEST RIDGE 
AS A BORROW SOURCE FOR 
MONOLITHIC SOIL COVER 
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TECHNICAL MEMORANDUM 

TO: 

FROM: 

Javier Palanco, P.E. and Ken Redd, P.E. 
City of Los Angeles 
Solid Resources Engineering and Construction Division 

Jason Holcomb, R.G., C.E.G., Geo$yntec Consultants 
Tarik Hadj-Hamou, Ph.D., P.E., GeoSyntec Consultants 
Edward Kavazanjian Jr., PhD., P.E., G.E., GeoSyntec Consultants 

DATE: 6 September 1998 

SUBJECT: Evaluation of the Phase III West Ridge as a Borrow Source 
for Monolithic Soil Cover 
Lopez Canyon Restoration Project 

INTRODUCTION 

This technical memorandum presents the results of the GeoSyntec 
Consultants (GeoSyntec) evaluation of the Phase III West Ridge (the ridge) as a 
potential borrow source of material for use as monolithic soil cover at the Lopez 
Canyon Sanitary Landfill. The evaluation consisted of a geologic investigation and a 
stahility anal¥sis of the final grading of the ridge following excavation. The work 
presented in this technical memorandum was performed by the Huntington Beach office 
of GeoSyntec for the City of Los Angeles Bureau of Sanitation (BOS). This work was 
performed at the request of Mr. Javier Palanco, P.E. of BOS. The work was conducted 
by Mr. Jason Holcomb, R.G., C.E.G and Mr. Kenneth Daly of GeoSyntec under the 
direction of Dr. Tarik Hadj-Hamou, P.E. of GeoSyntec. The work presented in this 
technical memorandum was reviewed by Dr. Kavazanjian, Jr., P.E., G.E. of GeoSyntec 
in accordance with the peer review policy of.the firm. 
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Evaluation of Phase III West Ridge 
6 September 1998 

GEOLOGIC INVESTIGATION 

The geologic investigation was carried out by Mr. Jason Holcomb, R.G., 
C.E.G on 23 February 1998 and 27 February 1998. The results of the geologic 
investigation were reported in a memorandum to Mr. Javier Palanco P.E. of BOS dated 
6 March I 998 and are summarized in the following. 

The ridge consists of interbedded siltstone, shale, fine sandstone, and 
conglomerate. A resistant conglomerate bed representing the base of the Pi co-Towsley 
Formation is located within the eastern portion of the ridge. This gravel to cobble 
conglomerate separates interbedded siltstone and fine sandstone of the Pi co-Towsley 
Formation to the northwest, with interbedded sandstone and shale of the Modello 
Formation to the southeast. An additional conglomerate unit occurs in the extreme 

__ :::::::-~--~~-- we~terll_PQr:tion_ of _t~e ridge near the_ existing as]Jhalt access roa<b_ __ I_~__g\l_eral_l_ ... ~~~~~-··~--­
percentage of coarse material (i.e. gravel to cobble size clasts) appears to consist of less 
than 20% of the proposed total volume of the proposed borrow material. The remaining 
material consists primarily of silts and fine to medium grained sands suitable for use as 
monolithic soil cover. 

Structure as observed within the cut face consists of well bedded sediments 
dipping steeply to the northwest, as shown on Figure l and in the cross section shown 
on Figure 2 

SLOPE STABILITY ANALYSES 

The objective of the slope stability analyses presented herein is to evaluate 
the stability of the proposed final grading of the· ridge following excavation of the 
borrow material for use as monolithic soil cover. 

Proposed Grading 

The current grading of the .ridge is shown on Figure 3. A grading plan 
representing the slope configuration following excavation of the ridge was developed by 
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BOS and is shown on Figure 4. The proposed final grading plan consists of slopes 
graded at an inclination of 1.5H: IV (Horizontal to Vertical) with approximately 8ft (2.4 
m) wide benches at 40 ft (12m) intervals (measured vertically). The maximum slope 
height along the ridge is approximately 190 feet (57 .9 m). The combination of slope 
height, bench width, and vertical bench interval proposed in the final grading plan for 
the ridge leads to an average slope inclination of 1.7: I. 

Design Criterion 

Following excavation and grading, the slopes of the ridge will probably not 
be altered by future landfill developments. Therefore, these slopes are considered 
permanent slopes. The factor of safety commonly accepted in engineering practice for 
the static stability of permanent slopes is 1.5. On this basis, a factor of safety of 1.5 was 

·~~~--=--~~-~ esta£1 ish~-<l~.tiJ_e S!iJ.tif st<tl:>ili!Lcie.,<;ign criterion inJ.hi.s..t.e.c.hnic.aLmemru:andum.--~--~-- --·--~·-~· 

...:.-··· Several different approaches are used to evaluate seismic stability of 
permanent slopes in current practice. It is proposed herein to use the Seed (1979) 
pseudo-static stability criterion. Seed states that, in the absence of significant soil 
strength loss due to cyclic loading (e.g., liquefaction), slopes with a pseudo-static factor 
of safety greater than 1.15 for a seismic coefficient of 0.15 have sustained acceptable 
deformations when subjected to earthquakes of magnitudes as great as 8.25 with peak 
accelerations as high as 0.75 g. The Maximum Probable Earthquake for the Lopez 
Ca"""l"\n T ?ndf11l CJ··~ d~'"tned t'n a~~c·-'on,..p. '"t'th -f"''.l!;forni':l D;\'J.<t'nn of' Mln.o.C' anA · uJV .L.<C.O. ~ .. ~~ .3 ""'' ..,..._ ...,....., .r"'J .... .. ...,.,.. r.. .. ..._ .... u. ...u..... .o. ...., '-'u " .1. ,. ... ...,._. uU-

Geology Note 43, is a magnitude 6.6 earthquake on the San Fernando-Sierra Madre 
Fault, capable of generating a peak ground acceleration of 0.69g [GeoSyntec, 1995]. 
Therefore, the Seed criterion is considered applicable herein. 

Method Of Analvsis 

The slope stability analysis was performed using the computer program 
PCSTABLS [Achilleos, 1988]. The program PCSTABL5 employs limit equilibrium 
principles to provide general solutions to slope stability problems. Potential sliding 
surfaces, both circular and polygonal, can be pre-specified or randomly generated. The 
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program includes provisions for using the simplified Bishop. modified Janbu or Spencer 
method of slices. 

Bishop's simplified method was used herein for circular failure surfaces per 
the recommendation of the PCST ABL5 manual [Achilleos. 1988]. The simplified 
Janbu method of slices was used herein for polygonal sliding surfaces. The simplified 
Bishop and Janbu methods are approximate methods in that they do not satisfy both 
force ·and niomenr equilibrium simuitaneousiy, but only satisfy one of these conditions. 
These simplified methods are generally conservative compared to "exact" methods such 
as Spencer's method in that the simplified methods typically yield lower factor of safety 
values than exact methods [Duncan, 1 992]. 

· Cross Section 

GeoSyntec developed a representative cross-section for the stability 
analyses. The representative cross section was taken as the section with the a maximum 
vertical height of 190 feet (57.9 m) and characterized by an average slope inclination of 
1.6: I (horizontal to vertical). Note that a uniform slope without benches was used to 
simplify the cross section geometry. An average slope inclination of 1.6H: IV was used 
rather than the characteristic average of 1.7H:!V to provide basis a more conservative 
basis for overall stability analyses. The stability of the 40 ft (12 m) high, 1.5H: IV 
segments between benches was considered acceptable on the basis of the overall 
stability of the !90ft (57 m), 1.6!:):: IV slope and the observed behavior of l.5H: l V, 40 
ft (12m) high slopes of similar orientation within Disposal Area C. 

Material Parameters 

GeoSyntec reviewed available information regarding bedrock formations at 
the site to evaluate the material parameters for use in stability analyses. MAA 
Consultants (1993) conducted back ami! yses and direct shear tests on bedrock materials 
at the site for a landslide area investigation. Based on results of back analyses and 
direct shear tests, MAA Consultants (1993) recommended using a friction angle of 40 
degrees and a cohesion of 500 psf ( 152 kPa) for bedrock materials in stability analyses. 
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Therefore, GeoSyntec assigned a friction angle of 40 degrees and a cohesion of 500 psf 
(I 52 kPa) to bedrock materials for the stability analyses presented herein. 

BAS [1994] conducted direct shear tests on undisturbed samples of bedrock 
materials in support of stability analyses for final grading for the final closure plan: 
BAS [ 1994] reported shear strength parameters for undisturbed samples which were 
sheared across the natural bedding orientations. BAS reported shear strength 
parameters of a friction angle of 34 degrees and a cohesion of 200 psf (9.6 kPa) for 
these conditions. On this basis, GeoSyntec assigned a friction angle of 34 degrees and a 
cohesion of 200 psf (9 .6 kPa) to bedding planes for the stability analyses presented 
herein. 

GeoSyntec assumed a unit weight of 120 pcf ( 18.8 kN/m)) for the bedrock 

·~~~--~ ~· n1<l,tt',r:i,a.h.fe>r:.tht:2tabililY an'l!Y~es .PJ:~gm~JL!lerein .. IhiumiLweight is~c.onsis.tenLw.ith~ .. --····---­
typical unit weights of the weak sedimentary bedrock materials in the area. 

Results 

GeoSyntec evaluated two scenarios for static and pseudo-static stability of 
the representative cross section configuration. In the first scenario. the 'representative 
cross section was modeled as a homogeneous mass of bedrock. In the second scenario, 
weak planes representative of natural bedding orientations were modeled within the 
bedrock. The orientation of the weak planes w·as estimated from· the strike and dip of 
the bedrock material as indicated in the geologic map and geologic cross section 
(Figures I and 2). 

Figure 5 and 6 show the critical failure surfaces for the first scenario (the 
homogeneous case). Results of the stability analyses for this scenario indicate a static 
factor of safety of 1.80 (Figure 5) and a pseudo static factor of safety of 1.35 (Figure 6) 
for a seismic coefficient of 0. J 5g. These results indicate compliance with the design 
criteria established. 
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CONCLUSION 

Based on the geologic investigation. the ridge appears to be a feasible 
borrow source of material for monolithic soil cover. If oversize material is selectively 
graded and processed out from the borrow material during excavation, the resulting 
material, representing about 80 percent of the total volume of excavated material. 
appear to be meet the specifications for soil to be used in the monolithic soil cover. 
Laboratory' testing in accord-ance with the Construction- Quality Assurance plan for 
monolithic soil cover construction will need to be performed to verify this conclusion. 

The stability analyses described in this technical memorandum indicate that 
the proposed final grading plan of the ridge meets the established static and pseudo 
static stability criteria. 

The conclusions and professional opmwns presented in this technical 
memorandum for the Evaluation of the Phase III West Ridge as a Borrow Source for 
Monolithic Soil Cover at the Lopez Canyon Restoration Project were developed by 
GeoSyntec Consultants (GeoSyntec) for the City of Los Angeles, Bureau of Sanitation. 
This report was prepared in general accordance with accepted standards of geotechnical 
practice. 

It should be recognized that information provided and work conducted by 
others provided basis for the data, conclusions, and recommendations contained in this 
technical memorandum. GeoSyntec is not responsible for circumstances resulting from 
errors. omissions, and inaccuracies in the information and work conducted by others. 
Conditions which deviate from those assumed in this technical memorandum should be 
brought to GeoSyntec's attention for assessment of their impact on the conclusions and 
recommendations contained herein. 
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Figure 7 and 8 show the critical failure surfaces for the second scenario. 
(wherein weak bedding planes are assumed). Results of the stability analyses for this 
scenario indicate a static factor of safety of 1.51 (Figure 7) and a pseudo static factor of 
safety of I. (Figure 8) for a seismic coefficient of 0.15g. These results indicate 
compliance with the design criteria established. 

The results of the slope stability analyses are summarized in Table I. The 
computer output of the stabiiity analyses are presented in Attachment A to this technical 
memorandum. 
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ATTACHEMENT A 

SLOPE STABILITY ANALYSES 
COMPUTER OUTPUT 
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bbcs.out 

··-··-----------.--------~- ------------··-----------·-
** PCST ABLS ** 

" by 
Purdue University 

--Slope Stabitity _Analysis-­
Simplified Janbu, Simplified Bishop 

or Spencer"s Method of Slices 

Run Date~ 
Time of Run: 
Run 8y: 
Input Data filename: 
Output Filename: 
Plotted Output Filename: 

09-11·98 
8:56am 
KRO 
C:BBCS.OAT 
C:BBCS.OUT 
C:BBCS.PLT 

PROBLEM DESCRIPTION lopez Canyon Landfill - Bo~row Area C 
B-8 1 1.6:1 slope Circular 

BOUNQARY COORDINATES 

4 Top Boundaries 
4 Total Boundaries 

Boundary X·Left Y-Left X-Right Y·Right Soil Type 
No. <It) ( ltl (It) (It) Below Bnd 

1 .00 175.00 200.00 175.00 
2 200.00 175.00 505.00 365.00 
3 505.00 365.00 530.00 365.00 
4 530.00 365.00 670.00 250.00 

ISOTROPIC SOil PARAMETERS 

1 Type(s) of Soil 

Soil Total Saturated 
Type Unit Wt. Unit Wt. 
No. (pel) (pel) 

120.0 120.0 

Cohesion friction 
Intercept Angle 

(psll (deg) 

500.0 40.0 

Pore Pressure 
Pressure Constant 
Param. (psf) 

.00 .0 

Piez. 
Surface 

No. 

0 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Gc~erating Circular Surfaces, Has Been Specified. 

cr·catcd Fri Scp 11 08:57:00 1998 

~····· 
.I,;/ 

250 Trial Surfnces Have Been Generated. 

10 Surfaces Initiate From Each Of 25 Points Equally Spaced 
Along The Ground Surface Between X -= 150.00 ft. 

ond X= 250.00 ft. 

Each Surface TP.rminates Between X= 450.00 ft. 
and X = 550.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y = .00 ft. 

10.00 ft. Line Segments Define Each Tria! Failure Surface. 

Following Are Displayed The Ten Most Critical Of The T.riat 
·Failure Surfaces Examined. They Are Ordered ~ Most Critical 
First. 

* * Safety Factors Are Calculated By The Modified Bishop Method * • 

Fa(ltire Surface Specified By 39 Coordinate Points 

Point X·Surf Y·Surf 
No. <It> (It) 

1 20lt. 17 177.60 
2 21'•.14 178.31 
3 221 •• 09 179.28 
4 234.02 180.51 
5 243.91 181.99 
6 253.76 183.72 
7 263.56 185.70 
8 273.31 187.94 
9 282.99 190.42 

10 292.61 193.16 
11 302.16 196.13 
12 311.63 199.35 
13 321.01 202.82 
14 330.30 206.52 
15 339.49 210.46 
16 348.58 214.63 
17 357.55 219.04 
18 366.41 223.67 
19 375.15 228.53 
20 383.77 233.61 
21 392.25 238.91 
22 400.59 244.43 
23 408.78 250.16 
24 416.83 256.09 

Sun Sep 13 15:54:08 1996 Page 



f 

bbcs.out· 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

424.72 
432.46 
440.02 
447.42 
454.64 
461.69 
468.54 
475.21 
481.69 
487.97 
494.05 
499.92 
505.58 
511.03 
514.93 

262.23 
268.58 
275.11 
281.84 
288.76 
295.86 
303.14 
310.59 
318.21 
325.99 
333.93 
342.03 
350.27 
358.65 
365.00 

Circle Center At X= 181.2; Y = 567.0 and Radius, 390.1 

*** 1 . 813 *** 

Failure Surface Specified By 37 Coordinate Points 

Point 
No. 

X·Surf 
( f t) 

v~surf 
(It) 

I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

229.17 
239.00 
248.79 
258.55 
268.26 
277.93 
287.54 
297.11 
306.62 
316.06 
325.45 
334.77 
344.01 
353.19 
362.29 
371 .31 
380.25 
389.10 
397.86 
406.54 
415.11 
423.59 
431.97 
440.25 
448.41 
456.47 
464.42 
472.25 
479.96 
487.56 
495.02 

193.17 
195.00 
197.01 
199.21 
201.59 
204.15 
206.89 
209.82 
212.92 
216.19 
219.65 
223.28 
227.08 
231.06 
235.20 
239.52 
244.00 
248.66 
253.47 
258.45 
263.59 
268.90 
274.35 
279.97 
285.74 
291.66 
297.73 
303.95 
310.31 
316.82 
323.47 -······--------·-··-·-·- ·····- ...... ...1 

Created Frl Sep 11 08~57~00 1998 

'~:.:,.·:~ 
----------- .. 

32 502.37 330.26 
33 509.58 337.18 
34 516.67 344.24 
35 523.62 351.43 
36 530.43 358.75 
37 5:13.48 362.14 

Circle Center At X = 136.4 ; Y : 718.9 and Radius, 533.8 

*** 1.829 *** 

Failure Surface Specified By 36 Coordinate Points 

Point X·Surf Y-Surf 
No. (It) (ft) 

1 208.33 180.19 
2 218. 15 182.12 
3 227.92 184.25 
4 237.64 186.60 
5 247.31 189.15 
6 256.92 191.91 
7 266.47 194.80 
8 275.95 190.05 
9 285.36 201.43 

10 294.70 205.0.1 
11 303.96 208.79 
12 313.13 212.77 
13 322.22 216.95 
14 331.21 221.32 
15 340. 11 225.80 
16 348.91 230.63 
17 357.60 235.58 
10 366.19 240.71 
19 374.66 246.02 
20 383.01 251.51 
21 391.25 257.19 
22 399.36 263.04 
23 407.34 269.06 
24 415.19 275.25 
25 422.91 281.61 
26 430.48 288.14 
27 437.92 294.83 
28 445.21 301.68 
29 452.35 308.68 
30 459.33 315.83 
31 466.16 323.14 
32 472.83 330.58 
33 479.34 338.10 
34 485.69 345.91 
35 491.86 353.77 
36 496.16 359.50 

Circle Center At X = 124.0 ; y : 636.3 and Radius, 463.0 

sep T:ns:sFoa199s- · ··--····-···· ·-- ------·. ·--·- ·------·-----
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• 1.840 ••• 

Failure Surface Specified By 38 Coordinate Points 

Point x~surf Y-Surf 
No. ( ft) ( ft) 

1 208.33 180.19 
2 217.96 182.91 
3 227.54 185.77 
4 237.08 188.77 
5 246.57 191.92 
6 256.02 195.20 
7 265.41 198.63 
8 274.75 202.20 
9 284.04 205.91 

10 293.27 209.75 
11 302.44 213.74 
12 311.55 217.86 
13 320.60 222.11 
14 329.59 226.50 
15 338.51 231.03 
16 347.36 235.68 
17 356.13 240.47 
18 364.84 245.39 
19 373.47 250.44 
20 382.03 255.62 
21 390.50 260.93 
22 398.90 266.36 
23 407.21 271.91 
24 415.44 277.59 
25 423.59 283.40 
26 431.64 289.32 
27 439.61 295.36 
28 447.49 301.53 
29 455.27 307.80 
30 462.96 314.20 
31 470.55 320.71 
32 478.04 327.33 
33 485.44 334.06 
34 492.73 340.91 
35 499.92 347.86 
36 507.00 354.92 
37 513.98 362.08 
38 516.74 365.00 

Circle Center At X = 31.5;Y= 825.1 and Radius, 668.7 

••• 1.843 • •• 

Failure Surface Specified By 34 Coordinate Points I 
··--·- ·· - ··-· ·--- · ····created Fr; sep1r·oais7:o-o··wiis 

'1 

bbcs.out 

) 
Point 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12. 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

· ... ~~~ 

X·Surf 
( f t) 

225.00 
234.85 
244.65 
254.39 
21>4.09 
'273. 72 
283.29 
292.78 
302.20 
311.53 
320.77 
329.92 
3:i8. 98 
31,7.93 
3!i6.76 
365.49 
374.10 
382.58 
390.93 
399.15 
407.24 
4'15.18 
4;~2 .. 97 
4:S0.61 
4:18.09 
41,5.42 
4~i2. 58 
4~i9.57 
466.39 
473.03 
479.49 
485.77 
491.86 
497.26 

Y-Surf 
( f t) 

190.57 
192.33 
194.32 
196.54 
199.00 
201.69 
204.60 
207.74 
211.11 
214.70 
218.52 
222.55 
226.80 
231.26 
235.94 
240.82 
245.91 
251.21 
256.71 
262.40 
268.29 
274.37 
280.64 
287.09 
293.72 
300.53 
307.51 
314.66 
321.97 
329.45 
337.08 
344.86 
352.79 
360.18 

Circle Center 1\t X = 156.3 ; y = 604.2 and Radius, 419.3 

*** 1.856 *** 

Faiture Surface Specified By 40 Coordinate Points 

I 

Point 
No. 

1 
2 
3 
4 
5 
6 

X-Surf 
(ftl 

208.33 
218.33 
228.31 
238.27 
21,8,21 
258.13 

Y-Surf 
(It) 

180.19 
180.56 
181.17 
182.01 
183.10 
184.42 

I 7 268.00 185.98 

-l---- -- ~------2~~--!!l~:l.l. ------ ... 
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I 
' 

I 
11 
I 

' 

bbcS: out 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

287.63 
297.37 
307.06 
316.68 
326.23 
335.71 
345.11 
354.43 
363.66 
372.79 
381.82 
390.75 
399.56 
408.26 
416.84 
425.30 
433.63 
441.82 
449.87 
457.77 
465.53 
473.13 
480.58 
487.87 
494.99 
501.94 
508.71 
515.31 
521.72 
527.95 
533.99 
539.52 

189.80 
192.07 
194.56 
197.29 
200.24 
203.43 
206.84 
210.47 
214.33 
218.40 
222.69 
227.20 
231.92 
236.85 
241.98 
247.32 
252.86 
258.60 
264.53 
270.66 
276.97 
283.46 
290.13 
296.98 
304.01 
311.20 
318.55 
326.07 
333.74 
341.56 
349.53 
357.18 

Circle Center At X= 197.9; Y = 598.1 and Radius, 418.0 

*** 1.859 *** 

Failure Surface Specified By 38 Coordinate Points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

x-surf 
(ft) 

220.83 
230.67 
240.47 
250.24 
259.97 
269.66 
279.31 
288.92 
298.48 
307.99 
317.44 
326.85 
336.19 

r~surf 

( ft) 

187.98 
189.80 
191.78 
193.92 
196.23 
198.69 
201.31 
204.09 
207.03 
210.12. 
213.37 
216.77 
2.20.32 --~cr·e~t-ed'-TrT ··sep· 1 To a :·s 7: oo·1-99a· 

·i-Ii! 
--- -----------------------·-·· ---------------- .... -··· 

1ft 3'·5.48 
15 351t.70 
16 363.86 
17 372.96 
18 3!!1.98 
19 390.93 
20 399.81 
21 408.61 
22 417.33 
23 4i!5 .97 
24 434.53 
25 41,3.00 
26 4!i1.38 
27 4!i9 .67 
28 467.87 
29 475.97 
30 483.98 
31 491.88 
32 499.69 
33 507.39 
34 514.98 
35 522.47 
36 . s;!9.85 
37 s:;7 .12 
38 st,z .91 

224.03 
227.90 
231.91 
236.07 
240.38 
244.84 
249.44 
254.19 
259.08 
264.12 
269.29 
274.61 
280.06 
285.66 
291.38 
297.24 
303.l3 
309.36 
315.61 
321.99 
328.49 
335.12 
341.87 
348.74 
354.40 

Circle Center At X = 114.8 ; Y = 788.2 and Radius, 609.5 

*""* 1.859 ••• 

failure Surfac1~ Specified By 35 Coordinate Points 

Point X·Surf 
No. (ft) 

1 2SO.OO 
2 259.95 
3 269.88 
4 279.78 
5 289.63 
6 2'19 .45 
7 309.21 
8 318.91 
9 328.56 

10 3:l8. 13 
11 3it7.64 
12 3!i7.06 
13 366.40 
14 375.64 
15 3!!4 .79 
16 393.84 
17 402.78 
18 4"11.61 
19 4?.0.32 
20 4;!8.91 

kJr;~-,;~- ·sun··s~;---,-3 ·g :s:f1~:_3;998 __ _ 

Y-Surf 
(It) 

206.15 
207.10 
208.30 
209.75 
211.43 
213.36 
215.53 
217.94 
220.58 
223.47 
226.58 
229.93 
233.51 
237.32 
241.35 
245.61 
250.09 
254.78 
259.69 
264.82 
270.15 ---rage ----r 
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24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

ft45 .69 
453.88 
461.92 
469.82 
477.56 
485.14 
492.56 
499.82 
506.90 
513.81 
520.54 
527.08 
533.44 
535.94 

275.69 
281.43 
287.38 
293.51 
299.85 
306.36 
313.07 
319.95 
327.01 
334.24' 
341.64 
349.20 
356.92 
360.12 

Ci rclc Center At X .::: 216.1 ; Y = 611.7 and Radius, 407.0 

*** 1.873 *** 

Failure Surface Specified By 42 Coordinate Points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

X·Surf 
(ft) 

200.00 
209.99 
219.96 
229.92 
239.85 
249.76 
259.64 
269.4.7 
279.27 
289.03 
298.73 
308.37 
317.96 
327.49 
336.94 
346.33 
355.64 
364.86 
374.00 
383.05 
392.01 
400.86 
409.62 
418.27 
426.80 
435.23 
443.53 
451.71 
459.77 
467.69 
475.48 

Y·Surf 
( ft) 

175.00 
175.50 
176.21 
177.14 
178.29 
179.65 
181.22 
183.01 
185.01 
187.22 
189.64 
192.28 
195. 11 
198.16 
201.41 
204.87 
208.53 
212_.39 
216.44 
220.70 
225.15 
229.79 
234.62 
239.64 
244.85 
250.24 
255.81 
261.56 
267.49 
273.58 
279.85 

createdFrrse~;Ti-·-oa·:-sf:oo--1998. 

.!~.tJ 
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32 4113.14 286.29 
33 490.65 292.89 
34 498.02 299.65 
35 505.24 306.57 
36 512.31 313.64 
37 519.22 320.87 
38 525.98 328.24 
39 s:l2.57 335.76 
1,0 s:l9.oo 343.41 
41 51.5.27 351.21 
42 51,5.86 351.97 

Circle Center 1\t X= 182.0 ; Y = 636.7 and Radius, 462.1 

••• 1.874 *** 

Failure Surface Specified By 34 Coordinate Points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8· 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

X-Surf 
(ft) 

204.17 
214.16 
224.14 
234.09 
244.00 
253.87 
263.68 
273.41 
283.07 
292.64 
302.10 
311.46 
320.70 
329.80 
338.77 
347.58 
356.24 
364.72 
373.03 
3111.16 
389.09 
396.81 
404.32 
411.61 
418.68 
425.51 
432.09 
438.43 
444.51 
450.33 
455.87 
461.15 
466.14 
470.82 

. sej)Tf15:.54:o8 1998. 

Y-Surf 
(ft) 

177.60 
177.93 
178.59 
179.58 
180.89 
182.53 
184.49 
186.76 
189.36 
192.27 
195.49 
199.02 
202.86 
206.99 
211.42 
216.14 
221.15 
226.44 
232.00 
237.83 
243.93 
250.28 
256.88 
263.72 
270.80 
278.11 
285.63 
293.37 
301.31 
309.44 
317.76 
326.26 
334.92 
343.71 

·- -· -- -p.;ge-s 
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c enter At X 199.0 : y 483.0 and Radius, 305,5 

••• 1.877 ••• 

y A X s F T 

.00 83.75 167.50 251.25 335.00 418.75 

x .on +-- ------ -+----- -- --+*· --- ----+----. ----+----- ---- -+ 

83.75 + 

A 167.50 + 

X 251.25 + 

335.00 + 

s 418.75 + 

502.50 + 

586.25 + 

* 
..... 13 
..... 132 

...... 912. 

...... 91328 
........ 1328 • 
........ 1124 .. 
........ 9132 .. 
.. .. .. .. . 1124 .. 
......... 91724 .. 
.. .. .. .. .. 61324 .. 
.......... 96122 ••• 
..... ..... 91123 ... 
. .. .. . . . . .. 611234 •• 
. . . . . • . . . . . • 6.123 .•. 
.. .. .. .. ... 961123 .. . 

. .... . .. . . .. 661233 .. . 
........... 96.1233 .. . 
. . . . . . .. .. .. 6611.33 .. . 

. . . . . . . . ... . 661121,330 • 
. . . . . .. .. .. . 966114330 • 

. . . . ... .... 966711133 • 
. . . . .. .... . 9662.113* 

......... 99622.11 
... 99622* 
...... 976 

c-reat·ecrr·r-r·s·e·p -n-aa·:·s-;:·oo 19·9a· 

) 
670.00 + • 

Prii nted s·un ·-sep··-,-3·-·fs: s4-:oa···1998- · Pa·ge--6 



.• 
334.72 211.62 

ov 343.92 215.56 
17 353.03 219.66 
18 362.08 223.93 
19 371.04 228.37 
20 379.91 232.98 
21 388.70 237.74 
22 397.40 242.67 
23 406.01 247.76 
24 414.52 253.01 
25 422.94 258.42 
26 431.25 263.98 
27 439.46 269.69 
28 447.56 275.55 
29 455.55 281.57 
30 463.42 287.73 
31 471.19 294.03 
32 478.83 300.48 
33 486.35 307.07 
34 493.75 313.79 
35 501.03 320.66 
36 508.17 327.65 
37 515.19 334.78 
38 522.07 342.03 
39 528.82 349.42 
40 535.42 356.92 
41 537.24 359.06 

Circle Center At X = 126.9 ; Y = 709.9 and Radius, 539.9 

*** 1.348 *** 

Failure Surface Specified By 39 Coordinate Points 

Point X·Surf Y·Surf 
No. ( ft) (ft) 

1 212.50 182.79 
2 222.38 184.36 
3 232.22 186.14 
4 242.02 188.11 
5 251.78 190.28 
6 261.50 192.65 . 
7 271.17 195.21 

. i 8 280.78 197.96 
9 290.33 200.91 

10 299.83 204.05 
11 309.26 207.38 
12 318.62 210.89 
13 327.91 214.60 
14 337.12 218.49 
15 346.25 222.57 
16 355,30 226.83 
17 364.26 231.27 

bbck. out 

18 373.13 235.89 I 19 381.90 240.68 
.. ······-' ------- ·- · ····· --------------.. -·-------·-create<fTrr scp ;·1 ·oa·:t.tf:S4 1998 

(I) 
.. ( 

,~-w 

20 390.58 
21 399.15 
22 407.62 
23 415.98 
24 424.23 
25 432.36 
26 440.37 
27 448.27 
28 456.03 
29 463.67 
30 471.18 
31 478.55 
32 485.78 
33 492.88 
34 499.83 
35 506.64 
36 513.29 
37 519.80 
38 526.15 
39 528.07 

245.66 
250.80 
256.12 
261.61 
267.26 
2-73.08 
279.06 
285.21 
291.51 
297.96 
304.57 
311.32 
318.23 
325.27 
332.46 
339.79 
347.25 
354.85 
362.57 
365.00 

Circle Center At X = 139.1 ; Y = 674.3 and Radius., 497.0 

*** 1.351 *** 

Failure Surface Specified By 38 Coordinate Points 

Point 
No. 

X-Surf 
(ft) 

1 212.50 
2 222.23 
3 231.92 
4 ;~41.56 
5 251.17 
6 260.72 
7 270.23 
8 279.68 
9 289.07 

10 298.41 
11 307.69 
12 316.91 
13 :526.06 
14 :535.15 
15 :544.16 
16 :553.10 
17 .561.97 
18 370.76 
19 379.47 
20 388.10 
21 :596.64 
22 405.10 
23 1.13.47 
24 421.74 
25 429.93 

Y-Surf 
( ft) 

182.79 
185.10 
187.58 
190.21 
193.01 
195.96 
199.07 
202.33 
205.75 
209.32 
213.05 
216.93 
220.96 
225.14 
229.47 
233.94 
238.57 
243.34 
248.25 
253.30 
258.50 
263.84 
269.31 
274.93 
280.67 

~rinted ·sun Sep··-,3 ·;s·:·st;:-rs··-1998- ----··--···· Page 2 
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438.01 286.56 
446.00. 292.57 

28 453.89. 298.71 
29 461.68 304.99 
30 469.36 311.39 
31 476.94 317.92 
32 484.41 324.57 
33 491.77 331.34 
34 499.01 338.23 
35 506.14 345.24 
36 513.16 352.37 
37 520.05 359.61 
38 525.02 365.00 

Circle Center At X = 76.7 ; y = 774.9 and Radius, 607.5 

*** 1.360 ••• 

Failure Sur.face Specified By 37 Coordinate Points 

Point X· s·url Y~surf 

No. (ltl (It) 

1 225.00 190.57 
2 234.84 192.35 
3 244.64 194.32 
4 254.41 196.48 
5 264.13. 198.83 
6 273.80 201.36 
7 283.43 204.08 
8 293.00 206.98 
9 302·.51 210.06 

10 311.96 213.33 
11 321.35 216.78 
12 330.67 220.41 
13 339.91 224.22 
14 349.08 228.20 
15 358.18 232.36 
16 367.19 236.70 
17 376.12 241.21 
18 384.95 245.88 
19 393.70 250.73 
20 402.35 255.75 
21 410.91 260.93 
22 419.36 266.27 
23 427.71 271.78 
24 435.95 277.44 
25 444.08. 283.26 
26 452.09 289.24 
27 459.99 295.37 
28 467.77 301.65 
29 475.43 308.08 
30 482.97 314.66 
31 490.37 321.38 
32 497.65 328.24 
33 504.79 335.24 

bbck.out ··creat-ed ·Fr-t ·sep 11" oa:4B:s4 1998 .. 

f.. .·1) ..... 34 
35 
36 
37 

•. ·1~! 

511.79 
518.66 
525.39 
531.36 

·--···· ·--·. 
342.38 
349.65 
357.05 
363.88 

Circle Center At X = 137.4 ; Y = 702.9 and Radius, 519.8 

*** 1.361 *** 

Failure Surface Specified By 38 Coordinate Points 

Point x-surf Y-Surf 
No. (It) (It) 

1 212.50 182.79 
2 222.43 184.01 
3 232.32 185.48 
4 242.17 187.18 
5 251.98 189.12 
6 261.74 191.29 
7 271.45 193.71 
8 281.09 196.35 
9 290.67 199,23 

10 300.17 202.33 
11 309.60 205.67 
12 318.94 209.23 
13 328.20 213.02 
14 337.36 217.03 
15 346.42 221.26 
16 355.38 225.70 
17 364.23 230.36 
18 372.96 235,24 
19 381.57 240.32 
20 390.06 245.61 
21 398.41 251.10 
22 406.63 256.80 
23 414.72 262.69 
24 422.65 268.77 
25 4:50.44 275.04 
26 438.07 281.50 
27 445.55 288.14 
28 452.86 294.96 
29 460.01 301.96 
30 466.99 309.12 
31 4?3 .79 316.46 
32 41!0.41 323.95 
33 41l6.85 331.60 
34 493.10 339.41 
35 499.16 347.36 
36 505.03 355.46 
37 510.70 363.69 
38 511.55 365.00 

Circle Center At X = 166.7 ; y = 594.4 and Radius, 414.2 

still sep i3 Tsi54:T5.T99ii . -····---·-··--·-··-··- ·------··page- 3 
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\ 
"'""* 1.364 "'"'* 

Failure Surface Specified By 36 Coordinate Points 

Point X·Surf Y·Surf 
·No. (It) (ft) 

1 225.00 190.57 
2 234.89 192.07 
3 244.74 193.81 
4 254.54 195.78 
5 264.29 197.99 
6 273.99 200.44 
7 283.62 203.11 
8 293.19 206.02 
9 302.69 209.15 

10 312.11 212.52 
11 321.44 216.10 
12 330.68 219.92 
13 339.84 223.95 
14 348.89 228.20 
15 357.83 232.67 
16 366.67 237.35 
17 375.39 242.25 
18 383.99 247.35 
19 392.46 252.66 
20 400.81 258.17 
21 409.02 263.88 
22 417.09 269.78 
23 425.01 275.88 
24 432.79 282.17 
25 440.41 288.64 
26 447.88 295.29 
27 455.18 302.13 
28 462.32 309.13 
29 469.29 316.30 
30 476.08 323.64 
31 482.69 331.15 
32 489.12 338.80 
33 495.36 346.61 
34 501.42 354.57 
35 507.28 362.68 
36 508.88 365.00 

Circle Center At X : 167.6 ; y = 602.2 and Radius, 415.6 

••• 1.378 ••• 

!1 
I Failure Surface Specified By 36 Coordinate Points 

Point X·Surf Y·Surf 
bbCk'. out ·······-----------------·-createdFiTSep 1i-oa:4.ifi541998 

... __ _ 

,. 1;1,1: n 
-·-------- ····--·-·-·--------· --- .. --· -····· 

No. I f t) ( ft) 

1 237.50 198.36 
2 21,7.44 199.42 
3 2~17 .36 200.72 
4 267.24 202.26 
5 277.08 204.04 
6 286.87 206.06 
7 2'16.62 208.32 
8 306.30 210.82 
9 315.92 213.55 

10 325.47 216.51 
11 334.94 219.71 
12 344.34 223.14 
13 353.65 226.79 
14 362.86 230.67 
15 371.98 234.78 
16 381.00 239.10 
17 389.91 243.65 
18 398.70 248.41 
19 407.38 253.38 
20 415.93 258.56 
21 424.35 263.95 
22 432.64 269.55 
23 440.79 275.34 
24 448.80 281.33 
25 456.65 287.52 
26 464.36 293.89 
27 471.91 300.45 
28 479.29 307.20 
29 486.51 314.12 
30 493.56 321.21 
31 500.43 328.47 
32 507.13 335.90 
33 513.64 343.49 
34 519.96 351.24 
35 526.09 359.14 
36 530.26 364.79 

Circle Center At X = 199.1;Y= 606.7 and Radius, 

*** 1.380 *** 

Failure Surface Specified By 36 Coordinate Points 

1 
Point X·Surf 

t No. (ft) 

1 1 241.67 200.96 
1 2 2s1.6o 2o2.13 

Y-Surf 
(ft) 

I 3 261.50 203.54 
I 4 m.36 205.18 

i ~ ~:~6:~~ ~~~:~~ 
1 7 ;oo.68 211.s3 
L._ ---·-···---~--- . 310.34 21 ~,_1~- ·- - -- ·--- ... 
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bbck .out 

·- ~ 

_J 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

441.84 
450.30 
458.68 
466.99 
475.23 
483.38 
491.45 
499.44 
507.35 
515.17 
522.90 
530.54 
538.10 
542.90 

278.71 
284.04 
289.49 
295.05 
300.73 
306.52 
312.42 
318.44 
324.56 
330.79 
337.13 
343.58 
350.13 
354.41 

Circle Center At X= 60.3 ; Y = 893.4 and Radius, 723.5 

*** 1.382 *** 

y A X s F T 

.oo 83.75 167.50 251.25 335.00 418.75 

X .00 +·········+·---·····+*·--·-···+·······--+---------+ 

83.75 + 

A 167.50 + 

X 251.2~i + 

335.00 + 

s td8.7S • 

• 
• . . . . 12 
..... 124 

....... 137 

....... 127. 
•...•... 113 • 
. . . . . . . . . 128 . 
. . . . . . . • . 113 .. 

. • . . . . . . . . . 128 .. 
• . . • • . . . . . 1129 •• 
. . . . . . . . . . . 1239 •• 
............ 123 .... 
. . . . . . . . . . . . . 129 •.• 
. . . . . . . . . . • • 1123 •.. 
. . . . . . . . . . . . . 1133 .... 
• • • . . . . . . . . . • . 123 •.•• 
............• 11239 ... 

c;;:.;·iitecrfi-Tsei:iWoa:4a:s4 fii<iil 

_/---·, y . ..:. 

502.50 + 

F 586.25 + 

T 670.00 + 

t>.:i.riied stiii sci>. i:i Kis4 :is ·;998 · 

I 

•· • . • ... -.I --,, 
.............. 123 .. .. 
............... 1239 ... . 

.............. 1225 ... . 
.............. 11235 .. . 

.............. 12235 .. 
.............. 112256* 

............ 011235 
............ 011' 

......... 0. 

• 

I 
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Fai ture surface Specified By 6 Coordinate Points 

Point X-Surf Y·Surf 
No. ( ft) (It) 

1 202.78 176.73 
2 205.77 175.33 
3 278.78 170.72 
4 501.29 360.92 
5 502.21 362.66 
6 502.61 363.51 

••• 1. 157 ••• 

Failure surface Specified By 6 Coordinate Points 

Point X-Surf Y-Surf 
No. (It) <ft) 

1 202.51 176.56 
2 205.52 175.16 
3 278.79 171. 15 
4 486.27 348.36 
5 487.14 349.99 
6 489.69 355.46 

••• 1.157 *** 

Failure Surface Specified By 6 Coordinate Points 

Point X-Surf Y·Surf 
No. (It) (It) 

1 207.68 179.78 
2 217.61 175.15 
3 278.79 174.44 
I, 466.51 330.22 

' 468.86 334.63 
6 474.02 345.70 

••• 1.157 ••• 

Failure Surface Specified By 6 Coordinate Points 
bbwk·p2.out ··· - Created. Sun -sep 13 1si44:.3o 1998 

(" -, 

i 
I 

Failure Surface Specified By 6 Coordinate Points 

Point X-Surf Y-Surf 
No. (It) <ft) 

1 206.01 178.74 
2 214.31 174.87 
3 278.70 170.02 
4 497.42 356.95 
5 499.04 359.99 
6 499.89 361.82 

••• 1.162 • •• 

Failure Surface Specified By 6 Coordinate Points 

Point X-Surf Y·Surf 
No. (It) (ft) 

1 206.64 179.14 
2 215.23 175.13 
3 278.80 172.22 
4 495.33 356.23 
5 495.94 357.39 
6 497.24 360.16 

••• 1.162 ••• 

Failure Surface Specified By 6 Coordinate Points 

Point 
No. 

X-Surf 
(ft) 

Y-Surf 
( f t) 

rinted Sun Sep 13 15:59,"47'1998 Page 2 



\' .\ 222.72 174.82 
·-?J 278.73 174.54 

4 486.05 346.71 
5 488.33 350.99 
6 490.71 356.10 

••• 1.515 • •• 

1 
i Failure Surface Specified By 6 Coordinate Points 

Point X*SUrf Y·Surf 
No. (ft) (It) 

1 202.78 176.73 
2 205.77 175.33 
3 278.78 170.72 
4 501.29 360.92 
5 502.21 362.66 
6 502.61 363.51 

••• 1.517 *** 

Failure Surface Specified By 6 Coordinate Points 

Point X*Surf Y·Surf 
No. (ft) (It) 

1 202.51 176.56 
2 20~,52 175.16 
3 278.79 171.15 
4 486.27 348.36 
5 487.14 349.99 
6 489.69 355.46 

••• 1.518 *** 

Failure Surface Specified_ By 6 Coordinate Points 

Point 
No. 

X·Surf 
( f t) 

1 207.68 
2 217.61 
3 278.79 
4 466.51 
5 468.86 

bbws · P2.'0ut _____ _ 

Y·Surf 
(ft) 

179.78 
175.15 
174.44 
330.22 
334.63 

Created Sun Sep 13 15:22!26 f998 

/"''"'' 

.. __ .. 

II 

1: 
II 
11 

!i 

1 

6 ll74.02 345.70 

*** 1.518 *** 

Failure Surface Specified By 6 Coordinate Points 

Point :<·Surf Y·Surf 
No. (ft) (It) 

1 206.01 178.74 
2 214.31 174.87 
3 278.70 170.02 
4 497.42 356.95 
5 499.04 359.99 
6 . 499.89 361.82 

••• 1.520 • •• 

Fai.lure Surface Specified By 6 Coordinate Points 

Point X-Surf Y-Surf 
No. ( ft) ( ft) 

1 206.64 179.14 
2 215.23 175.13 
3 278.80 172.22 
4 '·95.33 356.23 
5 '·95.94 357.39 
6 '·97.24 360.16 

*** 1.521 ••• 

Failure Surface Specified By 6 Coordinate Points 

Point X-Surf Y-Surf 
No. (ttl (ft) 

1 208.90 180.5/t 
2 219.83 175.44 
3 278.76 173.18 
4 484.84 347.60 
5 485.27 348.42 
6 488.09 354.47 

*** 1.528 ••• 
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