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On October 22, 1998, the Bureau of Sanitation (BOS) transmitted Revision II to Volume IV of IV 
Replacement Arrtendment to Final Closure Plaru (FCP) address revising the final cover design for the slopes 
of Disposal Areas>f\ and AB+ and the decks of Disposal Areas A, Band AB+ to an engineered alternative 
final cover that uses a monolithic soil cover. 

Subsequent revisions have been made to this report to better clarify and or insert information that was 
inadvertently not included in the original report, (see attachments). These include: 

• Revised "Summary Table of Revisions" (r:eplace original) 
• Revised Chapter 2 of FCP (replace original chapter) 
• Excluded Figures 2-2,2-2(a), 2-2(b), (include into Figure section of report) 
• Approval letter from LEA dated August 5, 1998 (part of Appendix G - replace original LEA letter) 
• Appendix J- Alternative Final Cover Water Balance Analysis (replace in entirety) ~ 

Please make these required changes to the original October 199t! report. lf you have any quesiions or 
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II 

SUMMARY TABLE OF REVISIONS 1'0 
VOLUME IV OF IV REPLACEMENT AMENDMENT TO 

FINAL CLOSURE PLAN 
Revised October 1998 

The following ~evisions and additions to the final closure plan address the c<Onditional approval 
by the CIWMB, RWQCB and LEA of an alternative final cover on the slopes of Disposal Areas 
A and AB+, and the decks of Disposal Areas A, B and AB+. Please ensure that these revisions . 
are incorporated into your closure plan, and all previous sections discarded . 

. 

Sections, Details, Drawings Description of 
Comment 

to be Amended Change 

Cover Sheet Replace Reflects revision dates 
--

Summary of Revisions Replace in Entirety ~ccounts for all revisions made to thi5 
ocument 

Table of Contents of Volume IV of Replace pages ii ~ x Updaled to reflect revisionsiadditions 
IV 

Section l: "Introduction" :;· Replace in Entirety Upda!ed to reflectrevisions 

Section 2: "Revised Final Replace in Entirety Revised to reflect use of a mortolithic cover on 
Cover D~.sign" the slopes of Disposal Areas A and AB+, and 

.. . on the decks of Disposal Area! A, B and AB-. 

Section 8: ·'Revised Landscaping Replace in Entirety Revised to reflect the advamages of a 
and Irrigation" monolithic cover with respect to allowing· for· 

deeper rooted vegetation, and better 
evapotranspiration performance. 

Section 9: "Revised Closure Replace in Entirety Revised Sections 9.2.1 and 9.3 to inch.1de 
Cost Estimate" corrected final cover costs. 

Section 10: "Updated Replace in Entirety Revised to reflect updated schedule. 
Implementation Schedule" 

Section l l: "Revised Quality Replace in Entirety Revised to ret1ect addition of monolit~ic soil 
Assurance Plan" coverCQA. 

Tables 
Add Table 2-3 

Monolithic Soil Cover Testing Summary 
' Revised Summar:y· of Closure Cost EsKimatc 

Replace Table 9-l 

Figures Add Fig. 2-0 Landfill Final Cover Configuration 
Replace Fig. 2-2 Final Cover on B Deck 
Delete Fig. 2-2(a) GCL on A, Band AB+ Decks 
Delete Fig. 2-2(b) GCL on A. B, AB+ and C Decks 
Add Fig 2-2(a) Final Cover on A and AB- Decks 
Add Fig 2-2(b) Vertical well on A, B, AB-· Decks 
Delete Fig. 2-2(c) Vert. Well on A, B, AB~ Decks- prescriptive 
Delete Fig. 2-2(d) Vert. Well on A, 8, AB+ Decks- GCL 
Replace Fig. 2-3 Final Cover on Slopes/Benches of B Canyon 
Replace Fig. 2-3(a) Final Cover on Slopes/Benches of A Canyon 
Replace Fig. 2-3(b) Final Cover on Slopes/Benches of AB+ Cny. • 
Replace Fig. 2-4 Final Cover System under Haul Road 

Replace Fig. I 0·1 Revised Closure Schedule J -·-"··-·· -
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SUMMARY TABLE OF REVISIONS TO 
VOLUME IV OF IV REPLACEMENT AMENDMENT TO 

FINAL CLOSURE PLAN 
Revised October 1998 

(Continued) 

Sections, Details, Drawings Description of Comment 
To be Amended Change 

Appendix F: "Updated Closure Replace in Entirety Reflects cost revisions pertaining to use of a 
and Post-Closure Cost monolithic cover 
Estimates" 

Appendix G: "Approval Letters Add additional approval RWQCB and LEA's approval of monolithic cover 
from CIWMB, R WQCB and letters to back of Appendi 
LEA" G 

Appendix 1: "Revised CQA Plan" Replace in Entirety Includes CQA for monolithic cover 

Appendix J: "Proposed Engineere Add new Appendix J Technical report on the feasibility of an alternative 
Alternative Final Cover on the final cover 
Slopes of Disposal Areas A and 

I 

I 
I 

I AB+ and the Decks of Disposal 

An additional source of dirt for final closure--l 
Areas A, B and AB+ 
Appendix K: "Evaluation of the Add new Appendix K 
Phase Ill West Ridge as a Borrow 
~ce for Monolithic Soil Cover __ 

--- --- -· 

c:summtble.98/rp 



2. 

2.1 

REVISED FINAL COVER DESIGN 

General 

City of Los Angeles, Bureau of Sanitation 
& GeoSyntec Consultants 

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 

final 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 in the deck and bench areas in accordance with the prescribed · 

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

face, an engineered alternative final 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 final cover. 

A performance evaluation of the Disposal Area C alternative slope final 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 final cover design. The performance evaluation also 

included a demonstration that the construction of the prescriptive final 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 final covers, as required by 

the state regulations. A detailed presentation of the performance evaluation is contained 
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City of Los Angeles, Bureau of Sanitation 

& GeoSyntec Consultants 

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 in a letter dated July 23, 1998, 

and by the LEA on August 5, 1998. Copies of the 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 under a two foot vegetative layer on the decks of Disposal Areas 

A, B and AB +. The revised design for these areas employs a monolithic final 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 Regulatorv Framework 

State of California regulations concerning design and construction of final 

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

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

and federal regulations both provide a minimum prescriptive construction standard for 

the final cover of Municipal Solid Waste Landtllls (MSWLFs) that includes a protective 
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City of Los Angeles, Bureau of Sanitation 
& GeoSyntec Consultants 

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 geomembrane bottom liner, the prescriptive final cover for Disposal 

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

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

than the rooting depth of any vegetation planted on the final 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-rnm) thick; and 

• a design which provides for the minimum maintenance possible. 
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City of Los Angeles, Bureau of Sanitation 
& GeoSyntec Consultants 

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 the owner demonstrates that: 

• "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 compatible with postclosure land use." 

• the engineered alternative is consistent with the performance 

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

alternative final 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 final cover have a "permeability" less 

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

implied final 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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City of Los Angeles, Bureau of Sanitation 

& GeoSyntec Consultants 

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 Final Cover Performance Evaluation report presented in Appendix H of this 

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 final covers. On the basis of this demonstration, an engineered altei·native final cover 

for the Disposal Area C waste slopes was developed. 

The Proposed Engineered Alternative Final Cover report presented in Appendix 

J shows that the monolithic soil cover model provides better infiltration control than the 

prescriptive standard described in Title 27, thus 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 findings, 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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2.3 

2.3.1 

Revised Final Cover Configuration 

City of Los Angeles, Bureau of Sanitation 
& GeoSyntec Consultants 

Final cover configuration for the entire landfill is shown in Figure 2-0. 

Disposal Area C Deck/Bench Areas 

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

prescriptive standard in the California regulations. The deck and.bench area final 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-mm) thick; 

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

• 40-mil (l-Imn) 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 Hand I; 

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

with a hydraulic conductivity no greater than 1 x 10'6 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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• 24-in. (600-mm) thick foundation layer . 

City of Los Angeles, Bureau of Sanitation 

& GeoSyntec Consultants 

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 field 

saturated hydraulic conductivity no greater than 3 x 10·5 cm/s overlying a minimum-of 

two foot existing foundation layer. The modified final cover is presented in Figures 2-2 

through 2-2(b). 

2.3.3 Disposal Area C Slope Areas 

An engineered alternative final cover was developed for the slope areas of th<O 

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 th<O 

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

promote attainment of the performance goals of a final 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 
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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 final 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): 

2.3.4 

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

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

with a hydraulic conductivity no greater than 1 x 10·6 cm/s; and 

• 24-in. (600-mm) thick foundation layer . 

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 the PCP. The monolithic clay cover was replaced with the 

final 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 final 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 final 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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2.3.5 Disposal Areas A and AB+ Slope Areas 

City of Los Angeles, Bureau of Sanitation 

& GeoSyntec Consultants 

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 

foundation layer overlain by a 3ft (0.9m) layer of silty sand or clayey sand. 

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 W 5 

cm/s. Additionally, the Proposed Engineered Alternative Final Cover report (refer to 

Appendix J), shows that the existing interim soil· cover demonstrates less. percolation than· 

the Title 27 prescriptive cover. Therefore, the existing slope areas of Disposal Area A 

meet final closure specifications. Refer to Figure 2-3(a). 

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

from the 2 ft (0.6 m) foundation layer, 1 ft (0.3m) clay layer and two ft (0.6 m) 

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

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

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

hydraulic conductivity of no greater than 3 x w-s cm/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). 
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City of Los Angeles, Bureau of Sanitation 

& GeoSyntec Consultants 

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

final grading plan, with the deck of Disposal Area C at elevation 1,600 ft msl and the 

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 

CY (377 ,910 m3
). Approximately 250,000 CY (188,955 m3

) of this dirt will be 

recovered from a native ridge regrade within the landtlll. Appendix K presents a report 

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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2.4 Infiltration Analyses 

City of Los Angeles, Bureau of Sanitation 
& GeoSyntec Consultants 

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 final 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) the SW-168 Model developed by 

Fenn et al. [ 197 5]. 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 factor influencing the lack of infiltration is the high percentage of run-off 

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 final 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 under existing site conditions. This 

infiltration water balance analysis is included in Appendix J of this report. 
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2.5 Final Cover Slope Stability 

City of Los Angeles, Bureau of Sanitation 

& GeoSyntec Consultants 

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 [Achilleos, 1988]. 

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

of 2. 0 for a failure surface passing through the waste immediately below the existing 

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

coefficient of 0.2 was 1.41. GeoSyntec considers this pseudo-static factor of safety 

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

performance of slopes and embankments in earthquakes around the world, 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 final 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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City of Los Angeles, Bureau of Sanitation 
& GeoSyntec Consultants 

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:1V, flatter 

than the 2H: 1 V inclination of the slopes on the Disposal Area C waste 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 

Final Cover Performance Evaluation report. 
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1. INTRODUCTION 

1.1 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 
(BOS). 

This report was prepared at the request of Mr. Kelly Gharios, P.E., of BOS. 
The scope of services included in this report is described in the memoranda entitled 
Cost 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 11 December 1997, and Cost Estimate for 

Engineering Services, Evaluation of Existing Soil Cover as a Monolithic Soil Final 
Cover on the Slopes of Disposal Area A, Lopez Canyon Restoration Project, dated 
I I March 1998 from Edward Kavazanjian, Jr. and Tarik Hadj-Hamou of GeoSyntec to 

Mr. Gharios. The work presented in this report was performed under the GeoSyntec 
contract with BOS for engineering services in support of the Lopez Canyon Restoration 

project. 

This report was prepared by Mr. Michael Reardon, Ms. Colleen Caldwell, 

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 of the firm. 

1.2 Project Overview 

The Lopez Canyon Sanitary Landfill is an inactive California Class fii 
municipal solid waste landfill which is owned and was operated by the City ot' Los 

C!:".Jf()().()..f/U'/.(}8-7::./U'F <JX II !.\fl3:1lJ 
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Angeles (the City) Bureau of Sanitation (BOS). The Lopez Canyon Sanitary Landfill 
received waste from the mid-1970's until l July !996. The Lopez Canyon Sanitary 
Landfill is located in the Lake View Terrace section of the City. The site location is 
shown in Figure l-l. 

The Lopez Canyon Sanitary Landfill covers approximately 399 acres 

(162 ha) of which !62 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 clo:;ure 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. 

The currently proposed final cover for the decks of Disposal Areas A, B, 
AB+, and C and the slopes of Disposal Areas AB+ and C is described in Final Closure 
Plan, Lopez Canyon Sanitary Landfill, Lakeview Terrace, Volume IV of IV, 
Replacement Amendment to Final Closure Plan [GeoSyntec. 1996} and Revision to 

Volume IV of IV. Replacement Amended to Final Closure Plan [Bureau of Sanitation. 
1997]. The currently proposed final cover on the decks of Disposal Areas A. B. and 

AB+ and the slopes of Disposal Areas A and AB+ consist of the following components 

1 from top to bottom): 

• a vegetative layer at least 2-1-in. (600-mm) thick: 

• a barrier layer composed of either compacted low-permeability soil 

with a hydraulic conductivity no greater than I x 10·6 em/sec 12-in. 

(300-mm) thick or a geosynthetic clay liner (GCL): and 

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

('{;.1 I I II J-1 I ..f.! I. P/.W•,'-7:! .I< f'F 
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This currently proposed final cover meets or exceeds the prescriptive 
requirements of Section 21090(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 satisfied for approval 
of engineered alternatives to the prescriptive final 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 
wnste landfill facilities 'vvith respect to infiltration resistance. The en.gineering 
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 infiltration performance 

of the Title 27 prescriptive cover to that of the monolithic soil cover 
proposed as an engineered alternative: 

• e,·,duating 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+; and 

• 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 frequency, and the performance evaluation methodology. 

( L.J IIIO·O../-/I,PI.Y8·12. IV 'I" 3 lJX ! I I .VI.\: 19 
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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 

the decks of Disposal Areas A, B, and AB+ and on the slopes of Disposal Area AB+ 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 
implementation after placement of the procured soil is also provided herein to 

demonstrate that the infiltration performance of the monolithic soil cowr 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, Backl{round lnfimnation, provides general background 

information regarding the Lopez Canyon Sanitary Landfill. 

4 •JK I I 1.1/J 3: l'-J 
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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 balance 
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 of a layer of additional soil placed as a monolithic soil 

co,·er 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 

monolithic soil cover at the Lopez Canyon Sanitary Landfill. 

• Section 7, Perf'ormance Evaluation Program, presents 
recommendations for instrumentation and performance monitoring or· 

the monolithic soil cover and the performance evaluation 

methodology. 

5 l)i\ i i i _';/ i .\: i cj 
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• 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 final 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 1!950 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 B on 7 July !996. As of 31 December !997, 
!7 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 

region. 

The climate in the area of the Lopez Canyon Sanitary Landfill is 

characterized as semi-arid. The l 00-year mean rainfall in the vicinity of the site is 
approximately 16 in. (406 mm). This precipitation falls predominately during the 

winter months (November through March). Typical daily high temperatures for the area 
range from approximately 60° F ( !5.5° C) in the winter to 95° F (35° C) in the summer. 
Typical daily low temperatures for the area ru;1ge from approximately 40° F (4.5° C) in 

the winter to 60° F ( 15.5° C) in the summer. 

7 
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2.3 Existing Conditions 

The Lopez Canyon Sanitary Landfill 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 construction 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 !0"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 I3 (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 !0"9 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 regulatory requirements for an 

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 exca\ated 
on the existing interim cover on the slopes of Disposal Areas A and AB+ and on the 
decks of Disposal Areas A, B. and AB+ indicate that the thickness of the e.xi,ting 

interim cover in these areas ranges from a minimum of 2 ft (0.6 m) to over 18ft (5.5 1111. 

2.4 Proposed Alternative Cover 

Monolithic soil covers are being used with increasing frequency in southern 

California as an alternative to the Title 27 prescriptive cover for California Cia" 111 

municipal solid waste landfills. The increasing popularity of the monolithic soil C<J\Cr 
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 and repair. The performance of the monolithic soil cover. if properly 
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configured, is superior to that of the Title 27 prescriptive 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 Regulatory Considerations 

3.1.1 Federal Regulations 

The federal regulations for closure of municipal solid waste landfills are 
found in Section 258.60 of 40 Code of Federal Regulations (CFR) Subpart F- Closure 
and Post Closure (Subtitle D). The federal regulations provide that the final cover of a 

municipal solid waste landfill shall: 

he designed tn minimize percolation and erosion;. 

• include a barrier layer with a minimum thickness oi 18 in., a 
maximum permeability (saturated hydraulic conductivity) of 

I x 10·5 cm/s, and a permeability less than or equal to the bottom 

liner system and natural subsoils present; and 

• include an erosion 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 co,·er 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 

I 4 CCR and 23 CCR. 
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Section 21090(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 I x 10·6 cm/s and a permeability equal to 

or less than any bottom liner or underlying natural materials: 

• a vegetative layer containing no waste or leac:hate, 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 mmHnum 
maintenance possible. 

State regulations also allow engineered alternatives to the Title 27 

prescnpt!Ve cover. Criteria are provided for both Regional Water Quality Control 
Board (RWQCB) and California Integrated Waste Management Board (CIWMBJ 
approval of an engineered alternative final cover. Sections 20080(b) and (Cl of Title 27 
provide the criteria for approval of an engineered alternative by the RWQCB. These 
criteria are: 

• The prescriptive standard is not t"easible because it is unreasonable 

and unnecessarily burdensome and will cost substantially 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 section allows 
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. 

It 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 Altemative 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 region on a 
conditional basis. The monolithic soil cover design concept utilizes a single layer of 

soil 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 ~Vater 

percolates into the monolithic soil cover and is stored by capillary tension in the soil 

until removed hy evaporation and transpiration. The monolithic soil cover mu.st have 
sufficient storage capacity to retain the infiltrating water until the storage capacity of the 

soil is restored by evaporation. The conditional approvals granted to date by the 
RWQCB have required performance monitoring of monolithic soil covers after 
construction to demonstrate their effectiveness. 

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 unci the Title 27 prescriptive cover. Furthermore. in ariel and 
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semi-arid environments, the ability of the Title 27 prescriptive cover to control 
infiltration 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 co1·er 

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 simiiar. 

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 :VIodel. 

• E 1 aluaticlll of :Vlaterial Propenies. 

• E 1 aluation of Climate Data. 

• Enliuation of the Vegetation Properties. 

• \lonolithic Soil Cover Design. 

• Water Balance Evaluation and Comparison. 

• Instrumentation and Monitoring of Monolithic Soil Cover. 

• Calibration of Water Balance Model. 

• Final Water Balance Evaluation and Comparison. 

The nine steps of the above technical approach arc employed in ~he 

remainder of this report. 
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4. WATER BALANCE ANALYSIS 

4.1 Introduction 

The water balance analysis presented in this repmt uses an unsaturated flow 
computer code. The computer code employs a mass balance finite difference based 
approach to predict unsaturated t1ow. 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. 

4.2 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 1 

through the cover. The mass balance equation presented below represents the 

conceptual approach taken by the computer model in predicting the hydrologic 
performance of the final cover system. 

Water Balance Equation: 

Perc= P- Of- c,.S- iE+Tl 

Where: Perc = Percolation that has passed through the cover, 

P = Precipitation falling on the cover. 
Of= Overland flow, or precipitation runoff. 

c,.S = Change in soil storage of infiltration. 

E = Evaporation, and 
T = Transpiration of vegetation. 

The following sections define the various components of the mass balance 
equation, and how they may affect an earthen cover system performance. 
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4.2.1 Percolation 

Percolation is the result of 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 infiltration. 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 defined as rainfall that lands on 
the cover surL1ce. (In areas of colder climates the water equivalent of snowfall must 

also 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 

Overland flow 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 defined as the volume of water that is held in the pore spaces 
or· the soil. A change in soil storage corresponds to a change in soil water content. The 

~ ~ c 

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 
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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 or transpirative losses. 
All of these water movements can affect soil storage capacity (i.e., change the water 
content of the soil). 

4.2.5 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 change comes primarily from solar radiation and the relative humidity of 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. 

4.2.6 Transpiration 

Water lost due to the action of plants on the soi I cover is termed 
transpiration. Water !lows 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 the microscopic water column inside the plant 

stems together. 

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 extract water is termed the wilting point. The roots of a 
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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. 

4.3 LEACHM Model 

LEACHM (Leachate Estimation and Chemistry Model) [Hutson and 
Wagenet, 1992], a one-dimensional finite-difference computer program, was selected as 

the watet· balance 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 
unsaturated soils to a maximum depth of 6.6 ft r2 m). LEACHM uses Richards· 

equation [Richards. 1931] to simulate tlow of water in unsaturated soils. The model has 

algorithms to predict eqporation from the soil surface and transpiration of plants from 
the root zone. Precipitation in excess of the infiltration capacity of the profile is shed as 

overland tlow. 

LEACHM models the unsaturated hydraulic conductivity of soil at a given 
water content using Campbell's prediction function [Campbell, l974]. LEACHM uses 
a soil-water retention fitting program to compute fitting parameters for Campbell's soil

water retention function from engineering and index properties of the soil. Site specific 
measured soil parameters and weather data can be used for model input. The specific 
input file variables are discussed in more detail in the following section. 
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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 conditions. The following sections discuss the selection process for the input 

parameters. 

4.4.2 Soil Properties 

Soil properties input for LEACHM consist of saturated hydraulic 

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 LEACHM. The first way is to directly input measured 

moisture 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 regression equations consist of grain size distribution parameters, 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 fitting 

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 4-1 shows the result of the moisture retention test (ASTM D :?.325) 

conducted on a sample collected in Test Pit A-6. The figure shows the variation of 

volumetric moisture content. 8. as a function of suction. h. The figure also shows the 

Campbell's soil water retention function fit through the data obtained in the laborator\· 
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test. The Campbell's soil water retention function relates the suction, h, to the 

volumetric moisture content, 8 and is defined by the following two equations: 

fore, > e > e, 

with 

where a and b are the parameters of Campbell's soil water retention function, 

6, is the volumetric moisture content at saturation, and 6, is the volumetric moisture 
content 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 r\-6 is characterized by a= 0.26. 

b = 9.703. e, = 0.362-+. and e, = 0.3811. 

The curve fitting method was used to develop soil properties for potential 

tmport 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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4.4.3 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 Wagenet, 1992] and data about location of the site 
(latitude, elevation) and weather (temperature, precipitation). LEACHM can perform 

infiltration simulations for durations of up to lO 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. Earthinfo, 
Inc. obtains data from the National Climatic Data Center (NCDC) for weather stations 

nationwide [Earthlnfo, 1996]. 

A search of the Earthlnfo, Inc. data base revealed that seven weather stations 
lay within an approximate radius of 17 miles ( 10.6 km) of the Lopez Canyon Sanitary 

LandfilL Table -+-I lists these stations and summarizes their characteristics. Of 
particular importance is the station elevation, number of record years, percent coverage 
(or 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. 

Annual precipitation totals and statistics for the entire period of record consisting of the 

average and standard deviation were studied for each weather station in comparison to 

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. I 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 LEACH.\! 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 to 450 mm). However, to be conservative, a toot 
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 and root resistance were set at 1.1 and 1.05, 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 soil profile 

to 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 profiles. 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 
kept constant at 2.4 in. (60 mm) for all simulations. Each layer was assigned specific 

properties according to the soil rt models. The maximum time step for iteration was set 
at 0.05 day. LEACHM reduces 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 

Initial conditions for LEACHl\11 are specified by assigning the initial head or 
water content to each 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 tlux, or lysimeter boundary. The 
simulations were conducted by using the lower boundary as a unit gradient boundary. 
This boundary condition allows water to tlow 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 extstmg 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 p.its, 

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 
performed in Level D PPE (including half-mask respirators) in accordance with 

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 
backfilled 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-situ 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 ol· gravel and cobbles in the top 6 to 

k-in. ( l 50 to 200 mm) of the existing interim cover on the deck of Disposal Areas A and 

AB+ and by the stockpile present on the decks of Disrosal Areas A and B. 
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Bulk samples were collected from each excavated test pit. The bulk samples 
were visually classified 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) tn 
Atlanta, Georgia for testing. 

The remainder of this section presents the results of the field investigHtions 
on the slopes of Disposal Areas A and AB+ and the decks of Disposal Areas A, B, 
and AB+. 

5.2 Deck of Disposal 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 11 ft (3.3 m). Table 5-l 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 
predominantly silty sands with gravel and cobbles in test pits AB-1 through AB-8, 

AB-10 through AB-13, and AB-25. In test pit AB-3, a layer of darker brown sandy
clayey silt was found at depth 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 
relative 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 dry density. In addition, it was not possible to reliably measure 
the dry density at depth greater than about 1 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 dry unit weight as obtained from ASTM D!557. 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 
slopes of Disposal Area AB+ averaged 3 to 10ft (0.9 to 3m) 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-l. 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 Area AB+ were 
visually classified as silty sands with gravel and cobbles (Test pits AB-14, AB-16, 
AB-19, and AB-23) and sandy-clayey silts (AB-17, AB-18, AB-20, AB-21, and AB-22). 
According to City Operations personnel, the soil placed on the slopes of Disposal 
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- I and 
detailed logs are provided in Appendix A. At the time of the investigation, 
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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 

Table 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 .-\B+ classify 
primarily as clayey sand or silty sand (SC or S::Vf 1 according to the L'nified Soii 

Classification System (ASTM D 2487 I. 

The satmated 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 AST\f 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 w·" cm/s on 

the remolded sample from test pit AB- IO and 7,6 x 10·5 cm/s on the sample from test pit 

AB-25. A saturated hydraulic conductivity of 4.5 x 10·4 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 interim cover and the presence of 
gravel within the silty sand and clayey s;:1nd 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 
Area AB+, a moisture retention test (ASTM D 2325) was performed on a sample from 
test pit AB-10. The results of this test 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 saturated hydraulic conductivity tests 

( ASTM D 5084 l were performed on remolded samples. Bused on field observation and 
result of in-situ measurements, a dry density of about 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 slopes of Disposal Area A. · 

Consequently, the hydraulic conductivity tests were performed. Samples from test 
pits A6. AS, A9. and A I 0 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 ASTM 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 1(}1
' cm/s to 8.6 x 10.; cm/s. An 

average saturated hydraulic conductivity of 4.6 x 10·5 cm/s was then used to 
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characterize 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 

1s 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 12 to 18 in. I 200 to 

450 mm). 

A- seeding -program .. should include vegetation that vvill .-establish quickly, 
provide a percent coverage as great as possible, and will be self susiaining. 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. 

These requirements are consistent with the seed mix currently established for the final 

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 sLr,cain 

them throughthe 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 '-'·hen 

not fully mature. Generally only 10 to I I in. (250 to 275 mm) of rainfall is requirccl 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, I 997]. 

Hydroseeding is a proven method for planting seeds over large open "reas 

that involves spraying the seeds onto the desired areas with water as the tran,port 

medium. Hydroseeding will be utilized t'or the Lopez Canyon Sanitary Landfill seeding 

program. The hydroseeding process can be used to deliver nutrients. pesticides. or 

fungicides along with the seeds. A nutrient analysis of the final cover soil could he 



GeoSyntec Consultants 

performed to asses whether or not there exist any gross nutrient deficiencies. Specific 
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-l lists the seed mix recommended for 
Lopez Canyon-S-unitary Landfill.·~ This Inix-- is-,designed for fast-vigorous e~tablisluueril 

of a final 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 II 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 ASTM D 1557. 
The saturated hydraulic conductivity measured in that range of dry density was on the 

order of 4.5 x 10~4 em/sec. Water balance analyses indicate that, in its current condition, 

the existing interim 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 characteristics 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 
'O 'l'lrV t'rom 7ft(") 1 m) to I 8ft I~~ m\ AVP·· <hP <' 1ApPs ~+ f"\lo-o•·o' Ar·po A The "or'l, ~ • (. <' • \-•.> '' .· ' \~'·~' Ulj <.> ..,_, <..UV '-'~'-' ....,, Vl. 1--"~-'r •)0:..1 i""\. '-'Q • J. :j 1,') 

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 

obtained from ASTM D 1557. The saturated hydraulic conductivity measured at that 

range of dry density was on the order of 4.6 x 10·5 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 

water balance components predicted by LEACHM for the Title ?.7 prescripti\e cm·er 

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 emu. 
The existing interi111 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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6.3.1 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 configur;1ticn~;. as described below. 

Alternative 1 consists of 2 ft (0.6 m) of existing interim cover soil overlain 
by 3 ft ( 1 m) of an assumed low plasticity silt (SC). 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 2 consists of 2 ft (0.6 m) of existing interim cover soil overlain 

bv 3 ft r I m) of an assumed silty or clayey sand (SM or SC). The silty sand or clayev 

sand are characterized by grain size distribution such that about 40 to 50 percent of the 
material passes through the number 200 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 IS. The cross section of these alternative cover designs is illustrated in 
Figure 6-2. Since both alternatives have the same conl'iguration 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 Disposal Areas A, B. and AB+ 
and the slopes of Disposal Area AB+. Curve fitting was performed to establish 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 corresponded- 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 10'4 cm/s was input for the existing interim soil cover on the decks 
of Disposal Areas A, 8, and AB+ and the slopes of Disposal Area AB+. A hydraulic 

conductivity of 1 x 1 o·S 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 4 ft thick cover section. 
This cover ,ecliuo c;on,ist<::d of a I ft (0.3 m) thick vegetative layer underlain by a i ft 

(0.3 m) thick compacted clay layer, underlain by a 2 ft (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 

m Table 6-2. The vegetative layer was assumed to have a saturated hydraulic 

conductivity equal to l x 10·" cm/s. The compacted clay layer was modeled with a 

saturated hydraulic conductivity equal to I x 10'6 cm/s. The foundation layer was 

assumed to have a saturated hydraulic conductivity equal I x 10·" cm/s, a value 
considered typical of native sandy silt and silty sand soil often use for structural fill. 

Campbell's fitting parameters were obtained from soil water retention data measured for 
silty soils by Khire et al. [ 1994. 1996] and Benson et al. [ 1994] for the 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 from the Sunland weather station for the time period 
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6.3.4.2 Variability of Hydraulic Conductivity 

The first series of sensitivity analyses were performed to evaluate the effect 

of the saturated hydraulic conductivity on the performance of the monolithic soil cover. 

Figure 6-4 compares the cumulative percolation through the "Alternative 1 '' monolithic 

soil cover for the deck areas as a function of the saturated hydraulic conductivity of the 

soil to the cumulative percolation through the prescriptive final cover with established 

vegetation on top. Based on the results of this sensitivity analysis, a field saturated 

hydraulic conductivity of 3 x 1 o·' cm/s is required for the infiltration performance of the 

monolithic soil cover to surpass that of the Title 27 prescriptive cover. 

6.3.4.3 Monolithic Soil Covers 

The second 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 configurations, the saturated 

hydraulic conductivity for the top 1 ft (0.3 m) was increased by up to an order of 

magnitude (e.g. from I x 10·5 em/sec to 1 x 10·4 em/sec). Figure 6-5 compares the 

I 0-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 6-5 is presented below: 

Monolithic soil cover Alternative 1 for the deck of Disposal Areas A, B, and 

AB+ with the design saturated hydraulic conductivity of k = 1 x 10·' cm/s 

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·' cm/s 
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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 rs 
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. four series of sensitivity analyses were performed on the monolithic soil 

covers designed in Section 6.3. The sensitivity analyses were carried out using the 
computer program LEACHM. The sensitivitv analyses were performed to evaluate the 

effect of the saturated hydraulic conductivity on the performance of the monolithic soil 

cover. the effects of the saturated hydraulic conductivity degradation, and the absence of 
vegetation on the !0 year cumulative percolation through the monolithic soil cover 
compared to percolation through the Title 27 prescriptive cover. The following sections 

describe and presem the results of the sensitivity analyses. 
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A Slope: 

Monolithic soil cover on slopes of Disposal Area A with the design saturated 

hydraulic conductivity of k = 4.6 x I o·5 cm/s 

Alt I deg: 

Monolithic soil cover Alternative l for the deck of Disposal Areas A, B. and 

AB+ with the saturated hydraulic conductivity of the top foot increased to 

k = I x 10·" cm/s due to degradation of the soil 

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 = l X l 0'4 cm/s due to degradation of the soil 

A Slope deg: 

).lonolithic soil cover on slopes of Disposal Area A with the satmated 

hydraulic conductivity of the top foot set at k = I x 10·" cm/s due lo 

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 6-6 compares the 

I 0-year cumulative percolation through the three alternative monolithic soil covers as 
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designed with vegetation and without vegetation. A description of the legend for 
Figure 6-6 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 

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 cm/s 

A Slope: 

Vegetated monolithic soil cover on slopes of Disposal Area A with the 

design saturated hydraulic conductivity of k = 4.6 x 1 o·' ctn!s 

Alt I no veg: 

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 

and no vegetation 

Alt2 no veg: 

Monolithic soil cowr Alternative 2 for the deck of Disposal Areas A, B, and 

AB+ with the design saturated hydraulic conductivity of k = I x 1()'5 cm/s 

and no vegetation 

40 '/X II l.\/1.\· 1'1 



6.3.4.4 

GeoSyntec Consultants 

A Slope no veg: 

Monolithic soil cover on slopes of Disposal Area A with the design saturated 

hydraulic conductivity of k = 4.6 x 10"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. 
Water balance analyses were performed assuming that the saturated hydraulic 
conductivity of the compacted clay layer degraded from the prescriptive maximum 

value of 1 x 10·6 em/sec to 2 x 10·" em/sec and 5 x 10·6 em/sec. The water balance 

analyses were performed for each value of hydraulic conductivity for both the vegetated 
and the no vegetation case. Figure 6-7 shows the effects of degradation and of 
vegetation on the 10-year cumulative percolation through a Title 27. A description for 
the legend of Figure 6-7 is provided below: 

Title 27 prescriptive cover with the hydraulic conductivity of the compacted 

clay layer equal to k = l x w·" cm/s and well established vegetation on the 
cover 

prsc n/veg : 

Title 27 prescriptive cover with the hydraulic conductivity of the compacted 

clay layer equal to k = l x I ()"6 cm/s and no vegetation on the cover 
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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 cm/s 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 10·6 cm/s due to degradation and established 

vegetation 

prsc k5e6 n/veg: 

Titk 27 prescriptive cover with the hydraulic conductivity of the compacted 

clay layer of increased to k = 5 x w·" cm/s clue to degradation assuming nu 

vegetation on the cover. 

Evaluation of the results 

Several noteworthy observations can be made regarding the results of the 

sensitivity analyses. 

Figure 6-4 shows that the performance of the monolithic soil cover with 

respect to surface infiltration meets or exceeds that of the Title 27 prescriptive cover if 
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the in-place saturated hydraulic conductivity of the monolithic soil cover is no greater 

than 3 X 10-5 cm/s. 

As shown on Figure 6-7, the performance of the Title 27 prescriptive cover 

with respect to surface water infiltration is not particularly sensitive to the presence of 

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 6-5 and 6-6, 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 I 0-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 6-6 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-slope configuration is above that of the Tittle 2i prescriptive cover if vegetation ts 

not established. 

6.3.4.6 Summary 

[n summary. results of the sensitivity 'malyses 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 (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 
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the A-slope monolithic alternative it is better to allow the vegetation to remain as 
opposed to reworking the upper layers of the cover soil to counteract degradation the 
saturated hydraulic conductivity. 

('{:'..f. I 00-0..f/f.P%98.· 72. N fl"r 44 9K II 13/1.~:!9 



GeoSyntec Consultants 

7. PERFORMANCE 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 two years: 

• Calibrating the analytical numerical model (LEACHM) for 

infiltration 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 

using the validated numerical model. 

[n 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 

pt·edicted moisture movement during the second year to actual field 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. [n 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 7-1 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 
artificially induce the I 00-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. 
in-situ density, and hydraulic properties such as saturated hydraulic constructivity and 

moisture retention curves. This data will be obtained from laboratory testing on soils 

collected during construction of the monolithic soil cover. Data on weather conditions 
include records of precipitation and temperatures and irrigation if used. Data from the 

Sunland 1\·eather station and data from an on-site weather station will be collected. Data 
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 System 

7 .3.1 Introduction 

For the Lopez Canyon Landfill monolithic soil cover monitoring, it is 
proposed to use Time Domain Reflectomet·ry (TOR) probes for soil moisture monitoring 
and a site weather station to gather accompanying weather data. TOR 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 TOR 
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 data rs 

required for monitoring. 

7.3.2 Soil Moisture Monitoring Probe 

lt is proposed to use a segmented profiling probe containing five individual 
probes 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 ot· the proposed monolithic final cover. including the 

t\1undation laye1·. is 60 in. ( I .500 mm ). 

It is proposed to use a segmented profiling probe containing seven individual 
probes for monitoring at depths of 6, 12, 20, 30, 42, 54, and 66 in. ( 152. 305. 508, 762. 

1067, 1372, and 1677 mm, respectively) for the test section on Disposal Area A, where 
the total thickness of the proposal monolithic final cover is 78 in. ( 1.950 mm). A 6-in. 

( 152-mm) spacing in the upper 1-ft (0.3 m) of the cover is required to better quantify 

cover performance. 
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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 final 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 
and date stamped. The data loggers will be powered by either solar or AC current and 

will be 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 enables 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 manufacturers supplied software. 

7.3.4 Weather Station 

A self-contained weather station capable of recording wind speed. wind 
direction. relative humidity. rainfall. solar radiation, and air 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 Landfill. 

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 will be monitored al!J 

recorded. 

7.5 Performance Modeling 

Hydrologic performance modeling of the monolithic soil cover will be 

performed using the model LEACHM [Hutson and Wagenet. 1992] discussed in 
Section -L3 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 monitoring. 

7.6 Reporting 

Three reports will be prepared for submission to the RWQCB during the. 

final cover performance evaluation: 

• an installation report: 

• a model calibration report: and 

• a performance evaluation report. 

The in,;tallation 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 cover. 

The performance evaluation report vvill be subn1itted 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 observed and predicted 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 

cover performance for the monolithic soil cover. 
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8. SUMMARY AND RECOMMENDATIONS 

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 cxisti11g intcrin1 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 field 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 siltv sand and clayey sand mixed in some areas 

with grav·el and cobbles. The thickness ol· the existing interim cover ranges frc>m 2 r·t 

(0.6 1111 to 18ft (5.5 111) with an in-situ dry density ranging from 76 to 98 percent of 

maximum dry density as obtained from ASTM D 1557. Reliable measurement of in-situ 

dry den.sity was impaired by the presence of gravel and cobbles and the disturbance 

caused by the excavation activity. 

Laboratory testing was conducted on selected bulk samples to classify the 

soil according to the Unified 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 

classification from silty sand (SM) to clayey sand (SC) and include some low plasticity 

silts (i'v!L). The representative hydraulic conductivity of the in place soils of the existing 

interim soil cover was set at 4.5 x 10'4 cm/s on the decks of Disposal Areas A. 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 soil. 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 laboratory. 

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 1 ft (0.3 m) thick 

·vcgctati·v·c svil layer, a l ft (0.3 ·m) thick compacted- clay· layer, and a ·2-ft (0.6 iYl) tblck 

foundation layer. The engineered monolithic soil covers consisted of a 3ft (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 

properties for the clay layer, vegetative layer, silty 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 l 0-year period was 

selected for the water balance analysis. The l 0-year period exhibits an average annual 

rainfall of 18.1 in. i-\60 mm), comparee\ to the 16 in. r-106 111111) !00-year average rainfall 

at Lopez Canyon Sanitary Landfill. The lO-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 water 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 analvses indicate that the percolation 

through the existing interim soil cover on the decb 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 

f'l·om the existing interim cover on the slopes of Disposal Area A is about 68 percent 

less than that from the Title 27 prescriptive cover owr 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, B, and AB+ and the 
slopes of Disposal Area AB+ is about 75 percent less than that from the Title 27 

prescriptive cover over the 10-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, B, 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 
( l m) thick layer of silty sand or clayey sand with an in-place saturated hydraulic 

conductivity no greater than 3 x 10"5 cm/s. In lieu of constructing a test pad with the 
imported monolithic soil cover and performing a sealed double ring infiltrometer 
(SDR!) test. the specifications will require a laboratory saturated hydraulic conductivity 

of I x 10·5 cm/s on imported monolithic soil cover. Specifying a value of laboratory 

saturated hydraulic conductivity three times less than the in-place saturated hydraulic 
conductivity will compensate for the differences between laboratory measured values 

and in-place values. To mitigate the potential for cracking clue to desiccation or 

differential settlement, 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 (]. tn) of silty sand or clayey sand characterized by a hydraulic 

conductivity of 4.6 x I o·' cm/s. 

Because the monolithic soil cover has the same erosion 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 
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as an alternative final cover in accordance with state and federal regulations. However, 
because it is likely that performance monitoring will be required by the RWQCB 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 exists, and one monitoring station on the decks of 
Disposal Areas A, B, and AB+, where a monolithic soil cover will be constructed. The 
recommended monitoring program employs time-domain-ret1ectometry probes and an 
automated weather station. The recommended pedormance 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 result in fin<d 
regulatory approval of the monolithic soil final cover for-· t-he slopes of Dispos::il Area:;; A 
and AB+ and the decks of Disposal Areas A, B, and AB+. 
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Q,; 
!2g 
~ ... 
<Tn 
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~. 

'.Iii_ 
~ 

R·i:· 

----
Station Name Numhc1 

Years 
--- . ··-

LOPEZ CANYON LANDFILL 100 

CANOGA !'ARK PIERCE C 46 
- -

DRY C.\NYON RESERVOII( •11 
-

NEWHALL 6 
-

PASAIJJ'NA 6X 
-

SAN FERNANDO 48 

SUNLAND 18 

TUJUNGA 22 
-

TABI.J•: 4-1 

I'IWXIMAL WEATHER STATIONS 
LOPEZ CANYON SANITAI{Y LANDFILL 

'TI;~;~c~~J-- Latitude ILongitudc 
Covcrnge 

·- -· ··-··- --· --- -
N.\4: I 7:.10 WI IH:21:3U 

IOU N34: I I :00 WI 18:34:00 
--- --~---------

'IX 'H N .14:29:00 W II X:12:00 
--- ---~---------

IIIII N34:22:00 w 118:34:00 
--

t)_').l)t) N.14:09:00 WI I X:OlJ:OO 
-

')()-l)9 N34: I 7:00 WI 18:28:00 

'!9- 100 N34: I 6:00 WI 18:18:00 
-

96-97 N34:16:00 Wll8:17:00 

Note:-< (I) ltlO ycm mean ramfall from !U)Sl dated Scptcnllll.:r J(}l)') 
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Elevation Distance Average Rainfall 
(ft) (miles) (in.) 

-
I 600- I 800 aprox. 16t 11 

790 14.0 15.84 

1455 I (\.7 I 3.88 

1400 I 3. I 19.53 

864 15.0 19.47 

971 7.3 16.39 

1460 1.5 16.18 

1819 4.3 20.85 
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TEST PIT NO. 

I AB-I 

AB-2 

I AB-3 

I AB-4 
I 
I AB-5 

AB-6 

I AB-7 

I AB-8 

-- AB-9 
I AB-10 
1 

I AB-11 
!-· 

AB-12 

AB-l3 

AB-24 

AB-25 

TABLE 5-1 

TEST PIT SUMMARY 
DECK OF DISPOSAL AREA AB+ 

LOPEZ CANYON SANITARY LANDFILL 

EXISTING EXISTING 
INTERIM FINAL COVER SOIL 

COVER EL. THICKNESS 
(ft) (ft) 

I774.4 
. 

9.5 

I768.4 5 

1763.9 5 

1759.7 4 

1759.9 >8 

1766.2 >9 

I 1755.6 6 
I 1755.9 6 I 

li-+9.1 l.5 
' 

176l.5 I 4 I 
1763.3 4 

i 

1759.4 >7 

1767.4 > 11 

I 1773.5 9 ! 
1762.1 >9 

REFUSEEL. 
(ft) 

I 764.9 

1763.4 

1758.9 i 

I 755.7 

<1752 

<1757 

1749.6 

1749.9 I 
I 
; 

1747.6 

1757.5 I 
1759.3 ! 

I 

<1752 

<I756 

1764.5 i 
I 

<1751 
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TEST PIT NO. 

AB-14 

AB-15 

AB-16 

AB-17 

AB-18 

I AB-19 

AB-20 

.-\B-21 

·· .-\B-2:: 

AB-23 

TABLE 5-2 

TEST PIT SUMMARY 
SLOPES OF DISPOSAL AREA AB+ 

LOPEZ CANYON SANITARY LANDFILL 

EXISTING I EXISTING 
INTERIM FINAL i COVER SOIL 

COVEREL. I THICKNESS 
(ft) I (ft) 

1742.0 I 6 I 
I 

1759.9 I 8.5 ! 

! 1698.5 ! ) -__ ) 

i 1700.0 ; 2 I 

I 1685.2 I 2 I 

1691.9 
! 

5 ! 
' j I 1622.0 ) -__ ) 

' 
I 

1730.8 i 3.5 I I 

17-+4.1 

l/37.8 10 
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REFUSE EL. 
(ft) 

1736.0 

1751.4 

1696.0 

1698.0 

1683.2 

1686.9 

1619.5 

1727.3 

1741.1 

1721.8 



TEST PIT NO. 

A-1 

A-2 

A-3 

A-4 

A-5 

CEJ !11U-V4i!_PZ9.'\- f J TU!. 

'- A Recycled and ..:..,-;..;.. 
~ Recyclable Paper .r 

TABLE 5-3 

TEST PIT SUMMAE.Y 
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 I 5 

1732.93 I 6 

1744.16 I s 

Gl!oSynti!C Consul!nnt~ 

REFUSE EL. 
(ft) 

1738.7 

1735.32 

1736 
' 

1726.93 

1739.16 I 
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TEST PIT NO. 

A-6 

A-7 

A-8 

A-9 

A-10 

A-ll 

Cl::.J !OO-O.:i!LPZ9R-13.T8L 

\ A Recvcled and .:.."'..:.. 
~ Recycl8ble 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 

1678.8 >9 

1659.2 >14 

1610.0 7 

1570.5 1 1 
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REFUSEEL. 
(ft) 

1731.2 

1713.2 

!669.8 

1645.2 

1603.0 

1559.5 
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TEST PIT NO. 

B-1 

B-2 

! B-3 

B-4 

B-5 

B-6 

B-7 
i B-8 ' 

Cl:'..J !UV-O..J!LPZ9H-! 3 TBL 

I'\ A Recyded and ·--:-.;.. 
-.J Recyclable Papt:r .r 

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) 

I 

I 1707.44 I 3 

1719.02 2 

1732.1 3 I 
1741.8 3.5 

1727.7 5 

1743.5 >8 

1727.57 I 6 

1741.7 I 5 i 

GeoSyntt:c ConKult:mt:-: 

REFUSE EL. 
(ft) 

. 1704.44 

1717.02 

1729.1 

1738.3 

1722.7 

1735.5 

1721.6 

1736.7 
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TABLE 6-1 

POTENTIAL MONOLITHIC SOIL COVER SEED MIX 
LOPEZ CANYON SANITARY LANDFILL 

PLANT SPECIES 

Artemesia Californica (Sagebrush) 

Encelia Califonica (Bush Sunflower) 

Eriogonum Fasciculatum (California Buckeye) 

Lotus Scoparius (Deer Weed) 

i Mimulus Longij?orus (Monkey Flower) 

j Salvia Apiana (White Sage) 

I Salvia Mellifera (Black Sage) 

Salvia Leucophylla (Purple Sage) 

Trifolium Hirwm (Clover) 

[ Vulpta Myuros 

1 StipdG"ernua iFeather Grass) 

Hordeum Californica 

Bromu.x Carinarus (California Brome) 

Eschscholzia Californica 

(California Poppy) 

Lupinus Bico!or (Lupine) 

SoUrce: S&S Set:.:!'-

'- A Recyc.le<i aod .~ 7 ...: 

~ Re<:yclable Paper . ..:_,::,:-

PURITY/ I 
GERMINATION I 

15/60 I 
40/60 I 
50110 I 

' 
90160 

I 

! 
2155 

I 
i 
' 

70/50 I 
1 

85/50 i 
75170 i 

i 

95/85 I 

90180 

80150 

90/80 

95/80 

98175 

I 
98/SO I 

POUNDS/ 
ACRE 

2 

3 

4 

6 

7 

0 
.) 

" .., 

3 

!0 
0 

3 

s 
6 

2 

-+ J 



SOIL 

Decks of Disposal 
Areas A. B. And 
AB+. Slopes of 

Disposal Area AB+ 
Existing Cover 

TABLE 6-2 

SOIL PROPERTIES INPUT TO LEACHM 
LOPEZ CANYON SANITARY LANDFILL 

CAMPBELL'S SOIL WATER 
RETENTION FITTING 

PARAMETER 

SATURATED HYDRAULIC AIR ENTRY EXPONENT 
COND(JCTIVITY INPUT TO VALUE (b) 

LEACHM 

I 
(a) 

(cm/s) 

4.5 X 1 o·• 
! 

-1.34 8.783 

GeoSyntec Consultants 

INITIAL 
WATER 

CONTENT 
(Volumetric) 

0.22 

........................................ ..... ........... .................................. ........... . ... ........ ................ ..... ............ . ........... . ........... ...... ................... . .......... 
Slopes of 4.6 X 1 o·' -0.26 9.703 0.25 

Disposal Area A 
Existing Cover 

~ .. ............. 

Alternative I 1.0 X 1 o·' -2.66 3640 0.22 
Borrow- ~!L 

f ...... ( . ····· .............. 

.-\!ternative 2 \.0 X 1 1r' -I .15 j j'");:;, 
_,.,I--' 0.25 

Borrow- SM OR 
sc 

t 
I If' Prescriptive lx -4.89 3.720 0.19 

Vegetative 
................................... .................... .............................. .............. .. ......... . .... . ............... 
Prescriptive I X 10''' -1.88 5.973 030 
Clay layer 

.'~otes: 

For Silty ;:md Clayey Sand Borrow Sml. miu:1! w:1ter content equal~ optimurn water (.:Ontcnt h.:~.~c;d on Proctor colllp:tct!Oil tes<~ 
For Chapter 1.') Soil.~. initial water (.:Ontcnto.: a;;~umcd from data for typic::tl.silty ~oil:::. 
For Existing-Cover. inito.i! moisture content equo.Js optimum b.:~~cd on Proctor compo.ction rest~ . 
.:1 ;"tnd bare the designation of the J.ir ~ntry value .:~nd t!Xponent in Cnmpbdl'~ equ:.lt!on used 1n LEACHM 

C!:.J /OO·O.J/l.PZ9X-I j TBL 

A. A Ret:ycled and · · 
U Re-cyclable Paper -::-t::-

9S 0-1 (J6/I :>·UI 
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TABLE 6-3 

SUMMAitY 01' WATEit BALANCE PRIWICTION USING LEACIIM 
SLOPES OF DISPOSAL AREA A 

LOPEZ CANYON SANITAHY LANDFILL 

Si!'uub1tiou -~~r Satural 
Hydrau 

Conducti 
(cm/s) 

Prcs(riptive111 =·=··~· ·=·~--~~-~- ~- ---- ;0-:/J~J-h~-

-~-~S-i~~-~-~_;;·:·~-~~:~;:;;·,~-;;·~~-... (·~-~~-~-K-;;i;T.. 4.6 X I ( 

:::_] '"'"' lie Thickness 
vity (feet) 

---·-········- - -··· ... 

::1 .. ' .....•.. !-=2;,1~·1 

Nul.: \'alu.::-. an: ;muual av..:r;1~0.: h;1:--cd llll a IO·yc;u :-!lllllLllluu 

t lJ Titk 27 prc.:.~,;riptivt.: covet 
1 ?) A!tcrnativ(! monolithic ..:ovcr 
I \j Ttl!ab dn no! uc..:c_-.~;u·ily add to lOO'X· due h• rounding 

("f:.J /(Jl!.'U'IW"i·l3 rill 

Root Evapotran-
Depth spil"ation 
(in.) (mm/yr, %)Ill 

···-····-··· . . ...... ·····-- . 

12 :151.7 (76.7'/") 
......................... , ...... 

12 229.9 (50.'1 %) 

Overland 
Flow 

(mm/yr, % )'" 

99.0 (21.6%) 
............................. 

229.6 (50.1%) 

GcoSytltcc Consul latHs 

Change In Percolation 
Cover Storage (mm/yr, % )'" 

(mm/yr) 

- -- --·-· . . 

-6.4 (·1.4%) 13.8 (3.01if·) 
............................ 

-7.0(-1.53%) 4.4 ( 1.0%) 

<JX.Il4.1l6/l.t0 I 
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TABLE 6-4 

SUMMARY OF WATER BALANCE PnEDICTION lJSING.LEACIIM 
DECKS OF DISPOSAL AREAS A, B, AND All+ AND SLOPES OF DISPOSAL AREA All+ 

LOPEZ CANYON SANITARY LANDFILL 

·-

Simulation Satun1t_ed 
Hydraulic 

Conductivity 
(cmis) 

-. -~-~- ' 
Prescriptive111 ltr'!lo''!IO' 

·-- ····· ................... 
Alternativ~ {~ 1 4.5 x 10 .. 1110.5 

............................... 
1\ltc:rn~itivc i 21 4.5 x 10 1110' 

N111..: '.i;!IUL!'> arc aJlnual av..:1ag..: bil\l:d on a IO·y..:ar )o.ilttu!aliull 

I I J Tit!~.!" 27 prl.!scriptivc cov.:1 
1 ~J Alicl!lalivc monolithic nm:r 
1.1) Totab do 1\tJ\ m:n.:~.~:udy add \u !OO'fi- due \U llllltldin~ 

CF-If{)Ufl f'l..W\.1 3 FIJI 

Cover 
Thickness 

(feet) 

--· ------

2/1/1 

2 I 3 
............................ 

2/.l 

Root E.vupotran- Overland Change In 
Depth spiration Flow . Cover Storage 
(in.) (mm/yr, % >'" (mm/yr, % >"' (mm/yr) 

12 351.7 (76.7%) 99.0 (21.6%) -6.4(-1.4%) 
....................... ... ........ .... ··········· ................................. .. .................. , ............ 

12 255.2 (55.6%) 208.5 (45.5%) -8.7 (-1.89%) 
............ ·········· . ................................ ................................. ...... ........................... 

12 143.7 (31.3%) ]19.9 (69.8%) -8.7 (-1.89%) 

Percolation 
(mm/yr, % >'" 

13.8 (3.0%) 
. ····················"-"' 

3.2 (0.7%) 
................................... 

3.4 (0.7%) 

98.04.06/IJ,OI 

~ 
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GeoSyntec Consultants 

. REF BEDDING 
NO. SlRJKE/ 

DEPTH 

DEPn 
(FEEn 

DESCRIPTION 

. 

SAMPLE MOISTURE DRY .,. 
NO. CONTENT DENSITY '( w 

(%) (PCF) 

/.~ 12.<f 1/0.$' 2-tj.Z. 
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I I 
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LOG OF TEST PIT NO. ,4 8-J 

FIGURE NO. 
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BEDDING DEPTr DESCRIPTION !sAMPLE MOISTU;e DRY 
STRIKE/ (FEET) NO. CONTENT DENSITY 
DEPTH ~~~~ (PCF) 
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---
Geosynrec Ccnst.;.itants 

___ , ___ _ 

REF BEDDING DEP_~ 
.. 

jsAMPi:i: 
............ 

DRY DESCRIPTION MOISTURE 
NO. STRIKE! (FEEll NO. CONTENT DENSITY 

DEPTH (%) (PCF) 

Pt::. . P.>~WN S:A>V&>:; -s,<-7, <;;o.Me ~61 A-5-S 
ZFr- l"'tNe'!i> {SA»t/'C.,GV -197-~ Pt£.r Ft<-'-

' 

61t6J1 {,7A7NEZ:>) 5/1-T'f S/t7\ID <-/ -
5' - C~ { C~6CAF} ..,..D ~ ~ 

If-IT II'~# € 5 FT. -· 

i 
I 
I 
I 
I 
' I ! 
' ' I I 

! 
I 

.... 

8 ·BULK SAMPL:O T ·TUBE SAMPLE 0 • DRfVS SAMPLE 

SCALE1"= BEARING= TRENCH WALL: 

OK.· ,eo.-H <GAYv '!..:_ C-!..A-16'/ is.n~ 

v C· C::'l..&V/ .; I c 7 '1 5 ,nv I 

' 

I 
I 

I I I 
: 

I 
; 

I ' .. 

LOCATION: k/?;:>.f 0.-\7=.: i- 13- f8 

ELEVATION: /76 f EQUIPMENT: 8Y LAvi170.( 

LOG OF TEST PIT NO. 4B- 3 

WATER LEVEL: HI" LOGGED BY: C( 

·') Recycled aod FIGURE N(),_,_..,.,.. , ..• 



=---

REF BEDDING 
NO. STRIKE/ 

DEPTH 

DEPT_t: 
(FEET] 

DESCRIPTION 

13/l..ot.o.~N 
1-T· 7-+-N -oi"'>"f• o'lrfi '>tc<'f. SnNJ>, 

tnt-e'LJ ~-r,e G)'t1::S, L $7-".-IN/(\l G,) 
v/ bi'Z-Itv1fl- </ c.o~t-e3 -1'/-s A-73-!/ 

'I ' fh-r -nz!'f'S H-

8 ~BULK SAMPLE: T ·TuBE SAMPLE 

SCALE 1" = SEARING= 

... 

~AMPLE MOISTURE DRY 
NO. CONTENT DENSITY 

-(%) (PCF) 

D -ORNE SAM? LE 

TRENCH WALL: 

~ ----"-· """' .,,... ,/ 

~~~-1..7~.:-:~"'"" ~~~ ..-=~......-- -I S74ttye-:'() St~'T'-l s.--r; ~ 

..,..~ . 
' ~ 

LCCAT:CN: .40~ ;;ez..( 

ELEVATION: I 7 b" 

,,j 
~ . I I . 

\ 

/ 
\ 

_( 

LOG OF TEST PIT NO. .4 8 -f 
WA7C.R LEVEL. LOGGED BY: C.(.. 



=---- ,. ·~.-

DEPn ~AMPl:E 
---- . 

REF BEDDING DESCRIPTION ·- . MOISTURE DRY 
NO. STRJKEI (Feen NO. CONTENT DENSITY 

DEPTH ('!.) (PCF) 
kf Pr~-r Z>!C. ~IZ""-( St<. T 

'I --5'" 
aeew-.J 

L7. 74--r-.[-~'2:-,uvCC 'Stt..7tj 5/'f-r...J'C:::. -,_,./Co t38, ~ G"5.. 7c::> 6"' 
51 >-

l? /C &; /2.£"' -j L S7-"f7 N GD ) ) S tc ''1 S/f'rJ.D 

f..A//&~ f ~·..;g ~ -ro £ rr 

?' 

I 
/VO I~H /?"rl CcuN7G>C-ED 

1 
G!:?Y'/? TcS(P/T I 

' 
I I 

I I I 
I 

I 
f I 

3 -BULK SAMPLE 7- TUBE SAM?tE 

SCALE 1" = BEARING= TRENCH 'NALL: 

. I 

'-- \c.--· ,_ .. _. ~"~&~ "'f'-r &-tv...,. ;:~;"':si- -
r 

> 

L 7. r~ - o a <W(& 

\ . . ~ 
I ~/ (...o 10,10 ce'S ' ! I \ 

I ' I . I 

i ! 
' I 

I ' I 
I 
I I 

' 

ELEVATION 171. 0 

WATER LEVEL 

'\ A Recvde-d and _ · ;. 
.J Re<"yc a e aper .- ,- .. 

··~ :;,: """- c-"Yj 5. r T 1 <;/TN]) 

. I I p ' 
-' &;u>-,-- .j VOS ~<") / . 

-~ 1'------ . ~~' 

i 

' i 
i 

/-;z_. c:-g 

EQCIPMENT: 6X' CA V4 70!( 

LOGGED BY: 

' 

I 
I 
i 
I 
I 

~ I 

~0 NO -uz f--s<-~ f?v''-U...N 

LOGr'FTESTPITNO. ;1-r:, -s 

FIGURE NQ. __ 



--- ~::: .. •,: ., 

GeoSynteC Consultants 

- --· ... -··· .. 
r·, 

( ···~ 

REF BEDDING DEPT." DESCRIPTION ~AMPLE MOISTURE DRY 
NO. STRJKEJ (FEEl] NO. CONTENT DENSITY 

DEPTH (%) (PCF) 

FJIZ<JwN ?lhvr;'f )1~7 '-/•ai'Wfit. ( UJ/38/.Gl To 'I' 
3' r c nt.lfn:u,, ;z_r "''" ~ J 

LT. lkN/!YU>WN 51("T'fSII"ND -/611-Ac</e""L -
£/. U/ti:,$U:,- 612.£1-j SIA:-ININ6 

I 
b' 

I 
Hl7 T!Ur )f/ •.. 

I I I 
I 

I 
I 
I 
I 

I 
I 

i 

I 
f 

I 
I i I I 
I 

8 -BULK SAMPLE T ~ruBE SAMPLE D- DRNE SAMPLE 

SCALE1"= BEARING= TRENCH WALL: 
I 

~ 
~L v r;,>CDVIN S1L-
~ 

/ 
I ~~v7 -r,;-.')- B/LIJ;f r.n<'{ / 
I , Sfh..i . 

\ 

~~~~ b 1-T 
{,Ff" 

I 
I ' ' 

I 
i 
I 

I 

LOCAT10N: f1-P;,t Dii~ · DATE i-1)-1'3 

( 
ELEVATION: /7<;<; 

WATER LEVEi... LOGGED BY: C( 
LOG OF TEST PIT NO. ,4 3-8 

FIGURENOc'~ 
'~ ~~R~~~·~vt~IM~·~··~n~d~,_~-~--~--------~~~~~~----------------J-------------------------------------~ t...J "ttecyc a e aper .:;:_-



.::::: --
GecSyntec Ccnsi.Atar.ts 

,_,_ .•. "'" 

REF BEDDING DEPT!- DESCRIPTION ~AMPLE MOISTURE DRY 
NO. STRIKE/ (FEET) NO. CONTENT DENSITY 

DEPTH . (%) . (PCFJ 

f5/ZOYJN ,,~7 '1 ?-f7VP 

z' -
!!'X C/fl/",4 7/il)) 7~H {_tN Ftll.5713vccer 

€. IS"- Z.FT· -

-

I 
I I 

I 
I 

' 

I 
i 
I I I 

8 ·BULK SAMPLE 

SCALE t• = BEARING= TRENCH WALL: 

·>t'~~"'"~ ._PT H77 / H 

I I 
5 ' 

I I 
·--1 

i 

i 

I 
i 
I 

' 

I 
I _ _j I 

~ M Dv'C?) "'1 0 ~ 9 ~ {r C N rrJ t_O<.v- $. ;~r,) 

"" c>'L-<C.•AI,...~'-'-1 C"-1 6-4 rr "'-Ce 'D~7 ,->c4 

f6r ";:, I LOG OF TEST PIT NO. rr r 

ELEVATION: /7<J-Cj EQUIPMENT: f'I.GA VA/oe 

WATER LEVEL: N I ~ LOGGED BY. ( (. 
.. I 



-=---
GeoSyruec Ccnsutants 

,.. 
(I • ... --·""'' '"•• ----- ... ---- -. --··· 

REF BEDDING DEPT~ DESCRIPTION SAMPLE MOISTURE DRY 
NO. STRJKEI (FEET] NO. CONnENT DENSITY 

DEPTH (%) (PCF) 

b LG'11 -13P..w IV ~'~7<-f s~o 

'-'/ 6/!.~ ; ' '/-'' -t..O~IJ!6 TO 

y' - IHT T~~ e 'f pr: S T<->f'i'eD .. 

I 
I I 

I 

,. I 
I 

I 
f 

' 
I 

3 ·SULK SAMPL:O T ·TUBE SAMPLE 0 ~ CR!VE SAMPLE 

SCALE~-= SEARING= TRENCH WALL; 

( 
I 

I ~~~"7~ It 
I I I I 

I I 
! : I i 

I ,_;, ' I ! I i / ! 
I 

I 
I 

l ' ~ T£A-S_,j ( ' ! I ~Fr ! 
I 

I 
I 

' 

' 

I 
; : 

I 

LOCAT;CN ki!:>-1 Df;CK: 

ELEVATION: 17 h ( .) 

,_ ______________ ( 
LOGOFTESTPITNO. Jh3-lo 

WATER LEVEL: LOGGED BY: 



---
GeoSJ")tec Conso!tants 

REF BEDDING oePTI-
NO. STRIKE/ (FEET) 

DEPTH 

3' • 

'I' 

I 
I 

8 -BULK SAM?L~ 

SCALE1"= 

5 

i 

ELEVATION: !7b3 

WATER LEVEL: 

A Re1:vcled lind ·- _ 
e-cycliihle.--'Pap.er .. :.,.-

·--. ,,_ 

SAMPLE 
?< I OESCRIPnON MOISTURE DRY 

NO. CONTENT DENSITY 

I (%) (PCF) 

b~ St, 'T% .,_A7vD wj ,-cmrGL 
CST"" Nl?P) {f~P~G'D) A-!3-11 lf!,S "! Z· 'f 

(../. TA-Tv-c:;f!:,;;•/65 , "7'1 "Srl"N c ~; . 
• b /2-.'tY ""- !?"""'-'"' 

l.f?T '7'12../f-SJ.i AI c.; P"r-. 

.. 

0 ·ORNE SAMPL~ 
w·~.<.-S""}..;C:t '7'7=,::::> 

3 _ '{II '../~'·') /'.,-~:;/ ;;--:"', 

SEARING= TRENCH WALL: 

I I . I I 

I 
I I ! ' 

I 
I I I 
I I I 
I I I 

EQUIPMENT: CXC.-1 V4-Tol( 

LOG OF TEST PIT NO. 
.1 ;>. -I. rt _.. I 

LOGGED BY: ( ( 

FIGURE No.____:j .. 



-=---
GecSyntec Consultants 

f 
··-'-· - .... _, ~~ ~··-······--·~.~~ ( 

REF BEDDING DEPTh DESCRIPTION SAMPLE MOISTURE DRY 
NO. STRIKE! (FEET) NO. CONTENT DENSITY 

DEPTH rkJ (PCF) 

t I • 
V"'· W<:-@1 ~IG"7:'-j ~~C> 

:; ' - C7 ~SIC:! S.A-7"'~' .D -
&<!-<><v 

Stt.--r'-j <;~ I . • I. 7· 7 47'/ . ",., h'·'6 • 

~/,;,a.A-VA. 'I GQ313L6$. I 

I ''f ·~- -~ <7~5 
... 

A.io t/L~H f?Y'~·c_c;v /'./ ~~ 

G'Y'O::> -r~"TPt'T @: '&7' FT I 
I 

I I 
I I I 

I I 
I 
I 

I I 
I I I 

I 
I 

' 

I 
i 
i i I 
I I 

8 ·BULK SAMPL!: 0- CRNE SA,\1PLS 

SCALE 1w = B!:ARING = TRENCH WALL: 

( 

--

' 

I 
I 

I I 
I 
I 

I I 
I 

' 
I 
I I 

LOCATiON ;t-13 + Ot2 C DATi!::/- IZ-"5 

( 
ELSVATiCN: /75"/ ~----------------------

LOG OF TEST PIT NO. ;.1 (3 -/7 
' -

WATER LEVEL: LOGGED BY: CC. 



---- ~~ ,",),'' .<'·~'·· 

.;·~ .. ~~ ·.::~: ·~-·~·. 
~--------------~------------------------------~------------~--

REF BEDDING OEPTl 
NO. SlRJKEI (FEET] 

DEPTH 

I i- No I /I 

I 
8 • BULK SAM?LS 

SCALE1"= 

LOCATION: if-6 -r DEZ.K 

ELEVATION· i/b 7 

l WATER LEVEL: 

"\ Re-cycle-d aod 
.d) 

DESCRIPTION 

1.-7· 7A-N 'IL-r'l $;foND ~.vj 
67Z..4-yt~t- { COM '-fl 

-rll.A>f{ er~ UJI/Nret.8ZJ 

T- TUBE SAMPLE 

SEARING= 

SAMPLE 
NO. 

-· 

D • DRfVS SAMPL:; 

TRENCH WALL: 

I 

I v 

I 

"'-.. ~ 
------~----, ~ , r 7~ 

! 

MOISTURE DRY 
CONTENT DENSITY 

(%) (PCF) 

-

.. 

I 

I 
LOG OF TEST PIT NO. (18 -!3 I 

LOGGED BY: 

FIGURE NO.-' 



=---

R"- BEDDING DEP.)2: DESCRIPTION SAMPLE MOISTURE DRY -~ 
NO. STRIKE/ (FEET] NO. · CONTENT DENSITY 

DEPTH (%) . (!'CF) 

PIC. 8 fl.<>""'N Soll"M;>'J $tcr u.( C.L!~ . 

'" - (Fitee "Pill.."T F1c.t.-) {<AJe"T .;<o.o !OS'"· b 

btz.!:J1 ~PING $11.-"T { Sf'i"Y>1Pt..eD) 4-Bzs--, -
.• I I -

/.. -r. -rA?.t 5A-NDVj 5n--r 
~ 

3' ~ 
OMZ..t:: 0/U!WN 51/.. 71 5/r1Y'I"::> {FtL'-) 

' 
5' - ' I 

lft:N/ I 

/..7- P;TLOWN $1f..7"J 5Jl"ND (.PI ~r-s 

I 1' -- Wi3B~C:$ · 
I 

- I 

~ 

/ / . 
YLKSAMP•-= T • TLSE SAM?LS C ~ORNE SAMPLE 

SCALE1"= SCARING= TR:ONCH WALL: 

""P!l.ee 1>1 L'T" ftl.-\... I I 
( 

.I I-{_ 

I\ &a.."'i.,~s ~~ I I ~ 

\ ' L-T 11T-/ Sfrr.-0!.1 ~ i c T 

I \_ ' 
. ! 

I ' I I 

I I i !en I 
~11.-CWN :il L Tel S !+:N f) I 

'. 
~~' 

' 

L-1-:~ Foy~/,/ 

LOCATION: 

ELEVATION: EQUIPMENT: _f\). 9 Cj ~ (l.C. 

LOG OF TEST PIT NO. lt-13-Z.':> 
WATER LEVEL: ,.J If\ . LOGGED BY: 



---
GeoSyntec Const.ttants ._,, -· ; 

DEPJi; . DESCRIP110N''. ~AMPLE 
.. . . 

REF BEDDING MOISllJRE DRY 
NO. S'TRIKEI (FEE NO. CONTENT DENSITY 

DEPTH (%) (PCF) 

/3/?..o<--.JN >;L7lf $~.0 
(La7S Pr l. ~/rVC7.. ~ (l>'3,JS~ - -

70 /3~Lo~s. rP-r¢) J 

S747Nep/ S7~)!:..CD ,_vl7f! 6m-cj I 
I 
' 6 ' - 1- I-+!T 7/Ut""f-
I 

i 
I 

I 
6 ·BULK SAMPLE T. TUBE SAMPLE 0- ORNE SAMPLE 

SCALE 1' = BEARING= TRENCH WALL: 

~ I 

I 
I 

I 
I 

i I 
' i::: "~ I 

I 
I 

$1 ;.,.'"'CI._.; I 
I 

I -:-:s.-'":0 -' ~ ~:'. '- ~"'"' ' I '-------,-- '-.. 
' 

I ' 

LOC.t.,TION: A::> -r 5 LOPES D.A.TE: 

ELEVATION: (7<12-'f EQUIPMENT: CXL Av ti IDZ 

LOGGED BY: CC 
LOG OF TEST PIT NO. AB -;if-

WATER LEVEL: N j t>, 

FIGURE NO. __ 
'\: . . 
...- Re<:ydahie Paper · -"···- ·· . . . . . 



---
···.~i . .'\-:i,t~·-<:;.;:~ ~': :~; :;· \"-, 

···~ ........ ~ ... ,. ···-·~- -~--"'"""-•'""'_,;"-· '··'-~·"·''·-

REF BEDDING oEI'n OESCRIPnON SAMPLE MO~TURE ·oR.Y.. 
NO. STRIKE! (FEEl) NO. CONTENT DENSITY 

DEPTH (%) · (PCF) 

!3 IZOtAJ ('I 5!t.. T'f S;f7-.JP -t..V/ cof38u£J:. 

tj·G - H"!T Tt.,;f5!1 

I 
8 ·BULK SAMPLO: T ·TUBE SAMPLE 0 • DRlVE SAMPLE 

SCALE 1"= S:ARING = TRENCH WALL: 

I 
~~~ 

i 
' 

I . '6N>· .JN I sIc_ ""TA I 

( 

I SiY ~~ ~ I 
C<>/3 ~& 6"5, . 

I I 
I 

~~ I ' 
io.<' Fi" ·- _,..,_ .. <H 

~ 
• 

DATE.: 

ELEVATION: EQUIPMENT: 

WATER LEVEL: rJ [ P( LOGGED BY: ( (_ 
LOG OF TEST PIT NO. db -;s-

FIGURE NO._ 
._.;...; 



=---
·,_. . .._. ...... . 

I 
REF BEDDING OEf>Tl:' 

. 

SAMPLE 
,~;·, 

DESCRIPTION MOISTURE CRY 
NO. SlRJKEI (FEET) NO. CONTENT DENSITY 

DEPTH (%) (PCF) 
I 
I 

$tLT'j '.>A-N 1::> l ' f!,l2.oWN I 

I 9-""e &£-"'j :57/f/N/Nb -
Z·>- 7~A:SH e Z·S"- 3FT" ' 

I 
I 
' -· I 
I 
I 
' I 

i 
I 
i 

I 
I 
I 
l 
I 

8 ~BULK SAMPLE T ·TUBE SAM?LE 0- DRIVS SAMPLE 

SCALE 1" = SSARING = TRENCH WALL: 

- ------ ' . --+---

ELEVATION / (,. if 5 ·) EQUIPMENT: f?f.(A VATO"-. 

l WATER LEVEL: N )1; 

Re-cycled and ... ,.. .... 

LOG OF TEST PIT NO. .4;e:,-!f:, 
LOGGED SY· CC 

FIGURE N() .. -



=---
Gec.Syntec Cor:s<Atants c.· .. 

REF BEOOING 
. 

DEPT!- DESCRIPTION ~AMPLE MOISTURE CRY 
NO. STRJKEI (FEET] NO. CONTENT DENSITY 

DEPTH (%) (PCF) 

/:)1:. J312o.vA/ LUrl.f iilf I ,;J '--r;,:: ,.,,n•,u:> ( "'<!b::t J 
/," 

2'-

8 ·BULK SAMPLE 

SCALE 1" ~ 

ELEVATION: 

WATER LEVEL: N! A 

,1<4tJ NOeD · t:./-h>7$f'07 

c,~ry{s74tHFD) -a.e.owN 
:5>rN"D 

7 ~t.-A-S,.,. e I ;=T- 2FT 

T ·TUBE SAMPLE 

BEARING~ 

EQUIPMENT: t;Y(A Vll/o;<: 

LOGGED BY: (.' (_ 

$/(..7'1 -

-

D • DRNE SAMPLE 

TRENCH WALL: 

~WN (lft'1Cl-15i<J~ S,/lr'D 

\ . 

I 
' 

'i 

( 

LOG OF TEST PIT NO. A- g- JT 

FIGURE NO._ 



REF BEDDING DEPTh 
NO. STRIKE/ (FEEll 

DEPTh 

1·$- - -
2 .1? 1-

I 
8- BULK SAMPLE 

SCALE1": 

ELEVATION /{,.~$""" 

WATER LEVEL: N I A 

DESCRIPTION SAMPLE MOISTURE , CRY 
NO. CONTENT DENSITY 

(%) (PCF) 

I$1!.<7W N $A7V D 'f 'S / <-T { ~kn-' r< ev) /t-3-IS 
JZ.dOTS 1 v<:"Tre TA 7iorl 

;>+ f3V(.k;.CT) 
-

thT T..eA-SH {_ _..-/N 

- I 
I 
I 

' I 
I 

I 

-

T- TUBE SAMPLE D ·ORNE SAMPLE 

BEARING: TRENCH WALL: 

EQUIPMENT: CIC.il V4 ToR_ 

LOG OF TEST PIT NO. ·· s -;s r 
LOGGED BY: (" C 



-- , .. ·;-' .. ., .... ~ ...... ,. ... 

... 
REF BEOOING 

. 
DEPT~ OESCRJPT10N SAMPLE MOISTURE CRY 

NO. STRIKE/ (FEEi) . NO. CONTENT DENSITY 
DEPTH (%) (PCF) 

. 

LT. 13/U>u.JN $/J.. ''I 54-Nt::> 
-

5'- !- H7l '"'7f2.A-S rt -· 

. . 

8 -BULK SAMPLE T ·TUBE SAMPLE 0 • ORNE SAMPLE 

SCALE 1" = BEARING= TRENCH WALL: 

I ~ ~ I 
\ 2> t.:c<N 

\ SJ\-ND cs::k . 

>' ,c.J . i>!k- T!Z-/+slt <:! ' <<'•••'•'•<• ..•...... 

~ 

~ 

LOCATiON: .4-8 + -:;y?£5 OA~; f- lb - f g 

ELEVATION: !G"fl. 7 EQUIPMENT: 5X<:AVfl7ZJ/C. 

WATER LEVEL: ,.., I A LOGGED BY: cC.. 
LOG OF TEST PIT NO. tl:f3 -! "i 

FIGURE NO,~· 



n 
I, 

-=---

REF BEDDING .· DEPTt-
NO. STRJKEI (FEE1l 

DEPTH 

Z·> 1-

,. 

8 ·BULK SAMPLE 

SCALE 1" ~ 

: 

I 

ELEVATION: 

WATER LEVEL: 

.... ~ 

DESCRIPTION SAMPLE MOISTURE DRY 
NO. CONTENT DENSITY 

(%) (PCF) 

' 
bK-&J {5741A/t:l::>) ' 15/t-0 ""'"' • ' 

"5-4"7v"?? 1 S;c-r - . 
z. s- - ;. rr ;.n -r ''"-ASH 

.. i 
' ' i 
' ' 

I I 
' i 
' ' I 

I 
I 

T- TUBE SAM?L:O 0 • DRiVE SAMPL:O 

8!0ARING • TRENCH' WALL: 

I 
' 

I ~ 
: 

I 
I 

i ' 

I i I I ' I 

;-ib-98 

EC:UIPMENT: ~i/./f7ZJJ?.. r------------·-·.-

LOG OF TEST PIT NO. 
LCGGED BY: CG 

FIGURE NO._ 
~t~~~;y~cl~~~·~an~d~·-~-~-------------------------------------------1------------------------~~~--~~ 



=---

.c -· . ~. - ( 
REF SEOOING OEPT~ DESCRIPTION bAMPLE MOISTURE CRY ~ NO. STRIKE! (FEET] NO. CONTENT DENSITY 

OEPTH (%) (PCF) \ 

1/.0:::. /!>!l.OwN $4-?VO'j S/L. 7 I 
.J.$" f- 11"17 7~# I - i 

! 
.. 

I 
I 
I 

! ' ' 
' l I 

I 
I 

I i 
i 

I 
I 

I I 
I 
' i 

8 • 81.JLK SAMPL:' 7- TlJBE SAMPLE 0 • DRN:' SAMPLS 

SCALE 1• = SEARING= TRENCH WALL: ( 

~ 
~ 

' \ 
1\ 

I i I \ . I 
i 

~-f I I 
I II I,Z?c<,r;/ I 

' I 
I 

I 
•' --

I 

I 
' I 

I 
i 
I 

LGCATlON: ,4/;)-f 5C.CF'C::5 OA~: 

( 
ELEVATION: EQUIPMENT: tYCAII/1- 7oR. 

WATER LEVEL: N I A LOGGED BY: C. C. 
LOG OF TEST PIT NO. At3 -Z/ 

- c FIGURe NO·-::-
A A , .. 
(...) RecvcJS.ble Paoer . ..:·.--



--

(: 
REF BEDDING .DEPTl-
NO. STRIKE/. (F!;ET) 

DEPTH 

'f' ' 

.• 3' - ~ 

8 - SULK SA~IPLE 

SCALE1'= 

I 

DESCRIPTION 

'l'.o;-,_~-- .. -.... ~-·~ 

:•.~~;~ ·,~·~ . 

~AMPLE MOISTURE 
NO. CONTENT 

(%) 

""" ~ 2-Dw 1'1 ~A-1-VP<j ~11..7 Cvti?, oVj:')e. H?>7YW"jJ 

b 1(. Ctf - I!> ZtJ w,N $11..71 <;,"'-Tv= -
/..f-77 7fZ_ A-s ,r 

-· 

7 ·TUBE SAMPLE D- ORNE' SAMPLE 

BEARING= TRENCH WALL: 

DRY 
DENSITY 

(PCF) 

I 
' I 
i 

I 

I 
I 

ELEVATION: (7'f'f. D EQUIPMENT: t;)<CA-t/A-rof<: 

WATER LEVEL: N I fr 
-l''\ A Re:<:vcled and ~--' 
._..) Recyc ~ e aper --.- -

LOGGED BY: CC. 
LOG OF TEST PIT NO. 

FIGURE NO._ 
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( ) 
REF SECC!NG OEPTt- DESCRIPTION SAMPLE MOISTURE CRY 
NO. SlRJKEI (FE Ell NO. CONTENT DENSITY 

DEPTH (%) (PCF) 

f?,Low-AI $1/..7'1 $A-N..::> 4..!3-2.3 

( '>A'»?.P '- t::D) -
/YO b .e.G\j S7fl"tJ/\//N6 

-

I 

10'. ...... )/-; 7 7~ fi 

B- SULK SAMPLE i. TUBE SAMPLE D ·ORNE SAMPLE 

SEARING= iRENCH WALL: SCALE1"= 
( 

\{~, ''" I 
I 

I I 
I 

I l \ I I . ~ 5<-oPe, I I 

\ 
I 

~·. 
' 

' '~ 
.. 

1,~ 
__,./'l 

""' I 2-' 

~ t /[ 
),0 I _____.....-

'(..- ~ vc N rtt:c_ 
1111 Ti-1\'Sr rf2 ID-l'Z r:k- f1!\1 

II-I: 

( 
ELEVATION: 1 73 7. 8 EQUIPMENT: exc.Avf17b!Z 

WATER LEVEL: N I A LOGGED BY: C. C. 
LOG OF TEST PIT NO. 

FIGURE NO--
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GecSyr.tec Ccnsutill1ts 

( 
REF BEDDING. DEPT!- DESCRIPTION 
NO. ST'RIKEJ (FEET] 

jsAMPLE MOISTURE DRY 

DEPTH 
NO CONTENT DENSITY 

(%) (PCF) 

t... -r. '3 /Z.o«J AI I 0 /Z.A-Y'I" OS' :S/ '-'1 
-:;.,..,..-r.;o <VI b/U'I'V eF~.- ! cP41SL.5S -
~e bd--fi!J <;:,7/t-G)q-/CS /srA-'AI/NG 

I 
' 

I •.. 

1'. l- TIZ.A-SH @_ '7FT 
I 

I ! 
! 

I 
I 

! 

I 
8 ·BULK SAMPLE T ·TUBE SAM?LE D ·DRiVE SAMPLE 

SCALEr= SEARING= TRENCH WALL: 

1\ I (...T !3fU/./1J o!ZA1V<;c 51 ry/ l I ~.10 

' 
. 

I ' ' 
i I I I I I 

i 

~J 
I II 

I 
I 
I /, . ! 

i :J 

LOCATION !i& +DEC( C~TE: j- l'o -q '6 

ELEVATION { 77 3 EQUIPMENT: c"f.CA\{fi"/Of2. 

WATER LEVEL: ['{ I A LOGGED BY: CC... 
LOG OF TEST PIT NO. ~1 

FIGURE NO.~ 



Ge-""'....Syr.tec Consultants 

REF BEDDING DEPT~ DESCRIPTION 
NO. STIRIKEI (FEET) 

OEP~ 

L:r. ""/2.ow AI :S / <.. -zy s "r-Nl::> 
( 7"<-N/oti.AYVoc ·SAmE ....S >'f- 'f) 

5<:>Mt; 61/..+vGI... ' ' caf:!,St_c~ 

bs'.- 1'/o T.LtSH erv~ N7e>e.-c .... i'::::. 

I 
8 -BULK SAMPL~ T ~TUBE SAMPLE 

BEARING• 

I 

I I srt"N.D I I L-T- P>~ 5 "'1 I I ' 

' I I 

5' 
t I 

' 

I ~ _/ I 

I I ' 
t ! 

I 

LOCATIOt-i: 4- c;tCZ_ C OA7E.. t'-J'i-'iS 

ELEVATION /7'tS: '/- Z EQUIPMENT: /::."'f.( .tv A TOR_ 

WATER LEVEL: N /flo LOGGED BY· C.<. 

~AMPLE 
NO. 

I 

f 

0 -ORNe SAMPle 

TRENCH WALL: 

/A 
/ 

I 

! 

I 
t,.s~ 

I 
' t 

I 

I I 

MOISTURE 
CONTIENT 

(%) . 

-

-· 

CRY \ 
DENSITY I 

(PCF) 

I 

I 
I 

I 
I 
I 

I 
I 

. 
I 

! 
I 

I 

! 

( 
I 
I 

( 

( 

LOG OF TEST PIT NO. A-; 

FIGURE NO._ 



GecSyntec Consi.Jitants 

( 

REF BEDDING OEPTJ- DESCRIPTION SAMPLE MOISTURE DRY 
NO. STRIKE/ (FEET) NO. CONTENT DENSITY 

DEPTH. (%) (PCF) 

6'' - c.~ C WA-$Ht:J7 c?f"' '$/OCK..f"'/t.-5) 

-
~ c:r: .8/Z<::JW N - O/Vf7vb 13" Stc.:-r'f 

. Co~ s7~NIN6) 

'-'-'/ 61Z- FtV 6'L <' t:..t:>/31!>~ 70 6~ -· 
' 

6' - H7T T/Z.A-SH €. I:,FT 
I 

I 

I 
8 ·BULK SAMPLE T. TUBE SAMPLE 0 -ORNE SAMPLE 

SCALE 1"; BEARING; TRENCH WALL: 

" 

II 

I 

7 
LT· 6£.a.J"-i • CIZA-N' G'Ci / 

St 1... -r'i S A-7 uo I " ! 
i ' I I 

I I l/ ·j ~ \- ~~fl 6 ' 
' I : I 

I 
I 
I 
I 

I 
I 

I 
I 

I \ 

LOCATION A-- 1)t=r_K_ DATE {-!f·'fiJ 

ELEVATION: /7'f/ EQUIPMENT: !?'( C-4-V A ToR-
..;.. 

WATER LEVEL: ."-1 /A LOGGED BY: C.c 
LOG OF TEST PIT N 0. ;/. - 2 

~~R~~~yC~!N~·aWn~d~·~·~-~--------~--~----~~~~~----~--~J-----------------------~F~I~G~U~R_E_N_c_.~--
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GeoSyntec Consultants 

( 
REF BEDDING DEPn DESCRIPTION rAMPLE MOISTURE DRY 
NO. STRIKE/ (FE En NO. ' CONTENT DENSiTY 

DEPTH (%) {PCF) 

Dt::.· <6>/Z..IJW/'J Si/(..' 
6" 

1.-t· $/U>LA..I "-! ~''-''f smvD -
{ fr/1.-<... "'1 ~-r~s- S'T-'f7N/N6 J 
( S.-tYl1 c A S. A-- <1) 

•.. 

5' 1- >n'T -r~tl 

I I 

I I 
8 -BULK SAMPLE T- TUBE SAMPLE D- DRNE SAMPLE 

SCALE 1" = SEARING= TRENCH WALL: ( 

5 

' 

I 

LOCA11CN Jt - D CZ. K DATE. I- I y-'1 B 
( 

ELEVATION: EQUIPMENT: e;<CA-VA70IZ_ 

LOG OF TEST PIT NO. 
WATER LEVEL: LOGGED BY: C ( 

1'\.. Recvcled lad 
J Recvr a e aoer .-,--

FIGURE NO._ 
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GecSyntec ConsuiUlfllS 

REF BEDDING DEPn DESCRIPTION !sAMPLE I.JOISTURE DRY 
NO. STRIKE/ (FE En NO. CONTENT DENSITY 

DEPTH (%) (PCF) 

~ T e,,eo w-N - oa..mvuc >!r...T'f ~ ~-f 
C 5-'M'II' <-E{;,") -

b' f- T /Z-A-5 It- €_ to F T •. 

3 ·BULK SAMPLE T- TUBE SAMPLE D ·DRIVE SAMPLE 

SCALE 1" = BEARING= TRENCH WALL: 

~q - ofl-fir'J<£ l"N~I 71 I 3 ,--, 
I 

I . I 

I I I Y i 
~~ 41:5H- e 6 rr 

I 
I 

' 

I 

LOCA110N: h- pc;cK.. 

ELEVATION: E Q U 1 p M ENT: G'x CJ'h/1'/-Tvl(, 

LOG OF TEST PIT NO. 
WATER LEVEL. :..OGGEC SY: 

> Recycled and ...... c 

~~~~~~~~---------------------------------------L----
FIGUR~ NO ... 
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GecSJmtec Coosultants 

'· ....... ' 

(' 
' 

REF BEDDING OEPTr OESCRIPllON !sAMPLE MOISTURE CRY 
NO. STRIKE/ (FEEl) NO. CONTENT DENSITY 

DEPTH (%) (PCFJ 

6'' -
t>£· 8/Z.c<.J>..J SIL.,. . ~· AS/:;~ ;nr:;.r_ I ~;:::; S. 

S' 

S -SULK SAMPLE 

SCALE 1'" = 

5' 

LOCAllON: ,4-- DEZ ;:_ 

ELEVAllON: / 7 'f'f 

WATER LEVEL: N I A-

..1\.. . Recvcled aad .~ ~ 
(...) R~yc a e aper .-,--;-:-

-rttrv $/C-7Cf sKN'D 

iR-IrSH <2. 5 FT (L-A-

!)uTUVtiD p e'J6/I-I > . ) 

T ~TUBE SAM?U: 

SEARING= 

I 

i 

CATE: 

LOGGED BY; ( <: 

-

-

?toT-

' 

0- ORNE SAMPLE 

TRENCH WALL: 

€.sl 

I 
I 

I 

I 

LOG OF TEST PIT NO. 

FIGURE NO._ 
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NO. 

I 

I 
! 

---

BEDDING DEPT_I1 DESCRIPTION :SAMPLE MOISTURE DRY 
STRIKE/ (FEET] NO. CONTENT DENSITY 
DEPTH (%) (PCFJ 

6''- I pr OJ:. JS~AI t.:.-'-";! ti1f -sn_r ! 
( CA-S ~ ·J.) 

i 

t>K. .o t"Z-~'"'1_ S/ ~ 71 ~D -
' 

{ ~ 7" 4-7 '"'" """;J ' i 
I 

::,' T 
@ !3 / ~ CnVN,L:._t A;:s,P~-ri .. 

ccnv~s·n: 

'"" I 
7' - vJ::. . .g;zp ... nl ~tVT'f >A7VD /Vl/)<'8=> 

~I 7ff- (_A7Vf6' ~'PI-f>H-7 cfNAJJ::.S 

I )('No ~7tf13YZ_ 7/!..A-S/"1 {it;. f'l/117tC) 
I I 
I f 

. 

8- BULK SAMPLE T- lUBE SAM?LS 0- DRP/C: SAM?LE 

SCALE1"= 

7!- ~~p/l'v-6 "t'.:J cJlii'!tA-"l.:>_L 7t.r1 :'> ~Of=" ,;; ·c>E;Z,c So <-I? "<.<./u./"76'72-" .=, ~'
_k7,Pu-m7 1 urrv?"...e/e -b~s. 

SEARING= TRENCH WALL: 

b !C. "';d..fJ"-',..; :..V"'-1 i!V] ,;, LT / 

'\ 
""· pc-~F1 .-~~ 4p ' 

~- S r c... Tf,' ;/7'/D ~~~ 1!5?;,?;-f-T Ct-1-vr~·.t::::: s:.... I 
' ! 

I "~: ~ - -- - +- .. ' - _/, ! . 
~GW~~~~~ / 

I I I I 
' 

I I 
I 

I 
I I 

LOCAnoN <=, - i70. K DA~. 

ELEVAnON: {707. r-----------~·--·-

LOG OF TEST PIT NO. 
3 _, 

WATER LEVEL: LOGGED BY: C C. 

I 
~ Recycled aod ·'; ..;. FIGURENO. d 



GeoSyntec Ccn:suitants 

REF BEDDING DEPT!- DESCRIPTION SAMPLE 
NO. SlRIKEJ (FEET) NO. 

DEPTH 
"'""' o.-T~-".-~ .... "' ~~ Slc7(/l'$ a-~; 

O-;s-' t...r. 7,..,-rv :s.-~ ''1' s~ D <-/ 6-v'WCI-
r-> f- l ~ete; £(;) 6 ;t 

z.' 1.-tttl/fC: ? HV ,NJ::- ":. ASI"'~T 'I 
bli..e'-t ( S 7-'f?Nt:'l)) 5"-''f s/17Vc 

6P i- 7//A-SH €. f. r- r 

I 

8 ·BULK SAMPLE T ·TUBE SAMPLE D ·ORNE SAM?L:O 

SCALE1'= B::ARING = TRENCH WALL: 

~ -·c.~ ~"''-'::Z ~~: -.-/ '·. c:~ g 
1 VA 6 "-~:'Vf {. 57A' N~) ~~'-'7'r7/ ' rr~ ~ I ,(_l,.n/11):5 ~ 

l 
'..;: 1 

6 PT ~~1r 
' ' 

I I I 

LOCATION DAlE: 

ELEVATION /71 q 

MOISTURE 
CONTENT 

(%) 

-

--

·- -.· ,. ' 

DRY 
DENSITY 

(PCF) 

I 

( ' 

I 
I 
i 
I 

I 
I 
i 
I 

I 

I 

( 

( 

LOG OF TEST PIT NO. 8-;:J 
WATER LEVEL: N{ It LODGED BY: (<-

FIGURE NO._ 
~ ~R~~~vc~IN~a~od~-~-·~~~-------------------------------------1----------------------~~~--~~~ t-J t:tecyc a e per .-.: -· 



GeoSY,r.:c Consultants 

,.-, 
' 

REF BEDDING DEPTI- DESCRIPTION !sAMPLE MOISTURE DRY 
NO. STRIKE/ (FEEi] NO. CONTENT DENSITY 

DEPTH . ('h) (PCF) 

"'. 
t:>IC.. l?tZo...vN ~Vr<j.-y <;/~7 t>~PUZ>) . ~-.!> 

-
0/l.oi.JN '511-T'f $A7Vi".:>, 57 -"1-1 /V CP 

(;?Ui'1 

3' . 1- rn-r ..,. 12-A-~r ~+- •. 

' 

I 

I 
' 

3- BULK SAMPLE T ·TUBE SAMPLE D • DR!YE SAMP u: 

SCALE 1" = BEARING= TRENCH WALL: 

I 

I\. .r:..tf..,(;)vvN StL.T 
17 I 

~~e=~/6~e / 
I 

' I I s~P I 
i ' I 

I 

i ' fl r r;Z-1"'5 n- € ?' I 
I I ' 

' 

I 

: ! 

I I -

LOCATlON 13 · PE:C.C DATE: ;-i'/-18 

ELEVATION: I 7 3 2 EQUIPMENT: c'XCA VA7o-e ,------------·-----. 
B-3 LOG OF TEST PIT NO. 

WATER LEVEL: N /A LOGGED BY: c G 



GeoSyntec Consultants 

REF BEDDING DEPT~ 
NO. STRIKE! {FEET) 

DEPTH 

' I 

' 5.5 

8- BULK SAMPLE 

SCALE1"= 

_y5' 

'-

I 
I 
I 

DESCRIPnON 

1»C · 13/l..ow .<1 $1t...T 

5l~"t'1 SmvD 

btUlj I ~;u, 1.<./1'..[ :$ 19o'J..? '/ ,, &< 

. "-b) 

t-h r r IZA"Srf e_ .3-s-· 

T- TUBE SAMPI.E 

BEARING= 

I 

I 

LOCATIO.~ fi:, Pc C K. OA~; 

ELEVATION EQUIPMENT: EYC4 VttTol(,' 

WATER LEVEL: ~ I "' LOGGED BY. C C. 

a Recycled and 

:-.·•: 
. ~ _, '· .·• . ..... 

( 

rAMPlE MOISTURE DRY 
NO •. CONTENT DENSITY 

r-"J (PCF) 

($A>''-1fff~ -

-·· 

! ' 
l 
I 
I 

I 
I 
! 

I I 

0- DRIVE SAMPLE 

TRENCH WALL: ( 

I 

"'Moue> r.,. 'I Pt'"F reAr>-!? vt=' 7D vc30_ ( 
:<::.e S<...:tt..v c t::""'V e oN s 17 <£ CJC t::'V 

)\ 

LOG OF TEST PIT NO. !-~A 

' ) 

FIGURE NO. •. I 
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GecSyr.rec Consultants 

REF BEDDING DEPT_!: 
NO. STRIKE! (FEET) 

DEPTH 

s;' -

6 ·BULK SAMPLE 

SCALE 1" = 

I 

DESCRIPTION 

B~t»N $-'L7'f/ ~e>f 
Cv6b. GL>~-vc.<..-4) 

fYPV&> 

- lhT 712A-SH ~ S' FT 

T ·TUBE SAMPLE 

BEARING=· 

\ 1/ C.. c. A- r/E?v-

1'----.. 
I /2-<r-> r( 

: 

LOCATION: f3- Dr3C-C.. OATE. I~- 'f f3 
OM vfl;> )TOC/KJ';ce- L~w!E>T Fbn·-tT 

ELEVATION: 170 "'f EQUIPMENT: ~ 7V..f.. 

WATER LEVEL. ,""'-:I A :..OGGED BY: C..:: 

~ · Re<:yded and 

., 1 

.. ..... 

isAMPLE MOISTURE DRY 
NO. CONTENT DENSITY 

c•.<.) (PCF) 

-

... 

D • DRfVE SAMPLE 

TRENCH WALL: 

v 
''7 I 

I 
' ! 

i 
i ·----.-. 

I 

I 
I 
I 
I 

I 

LOG OF TEST PIT NO. 8 -j;,-

FIGURE NO:_ 
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REF BEOOING OEPT_I: DESCRIPTION SAMPLE MOISTURE CRY 
NO. STRJKEI (FEEn NO. CONTENT DENSITY 

DEPTH (%} (PCF} 

814!>wN 5tc 'T'f 5 .fN C> -
p,4- Tuh::=Sj s-rfl..f3'HC-> OF 6f!.Bj 

'57/t1N 1N6 -· 
~ ~,-rv€7-

' f.to7~H 5T'-'i'f'eP -r~. -&-
. 

( vc..A7coN 11-4 ON IL~ 
1../P -ro ve"?> s-r .::oc: tc. Pt r_e:- . J 

-"""tbV::r-""1-> ~ -l.f 1 !/ A-9>95'0 a -7, <l q -il -= """ND 711AI-S" O~iJG<-«. 
B- BULK SAMPLE T- TUBE SAMPLE 0- ORNE SAMPLE 

SCALE 1·: SEARING= TRENCH WALL: 

( 

I~ 
/ 

I 

' 
I 

~~V>J· 
I 

Stc -z-J-. 
// '"" 

' 
' 

<'~1:::; 

.~l I ____ / / 
I 

I I I 
' ·~f40 ' 

?t!--M>~ I 
I 

. 

I 
I 
I 

u;>A;C 

LOCATION: 0- DEZ'C 

ELEVATION: /7'f3 S' EQUIPMENT: e.,L C~"7<1tJ~ .---------( 

WATER LEVEL: ;'J J .f.. LOGGED BY: 
LOG OF TEST PIT NO. B-b 

FIGURE NO._:..... 
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REF BEDDING DEPTr DESCRJPnON SAMPLE MOISTURE DRY 
NO. STRIKE/· (FEET} NO. CONTENT DEN$!TY 

DEPTH (%) ("' ''"l . : .:__ 

(, £c(f - !3£co.lN St~ ''1 SA-!VO 
-

. I ,. - HIT ..,~., •.. I 
' 

i 
i 
i 

8 -SULK SAMPL:: T- TUBE SAMF'LE D- DRNE SAMPLE 

BEARING= TRENCH WALL:· 

~~., I ~~~ v i 

"~ S•L 
lr 1 :> -'t7VD . 

I 
I 

/ I '" I 
. I 

:-'-"- 6 ' H7 -r 
I 

~~~ 

LOCAIJON: 0- DCZK 

ELEVA nON: ! '1f- z_ 7. ,;;--

LOG OF TEST PIT NO. 8 - 7 
WATER LEVEL: tJ /Pr LOGGED BY: 

"'\ Reqcled ood FIGURE NO.-
.~~~~------------------J---------~~~~ 
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REF BEDDING DEPT~ NO. STRIKEJ (FEET) 
OEPTli 

I 

s, 
I 
I 
I 
I 

8- SULK SAMPLE 

SCALE 1" = 

I 

. ! 

LOCATION: 6- 1/C:U:::. 

ELEVATION: 

WATER LEVEL: 1-1 I A 

A . Recvcled and 
U Reqc a e a per 

( 
DESCRIPTION SAMPLE MOISTURE CRY ! 

NO. CONTENT DENSITY I 
(%) (PCF) I 

biZefi.j (S7;rtN~"7:>) • 
i 

B,f!Pt.A.!I'/ I 
I 

'?1 L-7Y s~o , - I 
:;; ""'-"6" 6 eAv?r-z_ 7 e-c 11 &<-C.:. 7oo' 

I 
Hrr 71Z-4-$H es• ! 

-· ! 
' ] 
' 
' 
! 

i 
I 

I 
T ·TUBE SAMPLE 0 ·ORNE SAMPLE 

SEARING= TRENCH WALL: 
( 

\ • "-EV! -
>41-1 r, 12 0(,).) ~ .S II.. 7:'-( 

!~ I 
/ 

I 
f-1 IT <!014-> ,0, I 

' I 
' 

I 

o~--rU?ri 
OA 12.: 

MCUNO ~'5&V<i · 
-J1' ,.+PPW

1 
0/'1 ~ ( 

O('l~)!le crt,g-0 TO fVK.Vc:i.1+ M,.::x;A.;::J 

EQUIPMENT: ~,_TO( 

LOG OF TEST PIT NO. 
LOGGED BY: c_ (. 

FIGURE NO._ 
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RESULTS FROM LABORATORY TESTING 
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ATTACHMENT A 

Sample Identification, Handling, Storage and Disposal 

Laboratory Test Standards 

Application of Test Results 
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GEoSYNTEC CoNSULTA.<'iTS 
~=~.. Geomechanics and EnvironmeqJ_~.t . . __ ; 

Laboratory 

FIGURE 13 

Project :"-4:~mc: Lopez Canyon Landfill 

Project No.: CE4100 

( File Name: 98832.xls )( MOISTURE RETENTION TEST ) ( AS1M D 2325 ) 
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··--- -- ·-------! 
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FIGURE 12 
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~ Geomechanics and · 
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LOPEZ CANYON LANDFJLL PROJECT: 

PROJECT NO.: 

DOCUMENT NO.: 
CE4100 
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4MO 1 02/26/98 MOISTURE-DENSITY RELATIONSHIP, COMPACTION TESTING 

ASTM D-1557-8 
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SITE SAMPLE ID 

LAB. SAMPLE NO. 

SAMPLE DEPTH (It) 

SAMPLE DESCRIPTION 

MAXIMUM DRY UNIT WEIGHT (pcfl 

OPTIMUM MOISTURE CONTENT 1%) 

IN SITU MOISTURE CONTENT (%) 
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PROJECT: 

PROJECT NO.: 

DOCUMENT NO.: 

FIGURE 11 
LOPEZ CANYON LANDFILL 

CE4100 

GS FORM: 
4PS2 02/27/98 ) PARTICLE SIZE DISTRIBUTION AND PHYSICAL PROPERTIES J ( ASTM C 136; 0 422. 0 2487 l 

0 3042 AND 0 4318 J 

w u 
···· "- j
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. · : I i 1: : !: : ! II !: , I I K . ' . ·· 
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II: I I: I : 1: : 1'. ,. 'I 1: i I I I \ 
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1
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iOO 10 0.01 0.001 
GRAIN SIZE (mm) 

I S!(i 

I ~ I COBSL.::S I I I GRAVEl.. SANO FINES 

SITE SAMPLE ID VG021398 LIQUID LIMIT 1%1 (j"J GRAVEL 1%1 8.5 

LAB. SAMPLE: NO. 98B69 PLASTIC LIMIT 1%1 z SAND 1%1 52.7 ..Jo 
SAivlPLE OEP: H {ft) PLASTICITY INDEX oi= FINES 1%1 38.8 

(j"Ju . . . . . . . . . . .. . ... ..... . . . . .. . . ..... ... 
SOIL CLASSIFICATION: < SILT 1%1 17.4 a: . . . . . . . . . . . . . . . . . . . . . . . . ....... ······ .... 

!.!.. CLAY(%) 21.4 

COEFF. UNIFORMITY iCui 

COEFF. CURVATURE (Ccl 

PERCENT PASSING U.S. STANDARDSIEVE SIZES AND NUMBERS PERCENT FINER 

T' I z·· 
' 

1.5" I , .. I 3/4'" 1!2'" I 3>3' I :/4"· ~+e-- _.,20 .•40. it60. -1 :1100 .1200 THAN HYDROMETER 

PERCENT PASSING SIEVE SIZES lmm) PARTICLE DIAMETER lmr'' 

75 I -so - I 37.:::~ 25 19 12.5 9 5 4,75 2.00 0 850 0.-l25 0.250 0.150 0.075 0.050 0.020 o.cos 0.002 o\ 
100 1 99 99 I 99 98 97 95 92 sa 83 75 56 52 39 38 34 24 21 

NOTES: 

" ' .. . ........ ' ... .. 
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SITE SAMPLE ID B-6 LIQUID LIMIT (%1 39 GRAVEL(%) 3.0 ~ r-----'-.;._ ______ ; 
LAB. SAMPLE NO. 98A90 PLASTIC LIMIT(%) 30 o SAND(%) 35.1 

r---------------4------------------~~-r-~~~~--------~~~, 
r--::S-::A~i\1-1 P_L:.:E:=:.D:=:.E:=:.P-,T_H::-, -,.! f-:'ct) -:-:-:------..J......-p Lc_A_S_T_! ..:..C_I T_Y_I_N_D_E_X _______ 9---j o t:; FINES { 0

/o) . 6 1_ : 9 
SOIL CLASSIFICATION: UJ <( SILT(%) 5-1-.8 c:: 

ML-SandySilt u_ CLAY(%) 7.1 

COEFF. UNIFORMITY (Cu) 

COEFF. CURVATURE (Ccl 

3" #200 THAN HYDROMETER 

PARTiCLE D!AMETER (mm) 

75 50 37.5 25 19 12.5 9.5 4. 75 2.00 0.850 0.425 0.250 0.1 so 0.0751 0.050 0.020 0.005 0.002 O.CCl 

bo 100 !CO 39 99 98 98 97 96 94 90 84 77 62 ! 48 24 10 7 

NOTES: 
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FIGURE 9 
PROJECT: LOPEZ CANYON LANDFILL 
PROJECT NO.: CE4100 - Geomechanics and EnvitOnmental Laboratory 
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SITE SAMPLE I D B-3 L1 QUID Ll MIT I%) 3 7 Ul ~.::G~R::..A:.:V:..:E:.:L:,.:Ic_:'l'<:::o ~~-------.::8~.4.:._-l 
LAB. SAMPLE NO. 98815 PLASTIC LIMIT(%) 20 Z SAND(%) 39.2 

~=~s=A=M=P~L~E~~D~E~P~T=H~i=ft=l=========~==P~L=A~s=T=IC~I~T=Y=I=N~D~E=x======~17~=~~ E ~.~.F~IN~.E~.s~,s~~~~---------.. -.. ~5~.2~:4~.-.. ~. 
SOIL CLASSIFICATION: < SILT (%) a: 

3" 

CL - Sandy Lean Clay u.. CLAY( o/o) 

COEf'f'. UNif'ORMITY iCu) 
COEf'F. CURVATURE (Ccl 

.;!200 THAN HYDROMETER 
PARTICLE DIAMETER (mm) 

~7~5-+~so~~3~7~.s-+_2~5-+--'g~~·z~.s-+~9~5~-"~·7~s~~z~co-+o-.s~s_o+-o.~,z~s~o~.z_so~o~·~.s~o+:~.o~7~s~c~.o~sc41~o~.o~zo~o~.~:c~s~o_.c_oz~o_.C10' 
100 100 100 TOO 98 96 95 I 92 88 35 79 73 65 52 ( 

NOTES: 
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LAB. SAMPLE NO. 
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SAMPLE DESCRIPTION 

MAXIMUM DRY UNIT WEIGHT (pel) 
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IN SITU MOISTURE CONTENT 1%1 
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Sr\\II'LF: IDE~TIFICATIO~. HA;";DLJNG. STORAGE AND DISPOSAL 

Tt:st marcn=:~b wen! .:i:t:::nt to GeoSyrucc Con.:i:u!tants (GeoSyntec) Q(:omechanic.:i: ::tnd Environmental Laboratory in Atlanta. Georgia by 
:h¢ ...:hem Dr rts representative{~). S:~.mples delivered to the laboratory were identified by client sample identification (lD) numbers 
\\ htch ho.d been assigned by represen_tative{s) of the client. Upon being received at the labor:uory, ench sample was assigned a 
!obnr.:1tory sample number to facilitate tmcking <1nd documentation. 

Based on the information provided to GeoSyntec by the client or its representative(s) and. Wherl applicable, proce.dural guidelines 
recommended by an industrial hygiene consultant, the following Occupation<:~.! Safety and Health Administration (OSHA) level of 
person<:~.! protection wns :1dopted for h:1ndling and testing of the test materials: 

fXJ test materials were not cont1:1minated, no special protection measures were taken; 
f ] level D 
[ j level C 
[ 1 level B 

In accord::mce with the he<llth and safety guidelines ofGeoSyntec, 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 Geomechanlcs and Environmental Laboratory will return contaminated materials to· the client or designated 
representative(s). o.t the clients' cost, JO days following the completion of the testing program. unless special arrangements for proper 
d;spos<:~.l have been made with the laboratory. Materials which are not contaminated will be discarded 90days._after .they were received- , . 
::!l the labon..il"tJry. urlless long-term storage arrangements· are· specifically'· made with GeoSyntec GeoinCchariics ··and· Environmental· 
L.:~.boratory . 

LABORATORY TEST STA:-IDARDS 

.-\t the request of the client. the laboratory testing program was per:"or.ned utilizing the guidelines provided in the following test
standards: 

'- A Recvded and 
.....J Re<:ycl~hle Paper 

[Xl 

I I 

[Xj 

moisture content. American Society for Testing and ~faterials (AST~f} D 2216 .. Staitdard'Methodfor Laboratory 
Determinacion of Water (Moisture) Content of Soil, Rock. and Soil-Aggregate Mixtures"; 

moisture content w ASTM D 4643 "Standard Test J!ethod for Determination of Water (Moisture) Content of Soil by . 
the .'vficrownve ,Hethod": 

particlewsize analysis· .-\ST\--1 D..:::. "'Standard .V!erfror: .·".:Jr Pr:rricfe-Si:e Anaf.nis of Soils"·, 

rercent p:1ssing ~o. 200 sieve· .-\5'":":".! D l i40, "S:r.r:.~·.~.~::· Tcsr _l.,{e:horifor Amount of Material in Soil Finer Than 
\"1). ::·)1) !~5 1/1!C.'"011Si .neve"'; 

...\.ttcrberg limits· AST.\<1 D .. +} i 3. "Swndard Test Jfe:l:ori fOr Liquid Limit. Pfattic Limit. and Plasticity Index of 

.).oiis"'; 

soil classification w .AST:Vf 0 2487. ·• Standard Te:.1 Mr:tl:u1i for Classification of Soils for Engineering Purposes"'; 

soil pH. ASTM D ..+972. "Standard Test :Hethodfor pH of Soils": 

soil pH • L1nited States Environrr:eraal Protection Age:1cy rUSEPA) SW-846 Method 9045, Revision I. 1987, 
Stat•C~;C Test .\I ethoJ :Or .\<leasurement of "Soil pH": 

specinc gr:nity · AST:>.l D 354, "S:r:ndard Test ,Hethorf, or Specific Graviry of Soils": 

carbonate content - ASTM D 304:::.. ··Standard Test .\.fe:;:od for {nsoluble Residue in Carbonate Aggregates"; 

c~rhona!e content- .-\ST\--1 D 4373. "'Standard Test .tf.:t::"zodfor Calcium Carbonnte Content of Soils"; 

<:~.dd reactivity . AST.\1 0 2483. "Standard Practice _:Or Descl"iprion nnd ldemijicmion of Soils (Visua/-,\-fanuni 
Proccr{ui"('J". 

-.uuntint·:->s - . .:.,:..;T;\i 
.\-ln'!,ncsium Sui/ate"; 

''''· '"Srandnrd re~·,· .Hetflu,' ·<il .\"oum/!1{".\".\ nf .·lggregares /;y i/Se of Sodium Suifr.te C·" 

! !nss-on-ignition {1.01) ·\:'>1 \1 (J .::•1-:'.:., "'Tesr .tterlrorfs jOr .~fmsrure . ..Ish. and Organic Mauer of Peat and Other 

CE4100/GEL97::!..l.0 A·l 
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A Recycled and .c ·.o.. 
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Organic Soils": 

~tandard Proctor compaction · AST~I D 698. "Standard Test Jt/eth'od for ,ltfoisture~Density Relations of Soils and 
Soil-Aggregate :\tfi:ctures Using 5.5-fb { 2.49-JcgJ Rammer and 11-in. (305·11UJt) Drop"~ 

modified Proctor compaction - .-\ST~I D 1557. "Standard Tesr Method for ,\Ffo{sture-Densiry Relations of Soils and 
Soil-Aggregate Mi.xwres (.)sing /0-/b (.t.J-1-kg) Rnmml!r and 18-in. (457-mm) Drop .. ; 

maximum relative density· ASTM D -'253, .. Standard Test ,\4ethodfor Maximum Index Density and Unit Weight of 
Soils Using a Vibratory Table"; 

minimum relative density· AST~ D -':!54, .. Standard Test i\4ethod for .:lv/inimu.m Index Density and Unit Weight of 
Soils and Calcuintion of Relntive Densif.l' .. ; 

unit weight- ASTM D 2037, "Standard Test .\-ferhodfor Dens try of Soil In Place by the Drive~Cylinder Method'\ 

unit weight. void ratio. porosity, and degree of saturation· U.S. Army Corps of Engineers (USCOE); EM-1110~2~ 
1906, "(/nit Weight. Void Rmio. Porosiry. and Degree of Saturation. Appendix Ji; 

mass per unit area· ASTM D 3i76. "Standard Test .\/ethodfor .\das.s Per Unit Area (weight) of Woven Fabric .. ~ 

•, ,l,;o , • 

thickness measurement- ASTM iJ I::-;;. "Standard Test Method for Measuring Thic!cn.ess of Textile Materials .. ; 

free swell- United States Pharmacopoeia :'-Iarional Formulary {USP-NF) XVI!, "Swell Index of Clay .. ~ 

swell of clay in GCL's - Geosymhetic Research [nstitute (GR!) GCL·l. "Standard Test Method for Sweil 
.\,fensuremenr of the Clay Component ofGCL 's": 

fluid loss- American Petroleum [nstit!.ltC 1 AP!) RP l 38. ''Section./, Bentonite"; 

marsh- funnel- API RP 138. "Section .J: .FieJ({Te~u·ng ;joi/ ,'1.-fud vi~cosity ~nd Gel Strength"; 

pinhole dispersion ~ ASTM 0 ~647, "Smndard Tes: -~lethod for Identification and Classification of Dispersive Clay 
Soils by the Pinhole Test": 

gradient ratio - AST:V1 0 51 0 i. "Srandnrd Tes: _Herhod for .'vi ensuring the Soi!-Geote:r::tile System Clogging Potential 
b.r tft<' Gradient Ratio"; 

hydr:~u!ic conductivity r.:J.tio (HCRJ · . .:..S7\!:) '"' ·s:,nJ,fr.rrf ies: Ji-z:,"tol:·far H;.-·dra:dic Condt.:c::·::;::.- Rr:tio 
· /·iC?. 1 Tes:fng of SoiliGeo<"e.•:uie S•. Si~'.>:{· 

hydraulic transmissivity- .-\ST\! i) ..:-:6. ··su:ndr.rr.' Test.He!hodfor Consta/l.t Head Hydraulic Transmissiviry (In~ 
?ir:nejlOh') ofGeotexti!es and Ceo:e:-.:nie Re!ated Prod:tc:s": 

;:w.e:~dimen:;.i.::m~! eon.<>nli'U~;i.-:,r. • ..;;, 7.'-1 D 2.!;~. ··sr~t ,fiwd T<::S£ ,'vfe:;._-;;d for Oni!-DLtt!e."!sior.a! Co!:soiidmion. 
Properties of Soil": 

one-dimensional swell/collapse- AST.\! D 4546. "Swndnrd Test .Hethod for One-Dimensional Swell or Se,:tfement 
Potential of Cohesive Soils": 

unconfined compressi\'C ~trength {l"CSl · AST\l D 2~06." Sinmfard Test Jfethod for f../nconfined Compressive 
Strength of C oilesive Soil". 

tri:n:ial compressive strength (!Cl'J · ,-\ST\1 D ..:.-r)7. "Srnndard Test .Hethod for Triaxial Compression Test on 
Cohesi1'e Soils": 

triaxial compressive strength (tT) - .-\ST\.1 0 2350. ''Standard Test .Hethod for Unconsolidnred. L'r.drained 
"Comprcsszw: Strength ojCofu.:sz't·e Sods 111 Triaxial Compression''; 

riJ,!id wall constant hcaU hydraulic conducth·it) · .·\ST\1 D 2..1..>-l. "Stnndnrd Test ,'l,fetltod for Permer.bility of 
Cr({!w/nr Soils t('onswnr Hcmf/'. 

rigid wall constant hc:ld hydraulic conducth'it;. - 'SCOE, E.\.1-1! IIJ.2-ltJ06. "Standard Test ,'1./t!:hod for 
Pcnllcnbili(\ ft•st.s .. ippendtx !'//": 
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flexible wall falling head hydraulic: conductivity - ASTM D 5084, '"Standard 'Test .\.lethod for Measure1nem of 
Hydraulic Conductivit_v ~f Snturnted Porous .\.faterials Using a Flexible Wall Permcamerer .. : 

flexible wall falling helld hydraulic conductivity - USCOE; EM-1110-1-1906. ~Standard Test t'v!ethod for 
Permeability Tesls. Appt:mlix VIr'; 

index nux of GCL- propos~d ASTM method rough draft# t. 6/l8/94, "Standard Test ,\lethodfor Measurement of 
Index Flu.T Through Snrurmed Geosynfhetit: Clay Liner Specimens Using a F!e'Cible Wall Permeameter"; 

flexible wall falling head hydraulic conductivity - GRI GCL-2, "Standard Tesr .\1ethod for Permeability of 
Ceosynthetic Clay Liners tGCLs)"; 

permeability/compatibility - USEPA \.!ethod· ,9100 SW~846, Revision l. !987, Standard Test Method for 
Measurement of "Saturated H,vdrnulic Conductivity, Saturated Leachate Conductivity and Intrinsic Permeability''; 

permeability· API RP 27. ''Recommended Practice for Determining Permeability of Porous Media''; 

capillary·moisture • ASTM D 2325. "Standard Test Method for Capi/lary~Moisture Relationships for Coarse· and 
Medium· Textured Soils by Porous-P/are Apparatus"; 

-'Cllpillary-moisture • AST:Vt D 3152. "Standard Tesr Method for Capillary-Moisture Relationships for Fine-Textured 
Soils by Pressure-,'v/embrane Apparatus"; 

paint filter liquids. US EPA Method 9095, SW -846, Revision !, 1987, "Paint Filter Liquids Test .. ; and 

slump- ASTM C 14J-90a. ''Siandard Tesr .Hethodfor Slump oJHydrn.ulic Cement Concrere". 

APPL!CATIO"i OF TEST REScL TS 

The reported test results apply to the field materials lnasmuch as the samples sent to the laboratory for .testing are .representative ·Of. 
these materials. This report upp!ies only to the materials t~sted and does not necessarily indicate the quality or condition of apparently 
identical or similar materials. The resting was perfOrmed in accordance with the general engineering standards and conditions_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 report is not 
used. in whole or in pan. in any advertising. promotional or publicity matter without prior written authorization from GeoSyntec. 
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FIGURE 1 
PROJECT: LOPEZ CANYON LANDFILL ~ GEo SYNTEC CoNSf:ITf'NTS 

PROJECT NO.: CE4100 
DOCUMENT NO.: .,, . · <· 

~ Geomechanics and Environn:~~oratory 
/;/ -~ Atlanta, Georgra"'·~-, -

,, ' 

4?52 03/1 2/98 ( PARTICLE SIZE DISTRIBUTION AND PHYSICAL PROPERTIES ) ( ASTM C 1 36. D 422. 0 2487 ) 
0 3042 AND 0 4318 · 

U.S. STANDARD SIEVE SIZES AND NUMBERS 

ItO :<:0 1'4.0 J60 1100 .1200 

'
00 rTI[ ""1

1
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1'__,!_ -+:_--,-'. ·-;-• Ti j-1 Tf __,:_. -1---:H+Ir.t: 17: ,_' +1-;1'-.-· ~-++-1 Hll+l +1-H 11---;1--t+I-HII-Hl 80 . 
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. 0 !-'-_;_ _ _:_c_i.c.i ..;.;'' 1_·_'-:-'-

1
: -'--+1'---,---'----'--'-·'-:'-'·'-• ---'----++'! !

7
•! _' _,_;_ __ -+I+~! ·H, :.::' ,.
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J '-----·'--------:----·---·-------=-'--"-·::_·------:-'!_! ;'-·-· _ • .:..' ~--'-1·_·'-· _;' ~-cc 
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! - ! ! ._,.,,..,.,..,..._ ; :~~:~" !.-:::.-\."".S::! .-.,;s:::jM I :::.-.;: i sa; i \LAY I I ~ I cosac;s r---G-R~'""-,-;c---ri---'---S.-N-O.:_ ___ -+I------,-,N-ES __ ...:_ __ :.......-41· ....... ,. ' . 

SITE SAMPLE ID A-6 I LIQUID LIMIT 1%) 34 GRAVEL(%) 13.4 (f)r-----'--'----------1 
LAB. SAMPLE NO. 98865 I PLASTIC LIMIT (%1 24 , i5 1 SAND(%) 49.0 

r-~~~~~~~~------'-'---r, ---=---=~~~---=~~-------=~--~= -, 
SAMPLE DEPTH iftl 1 PLASTICITY INDEX 10 1 o 1- • FINES(%) 37.6 r--::----:'--:.::...=----'---:-----'--'--'-'---'----''-'-----'---; (f) u ' . .. . .. . .. ....... 
SOIL CLASSIFICATION: < SILT (%1 30.3 

oc ······································ 
SM ~ Silty Sand u.. CLAY(%) 7.3 

COEFF. UNIFORMITY (Cu) 

_ COEFF. CURVATURE {Cc) 

PERCENT PASSING U.S. STANDARD SIEVE SIZES AND NUMBERS PERCENT FINER 

~:_L:.: ... L.L~.::.J ,. 3/4' I 1!2' 3/8" I '4 I "0. ;zo ' 40 '60 no.o ... L•.Z?O ....... 'LH.AN HYDROMETER 

PERCENT PASSING SIEVE SIZES (mml PARTICLE DiAMETER {mml 

so 37.5 25 19 1 12.5 9.5 I 4-.75 I 2.JO 0.850 0 ~25 0.250 I J. 15C! 'J.075 0.050 0.020 0.005 O.C02 0.001 

100 98 98 97 96 I 94 93 I 87 I 7? 72 6.:. 58 -l6 l JS 31 20 11 7 

NOTES: 

' .~ Q, ..... A .. 
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GEO SYNTEC CoNSULTANTS PROJECT: 

FIGURE 2 
LOPEZ CANYON LANDFILL 

CE4100 PROJECT NO.: 

DOCUMENT NO.: 

MOISTURE-DENSITY RELATIONSHIP, COMPACTION TESTING ( 
ASTM D-1557·8 
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SITE SAMPLE ID 

LAB. SAMPLE NO. 

SAMPLE DEPTH lftl 

SAMPLE DESCRIPTION 

MAXIMUM ORY UNIT WEIGHT (pet) 

OPTIMUM MOISTURE CONTENT 1%1 

IN SITU MOISTURE CONTENT (%1 
. .. ... 

.\JOTES: Not corrected for over-sized particle s 
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SITE SAMPLE ID 

LAB. SAMPLE NO. 

SAMPLE DEPTH (ft) 

SAMPLE DESCRIPTION 

MAXIMUM DRY UNIT WEIGHT (pcfl 

OPTIMUM MOISTURE CONTENT (%) 

IN SITU MOISTURE CONTENT (%1 
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PROJECT: LOPEZ CANYON LANDFILL 
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PROJECT NO.: CE4100 

DOCUMENT NO.: 

( PARTICLE SIZE DISTRIBUTION AND PHYSICAL PROPERTIES )1 ( ASTM c 136. D 422. D 2487 ) ll 0 3042 AND 0 4318 
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LAB. SAMPU:' NO. 98866 PLASTIC LIMIT (%1 24 z SAND(%) 46.9 ...Jo 
SAMPLE DEPTH (ftl PLASTICITY INDEX 1 2 -i= FINES(%) 46.1 ou 

en<( ... ....... ...... ...... . ... ............. 
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0: ..... .................. . ... ············· 
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SITE SAMPLE 10 

LAB. SAMPLE NO. 

SAMPLE DEPTH 1ft) 

SAMPLE DESCRIPTION 

MAXIMUM DRY UNIT WEIGHT lpcfl 

OPTIMUM MOISTURE CONTENT i%1 

IN SiTU MOISTURE CONTENT i%1 

NOTES• 
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13.2 
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I i : , !\' \ 
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FIGURE 9 
PROJECL LOPEZ CANYON LANDFILL A1!lfl?.' G EO SYNTEC CONSULTANTS 

PROJECT NO.: CE4100 

DOCUMENT NO.: 

- Geomechanics and Envsron_!!lental Laboratory 
·; Atlanta. GeOrgia 

GS FORM: 

4PS2 03/04/98 I ( PARTICLE SIZE DISTRIBUTION AND PHYSICAL PROPERTIES J ( ASTM C 136, D 422, 0 2487 '\ 
D 3042 AND D 4318 ) 
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SAM?'_;: DEPTH lftl PLASTICITY INDEX 18 or- FINES 1%1 57.1 

t---::-:~-=.:::..:.c.::..:-:-::--c::--:----..l--;:_.:._.:._ __ -,= ___ .......c___, (f) u .... ' . .. .. 
SOIL CLASSIFICATION: 2 SILT i%1 49.5 

.... ·········· 
ML - Sandy Silt u.. CLAYI%1 7.6 

COEFF. UNIFORMITY (Cui 

COEFF. CURVATURE (Ccl 

PERCENT PASSING U.S. STANDARD SIEVE SIZES AND NUMBERS I PERCENT FINER 

_cr __ l _ I 1.5' I ,. ! 314" J 112' J:S" J .;:' J•tQ ! #20 , >40! •60 , .1100 :t21JC ! THAN HYOR0fv1ETER ! 

\ PARTICLE DIAMETER lmml r PERCENT PASSING SIEVE SIZES (mm) 

37.5 25 19 12.5 9.5 .1_75 2.00 o.sso 0.425 o.250 a. 150 a 075 o.oso 0.020 o.oos 0.002 0.001 

100 100 100 99 98 97 97 94 so 85 1 79 74 68 57 47 

NOTES: The bulk sample contained some particles greater than 3 1n. (75 mm) diameter. 

The soil classification should include "with Cobbles". 
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FIGURE 10 - PROJECT: LOPEZ CANYON LANDFILL ~ 

- Geomechanics. and Environmental Laboratory PROJECT NO.: CE4100 
. Atlanta. Georgia DOCUMENT NO.: 

GS FORM: J (MOISTURE-DENSITY RELATIONSHIP. COMPACTION TESTING ) ( 4MO 1 03/03/98 ASTM 0- t 557-8 
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i i \i ;\ 

LAB. SAMPLE NO. I I I \ \ I \ 98868 

I ' ! '\ \i \ SAMPLE DEPTH !ftl 
' I 

" !\ 
·, 

SAMPLE DESCRIPTION 
i i I I '\ i \ 
' ! i 'I I ~ \ 
i I ., 

' .~ i\ \ MAXIMUM DRY UNIT WEIGHT lpcfl 119.5 
j I i i. i\1\: \ 
I i iT II \ \ OPTIMUM MOISTURE CONTENT (%1 12.0 

i I I I ' 
f\; IN SITU MOISTURE CONTENT 1%1 

I I I I \! ~ .. . . . . · .. 

i I I I . • . 'I !\ \ . 

i I l I I I :\ . \ ' 
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' ! I i I \\ I \i \ NOTES: Not corrected for over-sized particles . 
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FIGURE 11 
PROJECT: LOPEZ CANYON LANDFILL 
PROJECT NO.; CE4100 

DOCUMENT NO.: 

MOISTURE-DENSITY RELATIONSHIP, COMPACTION TESTING ASTM 0 4178 correction apeiied 
ASTM 0·1557-B 
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SITE SAMPLE ID 

LAS. SAMPLE NO. 

SAMPLE DEPTH lftl 

SAMPLE DESCRIPTION 

MAXIMUM DRY UNIT WEIGHT {pcfl 

OPTIMUM MOISTURE CONTENT 1%1 

IN SITU MOISTURE CONTENT i%1 

NOTES: 
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( File Name: 98865.xls )( MOISTURE RETENTION TEST )( ASTM D 2325 ) c 
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