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ADDITIONAL REVISIONS TO "REVISION II OF FINAL CLOSURE PLAN"
DATED OCT()BER 1998

On October 22, 1998, the Bureau of Sapitation (BOS) transmitted Revision II to Volume IV of IV
Replacement Anfcndment to Final Closure Plan (FCP) address revising the final cover design for the slopes
of Disposal Ar‘eaéfé and AB-+ and the decks of Disposal Areas A, B and 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 tﬁat was
inadvertently not included in the original report, (see attachments). These include:

Revised "Summary Table of Revisions” (replace original) B

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 - repiace original LEA letter)
Appendix J - Alternative Final Cover Water Balance Analysis (replace in entirety) *

¢« & & » B

Please make these required changes to the original October 1998 report. If you have any questions.or
comments regarding this submittal or the original report please contact Ms. Reina Pereira at (213) 893-

8529.
Very truly yours, -
2 2 Stepher; A. Fortgine, Division Manager
r Solid Resourtes Engineering and Construction Division
Attachments

¢ Rod Nelson, RWQCB
Joe Maturino, LEA
Ed Kavazanjian, GeoSyntec Consultants
Kelly Gharios
Ken Redd
Reina Pereira
AN EQUAL EMPLOYMENT SPPORTUNITY — AFFIRMATIVE ACTION EMPLOYER. o arc moe rom eoced mse @g;



SUMMARY TABLE OF REVISIONS TO
VOLUME IV OF 1V REPLACEMENT AMENDMENT TO
FINAL CLOSURE PLAN
Revised October 1998

The following revisions and additions to the final closure plan address the conditional approval
by the CTWMB, 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 Ascounts for all revisions made to this
Table of Contents of Volume [V of | Replace pages ii - x Updated to reflect revisions/additions
v
; Section L "‘introdti’g:ﬁon” Replace in Entirety Updated to refle¢trevisions

Section 2: "Revised Final Replace in Entirety Revised to reflect use of a morolithic cover on

Cover Design” the slopes of Disposal Areas A and AB+, and

, o on the decks of Disposal Area$ A, B and AB—

Section 8: “Revised Laiidscaping Replace in Entirety Revised to reflect the advantages of a

and Irrigation” monofithic 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 in¢lude

Cost Estimate” corrected final cover costs.
Section 10: “Updated Replace in Entirety Revised to reflect updated schedule,
Implementation Schedule” )
Section | i: "Revised Quality Replace in Entirety Revised to reflect addition of monolithic soil |
Assurance Plan” cover CQA.
Tables Monolithic Soif Cover Testing Summary

Add Tabie 2-3

Repiace Table 91 Revised Summary of Closure Cost Estimate

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, B and 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, B, 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 Siopes/Benches of AB+ Cny.
Replace Fig. 2.4 Final Cover System under Haul Road

Replace Fig. 10-1 Revised Closure Schedule




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
Fo 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 | RWQUCB and LEA’s approval of monolithic cover
from CIWMB, RWQCB and letters to back of Appendi
LEA” G
Appendix I: "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
AB-+ and the Decks of Disposal
Areas A, B and AB+
Appendix K: “Evaluation of the | Add new Appendix K An additional source of dirt for final closure
Phase 111 West Ridge as a Borrow
Source for Monolithic Soil Cover
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2. REVISED FINAL COVER DESIGN
2.1 General
The final cover for Disposal Area C has been revised from the design presented

in the PCP to conform to the requirements of Subtitle D, 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 = oo

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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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 . Regulatory 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 Landfills (MSWLFs) that includes a protective

CEAL00-06/LPZ96-06.502 2-2 9% 11 200952
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vegetative erosion control layer and a low-permeability soil infiltration barrier layer.

State regulations are somewhat more restrictive than federal regulations with respect to
these layers, requiring a thicker erosion control layer and an order of magnitude lower
hydraulic conductivity for the barrier layer. The state and federal regulations both
require that the final cover have a "permeability” less than or equal to that of any bottom
liner or underlying material. This requirement is generally interpreted as an implied

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

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

requirement is also interpreted as a performance standard requiring less infiltration of
surface water through the final cover than liquid flux through the base of the landfill.

Based upon the state and federal regulations and considering that Disposal

Area C does have a geomembrane bottom liner, the prescriptive final cover for:Dispesal:iria o

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

. a vegetative layer at least 12-in. (300-mm) 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° cm/sec;

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

. a design which provides for the minimum maintenance possible.
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Both federal and state regulations provide for design of an alternative to the
prescriptive final cover. Federal regulations allow the director of an approved state to
approve an alternative design shown to be equivalent or superior to the performance of
the prescriptive design with respect to infiltration and wind and water erosion. California

is an approved state.

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

when the owner demonstrates that:

. “the final cover shall function with minimum maintenance and provide
waste containment to protect public healih 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 1x10° cm/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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Protection Agency (USEPA) has confirmed this interpretation of the implied prescriptive
requirement and performance standard of the Subtitle D closure requirement in the "Final
rule; corrections” for Subtitle D 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. alternative 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, invelves 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 Revised Final Cover Configuration

Final cover configuration for the entire landfill is shown in Figure 2-0.
2.3.1 Disposal Area C Deck/Bench Areas

The final cover on deck and bench areas of Disposal Area C satisties 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/yd® (410 g/m®) non-woven geotextile cushion;

. 40-mil (1-mm) thick very-flexible polyethylene (VFPE) geomembrane
(smooth on the deck areas and textured on the bench areas). Technical
specifications are shown in Table 2-1. Note that VFPE geomembranes
include very low density polyethylene (VLDPE) and linear low density
polvethylene (LLDPE), as noted in Appendices H and I;

. 12-in. (300-mm) thick barrier layer of compacted low-permeability soil,
with a hydraulic conductivity 1o greater than 1 x 10%cm/s. A
geosynthetic clay liner (GCL) with a hydraulic conductivity no greater
than 5 x 10 ® 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.

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” cm/s overlying a minimum: of . re

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 the
Disposal Area C waste face. The engineered alternative was developed on the basis of
the demonstration included in Appendix H of this amendment, the Final Cover
Performance Evaluation report, that inclusion of a geomembrane in the slope areas of the
Disposal Area C final cover would be burdensome and impractical and would not
promote attainment of the performance goals of a 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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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):

. 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° cm/s; and

. 24-in. (600-mm) thick foundation layer. .- wui oo man e v

2.3.4 Disposal Area B Slope Areas

The same final cover used on the Disposal Area C slopes will be used on the
slopes of Disposal Area B. This final cover for the B slopes is different than that which
was originally submitted in 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
fetter 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

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 fi (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 3 ft (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 clayev sand characterized by a hydraulic conductivity of 4.6 x 107
cm/s. Additionally, the Proposed Engineered Alternative Final Cover report (refer to

Appendix I), 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 fayer, 1 ft (0.3m) clay layer and two ft (0.6 m)
foundation layer as submitied in the Amendment to the Final Closure Plan. The modified
final cover also consists of an engineered monolithic scil cover as described for the slope
areas of Disposal Area A above. However, a 3 ft (0.9m) thick layer of soil with a field
hydraulic conductivity of no greater than 3 x 107 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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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 splif 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 m®). Approximately 250,000 CY (188,955 m’) of this dirt will be
recovered from a native ridge regrade within the landfill. Appendix K presents a report
entitied 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

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 (i) the SW-168 Model developed by.
Fenn et al. [1975}. The infiltration calculations are included in Appendix H of this
addendum, the Final Cover Performance Evaluation report.

Neither the HELP nor the SW-168 Model predicted infiltration through the .
cover. One factor influencing the lack of infiltration. is the high percentage of run-off’
from the 2H:1V Disposal Area C slopes. In addition, the annual precipitation is
significantly less than the annual pan evaporation rate. As a result, the .s0il 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 infiitration 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

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 Matasovié [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 1.4]1. 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 I 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

CE4100-06/LPZ96-16.502 2-12 0% 11 20/0:59



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:1V 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+ final 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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APPENDIX G

APPROVAL LETTERS FROM
CIWMB, RWQCB AND LEA

(replace August 5, 1998 letter from LEA with attached)
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August 5, 1998 l/ﬂ 50
FYrL

Mr. Stephen Fortune, Division Manager

Solid Resources Engineering and Construction Division

City of Los Angeles Department of Public Works, Bureau of Samtatxon
419 South Spnng Street, Suite 860

Los Angeles, CA 90013

Re: Proposed Alternative Final Cover for Lopez Canyon

Dear Mr. Fortune:

The City of Los Angeles Local Enforcement Agency has received your request for
conditional approval of the proposed monolithic cover design. We have reviewed the
following documents submitted to us in the technical briefing meeting held on June 23,
1998 at-Lopez Canyon.

L. Memorandum from E. Kavazanjian, Tarik Hadj-Hamou (GeoSvntec Consultants)
to Kelly Gharios (BOS), Additional LEACHM Analyses. Engineered Alternative
Final Cover Disposal Areas A, B, and AB+ Decks and Disposal Area A and AB+ -
Slopes, Lopez Canvon Sanitary Landfill, Lake View Terrace, CA., June 22, 1998

i~

- Construction "Quality- Assurance Plan; Final Cover Construction, "'Disposai'Ar\,éS.‘-"f e
A, B, and AB+, Lopez Canyon Sa.mtary Landfill Lakeview Terrace, California,
Revised June 25, 1998. -

a3

[nitial Cost Estimate (rev. 10.89)

The LEA grants conditional approval for the use of an alternative final cover (for Deck of
Disposal Areas A, B, and AB+. Slope of AB+) consisting of a three foot layer of borrcm
soil (k value of 1 x 107 em/'s) over an existing interim cover (k value of 4.5 x 10™ cavss.
minimum two feet thick). Conditional approval is also granted for the use of the
altemame ﬁnal cover (existing interim coxer) for the slopes of Disposal Area A. The
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Reviewed by: W }Z/IL_
Wayne Tsu

Cec:  Kelly Gharios (BOS)
Rod Nelson (RWQCB)
Peter Janicki (CIWMB)
Darryl Petker (CIWMB)
Ed Kavazanjian (GeoSyntec Consultants)
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(replace in entirety with attached report)
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1. INTRODUCTION

1.1 Terms of Reference

This repoit presents a technical evaluation of the infiltration control
performance of & 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 Censultants (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
It March 1998 from Edward Kavazaniian, 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. Tartk Hadj-Hamou, P:E., all of GeoSyntec. This report was reviewed by -
Dr. Edward Kavazanjian, Jr., P.E., G.E., also of GeoSyniec in accordance with the peer
review poiicy of the firm.

1.2 Project Overview

The Lopez Canyon Sanitary Landfilf is an inactive California Class [
municipal solid waste landfill which is owned and was operated by the City of Los
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Angeles (the City) Bureau of Sanitation (BOS). The Lopez Canyon Sanitary Landfill
received waste from the mid-1970’s until [ July 1996. The Lopez Canyon Sanitary
Landfill is located in the Lake View Terrace section of the City. The site location is
shown in Figure [-1.

The Lopez Canyon Sanitary Landfill covers approximately 399 acres
(162 ha) of which 162 acres (65.6 ha) are designated for landfilling. The Lopez Canyon
Sanitary landfill is divided into four disposal areas known as Disposal Areas A, B, AB+,
and C. In order to accommodate closure of the slopes of Disposal Areas A and B in
advance of final closure of the remaining dispoesal areas, the Final Closure Plan (FCP)
[BAS, 1993] proposed that the closure of Lopez Canyon Sanitary Landfill be
accomplished in two phases. - Phase I closure includes the slopes of Disposal Arcas A
and B. Construction is currently underway on Phase 1 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 Disposai Areas AB+ and C is described in Final Closure
Plan, Lopez Canyvon Sanitary Landfill, Lakeview Terrace, Volume IV of 1V,
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 tinal 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
{from top to bottom): '

. a vegetative layer at least 2<4-in. (600-mm) thick:
. a barrier layer composed of either compacted low-permeability soil

with a hydraulic conductivity no greater than | x 10 cmysec 12-in.
(300-mm) thick or a geosynthetic clay liner (GCL): and

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

i~
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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
waste lapdfill facilities with respect to infiliration resistance.  The engineering
evaluation conducted by GeoSyntec to demonstrate that a monolithic seoil cover is an
acceptable engineered alternative to the prescriptive final cover with respect to
infiltration resistance include:

. reviewing federal and state reqguirements for final cover design;

J 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:

. evaluating the geotechnical characteristics of the existing interim soil
cover on the decks of Disposal Areas A, B, and AB+ and the slopes
of Disposal Areas A and AB+; 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 Landfitl.

. developing a performance evaluation program for the proposed
menolithic soil cover, including details of the instrumentation, the
monitoring frequency, and the performance evaluation methodology.
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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 firal 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
1o 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 appropriaie 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 cover exceeds that
of the Title 27 prescriptive cover 1n these areas.

1.3 Report OQrganization

The remainder of this report is organized as follows:

. Section 2, Background Information, provides general background
information regarding the Lopez Canyon Sanitary Landfill.
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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 3, Geotechnical Fvaluation 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
infiftration control performance evaluation for the existing interim
cover soit and of a layer of additional soil placed as a.monolithic soil
cover on the decks of Disposal Areas A, B, and AB+ and on the
slopes of Disposal Areas A and AB+. This section also presents a
comparison of the infiltration control performance of the Title 27
prescriptive cover to the existing interim cover and to an engineered
monolithic soil cover at the Lopez Canyon Sanitary Landfili,

Section 7, Performance Evaluation Program, presents
recommendations for instrumentation and performance monitoring of
the monolithic soit cover and the performance evaluation
methodology.
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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 11950 Lopez Canyon Road in Lakeview Terrace, California. The
Lopez Canyon Sanitary Landfill received waste from mid-1970s until it closed on
1 July 1996. Closure construction work at Lopez Canyon Sanitary Landfiil started on
the slopes of Disposal Areas A and B on 7 July 1996. As of 31 December 1997,
|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 Landfili is focated 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 Canvon Sunitwry Landfill is
characterized as semi-arid. The 100-year mean rainfall in the vicinity of the site is
approximately 16in. (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 (15.5° C} in the winter to 95° F {357 C) in the summer.
Typical daily low temperatures for the area raiuge from approximately 40° F (4.5° C) in
the winter to 60° F (13.5° C) In the sumumer.

.l
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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 [ ft (0.3 m) of low-permeability soil with a hydraulic
conductivity less than or equal to 1% 10 em/s underlain by a foundation soil laver at
teast 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 Arcas A and B {i.e., the Title 27
prescriptive final cover) or an alternative final cover that uses a GCL composed of
0.25 in. (6.25 mm) of bentonite soil with a saturated hydraulic conductivity less than or
equal to 5 x 10* cm/s in lieu of the 1-ft (0.3-m) layer of compacted low-permeability
soil. The infiltration resistance of the GCL has been shown to be superior to that of the
prescriptive clay barrier layer in satisfaction of the 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 excavated
on the existing interim cover on the slopes of Disposal Areas A and AB+ and on the
decks of Disposal Areas AL B, and AB+ indicate that the thickness of the existing
nterim cover in these areas ranges from a minimum of 2 fi(0.6 m) o over i& ft{5.3 m).

2.4 Pr.oposed Alternative Cover

Monolithic soll covers are being used with increasing frequency in southern
California as an aliernative to the Title 27 prescriptive cover tor California Class TII
municipal solid waste landfills, The increasing popularity of the monolithic soil cover
can be attributed to both lower cost and superior performance. The monolithic soil
cover alternative 1s cheaper than the prescriptive final cover because the monolithic soil
cover 15 generally cheaper to procure, is cheaper and easler to construct, and is cheaper
to maintain and repair.  The performance of the monolithic soil cover, il 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,

sl 13300y
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3. ALTERNATIVE FINAL COVER REQUIREMENTS
31 Regulatory Considerations

311 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 to minimize percolation and erosion;
. mclude a barrier layer with a minimum thickness of 18in., a

maximum permeability (saturated hydraulic  conductivity) of
I x 107 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 alernative design to the prescriptive final cover design
provided that the performance of the barrier layer and erosion layer are shown to be
equivalent or superior to the performance of the prescribed layers with respect to
percelation and wind and water erosion.

3.1.2 State Regulations
The state of Calitornia 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 Regutations (27 CCR). These we the same regulations formerly contained in
14 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
. a foundation layer of at least 2 {t, unless the Regional Board finds
that differential settlement of the waste and ultimate land use allow

for a lessor thickness without impacting the integrity of the cover:

. a “low hydraulic-conductivity” layer not less than one-foot thick with
a minimum permeability of 1 x 10 cm/s and a permeability equal to
or fess than any bottom liner or underlying natural materials;

¢ a vegetative layer containing no waste ur ieachate, placed oo top of
the barrier layer, not less than one foot and of greater thickness than
the rooting depth of any vegetation planted on the cover: and

. design and construction which provides for the minimum
maintenance possible.

State regulations also allow engineered alternatives to the Title 27
prescriptive cover. Criteria are provided for both Regional Water Quality Control
Board (RWQCB) and Culifornia Integrated Waste Management Board (CIWMB)
approval of an engineered alternative final cover. Sections 20080(b) and (¢} of Title 27
provide the criteria for approval of an engineered alternative by the RWQCB. These
criteria are:

° The prescriptive stundard is not teasible 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 i1s 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 tmpairiment.
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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 Alternative Final Cover Configuration

The monolithic soil final cover is an engineered alternative final cover which
has been previously approved by the RWQCB for other sites in the 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 ftollowing mechanism: rain water
percolates into the monelithic soil cover and s stored by capillary tension in the soil
until removed by evaporation und transpiration.  The monolithic soil cover must have
sufficient storage capacity to retain the infiltrating water uatif the storage capacity of the
soil 1y 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 ne difference between the erosion resistance of
monolithic soil cover and the Tile 27 prescriptive cover. Furthermore, in arid 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 (o 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 scil cover
should be acceptable as an engineered alternative final cover per the governing
regulations.

The technical approach used to demonstrate that a monolithic soll cover
performs as well or better than a Title 27 prescriptive cover with respect to infiltration
control consists of water balance analyses of the two final cover concepts under similar.
representative climate conditions. The water balance analyses are used to show that the
percolation through a monolithic soil cover is less than the percolation through o
Title 27 prescriptive cover for the climatic conditions found at the landfill site. The
technical approach includes the following steps:

o Selection of a Water Balance Model.

° Evaluation of Material Properties.

° Evuluation of Chimate Data.

. Evaluation of the Vegetation Properties.

® Monolithic Soil Ceover 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 are employed in the
remainder of this report.
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4. WATER BALANCE ANALYSIS
4.1 Introduction

The water balance analysis presented in this report uses an unsaturated flow
computer code. The computer code employs a mass balance finite difference based
approach to predict unsaturated flow. A description of the components of the mass
balance equation used in the computer code is presented in Section 4.2. Details of the
computer code and specific input used in the computer simulations are provided in
Section 4.3, |

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 (percelation;
through the cover. The rass 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 - aS - (E+

Where: Perc = Percolation that has passed through the cover,
P = Precipitation falling on the cover.
Of = Overland flow, or precipitation runoff.
A8 = 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.

SRR
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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 1s 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 surface. (In areas of colder climates the water equivalent of showfall must
also be inciuded.) Of significance to an earthen cover’s hydraulic performanceis both
the total magnitude and distribution of precipitation.

4.2.3 Qverland Flow

Overland flow is defined as precipitation that fails 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. overiand flow is generated.

4.2.4 Seil Storage

Seil storage is defined as the volume of water that is held in the pore spaces
of the soil. A change in soil storage corresponds to a change in sotl water content. The
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 refative 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 soil cover Is termed
transpiration. Water flows through the plaat. 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 fow
water potential in feaves. 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 u
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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
vajue 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 water 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 (peading performance monitoring of the
as-constructed cover). LEACHM simulates water and solute transport through
unsaturated soils to a maximum depth of 0.6 ft (2 m). LEACHM uses Richards’
equation [Richards. 1931] to simulate tflow of water in unsaturated soils. The model has
algorithms to predict evaporation from the soil surface and transpiration ol plants from
the root zone. Precipitation in excess of the infiltration capacity of the profile is shed as
overland flow.

LEACHM models the unsaturated hydraulic conductivity of soil at a given
water content using Campbell’s prediction function [Campbell, 1974]. LEACHM uses
a soll-water retention fitting pregram to compute fitting parameters for Campbell’s soil-
water retention function from engineering and index properties of the soil. Siwe 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.

el
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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 tollowing 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 n 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 23235}
conducted on a sample collected 1o Test Pit A-6. The figure shows the variation of
volumetric moisture content, 9. as a function of suction, h. The figure also shows the
Campbeil’s soil water retention function fit through the data obtained in the faboratory

o
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test. The Campbell's soil water retention function relates the suction,
volumetric moisture content, 8 and is defined by the following two equations:

b
h =a(-€wJ for 0>0.
e

N

9‘._9j|!12 g(mji ;
B, . .
h =a : ‘ for8.>6>0,
g -8 '
g,
with
_ 2bg
© (1+2b)

h, to the

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

0. is the volumetric moisture content at saturation, and 0. 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 laboratorv test in sample for Test Pit A-06 is characterized by a=0.26,

b=9.703, 6,=0.362- and 6, =0.3811.

The curve fitting method was used to develop soil properties for potential
import soils.  Further description-of the soil sampling and laboratory testing of the
existing interim cover soils can be found in Section 5 of this report. Input values used
in the LEACHM analvsis for the properties of the generic import and existing cover

soils are presented in Section 6 of this report.

(Sl
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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 10 years. Simulations performed for the
Lopez Canyon Sanitary Landfili 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 EarthInfo, Inc. Earthinfo,
Inc. obtains data from the National Climatic Data Center (NCDC) for weather stations
nationwide [EarthInfo, 19961

A search of the Earthinfo, 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 4-1 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 Landfili.

Precipitution is one of the major fuctors 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 1o
available Lopez Cunyon Sanitary Landfiil 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 Canvon Sanitary Landfill under consideration for monolithic
soil cover ure 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.

11y
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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 [962 for the Sunland station has an average annual
precipitation of approximately 18.1in. (460 mm) peryear and includes several
wet years of 3543, 19.97, and 19.8 in. (900. 507. 503 mm) of precipitation. Thus, the
10-year period 1951 to 1962 from the Sunland weather station was deemed a
conservative representation of a 10-year weather pattern of the Lopez Canyon Sanitary
Landfill. The daily precipitation and daily minimum and maximum temperature values
from the Sunland station for the time period of 1951 through 1962 were used for
weather data input to LEACHM. Figure 4-2 displays a plot of the cumulative annual
precipitation values from the Sunland station from 1951 through 1962, Also shown in
Figure 4-2 is the 100-year average rainfall at Lopez Canyon Sanitary Landfill.

4.4.4 Vegetation Data

Plant data for LEACHM include:

. root depth and root distribution:

° plant growth options of constant vegetation and “growing”
vegetation:

. wilting point;

. minimum root potential:

* maximum ratio of actual to potential transpiration;

. root resistance: and

J germination, emergence. nraturity, and harvest dates,

I
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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 root
depth of 12 in. (30 cm) 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 Landftill the protiles 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 1t 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 caicufation.

4.4.6 Initial and Boundary Conditions

initial conditions for LEACHM are specified by assigning the matiad head or
water content to each node In the finite-difference nodal grid. Initial water content

- 77
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‘conditions are either volumetric water contents corresponding to optimum conditions, as
defined by Proctor compaction tests, for assumed borrow source soils, representative in-
situ moisture contents for in-place cover soils, or published literature values for soils
used in the Title 27 prescriptive cover design. The values used for model input are
given in Section 6, Monolithic Soil Cover Evaluation.

The boundary condition at the bottom of the soil column can be selected as a
fixed water table, free drainage (or unit gradient), zero flux, or lysimeter boundary. The
simulations were conducted by using the lower boundary as a unit gradieat boundary.
This boundary condition allows water to flow through the bottom of the cover in an
unsaturated condition at less than field capacity.

[
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5. GEOTECHNICAL EVALUATION OF EXISTING INTERIM COVER
5.1 Introduction

A geotechnical investigation of the characteristics of the existing 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 excavarion of test pirg,
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
GeoSvntec’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
backfilied 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].
[n-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 | ft (0.3 m). In-situ testing
for unit weight was further limited by presence of gravel and cobbles in the top 6 to
8-in. (130 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 Disposal 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) in
Atlanta, Georgia for testing.

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

.- 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
{ocations of the test pits are reported in Figure 5-1.

The thickness of the existing interim cover on the deck of Disposal
Area AB+ varies from 2 ft (0.6 m) to 11 f1 (3.3 m). Table 5-1 summarizes the elevation
of existing interim cover and thickness of interim existing cover at each test pit. The
detailed logs for the test pits are provided in Appendix A.

The soils found in the test pits were visually classified as being
predominantly siity 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 O to 4 ft (O 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-10. and AB-25 were selected as representative of the range of solls 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-10. 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 10 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 | 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 D1557. 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 ="

sfopes of Disposal Area AB+ averaged 3 to 10 ft (0.9 to 3 m) on the lower slopes and

210 3 ft (0.6 to 0.9 m) on the upper slopes. The locations of the test pits-are shown on

Figure 5-1. The thickness of existing soil cover at each test pit is reported in Table 5-2.
Detailed logs of the test pits are provided in Appendix A.

The existing interim cover soils on the slopes of Disposal 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 -
Arca AB+ are a combination of both daily cover soils and/or cover filis employed for
hot spot repairs.

5.4 Deck of Disposal Area A

A total of five test pits designated A-1 through A-5, were excavated on the
deck of Disposal Area A. The locations of the test pits are reported in Figure 5-1 and
detailed logs are provided in Appendix A. At the time of the investigation,

CELIO-O4 PEGE- T2 RIT 26 LN AT CH R



GeoSyntee Consultants
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.

57.2 Labeoratory Tesfing 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
Tuabie 5-5.  As shown in this table. the existing interim cover soils on the decks of
Disposal Areas A, B, and AB+ and the slopes of Disposal Areas A and AB+ classify
primarily as clayey sand or silty sand (SC or SM1 according to the Unified Soil
Classification System (ASTM D 2487).

The saturated hydraulic conductivity was measured on two representative
samples of soil collected on the deck of Disposal Area AB+. The saturated hydraulic
conductivity tests (ASTM D 5084) were pertormed on remolded samples. Based on
field observation and result of in-situ measurements. a dry density of about 85 to
90 percent of maximum dry density measured in accordance with ASTM D 1357 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-10 compacted to « 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 [557.

The saturated hydraulic conductivity were measured to be 4.5 x 10 cmy/s on
the remolded sample from test pit AB-10 and 7,6 x 10™ cm/s on the sample from test pit
AB-25. A saturated hydraulic conductivity of 4.5 % 10 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 sand favored the use of the higher value of -
saturated hydraulic conductivity measured in the laboratory for these subsequent
analyses.

To turther 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 35084) were performed on remolded samples. Bused on field observation and
result of in-situ measurements, a dry density of about 90 perceat 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, A8, A9. and A10 compacted to dry densities of 90 percent of maximum dry
density at a moisture content equal to 2 percent greater than the optimum watey 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 [0 cm/s to 8.6 x 107 emi/s. An
average saturated hydraulic conductivity of 4.6 x 107 cmfs 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 sotl cover
is evapotranspiration. Evapotranspiration of infiltration water from the cover soil
requires the establishment of vegetation on the cover. The vegetation type selected
should have the ability to establish itself and survive on the natural seasonal
precipitation of the site and should display rooting depths of at teast 12 to 18 in. (200 to
450 mm).

A. seeding -program-should include vegetation that will -establish quickly,
provide a percent coverage as great as possible, and will be self sustaining. The main
variables to be controlled for a successful seeding program in the Southern California
interior area consist of the time of planting, the method of pianting, and the tvpe 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 sustain
them through the summer months. Seeding at other times of the year may be performed
with some degree of success if irigation is used during the establishment period.
However, some species of grasses may be more susceptible to summer funguses when
not fully mature. Generally only 10 to 11 in. {230 to 275 mm) of rainfall is required to
sustain the perennial grasses tound 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 fail [Paul Albright, 1997].

Hydroseeding is a proven method for planting seeds over large open areas
that involves spraying the seeds onto the desired areas with water as the transport
medium. Hydroseeding will be utilized for the Lopez Canyon Sanitary Landfili seeding
program. The hydroseeding process cian be used to deliver nutrients, pesticides. or
fungicides along with the seeds. A nutrient analysis of the final cover soil could he
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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 muich 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 thas can survive
on the natural precipitation of the area. Table 6-1 lists the seed mix recommended for
Lopez Canyon Sanitary Landfill.- This mix- is-designea for fast-vigorous esiablisinnerii
of a final cover of native vegetation that reseeds itself. The recommended application
density 1s on the order of 72 1b 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
Area AB+

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 laborutory testing program described in Section 3.2, 3.3, 5.5, 5.6,
and 3.7, The thickness of the existing interim cover was found to vary from 2 1 (0.6 m)
to Hft (3.3 my 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 clavey sand with gravel.

The 1n-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 hydrautic conductivity measured in that range of dry density was on the
order of 4.5 x 107 cm/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

T e
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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
ctoovary from 7 £t (2.1 m) to- 18 ft (5.8 m) over the slepes of Disposal Area A. The soils
found in the existing interim cover on the slopes of Disposal Area A iaclude siity 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 107 cm/sec.

Water balance simulations using LEACHM were performed for a period of
[0 years using the weather data from the Sunland weather station for the time period
(951 to 1962, Cumulative percolations predicted by LEACHM for the Tite 27
prescriptive cover and for the existing interim soli 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 27 prescriptive cover
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 Titie 27 prescriptive cover.
The existing interim soil cover on the slopes of Disposal Area A can therefore be
considered to be an engineered alternative cover to the Title 27 prescriptive cover.

2
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6.3 Engineered Monolithic Cover Evaluation.. ... «cooiwsmmmrs oo
6.3.1 Engineered Monolithic Cover Configurations

Water balance analysis were performed to evaluate the performance of an
engineered monolithic soll 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 seil.  Two alternative configurations were simulated in the water
balance analyses. Both configurations employed the existing interim cover soil as the
foundation Jayer. However, two different types of imported borrow soil were used in
- the configurations, as deseribed below,

Alternative { consists of 2 ft (0.6 m) of existing interim cover soil overlain
by 3ft (I 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 5.

Alternative 2 consists of 2 ft (0.6 m) of existing interim cover soil overlain
bv 3 ft 11 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
Atterbere limits for the fines in the material should be characterized by a plastic lumit
less than 15, The cross section of these alternative cover designs is illustrated in
Figure 6-2. Since both alternatives have the same configuration they are illustrared 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 siopes of Disposal Area AB+. Curve fitting was performed to establish the
input parameters for the imported borrow solls. Hydraulic conductivity parameters for
the existing interim cover soil were obtained {rom the faboratory tests on the samples
remolded to representative densities, The initial moisture contents of these remolded
samples correspondeds 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" cm/s was input for the existing interim soil cover on the decks
of Disposal Areas A, B, and AB+ and the slopes of Disposal Area AB+. A hydraulic
conductivity of 1 x 107 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.

his cover seciion consisted of a | ft (0.3 m) thick vegetative layer underiain by a [ 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
in Table 6-2. The vegetative layer was assumed to have a saturated hydraulic
conductivity equal to 1 x 107 cm/s. The compacted clay layer was modeled with a
saturated hydraulic conductivity equal to [ X 10° cv/s.  The foundation layer was
assumed to have a saturated hydraulic conductivity equal | x 107 cm/s, a value
considered typical of native sandy silt and siity 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 Resuits 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 10 em/s is required for the infiltration performance of the
monolithic soil cover to surpass that of the Title 27 prescriptive cover.

6.34.3 Maonolithic Soil Covers

The second series of sensitivity analyses were performed over the three
different monolithic soil cover configurations (Alternative 1, Alternative 2, and A
Slope) t 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 I ft (0.3 m) was increased by up to an order of
magnitude {e.g. from 1x 107 cm/sec to 1 x 10™ cm/sec). Figure 6-5 compares the
10-year cumulative percolation through the three alternative monolithic soil covers as
designed to the percolation through the percolation through the monolithic soil cover
with a degraded saturated hydraulic conductivity in the top foot of the cover profile. A
description of the legend for Figure 6-3 Is presented below:

Alth

Monolithic soil cover Alternative | for the deck of Disposal Areas A, B, and
AB+ with the design saturated hydraulic conductivity of k = 1 x 107 crm/s

Altd:

Monolithic soii cover Alternative 2 for the deck of Disposal Areas AL B, and
AB+ with the design saturated hydraulic conductivity of k = 1 x {07 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 alterpatives 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 motsture 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 Is
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 monotithic soil
covers designed in Section 6.3, The sensitivity analyses were carried out using the
computer program LEACHM. The sensitivity 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 10 year cumulative percolation through the monolithic soil cover
compared to percolation through the Title 27 prescriptive cover. The following sections
describe and present the results of the sensitivity analyses.

[
-1
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A Slope: s

Monolithic soil cover on slopes of Disposal Area A with the design saturated
hydraulic conductivity of k = 4.6 x 107 cm/s

Altl deg:

Monolithic soil cover Alternative | for the deck of Disposal Areas A, B, and
AB+ with the saturated hydraulic conductivity of the top foot increased to
k= 1%107 em/s due to degradation of the soil

Al 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=1x 10" cm/s due to degradation of the soil

A Slope deg;

Monolithic soil cover on siopes of Disposal Area A with the saturated
hvdraulic conductivity of the top foot set at k=1 x 107 cm/s due to
degradation of the soil

A second series of sensitivity analyses were carried out to evaluate the effect
of vegetation on the performance of the monolithic soil covers. Figure 6-6 compares the
[0-year cumulative percolation through the three alternative monolithic seil covers as
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designed with vegetation and without vegetation. A description of the legend for
Figure 6-6 is presented below: . '

Altl:

vegetated monolithic soil cover Aliernative 1 for the deck of Disposal Areas
A, B, and AB+ with the design saturated hydraulic conductivity of
k=1x 107 cm/s

AltZ:

Vegetated monolithic soil cover Alternative 2 for the deck of Disposal Areas
A, B, and AB+ with the design saturated hydraulic conductivity of
k=1x 107 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 107 cm/s

Altl no veg:

Monolithic soil cover Alternative | for the deck of Disposal Areas A, B, and
AB+ with the design saturated hydraulic conductivity of k=1 x 107 cm/s
and no vegetation

Alf2 no veg:

Monolithic soil cover Alternative 2 for the deck of Disposal Areas A, B, and
AB+ with the design saturated hydraulic conductivity of k= 1x 107 cm/s
and no vegetation

b

—

CEALO0-0471 P 7872 RITE 4( R A



GeoSyntec Consaltants

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™ cmv/s and no vegetation

6.3.4.4  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 laver
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> 0% em/sec to 2x 10 cmy/sec and 5 x 10° co/sec.  The water balance
analyses were performed for each value of hydraulic conductivity for both the vegetared
and the no vegetation case. Figure 6-7 shows the effects of degradation and of
vegetation on the 10-yvear cumulative percolation through a Title 27. A description for-
the legend of Figure 6-7 is provided below:

prsc:

Title 27 prescriptive cover with the hydraulic conductivity of the compucted
clay layer equal to k= 1 x 10" cm/s and well established vegetation on the
cover

prsc n/vey :

Title 27 prescriptive cover with the hydraulic conductivity of the compacted
clay layer equal tok = 1 x [0 em/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 cm/s due to degradation and established
vegetation

prsc k2e6 nfveg:

Title 27 prescriptive cover with the hydraulic conductivity of the compacted
clay layer of increased to k=2x 10 em/s due to degradation and no

vegetation on the cover-

prsc kSe6:

Title 27 prescriptive cover with the hydraulic conductivity of the compacted
clay layer increased to k = 5 x 10 cm/s due to degradation and established
vegetation

prsc kSeb n/veg:

Title 27 prescriptive cover with the hydraulic conductivity of the compacted
clay layer of increased to k = 5 x 10 co/s due to degradation assuming no
vegelation 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 monelithic soil cover with

respect to surface iafiitration 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 107 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 fayer does desiccate or crack, assuming a
one-haif order of magnitude increase in saturated hvdraulic conductivity may actually be
conservative.

As shown on Figure 6-5 and 6-6, increase of the saturated hydrauiic
conductivity in the top foot of the monolithic soil covers by up to cne order of does
result in a significant increase of the 10-year curnulative percolation. However, this
increase 1s 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 oaly one half an order of magnitude. Figure 6-6 illustrates that even
without vegetation, the infiltration performances of Alternative 1 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 1o a loss of compared to Alternatives | and 2. Even
without degradation of the saturated hydraviic conductivity the percolation through the
A-slope configuration is above that of the Tittle 27 prescriptive cover if vegetation is
not established.

6.3.4.6 Summary

[n summary. results of the sensitivity analyses illustrate different cover
maintenance approaches that may be taken to muaintain the performance of the
monolithic final cover alternatives. For monolithic Alternatives | 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. ‘
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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 soll moisture content and environmental conditions in
two test sections for a period of two years;

° Calibrating the anpalytical 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.

In this cover performance evaluation program, characteristic soil properties
will be directly measured and the analytical model will be calibrated based upon the
first year of field data. The calibrated model will then be used to predict moisture
movement in the soil cover during the second year of monitoring. Comparison of
predicted moisture movement during the second year to actual 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 o 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 wvalidity of the analytical mode]l 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 [00-year 24-hour rainfall has
not occurred, a temporary irrigation will be set up adjacent to the monitoring stations to
artificially induce the 100-year, 24-hour rainfall for monitoring purposes.

7.2 Data Requirements

The data required to perform the cover performance evaluation include:

» data on the soil used to construct the moenolithic soil cover;
. data on weather conditions; and
. data on moisture content in the monotithic soil cover.

Data on the soil used to construct the monotlithic soil cover include soil type,
in-situ density, and hvdraulic 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 weather 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 Propesed Soil Moisture Monitoring System
7.3.1 Introduction

For the Lopez Canyon Landfill monolithic soil cover monitoring, it is
proposed to use Time Domain Reflectometry (TDR) probes for soil moisture monitoring
and a site weather station to gather accompanying weather data. TDR probes have been
selected due to their automated data collection abilities, minimal disturbance installation
methods, and prior successful use on similar projects in southern California. A TDR
monitoring probe system consists of a segmented profiling probe for monitoring
multiple depths, transmission cables, a battery power supply, and an integral data

logger.

The configuration and type of soil moisture monitoring probe system for the
Lopez Canyon Landfill monolithic soil cover is designed to provide flexibility so that it
can be modified to accommodate whatever frequency, quality, and quantity of data iy
required for monitoring.

7.3.2 Soil Moisture Monitoring Probe

it 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 of the proposed monolithic final cover, including the

foundation laver. 1s 60 1. (1,500 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 pertormance.
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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 instalied in the field. Soil moisture readings from the probes will be
automaticaliy taken daily and stored in the data loggers. Data will be downioaded with
a lap top computer. It is anticipated that data wili 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 conrected to the data fogger. 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 Yegetation

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, trrigation 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 and
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 4.3 of this report. The weather data and moisture migration data gathered
during the first year of performance monitoring period will be used to simutlate 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 installation report will be submitted within 12 weeks of completion of
installation of the test sections. This report will document moisture probe installation.
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soil test data, and initial probe readings. The report will include a record drawing
presenting surveyed probe locations, manufacturers’ product information on the probes
and data logging equipment, field logs from probe installation, and laboratory data
sheets and summary tables.

The model calibration report will be submitted 15 months after probe
installation. The model calibration report will include the weather and moisture content
data for the first 12 months of operation at each test section. The report will also
include a preiiminary evaluation of the performance of the monolithic scil cover in
comparison to the Title 27 prescriptive cover.

o The performance evaluation report will be submitted 27 months afier 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 ol 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 preseriptive cover, the report will include
recommendations for measures required to achieve equivalent Title 27 prescriptive
cover performance for the monoelithic soil cover.
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8. SUMMARY AND RECOMMENDATIONS
8.1 Summary

This report describes water balance conducted to demonstrate that a
menolithic soil cover is an acceptable engineered aiternative to Title 27 prescriptive
cover for the decks of Disposal Areas A, B, and AB+ and the slopes of Disposal
Areas A and AB+ at Lopez Canyon Sanitary landfill.

The work conducted included a field investigation, a laboratory testing
program. and water balance analyses. The field investigation and laboratory testing
program were conducted to characterize the existing interim soil cover. The water
balance analyses were used to demonstrate that the performance of the monolithic soil
cover met or exceeded the performance ot 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 silty sand and clayey sand mixed in some areas
with gravel and cobbles. The thickness of the existing iaterim cover ranges from 2 fi
(0.6 m) to I8 ft (3.5 m) with an in-situ dry density ranging from 76 to 98 percent of
maximum dry density as obtained from ASTM D1557. Reliable measurement of in-situ
drv density was impaired by the presence of gravel and cobbles and the disturbance
caused by the excavation activity.

Laboratory testing was conducted on seiected bulk samples to classify the
soil according to the Unified Soil Classification System and to obtain compaction
characteristics, hydraulic conductivity values, and moisture reteation 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 (ML), The representative hydraulic conductivity of the in place soils of the existing
interim soif cover was set at 4.5 x 10 cm/s on the decks of Disposal Areas A, B, and

1
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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 % 10" 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
fyvegetative soil layer, a | ft {0.3 m) thick compacted clay-layer, and a2 4t (0.6 ny) thick
foundation layer. The engineered monolithic soil covers consisted of a 3 ft (0.9 m) thick
layer of either a silty sand or a silty clay and a 2 ft (0.6 m) thick foundation layer.

The soil properties for the existing interim soil cover were established from
the laboratory testing program conducted on the samples collected at the test pits. Soil
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 1s located 3.5 miles (5.6 km) from
Lopez Canyon Sanitary Landfill at a comparable elevation. A [0-year period was
selected for the water balance analysis. The 10-year period exhibits an average annual
rainfall of 18.1 in. (460 mm), compared to the 16 in. (406 mm) [00-vear average rainfall
at Lopez Canyon Sanitary Landfili. The 10-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 Landfiil.

The results of the water balance analyses indicate that the percojation
through the existing interim soil cover on the decks of Disposal Areas A, B. and AB+
and the slopes of Disposal Area AB+ exceeds that through the Title 27 prescriptive
cover. The resuits 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 Tide 27 prescriptive cover over the 10 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+ 1s 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
stopes 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 Canvon Landfill. Properly configured covers include the
engineered monelithic 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 soll cover consists of a 2 it (0.6 m) thick
fayer of foundation soil composed of the existing interim cover soil overlain by a 3 ft
(1 m) thick layer of silty sand or clayey sand with  an in-place saturated hydraulic
conductivity no greater than 3 x 107 em/s. In lieu of constructing a test pad with the
imported monolithic soil cover and performing a sealed double ring infiltrometer
(SDRD test, the specifications will require a laboratory saturated hydrauiic conductivity
of 1% 107 em/s on imported monotithic soil cover. Specifying a vaiue 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 due 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 (2 m) of silty sand or clayey sand characterized by a hydraulic
conductivity of 4.6 x 107 ciis.

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 atiainment ol the
water quality objectives of a final cover. the monolithic soil cover should be acceptable

e
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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-reflectometry probes and an
automaied weather station. The recommended performance monitoring program
includes two years of monitoring, with model calibration after year one and model
validation after year two. The monitoring program is expected to result in final
regulatory approval of the monolithic soil final cover tor-the slopes of Disposal Areas A
and AB+ and the decks of Disposal Areas A, B, and AB+.
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TABLE 4-1

PROXIMAL WEATHER STATIONS
LOPEZ CANYON SANITARY LANDFILL

GeoSyntee Consultants

Station Name Number of Percent " Latitude Longitugde Elevation Bristance | Average Rainfall
‘ Years Coverage {ft) {miles) {in.)

LOPEZ CANYON LANDEILL t00 N34:17:30 1 WHB2130 | 1600- 1800 aprox. 16"
CANOGA PARK PIERCEC 46 [4H) N34:11:00 W118:34:00 790 4.0 15.84
DRY CANYON RESERVOIR 43 o PRI N34:29:60 WIi%:32:00 1455 FG.T 13.88
NEWHALL I 6 B 14 N34:22:00 W118:34:00 1400 3.1 19.53
PASADENA 68 95.-99 N34:09:00 WI118:08:00 BG4 5.0 19.47
SAN FERNANDO 48 90-99 N34:17:00 W118:28:00 911 1.3 16.39
SUNLAND 18 - G9-100 M4 16:00 WL 1800 1460 35 16.18
TUIUNGA 22 “ 96-97 N34:E6:00 W118:17:00 181y 4.3 20.85
Mot (-n HIG year mean ranfalt from RES! dated Septomber 1945
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TABLE 5-1

TEST PIT SUMMARY
DECK OF DISPOSAL AREA AB+
LOPEZ CANYON SANITARY LANDFILL

TEST PIT NO. EXISTING EXISTING REFUSE EL.

INTERIM FINAL | COVER SOIL (ft)
COVER EL. THICKNESS .
(ft) (ft)

AB-1 ' 1774.4 | 9.5 ‘ 1764.9
AB-2 1768.4 5 1763.4
AB-3 1763.9 5 1758.9

| AB-4 1759.7 4 1755.7

| AB-5 1759.9 S8 <1752
AB-6 1766.2 9 <1757
AB-7 1755.6 6 17496
AB-8 | 1755.9 6 1749.9

i T ABY ; 17491 L 17476

| AB-10 1761.5 4 1757.5
AB-11 1763.3 4 1759.3

| AB-12 1759.4 >7 <1752
AB-13 1767.4 Sl <1756
AB-24 1773.5 9 1764.5

1 AB-23 1762.1 >9 <1751

CH L0047 P ZOR- 13 T3, 9R (4 g6/ 10
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TABLE 5-2

TEST PIT SUMMARY

SLOPES OF DISPOSAL AREA AB+
LOPEZ CANYON SANITARY LANDFILL

GeoSynies Consultants

TEST PIT NO.

EXISTING EXISTING REFUSE EL.
INTERIM FINAL | COVER SOIL (£t)
COVER EL. THICKNESS
| (£t) (£t)
AB-14 - 1742.0 6 1736.0
AB-15 1759.9 | 8.5 1751.4
AB-16 | 1698.5 | 2.3 1696.0
AB-17 1 17000 | 2 1698.0
AB-18 1685.2 | 2 1683.2
AB-19 1691.9 5 1686.9
AB-20 . 1622.0 | 2.5 1619.5
| AB-21 1730.8 3.5 1727.3
. -AaBX | 17441 3 1741.]
| AB-23 1737.8 10 17273
CRIMRA DN TR G = G 30
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TABLE 5-3

TEST PIT SUMMARY
DECK OF DISPOSAL AREA A

LOPEZ CANYON SANITARY LANDFILL

GeoSyntee Consultants

TEST PIT NO. EXISTING EXISTING REFUSE EL.
INTERIM FINAL | COVER SOIL (£t)
COVEREL. THICKNESS
(£t) (£t)

A-l 1745.2 6.5 17387

A2 1741.32 6 1735.32

A-3 1741 5 1736

A-4 1732.93 6 1726.93

A-5 1744.16 5 1739.16

CEX GO LPZIS- 13 THL 93 4 16713201
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TABLE 5-4

TEST PIT SUMMARY
SLOPES OF DISPOSAL AREA A
LOPEZ CANYON SANITARY LANDFILL

TEST PIT NO. EXISTING EXISTING REFUSE EL.
INTERIM FINAL COVER SOIL {ft)
COVEREL. THICKNESS
(ft) ' (ft)
A-6 1738.2 . 7-14 1731.2
A-T 1721.2 2-18 1713.2
A-8 1678.8 >0 | 16698
A-9 : 16359.2 >14 1645.2
A-10 16100 7 1603.0 -
A-l1] 1570.5 11 15395
 CEAI0D-03/LPTYR. 1 1.THL 9% 04 06/13
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TABLE 5-5
TEST PIT SUMMARY
DECK OF DISPOSAL AREA B
LOPEZ CANYON SANITARY LANDFILL
TEST PIT NO. EXISTING EXISTING REFUSE EL.
INTERIM FINAL | COVER SOIL (1)
COVER EL. THICKNESS
(ft) (ft)
B-1 1707.44 3  [704.44
B-2 1719.02 2 1717.02
B-3 1732.1 3 1729.1
B-4 17418 3.5 1738.3
B-5 17277 5 1722.7
B-6 1743.5 >3 1735.5
B-7 1727.57 6 1721.6
B-8 1741.7 5 1736.7
CEH 000U P ZYR- LT TBRL I3 04 U671 301
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TABLE 6-1
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POTENTIAL MONOLITHIC SOIL COVER SEED MIX
LOPEZ CANYON SANITARY LANDFILL

PLANT SPECIES PURITY/ POUNDS/
GERMINATION ACRE

Artemesia Californica (Sagebrush} 15/60 2
Encelia Califonica (Bush Sunflower) 40/60 3
Eriogonum Fasciculatum (California B{lckeyc) 50/10 4
Lotus Scoparius (Deer Weed) 90/60 6
Mimulus Longiflorus (Monkey Flower) 2/55 2
Salvia Apiana {White Sage) 70/50 3
Salvia Mellifera (Black Sage) 85/50 4
Salvia Leucophyila (Purple Sage) 73770 3
Trifolium Hirtum (Clover) 95/85 10
Vulpia Myuros 9G/R0 3

| Stipa Cernua {Feather Grass) 30/50 g
Hordeum Californica 90/80 8
Bromux Carinatus (California Brome) 95/30 | 6
Eschscholzia Californica 98/75 5 2
(California Poppy) 1
Lupinus Bz’cb!or (Lupine) 98/80 4

Source: $&8S Seeds
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TABLE 6-2

SOIL PROPERTIES INPUT TO LEACHM
LOPEZ CANYON SANITARY LANDFILL

CAMPBELL’S SOIL WATER
RETENTION FITTING
PARAMETER

SOIL SATURATED HYDRAULIC ; AIR ENTRY | EXPONENT INITIAL
CONDUCTIVITY INPUT TO VALUE (b) WATER
LEACHM {a; CONTENT
{crv/s) {Volumetric)

Decks of Disposal 4.3 % 107 -1.34 8.783 0.22

Areas A, B, And ’
AB+, Slopes of

Disposal Area AB+
Existing Cover

Slopes of 16% 107 -0.26 9.703 0.25

Disposal Area A

Existing Cover
Alternative | [ox 107 -2.66 3.640 0.22
Borrow - ML

Alternative 2 Lox 107 118 1723 f.23
Borrow - SM OR
SC

Prescriptive Py o -4.89 3720 .19
Vegetative

Prescriptive P x 10" -1.88 5973 0.30
Cilay layer

Notex:

For Silty and Clayey Sand Borrow Soil. initial water contens equals optimum water conicnt based on Procior compacton tesis
For Chapter 15 Soils, initial warter contenis asswmed from dma for (ypical silty soils.

For Existing-Cover. initail moistare content equals optimum based on Proctor compaction fests.

aand b are the designation of the air entry vaiue and exponent in Campbelt’s equation used in LEACHM

CEIIGO-0ALPZR-15 TR 8 O U6 LU
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) TABLE 6-3

SUMMARY OF WATER BALANCE PREDICTION USING LEACHM
SLOPES OF DISPOSAL AREA A
LOPEZ CANYON SANITARY LANDFILL

GeoSyntee Consultants

Simuiation Saturated Cover Root Evapotran- Overtand Change In Percolation
Hydrautic Thickness | Depth spiration Flow Cover Storage | (mm/yr, %)
Conductivity {{eet) (in.) {(muo/yr, %}m {ram/yr, %)*3' {nmw/yr)
{em/s)
Prescriptive'’ TENATEAATON U1 12 3517 (76.79%) | 99.0(21.6%) | -6.4 (-1.4%) 13.8 (3.0%)
A-Stope, Alternative, (Avg-K)*’ 4.6x10° 6.5 12 229.9 (50.1%) | 229.6 (50.1%) | -7.0(-1.53%) 4.4 (1.0%)

Moy
th) Fitle 27 prescrplive cover

1Y) Altersative smonofithic cover.

Vatwes are aonual average bined oo s Hk yeas samadation

11 Totals do not secessaeily add e 100% due 1o voading.
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TABLE 6-4

SUMMARY OF WATER BALANCE PREDICTION USING LEACHM
: DECKS OF DISPOSAL AREAS A, B, AND AB+ AND SLOPES OF DISPOSAL AREA AB+
LOPEZ CANYON SANITARY LANDFILL

Simulution Saturated Cover Root Evapotran- Overtand Change In Percolation
Hydraulic Thickuess | Depth spiration " Flow . | Cover Storage | (mmyyr, %)™
Conductivity {feet) (in.) {mnv/yr, %) {mnyr, %)m {mm/yr)
{cm/s) :
Prescriptive'”’ o' noto! 2141 12 3SLT(T6.7%) | 99.0(21.6%) | -6.4(-1.4%) 13.8 (3.0%)
Alternative 1'% 4.5 % 10°10* 213 12 2552 (55.6%) | 208.5 (45.5%) | -8.7(-1.89%) | 3.2(0.7%)
Aleraative 2% 4.5 x 10"n0* 273 12 1437 (31.3%) | 319.9(69.8%) | -B.7(-1.89%) 3.4 (0.7%)

Nule  Vahees we aneual saverage bised va e 1-year siaiation
1) Fatle 27 prescriptive cover
{23 Ahlernative monolithic cover
t3) Tutads do not necessandy ade o HEFE ducto sonndeg
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SUCTION DATA FFOR FIGURE NO. 4.
SAMPLE A-6 . N -
LOPEZ CANYON SANITARY LANDEILL PROJECT NO. CE4100-04
LAKEVIEW TERRACE, CALIFORNIA DATE: S MARCH [998

AP psus JOPH,



40.00 -

35.00 |

30.00 +

2500 +

Rainfall (in.)

15.00

20.00

10.00 Lopez Canyon
100 yr. Average Rainfall
500 ¢+
0.00 i : t t : : : . : —
Year
iz, GEOSYNTEC CONSULTANTS! o
- s
SUN!.ANE.) WEATHER STATION FIGURE NO. 4.2 'g ;L
PRECIPFTATION DATA FOR MODELING - 1
LOPEZ-CANYON SANITARY LANDFILL PROJECT NO. CE4100-04 bt
DATE: 5 MARCH 1998

LAKEVIEW TERRACE, CALIFORNIA
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