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1.0 INTRODUCTION 

1.1 Purpose of Repor t and Background Information 

This report provides engineering data and analyses to support the Construction Drawings (Drawings), 
the Technical Specifications (Specifications), and the Construction Quality Assurance (CQA) Plans 
for Landfill Unit B-18 (B-18) at the Kettleman Hills Facility (KHF) in Kettleman City, Kings County, 
California.  B-18 is located in the southeast portion of the KHF, as shown on Figure 1.1 and on the 
Site Location Map portion of Sheet T-11

B-18 is an existing active Class I/II landfill that has been accepting waste continually since 1992.  
The existing B-18 landfill was constructed in two phases (Phases I and II), both of which were 
completed in the early 1990s.  The design of Phases I and II of B-18 was completed by 
Environmental Solutions, Inc. (ESI) and was presented in the original Engineering and Design Report 
for B-18 (ESI, 1990a)

 in Appendix A.1.2 

2

Chemical Waste Management, Inc. (CWM), the owner and operator of B-18, wishes to construct 
Phase III to expand B-18 to provide additional waste capacity.  Hence, this report has been prepared 
to supersede and serve as an updated revision to the original ESI (1990a) Engineering and Design 
Report for B-18.  The updates contained in this report pertain primarily to the proposed Phase III 
expansion of B-18 and to the revised final closure design for B-18.  The contents of the original ESI 
(1990a) Engineering and Design Report have been preserved herein - as appropriate - such that this 
report should be used as a stand-alone reference for the entirety of the Landfill B-18 engineering and 
design. 

. 

Reduced-size copies of the Drawings for Phases I through III and final closure are included in 
Appendix A.  The Specifications and CQA Plan for Phases I and II of B-18 were prepared as a 
separate document by ESI (1990b).  The Specifications and CQA Plans for Phase III and final closure 
are included in Appendices O and P, respectively. 

1.2 Landfill B-18 Design 

As described in Section 1.1, ESI (1990a) designed the existing Phases I and II of B-18 while Golder 
Associates Inc. (Golder) designed the proposed Phase III expansion and the revised final closure 
configuration.  Golder’s design of Phase III and the final closure of B-18 is based largely on the 
design of the existing B-18 Phases I and II completed by ESI (1990a). 

The design of B-18 described in this report follows the master plan for the KHF, including the 
approved Kings County Conditional Use Permit (CUP) requirements.  A Subsequent Environmental 
Impact Report (SEIR) has been prepared in accordance with the California Environmental Quality 
Act (CEQA).  The SEIR is currently under review and certification of the SEIR will be required prior 
to construction of B-18 Phase III.  The B-18 design generally follows procedures used for prior KHF  

                                                      
1 The term “Sheet” refers to the specific page of the Drawings in Appendix A 
2 References are provided in Section 6 
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waste management units (WMU) for land disposal and complies with the following regulatory 
documents: 

• United States Environmental Protection Agency (USEPA) Draft Minimum 
Technology Guidance on Double Liner Systems (USEPA, 1985)3

• USEPA Resource Conservation and Recovery Act (RCRA) Hazardous Waste 
Facility Permit, Part B (USEPA, 1990)

. 

4

• USEPA PCB regulations for Chemical Waste Landfills, Code of Federal Regulations, 
Title 40, Section 761.75. 

.  

• California Department of Toxic Substances Control (DTSC) Hazardous Waste 
Facility (Part B) Permit (DTSC, 2003). 

• DTSC Environmental Health Standards for the Management of Hazardous Waste, 
Title 22, Division 4.5 of the California Code of Regulations (CCR).  

• California Regional Water Quality Control Board (RWQCB), Central Valley Region, 
Waste Discharge Requirements No. 98-058 (RWQCB, 1998). 

• California State Water Resources Control Board and RWQCBs, Discharges of 
Hazardous Waste to Land, Title 23, Division 3, Chapter 15 of the CCR. 

• Kings County Conditional Use Permit (CUP) No. 1412, Administrative Approval 
Nos. 90-23 and 90-24 for the B-18 Landfill Phases I and II (Kings County, 1990). 

• Kings County CUP No. 05-10 (application under review). 

The primary differences between the B-18 design and the design of prior (i.e., pre-1990) KHF landfill 
units are the use of textured high density polyethylene (HDPE) geomembrane and the avoidance of 
operating waste slopes directly on the base liner system. These changes improve stability conditions 
throughout the operating period. These design concepts were initiated in Phase I and continue through 
Phase III and Closure. 

Key aspects of the B-18 design are:  

• The facility is developed in three phases (see Sheet 2 in Appendix A.1 and Sheet C-3 
in Appendix A.2). Phase I is located on the west side of the existing landfill and was 
constructed in 1990 thru 1992 (ECS, 1992f). Phase II is located on the east side of the 
existing landfill and was constructed in 1992 thru 1993 (GCS, 1993h). Phase III will 
include a vertical expansion primarily over the western half (approximately) of the 
existing landfill as well as a lateral expansion up the existing rock cut slope along the 
west side of the landfill.  Phase III is anticipated to be constructed in 2010/2011 and 
operational in 2010/2011. 

                                                      
3 This reference is applicable only to Phases I and II. 
4 This reference is applicable only to Phases I and II. 
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• Phases I and II each have two independent sump areas for leachate collection, 
detection, and removal. No other sumps will be installed for Phase III since only 
sideslope liner systems will be constructed for this phase.  The existing portions of 
each phase draining to the separate sumps are designated as Areas IA and IB for 
Phase I and Areas IIA and IIB for Phase II.  The Phase III sideslope liner will drain to 
all four of the existing Areas (IA, IB, IIA, and IIB). 

• The source of clay for the existing Phase I and Phase II liners was from an 
overburden claystone stratum (herein referred to as Stratum 18-8) that was excavated 
from the Phase II footprint. The primary source of clay for the Phase III liner is 
anticipated to be from the Landfill Unit B-17 excavation.  The clay borrowing and 
preparation procedures that were used for Phases I and II as well as the procedures to 
be used for Phase III are described in Section 4.6. 

1.3 Repor t Organization 

This report is organized into the following sections that provide detailed descriptions and background 
information for the design of B-18:  

• Section 2.0 – Site Description; 

• Section 3.0 – Geotechnical Investigations; 

• Section 4.0 – Landfill B-18 Description; 

• Section 5.0 – Engineering Analyses; and 

• Section 6.0 – References. 

Supporting information on the B-18 engineering and design is provided in the following appendices 
to this report:  

• Appendix A – Construction Drawings; 

• Appendix B – Boring Logs; 

• Appendix C – Trench and Test Pit Logs; 

• Appendix D – Laboratory Data; 

• Appendix E – Clay Liner Test Pad Data; 

• Appendix F – Liner System Material Data; 

• Appendix G – Settlement Analyses; 

• Appendix H – Stability Analyses; 

• Appendix I – Soil Erosion Analyses; 
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• Appendix J – Surface Water Drainage Analyses; 

• Appendix K – LCRS Analyses; 

• Appendix L – Riser Pipe Analyses; 

• Appendix M – Cover Infiltration Analyses; 

• Appendix N – Frost and Biotic Protection Evaluation; 

• Appendix O – Technical Specifications; and 

• Appendix P – CQA Plan. 
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2.0 SITE DESCRIPTION 

2.1 General 

This section describes the general location of B-18 as well as its pre-development and existing 
conditions. Sections 2.2 and 2.3 describe the current and pre-development B-18 site conditions, 
respectively.  Sections 2.4 to 2.6 provide brief descriptions of the B-18 site’s geologic, seismic, and 
hydrogeologic conditions, respectively. 

2.2 Current Site Layout and Conditions 

The KHF is located approximately midway between San Francisco and Los Angeles (see the 
Regional Location Map on Sheet T-1 in Appendix A.1) along the western edge of the San Joaquin 
Valley in central California. The KHF property consists of approximately 1,600 acres that occupies 
2.5 Sections (1/2 of Section 33 and all of Section 34, R18E, T22S, and all of Section 3, R18E, T23S, 
Mount Diablo Base and Meridian). Landfill B-18 is located in the southeast portion of the KHF (see 
Figure 1.1) and currently has a footprint area of approximately 53 acres.  The proposed final footprint 
area of B-18 will be approximately 68 acres. 

Figure 1.1 shows the KHF in relation to the west side of the San Joaquin Valley floor. The KHF is 
located in the Kettleman Hills, approximately four miles from the valley’s edge. The existing ground 
surface elevations (USGS Datum) at the KHF range from approximately 750 to 1,010 feet above 
mean sea level, making the KHF approximately 600 feet higher than the adjacent portion of the valley 
floor.  The most recent (March 28, 2008) topographic survey of the KHF indicates that, as of March 
28, 2008, the top deck waste elevations of B-18 range between 885 and 905 feet above mean sea level 
(see Sheet C-2 in Appendix A.2). 

Access to the KHF is from State Route 41 and Interstate 5, located along the west side of the San 
Joaquin Valley as shown on Figure 1.1. The entrance to the KHF is approximately three miles west of 
Interstate 5 and 60 miles northeast of San Luis Obispo, California. Within the KHF, access to the B-
18 area is through the existing Guard Station at the Main Gate, northwestward past Landfill Unit B-
15, westward along the road that is south of Surface Impoundment P-9, and southward past Surface 
Impoundments P-10 and P-11 and past the Final Stabilization Unit (FSU), which is located 
immediately north of B-18 (see Sheet C-1 in Appendix A.2). Waste trucks currently enter at the 
northwest corner of the B-18 area; as waste elevations increase, the trucks will use the western access 
road and closure cover access road as shown on Sheet C-4 in Appendix A.2. 

The layout of the existing Phases I and II of B-18 was based on the August 1990 CUP Facilities 
Boundary during the original design of B-18 (see Sheet 2 in Appendix A.1). Physical constraints for 
the Phases I and II areas included the following: 

• The existing FSU facility to the north of Phase I. 

• The existing KHF truck access road surface water control basin located along the 
northeast portion of Phase II. 

• The requirement for a B-18 surface water containment basin (referred to as the 
Northeast Containment Basin herein) near the northeast corner of Phase II. This 
surface water basin was constructed as part of Phase II in 1992 thru 1993 and is 
shown on Sheet 2 in Appendix A.1. 
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The layout of Phase III of B-18 was developed based on the proposed modified CUP Facility 
Boundary the three above-mentioned physical constraints, and the following additional physical 
constraints: 

• The existing Phases I and II geometry. 

• The requirement for a second surface water containment basin (referred to as the 
South Containment Basin herein) to the south of B-18, as shown on Sheet C-3 in 
Appendix A.2. 

The clean soil stockpile from the Phases I and II excavation is located outside of the immediate B-18 
area as shown on Sheet C-1 in Appendix A.2.  The “B-17 Borrow Area,” within the boundary of 
Landfill B-17, to the northwest of B-18 is used for clay borrow and processing activities, but is 
primarily utilized as the source of daily and final cover soil. 

No major KHF utilities are located within the B-18 area. Power for the existing light poles that 
surround B-18 and for the B-18 leachate control pumps is currently provided from an electrical 
transformer located along the north side of B-18 (see Sheet C-2 in Appendix A.2).  For the Phase III 
construction, this electrical transformer will be removed and relocated to the north. The existing 
lighting system that surrounds B-18 is no longer required and will be removed during the Phase III 
construction. 

2.3 Pre-Development Site Conditions 

Figure 2.1 shows the B-18 site topography prior to the construction of B-18.  This area was defined 
by a central, east/northeast-draining dry wash (i.e., swale) flanked on either side by several roughly 
northwest-trending ridge spurs. A former elongated, northeast-facing ridge slope formed the 
southwest boundary between Phases I and II and was used to develop these phases. In the Phase I 
area, two former tributary swales drained (northwest and southeast, respectively) along the toe of this 
slope into the former central swale. Another former swale drained northward through the south 
portion of the Phase II area, joining the former central swale near the northeast corner of the B-18 
area. Typical relief between the former swales and adjacent ridge tops varied up to about 100 feet; 
however, the long ridge that currently borders B-18 on its southwest side rises over 250 feet above the 
lower portion of the former central swale. Former slopes in the B-18 footprint were gentle to 
moderate, ranging from nearly flat up to inclinations of about 3H:1V (horizontal:vertical). Locally 
steep (2H:1V) former slopes occurred on the east/northeast side of the former ridge spur in the south-
central portion of B-18. 

2.4 Geologic Conditions 

Geologic conditions at the KHF are well-documented in the many studies completed for previous site 
activities. In general, subsurface conditions are relatively straightforward and consistent in 
comparison with other sites in California. 

Figure 2.2 shows the general geologic conditions in the vicinity of the KHF, based on the work of 
Woodring, et al. (1940). The KHF is located along the southwest limb of North Dome, which is a 
broad northwest-trending anticline that forms the north portion of the Kettleman Hills. The bedrock in 
the vicinity of B-18 mainly consists of the stratigraphically lowest units of the Upper and Lower San 
Joaquin Formation, which are comprised of discrete beds of sandstone, siltstone, and claystone. The 
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prevailing strike of these beds in the KHF area is about N45°W, with dips ranging from 25° to 35° 
southwest. 

Figure 2.3 summarizes the geologic conditions at the KHF based on data from a variety of prior 
investigations. The most important characteristic of the site geology with respect to the B-18 site 
investigation program (Section 3) was the continuity and uniformity of the bedrock strata. Of special 
importance was the thick claystone stratum which passes through the western portion of the B-18 
Phase II area. This material served as the clay source for the Phases I and II liner.  Additionally, for 
the Phase III area, the dip of the bedrock strata is to the southwest, representing the most favorable 
bedding orientation for stability of the excavation. 

Neither Figure 2.2 nor 2.3 indicates the existence of faults within the KHF, which would disrupt the 
general bedrock strike and dip trends and/or the continuity of the individual sandstone, siltstone, and 
claystone strata. Two studies by Roger Foott and Associates (1990a and 1990b) concluded that there 
is no surface or recent (i.e., Holocene) faulting in the B-18 area.  This conclusion was corroborated by 
geologic mapping of the completed landfill subgrades during the construction of Phases I and II 
(Golder, 1992; GCS, 1993b).   

2.5 Design Ground Motions 

2.5.1 General 

CCR Titles 22 and 23 require Class I landfills to be designed and maintained to withstand the 
Maximum Credible Earthquake (MCE) event.  Hence, the design ground motions used in the analyses 
of B-18 were based on the MCE event(s), as described in the following two sections. 

2.5.2 Ground Motions Used in the Original Design 

In the original design of B-18, ESI (1990a) used the MCE event and associated ground motion 
parameters that had been developed by Golder (1988).  The Golder (1988) MCE event for the KHF 
corresponded to a moment magnitude (Mw) 7.0 earthquake occurring at a depth of 10 km below the 
site on the Ramp Thrust Kettleman Hills North Dome segment of the blind Ramp Thrust Faults.  The 
deterministic peak horizontal ground acceleration (PHGA) associated with this MCE event was 
calculated to be 0.43g (Golder, 1988), where g is the acceleration due to gravity. 

2.5.3 Ground Motions Used in the Current Design 

Hushmand Associates, Inc. (HAI), under subcontract to Golder, updated the design ground motions 
for the KHF as part of the current B-18 design.  Appendix H.5 contains HAI’s slope stability report 
that explains the methods used to develop the updated design ground motions.  HAI performed 
deterministic seismic hazard analyses to evaluate the MCE ground motions for the controlling near-
field and far-field events using a variety of state-of-the-practice attenuation relationships.  Based on 
their analyses, HAI has developed the following deterministic MCE ground motion parameters for the 
KHF that were used in the current design of B-18: 

• Near-Field Event:  The controlling near-field MCE event is considered to be a Mw 7 
earthquake occurring 10 km from the site on the Ramp Thrust Kettleman Hills North 
Dome segment.  The PHGA associated with this event was calculated to be 0.62g. 
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• Far-Field Event:  The controlling far-field MCE event is considered to be a Mw 8 
earthquake occurring 35 km from the site on the San Andreas Fault.  The PHGA 
associated with this event was calculated to be 0.16g. 

2.6 Hydrogeology 

Groundwater conditions are extensively monitored at several existing monitoring wells located 
throughout the KHF site. Sheet C-2, C-3 and C-4 in Appendix A.2 shows the locations of monitoring 
wells in the vicinity of B-18. Recent data from these wells indicate that the depth to groundwater is 
about 250 feet below the bottom of the existing B-18 base liner system. No shallow perched 
groundwater or perennial springs are known to occur in the B-18 area. 

Because groundwater conditions do not affect the design or construction of B-18, an extensive 
evaluation of hydrogeology is not provided in this report. A report by EMCON (1986) contains a 
detailed description of the hydrogeological conditions at the KHF.  The current Groundwater 
Monitoring Plan for the KHF was prepared by Geosyntec (2001). 
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3.0 GEOTECHNICAL INVESTIGATIONS 

3.1 General 

This section describes the geotechnical field and laboratory investigations previously undertaken by 
ESI and others to characterize the B-18 subsurface conditions and to evaluate soil and rock properties 
necessary for the geotechnical design of B-18.  No additional field or laboratory investigations were 
performed by Golder in the preparation of this report.  Field and laboratory testing on the proposed 
clay source for Phase III of B-18 was performed by Geosyntec (2008), as discussed in Section 3.2.2. 

Section 3.2 describes the main field investigation activities associated with the design of B-18 and the 
evaluation of on-site claystone for use in the B-18 liner construction. Section 3.3 summarizes the 
subsurface conditions for B-18 based on the results of the geotechnical investigations.  Section 3.4 
describes the procedures used to select the soil and rock samples for laboratory testing in order to 
evaluate the required geotechnical design parameters. Results of the laboratory tests, including prior 
KHF data not directly associated with the design of B-18, are discussed in Section 3.5. 

3.2 Field Investigations 

3.2.1 Geotechnical Exploration Program 

The locations of geotechnical field exploration activities are shown in plan view on Figure 3.1 and in 
sectional views on Figure 3.2. The field explorations were undertaken in several phases designed to 
verify the anticipated site geologic characteristics and to obtain representative soil and rock samples. 

The initial phase of B-18 field exploration activities was conducted from February 20 through 27, 
1990, and consisted of the following: 

• Excavating long dozer trenches DT-A to DT-F to observe the thickness of colluvium, 
identify stratum contacts, and measure the strike and dip of rock 
discontinuities/bedding. These dozer trenches were generally between about 3 and 10 
feet deep. 

• Excavating test pits TP-l through TP-21 to penetrate colluvium at the base of the 
dozer trenches and to observe soil and rock conditions throughout the B-18 area. 
These test pits were generally about 6 to 18 feet deep. 

Several disturbed bulk samples of representative colluvium and rock materials were collected for 
general laboratory analyses during this initial program. 

The second phase of B-18 field exploration activities was conducted from March 12 through 23, 
1990, and consisted of the following: 

• Drilling nine geotechnical borings (L18-A through L18-I) to further verify the depth 
of contacts between individual rock strata and to collect relatively undisturbed 
samples of the rock materials to be encountered during excavation and/or to be used 
as embankment borrow material.  These borings were advanced to depths ranging 
between approximately 18.5 and 89 feet below ground surface. 
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• Excavating test pits TP-22 through TP-28 to confirm colluvium thicknesses and 
characteristics of bedrock strata at locations between the borings.  These test pits 
were excavated to depths of approximately 5.5 to 13.5 feet. 

Table 3.1 summarizes the purpose for and key information about each boring.  The borings were 
drilled using a Pitcher Barrel rig so that core samples could be recovered at the various intervals 
shown in Table 3.1.  A total of 65 Pitcher Barrel samples of bedrock and 6 drive samples of 
colluvium were collected from the initial borings (L18-A through L18-I). 

Data from the two initial field exploration phases were used to develop the preliminary versions of 
the geologic cross sections shown in Figure 3.2.  Existing monitoring well logs were also reviewed to 
confirm interpretations of rock strike and dip. These data consistently verified the relatively uniform 
site conditions and indicated that site characterization for the purposes of the B-18 design was 
complete. However, it was concluded that additional clay samples were required to complete the 
characterization of Stratum 18-8 for use as the onsite clay source for the Phases I and II liner. 

Therefore, the third and final phase of B-18 field exploration activities was conducted from May 8 
through 11, 1990, and consisted of the following: 

• Drilling boring L18-J to penetrate the entire Stratum 18-8 (clay borrow source) 
thickness to confirm uniformity of the claystone throughout this stratum. Sampling 
was accomplished by collecting approximately 2.5 feet of relatively undisturbed 
sample for each 5 feet of penetration.  This boring was drilled to a depth of 
approximately 172.5 feet below ground surface. 

• Drilling boring L18-K through the entire thickness of Stratum 18-9 and into the 
underlying Stratum 18-8.  Stratum 18-9 was excavated concurrently with the Stratum 
18-8 claystone during the construction of Phases I and II. This boring was also 
sampled by collecting approximately 2.5 feet of relatively undisturbed sample for 
each 5-foot penetration interval.  This boring was drilled to a depth of approximately 
97.5 feet below ground surface. 

• Excavating test pits TP-29 through TP-43 to obtain larger bag samples of materials 
from Strata 18-8, 18-9, 18-10, 18-11, 18-12, and 18-13.  These larger samples were 
used to evaluate properties of compacted borrow materials that could be mixed with 
the clay.  These test pits were excavated to depths of approximately 3.5 to 16 feet. 

Appendix B contains the logs of the above-described borings.  Logs of the dozer trenches and test pits 
are included in Appendix C. 

The information contained in Table 3.2 demonstrates that the colluvium and rock strata of interest to 
the design of B-18 have been adequately investigated by the above-described field exploration 
activities. Table 3.2 also includes the existing and previous monitoring wells which pass/passed 
through each geologic stratum underlying B-18. 

Supplemental geologic field investigations were undertaken by Roger Foott and Associates (1990a 
and 1990b) to evaluate the potential for recent faulting in the vicinity of B-18.  The findings of these 
investigations are discussed in Section 3.3.2. 
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3.2.2 Clay Liner Test Pads 

In 1991, a clay liner test pad was constructed to evaluate the B-18 Phases I and II clay borrow source 
(i.e., Stratum 18-8).  A sealed double-ring infiltrometer (SDRI) test was conducted on this test pad.  
Results of the SDRI test confirmed that the Stratum 18-8 clay source met the permeability 
requirements under actual field conditions.  The construction of the 1991 clay liner test pad and the 
SDRI testing are discussed in detail in the test fill and infiltrometer report by ESI (1992), which is 
provided in Appendix E.1.  CQA testing of the clay liner material during construction of Phases I and 
II of B-18 (ECS, 1992a, 1992b, and 1992d; GCS, 1993a, 1993d, and 1993f) verified the results of the 
SDRI test and indicated that the as-built clay liners for Phases I and II have permeabilities that do not 
exceed the specified maximum of 1 x 10-7 cm/s. 

The clay source for the Phase III liner is anticipated to be the on-site Pecten Claystone stratum that 
lies along the eastern boundary of Landfill Unit B-17 (see Sheet C-1 in Appendix A.2).  Geosyntec 
(2008) performed laboratory testing on samples of this stratum of Pecten Claystone.  Results of 
Geosyntec’s laboratory tests indicate that the Pecten Claystone stratum is a suitable clay borrow 
source for the Phase III liner.  The Geosyntec (2008) report on the Pecten Claystone testing is 
summarized in Table 3.13 and presented in Appendix E.2.  A clay liner test pad consisting of Pecten 
Claystone was constructed in July 2008.  A SDRI test was conducted by Geosyntec (2008a) on this 
test pad to further evaluate the Pecten Claystone and validate its use as the clay borrow source for the 
Phase III liner.  The SDRI test report was completed in December 2008 and is presented in Appendix 
E.3.  The report concludes the Pecten clay is suitable for Phase III clay liner. 

3.3 Site Subsurface Conditions 

3.3.1 Surficial Soils 

The majority of the B-18 site was blanketed with colluvial soils prior to its development.  These 
deposits consisted of low to moderately plastic, silty and/or sandy clays and very fine-grained clayey 
sands. The colluvium was generally stiff to very stiff and dry to slightly damp when encountered 
during the field explorations. Occasional laminated lenses of fine-grained sand, probably 
representative of intermittent alluvial deposits within the colluvium, were encountered in some swale 
areas. The colluvium varied in thickness from less than 1 foot along the uppermost ridge slopes to 
over 18 feet within the swales, as shown in Figure 3.2. Considerable variation in the thickness of 
colluvium beneath uniform slopes was indicative of differential weathering of the underlying San 
Joaquin Formation bedrock and surficial soil compaction. 

During the Phases I and II construction, the colluvium was excavated from the vast majority of 
foundation areas within the B-18 footprint due to its shallow depths.  The only areas where colluvium 
was left in place were at the crest of the 2H:1V slope along the western boundary of Phase I.  The 
colluvium that remained in these areas was less than 5 feet thick (GCS, 1993h).  Areas where 
colluvium remained above landfill cut slopes outside of the waste footprint (e.g., the steep northeast 
facing slope above the southwestern edge of B-18) were graded to control soil erosion and/or 
sloughing. 

Prior to the development of B-18, minor portions of the B-18 footprint were covered with fill. The 
northern portion of the Phase I area included the toe of a fill slope associated with the FSU 
construction. Several small fills in the Phase II area were apparently associated with drilling pads and 
a former access road that traversed the area. These fill materials were removed during the Phases I 
and II excavations. 
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3.3.2 Bedrock Lithology, Structure, and Stratigraphy 

The San Joaquin Formation underlying B-18 is similar to the other portions of this formation found 
throughout the KHF area.  The San Joaquin Formation consists of three major lithologic units: 
sandstone, siltstone, and claystone. Principal variants include silty sandstone and sandy siltstone. 
These units of the San Joaquin Formation were relatively easy to excavate using conventional 
earthmoving equipment (e.g., scrapers and dozers) during the Phases I and II construction. The 
physical characteristics of each of the discrete lithologic units, as well as qualities common to the 
overall San Joaquin Formation, are: 

• Sandstone:  Beds of both clean and silty sandstone occur within the B-18 area. The 
sandstones are variably white, gray, tan, and orange-brown. They are typically 
slightly weathered, soft, friable, very fine- to fine-grained, thick-bedded, and 
uncemented to weakly cemented. Occasional thin beds are moderately- to well-
cemented. Numerous veins of gypsum and thin, orange interbeds of hard, cemented, 
iron-rich material occur along bedding planes and joints within the sandstones, as 
well as within the other lithologic units. The sandstone excavations generated fine, 
loose, clean, and silty sand. Several fossiliferous, well-cemented sandstone beds 
(including “Trachycardium” and “Mya”) occur at various stratigraphic positions 
within the B-18 area, as shown on Figures 2.3, 3.1, and 3.2. These fossil beds are 
generally excavated as hard, gravel- to boulder-sized blocks. 

• Siltstone:  The siltstone units within the B-18 area are of variable character and 
include siltstone, sandy siltstone, and occasionally clayey siltstone. Each siltstone 
type is typically slightly weathered, soft, and laminated to thin-bedded. The siltstones 
vary from non- to low-plastic materials. Atterberg limits of selected samples, visually 
classified as siltstone, indicate that some “siltstones” consist of silty clays that plot 
just above the A-line on the plasticity chart. The siltstones are usually light brown or 
gray. Excavation of siltstone generates thin, angular fragments or slabs ranging from 
about 1/2 inch to 1 foot in largest dimension. 

• Claystone:  The claystone is usually either light gray, gray-brown, or dark olive-gray. 
It is typically slightly weathered, soft, laminated to thin-bedded, highly plastic, and 
frequently exhibits pronounced slickensides (striations) along glossy or waxy-
appearing fracture and bedding surfaces. Dozer excavation of the claystone opposite 
the direction of dip yielded generally uniform, angular gravel-sized fragments, while 
excavation in the direction of dip yielded gravel- and larger-sized blocks and slabs in 
the range of 12 to 18 inches in maximum size. The largest slabs of claystone 
generated during the initial excavation tended to break down after repeated passes 
with the dozer. 

The prevailing structural characteristic of the bedrock is its consistent bedding, which trends 
generally N30°W to N50°W and dips about 24 to 45°SW throughout the B-18 area (Golder, 1992; 
GCS, 1993b). Most measured joints dip steeper than the bedding and trend both across and generally 
parallel to the bedding (bedding and joint attitudes are shown on Figure 3.2). As shown on the cross 
sections in Figure 3.2, the cut slopes required for the Phases I and II construction were excavated 
shallower than the bedding plane angles to prevent adverse daylight conditions (e.g., along generally 
southwest-facing cut slopes). 
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Anomalous and contorted bedding (measured at N55°E, 73°SE) was encountered in dozer trench DT-
C (Figure 3.1) within the thick Stratum 18-8 claystone. The length of the dozer trench characterized 
by this feature was logged as trench T-3 (see Appendix C). A detailed examination of the geologic 
units along this portion of DT-C suggest that the anomalous bedding was a result of old, 
intraformational deformation (e.g., localized folding, faulting, or slumping). The colluvium that 
overlaid this feature appeared undisturbed and displayed no evidence of offset or displacement that 
would be indicative of recent slope instability or faulting.  Excavations for the construction of Phases 
I and II confirmed that the contorted bedding observed in DT-C was a localized, anomalous feature. 

Contorted beds of cemented sandstone, appearing to be folded or compressed in a down-dip direction, 
were encountered immediately beneath colluvial soils in dozer trench DT-B (Figure 3.1). The 
contorted bedding is apparently related to settlement of the near-surface, cemented bedrock following 
erosion or animal burrowing of underlying, softer, uncemented sandstone (refer to the log of trench T-
1 in Appendix C). The disturbed, near-surface bedrock was removed during the excavations for 
Phases I and II. 

Stratigraphically, the San Joaquin Formation beds underlying B-18 have been grouped into a 
sequence of 13 stratigraphic units. Each unit is defined according to either a discrete lithology or a 
distinctive interbedding of various lithologic units. The units are designated 18-1 through 18-13, from 
northeast (oldest) units to southwest (youngest) units. The approximate contacts of these units are 
depicted in plan on Figure 3.1 and in profile on Figure 3.2. The stratigraphy shown in Figures 3.1 and 
3.2 was based on the results of the dozer trenching, exploration drilling, air photo analysis, mapping 
of cut exposures prior to the development of B-18, and excavation of test pits. Comparisons were also 
made with logs of existing and previous monitoring wells in the B-18 area. In general, the geologic 
conditions in the B-18 area were found to be straightforward and consistent. Geologic mapping of the 
B-18 subgrades performed during the construction of Phases I and II revealed 15 units within the 
Phase I area (Golder, 1992) and 26 units within the Phase II area (GCS, 1993b).  The results of this 
mapping confirmed the general geologic conditions shown on Figures 3.1 and 3.2 with the only 
significant discrepancies being local adjustments of some of the contact locations. 

Geologic field investigations undertaken by Roger Foott and Associates (1990a and 1990b) indicated 
that recent (i.e., Holocene) faulting has not occurred in the vicinity of B-18.  Additionally, geologic 
mapping of the completed B-18 subgrades during the construction of Phases I and II did not reveal 
any evidence of recent faulting (Golder, 1992; GCS, 1993b). 

3.4 Laboratory Investigations 

3.4.1 Sample and Testing Selection Process 

This section describes the approach for selecting appropriate geotechnical laboratory tests to evaluate 
the necessary geotechnical design parameters and to establish geochemical background data for the 
on-site materials. 

Initially, the large amount of existing geotechnical data available from pre-1990 KHF landfill designs 
was evaluated to assess the usefulness of this data for the B-18 design. Also, index property tests were 
initially conducted on many of the B-18 samples for comparison with properties of materials 
previously tested and to characterize the range of material types which may be important for design. 
Representative samples for strength, consolidation, compaction, shrink/swell, permeability, and 
geochemical testing were selected based on the results of index property tests, past data, and the 
importance of specific strata to the design analyses. 
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3.4.2 Prior (Pre-1990) Geotechnical Data 

The most pertinent pre-1990 KHF geotechnical data used in the design of B-18 is summarized in 
Table 3.3 and is based on the results of investigations reported for the following activities: 

• The design of Phases II and III of Landfill Unit B-19 (Donohue and Associates, 
1988a); 

• The slope failure investigation for Phase IA of Landfill Unit B-19 (Seed et al., 1988); 
and 

• Generic investigations of closure alternatives for various landfills at the KHF 
(Golder, 1988b, 1989c, and 1989a). 

Table 3.3 also summarizes reported properties from published literature and vendor data on 
geosynthetic liner interface testing. 

3.4.3 Laboratory Testing for Landfill Design 

Tables 3.4 and 3.5 summarize the B-18 geotechnical laboratory testing program and show the 
samples collected from the borings and test pits/trenches, respectively. An “X” is provided in each 
table to indicate the types of tests conducted on each sample. The analysis methods used for the 
various tests are summarized in Table 3.6. 

A large number of index tests were initially conducted to evaluate the consistency of characteristics 
for the various rock and soil types. The index tests performed on a particular sample were selected 
based on the type of material. For example, plasticity index testing was conducted only on fine-
grained claystone or siltstone samples. Index property comparisons were then used to select 
representative samples to be tested for the various engineering properties (e.g., compaction, strength, 
settlement, permeability). 

Tests that were conducted under conditions to simulate the B-18 site-specific conditions are indicated 
by the footnotes in Tables 3.4 and 3.5. These included: 

• Conducting unconsolidated undrained (UU) triaxial tests at confining pressures 
ranging between 4 and 16 kips per square foot (ksf) to represent the anticipated range 
of overburden pressures due to the weight of the overlying waste. 

• Conducting most of the clay permeability tests at a dry unit weight equal to 90 
percent of the Modified Proctor (ASTM D1557) maximum dry density and at water 
contents ranging from 2 to 6 percent above the optimum moisture content to 
represent clay liner material that has been compacted in accordance with the 
Specifications. 

All of the compaction tests except two were conducted using the Modified Proctor procedures 
(ASTM D1557), which are specified for the B-18 construction. Standard Proctor procedures (ASTM 
D698) were conducted on one sandstone sample from Boring L18-K and one claystone sample from 
test pit TP-37 for comparison purposes only. 
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Table 3.4 also shows that background geochemistry was analyzed for three rock samples (one each 
from borings L18-A, L18-C, and L18-F) representing a range of the claystone, siltstone, and 
sandstone. The geochemical analyses conducted are listed in Table 3.6. These are the same 
background analyses conducted for prior KHF landfill investigations. 

3.4.4 Special Testing of the Phases I and II Clay Borrow Material 

Plasticity and unit weight/water content tests were conducted on 15 samples of Stratum 18-8 
claystone collected from Boring L18-J to assess the uniformity of the claystone. Hydrometer tests 
were then conducted on five of the 15 samples that were considered representative of the range of 
conditions in the stratum to compare grain size characteristics. Shrinkage tests were conducted on 
four of the five samples to quantify the clay shrink/swell characteristics. Plasticity index and 
hydrometer tests were also conducted on shallow claystone samples from dozer trenches DT-A and 
DT-C and from test pits TP-36, TP-38, and TP-40 to provide a comparison of conditions derived from 
the shallow weathered rock. 

Modified Proctor (ASTM D1557) compaction tests were conducted on three “pure” claystone 
composites of borehole samples to determine their water content-dry density relationship. 
Permeability tests were also performed on each of these three Modified Proctor composite samples 
using material compacted at approximately 90 percent relative compaction and water contents 
ranging from 0 to 2 percent above optimum. Unconsolidated-undrained (UU) triaxial and 
consolidation tests were conducted on one Modified Proctor test sample from dozer trench DT-A that 
was considered to be representative of the clay material. 

The above-described tests on “pure” claystone samples provided conservative characteristics of 
strength and consolidation parameters for the clay materials. In order to assess the potential for 
mixing the claystone with other rock materials, an additional series of tests was conducted on 
mixtures of claystone from Stratum 18-8 and sandstone/siltstone from the adjacent Stratum 18-9. Mix 
ratios of 70:30 and 50:50 (claystone:sandstone/siltstone) percent were used. 

Long-term leachate compatibility testing for the B-18 clay was not conducted in light of the results of 
an extensive testing program by EMCON (1989) using on-site claystone materials. That program 
included soil/waste compatibility tests performed consistent with the California Administrative Code, 
Title 23, Chapter 3, Subchapter 15, Section 2541(b) and (c); the United States Environmental 
Protection Agency (USEPA) regulations in 40 CFR 270.17(b)(1), 270.21(b)(1), 264.22l(a)(1), and 
264.301(a)(1)(i); and the Resource Conservation and Recovery Act (RCRA) Method 9100. 

The EMCON (1989) compatibility tests showed no significant increase in clay permeability after 
displacing two volumes of pore water with a representative leachate obtained from another hazardous 
waste site operated by CWM EMCON (1989) therefore concluded that the leachate did not have a 
significant effect on the permeability of the clay.  EMCON (1989) also considered this conclusion to 
be consistent with findings reported by others in published literature, which indicate that dilute 
organic liquids do not adversely affect the permeability of clay soils. 
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3.5 Laboratory Testing Results 

3.5.1 General 

This section summarizes the B-18-specific laboratory testing results in the following order: 

1. Index properties. 
2. Compaction tests. 
3. Strength tests. 
4. Permeability tests. 
5. Consolidation tests. 
6. Shrink/swell potential tests. 
7. Geochemical analyses. 

The complete laboratory test results and supporting information are presented in Appendices D and E. 

The laboratory test results described in this section were performed prior to the development of B-18 
and provided the necessary information that guided the B-18 design.  CQA reports prepared for the 
Phases I and II construction (see Section 4.1) contain additional laboratory and field test results that 
were performed as part of the Phases I and II CQA program.  These CQA test results generally 
confirmed that the actual properties of the various as-built materials met or exceeded the material 
properties that were assumed during design.  Hence, no attempt has been made to fully incorporate 
the CQA test data into the discussions in this report.  Rather, CQA test results are only mentioned 
herein when deemed appropriate to reinforce an earlier assumption or finding.  More recent testing, 
Geosyntec 2008a and b, has been conducted on proposed clay liner materials.  Test results indicate 
the clay liner is similar to that used for Phase I and II and it will be suitable for use as a clay liner in 
Phase III.  Test results that are included in Appendix E.2 and E.3 are summarized herein. 

3.5.2 Index Property Tests 

Plasticity index tests (i.e., Atterberg limits tests) were performed on claystone samples from Strata 
18-2 through 18-5, 18-7, 18-8 (the clay borrow source for Phases I and II), 18-9, 18-10, and 18-12. 
Table 3.7 summarizes the plasticity index data and indicates that the majority of the claystone is 
classified as high-plasticity clay (CH) having a liquid limit ranging from about 55 to 90 and a 
plasticity index ranging from about 30 to 60. One sample from Stratum 18-8 and several samples 
from other fine-grained strata were classified as low-plasticity clay (CL). These materials have a 
liquid limit ranging from about 30 to 49 and a plasticity index ranging from about 6 to 29. In addition, 
one of the plasticity index tests performed on a minor claystone/siltstone sample of Stratum 18-3 
showed the characteristics of a low plasticity silt (ML). 

Figure 3.3 shows a plasticity chart with plotted data points for the majority of the Stratum 18-8 
samples that were tested. It can be seen from this figure that the Stratum 18-8 claystone material 
consistently lies in the CH (i.e., high-plasticity clay) range. Additional plasticity charts containing 
plotted data for the other strata that were tested are included in Appendix D.1. 

Table 3.8 summarizes the tests performed to evaluate the percentage of material passing the U.S. No. 
200 sieve (i.e., fine-grained silt and clay) for the various samples tested. The colluvial soil samples 
generally have a fairly high percentage (about 33 to 81 percent) of fine-grained materials. This 
variation apparently relates to the origin of the colluvial materials with the highest percentage of fines 
being derived from siltstone or claystone. The data in Table 3.8 for sandstone shows a relatively low 
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percentage of fines that ranges from about 11 to 37 percent. Clayey and silty sandstone samples 
showed the largest variation of percent fines (from about 21 to 73 percent) which reflects the varying 
amount of fine-grained laminations in these samples. 

Figure 3.4 presents the grain size envelopes obtained from sieve analyses on sandstone samples from 
Stratum 18-9 and hydrometer tests on claystones from Stratum 18-8. Individual test results for 
samples from these strata and other rock units are included in Appendix D.2. These results further 
show the relative uniformity of the various rock types at B-18. The sandstones have relatively 
uniform grain sizes that fall mostly in the 4 to 0.1 millimeter diameter range. The percentage fines in 
the sandstones is approximately 10 to 40 percent. The claystone is well-graded with at least 80 
percent fines and about 5 to 30 percent of the particles being smaller than 0.001 millimeters. The 
clay-size fraction (particles with a diameter less than 0.002 millimeters) varies between about 12 and 
40 percent. 

Natural moisture contents and dry densities for samples tested are presented on the boring logs in 
Appendix B. Typically, the sandstone materials have a natural moisture content varying between 
about 8 and 20 percent and a natural dry density varying between about 95 and 121 pounds per cubic 
foot (pcf). The claystone material’s natural moisture content typically varies between about 15 and 30 
percent and its dry density range is approximately 90 to 105 pcf. 

Figure 3.5 contains a plot showing the relationship of the natural water content to the Atterberg limits 
for claystone samples from Stratum 18-8.  This relationship is useful for qualitatively evaluating the 
compressibility and strength behavior of the claystone. The data in Figure 3.5 show that the natural 
water content of the Stratum 18-8 claystone is typically less than or roughly equal to its plastic limit. 
This condition is indicative of a material with relatively low compressibility and high strength. The 
importance of this condition is that it allowed the settlements of the B-18 foundation to be calculated 
based on the theory of elasticity.  Other interesting features that can be seen from Figure 3.5 are the 
following: 

• The natural water content of the Stratum 18-8 claystone is relatively close to its 
optimum moisture content as determined from Modified Proctor compaction tests 
(see Section 3.5.3); and 

• The Stratum 18-8 claystone plasticity characteristics are relatively uniform 
throughout its entire depth, although a lower-plasticity zone was encountered in the 
70- to 90-foot depth range. 

• Recent testing on the proposed clay liner material, summarized in Table 3.13, 
indicates the plasticity index data of the claystone is generally classified as high-
plasticity clay (CH) having a liquid limit ranging from about 58 to 105 and a 
plasticity index ranging from about 29 to 72.  The fines content of the claystone 
ranged from 76 percent to nearly 100 percent.  This is consistent with clay liner 
materials used for Phases I and II. 

3.5.3 Compaction Tests 

Table 3.9 summarizes the results of compaction tests conducted on a variety of composited samples 
and on individual bag samples from test pit TP-42 and dozer trenches DT-A and DT-C. With the 
exception of composite Samples No. 4 and No. 11, all of the tests were performed using the Modified 
Proctor test method (ASTM D1557), which is the method that was specified for the Phases I and II 
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construction (ESI, 1990b) and is specified for the Phase III and final closure construction (see 
Appendix O). The Standard Proctor test method (ASTM D698) was utilized for Samples No. 4 and 
No. 11 in order to assess the differences in densities resulting from the use of a lower compactive 
energy (the Modified Proctor method utilizes an energy of 56,000 foot-pounds per cubic foot as 
compared to an energy of only 12,400 foot-pounds per cubic foot for the Standard Proctor method). 
Individual plots for the Modified and Standard Proctor tests are provided in Appendices D.3 and D.4, 
respectively. 

The Modified Proctor compaction data indicate that the optimum water content for the claystone is on 
the order of 21 to 25 percent and the corresponding maximum dry density is approximately 96 to 104 
pcf. As the percentage of sandstone increases, the optimum moisture content is expected to decrease 
and the maximum dry density to increase.  The recent testing by Geosyntec, presented in Appendix 
E.2, indicates lower optimum moisture contents and higher maximum dry density than previous 
testing.  The optimum moisture content and maximum dry density ranged from 12.5 to 20.1 percent 
and 105.5 to 122.0 pcf, respectively.  These variations are not significant and do not necessarily 
indicate a change in the clay quality. 

The compaction tests using the Standard Proctor method indicate that the claystone’s optimum water 
content for this lower compactive energy increases to about 30 percent while the maximum dry 
density decreases to below 90 pcf. A similar amount of change was also observed for the mixture of 
sandstone and claystone tested. 

3.5.4 Strength Tests on Relatively Undisturbed Samples 

Strength properties of the in-situ rock materials that form the sidewalls of the majority of B-18 were 
evaluated by the following two types of tests: 

1. Unconsolidated–undrained (UU) triaxial compression tests performed on relatively 
undisturbed samples of silty sandstone and claystone as summarized in Appendix 
D.5.  These tests allowed failure to occur on the weakest plane in the sample and 
provided representative data for evaluating the stability of slopes in which failure 
along bedding planes may occur. 

2. Direct shear tests performed on relatively undisturbed samples of sandstone and 
claystone, as summarized in Figure 3.6 and Appendix D.8.  The direct shear samples 
were oriented such that failure occurred across bedding planes.  These test results 
were then used for the stability evaluation of slopes which are not parallel or nearly 
parallel to the bedding. 

Figure 3.6 also includes direct shear test data from the previous B-19 Phases II and III investigation 
(Golder, 1988b) for comparison. 

The in-situ rock strengths along bedding planes obtained from the UU triaxial tests were consistently 
higher than the minimum strengths obtained for similar conditions for the design of B-19 Phases II 
and III (Golder, 1988b).  Therefore, in order to be conservative for B-18 cut slopes in the west-facing 
direction, it was concluded that the appropriate rock strength along bedding planes should be 
represented by a friction angle (φ) = 36 degrees and a cohesion intercept (c) = 0, as recommended by 
Golder (1988b). 
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As shown on Figure 3.6, the shear strength parameters for evaluating slope stability for crossbed 
conditions was evaluated to be φ = 40 degrees and c = 800 pounds per square foot (psf).  As can be 
seen in Figure 3.6, these strength parameters provide an approximately lower-bound limit of the 
direct shear test data conducted for the B-18 and B-19 (Golder, 1988b) investigations. 

3.5.5 Strength Tests on Remolded Samples 

The following two types of tests were performed to evaluate the strength of the clay liner for use in 
assessing the stability of B-18 at different times throughout its life: 

1. UU triaxial compression tests were conducted on remolded sandstone and claystone 
samples to provide strength parameters to assess landfill stability for short-term 
conditions (i.e., prior to significant clay liner consolidation occurring due to the 
weight of the overlying waste). 

2. Consolidated–undrained (CU) triaxial compression tests were conducted on remolded 
claystone samples for use in evaluating the long-term stability of B-18 (i.e., after the 
clay liner consolidation is essentially complete). 

The results of the UU and CU triaxial tests are included in Appendices D.6 and D.7, respectively. 

The UU triaxial test results indicate that the short-term strength of the clay liner can be represented by 
φ = 8 degrees and c = 3,600 psf. After consolidation is essentially complete, the clay liner is 
significantly stronger and can be represented by φ  = 15 degrees and c = 1,500 psf. 

CU triaxial compression tests conducted on silty sandstone materials from Stratum 18-9 indicate that 
the shear strength of these materials when compacted to 95 percent relative compaction can be 
represented by φ = 30 degrees and c = 3,000 psf. These strength parameters are considered 
appropriate for evaluating the stability of structural fill and embankments constructed from low 
plasticity borrow materials. 

3.5.6 Permeability Tests 

The five permeability tests summarized in Table 3.10 were conducted on clay samples derived from 
the Stratum 18-8 claystone. These tests show that the anticipated permeability under laboratory 
conditions varies between about 2 x 10-8 and 2 x 10-9 cm/s. For comparison, the field SDRI test 
performed by ESI (1992) indicated that the permeability of a clay liner constructed of Stratum 18-8 
claystone is on the order of approximately 5 x 10-8 cm/s. 

The laboratory permeability tests were conducted under a variety of conditions to evaluate the degree 
to which the particle size and weathering of the claystone may affect its permeability. The first two 
tests in Table 3.10 were conducted using a maximum particle size of 3/8-inches in the Proctor mold. 
Although small with respect to field compaction equipment, the 3/8-inch particle size is relatively 
large for small-scale laboratory permeability tests. The second two tests in Table 3.10 were conducted 
using a 1/4-inch maximum particle size, which corresponds to the ASTM procedures.  The final test 
in Table 3.10 was designed to simulate the field conditions anticipated for B-18. This test was 
conducted by allowing the material to weather over a two-week period and without controlling the 
particle size. This procedure best represents the conditions which are realized in the field as the clay 
borrow material is mixed, worked, stockpiled, and recovered with wetting operations at various times 
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during these activities. Experience from the Phases I and II construction indicates that adequate 
permeabilities are realized if a maximum particle size of 1 to 2 inches is maintained. 

Recent permeability tests, Geosyntec 2008, indicate the proposed clay liner material has a 
permeability of less than 1 x 10-7 cm/sec.  The tests show that the anticipated permeability under 
laboratory conditions varies between about 9 x 10-8 and 4 x 10-9 cm/s, and 4.2 x 10-8 cm/s based on 
the field SDRI (see Appendix E.2 and E.3).   

3.5.7 Consolidation Tests 

Consolidation tests were conducted on two samples of the Stratum 18-8 clay that were compacted to 
conditions similar to those specified for construction. These tests provided information for: 

• Estimating the amount of settlement that will occur in the clay liners as a result of the 
waste loading; and 

• Estimating the rate at which pore pressures will dissipate from the clay liner in order 
to evaluate if there is a potential for excess pore pressure build-up. 

The two consolidation tests showed similar compressive stress versus void ratio relationships.  The 
results of the consolidation tests are included in Appendix D.9. 

3.5.8 Shrink/Swell Potential Tests 

Tables 3.11 and 3.12 summarize the shrink/swell test results for relatively undisturbed and remolded 
Stratum 18-8 claystone samples, respectively. The test results for the relatively undisturbed samples 
in Table 3.11 indicate that the in-situ claystone has low to moderate swell potential under low 
confining pressures. At high confining pressures, such as those on the base liner system, the swelling 
potential of the claystone is considered negligible based on the test results in Table 3.11. 

The data in Table 3.12 shows that remolded Stratum 18-8 clay has a moderate to high swelling 
potential under low confining pressures. This indicates that it is important to keep the clay liner 
materials wet after placement and prior to deployment of the overlying geosynthetics in order to 
prevent significant desiccation cracking. Appropriate steps were taken to prevent excessive drying of 
the clay liner during the Phases I and II construction.  Similar preventative procedures are specified 
for the Phase III clay liner construction (see Appendix O.1). 

3.5.9 Geochemical Tests 

Background geochemical analyses were conducted on representative claystone, siltstone, and 
sandstone samples prior to the development of B-18.  These test results are presented in Appendix 
D.10. 

Additional geochemical analyses were performed on seven bedrock samples collected from the B-18 
excavations during the construction of Phases I and II (Golder, 1992; GCS, 1993b).  The results of 
these tests were consistent with the typical natural background composition (in terms of analytes and 
concentrations) of the San Joaquin Formation bedrock. 
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3.6 Method 9090 (Liner /Leachate Compatibility Testing 

As a condition of the Hazardous Waste Facility Permit (DTSC, 2003) “the Permittee shall test all 
components of landfill liners for waste/leachate compatibility using EPA Method 9090 or other more 
appropriate methods approved by DTSC.  The liner components include seamed portions of 60-mil 
[HDPE], [HDPE] geomembrane material, [HDPE] geonet, geotextiles fabric, graded gravel used as 
drainage material, and [HDPE] piping used in the leachate collection systems.” 

For Landfill B-18 Phases I and II, leachate samples from an on-site hazardous waste landfill were 
used to test compatibility with the liner components.  The following reports were submitted to the 
agencies, confirming the acceptability of the materials: 

• Chemical Compatibility  Testing of National Seal 60 mil Geomembrane with 
Kettleman Hills Waste Leachate, Soltex Resin, NSC#CO2A, Final Report 
(TRI/Environmental, Inc., October 14, 1991) 

• Leachate Compatibility of Geosynthetic Materials – Kettleman Hills Facility, Final 
Report (J&L Testing Company, November 4, 1991) 

• Geotechnical Laboratory Test Results Aggregate/Leachate Compatibility Testing, 
Kettleman Hills Facility, (J&L Testing Company, November 7, 1991) 

• NSC 60 mil Textured HDPE Chemical Compatibility Testing EPA Method 9090 – 
Kettleman Hills Facility, (J&L Testing Company, September 8, 1992) 

The materials that were tested in 1991 and 1992 (during the B-18 construction) by J&L Testing 
Company included: 

Gundle XL-14 Geonet 
NSC PN-3000 Geonet 
Trevira 1125 Geotextile 
Gundle 60mil HDPE Geomembrane 
Gundle 60mil Textured HDPE Geomembrane (New Resin) 
NSC 60 mil Textured HDPE Geomembrane (1992 testing) 
PVC Pipe 
HDPE Pipe 
LCRS Gravel 

 
Testing was conducted in accordance with the Test Protocol and Methodology for Compatibility 
Testing (CWMI, May 31, 1988, revised August 31, 1989).  This Test Protocol was approved with the 
issuance of EPA Permit Modification #2 and DTSC Permit Modification #1.  Results of the testing 
indicate that the liner components, when exposed to leachate, would function satisfactorily and had 
no adverse cumulative effect on the physical and/or engineering properties. 

Phase III will utilize similar materials for the construction of the liner components.  The previous test 
results as well as industry-wide testing of liner materials with leachate (see Appendix F, Attachment 
3), indicate that the proposed materials will function without adverse effect due to the exposure to 
leachate.  Based on these data, no additional compatibility testing is proposed for materials to be used 
in the construction of Phase III.  As allowed by the Hazardous Waste Facility Permit, the “existing 
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test data from similar studies, and manufacturer supplied specifications [may be] used as an 
alternative [to testing].” 
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4.0 LANDFILL B-18 DESCRIPTION 

4.1 General 

This section describes the B-18 design configuration, the key elements of B-18, and the supporting 
reasoning for the B-18 design. 

B-18 development includes the following three phases: 

• Phase I, which was constructed from October 1990 to February 1992 and has a 
footprint area of approximately 21 acres as shown on Sheet 2 in Appendix A.1. 

• Phase II, which was constructed from August 1992 to November 1993 and has a 
footprint area of approximately 32 acres as shown on Sheet 2 in Appendix A.1. 

• Phase III, which is anticipated to be constructed in 2012 and will have a footprint 
area of approximately 13.8 acres as shown on Sheet C-3 in Appendix A.2. 

The landfill components and construction procedures for the three phases and final closure of B-18 
are described in the following documents: 

1. The Drawings for Phases I and II provided in Appendix A.1.  It is noted that the 
original final closure design of B-18 shown on the Drawings in Appendix A.1 is 
superseded by the final closure design shown on the Drawings in Appendix A.2 
and discussed herein. 

2. The Drawings for Phase III and final closure provided in Appendix A.2. 

3. The Specifications and CQA Plan for Phases I and II (ESI, 1990b). 

4. The Specifications for Phase III and final closure contained in Appendices O.1 and 
O.2, respectively. 

5. The CQA Plans for Phase III and final closure presented in Appendices P.1 and P.2, 
respectively. 

6. The CQA Reports prepared for Phase I, which consist of the following: 

a. Volume 1 – Subgrade Geologic Mapping Report (Golder, 1992). 

b. Volume 2 – Clay Liner Source Report (ECS, 1992a). 

c. Volume 3 – Secondary Clay Liner Construction Report (ECS, 1992b). 

d. Volume 4 – Secondary HDPE Liner and Leachate Collection System 
Construction Report (ECS, 1992c). 

e. Volume 5 – Primary Clay Liner Construction Report (ECS, 1992d). 
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f. Volume 6 – Primary HDPE Liner and Leachate Collection System 
Construction Report (ECS, 1992e). 

g. Volume 7 – Summary Construction Observation Report (ECS, 1992f). 

h. Volume 8 – Operational Features Report (ECS, 1992g). 

i. Volume 9 – Design Changes and Design Clarifications Report (ECS, 1992h). 

7. The CQA Reports prepared for Phase II, which consist of the following: 

a. Volume 1 – Clay Liner Source Report (GCS, 1993a). 

b. Volume 2 – Subgrade Geologic Mapping Report (GCS, 1993b). 

c. Volume 3 – Excavation and Structural Fill Placement Construction Report 
(GCS, 1993c). 

d. Volume 4 – Secondary Clay Liner Construction Report (GCS, 1993d). 

e. Volume 5 – Secondary and Vadose HDPE Liner and Leachate Collection 
System Construction Report (GCS, 1993e). 

f. Volume 6 – Primary Clay Liner Construction Report (GCS, 1993f). 

g. Volume 7 – Primary HDPE Liner and Leachate Collection System 
Construction Report (GCS, 1993g). 

h. Volume 8 – Summary Construction Observation Report (GCS, 1993h). 

i. Volume 9 – Operational Features Report (GCS, 1993i). 

An overview of the existing Phases I and II of B-18 is provided on the following sheets in Appendix 
A.1: 

• Sheet 2 shows the Phases I and II areas and the former stockpile areas that were used 
for temporary storage of excavated materials during the construction of Phases I and 
II. 

• Sheet 3 shows the Phase I subgrade elevations and the initial Phases I and II clay 
borrow area configuration in the Stratum 18-8 claystone described in Section 3 (see 
Figures 3.1 and 3.2).  

• Sheet 7 generally shows how the Phases I and II clay borrow area was expanded after 
completion of Phase I but prior to the construction of Phase II.  However, the grades 
shown on Sheet 7 were adjusted such that overexcavation below the Phase II 
subgrade was avoided. 

• Sheet 8 shows the interim closure of Phase I and the Phase II subgrade elevations. 
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An overview of the proposed Phase III and final closure of B-18 is provided on the following 
sheets in Appendix A.2: 

• Sheet C-1 and C-2 show the existing conditions of the B-18 area (as of March 28, 
2008) and the location of the Phase III clay borrow area (borrow is within Landfill B-
17). 

• Sheet C-3 shows the subgrade elevations for all of B-18. 

• Sheet C-4 illustrates the configuration of the B-18 closure cover final development 
grades (including benches, drainage, and access roads) for B-18.  

• Sheets C-5 and C-6 show critical cross sections that further detail the development of 
B-18 

• Sheet C-7 provides critical details for the liner cross section, liner termination, liner 
tie-in, and other items required for development of B-18. 

• Sheet C-8 provides critical details for the extension of the existing leachate riser 
system as well as development of a replacement leachate riser and tank station. 

• Sheet C-9 provides details to convey drainage into the new southern retention basin. 

• Sheet C-10 provides additional drainage bench details and the final cover profile. 

Detailed descriptions of the B-18 design are provided in the following sections: 

• Section 4.2 – Phase I; 

• Section 4.3 – Phase II; 

• Section 4.4 – Phase III; 

• Section 4.5 – Final Closure; 

• Section 4.6 – Clay Borrow Operations; 

• Section 4.7 – Liner Systems; 

• Section 4.8 – Leachate Collection and Recovery Systems; 

• Section 4.9 – Surface Water Control; and 

• Section 4.10 – Utilities. 
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4.2 Phase I 

Phase I comprises the western 40 percent (approximately) of the existing B-18 area (see Sheets 2 to 6 
in Appendix A.1). Phase I of B-18 was configured so that: 

• Disposed wastes are located within the 1990 CUP Facilities Boundary (Kings 
County, 1990). 

• The number of boundary curves, which complicate excavation and liner construction, 
were minimized. 

• Approximately 1,000,000 cubic yards of waste (including daily cover) were disposed 
of in Phase I. 

• The waste is adequately stable under the operating and interim fill conditions. 

The north, south, and west sides of Phase I form the originally-planned ultimate B-18 limits and were 
constructed as the final waste containment boundary. However, the proposed Phase III expansion will 
extend the ultimate limits of B-18 such that the Phase I area will be bordered by Phase III along the 
full length of its north, south, and west sides. The entire east side of Phase I is bordered by Phase II.  
Prior to the construction of Phase II, the east boundary of Phase I consisted of a berm (the Phase I/II 
Berm) that rises approximately 40 to 45 feet above the landfill base (see Sheets 3 and 8 in Appendix 
A.1). The Phase I/II Berm allowed waste to be filled in horizontal lifts in Phase I without having a 
laterally-unsupported waste slope on the Phase I base liner system.  This minimized the risk of slope 
instability during Phase I disposal operations.  The Phase I/II Berm is a permanent feature of the B-18 
floor. 

Almost all of Phase I is within excavated rock of the San Joaquin Formation. The only significant 
areas that required structural fill during the construction of Phase I were along the B-18 Perimeter 
Road near the northwest and southwest corners of B-18, as shown on Sheet 3A and in Section A-
3A/15 on Sheet 15 in Appendix A.1. 

The former access route into the Phase I area during its initial filling is illustrated on Sheet 5 in 
Appendix A.1. The main waste truck access included the following segments: 

• Entering B-18 near the northwest corner of Phase I. 

• Proceeding southward along the northern two–thirds (approximately) of the B-18 
Perimeter Road on the west side of B-18. 

• Proceeding down the 35-foot-wide access ramp on the west, south, and east Phase I 
waste area slopes. Special liner and road construction details for this access ramp are 
discussed in Section 4.7.3.3. 

The Phase I waste area access ramp discussed above was aligned to intersect the top of the Phase I/II 
Berm near the southeast corner of Phase I. This allowed operations personnel to move landfill 
equipment and daily soil cover into the Phase I waste area along a temporary road on top of the Phase 
I/II Berm without impacting the main waste truck access. The appropriate manner for handling site 
traffic was refined on an on-going basis as operational experience was gained. 
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The existing B-18 Perimeter Road (see Section A-3,8/15 on Sheet 15 and Section A on Sheet 17 in 
Appendix A.1) is typically set back approximately 20 feet from the waste disposal limit to allow for 
the future construction of the final closure cover (Section 4.5). This separation is wider at two 
locations along the western portion of the B-18 Perimeter Road to accommodate the leachate 
collection and recovery system (LCRS) riser pads. 

The base of Phase I is subdivided into two separate leachate collection zones that are referred to as 
Areas IA and IB, as shown on Sheets 2 through 5 in Appendix A.1. These areas are sloped toward 
two separate leachate sumps. This arrangement reduces the flow length for leachate to be collected as 
compared to an arrangement with only one sump at either end of the Phase I base. The sump areas are 
described in Section 4.8. 

Waste was placed in nearly level, 10-foot-thick lifts across the entire Phase I area. This filling method 
avoided the condition of having interim waste slopes that were supported directly on the liner system. 
The interim waste surface was sloped slightly toward the north to allow for collection of surface 
water at a single location away from the waste fill access ramp. 

Sheet 6 in Appendix A.1 shows the Phase I Intermediate Closure configuration that provided 
approximately 1,000,000 cubic yards of initial airspace in the Phase I area.  The intermediate closure 
was primarily an operational condition to allow time for the then newly constructed Phase II to be 
filled to an elevation above the Phase I/II berm.  Design considerations for this intermediate fill plan 
consisted of the following: 

• A maximum waste elevation of approximately 810 feet to provide the 1,000,000 
cubic yards of airspace. 

• The east-facing intermediate closure slope was configured to provide adequate 
stability against a potential wedge failure occurring along the liner system.  This 
stability consideration is discussed in Section 5.3.4. 

• The south-facing intermediate closure slope was configured such that the access ramp 
to the Phase I waste area was maintained to provide access into the Phase II disposal 
area.  

• The north-facing intermediate closure slope was provided to avoid having any 
laterally-unsupported portion of the waste fill directly on the liner system. 

The Phase I Intermediate Closure top deck included a run-off collection sump to temporarily collect 
direct rainfall run-off from the top deck area. Control of this run-off is described in Section 4.9.3. 

Once the Phase I Intermediate Closure elevations were reached, the flatter portions of the 
intermediate closure slopes (i.e., the top deck slopes) were temporarily covered by a nominal soil 
foundation layer and an overlying temporary 40-mil HDPE geomembrane for infiltration control.  
The temporary run-off collection sump in the top deck area was also lined with a 40-mil HDPE 
geomembrane to minimize infiltration during the infrequent periods when surface water was 
temporarily retained in this sump.  The sideslope portions of the Phase I Intermediate Closure area 
were covered with soil as shown in Section A-6/23 on Sheet 23 in Appendix A.1 to provide stability 
and infiltration control.  This soil was recovered and used for daily cover when waste disposal in the 
Phase I area resumed.  Additionally, the 40-mil HDPE geomembrane was removed prior to covering 
the interim Phase I top deck with additional waste. 
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4.3 Phase II 

Phase II comprises the eastern 60 percent (approximately) of the existing B-18 area (see Sheets 2, 8, 
9, and 10 in Appendix A.1). This area encompasses the initial Phases I and II clay borrow area 
(excavated during the Phase I construction), the Phases I and II clay mixing area shown on the 
Drawings in Appendix A.1, and the Phase II clay borrow area expansion shown on Sheet 7 in 
Appendix A.1 (excavated prior to the construction of Phase II).  Phase II of B-18 was configured so 
that: 

• Disposed wastes are located within the 1990 CUP Facilities Boundary (Kings 
County, 1990). 

• The number of boundary curves, which complicate construction, were minimized. 

• The waste is adequately stable under the operating and interim fill conditions. 

The eastern portion of Phase II was located to allow for the construction of the Northeast 
Containment Basin (see Sheet C-2 and C-3 in Appendix A.2).  

Most of the Phase II area was also formed by excavation into rock of the San Joaquin Formation. A 
fill embankment was constructed along the eastern portion of Phase II where the former main natural 
drainage channel formed a low spot in the B-18 perimeter (see Figure 2.1). This fill embankment 
contains waste on its western (Phase II) side and forms the western sideslope of the Northeast 
Containment Basin on its eastern side.  A cross-section of this embankment is shown in Section A-
8/23 on Sheet 23 in Appendix A.1.  Fill was also placed along the southern portion of the B-18 
Perimeter Road (see Section D-8/15 on Sheet 15 in Appendix A.1) and to form the remaining upper 
sideslopes of the Northeast Containment Basin. 

Waste truck access into Phase II occurred along the previously-described (see Section 4.2) access 
route into Phase I.  This was accomplished by extending the Phase I access ramp across the Phase I/II 
Berm and then constructing an access ramp down the southern Phase II sideslope, as shown on Sheet 
9 in Appendix A.1.  This access ramp was 44 feet wide (see Section A on Sheet 16A in Appendix 
A.1) to provide adequate room for waste truck and operations equipment traffic.  

As with Phase I, the existing B-18 Perimeter Road (see Section A-3,8/15 on Sheet 15 and Section A 
on Sheet 17 in Appendix A.1) is typically set back approximately 20 feet from the Phase II waste 
disposal limit to allow for the future construction of the final closure cover (Section 4.5). This 
separation is wider at two locations along the northeastern and southeastern portions of the B-18 
Perimeter Road to accommodate the Phase II LCRS riser pads. 

Phase II is also provided with two separated sumps (see Sheets 8, 9, and 10 in Appendix A.1) serving 
areas designated as Areas IIA and IIB.  These sumps are located to optimize drainage distances within 
the Phase II LCRS and to provide access for the leachate pump and storage facilities along the Phase 
II perimeter. 

Waste placement in the Phase II area also occurred in nearly level lifts to avoid laterally-unsupported 
slopes against the liner system. A slight slope on the waste surface was maintained toward one or two 
low areas during filling to allow for collection of direct rainfall run-off in the Phase II area. 
Procedures that were used for handling this run-off are described in Section 4.9.5. 
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When the waste elevation in Phase II reached the Phase I/II berm height, the entire existing B-18 
Landfill began operating as a single contiguous disposal area. 

4.4 Phase III 

The proposed Phase III vertical and lateral expansion of B-18 will increase the footprint area of the 
landfill by approximately 14 acres.  Most of the lateral expansion area will be along the existing 
western, northwestern, and southern edges of B-18.  Sheet C-3 in Appendix A.2 shows the limit of 
the existing B-18 liner system and the limit of the Phase III expansion area.  Phase III of B-18 is 
configured so that: 

• Disposed wastes are located within the modified CUP Facilities Boundary. 

• The number of boundary curves, which complicate construction, will be minimized. 

• The maximum waste elevation is increased from 965 feet to 1,018 feet, which 
provides B-18 with a total airspace of approximately 15,700,000 cubic yards.  Of this 
total airspace capacity (volume between base grades and final grades which includes 
lining and final cover systems), the expansion of B-18 accounts for approximately 
5,000,000 cubic yards of airspace. 

• The waste is adequately stable under the operating, interim, and final fill conditions. 

Construction of the Phase III liner system will be completed in one continuous construction sequence 
in accordance with the certified EIR.  However, to facilitate early use of a portion of the expansion 
area, KHF will submit a CQA certification report for the 3.5-acre Phase IIIA area in the northwestern 
portion of the Phase III expansion area.  Once approval from the regulatory agencies is obtained, the 
site will begin placement of waste within the approved Phase IIIA limits.  Construction of the Phase 
IIIB liner system will continue and would be expected to be completed within 6 months of the 
initiation of waste placement in Phase IIIA.  A separate CQA certification report will be prepared and 
submitted for Phase IIIB. 

The configuration of the Phase IIIA waste fill is shown on Sheet C-4A in Appendix A.2.  As can be 
seen on Sheet C-4A, the waste placement in Phase IIIA will involve filling to final design grades 
along the north, east, and west portions of the landfill.  The south limit of waste in Phase IIIA will 
terminate in a 2H:1V interim waste fill slope.  A lined temporary stormwater containment berm will 
be provided a minimum of 10 feet from the toe of the Phase IIIA interim waste slope as shown in 
Detail 1 on Sheet C-4A.  This temporary berm will prevent stormwater run-off from the 24-hour PMP 
storm event from leaving the Phase IIIA area and will also prevent stormwater run-on from entering 
the Phase IIIA area from the south, as discussed in Sections 5.5.5 and 5.5.4, respectively.  The Phase 
IIIA area will not involve the construction of any leachate controls; the temporary stormwater 
containment berm will also serve to contain leachate and direct this leachate to the adjacent Phase IA 
leachate collection system. 

The southern limits of Phase III are located to allow for the construction of a second surface water 
run-off containment basin for B-18, herein referred to as the South Containment Basin, which will be 
built during the construction of Phase IIIB.  The layout of Phase III and the South Containment Basin 
also allows two of the existing groundwater monitoring wells along the south side of B-18 (K-51 and 
K-32R) to be protected during the construction of Phase III.  Monitoring well K-68 will be extended 
due to soil fill placement in the vicinity of this well. 
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The Phase III expansion will involve the construction of an additional sideslope liner system only 
(i.e., no additional base liner will be installed).  Most of the Phase III sideslope liner will be 
constructed over either the existing B-18 Perimeter Road or the existing rock cut slopes located above 
the existing B-18 Perimeter Road.  The existing rock cut slope will be regraded to the proposed 
design subgrade for Phase III.  A fill embankment will be required along much of the southern and 
southeastern boundary of the Phase III limits to build this area up to the design subgrade elevations.  
This fill embankment will contain the waste on its northern (Phase III) side and will form the northern 
sideslope of the South Containment Basin on its southern side.  A cross-section of this embankment is 
shown in Section D on Sheet C-5 in Appendix A.2. 

Waste truck access into the Phase III disposal area will be initially through the existing entry point 
into B-18 at its northwest corner.  Access to B-18 will eventually be relocated to the west side 
perimeter access road as the waste fill is extended above the surrounding topography. 

The new B-18 Perimeter Road (see Sheet C-3 and C-4 in Appendix A.2) will typically be set back a 
minimum of 20 feet from the Phase III waste disposal limit to allow for the future construction of the 
final closure cover (Section 4.5).  This separation will be wider at the locations of the three LCRS 
riser pads (the riser pads for Areas IA, IB, and IIB) that will be relocated up to the new B-18 
Perimeter Road during the Phase III construction. 

Phase III will not include any additional floor areas.  Hence, no new LCRS sumps will be constructed 
as part of Phase III.  Depending upon where leachate originates within Phase III, it will flow to one of 
the four existing sumps (IA, IB, IIA, and IIB). 

Similar to Phases I and II, waste will be placed in the Phase III area in nearly level lifts to avoid 
laterally-unsupported slopes against the liner system.  A slight waste surface slope will be maintained 
toward one or two low areas during operations to allow for collection of direct rainfall run-off in the 
Phase III area. Procedures that will be used for handling this run-off are described in Section 4.9.7. 

4.5 Final Closure 

Sheet C-4 in Appendix A.2 shows the proposed B-18 final closure configuration, which is based on 
the following parameters: 

• Overall closure slope inclinations of 4H:1V. 

• Approximately 25-foot wide benches at maximum vertical intervals of 50 feet.  

• Approximately 3.5H:1V slope inclinations between the individual benches. 

Access to each final cover bench and the top deck will be provided by either the new B-18 Perimeter 
Road or the Cover Access Road that will run up the west sideslope of B-18 at the approximate 
location shown on Sheet C-4 in Appendix A.2. This Cover Access Road will be developed during 
operations to haul waste onto the above-grade disposal areas. 

The final cover benches will be sloped to direct surface water flow to the Cover Access Road and/or 
the new B-18 Perimeter Road. The longitudinal slope of the benches will generally be about 2 percent 
to control flow velocities and to allow adjustment for differential settlement of the waste. The Cover 
Access Road and the new B-18 Perimeter Road will both be sloped at about 8 percent in most 
locations.  
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Each final cover bench will be configured as a trapezoidal drainage ditch to provide the necessary 
capacity to adequately convey surface water flows resulting from the 6-hour Probable Maximum 
Precipitation (PMP) storm event.  The 6-hour PMP is used to design conveyance structures (e.g. 
channels) since the rainfall intensity is greater than the 24-hour PMP, and is therefore conservative.  
The Cover Access Road will be configured with a lined V-ditch to convey surface water flows from 
the 100-year 24-hour storm event.  In the event of the 6-hour PMP storm event, the flow will be 
contained within the road width. 

In accordance with the current Hazardous Waste Facility Permit for the KHF (DTSC, 2003), the final 
cover system for B-18 will consist of the following components (from bottom to top): 

• Intermediate soil cover (minimum of 1 foot) over the last lift of waste. 

• A foundation layer consisting of a minimum of 1 foot of compacted soil having a 
maximum permeability of 1x10-5 cm/s. 

• 40-mil textured HDPE geomembrane. 

• A 12 oz/sy nonwoven geotextile. 

• A minimum 2.5-foot-thick vegetative cover soil layer.  The top surface of the 
vegetative cover soil layer will be vegetated with plants having shallow root depths.  
Seed types for the final cover vegetation are provided in Section 02924 of the final 
closure Specifications in Appendix O.2. 

The portions of the geomembrane located under the Cover Access Road and benches will be sloped at 
a minimum of 2 percent toward the outside of the landfill so that any water in the geotextile drainage 
layer can flow toward the toe of the cover system around the perimeter of the landfill.  

Detail 4 on Sheet C-7 in Appendix A.2 shows the typical perimeter detail of how the final cover 
system will be terminated and toed out onto the B-18 Perimeter Road.  The HDPE geomembrane and 
geotextile of the cover system will be terminated approximately 5-feet out beyond the limit of the 
foundation layer. 

In accordance with 22 CCR 66264.111 and 66264.310, B-18 has been designed to be closed in a 
manner that will: 

• Minimize the need for further maintenance; 

• Control, minimize or eliminate, to the extent necessary, to protect human health and 
the environment, post-closure escape of hazardous waste, hazardous constituents, 
leachate, contaminated rainfall or run-off, or waste decomposition products to 
groundwater, surface water or the atmosphere; 

• Prevent the downward entry of water into the closed landfill throughout a period of at 
least 100 years; 

• Promote drainage; 

• Accommodate settling and subsidence so that the cover’s integrity is maintained; and  
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• Accommodate lateral and vertical shear forces generated by the MCE. 

After waste acceptance ceases in B-18, the intermediate cover/foundation layer will be graded per the 
final closure grading plan, as shown on Sheet C-4.  A 40 mil HDPE geomembrane, geotextiles and 
vegetative cover will be constructed over the foundation layer.  The entire cover will be vegetated for 
erosion control.  The final cover has been designed to avoid ponding, control run-off, minimize 
erosion and withstand the MCE event.  Therefore the cover will function with minimum maintenance.  
The base liner and closure cover will provide barriers to protect human health and the environment. 

Post-closure inspections will be performed and post-closure maintenance will occur in accordance 
with the Hazardous Waste Facility Permit (DTSC, 2003). 

4.6 Clay Borrow Operations 

4.6.1 Phases I and II 

The initial Phases I and II clay borrow area excavation was completed during the Phase I excavation 
as shown on Sheet 3 in Appendix A.1. Sheet 7 in Appendix A.1 shows how the Phases I and II clay 
borrow area was extended toward the southeast before the Phase II construction began.  The cross-
sections on Figure 3.2 illustrate how the area was excavated to borrow clay from the thick Stratum 
18-8 claystone in the Phase II footprint. 

The west-facing sideslope of the clay borrow area was excavated along the rock’s dip as the claystone 
was recovered down to the underlying stratum.  This sideslope had an inclination of approximately 25 
to 30 degrees on average.  The other sideslopes of the clay borrow area cut across bedding planes and 
were inclined at 2H:1V. 

A bench was provided around the initial borrow area (see Sheet 3 in Appendix A.1) at an elevation of 
approximately 720 feet.  This bench was used to anchor the 40-mil HDPE geomembrane (see Section 
B on Sheet 13 in Appendix A.1) in the bottom of the borrow area.  This lined area served as an 
interim containment basin for run-off from the Phase I access roads. 

Sheet 3 in Appendix A.1 also shows how the eastern portion of the Phase II area was initially graded 
to create a relatively flat clay mixing area.  KHF construction crews prepared the claystone in this 
area to achieve the required engineering properties for clay liner material. The clay preparation 
procedures used for the Phases I and II construction included the following activities: 

• Ripping and excavation of the claystone in a manner that reduced the friable material 
to relatively small particle sizes; 

• Mechanical breakdown of the excavated material to further reduce particle sizes; and 

• Moisture conditioning of the clay liner material on mixing tables. 

The clay liner test pad described in Appendix E.1 was constructed of Stratum 18-8 clay from the 
Phases I and II borrow source.  This clay liner test pad program demonstrated that the Stratum 18-8 
clay was suitable for use as clay liner material under field conditions. 
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4.6.2 Phase III 

The Phase III clay borrow area will be located adjacent and north of Landfill Unit B-17 (i.e., 
northwest of B-18), as shown on Sheet C-1 in Appendix A.2.  This clay borrow source consists of a 
thick bed of the Pecten Claystone (see Appendix E.2).  The contractor will be responsible for 
excavating and processing all of the required clay liner material for Phase III.  Excavation and 
processing of the Pecten Claystone may be performed as part of the construction of various phases of 
Landfill B-17.  KHF personnel will instruct the contractor on the appropriate excavation 
configurations to be used when mining the Pecten Claystone from the borrow area. 

Sheet C-1 in Appendix A.2 also shows the designated clay mixing area that will be used by the 
contractor to process and prepare the clay liner material.  This mixing area will be located adjacent to 
the clay borrow area (i.e., northwest of B-18).  The final clay preparation procedures, to be 
determined by the contractor, may include combinations of the following activities: 

• Ripping and excavation of the claystone in a manner that reduces the friable material 
to relatively small particle sizes; 

• Crushing of the excavated material to further reduce particle sizes; 

• Blending different portions of the claystone by the use of a pugmill or discing the 
material in lifts; and 

• Pre-wetting stockpiled clay material with fresh water and/or a weak dispersant 
solution to accelerate weathering prior to re-excavation of the stockpiled clay. 

A clay liner test pad was constructed from the Pecten Claystone material at the end of July 2008.  The 
SDRI test report was completed in December 2008 (Geosyntec, 2008a).  This clay liner test pad 
program verified the adequacy of the clay material from the Phase III borrow source when placed and 
compacted under actual field conditions.  Based on laboratory testing and the SDRI test by Geosyntec 
(see Appendices E.2 and E.3), the Pecten Claystone material meets the requirements for use as clay 
liner.  Additional pre-construction testing will be performed to confirm materials used for the 
construction meet the specified properties. 

For Phase III, the compacted clay liner will be constructed using the same specifications as were used 
for the Phases I and II clay liner (see Section 4.7.2.1).  Similar construction equipment will be used to 
compact the Phase III clay liner as was used to construct the Phases I and II clay liner test pad. 

4.7 Liner  Systems 

4.7.1 General 

Liner system details and sections for Phases I and II are shown on Sheets 16 through 22A in 
Appendix A.1.  The Phase III and final closure liner system details and sections are shown on Sheets 
C-7 through C-10 in Appendix A.2.  The B-18 liner configurations are generally the same as those 
successfully used for prior KHF disposal WMUs. The primary modifications to the B-18 liner system 
design compared to KHF landfills designed prior to 1990 are: 

• The use of textured HDPE geomembranes throughout B-18 and the use of 
geocomposites and geotextiles on the sideslope areas to improve the stability of B-18. 
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• The use of protective liner material on the B-18 sideslopes to provide temporary 
ultraviolet protection to the underlying geotextile component of the geocomposite.  
This protective liner is removed as the operations layer soil is periodically extended 
up the slope in advance of the waste mass. 

Each of the basic liner systems used in B-18 are described in Section 4.7.2.  Special liner construction 
details (e.g., anchor trenches) are described in Section 4.7.3.  Appendix F.1 contains data sheets that 
list representative properties of the geosynthetic materials used in the construction of Phases I and II.  
Similarly, Appendix F.2 contains data sheets that list typical properties of the geosynthetic materials 
that will be used in the construction of Phase III and the final cover.  The CQA reports for Phases I 
and II contain detailed information on the properties of the existing B-18 liner systems. 
 

4.7.2 Liner System Configurations 

4.7.2.1 Base Liner 

The existing base (i.e., floor) areas of B-18 were each graded to drain toward a sump where leachate 
is monitored and collected in the three separate zones (primary, secondary, and vadose) described in 
Section 4.8.  The entire base of each of the four areas (IA, IB, IIA, and IIB) was graded at 2 percent 
toward a central flow line.  The central flow line in each area was sloped at 2.4 percent toward that 
area’s respective collection sump.  No new base area will be constructed for Phase III. 

Detail 2 on Sheet 16 in Appendix A.1 shows the general B-18 base liner system configuration, which 
consists of the following components (from top to bottom): 

• A 2-foot-thick (minimum) base soil operations layer.  This operations layer was 
constructed from on-site granular material with a maximum particle size of 6 inches. 
The purpose of this layer was to provide a working surface for waste trucks and 
landfill equipment while protecting the underlying liner system components. 

• A 1-foot-thick (minimum) primary LCRS consisting of the following components 
(from top to bottom): 

An 8 oz/sy nonwoven geotextile (Trevira 1125) to function as a filter below the 
operations layer soil. 

A 12-inch-thick (minimum) drainage gravel layer.  A single-sided geocomposite 
filter/drainage layer consisting of an 8 oz/sy nonwoven geotextile (Trevira 1125) 
thermally-bonded to one side of a Polynet 3000 geonet.  The geocomposite was 
placed with the geotextile facing up. 

An 8 oz/sy nonwoven geotextile (Trevira 1125) to provide increased interface shear 
strength. 

• A composite primary liner consisting of the following components (from top to 
bottom): 

A 60-mil textured HDPE geomembrane. 
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A 1.5-foot-thick (minimum) layer of compacted clay having a maximum 
permeability of 1 x 10-7 cm/s. 

• A secondary LCRS consisting of the following components (from top to bottom): 

A 16-oz/sy nonwoven geotextile (Trevira 1155) to function as a filter below the 
primary clay liner. 

An approximately 12-inch-thick layer of drainage gravel. 

A single-sided geocomposite filter/drainage layer consisting of a 16-oz/sy nonwoven 
geotextile (Trevira 1155) thermally-bonded to one side of a Polynet 3000 geonet.  
The geocomposite was placed with the geotextile facing up. 

An 80-foot-wide layer of Polynet 3000 geonet centered along the entire secondary 
LCRS flow line above the vadose trench. 

A 16-oz/sy nonwoven geotextile (Trevira 1155) to provide increased interface shear 
strength. 

• A composite secondary liner consisting of the following components (from top to 
bottom):  

A 60-mil textured HDPE geomembrane. 

A 3.5-foot-thick (minimum) layer of compacted clay having a maximum 
permeability of 1x10-7 cm/s. 

• A prepared subgrade that was graded smooth and proof-rolled to assure that soft or 
loose zones did not exist. 

Both of the clay liners (primary and secondary) were placed in 8-inch-thick (maximum) loose lifts 
before compaction.  The Phases I and II Specifications (ESI, 1990b) required the clay to be 
compacted to a dry density of at least 90 percent of its Modified Proctor maximum dry density 
(ASTM D1557) at a water content wet of optimum (ASTM D1557).  During the Phase I construction, 
the clay liner placement specifications were modified to allow the compacted clay’s dry density and 
moisture content to lie within the window defined by the following four points on a moisture-dry 
density plot: 

• Two (2) percent above the optimum moisture content for a dry density equal to 90 
percent of the Modified Proctor maximum dry density. 

• Five (5) percent above the optimum moisture content for a dry density equal to 90 
percent of the Modified Proctor maximum dry density. 

• One (1) percent above the optimum moisture content for a dry density equal to 98 
percent of the Modified Proctor maximum dry density. 

• Three (3) percent above the optimum moisture content for a dry density equal to 97 
percent of the Modified Proctor maximum dry density. 
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This window, which allowed a lower water content for higher compactive efforts, was established to: 

• Assure that both the required strength and permeability characteristics of the clay 
were achieved; and 

• Provide the flexibility needed for controlling the clay’s moisture content in an arid 
environment. 

It should be noted that an allowance was made for up to 20 percent of the clay moisture-density test 
results to be slightly outside the above-described compaction window by ±0.5 percent for moisture 
content and -0.5 percent for relative compaction as long as the average of all acceptable tests for the 
day fell within the compaction window.  The above-described compaction window (along with the 
allowance for outliers) was used for both the Phases I and II clay liner construction and was formally 
documented in two design change letters prepared by ESI and contained in the CQA reports for 
Phases I and II (ECS, 1992h; GCS, 1993h).  Copies of both of these ESI letters are included in 
Appendix E.4. 
 
4.7.2.2 Vadose Zone Trench 

Section C on Sheet 16 in Appendix A.1 shows the 12-foot-wide vadose trench that is located directly 
below the secondary clay liner and along the flow line of the LCRS. Key elements of the vadose 
trench are: 

• An 80-mil smooth HDPE geomembrane, which extends approximately 2.5 feet 
beyond both sides of the trench; and 

• A 1-foot-thick layer of drainage gravel wrapped in a 16-oz/sy nonwoven geotextile 
(Trevira 1155). 

4.7.2.3 Phases I and II Sideslope Liner 

Detail 1 on Sheet 16 in Appendix A.1 shows the typical existing Phases I and II sideslope liner 
system configuration.  This system includes each basic component of the base liner system except the 
drainage gravel layers and the primary clay liner, none of which are required due to the relatively 
steep inclination of the sideslope liner system and the resulting rapid drainage of any liquids in the 
LCRS. The Phases I and II sideslope liner system consists of the following components (from top to 
bottom): 

• A 2-foot-thick (minimum) soil operations layer to protect the liner system from the 
disposal operations. A 1-inch maximum particle size criterion was established for the 
slope operations layer because this material was placed directly against the 
geosynthetic layers. The slope operations layer was placed in increments at least 3 
feet but not more than 10 feet above the rising waste level. 

• A temporary protective liner to protect the underlying geotextile component of the 
geocomposite from ultraviolet light prior to placement of the operations layer.  This 
protective liner consisted of white 40-mil smooth HDPE geomembrane and was 
removed as the operations layer was placed. 
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• A primary LCRS consisting of a single-sided geocomposite underlain by an 8 oz/sy 
nonwoven geotextile (Trevira 1125).  The single-sided geocomposite consisted of an 
8 oz/sy nonwoven geotextile (Trevira 1125) thermally-bonded to a Polynet 3000 
geonet and was placed with the geotextile facing up.  In construction of Phase II the 
components were combined in a double-sided geocomposite. 

• A primary liner consisting of a 60-mil textured HDPE geomembrane. 

• A secondary LCRS consisting of a single-sided geocomposite underlain by an 8 oz/sy 
nonwoven geotextile (Trevira 1125).  The single-sided geocomposite consisted of an 
8 oz/sy nonwoven geotextile (Trevira 1125) thermally-bonded to a Polynet 3000 
geonet and was placed with the geotextile facing up.  In construction of Phase II the 
components were combined in a double-sided geocomposite. 

• A composite secondary liner that is the same as that used in the base liner system and 
consists of the following components (from top to bottom): 

A 60-mil textured HDPE geomembrane. 
 

A 3.5-foot-thick (minimum) layer of compacted clay having a maximum 
permeability of 1 x 10-7 cm/s. 

• The sideslope subgrade that was prepared differently than the subgrade for the base 
liner in order to increase stability of the clay liner.  The sloped subgrade surface was 
scarified to a depth of approximately 4 inches as the clay liner was placed to create a 
rough interface between these two soil layers. 

4.7.2.4 Phase III Sideslope Liner 

Detail 1 on Sheet C-7 in Appendix A.2 shows the typical Phase III sideslope liner system 
configuration.  This system is the same as the existing sideslope liner system for Phases I and II 
except the secondary clay liner will have a minimum thickness of 3 feet instead of 3.5 feet and 
double-sided geocomposites will be used instead of single-sided geocomposites with an underlying 
geotextile.  The Phase III sideslope liner system will consist of the following components (from top to 
bottom): 

• A 2-foot-thick (minimum) soil operations layer with a 1-inch maximum particle size 
criterion.  The slope operations layer will be placed in increments at least 3 feet but 
not more than 10 feet above the rising waste level. 

• Prior to the placement of the 2-foot-thick operations layer on the slope, a temporary 
40 mil thick white HDPE protective liner will be installed.  The protective liner will 
be removed as the operations layer is placed. 

• A primary LCRS consisting of a double-sided geocomposite. 

• A primary liner consisting of a 60-mil textured HDPE geomembrane. 

• A secondary LCRS consisting of a double-sided geocomposite. 
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• A composite secondary liner consisting of the following components (from top to 
bottom): 

A 60-mil textured HDPE geomembrane. 

A 3-foot-thick (minimum) layer of compacted clay having a maximum permeability 
of 1 x 10-7 cm/s. 

• A prepared subgrade that will be scarified to a depth of approximately 4 inches as the 
clay liner is placed to create a rough interface between these two soil layers. 

4.7.2.5 Base to Sideslope Liner Transition 

Details 4 and 5 on Sheet 16 in Appendix A.1 show how geotextiles were wrapped around the ends of 
the drainage gravel and clay layers where the existing base and sideslope liner systems meet.  Since 
there will be no connection between the new Phase III side slope liner and any of the base liner areas 
of Phases I and II, this does not apply to construction of the Phase III area. 

4.7.2.6 Final Cover Liner 

The final closure cover liner system for B-18 will be similar to the final cover liner system approved 
in the Part B Permit and which has been used for closure of several other WMUs at KHF.  The final 
closure cover liner system is described in Section 4.5. 

4.7.3 Special Liner Details 

4.7.3.1 Sideslope Liner Anchor Trenches 

Detail 3 on Sheet 16 in Appendix A.1 shows the typical existing sideslope liner system anchor trench 
around the perimeter of the existing landfill. The primary requirements of the anchor trench are to 
prevent the geosynthetic components of the liner system from being pulled down the slope and to 
minimize the potential for surface water to enter the LCRSs.  A vertical separation of 0.5 feet was 
maintained between the individual geosynthetic components in the anchor trench to provide soil 
friction against each of these geosynthetics. A 3-foot-tall soil berm was installed above the anchor 
trench to increase the frictional resistance on the geosynthetic components and to control surface 
water drainage. 

The construction of Phase III will result in some of the existing anchor trenches being removed, as 
shown in Detail 5 on Sheet C-7 in Appendix A.2.  The new anchor trenches for the Phase III 
sideslope liner system will typically have the configuration shown in Detail 2 on Sheet C-7 in 
Appendix A.2.  The new anchor trenches will be configured similar to the existing anchor trenches 
except that the 0.5-foot vertical separation between geosynthetic components in the anchor trench is 
not required and the depth and width of the Phase III anchor trench are slightly less than that of the 
existing anchor trench. 

The final closure cover system will be installed above the perimeter anchor trench as shown in Detail 
4 on Sheet C-7 in Appendix A.2. This detail was described in Section 4.5. 
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4.7.3.2 Temporary Phase I/II Transition Anchors 

The B-18 liner system was temporarily terminated along the eastern edge of Phase I prior to the 
construction of Phase II.  During the construction of Phase II, the Phases I and II liner systems were 
spliced together at the following locations: 

• Along the top of the Phase I/II Berm. 

• Along the north and south sideslopes above the Phase I/II Berm.  

Section B-5,15,23/17 on Sheet 17 in Appendix A.1 shows the temporary liner system configuration at 
the top of the Phase I/II Berm at the end of the Phase I construction. The temporary anchor trench at 
the Phase I/II Berm was relatively far from the slope (12 feet) to provide room for the splicing of the 
Phases I and II liner systems.  Also, the portion of the liner system on top of the Phase I/II Berm was 
sloped 2 percent toward Phase I to assure that leachate ponding did not occur.  A small soil berm was 
constructed on top of the temporary anchor trench to increase frictional resistance of the 
geosynthetics, control surface water drainage, and provide a foundation for the temporary lights as 
shown in Section B on Sheet 23 in Appendix A.1. 

The procedure that was used to splice the Phases I and II liner systems at the Phase I/II Berm included 
the following steps: 

• The temporary small soil berm, drainage ditches, and light poles were removed. 

• The liner system was cut a minimum of 3 feet back (i.e., toward Phase I) from the 
temporary anchor trench and then this anchor trench was removed. 

• The east side of the Phase I/II Berm was graded to match the base of the existing clay 
liner while maintaining the 2 percent slope toward Phase I. 

• The existing 4-foot-thick secondary clay liner on top of the Phase I/II Berm was 
extended to connect with the clay liner on the west sideslope of Phase II. 

• Each individual geosynthetic component was spliced at the cut location, resulting in a 
continuous liner system over the top of the Phase I/II Berm as shown in Section B-
9,10/17 on Sheet 17 in Appendix A.1. 

Section B-4,5/16 on Sheet 16 in Appendix A.1 shows the temporary anchoring procedure that was 
used for the Phase I/II transition on the south and north sideslopes above the Phase I/II Berm. The 
temporary anchors at these locations were different than those at the tops of the sideslopes since there 
are no significant liner stresses acting perpendicular to the anchoring.  The temporary edge of the 
Phase I sideslope liner was anchored by: 

• Securing approximately 6 feet of the secondary 60-mil HDPE geomembrane beneath 
2 feet of compacted clay. Clay was used to provide increased erosion resistance on 
the slope. 

• Cutting and welding the primary 60-mil HDPE geomembrane and temporary 
protective liner to the secondary 60-mil HDPE geomembrane above the temporary 
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anchor trench. The geocomposites and geotextiles were also cut to end just inside 
these welds. 

Section B-4,5/16 on Sheet 16 in Appendix A.1 also shows how clay was used to contain a temporary 
18-inch diameter corrugated metal pipe (CMP) on the southside slope only. This pipe was used to 
convey surface water run-off from the B-18 Perimeter Road to the temporary drainage ditch along the 
top of the Phase I/II Berm. 

The splicing of the Phases I and II liner systems on the north and south sideslopes was similar to that 
described above for the liner system splice at the top of Phase I/II Berm.  Section B-9,10/16 on Sheet 
16 in Appendix A.1 shows how the Phases I and II sideslope liner systems were spliced together. 

4.7.3.3 Phases I and II Access Ramp Liner 

Section D-4,5/17 on Sheet 17 in Appendix A.1 shows a typical cross-section through the 35-foot-
wide access ramp along the Phase I sideslopes.  Key aspects of the design of this access ramp are: 

• Both the primary and secondary LCRSs were sloped 2 percent toward the landfill to 
promote drainage without the need for water to flow the entire length of the ramp. 

• An extra layer of 16 oz/sy nonwoven geotextile (Trevira 1155) was placed over the 
primary LCRS geocomposite to provide added cushioning under traffic loading.  

• Three feet of operations layer soil (1-inch maximum particle size) was placed above 
the extra 16 oz/sy geotextile to further protect the liner system.  The operations layer 
was also extended at least 10 feet up the sideslope areas adjacent to the access ramp 
to avoid the potential for traffic to accidentally drive onto the liner system. 

• The roadway was finished with 1 foot of Class 2 aggregate base to provide all-
weather access.  Note that this aggregate base layer was used instead of the 4-inch-
thick asphalt pavement shown in Section D-4,5/17 on Sheet 17 in Appendix A.1. 

A special detail to weld the secondary 60-mil HDPE geomembrane was provided to facilitate 
continuous access along the ramp during construction and to minimize the potential for the liner to lift 
off of the ramp before the other materials and operations layer were placed. This was accomplished 
by anchoring the secondary HDPE geomembrane from the bottom sideslope in a trench about 15 feet 
from the toe of the upper sideslope. This 15-foot zone was then used for access until the upper 
sideslope portion of the secondary HDPE geomembrane was installed. 

Section A on Sheet 16A in Appendix A.1 shows the arrangement of the Phase II access ramp. This 
ramp into the Phase II area was 44 feet wide to provide adequate space for the waste trucks and 
landfill equipment.  The special liner details and protection details for the Phase II access ramp were 
similar to those described above for the Phase I access ramp. 

4.8 Leachate Collection and Recovery System (LCRS) 

4.8.1 General 

The main features of the B-18 LCRS are the collection sumps where leachate is detected and 
removed. Phases I and II have two sumps each (see Sheets 5 and 10 in Appendix A.1), which 
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subdivide these phases into Areas IA and IB and Areas IIA and IIB, respectively.  Phase III will 
utilize the existing sumps for Phases I and II and, therefore, no additional sumps will be installed. 

Phase IIIA will be constructed such that leachate from Phase IIIA will be able to flow directly into the 
Phase IA LCRS.  No interim control measures, except a temporary lined containment berm at the 
edge of Phase IIIA/IIIB (see Sheet C-4A in Appendix A.2) will be required.  Stormwater contained 
on the north side of this temporary berm (i.e., between the berm and the Phase IIIA waste mass) will 
be treated as leachate and will be handled in the same manner as leachate that is collected in the 
existing B-18 leachate storage tanks (located on the concrete riser pads).  The temporary berm has 
been sized such that stormwater run-off from the 24-hour PMP event will be fully contained on the 
north side of the berm with greater than 1 foot of freeboard. 

The layout of the sumps in Areas IA and IB are shown on Sheet 18 in Appendix A.1.  The layout of 
the sumps for Areas IIA and IIB are shown on Sheet 18A in Appendix A.1.  Representative cross-
sections through the sumps are provided on Sheets 19, 19A, 20, 20A, 22, and 22A in Appendix A.1.  
Sheet 21 in Appendix A.1 provides typical details for the vertical riser pipe that was installed at each 
of the four primary sump locations.  Sheets 22 and 22A in Appendix A.1 also show details for the 
existing four riser pads (one riser pad is above each sump) that enable the removal and handling of 
the leachate.  Of the four existing riser pads, three of them (the pads for Areas IA, IB, and IIB) will be 
removed during the construction of Phase III to allow for the expansion of the B-18 waste footprint in 
these areas.  Three new riser pads will be constructed during Phase IIIB as replacements for the three 
pads to be removed as shown on Sheet C-3 in Appendix A.2.  Typical details for the new riser pads to 
be constructed during Phase III are shown on Sheet C-8 in Appendix A.2.  These new riser pads will 
be very similar to the existing ones. 

Each B-18 sump includes the following three leachate (or leak detection) collection and recovery 
zones (from top to bottom): 

• The primary LCRS, which collects liquids that have infiltrated through the overlying 
waste and operations layer.  The design of the primary LCRS is based on providing 
adequate pump capacity so that the liquids level in each sump will not exceed the 
height of that sump, which is taken to be the elevation of the landfill base at the sump 
perimeter. 

• The secondary LCRS, which is typically not expected to be affected by liquids 
infiltration but drains consolidation water from the overlying clay liner and any 
seepage that may pass through leaks in the primary liner system. 

• The vadose zone collection system, which is located in a 12-foot-wide trench below 
the secondary liner system. The purpose of this zone is to detect any seepage through 
leaks in the secondary liner system. Some clay consolidation water may also be 
collected in the vadose zone as increasing amounts of waste are placed within B-18. 

Each of the four sump areas is located so that leachate pumps are lowered into the respective gravel 
collection zones through sideslope riser pipes.  The primary LCRS design also includes a vertical 
riser pipe in each sump area that is extended upward in segments as the surrounding waste is placed. 
Details of the individual systems are described in the following three subsections. 
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4.8.2 Primary LCRS 

The maximum operating liquid level for each of the four primary LCRSs is 1 foot above the top of 
each sump, where the top of a sump corresponds to the lowest point where the 5H:1V sump sideslope 
meets the toe of the landfill sideslope. The liquid level in each sump is currently maintained as low as 
possible using a pump, which is lowered to the sump through an existing 8-inch diameter steel riser 
pipe that lies on a 60-mil HDPE rub sheet (see Section A on Sheet 22 in Appendix A.1). The bottom 
portion of this riser pipe consists of Type 304 stainless steel to resist corrosion.  Above the level of 
normal liquids exposure, the existing riser pipe is carbon steel that is double-wrapped to protect 
against corrosion.  During the Phase III construction, the primary sideslope riser pipes in Areas IA, 
IB, and IIB will be extended up the new Phase III sideslopes by connecting a 10-inch diameter HDPE 
pipe to the existing 8” diameter steel pipe as shown in Detail 3 on Sheet C-8 in Appendix A.2.  The 
existing pumps and controls will be replaced with a system capable of reaching the extended length of 
the riser and providing a pumping capacity that will maintain the liquid level below the allowable 
limit. 

At each sump, the primary leachate pump is lowered through the sideslope riser pipe into a 4-foot by 
8-foot by 1.5-foot-deep gravel-filled pumping zone. This arrangement maximizes the pumping 
effectiveness of the system. Pumping is controlled manually as required. The pumping need is 
determined by a water level control bubbler system or equivalent system that provides liquid level 
sensing at the top of the riser pipe when sufficient liquids for pumping exist in the sump. 

As shown in Section A and Detail 1 on Sheet 18 in Appendix A.1, the bottom of each sideslope riser 
pipe is connected to a perforated collection tee that is also made of stainless steel. This tee lies on and 
against 2-inch-thick HDPE flatstock to protect the primary liner system from impact and pipe 
movements as the pumps are operated and periodically removed for maintenance and repair. 

Historically (January 2001 to December 2007), the primary LCRS has removed an average of 360 
gallons per day from the 4 sumps.  During this period, the peak flow in a primary LCRS sump was 
98,000 gallons (Phase IB) during January 2006, or 3,300 gallons per day.  The volume of liquids 
removed during Phase III waste placement and after closure is expected to remain the same or 
diminish after closure. 

In addition to the sideslope riser pipes, each of the four sumps has a redundant vertical riser pipe that 
can also be used to pump leachate from the primary LCRS.  Each of the four vertical riser pipes is 
extended upward in about 10-foot increments as the level of the surrounding waste rises. The design 
of the vertical riser pipes includes several features, shown on Sheet 21 in Appendix A.1, to control the 
drag loads transmitted to the pipe as the surrounding waste settles. These features include the 
following: 

• The bottom 7 feet (approximately) consists of perforated, 18-inch diameter stainless 
steel pipe founded in the small pumping sump adjacent to the perforated tee for the 
sideslope riser pipe. This bottom pipe telescopes into the main vertical riser pipe 
through a concrete footing such that drag loads are not transmitted to the pumping 
area. 

• The main 24-inch diameter carbon steel vertical riser pipe is surrounded by a thin-
walled corrugated HDPE pipe. This corrugated pipe, which is very flexible in the 
longitudinal direction, deforms as the adjacent wastes settle, thereby reducing the 
potential for large drag loads to act on the steel vertical riser pipe. 
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• A 6-foot by 6-foot reinforced concrete footing provides support for the 24-inch 
diameter carbon steel pipe and any drag loads that may act on the steel pipe. 

The corrugated HDPE pipe has a diameter of 30 inches to provide an annular space for lateral 
deformation to occur around the 24-inch steel pipe.  Spacers were provided inside the corrugated pipe 
to keep the riser pipe alignment nearly vertical at the time of its initial installation. 

As shown in Detail 6 on Sheet C-7 in Appendix A.2, slip connections will be installed in the Area IA 
and IB vertical risers due to the increased height of waste that will be placed over these areas during 
the Phase III expansion.  These slip connections will be placed at an elevation of between 900 and 
910 feet and will reduce the potential drag loads transmitted to the existing 24-inch diameter vertical 
riser pipes.  Analysis of the existing concrete pad at the base of the liner to withstand the additional 
vertical force related to the expansion was performed and is contained in Appendix L.  As shown, the 
existing pads can satisfactorily carry the additional load related to the extended risers and the down-
drag forces related to waste settlement. 

Initially, a backup 350 gpm, 20 horsepower submersible pump was installed through each vertical 
riser pipe and into the primary pumping sump.  However, these backup pumps were never used and 
are no longer provided since they presented difficulties when extending the vertical riser pipes.  In the 
future, backup pumps can be provided through the vertical risers on an as-needed basis. 

During the Phase III construction, there will be a period of approximately 6 months between the 
demolition of the existing LCRS riser pads and the installation of the new riser pads.  The primary 
LCRS will continue to be monitored on a daily basis for liquid level and liquids will be removed in 
accordance with site protocol during this period by placing pumps down the existing vertical riser 
pipes (which will not be disturbed during the Phase III construction) and/or by placing pumps down 
the sideslope risers that will be cut off at the existing riser pads.  As the sideslope risers are extended, 
but before the new riser pads are constructed, a wye fitting will be installed in each sideslope pipe 
close to the locations of the demolished riser pads (i.e., near the bottom of Phase III).  Pumps and 
level monitoring equipment can be inserted through the wye and then lowered down the sideslope 
riser.  Once the new riser pads are completed, the wyes will be removed and the sideslope risers 
repaired at those locations. 

4.8.3 Secondary LCRS 

The existing secondary LCRS is provided with two 8-inch diameter sideslope riser pipes as shown in 
Section A-18/19 and Detail 2 on Sheet 19 in Appendix A.1 and in Section C-18/20 on Sheet 20 in 
Appendix A.1. The bottom portion of one of these pipes is Type 304 stainless steel connected to a 
perforated stainless steel tee. The portion of this existing pipe above the level of normal liquids 
exposure is double-wrapped carbon steel. The other riser pipe is SDR 8.3 HDPE pipe for its entire 
length.  During the Phase III construction, the secondary sideslope riser pipes in Areas IA, IB, and IIB 
will be extended up the new Phase III sideslopes.  The existing HDPE riser pipe will be extended by 
splicing to a similar diameter pipe while the existing steel riser pipe will be extended by splicing to a 
10-inch diameter HDPE pipe as shown in Detail 3 on Sheet C-8 in Appendix A.2. 

A 4-foot by 4-foot by 1.5-foot-deep pumping zone was provided for the secondary LCRS. The 
perforated tee lies on and against a 2-inch-thick HDPE flatstock to protect the underlying HDPE 
geomembrane. The HDPE riser pipe terminates against the tee. 
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Both secondary sideslope riser pipes are sized to contain a pump and a bubbler liquid level control 
gauge.  However, the current operating configuration has the pump in the steel riser pipe and the level 
control gauge in the HDPE riser pipe.   

Historically (January 2001 to December 2007), there has been very little liquid in the secondary 
LCRS, averaging less than 10 gallons per day from B-18 sumps.  Peak flow in the secondary LCRS 
approached 150 gallons per day in January 2006.  This peak resulted from damage to the primary 
liner system that allowed rainfall to enter the secondary LCRS.  The damage was subsequently 
repaired and leachate volumes have reduced to zero since March 2007. 

The existing pumps and controls will be replaced with a system capable of reaching the extended 
length of the riser and providing a pumping capacity that will maintain the liquid level below the 
allowable limit. The maximum operating liquid level is 1 foot above the top of each secondary LCRS 
sump. 

During the Phase III construction, there will be a period of approximately 6 months between the 
demolition of the existing LCRS riser pads and the installation of the new riser pads.  The secondary 
LCRS will continue to be monitored on a daily basis for liquid level and liquids will be removed in 
accordance with site protocol during this period by placing pumps down the sideslope risers that will 
be cut off at the existing riser pads.  As the sideslope risers are extended, but before the new riser 
pads are constructed, a wye fitting will be installed in each sideslope pipe close to the locations of the 
demolished riser pads (i.e., near the bottom of Phase III).  Pumps can be inserted through the wye and 
then lowered down the sideslope riser.  Once the new riser pads are completed, the wyes will be 
removed and the sideslope risers repaired at those locations. 

4.8.4 Vadose Zone Collection System 

Section B-18A/19A on Sheet 19A in Appendix A.1 shows the configuration of the existing sideslope 
riser pipe used for pumping liquids from the vadose zone collection sump.  A single 8-inch diameter 
pipe is provided since only a small volume of liquids (e.g., clay liner consolidation water) was 
expected to be removed from this sump. Historic (January 2001 to December 2010) LCRS pumping 
data indicate no liquids have been removed from the vadose LCRS.  The bottom portion of the vadose 
riser pipe is stainless steel.  During the Phase III construction, the vadose sideslope riser pipes in 
Areas IA, IB, and IIB will be extended up the new Phase III sideslopes by splicing a 10-inch diameter 
HDPE pipe to the existing steel pipe as shown in Detail 3 on Sheet C-8 in Appendix A.2. 

A 4-foot by 4-foot by 1.5-foot-deep pumping zone is provided below the main 12-foot-wide vadose 
trench in the sump areas. The 80-mil smooth HDPE geomembrane at the bottom of the main vadose 
trench extends below the pumping sump to provide continuous containment. Two-inch-thick HDPE 
flatstock was provided as impact protection above the 80-mil geomembrane. 

A pump is currently installed through the vadose sideslope riser pipe and into the vadose sump. A 
bubbler level control device is also provided through the 8-inch pipe.  The maximum operating liquid 
level is 1 foot above the top of the vadose trench at each sump.  During the period of January 2001 to 
December 2007 no liquids have been detected in the vadose sumps. 

The existing pumps and controls will be replaced with a system capable of reaching the extended 
length of the riser and providing a pumping capacity that will maintain the liquid level below the 
allowable limit.  



Engineering and Design Report  Revision 2: August 2011 
Landfill Unit B-18 - 45 - 083-91887 

 Golder Associates 

During the Phase III construction, there will be a period of approximately 6 months between the 
demolition of the existing LCRS riser pads and the installation of the new riser pads.  Since no liquids 
have been detected in the vadose zone in the last 10 years, monitoring of the three vadose sumps 
whose riser pads are to be removed will be suspended for the duration of the Phase III construction.  
Once the new riser pads are constructed, monitoring of the vadose zones will resume. 

4.8.5 Leachate Storage 

The following discussion of the leachate tank system provides information peripheral to the permitted 
unit’s design, but supports the operational needs for understanding.  Sheets 22 and 22A in Appendix 
A.1 show the existing top-of-slope riser pads above each sump area where liquids from the three 
(primary, secondary, and vadose) collection zones are handled. Flows from each pumping zone are 
monitored individually by a totalizer on each of the four (one primary, two secondary, and one 
vadose) pump discharge pipes. These pipes are then individually discharged into the top portion of a 
6,000-gallon, double-walled, HDPE tank. 

The double-walled tank is provided with a centrifugal pump for transferring liquids into vacuum 
trucks. The removed liquids are treated in on-site treatment facilities located away from B-18. 

A curbed concrete slab (i.e., a concrete riser pad) is provided at each pump collection and storage 
tank area to contain any spilled liquids. A collection sump is provided in each concrete slab for 
removal of spilled liquids or rainwater.    

As discussed in Section 4.8.1, three of the existing concrete riser pads (the pads for Areas IA, IB, and 
IIB) will be removed during the construction of Phase III.  Three new riser pads will be constructed as 
replacements for the three pads to be removed.  These new riser pads will be very similar to the 
existing ones and it is anticipated that the existing HDPE tanks and appurtenances will be salvaged 
and re-used for the new system or replaced with similar components. 

4.9 Surface Water  Control 

The B-18 design includes surface water control features for the following conditions described in the 
indicated sections: 

• Section 4.9.1 - Offsite Diversion of Run-on 

• Section 4.9.2 - Active Area Run-off Control for Phase I Operations 

• Section 4.9.3 - Phase I Direct Rainfall Control 

• Section 4.9.4 - Active Area Run-off Control for Phase II Operations 

• Section 4.9.5 - Phase II Direct Rainfall Control 

• Section 4.9.6 - Run-off Control During the Above Grade Filling Period  

• Section 4.9.7 - Phase III Direct Rainfall Control 

• Section 4.9.8 - Run-off Control at Closure  
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Run-on is surface water that originates outside of the B-18 limits and it can therefore be discharged 
into natural stream channels.  Active area run-off is surface water that flows from roads used for 
waste truck and/or landfill equipment access or from portions of the landfill with intermediate cover. 
This run-off does not come into direct contract with the waste disposal area. 

The primary surface water design criteria for B-18 are the following: 

• Precipitation falling directly into the disposal area must be contained within the waste 
prism. Resulting ponding on the waste surface must be managed as stipulated in the 
existing KHF permits. 

• Active area run-off must be contained in surface water retention (i.e., containment) 
basins. 

The permanent surface water controls that are used for conveying peak flows are designed based on 
rainfall intensity and duration relationships for the PMP storm event.  The 24-hour PMP rainfall event 
for the site is 10.3 inches as reported by the National Oceanic and Atmospheric Administration 
(NOAA, 1998).  The original design of B-18 (ESI, 1990a), used a 24-hour PMP storm event for the 
site of 7.4 inches, based on data from the California Department of Water Resources (CDWR, 1976).  
The CDWR used a statistical method, based on historic rainfall data, to determine the PMP rainfall 
depth.  The CDWR no longer publishes data pertaining to PMP events as they apparently now defer 
to the PMP data provided by NOAA.  The NOAA value is “theoretically, the greatest depth of 
precipitation for a given duration that is physically possible over a given storm area at a particular 
geographical location at a certain time of the year.”  Hence, the current design PMP storm event of 
10.3 inches has increased substantially from the 7.4 inches used in the original design. 

4.9.1 Off-site Diversion of Run-On 

Sheets 5 and 10 in Appendix A.1 show the existing configuration for diverting run-on away from the 
B-18 area. This is accomplished by providing run-on collection ditches outside of the entire existing 
B-18 Perimeter Road that are capable of diverting run-on from the PMP storm event.  These run-on 
collection ditches begin near the northwest corner of Phase I.  One of these ditches diverts run-on 
flows along the outside of the B-18 Perimeter Road along the north side of the existing landfill. The 
other ditch diverts run-on flows along the outside of the B-18 Perimeter Road along the west and 
south sides of the existing landfill.  These V-shaped run-on collection ditches are 5-feet-wide, 
earthen, and vary in depth from one to three feet.  Sheets 5 and 10 in Appendix A.1 show the 
locations where changes in the depths of these ditches occur. 

A buried culvert is used to convey flows from the southern-most run-on collection ditch under the B-
18 Stockpile access road.  This culvert is a 24-inch diameter corrugated metal pipe (CMP) that is 
capable of conveying the 25-year storm event.  Larger storms can be safely conveyed over a swale at 
this road intersection. This swale is graded to maintain the entire surface water flow from the PMP 
storm event in the run-on collection ditch system. 

Upon the completion of the Phase I construction (Sheet 5 in Appendix A.1), the run-on collection 
ditches were discharged into the natural drainage channel at the northeast corner of the B-18 area, 
near the limit of the Phases I and II clay mixing area.  Upon the completion of Phase II (Sheet 10 in 
Appendix A.1), the run-on collection ditches were directed to an existing culvert under the KHF main 
access road. That culvert is capable of conveying flows from most of the storms that may be expected 
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to occur during the B-18 operations.  Surface water from large, infrequent storms is allowed to flow 
across the KHF main access road with no potential for drainage to the existing waste disposal areas. 

The final elements of the existing run-on collection ditch system are smaller V-ditches (brow ditches) 
along the tops of the existing B-18 Perimeter Road cuts.  These brow ditches divert run-on from the 
natural hill slopes into drop inlets that discharge into the collection ditches that run along the outside 

of the B-18 Perimeter Road.  Due to the relatively steep slopes along the tops of these road cuts, the 
brow ditches are lined with asphalt to reduce erosion.  The locations of the brow ditches and drop 
inlets are shown on Sheets 5 and 10 in Appendix A.1. 

During the Phase III construction, most of the existing collection ditches along the outside edge of the 
existing B-18 Perimeter Road as well as the smaller brow ditches at the tops of the existing B-18 
Perimeter Road cuts on the north, south, and west sides of B-18 will be removed and relocated to 
accommodate the expanded landfill footprint.  The new collection ditches and brow ditches generally 
have a similar or increased capacity design as those of the existing ditches and they will be located 
along the outside edge of the new B-18 Perimeter Road (collection ditches) and at the tops of the cuts 
along the new B-18 Perimeter Road (brow ditches), as shown on Sheet C-3 in Appendix A.2.  The 
permanent stormwater controls for B-18 are designed to convey the design PMP storm event.  To be 
conservative, the stormwater controls were designed to convey the flow of the 6-hour PMP.  The 6-
hour PMP has a higher rainfall intensity and therefore greater peak flow than the 24-hour PMP event.  
During a PMP storm event, the drainage channels will reach capacity and some flows extend into the 
roadway.  This design approach maintains reasonable size channels that convey a majority of storm 
events, however, flows from the PMP are controlled within the roadway assuming trafficable 
conditions would not need to be maintained during such an event. 

During operation of Phase IIIA (while Phase IIIB is being constructed), there will be no potential for 
stormwater run-on into Phase IIIA from the adjacent portion of Phase IIIB due to the presence of the 
lined temporary Phase IIIA stormwater containment berm that will be constructed along the Phases 
IIIA-IIIB interface (see Detail 1 on Sheet C-4A in Appendix A.2).  The top of this berm will be 
approximately 8 feet higher than the nearby high point on the Phase IIIB “bench liner” area, meaning 
that stormwater run-on from Phase IIIB will flow to the existing Northeast Containment Basin before 
it could overtop the temporary Phase IIIA berm.  It is estimated that a maximum of approximately 2 
feet of stormwater run-on could accumulate on the south side of the temporary Phase IIIA berm; this 
stormwater would be clean and would therefore be pumped by site personnel to just south of the 
nearby high point, where it could then flow to the Northeast Containment Basin.  Once Phase IIIB is 
completed, the need for conveying stormwater run-on will be eliminated. 

4.9.2 Active Area Run-Off Control for Phase I Operations 

Sheets 5 and 6 in Appendix A.1 shows how surface water run-off from active areas for the PMP 
storm event was controlled during the Phase I disposal operations. The main aspects of this control 
were: 

• Active area roads were sloped inward to a ditch system that was separate from the 
run-on ditch system described in Section 4.9.1. 

• The active area run-off was directed to a lined retention basin located in the bottom 
of the initial clay borrow pit. 

The west and south portions of the B-18 Perimeter Road adjacent to Phase I slope inward to an 
asphalt-lined V-ditch as shown in Section A-3,8/15 on Sheet 15 in Appendix A.1.  This ditch flows in 



Engineering and Design Report  Revision 2: August 2011 
Landfill Unit B-18 - 48 - 083-91887 

 Golder Associates 

the south and east direction to a former culvert inlet on the south portion of the B-18 Perimeter Road 
approximately 12.5 feet beyond the limit of the sideslope liner system for Phase I.  The former culvert 
was an 18-inch diameter CMP that dropped down the south sideslope (see Section B-4,5/16 on Sheet 
16 in Appendix A.1) and into an 18-inch diameter, concrete-encased CMP culvert beneath the 
entrance of the Phase I/II Berm road to the Phase I access ramp.  This culvert then discharged into a 
V-ditch (see Section B-5,15,23/17 on Sheet 17 in Appendix A.1) that flowed along the west side of 
the Phase I/II Berm to a drop inlet.  This drop inlet discharged into a 30-inch diameter CMP that 
passed beneath the Phase I/II Berm crest and down its eastern embankment slope and into the lined 
basin in the clay borrow pit.  The V-ditch and culvert also collected run-off from the road on top of 
the Phase I/II Berm, which sloped at two percent toward the west for its entire length. 

An additional concrete-encased, 12-inch diameter CMP culvert was provided where the Phase I 
access ramp met the west portion of the existing B-18 Perimeter Road.  This culvert drained the small 
flow from the northern part of this portion of the B-18 Perimeter Road and was concrete-encased to 
support waste truck traffic. 

The north portion of the B-18 Perimeter Road adjacent to Phase I and the access road around the top 
of the initial clay borrow pit were also considered to have active area run-off because of the daily 
cover and landfill equipment that used these roads.  Hence, these roads were also sloped toward an 
inside ditch that conveyed surface water flows to an 18-inch diameter CMP culvert along the 
southeast corner of the initial clay pit slope. 

The clay pit retention basin was lined with 40-mil HDPE geomembrane from a bench at an elevation 
of 720 feet to its base at an elevation of 680 feet.  Although not normally required for retention basins 
of this type, the liner was provided to avoid saturation of the clay borrow area because this area would 
later form part of Phase II floor.  The retention basin and its liner system were completely removed 
when Phase II was constructed.  The capacity of this temporary containment basin was sufficient to 
contain the 24-hour PMP run-off from the areas discussed above.  Section A on Sheet 13 in Appendix 
A.1 shows a cross-section through this retention basin. 

4.9.3 Phase I Direct Rainfall Control 

The control of direct rainfall into the Phase I disposal area consisted of sloping the waste surface 
toward a low spot where the collected surface water was removed by vacuum trucks (or other 
appropriate means) and transported to the appropriate storage, treatment, and/or disposal facilities. 

The amount of water that was handled by vacuum trucks was reduced by installing slope gutters on 
the temporary liner portions of the slopes.  Water collected in these gutters drained into a clean tank 
and was then pumped into the run-on collection ditch system discussed in Section 4.9.1. 

Initially, the low spot on the waste surface was located in the northern portion of Phase I to minimize 
interference with traffic at the Phase I access ramp.  As the waste level in Phase I rose, the low spot 
was moved to best suit operational conditions.  Once the waste height rose above the top of the Phase 
I/II Berm, it was necessary to keep the low spot away from the east-facing Phase I waste slope to 
avoid localized instability of this slope. 

4.9.4 Active Area Run-Off Control for Phase II Operations 

Sheet 10 in Appendix A.1 shows the configuration that was used for containing active area run-off 
during the Phase II operations. The collection system for this period consisted of an extension of the 
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Phase I ditches located along the inside of the B-18 Perimeter Road as described in Section 4.9.2.  
These ditches sloped toward the east-northeast portion of Phase II and conveyed run-off into the lined 
Northeast Containment Basin that was constructed in conjunction with Phase II.  This basin is sized 
to contain run-off from both the existing B-18 Perimeter Road and from waste slopes with interim 
cover that are located above the level of the existing B-18 Perimeter Road.  Surface water from the 
inside ditches flows into either of two culverts (one culvert is a 30-inch diameter CMP while the other 
culvert is a 24-inch diameter CMP) at the eastern portion of the B-18 Perimeter Road above the 
Northeast Containment Basin. These culverts discharge into asphalt-lined swales in the corners of the 
Northeast Containment Basin.  For very large storms, the roadway profile above the culverts is 
depressed to direct flows across the road and into the asphalt-lined containment basin swales. 

4.9.5 Phase II Direct Rainfall Control 

Direct rainfall into the Phase II waste disposal area was handled using procedures similar to those 
described in Section 4.9.3 for the Phase I operations. 

4.9.6 Run-Off Control During the Above Grade Filling Period 

Currently, the B-18 waste mass is in the above grade filling period.  As the waste mass rose above the 
level of the existing B-18 Perimeter Road, rainfall run-off began to be handled in the following two 
ways: 

• The top deck area, where waste disposal is ongoing, is graded to direct surface water 
toward a low spot (with temporary earthen berms, as needed) where the collected 
surface water is removed as discussed for the Phase I and II areas in Sections 4.9.3 
and 4.9.5, respectively. 

• Surface water from sloped areas with interim cover is handled as run-off water. This 
run-off is collected from the sideslopes of the existing landfill and conveyed into the 
inside B-18 Perimeter Road ditches, which ultimately direct the run-off into the 
Northeast Containment Basin. 

The asphalt-paved ditches on the inside of the existing B-18 Perimeter Road contain run-off from 
storms with recurrence intervals less than 100 years (based on original design storm event).  During 
larger storms and up to the PMP event, the flow may extend outside of these paved ditches but is 
maintained within the larger channel formed by the inward-sloping perimeter road.  Flows up to the 
PMP storm condition are currently directed into the Northeast Containment Basin.  During operations 
within Phase IIIA (while Phase IIIB is still being constructed), stormwater run-off from the north, 
east, and west facing Phase IIIA waste slopes will be diverted to the Northeast Containment Basin.  A 
temporary lined containment berm will be constructed at the interface of Phases IIIA and IIIB (see 
Sheet C-4A in Appendix A.2) to provide containment of stormwater run-off from the lower portions 
of the south-facing temporary Phase IIIA waste slope.  This temporary berm has been sized to contain 
the entire run-off volume generated by the 24-hour PMP event (while maintaining a freeboard of 
greater than 1 foot); this run-off will be contained on the north side of the temporary berm.  
Therefore, no pumping will be required to prevent the overtopping of the temporary berm.  Site 
personnel will treat the stormwater run-off contained on the north side of the temporary berm as 
leachate.  Accordingly, the impounded stormwater run-off will be pumped into tanker trucks and 
transported to the appropriate on-site facility for treatment as leachate. 
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The Phase III expansion of B-18 will involve the construction of a new B-18 Perimeter Road around 
most of the landfill.  Similar to the existing configuration, the new B-18 Perimeter Road will be 
sloped inward toward the landfill during the above grade filling period.  Also, asphalt or shotcrete-
lined V-ditches will run along the entire inside edge of the new B-18 Perimeter Road to convey run-
off to containment basins in a similar manner as is currently done. 

Due to the change in the PMP storm event (see the discussion at the beginning of Section 4.9) and the 
increased landfill area after the construction of Phase III, a second stormwater basin, the South 
Containment Basin, will be required to provide adequate run-off storage capacity for the PMP storm 
event after Phase III is completed.  The new South Containment Basin will be constructed as part of 
the Phase IIIB expansion as shown on Sheet C-3 in Appendix A.2.  The surface water flow patterns 
around the expanded landfill will be such that all run-off will be directed to and contained in the 
South and Northeast Containment Basins. 

4.9.7 Phase III Direct Rainfall Control 

Direct rainfall into the Phase III waste disposal area will be handled using procedures similar to those 
described in Section 4.9.3 for the Phase I operations. 

4.9.8 Run-Off Control at Closure 

The surface water drainage capacities of the final benches, Cover Access Road, and the new B-18 
Perimeter Road are designed to be capable of conveying the 6-hour PMP storm water run-off without 
damage to the landfill.  This storm water flow will drain to either the existing Northeast Containment 
Basin or the new South Containment Basin, as shown on Sheet C-4 in Appendix A.2. The stormwater 
containment basins are designed to contain the runoff from the 24-hour PMP storm event.  After site 
closure, the basins may be modified to release the stormwater run-off in a controlled manner. 

4.10 Utilities 

The existing utilities for B-18 consist of the following: 

• A perimeter lighting system that currently serves the existing B-18 Perimeter Road 
and that formerly served the waste disposal area before the waste mass grew to its 
current level above the lights. 

• Electrical power to operate the various leachate control pumps and the perimeter 
lighting system. 

As part of the B-18 Phases I and II construction, permanent lighting fixtures were placed around the 
entire existing B-18 Perimeter Road as illustrated in Section A-5,10/23 on Sheet 23 in Appendix A.1. 
However, this existing lighting system is no longer needed and it will be removed as part of the Phase 
III construction. 

Power for the existing lighting system and leachate pumps is provided by an electrical transformer 
located along the northern boundary of B-18, as shown on Sheet C-2 in Appendix A.2.  During the 
Phase III construction, this transformer will be removed and relocated to allow for the construction of 
the Phase III expansion. 
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5.0 ENGINEERING ANALYSES 

5.1 General 

This section describes the engineering analyses that were performed to support the design of B-18. 
The B-18 analyses are discussed in Sections 5.2 through 5.9 with calculations provided in Appendices 
G through N for Settlement, Stability, Cover Soil Erosion, Surface water drainage, leachate collection 
and removal, riser pipes, cover infiltration, and frost and biotic protection, respectively. 

5.2 Settlement Analyses 

5.2.1 Conditions Evaluated 

The following four settlement conditions were analyzed for B-18:  

1. The elastic settlement of the landfill’s foundation to assess the minimum slope of the 
LCRSs.  Ideally, the post-settlement slopes of the LCRSs should be maintained at 2 
percent or greater. 

2. Evaluation of the degree of consolidation of the primary and secondary clay liners at 
interim and final closure to assign appropriate strength properties for these materials 
for use in the stability analyses.  

3. Estimation of the magnitude of settlements of the primary and secondary clay liners 
to assure that adequate thicknesses (i.e., 3 feet or more) will be maintained after 
compression and consolidation of the liners are completed. 

4. Estimation of the post-closure waste settlements to assure positive drainage of the 
cover, benches, and the Cover Access Road.  

The settlement calculations are provided in Appendix G and described in the following sections. 

5.2.2 Foundation Settlement 

The rock strata beneath B-18 have and will continue to settle in an approximately elastic manner as 
each layer of waste is placed.  Therefore, essentially all of the foundation settlement is anticipated to 
occur prior to closure and, hence, foundation settlement will not be a factor with regard to the closure 
cover configuration or drainage control.  The foundation settlement will, however, result in slope 
changes at the base of the landfill that will impact the LCRS.  These settlements will not cause abrupt 
changes on the base (e.g., large differential settlements over short distances), but they could 
potentially reduce the slopes of the LCRS to below the desired minimum of 2 percent.  A minimum 
LCRS slope of 2 percent is desired to assure positive leachate drainage to the sumps.  

The foundation settlement estimates presented in Appendix G.1 were calculated using Boussinesq’s 
stress distribution theory in conjunction with the elastic properties of the foundation materials.  
Elastic properties of the claystone and siltstone were conservatively considered to be the same and 
were estimated based on the measured plasticity index and strength characteristics of the undisturbed 
claystone samples using the procedure described by Duncan and Buchignani (1976). The elastic 
modulus and Poisson’s ratio of these fine-grained rocks were estimated to be 6,000 ksf and 0.38, 
respectively. The sandstone was assumed to be incompressible since information obtained from the 
boring logs and laboratory test data indicate that deformation of the coarse-grained rock strata (i.e., 
sandstone) would be negligible in comparison to that of the claystone and siltstone. 
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In Appendix G.1, landfill base settlement profiles are estimated for four representative cross-sections 
through the waste mass to evaluate both the total and differential settlements. The total estimated 
settlements range up to about 15 inches.  According to the computed settlements, the resulting slope 
of the base of the landfill will be greater than 2 percent. Hence, it is concluded that the LCRS will 
remain sloped at a minimum of 2 percent. 

5.2.3 Degree of Consolidation of Clay Liners 

Calculations of the time rate of consolidation of the clay liners due to placement of the overlying 
waste are provided in Appendix G.2.  These calculations were carried out in order to evaluate the 
appropriate clay strength parameters for use in the stability analyses.  Shortly after clay liner 
construction, UU triaxial strength parameters are appropriate.  After “complete” consolidation (i.e., an 
average degree of consolidation greater than about 95 percent) of the clay due to the weight of the 
overlying waste has occurred, CU triaxial strength parameters are appropriate.  The selection of clay 
strength parameters to assess stability at a certain stage of waste disposal is based on the expected 
degree of consolidation of the clay liner at that particular time. 

The clay liners will be continually consolidating during waste placement such that the undrained 
shear strength of the clay liners will be continually increasing.  Based on the consolidation test data 
for compacted (remolded) clay discussed in Section 3.5.7, it is estimated that the average degree of 
consolidation for both the primary and secondary clay liners will be greater than 95 percent by the 
time the final closure cover is installed.    Therefore, the undrained shear strength of the clay liners for 
long-term, post-closure conditions should be based on its fully-consolidated strength as evaluated 
from the CU triaxial tests. 

Another calculation was performed to evaluate the degree of consolidation of the clay liners when the 
Phase I Intermediate Closure was completed about two years after initial clay liner construction.  This 
calculation shows that approximately 30 percent of clay consolidation will have occurred at that time, 
resulting in a modest gain in strength.  To be conservative, the UU triaxial test data were used in the 
stability analyses for the Phase I Intermediate Closure condition.  Also, because all of the excess 
porewater pressures were not dissipated at that time, the friction angle (φ) portion of the UU triaxial 
test data was not relied upon in the Phase I Intermediate Closure stability evaluation. 

5.2.4 Magnitude of Clay Liner Consolidation 

The clay liner consolidation calculations in Appendix G.3 were performed to estimate the clay liner 
thickness reductions once “complete” consolidation of the clay had occurred under the weight of the 
overlying waste mass. Calculations are provided for the following: 

1. A primary and secondary clay liner thickness of 1.5 feet and 3.5 feet, respectively, at 
the landfill base and a maximum waste thickness of about 300 feet (compared to a 
maximum waste thickness of 230 feet without Phase III). 

2. A clay liner thickness of 5 feet beneath the vertical riser pipe, where additional load 
will be applied to the clay liner by the vertical riser pipe foundation (see Section 5.7). 

The calculations show that the maximum consolidation settlement of the primary and secondary clay 
liners at the landfill base will be approximately 0.1 and 0.3 feet, respectively, under loading from 300 
feet of waste (similar to the result for Phase I and II).  Therefore, it is concluded that the primary and 
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secondary clay liner’s required minimum thickness of 1 and 3 feet, respectively, will be maintained 
after consolidation settlement is complete. 

The maximum primary and secondary clay liner settlements beneath the vertical riser pipe foundation 
were calculated to be about 0.4 and 0.7 feet, respectively, under loading from 300 feet of waste.  
These magnitudes of settlement are acceptable because the original clay liner thicknesses in this area 
were about 3 and 5 feet for the primary and secondary clay liners, respectively. 

5.2.5 Post-Closure Waste Settlement 

Appendix G.4 contains the post-closure waste settlement calculations that were performed in order to 
assess the minimum closure cover slopes for positive drainage.  It was assumed that the primary 
consolidation of waste material will fully occur during waste placement. Therefore, the post-closure 
waste settlements were estimated based on the fo1lowing factors: 

• Crushing of disposed drums and the related settlements due to: 

Closure of void spaces in the drums within the waste mass; and 

Consolidation of loosely-placed materials in the drums. 

• Secondary consolidation (or creep) settlement of the main, soil-like waste matrix.  

It is anticipated that settlement of waste within B-18 will be less than prior WMUs at the KHF 
because of more restrictive disposal regulations, especially since a significant portion of the waste has 
been and will continue to be solidified prior to disposal. The waste settlement estimates discussed 
below do not fully account for these changes and are therefore considered to be conservative. 

The waste settlement calculations were based on KHF’s estimate that 15 percent of the waste volume 
within B-18 consists of drums that are distributed randomly throughout the waste. The drums are 
conservatively assumed to contain 10 percent voids and the wastes within the drums were calculated 
to consolidate an additional 30 percent.  Long-term creep settlement of the waste was estimated based 
on characteristics for normally-consolidated soft to medium stiff clay. 

By analyzing representative cross-sections through the entire B-18 waste mass, it is estimated that the 
post-closure waste settlements will vary from approximately zero at the edge of the landfill to a 
maximum of about 27 feet where the waste thickness is greatest.  On the basis of the calculations in 
Appendix G.4, it is concluded that the proposed final cover grades shown on Sheet C-4 in Appendix 
A.2 will be adequate to assure appropriate drainage after waste settlement is complete. 

It is recommended that survey monuments be monitored at areas with interim cover on the landfill 
sideslopes once these areas are filled to their final elevation.  As this settlement data is obtained, it 
may be appropriate to re-evaluate whether or not a portion of the primary settlement may occur 
during the post-closure period and to re-assess the final cover grading plan. 
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5.3 Stability Analyses 

5.3.1 General 

Appendix H includes static and seismic slope stability analyses for the conditions discussed in the 
following sections: 

• Section 5.3.2 - Temporary Rock Cut Slopes; 

• Section 5.3.3 - Compacted Fill Slopes; 

• Section 5.3.4 - Temporary Phase I Intermediate Fill Slopes; 

• Section 5.3.5 - Temporary Phase IIIA Intermediate Fill Slope; and 

• Section 5.3.6 - Final Closure Conditions. 

Table 5.1 summarizes the shear strength and unit weight parameters assigned to each of the materials 
and material interfaces modeled in the stability analyses.  The right-hand column in Table 5.1 
identifies the data sources for these parameters, which include the site-specific laboratory testing 
discussed in Section 3, prior KHF landfill investigations, and published data and information. 

Table 5.2 summarizes the results of the stability analyses and lists the criteria used to evaluate 
acceptability. For static conditions, the minimum acceptable factor of safety is considered to be 1.5.  
This criterion was satisfied for all of the critical conditions analyzed.  For seismic conditions, 
acceptability is evaluated based on a design displacement during the MCE event (see Section 2.5.1).  
A maximum design displacement of 6 inches was established for all cases where the failure plane 
could intersect the base liner system, based on the recommendations of Seed and Bonaparte (1992). 
This minimizes the potential for large displacements that could potentially disrupt the HDPE 
geomembrane/clay composite liner or the LCRS.  As shown in Table 5.2, the estimated displacement 
for most of the cases considered is less than 1 inch for the applicable MCE event. 

The following seismic displacements during the MCE event were considered maximum acceptable 
values for locations where permanent liner systems are not affected: 

• A 6-inch seismic displacement for the Northeast Containment Basin embankment, 
primarily to minimize the potential of overall embankment instability occurring. 

• A 12-inch displacement entirely within the waste mass for the Phase I intermediate 
fill slope because it is temporary and regrading improvements could easily be made 
without exposing the underlying liner systems. 

• A 12-inch displacement would be allowable for the geotextile/HDPE geomembrane 
and vegetative cover soil/geotextile interfaces of the final cover system.  This 
maximum displacement minimizes the potential for damage to the HDPE 
geomembrane and any resulting near-surface cracking could be repaired relatively 
easily. 

The static factors of safety were calculated using: 
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1. The STABL5 computer program, developed by Purdue University (1986), for the 
stability analyses performed during the original design of B-18 (ESI, 1990a). 

2. The computer program GSTABL7 version 2.003, developed by Gregory 
Geotechnical Software, for the stability analyses performed for the current design. 

Displacement estimates for the seismic conditions were calculated using the following procedures: 

1. Newmark (1965), as modified by Franklin and Chang (1977), for temporary rock cut 
slopes, compacted fill slopes, and the Phase I intermediate waste fill conditions.  A 
conservative velocity-to-acceleration ratio of 30 was used for the Newmark and 
Franklin and Chang methods for these cases, based on measured velocity/acceleration 
ratios published by Donovan (1983).  The maximum acceleration of the waste mass 
for these cases was assumed to be 80 percent of the PHGA, based on comparisons 
with site response analyses performed by Woodward-Clyde (1987) for the OII 
Landfill in Monterey Park, California.  However, no attenuation was allowed for very 
shallow potential failure surfaces because the lower portions of the slide mass were 
close to the ground surface. 

2. Makdisi and Seed (1978), which is based on the Newmark (1965) method, for the 
final closure configuration.  In order to evaluate the average acceleration time 
histories of the critical slide mass, two-dimensional dynamic finite element analyses 
were performed using the computer program QUAD4M (Hudson et al., 1994). 

3. Bray et al. (1998) for the final cover veneer stability analyses.  Two-dimensional site 
response analyses were also performed for this case using QUAD4M to evaluate the 
average acceleration of the cover system. 

The PHGAs corresponding to the MCE events (near-field and far-field) used in the current design are 
discussed in Section 2.5.3.  These PHGAs and MCEs were used in the stability analyses of the final 
closure configuration and in the cover veneer analyses.  During the original design of B-18 (ESI, 
1990a), a single MCE event was considered, as discussed in Section 2.5.2.  This MCE event and its 
associated PHGA differ from those used in the current design due to advances in geotechnical 
earthquake engineering since the time of the original design.  The temporary rock cut slopes, 
compacted fill slopes, and Phase I intermediate waste fill conditions were not re-analyzed for the 
current design since these conditions no longer exist due to the placement of overlying waste.  The 
rock cut slope on the west side of B-18 will be flattened and will be more stable than the current 
configuration.  Hence, the computed seismic displacements for these conditions correspond to the 
MCE event from the original design (ESI, 1990a), as discussed in Section 2.5.2. 

5.3.2 Temporary Rock Cut Slopes 

Appendix H.2 provides stability analyses for the two rock cut slope conditions illustrated in Figure 
5.1. East-, south-, and north-facing slopes were excavated at a 2H:1V inclination across bedding 
planes.  West-facing slopes, which were in the general direction of the weaker bedding planes, were 
excavated at a shallower 3H:1V inclination.  Table 5.2 shows that the static factors of safety for these 
two conditions are 2.4 and 2.2 for the 2H:1V and 3H:1V slopes, respectively.  Table 5.2 also shows 
that essentially no displacement of either slope configuration is anticipated during the original 
design’s MCE event (Section 2.5.2).  Therefore, the designed temporary rock cut slopes were 
adequate for both the static and seismic criteria for Phases I and II and are considered to be adequate 
for the comparatively minor proposed Phase III temporary rock cut slopes. 
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5.3.3 Compacted Fill Slopes 

Phases I and II of B-18 were formed primarily by excavation into rock and there were no large fill 
embankments required.  A relatively small fill embankment was necessary in the former natural 
drainage area at the northeast edge of Phase II.  This fill embankment forms a portion of the eastern 
Phase II sideslope and also forms one of the sideslopes for the Northeast Containment Basin. A cross-
section through this embankment is shown in Section A-8/23 on Sheet 23 in Appendix A.1.  Stability 
analyses were performed for this fill embankment. 

Table 5.2 shows that the Phase II/Northeast Containment Basin fill embankment is satisfactory for 
both static and seismic conditions. The static factor of safety for this embankment is 2.2 and 
essentially no displacement was projected for this slope during the original design’s MCE event 
(Section 2.5.2).  Appendix H.3 contains the detailed stability computations for this condition. 

Phase III will require some relatively small fill embankments along the south side of the existing 
landfill.  The slopes of these fill embankments will have inclinations equal to or less than those of the 
existing Phase II/Northeast Containment Basin fill embankment.  Based on the stability analysis 
results for the Phase II/Northeast Containment Basin fill embankment, the proposed fill embankments 
for Phase III are considered to be adequately stable for both the static and seismic conditions. 

5.3.4 Temporary Phase I Intermediate Fill Slopes 

The typical configuration of the temporary Phase I intermediate waste fill slopes is shown in Section 
A-6/23 on Sheet 23 in Appendix A.1.  This slope condition existed from the time that initial filling of 
Phase I was completed until the Phase II area was filled to the top of the Phase I/II Berm.  This 
temporary waste slope was constructed at the relatively steep 1.5H:1V inclination because the 
stability analyses showed that the factor of safety along the critical liner interface is higher when the 
waste slope is steeper due to the added frictional resistance along the toe portion of the potential 
sliding wedge. 

Appendix H.4 presents the detailed results of the stability analyses conducted for the Phase I 
intermediate fill slopes.  Figure 5.2 illustrates the various potential failure mechanisms considered for 
the Phase I temporary fill slopes. The most important potential sliding mechanism (Cases A1 and A2 
in Figure 5.2) involved shearing through the waste, along the base liner of the landfill, and up the 
lined Phase I/II Berm sideslope, resulting in a wedge-shaped slide mass. This mechanism is critical 
because the liner interface strengths are much lower than those of the underlying foundation or the 
overlying waste materials.  Also, a failure at this location could damage the liner and LCRSs.  Figure 
5.2 shows the following two potential shear surfaces for this sliding mechanism: 

• Case Al: A shear surface that would occur entirely along the liner interface, including 
at the intersection of the landfill base and the Phase I/II Berm sideslope. 

• Case A2: A shear surface that would include an approximately 50-foot-long diagonal 
shear zone through the waste near the base/berm intersection to simulate a circular 
failure surface across that intersection angle. 

The results in Table 5.2 for these cases show a static factor of safety of at least 2.5 and essentially no 
displacement during the original design’s MCE event (Section 2.5.2). These results are acceptable for 
this important stability condition. 
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The potential for a shallow circular failure (Case B in Figure 5.2) to occur through the intermediate 
fill slope without intersecting the liner system was an additional consideration for the Phase I 
temporary waste slope. This condition was less important than Cases Al or A2 because, if some 
movement were to occur along the potential sliding surface, the underlying liner system would not be 
damaged. Table 5.2 shows that the static factor of safety for Case B is approximately 1.5 and the 
estimated displacement for the original design’s MCE event (Section 2.5.2) is about half an inch. 
These results are based on shallow waste strength parameters of φ = 27 degrees and c = 300 psf as 
compared to φ = 31 degrees and c = 0 used for deeper zones of the landfill. Use of the cohesionless 
waste strength parameters would result in a lower static factor of safety (approximately 1.3) for very 
shallow potential failure surfaces. However, it is reasonable to assume that the waste will have a 
small degree of cohesion. Therefore, the factor of safety and estimated MCE displacement discussed 
above were considered to be appropriate and the intermediate slope was acceptable for this temporary 
and non-critical condition. 

During the preliminary stability analyses, calculations were also performed to evaluate whether a 
failure could potentially occur along the entire Phase I liner interface (i.e., along the west sideslope, 
the landfill base, and the Phase I/II Berm sideslope). The factor of safety for this condition was found 
to be much higher than for the Cases A1 and A2 conditions. 

Finally, because of prior experience at the KHF, an evaluation was made as to whether or not it would 
be appropriate to analyze the Phase I intermediate fill slope for a three-dimensional potential failure 
surface. However, because of the designed configuration, it was concluded that such an analysis was 
not necessary. Phase I was purposely configured to avoid three-dimensional driving forces that were 
significantly different than those realized for the two-dimensional (Cases Al and A2) condition. 
Therefore, the factor of safety for a three-dimensional case would essentially be the same as the 
acceptable values for the two-dimensional cases discussed above. 

5.3.5 Temporary Phase IIIA

The configuration of the temporary Phase IIIA intermediate waste fill slope is shown on Sheet C-4A 
in Appendix A.2.  As can been seen on Sheet C-4A, the Phase IIIA interim waste slope is a south-
facing, 2H:1V slope that contains an approximately 30-foot wide bench to allow for access to the 
landfill during waste placement operations.  This interim slope condition will exist for only a short 
time, if at all, as it is anticipated that no more than 6 months of waste will be placed in Phase IIIA 
before waste placement in Phase IIIB begins.  After waste placement in Phase IIIB commences, the 
interim Phase IIIA waste slope will be covered with waste relatively quickly.  The north, east, and 
west facing Phase IIIA waste slopes will be built to the final cover grades (i.e., 3.5H:1V inclination 
between benches); therefore, these waste slopes were analyzed as part of the final closure 
configuration (Section 5.3.6). 

 Intermediate Fill Slope 

Appendix H.4 presents the detailed results of the stability analyses conducted for the south-facing 
2H:1V Phase IIIA intermediate fill slope.  Due to its temporary nature, only static stability analyses 
were conducted for the Phase IIIA intermediate waste slope.  Also, as can be seen in Appendix H.4, 
the shear strength parameters of the Phase IIIA liner system were assumed to lie between its peak and 
residual values since the slope will be temporary and the portion of the Phase IIIA liner modeled in 
the stability analyses will be graded at only 10 percent, thereby making it similar to a base liner from 
a shear strength standpoint. 

Figure 5.3 illustrates the potential failure mechanism considered for the south-facing 2H:1V Phase 
IIIA temporary fill slope. This critical potential sliding mechanism involves shearing down through 
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the waste and then along the Phase IIIA liner toward the toe of the south-facing 2H:1V temporary 
waste slope, resulting in a wedge-shaped slide mass. This mechanism is critical because the liner 
interface shear strength is much lower than that of the underlying foundation or the overlying waste 
materials.  The result in Table 5.2 for this interim case indicates a static factor of safety of 1.5, which 
is considered acceptable for this temporary condition. 

The potential for a shallow circular failure to occur through the south-facing 2H:1V Phase IIIA 
intermediate fill slope without intersecting the liner system was not performed since analyses for the 
Phase I temporary waste slopes indicated that a temporary waste fill slope inclined at 1.5H:1V would 
be adequately stable (Section 5.3.4) with respect to this potential sliding mechanism.  Since the Phase 
IIIA intermediate waste fill slope will be inclined at 2H:1V, it will be expected to be more stable than 
the Phase I temporary waste slopes were.  In addition, the Phase I temporary waste slopes were 
observed to perform well after their construction, which further demonstrates that the 2H:1V Phase 
IIIA intermediate fill slope should be adequately stable with respect to a circular failure entirely 
through waste. 

5.3.6 Final Closure Conditions 

The three potential failure scenarios of importance for the final closure configuration, as shown 
conceptually on Figure 5.3, are: 

• Displacement of the final cover system on the 3.5H:1V sideslopes between benches. 

• A large wedge failure through the waste and along the base and perimeter sideslope 
liner systems. 

• A circular failure entirely through the waste. 

The stability analyses for the final closure conditions were performed by HAI, under subcontract to 
Golder, as part of the current design.  Appendix H.5 contains HAI’s slope stability report while the 
results of HAI’s stability analyses are summarized in Table 5.2 and discussed in the following 
paragraphs. 

The weakest interface in the B-18 final cover system is the nonwoven geotextile/40-mil textured 
HDPE geomembrane interface.  Large seismic displacements at this interface could result in a tensile 
failure of the HDPE geomembrane.  The current state-of-practice is to generally limit seismic 
displacements of the cover system to less than about 12 inches.  Table 5.2 shows that the static factor 
of safety for veneer-type sliding of the cover system along the geotextile/HDPE geomembrane 
interface is 1.6, which is well above the allowable 1.5.  The estimated seismic displacement along this 
interface was calculated to be about 2.7 inches for the updated MCE event (Section 2.5.3).  Hence, 
the final cover system of B-18 is considered to be adequately stable under the design static and 
seismic loading.  Minor repairs to the cover system may be required if the seismic displacement of the 
cover system exceeds about 2 to 3 inches.  

In order to evaluate a deep, wedge-shaped failure mechanism (along the base liner) for the final 
closure condition, HAI evaluated 6 representative cross-sections (A-A’ to F-F’) through B-18.  The 
locations of these 6 cross-sections are shown in Appendix H.5.  For each cross-section, multiple 
sliding mechanisms were considered. 
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HAI reviewed the interface shear strength test data for B-18 to determine the weakest interface for 
each phase of construction.  The original design report for B-18 (ESI, 1990) assumed the most critical 
interface would be located at the interface of the textured geomembrane and the geonet side of the 
geocomposite.  The interface was found to have a residual friction angle of 9 degrees and 800 psf 
adhesion.  However, during construction of Phase II, a bonded geotextile was included below the 
geocomposite to increase the shear strength of the liner system (i.e., a geocomposite with geotextiles 
heat bonded to both sides of the geonet was used during construction).  Therefore, the lower shear 
strength properties used for the Phase I side slope liner were based on a different critical interface in 
the liner system.  Based on the URS 2005 report, archived samples of the existing Phase II liner 
system components were recovered from storage and tested for interface shear strength. Two shear 
tests were performed on multiple components that represented all of the possible interfaces in the 
existing B-18 Phase II liner systems.  Tests performed on these "sandwich-like" specimens of the 
Phase II liner system demonstrated that failure occurred along the clay/textured geomembrane 
interface in one test and the clay/geotextile interface in the other test.  The results of these tests 
yielded a peak interface friction angle of 20 degrees with an adhesion of approximately 1,900 psf, and 
a residual interface friction angle of 19 degrees with approximately 1,800 psf adhesion.  For the 
stability analysis the adhesion was conservatively considered to be 0 psf. 
 
It should be noted that failure in a liner system occurs along the interface with the lowest peak shear 
strength.  Therefore, the weakest interface in the liner system is the interface with the lowest peak 
strength.  Based on the direct shear testing performed by SGI Testing Services, LLC (2003) on the 
archived Phase II liner system materials (see Appendix A of the URS 2005 report), the lowest peak 
shear strength is along either the textured geomembrane/compacted clay liner interface or the 
geotextile/compacted clay interface (peak friction angle of 20 degrees).  Even though the clay liner 
has a lower residual friction angle of 13 degrees with lower adhesion (SGI, 2003), the higher internal 
peak shear strength of the clay (26 degrees) in comparison with the two above-mentioned interfaces 
(20 degrees) results in detrimental shear displacements occurring along either of the two geosynthetic 
liner/clay interfaces and not within the clay liner itself.  The "sandwich-like" specimen tests presented 
in the URS 2005 report demonstrated this.   
 
To confirm the friction angles for the B-18 Phase III liner system, similar "conformance" testing was 
completed on stock materials from geosynthetic manufacturer's that will supply materials for the 
Phase III expansion. Based on the testing conducted by Precision Geosynthetic Laboratories (results 
included in Appendix H.5), the weakest interface is the geocomposite to textured HDPE 
geomembrane.  The measured peak friction angle was approximately 28 degrees with a residual 
friction angle of 12 degrees.  For the stability analysis, the 12 degree residual friction angle was used 
for the Phase III expansion area.  The initial stability report by HAI assumed that the friction angle for 
Phase III would be similar to Phase II. Based on the recent testing, HAI lowered the Phase III friction 
angle.  An addendum to the original report is included in Appendix H.5 to address the stability 
analysis using the lower strength values. 
 
Using the above interface shear strengths, Sections D-D' and F-F' were found to be the most critical of 
the 6 cross-sections considered since their potential failure mechanisms had the lowest static factor of 
safety and lowest yield accelerations.  HAI therefore performed two-dimensional site response 
analyses (using QUAD4M) and seismic displacement analyses for sections D-D' and F-F'.  In the two-
dimensional response analyses, four different input ground motion time histories were used to provide 
a range of anticipated waste mass accelerations (both from the near-field and far-field events).  The 
results of the seismic displacement analyses performed for section D-D' and F-F' indicate that, under 
the updated MCE ground motions (Section 2.5.3), the maximum seismic displacements will be less 
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than I inch. Therefore, the overall final landfill configuration is considered to be adequately stable 
with respect to deep, wedge-shaped failure mechanisms. 
 
The last closure configuration condition analyzed was a circular failure entirely through the waste.  
Section D-D’ contained the critical circular shear surface.  As can be seen on Table 5.2, the calculated 
static factor of safety for this case was 2.2 and the seismic displacement during the updated MCE 
event (Section 2.5.3) is anticipated to be less than 12 inch.  Hence, the final landfill configuration is 
considered to be acceptable with regards to static and seismic stability of circular shear surfaces 
through the waste. 
 
Finally, the need for a three-dimensional stability analysis for the final landfill configuration was not 
deemed necessary since no conceivable three-dimensional movements could be hypothesized that 
would lead to significantly lower factors of safety than those for the two-dimensional cases discussed 
above. 

5.4 Cover  Soil Erosion 

Appendix I contains the analyses performed to assess the erosion rate of the B-18 vegetative cover 
soil layer based on the planned vegetation, slope steepness, slope length, and climatological 
conditions.  The soil erosion analyses were performed using the computer program RUSLE2 (NRCS, 
2004), which uses the Revised Universal Soil Loss Equation (RUSLE) along with the appropriate 
site-specific parameters listed above to calculate the potential soil erosion loss in tons per acre per 
year. 

The results of the soil erosion analyses indicate a maximum cover soil erosion rate of about 1 ton per 
acre per year for the typical 3.5H:1V closure slopes between benches.  This maximum rate is 
approximately half of the maximum allowable rate of 2 tons per acre per year suggested by the 
USEPA (1989).  This cover soil erosion rate assumes that vegetation is established on the final cover.  
If no vegetation (i.e., bare ground) is assumed, the calculated cover soil erosion rate is about 9 tons 
per acre per year.  Hence, it will be important to establish and maintain an acceptable amount of 
vegetation on the B-18 final cover to control soil erosion losses.  As such, a specification for 
revegetation of the final landfill slopes is provided for in Appendix O. 

5.5 Surface Water  Drainage 

5.5.1 General 

The surface water analyses presented in Appendix J are divided into sections that address the 
following requirements: 

• The general hydrology and design criteria. 

• Phases I and II run-on control. 

• Phases I and II run-off control. 

• Phase III run-on control.  

• Phase III run-off control. 
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• Closure drainage control. 

The B-18 surface water drainage control systems are described in Section 4.9.  As discussed in 
Section 4.9, run-on control refers to the collection and off-site diversion of surface water that has 
originated outside of the B-18 limits and, therefore, has not been affected by the active disposal area.  
Run-off control refers to the collection of surface water from roads used for waste truck or landfill 
equipment access and from portions of the waste area with intermediate cover.  This run-off does not 
come into direct contact with the waste disposal area, but it will be retained on-site in accordance 
with the KHF permitting requirements. 

The basic surface water drainage control design criteria for B-18 are: 

• Hydraulic structures should be capable of conveying the 6-hour PMP storm event 
that is considered to have maximum intensities based on the rainfall-duration curve 
data shown Appendix J.  Culverts may be designed for flows as low as those from the 
25-year storm event as long as water overtopping the culvert is contained within a 
drainage control system that has been designed for the peak PMP discharge. 

• All run-off containment basins, except the temporary one for the Phase I intermediate 
condition, are designed for the 24-hour PMP event, which is 10.3 inches of rainfall 
(NOAA, 1998).  It is noted that during the original design of B-18 (ESI, 1990a), the 
24-hour PMP event used in the analyses was only 7.4 inches based on the available 
data at that time (CDWR, 1976).  The temporary Phase I intermediate basin was 
required only during the Phase II construction period and was designed for the 25-
year, 24-hour storm. 

• During the original design of B-18 (ESI, 1990a), peak storm run-offs were calculated 
using the rational method for small watersheds along with run-off coefficients of 0.40 
for natural areas, 0.90 for roads, and 0.60 for interior cover areas.  Volume 
requirements for the former and existing containment basins were also based on these 
run-off coefficients.  These methods and parameters are applicable for the Phases I 
and II run-on and run-off calculations presented in Appendices J.2 and J.3. 

• For the current design, peak storm run-offs were calculated using the computer 
program HEC-HMS version 3.1.0, developed by the United States Army Corps of 
Engineers.  In the HEC-HMS analyses, an SCS curve number of 81 was used to 
model the final cover soil and areas surrounding B-18, except a SCS curve number of 
74 was used for the natural terrain west of      B-18.  The volume requirement for the 
proposed South Containment Basin was based on the design flows calculated from 
the HEC-HMS analyses.  These methods and parameters are applicable for the 
closure drainage control calculations presented in Appendix J.4. 

• In the original B-18 design (ESI, 1990a), Manning’s roughness coefficients used in 
the design of ditches and culverts were 0.013 for smooth asphalt, 0.018 for earth 
channels (which extend onto roadway slopes), and 0.019 for CMP.  In the current 
design for the closure condition, the following Manning’s roughness coefficients 
(i.e., “n” values) were used: 
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Channel Lining Manning’s n 
for Stability 

Manning’s n for 
Capacity 

Grass 0.030 0.035 
Turf Reinforcement Mat 0.030 0.035 

Rip-rap 0.035 0.040 
Asphalt or Shotcrete 0.016 0.016 

 

5.5.2 Phases I and II Run-On Control 

Figure 5.5 shows individual water shed areas that contribute run-on flow to the diversion ditches 
located along the outside edge of the B-18 Perimeter Road.  These ditches intercept the run-on and 
direct it away from the B-18 active area.  Table 5.3 summarizes the previously calculated maximum 
flows for Phase I and II during the PMP event at key locations along the diversion ditch system and 
shows the estimated peak flow in comparison with the ditch capacity.  In each case, the asphalt-lined 
ditch is capable of containing the design flow. 

A 24-inch diameter CMP runs beneath the B-18 stockpile access road to convey the computed 25-
year peak flow.  The roadway above the culvert is graded as a swale to convey higher flows for the 
PMP event, across the road and into a natural drainage channel at the toe of the B-18 Perimeter Road 
fill slope, which eventually discharges back into the asphalt V-ditch system. 

5.5.3 Phases I and II Run-Off Control 

Table 5.4 summarizes previously calculated run-off conditions for Phase I and II at each of the 
hydraulic structures required to convey the PMP run-off from roads used for waste truck or landfill 
equipment access. In each case, the ditch or culvert capacity exceeds the appropriate estimated peak 
flow. 

Table 5.5 compares the capacity of the former temporary Phase I containment basin and the Northeast 
Containment Basin (see Sheets 5 and 10, respectively, in Appendix A.1) with the estimated run-off 
volumes from the respective design storms. The capacity shown for the temporary Phase I 
containment basin in the clay borrow pit is for a height to the top of the lined area. Freeboard is not 
required for this basin because the basin could not be overtopped above the clay pit walls which 
extend high above the lined area. 

The Phase I Intermediate Closure basin was on the top of a liner that was installed to prevent 
infiltration into the waste. This containment basin was sized only for run-off from the interim closure 
slope. This basin was only required until the Phase II construction was completed. 

The capacity for the Northeast Containment Basin is based on allowance for a 2-foot freeboard 
because embankment overtopping could occur at this location. 

5.5.4 Phase III Run-on Control 

Run-on control during Phase III will be performed in a similar manner as it has historically been 
performed during Phase I and II with the use of ditches on the outside of the perimeter road as well as 
brow ditches at the top of cut slopes.  Figure 5.5 shows individual water shed areas that contribute 
run-on flow for Phase III and at Closure to the diversion ditches located along the outside edge of the 
B-18 Perimeter Road.  These ditches intercept the run-on and direct it away from the B-18 active 
area.  The run-on areas have decreased in size compared to Phases I and II; however, the run-on 
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control ditches have remained the same size.  To avoid ponding around the southeast side of B-18 
some additional fill is added to provide positive drainage from localized low points.  Buried 18-inch 
diameter HDPE solid wall pipe is to be installed below the B-18 south berm to provide drainage of 
two localized low points.  The drainage pipe is maintained outside the limits of the landfill. 

The permanent stormwater run-on controls, such as the brow ditches, within the Phase IIIA watershed 
will be constructed as part of Phase IIIA.  During the subsequent placement of waste in Phase IIIA 
(while Phase IIIB is being constructed), a temporary lined stormwater containment berm will be 
utilized to prevent stormwater run-on from contacting the Phase IIIA waste.  The configuration of this 
temporary lined containment berm is shown on Sheet C-4A in Appendix A.2.  The top of this berm 
will be approximately 8 feet higher than the nearby high point on the Phase IIIB “bench floor”; 
therefore, overtopping of this berm by stormwater run-on from the south will not occur.  If necessary, 
portable pumps will be used by site personnel to convey the clean ponded stormwater run-on retained 
on the south side of the temporary berm to just south of the nearby high point on the Phase IIIB 
“bench floor,” where it can then gravity flow to the Northeast Containment Basin.  A maximum of 
approximately 2 feet of stormwater could pool against the south side of the temporary berm.  
However, it should be noted that only small amounts of stormwater are anticipated since Phase IIIB is 
planned to be constructed during the dry season and, once Phase IIIB is completed, run-on control 
between Phase IIIA and Phase IIIB will no longer be required. 

5.5.5 Phase III Run-Off Control 

Run-off control during Phase III operations will be very similar to the current operations.  The 
existing B-18 waste fill is above the existing perimeter road and capable of diverting flows to the 
Northeast Containment Basin.  Initially Phase III waste will be placed in the “valley” formed by the 
existing waste and the Phase III lined slope.  Active areas will control run-off with soil berms to keep 
stormwater from reaching the basin.  Areas covered with interim soil cover will drain within the 
“valley” to the Northeast Containment Basin.  In the event of a PMP prior to the Phase III waste fill 
reaching the elevation of the perimeter road, where run-off can be diverted to the South Containment 
Basin, active pumping from the Northeast Containment Basin to the South Containment Basin would 
be required to maintain adequate capacity.  

Appendix J.4, Table 4 summarizes run-off conditions at each of the hydraulic structures required to 
convey the PMP run-off. In each case, the ditch capacity exceeds the appropriate estimated peak flow. 

Table 5.5 compares the capacity of the Northeast Containment Basin and South Containment Basin 
(see Sheets C-3 and C-4 in Appendix A.2) with the estimated run-off volumes from the 24-hour PMP 
design storm.  Sufficient on-site storage capacity exists to contain all run-off within the basins, 
however, some active pumping during the 24-hour PMP storm will be required (approximately 1 acre 
foot) from the northeast basin to the south basin. 

The permanent stormwater run-off controls, such as the perimeter channels, within the Phase IIIA 
watershed will be constructed as part of Phase IIIA.  During subsequent placement of waste in Phase 
IIIA (while Phase IIIB is being constructed), a temporary lined stormwater containment berm will be 
utilized to contain stormwater flowing off of the south-facing Phase IIIA temporary waste fill slope.  
This temporary berm will be 10 feet tall (see Sheet C-4A in Appendix A.2).  As shown in the Phase 
IIIA hydrology calculations in Appendix J.3, the basin that will be formed on the north side of this 
berm will have sufficient capacity to contain the entire run-off volume generated by the 24-hour PMP 
event while maintaining a freeboard of greater than 1 foot.  Stormwater run-off that is impounded on 
the north side of the temporary berm will be considered leachate and will be managed in an 
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appropriate manner by site personnel (i.e., through the use of portable pumps to convey the 
stormwater into tanker trucks for transportation to an on-site treatment facility).  Stormwater run-off 
from the north, east, and west facing waste slopes of Phase IIIA will flow to the Northeast 
Containment Basin.  It should be noted that only small amounts of stormwater are anticipated for this 
temporary case as Phase IIIB is planned to be constructed during the dry season and, once Phase IIIB 
is completed, run-off control between Phase IIIA and Phase IIIB will no longer be required. 

As described in the Phase IIIA hydrology calculations in Appendix J.3, during the construction of 
Phase III (i.e., before the South Containment Basin is constructed), the existing Northeast 
Containment Basin will not have sufficient capacity to contain the stormwater volume generated by 
the 24-hour PMP event.  Specifically, there will be approximately 14 acre-feet of water that will have 
to be conveyed from the Northeast Containment Basin to the site’s existing East Retention Basin 
(located approximately 2,000 feet north of the Northeast Containment Basin, as shown on Sheet C-1 
in Appendix A.2).  A 21-inch orifice outlet device will be set 3 feet below the top of the existing 
embankment of the Northeast Containment Basin.  Water will flow through this orifice and into a 
pipeline (preliminarily sized at 21-inch inside diameter) that will convey this overflow by gravity to 
the East Retention Basin.  During the Phase III construction, the orifice outlet device and gravity flow 
pipeline will prevent the overtopping of the existing Northeast Containment Basin during the 24-hour 
PMP event. 

5.5.6 Closure Drainage 

At closure, the trapezoidal earthen ditches along benches and the Cover Access Road are designed to 
convey the flow from the 6-hour PMP event as shown in Appendix J, Table 4.  As previously 
discussed, the 6-hour PMP event has a higher rainfall intensity than the 24-hour PMP and is therefore 
more conservative for sizing the conveyance structures.  Conveyance of surface water from the cover 
and the adjacent areas will occur along the final B-18 Perimeter Road, which will be graded to slope 
into the closure cover as shown in Detail 4 on Sheet C-7 in Appendix A.2. The peak surface water 
run-off generated by the 24-hour PMP event will be contained in either the Northeast Containment 
Basin or the South Containment Basin.   

5.6 Leachate Collection and Removal 

In accordance with USEPA guidance for landfill geosynthetic designs (USEPA, 1987), Appendix K 
includes the following calculations to support the design of the B-18 LCRS: 

• The capacity of the primary LCRS at each area to transmit the mean  
annual precipitation during the operating period. 

• The capacity of the primary LCRS at each sump to convey significantly greater 
volumes of leachate than historically measured without the build-up of 12 inches of 
hydrostatic head on the base liner system. 

• The suitability of the geotextile to act as a filter between the base operations layer 
and the primary LCRS drainage gravel layer. 

The calculations are based on the conservative assumption that, during operations, all rainfall will 
percolate through the waste and into the primary LCRS. 
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The calculations show that the transmissivity of the existing Trevira 1125/Polynet 3000 geocomposite 
drainage layer used on the sideslopes will have a transmissivity greater than that required to convey 
the mean annual precipitation considering the maximum waste overburden pressure of nearly 25,000 
psf. 

The transmissivity of the existing base geocomposite is approximately equal to that required to 
convey the mean annual precipitation drainage case. However, considerable redundant capacity is 
provided by the 12 inches of drainage gravel above the base geocomposite in the primary LCRS. The 
base portion of the secondary LCRS also includes a redundant, 12-inch-thick drainage gravel layer. 
Furthermore, a geonet layer was provided for a width of 80 feet above the vadose trench to provide 
drainage in this area. 

Filter calculations for the geotextile between the base operations layer and the primary LCRS 
drainage gravel indicate that the existing Trevira 1125 geotextile is adequate. 

Historic records (January 2001 to December 2007) indicate that the primary LCRS generates an 
average of 360 gallons per day for all four sumps.  This volume is significantly less than the 36,000 
gallon per day system capacity. 

The secondary LCRS, has averaged 10 gallons per day over the period of January 2001 to December 
2007.  Peak flows have approached 150 gallons per day.  Recent monitoring has indicated that no 
liquids are being collected in the secondary LCRS.  The Response Action Plan (RAP) (SEC Donohue 
1992a) determined that the Action Leakage Rate (ALR) for each sump ranged from 1,250 to 3,500 
gallons per day.  These values have a minimum calculated safety factor of 3.  Liquids collected in the 
secondary LCRS have not approached the ALR.  The current ALRs remain valid for the proposed 
expansion since the limiting factor was the length of geocomposite at the toe of slope and this length 
remains unchanged, conservative transmissivity values are used in the calculations. 

The vadose zone collection system has not collected any liquids during the period January 2001 to 
December 2007.  The Vadose Zone Response Plan (SEC Donohue 1992b) allows from 3.5 to 6.6 
gallons per day to be collected in the vadose sumps based on a de minimus leakage rate of 20 gallons 
per acre  per day.  The vadose system will not be modified by the proposed expansion: therefore, the 
allowable leakage rates remain valid. 

In the event leakage in the secondary or vadose collection systems exceeds the ALR, then appropriate 
actions in accordance with the RAP will be implemented. 

5.7 Riser  Pipe Designs 

Appendix L includes the engineering calculations performed to support the following riser pipe 
requirements: 

• Design of the main 24-inch diameter steel vertical riser pipe and its foundation, 
located about 6.5 feet above the primary liner system in the sump area, as illustrated 
in Section B on Sheet 21 in Appendix A.1. 

• Provision of adequate crushing strength for the lower 18-inch diameter stainless steel 
vertical riser pipe that is approximately 7 feet long and is located immediately below 
the 24-inch diameter steel vertical riser pipe. 
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• Assurance that the pressure exerted by the main vertical riser pipe foundation will not 
create a bearing capacity failure in the underlying clay liners. 

• Evaluation of the stresses and deflections in the bottom portions of the sideslope riser 
pipes. 

As shown in Section B on Sheet 21 in Appendix A.1, the main vertical riser pipe will be placed inside 
of a larger, 30-inch diameter corrugated HDPE pipe to avoid the development of high drag loads on 
the 24-inch diameter steel pipe. The corrugated pipe will not develop significant vertical stresses 
because it will readily deflect in an accordion-like manner in the longitudinal direction as the 
surrounding waste settles. The corrugated pipe will be held away from the steel pipe with flexible 
spacers at about 10-foot centers to avoid long sections where the two pipes would otherwise be in 
continuous contact. To be conservative, the calculations assume that a contact area of 10 percent of 
the total contact area between the two pipes develops and that it is capable of transferring drag loads 
to the inner steel pipe. In addition, significant factors of safety are provided for each of the key 
components of the system to minimize the potential for large deformation of the riser pipe to occur. 

The 6-foot by 6-foot by 1.5-foot-thick reinforced concrete foundation for the main riser pipe was 
designed to spread any load on the pipe over a sufficient area so that there is a high factor of safety 
against potential bearing capacity deformations of the underlying clay liner.  This is accomplished 
because the minimum bearing capacity factor of safety is estimated to be between 7 and 10 when 
using a conservative estimate of the strength of the clay liner.  A slip connection has been included in 
the riser pipe at approximately elevation 900 ft-MSL to reduce the load on the foundation.  The loads 
above the slip connection will be transferred within the waste. 

Compression loading on the lower stainless steel pipe is calculated considering at-rest pressures 
resulting from the main riser pipe foundation loading. The factor of safety against crushing is greater 
than 5, which is considered appropriately conservative for this system. 

Finally, calculations of deflection for the lower portions of the sideslope riser pipes show that: 

• The carbon and stainless steel pipe deflections will be on the order of 0.1 inches, 
which is relatively small with regard to the allowable deflections for these pipes. 

• The maximum deflection of the 8-inch diameter HDPE SDR 8.3 pipe is estimated to 
be on the order of 20 to 30 percent of its diameter. 

Although the deflection of the HDPE pipe is higher than would normally be desirable, it is considered 
to be acceptable because this pipe is included as a second (i.e., redundant) system for pumping from 
the secondary LCRS.  From an operations viewpoint, it was determined that it would be better to have 
these two redundant types of pipes to minimize the potential for pump access loss because of material 
deterioration. 

5.8 Cover  Infiltration 

Appendix M includes calculations similar to those performed to support the design of the currently-
permitted final closure cover system for B-18 (DTSC, 2003).  These calculations were performed 
using the updated computer program HELP version 3.07 (Schroeder et al., 1994) to estimate the 
amount of infiltration through and head on the final cover system.  The infiltration analyses were 
conducted by assuming the following parameters: 
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• The vegetative cover soil layer is 2.5-feet-thick with a permeability of 2 x 10-4 cm/s, 
based on past experience with this type of material at the KHF. 

• The HELP program’s default climate data for Fresno, California and Bakersfield, 
California were used to model the climatological conditions at the KHF.  Use of 
Fresno climate is a conservative assumption since Fresno receives approximately 50 
percent more rainfall annually than the KHF, based on historic precipitation data. 

• The HDPE geomembrane will have 0.50 holes per acre resulting from manufacturer’s 
flaws (where each hole has a 1 mm diameter), 1.0 hole per acre resulting from 
installation defects (where each hole has an area of 1 cm2), and “excellent” placement 
quality. 

• The nonwoven geotextile component of the final cover system has an in-plane 
permeability of 0.25 to 0.40 cm/s. 

• The foundation layer has a permeability of 1 x 10-5 cm/sec 

• The slope of the final cover system is 25 percent (i.e., 4H:1V). 

Based on the above assumptions, the results of the HELP analyses indicate that a maximum head of 
about 3 to 4 inches will develop on the geomembrane during extended rainy seasons (similar to 
Fresno) and that acceptably low infiltration rates will occur through the HDPE geomembrane.  Since 
a head of only 3 to 4 inches on the geomembrane is not anticipated to compromise the stability of the 
final cover system, the permitted final cover system is considered adequate for B-18.  Additionally, 
the permitted cover system has been used to close other facilities at KHF since 1994 without failure 
or apparent build up of liquids within the cover. 

5.9 Frost and Biotic Protection 

The effects of frost penetration on the B-18 final closure cover were evaluated.  Appendix N.1 
provides two maps that each show estimated depths of frost penetration for the United States.  Both of 
these maps indicate that the maximum depth of frost penetration at the KHF is less than 6 inches.  
Past experience and observations at the KHF corroborate this finding.  Hence, any frost penetration 
that occurs is anticipated to be confined to the uppermost portions of the 2.5-foot-thick vegetative 
cover soil layer and should not present a significant potential to deteriorate the cover system or to 
cause special maintenance requirements. 

The effects of burrowing animals on the B-18 final cover system were also evaluated.  Information 
presented in Appendix N.2 indicates that burrowing animals will be confined to the vegetative cover 
soil layer due to the presence of the underlying HDPE geomembrane.  Past experience at the KHF 
indicates that HDPE geomembranes are effective barriers to burrowing animals.  Hence, the 
performance of the B-18 final cover is not expected to be impacted by burrowing animals. 
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Golder Associates 

APPENDIX E.4 
PHASES I AND II CLAY LINER COMPACTION SPECIFICATIONS   



















































































































































































































































































































































































































































































 

Golder Associates 

APPENDIX H 
STABILITY ANALYSES 

 
 
 

APPENDIX H.1  GENERAL METHODOLOGY FOR ROCK 
CUTSLOPE, COMPACTED FILL SLOPE, AND 
INTERMEDIATE PHASE I CLOSURE 
STABILITY ANALYSES 

APPENDIX H.2  ROCK CUTSLOPE STABILITY 
APPENDIX H.3  COMPACTED FILL SLOPE STABILITY 
APPENDIX H.4  INTERMEDIATE PHASE I CLOSURE 

AND INTERMEDIATE PHASE IIIA WASTE 
SLOPE STABILITY 

APPENDIX H.5  FINAL CLOSURE STABILITY 
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Golder Associates 

APPENDIX H.4 
INTERMEDIATE PHASE I CLOSURE AND INTERMEDIATE 

PHASE IIIA WASTE SLOPE STABILITY 
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May 2, 2011 
 
Golder Associates Inc. 
230 Commerce, Suite 200 
Irvine, California, USA 92602  
Mr. Ryan Hillman, P.E. 
 
 
SUBJECT: SLOPE STABILITY ANALYSIS 

KETTLEMAN HILLS FACILITY 
LANDFILL UNIT B-18, PHASE IIIA EXPANSION 
KETTLEMAN CITY, KINGS COUNTY, CALIFORNIA 
HAI PROJECT NO.  GLD-11-001 

 
This letter report summarizes the results of Hushmand Associates, Inc. (HAI) slope stability 
analyses for the proposed Phase IIIA temporary waste slopes of the Class I/II (hazardous and 
designated wastes) Landfill Unit B-18 at Chemical Waste Management (CWM) Kettleman Hills 
Facility (KHF).  The KHF is located in Kettleman City, Kings County, California approximately 
one mile north of State Route 41 and 2.5 miles west of Interstate Freeway 5. 
 
CWM is planning to construct the proposed Landfill B-18 Phase III expansion in 2 phases – 
Phase IIIA and Phase IIIB.  The proposed final cover grades analyzed previously (HAI 2008 and 
2009) are not changing; however, CWM has requested a static stability analysis be conducted for 
the temporary waste slope that would be formed at the Phase IIIA-IIIB interface. 
 
This report presents the results of static slope stability evaluations for the most critical slope 
cross section of the temporary Phase IIIA expansion area of the landfill, identified and provided 
by Golder Associates Inc. (Golder).  More details on the project background, project description, 
and regulatory requirements are provided in Golder’s report (2011).  
 
Material Properties 
 
Key material properties of various components of the landfill needed to perform static slope 
stability analyses are: (1) unit weight, and (2) shear strength parameters.   
 
Detailed site-specific information on waste, existing liner systems, and foundation bedrock 
material properties are provided in the design and conformance testing reports prepared during 
early 1990’s (Golder, 1990, 1991; ESI, 1990, 1992, 1993), and more recent reports prepared for 
Kettleman Hills Facility (Rust, 1998; URS, 2005; HAI, 2008, 2009). HAI (2008) recommended 
that assumed properties used for design be further verified by performing site-specific tests on 
the actual materials that would be used during construction. Golder performed site-specific 
laboratory testing on the proposed liner system materials for the landfill expansion area to verify 
the interface properties. The proposed Phase III liner system configuration is shown in Appendix 
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A. Interface shear strength testing was performed on the sandwich-like multilayer structure of the 
Phase III liner system.  The test results indicated that the weakest interface was the double sided 
(DS) geocomposite and 60-mil textured HDPE geomembrane for all applied normal loads.  The 
peak interface shear strength properties were measured as approximately φ = 26° and C = 0.  
Additional testing also confirmed these results.  Appendix A provides results of the interface 
shear tests performed on the Phase III proposed liner system materials. To be conservative 
reduced shear strength properties of φ = 22° and C = 0 were chosen for this static slope stability 
analyses. The material properties of the waste and liner interfaces used in the static stability 
analyses of Phase IIIA temporary slopes are shown in Table 1. 
 

Table 1. Selected Material Properties for Static Stability Analysis 
 

(1) Environmental Solutions, Inc. (1990, 1992, 1993); Rust Environmental & Infrastructure, Inc. (1998); URS (2005). 
(2) Golder Associates, Inc. (2011). 

 
Stability Analysis 
 
Conventional two-dimensional (2-D) limit-equilibrium stability analyses were performed for the 
existing bottom/side slope liner and waste fill slopes using landfill cross section B-B’ (see Figure 
1). The computer program GSTABL7 v. 2.005 developed by Gregory Geotechnical Software 
was used to calculate the factors of safety against potential failure. The program uses 2-D limit 
equilibrium theory to provide general solutions for slope stability problems with provisions of 
using the Modified Bishop, Modified Janbu, or Spencer Methods.  Both circular and non-circular 
potential sliding surfaces can be prespecified or randomly generated.  The Spencer, and Modified 
Janbu methods were used for this study.  The minimum factor of safety was obtained by varying 
the initiation and exit points of the trial failure planes. 
 
The Modified Janbu Method of analysis, which normally provides conservative results, was 
initially used to evaluate a large number of potential failure mechanisms for each cross section 
analyzed.  At least hundred (100) potential failure surfaces are randomly generated by the 
program and the most critical surface resulting in the lowest factor of safety is identified.  The 
most critical failure plane determined by the Modified Janbu Method is then reanalyzed using the 
Spencer Method.  This method satisfies both force and moment equilibrium and thus provides 
more realistic (usually higher) estimates of the factors of safety. The Janbu method is generally 
more conservative compared with the more rigorous Spencer Method and typically results in 
lower factors of safety than the Spencer Method.  
 

Material/Interface  
Unit Weight 

φ  
(degree) 

C 
(psf) 

HW 1 115 pcf 31 0 

Bedrock 1 150 pcf 40 800 

Expansion Area Liner Interface 2 ---- 22 0 
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TABLE 1

CLIENT: GOLDER & ASSOCIATES

PROJECT: KETTLEMAN HILLS

Reviewed By:

PGL Job No. Date: __________

TEST CONFIGURATION  1

62070

44500

62070

44501

62009

TEST CONDITIONS:

SAMPLE PREPARATION:

1. Specimens were cut along machine direction to 14" x 17" for the upper box, and 14" x 19" for the lower box,

with an effective test area of 12" x 12".

2. The Maximum Dry Density (MDD) of the soil  is 111.8 pcf  at 16.4% Optimum Moisture Content (OMC).

3. Soil specimen was remolded to 102.86 pcf ; i.e.. 92.0% of MDD at 20.5% moisture content.

(forming 2 inch layer  in the TOP and BOTTOM boxes).

4. The three intermediate geosynthetic specimens were floating during shear run.

CONSOLIDATION:

1. Each set of specimen was consolidated under Dry condition for 24 hrs @ normal load before shearing.

2.

SHEAR TEST:

1. Shear test was conducted  @ 0.040 in/ min.

2. Sheared   @    minimum 3.0 inch horizontal displacement.

3. Test specimens were sheared in condition.

4. Test were performed in general accordance with ASTM D6243 / ASTM D5321

using Brainard-Kilman LG-112 Direct Shear machine with effective test area of 12 in X 12 in.

TEST RESULTS:

POST- PEAK STRENGTH AT 3.0 INCHES

Before After Before After Before After Before After Before After

(psi) (psf) (mils) (mils) (mils) (mils) (mils) (mils) (mils) (mils) (%) (%) (psf) (degrees)

34.7 5,000 23.7 23.1 24.4 23.2 23.5 19.4 24.4 23.7 20.5 18.6 2,709 28

69.4 10,000 23.7 22.9 23.7 22.3 22.9 17.7 24.3 22.1 20.5 19.8 4,737 25

104.2 15,000 24.6 22.8 25.3 24.6 24.8 16.3 24.0 23.0 20.5 20.1 7,953 28

Note:

N/A - Not Applicable

NOTE: The friction angles and cohesion results given here are based on mathematically determined best fit line.

OBSERVATIONS: 1. No tilting of the system or any abnormalities observed during and after the test.

2. Superficial abrasion on the geosynthetics interfacing sides (typical to all loads).

3. Sliding occurred between  the DS Geocomposite (C# 62070) and 60 mil HDPE (C# 44501) on all loads.

   See attached photos (907-1-15,000 psf / 907-1-10,000 psf  / 907-1-5,000 psf).

INTERFACE SHEAR TEST RESULT (ASTM D5321/6243)

G090907

Shear 

Stress

Secant 

Angle

TOP BOX

Dry

Asperity Heights (C#44500)

UP DOWN

BOTTOM BOX

2-Oct-09

12.1

0.52

COHESION   (psf) : 0

2,032

19

0.21

SKAPS, 8oz DS Geocomposite, TN 220-2-8

Shear Stress

Normal Stresses 

Applied

(psf)

(Floating) GSE,  60 mil DS Textured HDPE

 Asperity Heights (C# 44501)

NA

27.7

COEFFICIENT OF FRICTION :

FRICTION ANGLE   (degrees) :

(as shown)

11

1,148

(as shown)

Secant Angle

(degrees)

Moisture Content

(Soil)

PEAK STRENGTH

(Floating) GSE,  60 mil DS Textured HDPE

(Floating) SKAPS, 8oz DS Geocomposite, TN 220-2-8

13

3,283

Clay Soil

(NA)

(NA)

Normal loads were applied using   Hydraulics  for the highest load,  Bladder   for the intermediate and lowest loads.

UP DOWN

12

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

0.0 0.1 0.4 0.7 1.0 1.3 1.6 1.9 2.2 2.5 2.7 3.0 3.3

S
h

e
a

r 
S

tr
e

s
s

 (
p

s
f)

Displacement (in)

Figure #2
Shear Stress/ Displacement  Curve

15,000 psf 10,000 psf 5,000 psf

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

0 5000 10000 15000 20000

In
te

rf
a

c
e

 S
tr

e
s

s
 (
p

s
f)

Normal Load ( psf)

Figure #1
Normal Stress/ Interface Stress

3.0 Displacement Peak Linear (3.0 Displacement) Linear (Peak)

NORMAL LOADNORMAL LOADNORMAL LOADNORMAL LOAD

 Precision Geosynthetic Laboratories



TABLE 1-A

CLIENT: GOLDER & ASSOCIATES

PROJECT: KETTLEMAN HILLS

INTERFACE SHEAR TEST RESULT (ASTM D5321/6243) Reviewed By:

PGL Job No. Date: __________

TEST CONFIGURATION  1-A

62070

Control No.

44503

TEST CONDITIONS:

SAMPLE PREPARATION:

1. Specimens were cut along machine direction to 14" x 17" for the upper box, and 14" x 19" for the lower box,

with an effective test area of 12" x 12".

2. Geosynthetic specimens were secured via flat bar clamping mechanisms complete with bolts and nuts (7-pairs).

CONSOLIDATION:

1. The specimen was consolidated under Dry condition for 2 hrs @ normal load before shearing.

2. Normal load was applied using Bladder

SHEAR TEST:

1. Shear test was conducted  @ 0.04 in/ min.

2. Sheared   @    minimum 3.0 inch horizontal displacement.

3. The test specimens were sheared at Dry condition .

4. Test were performed in general accordance with ASTM D6243 / ASTM D5321

using Brainard-Kilman LG-112 Direct Shear machine with effective test area of 12 in X 12 in.

TEST RESULTS:

Shear

Stress

(psi) (psf) (psf) (degrees)

69.44 10,000 4940 26

OBSERVATIONS: 1. No tilting of the system or any abnormalities observed during and after the test.

2. Superficial abrasion on the geosynthetics interfacing sides (typical to all loads).

3.  Sliding occurred between the two interfacing surfaces.
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TABLE 1-B

CLIENT: GOLDER & ASSOCIATES

PROJECT: KETTLEMAN HILLS

INTERFACE SHEAR TEST RESULT (ASTM D5321/6243) Reviewed By:

PGL Job No. Date: __________

TEST CONFIGURATION  1-B

62071

Control No.

44504

TEST CONDITIONS:

SAMPLE PREPARATION:

1. Specimens were cut along machine direction to 14" x 17" for the upper box, and 14" x 19" for the lower box,

with an effective test area of 12" x 12".

2. Geosynthetic specimens were secured via flat bar clamping mechanisms complete with bolts and nuts (7-pairs).

CONSOLIDATION:

1. The specimen was consolidated under Dry condition for 2 hrs @ normal load before shearing.

2. Normal load was applied using Bladder

SHEAR TEST:

1. Shear test was conducted  @ 0.04 in/ min.

2. Sheared   @    minimum 3.0 inch horizontal displacement.

3. The test specimens were sheared at Dry condition .

4. Test were performed in general accordance with ASTM D6243 / ASTM D5321

using Brainard-Kilman LG-112 Direct Shear machine with effective test area of 12 in X 12 in.

TEST RESULTS:

Shear

Stress

(psi) (psf) (psf) (degrees)

69.44 10,000 4903 26

OBSERVATIONS: 1. No tilting of the system or any abnormalities observed during and after the test.

2. Superficial abrasion on the geosynthetics interfacing sides (typical to all loads).

3.  Sliding occurred between the two interfacing surfaces.
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SLOPE STABILITY ANALYSIS 
PLOTS 
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SLOPE STABILITY ANALYSIS REPORT 

KETTLEMAN HILLS FACILITY 
HAZARDOUS WASTE LANDFILL UNIT B-18 EXPANSION 

KETTLEMAN CITY, KINGS COUNTY, CALIFORNIA

1.0 INTRODUCTION

1.1  GENERAL 

This report summarizes the results of Hushmand Associates, Inc. (HAI) slope stability analyses for 
the proposed expansion of the existing Class I/II (hazardous and designated wastes) Landfill Unit B-
18 at Chemical Waste Management (CWM) Kettleman Hills Facility (KHF).  The KHF is located in 
Kettleman City, Kings County, California approximately one mile north of State Route 41 and 2.5 
miles west of Interstate Freeway 5. 

In 2005, URS Corporation (URS) prepared a stability analysis report as part of an Environmental 
Impact Report (EIR) for the proposed Landfill Unit B-18 expansion (URS, 2005).  To improve the 
proposed landfill expansion design, Golder Associates, Inc. (Golder) recently proposed some 
modifications to the URS final fill plan (Golder, 2008a, 2008b).  These modifications required 
additional slope stability evaluations to demonstrate conformance of the proposed revised fill plan 
with regulatory requirements.  A preliminary slope stability analysis report was then prepared by 
HAI (2008) in support of the EIR preparation for the proposed landfill expansion (CH2M Hill, 
2008).

This report provides detailed stability evaluations for design of the revised landfill expansion fill 
plan, and is an appendix to a comprehensive design report prepared by Golder for the proposed 
landfill expansion (Golder, 2008b).  The scope of this report is to evaluate static and seismic slope 
stability for the proposed Landfill Unit B-18 expansion fill plan configuration geometry as provided 
by Golder.  Stability of landfill liner and waste slopes were analyzed to meet the design criteria 
discussed in Section 1.3.  More details on the project background, project description, and regulatory 
requirements are provided in the landfill expansion EIR and design report (CH2M Hill, 2008; 
Golder, 2008b).

The following sections discuss the site design criteria, design earthquake motions, material 
properties used in static and pseudo-static slope stability and seismic deformation analyses, static 
slope stability and seismic deformation analysis methods, and results of the analyses.
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1.2  BACKGROUND AND PROJECT DESCRIPTION

1.2.1  Background

The presently permitted design of the Class I/II Landfill Unit B-18 was developed in 1990 based on 
the results of detailed seismicity and static and dynamic slope stability analyses (Environmental 
Solutions, Inc. [ESI], 1990 and 1992).  The landfill was constructed in two phases in early 1990’s, 
designated as Phases I and II (see Figure A-1 of Appendix A) with corresponding leachate collection 
and removal systems (LCRSs).  The existing liner systems in the Phase I and II areas meet 
applicable California Code of Regulations (CCR) Title 22 requirements.  The configuration of the 
final fill plan for the 1990 design and existing liner systems for the landfill Phases I and II are 
provided in Appendix A (Figures A-2 to A-4).

1.2.2  Project Description and Scope

The CWM has proposed to expand the existing Class I/II Landfill Unit B-18 to provide an additional 
5.0 million cubic yards of air space for a total capacity of approximately 15.7 million cubic yards.  
The proposed expansion design modifications to the 1990 ESI landfill liner grades and final grading 
plans includes expansion of the landfill footprint (mainly to the west and northwest of the site) 
requiring placement of approximately 12 acres of new composite liner, and increasing the landfill 
height and slope steepness (Figures 1 and 2, respectively).  The expansion will also require rerouting 
of surface water and development of a new lined retention basin southeast of the landfill. Expansion 
of the site requires performing new analyses to demonstrate its conformance with applicable federal 
and state regulations for design of Class I/II landfills.  These analyses include: 

Updating site seismicity and design ground motions using the recent attenuation relationships, 

Static and seismic stability of landfill slopes and liner system for final fill configuration,  

Landfill final cover stability, and 

Waste settlement and its effects on landfill final cover performance.  

This report addresses the first three analysis items listed above (seismicity and ground motions, 
static and seismic stability of landfill slopes and liner system, and landfill final cover stability) and 
includes effects of increased landfill height and slope steepness on stability evaluations.  The 
stability report presented here will be included as part of the Design Report being prepared by 
Golder for the proposed landfill expansion evaluation. The design issues associated with the landfill 
settlement and its effects on landfill cover performance are addressed in the Design Report. 

The proposed final fill plan and landfill cover grades modified from the 1990 ESI final fill plan 
design are shown in Figure 2.  A preliminary fill plan for the proposed Landfill B-18 expansion was 
initially developed, which was then refined based on the results of slope stability analysis iterations 
to arrive at the final fill plan design shown in Figure 2.  Locations and configurations of the cross 
sections, which were evaluated for stability, are shown in Figures 1 through 4. 
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1.3  REGULATORY REQUIREMENTS FOR STATIC AND SEISMIC STABILITY

The existing Class I/II Landfill B-18 was designed in accordance with applicable regulations in CCR 
Titles 22 and 23 and the specific conditions in the site hazardous waste facility permit.  CCR Titles 
22 and 23 require consideration of the Maximum Credible Earthquake (MCE) for Class I landfills.   

MCE is defined by California Geological Survey (CGS) as “the maximum earthquake that appears 
capable of occurring under the presently known tectonic framework.”  Thus, for stability evaluations 
of the expanded Landfill Unit B-18, the MCE is used as the design earthquake and is evaluated for 
faults determined to produce potentially damaging ground motions at the site.  Near- and far-field 
seismic events are evaluated to assure that both higher intensity and lower intensity earthquakes are 
considered.  Near-field events at this site generate shorter duration, higher intensity, and higher 
frequency ground shaking compared to far-field earthquakes that result in longer duration but lower 
intensity and lower frequency ground shaking. 

For seismic stability, the present state-of-the-practice is to estimate landfill slope displacements for 
design earthquakes, using a Newmark (Newmark, 1965) equivalent method, and demonstrate that 
they are below an allowable value that maintains the integrity of the landfill.  Current engineering 
practice for slope stability evaluation along the landfill liner is to allow a maximum seismically-
induced permanent slope displacement of six to twelve inches to correspond to acceptable 
performance for well-designed liner systems (Seed and Bonaparte, 1992).  Class I landfills at KHF 
are designed to meet the lower bound displacement (more conservative) by limiting the maximum 
allowable slope displacement along the landfill liner to only six inches, which is also used in the 
design of the Class I/II Landfill Unit B-18 in this report.  The criteria commonly used for landfill 
cover design, which allows a maximum seismically-induced permanent displacement of up to twenty 
four inches (2 feet) of the final covers, is based on the understanding that these would be relatively 
easily accessible and thus quickly repairable in the event of damage by a major seismic occurrence. 
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2.0  SITE DESIGN GROUND MOTIONS 

2.1  PREVIOUS SITE DESIGN GROUND MOTIONS 

A detailed discussion of the site geology, faulting, and seismicity was presented in the design report 
prepared for Landfill Unit B-18 (ESI, 1990) and more recent reports prepared for Landfill Unit B-19 
at Kettleman Hills Facility (Rust Environment & Infrastructure [Rust], 1998; URS, 2005; HAI, 
2006).  Deterministic and probabilistic seismic hazard evaluations of the site were performed by 
Rust (1998), and also independently by William Lettis & Associates (WLA), reported as Appendix 
A of the 1998 Rust report.  The ground motions and seismic design parameters presented in the 1998 
Rust report were used in the 2005 URS and 2006 HAI reports, which were also used in the 
preliminary seismic deformation analyses performed for the Landfill B-18 expansion EIR 
preparation (HAI, 2008a). The following summarizes results of the 1998 seismic ground shaking 
evaluations and the selected ground motions used in two-dimensional seismic response analyses at 
the KHF site: 

The closest seismic sources to the site are segments of the blind Ramp Thrust Fault that is 
present beneath the site at approximate distances of 8 to 27 km, while the most active 
sources in the site area are associated with the San Andreas Fault zone at a distance of about 
35 km from the site. 

No evidence of fault rupture hazard is known to exist at the project site (i.e., within 200 feet 
of Landfill Unit B-18). 

The Ramp Thrust Kettleman Hills North Dome segment (Magnitude [Mw] 6.6) of the blind 
Ramp Thrust faults and the San Andreas Slack Canyon-Cajon Pass segment (Mw 7.8) will 
produce the highest near-field and far-field ground motions at the site, respectively.  The 
MCE’s associated with these faults were selected as the site design events. 

The deterministic values of peak horizontal ground accelerations (PHGA) for the near-field 
and far-field design events were estimated as 0.57g and 0.21g, respectively.  The calculated 
PHGA of 0.57g approximately corresponds to an average probabilistic return period of 
1,000 years (RUST, 1998). 

Duration of ground shaking is a major factor influencing the level of seismic-induced slope 
displacements.  Empirical relations are available that provide an estimate of earthquake 
shaking duration as a function of earthquake magnitude, distance, and site condition 
(Abrahamson and Silva, 1996).  Using the Abrahamson and Silva empirical relationship the 
ground shaking duration for Landfill Unit B-18, which is characterized as rock site, is 
estimated to be about 10 seconds and 32 seconds for the near-field design event (M = 6.6, r 
= 10 km) and far-field design event (M = 7.8, r = 35 km), respectively.  Duration of the 
ground shaking was used in the simplified Newmark-type seismic deformation analyses for 
the proposed site expansion EIR (HAI, 2008a).
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One “distant” (far-field) and three “local” (near-field) earthquake records were selected and 
scaled to correspond to the design peak horizontal accelerations in rock as design input 
motions.  These records have a peak acceleration, frequency content, and duration 
representative of the expected earthquake motions at the site.  The selected records were: 

1)  Caltech A-1 synthetic acceleration time history simulating a M 8+ earthquake on the San 
Andreas Fault, scaled to peak amplitude 0.21g,  

  2)  Seed-Hayward synthetic acceleration time history simulating a M ~ 7 earthquake 
matched to the site design response spectrum to approximate the near-field MCE,  

3) Castaic Old Ridge Route, sedimentary rock outcrop, Ch 1 (90 deg Component) 
acceleration record from the 1994 (MW  6.7) Northridge, California earthquake scaled 
to a peak amplitude of 0.57g, and 

4) Pacoima-Kagel Canyon, sedimentary rock outcrop, Ch 3 (360 deg Component) 
acceleration record from the 1994 (MW  6.7) Northridge, California earthquake scaled 
to a peak amplitude of 0.57g. 

Details of the above site design earthquake parameters derivation, including figures illustrating time 
histories of the selected acceleration records and a comparison of their response spectra with the site 
design response spectrum are provided in the 1998 Rust report.  The 1998 ground motion time 
history and response spectrum plots are also provided in Appendix A of this report. These 
acceleration time histories were adjusted by scaling the peak ground acceleration (PGA). 

2.2 SITE DESIGN GROUND MOTIONS UPDATE 

2.2.1 Site Design Response Spectra 

Deterministic seismic hazard analyses (DSHA) were performed for the Ramp Thrust Kettleman Hills 
North Dome segment of the blind Ramp Thrust faults (Great Valley Fault, Segment 14) and an 
earthquake scenario similar to the San Andreas 1857 earthquake using the latest attenuation 
relationships and the site faulting and seismicity data.  As discussed above, these faults produce the 
highest near-field and far-field ground motions at the site, respectively.  The MCE’s associated with 
these faults were selected as the site design events.  The MCE magnitude and closest source to site 
distance for these faults were updated based on the latest information on the site faulting and 
seismicity.  For the near-field source two different fault geometry models were used in the analyses. 
The first one was based on the fault database developed for the 2008 update of the national seismic 
hazard maps (Petersen et al., 2008) representing the site with averaged seismicity parameters from 
adjacent faults around the site, while the second one was based on an older but site-specific local 
seismicity investigation (Stein and Ekstrom, 1992; Ekstrom et al., 1992).  The magnitude and 
distance values used in the deterministic seismic hazard analyses were: 

Ramp Thrust Kettleman Hills North Dome:  
o (Case 1) Mw  7, Rx  6.5 km, Rrup  10 km, Rupture Width  38.4 km, Top of 

Rupture  8.1 km, and Dip Angle  22 degrees (Petersen et al., 2008) 
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o (Case 2) Mw  7, Rx  8 km, Rrup  8 km, Rupture Width  17 km, Top of Rupture 
 6 km and Dip Angle  45 degrees (Stein and Ekstrom, 1992; Ekstrom et al., 1992) 

San Andreas 1857 Earthquake: Mw  8 and Distance  35 km (Petersen et al., 2008) 

For the near-field source, using the above fault geometries, initially two different deterministic design 
response spectra were developed, and then the site final design response spectrum was generated by 
averaging these two response spectra.  Based on the subsurface geology and results of exploratory 
borings drilled at the site (ESI, 1990; Rust, 1998), ground motion evaluations for the project site were 
performed using four recently developed attenuation relationships for an average shear wave velocity of 
approximately 760 m/s (~ 2500 ft/sec) estimated for the upper 30 meters (~ 100 feet) of the site.   

Attenuation relationships describe the relation of ground motion levels with earthquake magnitude and 
distance (closest distance between site and earthquake rupture plane).  These empirical relationships are 
used to describe the variation of response spectral accelerations at specific structural periods of vibration 
and damping ratios with earthquake magnitude and distance, and to incorporate the local geologic 
conditions and the near-source effects.  The selected attenuation relationships are based on the Next 
Generation Attenuation (NGA) relationships as listed below: 

· Abrahamson and Silva, 2008 
· Campbell and Bozorgnia, 2008 
· Boore and Atkinson, 2007 
· Chiou and Young, 2006 

Figure 5 presents the estimated site design response spectra for the near-field and far-field seismic 
sources (Ramp Thrust Kettleman Hills North Dome and San Andreas faults, respectively).  Based on 
this figure, the deterministic values of PHGA for the near-field and far-field design events were 
estimated as 0.62g and 0.16g, respectively.   

2.2.2 Design Ground Motions 

One “distant” (far-field) and three “local” (near-field) earthquake records were selected and matched 
to the respective site design response spectrum to be used as input motions in site response analysis 
for the landfill.  These records have a peak acceleration, frequency content, and duration 
approximately representative of the expected earthquake motions at the site.  The selected records 
were from the Strong Motion Database of Pacific Earthquake Engineering Research (PEER) Center 
(http://peer.berkeley.edu/smcat/search.html) as listed below: 

- The CHY042, USGS Class B site (Vs* = 360-750 m/s), north component acceleration 
record from the 1999 (MW  7.6) Chi-Chi, Taiwan earthquake 

- The Castaic Old Ridge Route, sedimentary rock outcrop (USGS Class B site, Vs* = 360-750 
m/s), Ch 1 (90 deg Component) acceleration record from the 1994 (MW  6.7) Northridge, 
California earthquake 
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- The Gilroy Array #1, sedimentary rock outcrop (USGS Class A site, Vs* > 750 m/s), 90 deg 
component acceleration record from the 1989 (MW  6.9) Loma Prieta, California earthquake 

- The Pacoima-Kagel Canyon, sedimentary rock outcrop (USGS Class B site, Vs* = 360-750 
m/s), Ch 3 (360 deg Component) acceleration record from the 1994 (MW  6.7) Northridge, 
California earthquake 

Where Vs* is the average shear wave velocity to a depth of 30 m (~ 100 ft). 

The above candidate earthquake records were selected based on the following seismological 
properties:

· Spectral content (initial recordings with energy in the matching frequency band), 
· Magnitude of the design earthquake  0.5, 
· Source to site distance (source to recording station distances of 8 to 35 km), and 
· Rupture directivity. 

Once the reference time histories were selected, they were adjusted to provide the response spectrum 
compatible time histories according to the following approach and criteria: 

1. Adjustment of the response spectrum of the reference time histories was performed using a 
time-domain procedure described by Abrahamson (1991, 1998). 

2. The response spectrum of the spectrum compatible time histories should follow reasonably 
the recommended design response spectra. 

The program EZ-FRISK version 7.26 spectral matching routine (Risk Engineering, 2008) was used 
to develop spectrum-compatible horizontal motions using the above-mentioned startup motions.  
The spectral matching was performed within the frequency range of PGA to 10.0 seconds.  In order 
to remove the drift induced in displacement time histories as a result of spectral matching, the 
baseline correction module of EZ-FRISK was applied to the spectrally-matched ground motions.  
The final design ground motions are baseline-corrected. 

Figures 6 through 17 illustrate plots of the original natural records and the final (the response 
spectrum compatible) time histories and response spectra for the selected earthquake records.  
Acceleration, velocity, and displacement time histories and 5-percent damped acceleration response 
spectra are provided in these plots. 

These four spectrum compatible records were selected as the updated input ground motions for the 
landfill dynamic response analysis based on the site design spectra and seismological properties.  
These motions provide an estimate of the landfill median dynamic response.  The selected records 
were used as input motion in two-dimensional seismic response analysis of the proposed Landfill 
Unit B-18 expansion.  Digitized time history data for the spectrum compatible earthquake records 
are provided in electronic format for use in the analysis.  
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2.3  LIQUEFACTION 

The potential for liquefaction occurrence in the area of the proposed landfill expansion is considered 
to be very low or non-existent.  The KHF site is underlain by Tertiary sedimentary rocks of the 
Etchegoin-Jacalitos (Te), San Joaquin (Ts), and Tulare (Tt) Formations.  The Landfill Unit B-18 is 
located within the San Joaquin Formation sedimentary bedrock.  The San Joaquin Formation 
consists primarily of fine-grained sedimentary rocks, principally shale, claystone, and sandstone, 
which are not susceptible to liquefaction.  Groundwater at the site is also deeper than 50 feet.  
Therefore, based on the site subsurface geology, the potential for liquefaction at the site is very low.  

2.4  SEISMIC SETTLEMENT

Similarly, the potential for seismically-induced settlements of the landfill foundation materials was 
estimated to be negligible based on the subsurface geology and cemented nature of the bedrock.  The 
site foundation materials are classified primarily as the Tertiary sedimentary rocks, which are not 
susceptible to seismically-induced settlement. 
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3.0  SLOPE STABILITY AND LANDFILL DISPLACEMENT ANALYSIS 

3.1  GENERAL 

The slopes of the proposed Class I/II Landfill B-18 expansion were evaluated for stability under both 
static and dynamic loading conditions.  As part of this evaluation, the effects of dynamic landfill 
deformations were considered relative to performance of the base liner system during the estimated 
design ground motions due to the MCE as required by the California Code of Regulations for 
seismic design of Class I and Class II landfills (see Section 1.3 of the report).  The approach used in 
evaluating the stability and deformation of the slopes involved conventional analytical methods of 
slope stability evaluation and a refined Newmark-type (Newmark, 1965) seismic deformation 
analysis including dynamic site response analysis using two-dimensional (2-D) equivalent-linear 
wave propagation and finite element models. 

The information required for the slope stability and landfill deformation analyses consisted of the 
site geology and seismicity, geometry of the fill plan and landfill bottom excavation and side slopes, 
and material parameters for waste, the liner systems, and the foundation bedrock.  This information 
was based on the site-specific data gathered for the analysis including laboratory test data (ESI, 
1990, 1992; Rust, 1998; URS, 2005; HAI, 2006), design of preliminary proposed fill plans for 
expanded landfill configuration (URS, 2005; CH2M Hill, 2008; HAI, 2008; Golder, 2008a), in-
house compiled database of material properties, and a literature survey of published data on slope 
stability and seismic deformation analysis of landfills. 

The site geology and seismicity is described in detail in the ESI (1990) and Rust (1998) reports.  The 
landfill bottom excavation and side slopes, and proposed new fill plan and cover grades are shown in 
Figures 1 and 2.  A fill plan for the proposed new design of Landfill Unit B-18 expansion was 
developed by Golder. This fill plan shown in Figure 2, is evaluated for stability using the results of 
static and seismic slope stability analyses presented in this report.  

3.2  LANDFILL GEOMETRY AND ANALYSIS SECTIONS

Figures 1 and 2 present plan views of the Landfill Unit B-18 base and the proposed final fill plan 
contours, respectively.  Six cross sections of the landfill were analyzed for slope stability including 
waste slopes and landfill liner system.  These cross sections (A-A’, B-B’, C-C’, D-D’, E-E’, and F-
F’) are shown in Figures 3 and 4, and their locations are shown on Figures 1 and 2. 

Stability of the bottom/side slope and waste fill slopes were analyzed using representative cross 
sections selected through critical areas of the landfill.  Locations of the stability analysis sections 
were selected based on variations in the landfill geometry such as height and steepness of waste 
slopes, orientation, height, and steepness of landfill bottom and side slopes around the landfill 
perimeter. 
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3.3  LANDFILL LINER DESIGN

Configurations of the existing landfill bottom/side slope liners that comply with state and federal 
regulations are provided in the ESI 1990 and 2005 URS reports.  Figures from the 1990 and 2005 
reports are presented in Appendix A of this report illustrating the liner designs for the bottom/side 
slopes.  Figure 18 presents configuration of the proposed liner system for the expansion areas of the 
landfill.  In the slope stability analyses, for each liner configuration, the weakest interface in the 
composite liner system is expected to provide the preferred failure path for potential failure planes. 

3.4  MATERIAL PROPERTIES 

Key material properties of various components of the landfill needed to perform static and seismic 
slope stability analyses are: (1) unit weight, (2) shear strength parameters (static and dynamic), (3) 
dynamic small-strain shear modulus (or shear wave velocity) and damping ratio properties, and (4) 
variation of the shear modulus and damping ratio with shear strain during shaking.   

Detailed site-specific information on waste, existing liner systems, and foundation bedrock material 
properties are provided in the Golder and ESI design and conformance testing reports prepared 
during early 1990’s (Golder, 1990, 1991; ESI, 1990, 1992, 1993), and more recent reports prepared 
for Kettleman Hills Facility (Rust, 1998; URS, 2005; HAI, 2006).  The preliminary stability 
evaluations performed in support of the EIR preparation for the proposed Landfill Unit B-18 
expansion (URS, 2005; HAI, 2008) used the same material properties as in the earlier investigations 
listed above except for the liner interface shear strength properties in the Phase II area of the landfill. 
In 2003, URS obtained samples of the landfill Phase II liner system that were archived at the KHF 
site.  Interface shear strength testing was performed on the sandwich-like multilayer structure of the 
liner system and the results were used to refine the interface properties reported in the previous 
investigations (URS, 2005).  In this report, the material properties from the previous investigations 
(Phase I liner system) and the URS (2005) report for the Phase II liner system were used for the 
static and seismic slope stability analyses.  The Class I waste and foundation bedrock shear strength 
and unit weight properties, liner interface shear strength values, and dynamic waste, clay liner, and 
bedrock properties used in the analyses presented in this report are provided in Table 1.  The 
assumed properties used for design should be further verified by performing site-specific tests on the 
actual materials that will be used during construction.  More detailed discussion of the material 
properties used is provided below. 

Hazardous Waste Material Properties

The unit weight, shear strength, and dynamic properties of the existing hazardous (Class I) waste 
materials in the landfill were based on the prior KHF landfill investigations by Golder (1990, 1991), 
ESI (1990, 1993), and HAI (2006).  The landfill Class I waste material was characterized as having 
static and dynamic properties similar to those for relatively dense cohesionless sand material with a 
Poisson’s ratio of 0.35.  The total unit weight of the waste was assumed as 115 pcf in stability and 
dynamic response analyses, and its shear strength parameters (friction angle and cohesion) were 
assumed to be 31 degrees and 0 psf, respectively. 
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The low-strain shear modulus of the Class I waste was assumed to be a function of the mean 
effective confining pressure as shown below (Seed and Idriss, 1970): 

Gmax = 1000 K2 ( ’m)1/2

Where Gmax and ’m represent the soil maximum (low-strain) shear modulus and mean effective 
stress, respectively, and are in psf.  The dimensionless parameter K2 is determined from the void 
ratio or relative density.  The K2 was assumed as 60, which is a typical value for relatively dense 
sands (Seed and Idriss, 1970). 

Liner Interface Shear Strength and Dynamic Properties

In the slope stability analyses for Landfill Unit B-18, potential failure surfaces pass through the 
waste and the weakest interface in the liner above the landfill foundation bedrock due to relatively 
low interface shear strength properties of the liner and high strength of the bedrock.  Based on the 
site-specific data from the earlier studies at Kettleman Hills Facility (Golder, 1990, 1991; ESI, 1990, 
1992) and our in-house database and literature survey for existing liner system configurations, an 
interface friction angle of 17 and 9 degrees for the Phase I base liner and slope liner were used, 
respectively.  An interface friction angle of 19 degrees was measured in the recent interface shear 
tests performed on the “sandwich-like” specimens of the Phase II liner system (URS, 2005).  The 
same type of liner as in the Phase II liner system was assumed to be used for the proposed landfill 
expansion area.  Adhesion coefficient for the liner interfaces is assumed to be zero except for the 
Phase I slope liner where an adhesion value of 800 psf was used (ESI, 1992).  The assumed interface 
strength properties for the proposed new liner in the expanded landfill areas should be further 
evaluated by conformance testing on the materials used during construction. 

The total unit weight of the clay used in the liner system was assumed as 115 pcf in stability and 
dynamic response analyses.  The clay material used in the liner system was characterized as having a 
Poisson’s ratio of 0.35 and a nonlinear shear modulus given by the relation shown below for the 
low-strain conditions (Hardin and Drenevich, 1972): 

Gmax = 14760 [(2.973-e)2/(1+e)] (OCR)a ( m)1/2

Where Gmax and m represent the soil maximum shear modulus and mean effective stress, 
respectively, and are in psf, “e” is void ratio and OCR is overconsolidation ratio, and the value of 
power “a” depends on the plasticity index of soil. 

Bedrock Properties

Shear strength parameters for the foundation bedrock materials were estimated based on the previous 
KHF landfill investigations.  A cohesion value of 800 psf and friction angle of 40 degrees were used 
in the stability analyses. The shear wave velocity and unit weight of the foundation rock were 
estimated to be about 2,500 fps and 150 pcf, respectively. 
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Modulus and Damping Ratio Variation

The nonlinear modulus reduction and damping ratio increase curves used in the dynamic response 
analyses for the landfill waste, clay liner, and foundation bedrock materials are the same as those 
used in the previous KHF investigations and are presented in Figure 19.  The figure illustrates how 
the shear modulus and damping ratio change with the level of induced cyclic shear strains for 
different landfill materials. 

3.5  ANALYSIS APPROACH 

Landfill liners in seismically active areas such as California undergo dynamic loads during 
earthquakes in addition to static loads generated by the dead weight of the waste.  Liners, 
particularly along landfill side slopes, are subjected to tensile stresses due to settlement and creep-
induced downward movement of the waste mass.  During earthquakes, the landfill mass moves 
dynamically under the effects of ground accelerations and generates additional stresses in the landfill 
liner.

CCR Title 22 requires that slopes of a landfill and the foundation beneath the slopes maintain a 
minimum factor of safety of 1.5 under seismic loading conditions.  The factor of safety is usually 
calculated using pseudo-static limit equilibrium analytical methods.   Since achieving a pseudo-static 
factor of safety of 1.5 for relatively high accelerations generated during MCE events is difficult and 
costly, the regulations allow for an alternate, more rigorous and detailed design approach involving 
quantified evaluation of the seismic deformations and displacements of the landfill mass in lieu of 
the pseudo-static analysis.  At present the evaluation of seismic deformations is the most common 
approach for seismic design of waste fills in California. 

The present state-of-practice in seismic design of landfills is based on Newmark (Newmark, 1965) 
or a simplified Newmark-type method (e.g. Franklin and Chang, 1977; Makdisi-Seed, 1978; Bray et 
al., 1998) to estimate the order of magnitude of seismically-induced permanent displacements of 
landfill slopes.  Additionally, the current practice relies on engineering judgment by establishing an 
allowable deformation (about 6 inches) to compare with displacements computed from Newmark 
method along the liner system. 

Our analyses were conducted in the following evaluation/computational sequence: 

· Static slope stability and selection of critical failure surfaces; 
· Evaluation of yield acceleration coefficients for the critical failure surfaces determined from 

static slope stability analyses; 
· Dynamic site response analysis and calculation of potential slide mass average acceleration; and 
· Estimation of seismically-induced permanent deformations for the design “local” and “distant” 

MCE events. 
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The above approach originally developed by Seed and Martin (1966) and later used by Makdisi and 
Seed (1978) for seismic analysis of earth dams, generally results in conservative (larger) permanent 
displacements, compared to more rigorous fully coupled nonlinear dynamic deformation analysis 
(Lin and Whitman, 1983).   
The four stages of the approach used in this study are further described in the following sections. 

3.6  STATIC AND PSEUDO-STATIC STABILITY ANALYSES

Analysis Method

Conventional two-dimensional (2-D) limit-equilibrium stability analyses were performed for the 
existing and proposed bottom/side slope liner and waste fill slopes using landfill cross sections A-
A’, B-B’, C-C’, D-D’, E-E’, and F-F’.

The computer program GSTABL7 v. 2.003 developed by Gregory Geotechnical Software was used 
to calculate the factors of safety against potential failure.  This program was originally developed 
based on the computer program PC STABL 5M (Achilleos, 1988).  The program uses 2-D limit 
equilibrium theory to provide general solutions for slope stability problems with provisions of using 
the Modified Bishop, Modified Janbu, or Spencer Methods.  Both circular and non-circular potential 
sliding surfaces can be prespecified or randomly generated.  The Spencer, Modified Janbu and 
Modified Bishop methods were used for this study.  The minimum factor of safety was obtained by 
varying the initiation and exit points of the trial failure planes. 

The Modified Janbu Method of analysis, which normally provides conservative results, was initially 
used to evaluate a large number of potential failure mechanisms for each cross section analyzed.  In 
each analysis case, at least one thousand (1000) potential failure surfaces were randomly generated 
by the program and the most critical surface resulting in the lowest factor of safety was identified.  
The most critical failure plane determined by the Modified Janbu Method was then reanalyzed using 
the Spencer Method.  This method satisfies both force and moment equilibrium and thus provides 
more realistic (usually higher) estimates of the factors of safety and yield acceleration coefficients.  
The Janbu method is generally more conservative compared with the more rigorous Spencer Method 
and typically results in lower factors of safety than the Spencer Method (Duncan, 1992). The 
modified Bishop method was used to analyze circular failure surfaces. 

The GSTABL7 output plots, presented in Appendix B, illustrate the 2-D cross sections, various 
potential failure surface conditions considered, and the most critical failure surfaces analyzed in the 
stability analysis of the final fill slopes of the proposed landfill expansion.

The appendix presents computer plots for all the cases analyzed illustrating geometry of landfill 
cross-sections and the ten most critical potential failure planes searched by the program, as well as 
computed factors of safety.  The failure surface with the lowest factor of safety is identified with two 
arrows at its initiation and termination points.    
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The material properties of the waste and liner interfaces used in the static and pseudo-static stability 
analyses are shown in Table 1 and the results of the analyses are summarized in Table 2 and on 
Figures 3 and 4. 

3.6.1  Liner and Waste Mass Static Stability

Slope stability analyses were performed for the final fill plan geometry.  Six cross sections at 
different locations across the landfill were selected for analysis.  Figures 1 and 2 show plan views of 
the Landfill B-18 excavation and the final fill/landfill cover geometry, respectively, and the 
locations of the cross sections selected for the analysis.  In each part of the landfill where its cross 
section configuration changes, one or more sections were selected for two-dimensional stability 
evaluations. The configuration of the proposed landfill expansion final fill slopes are illustrated by 
the selected cross sections shown in Figures 3 and 4.

The most important potential failure mechanism considered was for a wedge (block failure) sliding 
through the waste mass and along the existing and expanded landfill base liner system.  Potential 
failure surfaces were assumed to pass along the weakest interface in the lining system and then 
through the landfill mass to the surface.  Stability of the slopes against circular failure through the 
waste mass was also investigated. 

The slope stability analyses for Landfill Unit B-18 showed that sliding along the liner systems 
and/or waste mass was consistently more critical than a sliding surface through the foundation 
material.  Therefore, in the stability analyses, the foundation bedrock was modeled as being 
impenetrable. 

3.6.2  Pseudo-Static Stability Analyses

Pseudo-static analyses, necessary to compute yield acceleration coefficient (Ky), were performed for 
the critical potential failure surfaces through waste and base liner system, identified from results of 
the static slope stability analyses discussed in Section 3.6.1 for the selected cross sections (Table 2 
and Figures 3 and 4).  The yield acceleration is defined as the acceleration which results in a pseudo-
static factor of safety of 1.0.  The computed yield acceleration, Ky, represents limiting value of the 
horizontal seismic coefficient beyond which movement of a potential slide mass will occur. 

For each cross section, pseudo-static analysis using the Spencer Method was performed to compute 
an estimate of yield acceleration coefficient (Ky) for the most critical potential failure plane 
identified from the static slope stability analysis for that section.  Density and shear strength 
properties summarized in Table 1 were also used for the pseudo-static stability analyses. 

Stability Results

Table 2 presents a summary of the computed static factors of safety and yield acceleration 
coefficients for the critical cases analyzed in this study.
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Appendix B presents plots of all the cases analyzed illustrating geometry of landfill cross-sections, 
the most critical potential failure surfaces, and values of computed static factors of safety and yield 
accelerations for these surfaces searched by the program.  Sample printouts of input and output files 
providing details of the analysis results are also presented in Appendix B. 

For all final (long-term) static conditions, the minimum acceptable factor of safety is 1.5.  This 
criterion was satisfied by the potential failure surfaces analyzed for the proposed fill plan, base liner 
designs, and the estimated material properties.  

The results of the pseudo-static stability analyses show that the lowest yield acceleration coefficient 
was approximately equal to 0.23 for failure along the liner and waste mass in cross sections A-A’ 
(east), D-D’ (east), E-E’ (east), and F-F’ (east).

The combination of yield acceleration coefficient and slide mass geometry that could potentially 
result in the largest estimates of the seismically-induced displacements were used in the site 
response and Newmark displacement analyses described in the following sections.  Based on the 
computed yield accelerations presented in Table 2 and landfill cross sections geometry (Figure 4), 
the potential failure planes #1 and #3 associated with cross sections D-D’ and F-F’, respectively 
were judged to produce the largest seismic displacements and thus, were selected for dynamic site 
response and seismic deformation analyses.  

3.7  SEISMIC DEFORMATION ANALYSES

The acceptability of a slope for earthquake conditions is generally determined by the magnitude of 
the seismically-induced permanent displacement resulting from the design earthquake.  

A small allowable displacement is intended to preclude the possibility of large displacements that 
might disrupt the flexible membrane liner (FML)/clay composite layers or other components of the 
leachate collection and removal (LCR) system.  A conservative value of the allowable displacement 
along the landfill liner on the order of 6 inches was considered acceptable for Landfill B-18.  This is 
equal to the lower bound of the allowable displacement range commonly used in the industry (6 to 
12 inches) as suggested by Seed and Bonaparte (1992). 

Preliminary estimates of the landfill slopes seismic deformations were obtained previously (HAI, 
2008) using the simplified analysis method by Bray et al. (1998) and are presented in the following 
section.  A more detailed evaluation of the seismic deformations using two-dimensional site 
response analyses and Newmark (1965) slope displacement calculation method was performed for 
this study and is presented in Section 3.7.2 below. 

3.7.1 Simplified Analysis of Landfill Slopes Seismic Deformations 

Preliminary estimates of the landfill slopes seismic deformations were obtained using the simplified 
analysis method by Bray et al. (1998).   
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This method requires estimating the yield acceleration (ky) for the potential slide mass, the ground 
motion parameters (MHAr, Tm, and D5-95), fundamental period of equivalent 1-D slide mass at small 
strains (Ts), and maximum horizontal equivalent acceleration (MHEA) for the potential slide mass.  
The ground motion parameters are defined as: 

 MHAr = Maximum Horizontal Acceleration expected at the site at rock level (g), 

 Tm  =  Mean period of input rock motion (sec), and 

 D5-95 =  Significant duration of shaking, i.e., 5-95% normalized Arias intensity (sec). 

The MHAr and D5-95 values for the site design ground motions are provided in Section 2.0 and Tm
can be estimated from the following relationships: 

 ln(Tm) = ln(C1 + C2 (M-6) + C3   r) M  7.25 

 ln(Tm) = ln(C1 + 1.25  C2 + C3   r)   7.25 M  8.0 

where M and r are the earthquake magnitude and distance and parameters C1, C2, and C3  and the 
standard error ( r) for a rock site condition are as listed below: 

C1 = 0.411, C2 = 0.0837, C3 = 0.00208, and r = 0.437 

The fundamental period of slide mass (Ts) is calculated using the equation Ts = 4H/Vs, where H is 
the maximum vertical distance between the ground surface and slip surface used to determine ky  and 
Vs is representative small-strain shear wave velocity of materials above sliding mass.  The landfill 
shear wave velocity profile provided in the 2005 URS report was used to calculate the values of 
parameter Ts for this study.

Charts provided by Bray et al. (1998) were then used to estimate the normalized MHEA and sliding 
mass displacement for deep-seated slide surfaces.  The normalized MHEA is defined as a function of 
the normalized fundamental period of slide mass (Ts/Tm).  The normalized displacement of the 
potential slide mass is correlated to the ratio of ky/kmax, where kmax = MHEA/g. 

Table 3 provides results of the simplified seismic deformation analyses.  The table provides yield 
accelerations, maximum horizontal equivalent accelerations (MHEA), ky/kmax ratios, and estimated 
slope displacements for the cross sections analyzed. 

As seen from Table 3, for potential deep failure planes along the landfill bottom liner the estimated 
permanent displacements are consistently less than 1 inch except for the western part of cross section 
B-B’ where a slope displacement of about 1 inch was estimated.  These preliminary estimated values 
of the seismic displacements are considerably smaller than the maximum allowable displacement of 
6 inches commonly used in the industry (Seed and Bonaparte, 1992).  These displacements are also 
in agreement with the seismic displacements estimated by URS (2005). 
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3.7.2  Site Response and Newmark Slope Deformation Analyses 

Two-Dimensional Dynamic Site Response Analyses

After yield acceleration coefficients were determined, dynamic response of the landfill and average 
acceleration time histories of the potential sliding masses were evaluated for three representative 
“local” (near-field) and one “distant” (far-field) input ground motions.  The analyses provide a 
measure of earthquake energy attenuation/amplification characteristics of the landfill. 

To account for the uncertainties introduced by variation of the landfill geometry, two-dimensional 
finite element computer program QUAD4M (Hudson et al., 1994) was used to evaluate dynamic 
response of the landfill and average acceleration time histories of the potential sliding waste masses 
identified from the stability analyses.  The two-dimensional analyses provide a more realistic 
estimate of the seismically-induced displacements of waste slopes compared to one-dimensional site 
response analysis computer codes such as SHAKE91 (Schnabel et al., 1972; Idriss and Sun, 1991).  
However, it should be noted that because the landfill geometry is three-dimensional, the use of two-
dimensional site response analyses generally provides a conservative estimate of the landfill 
dynamic response. 

QUAD4M was recently developed by modifying and improving QUAD4 program which was 
initially developed in 1973 (Idriss et al., 1973).  The main changes in QUAD4M are: 1) addition of 
energy absorbing boundaries that can be used to model the material underlying the finite element 
model as a linear elastic half space, 2) computing average acceleration time history (seismic 
coefficients) of a defined potential failure mass, and 3) a new method for formulation of damping.   
QUAD4M approximately incorporates the nonlinear material properties of soil and waste in the 
analyses by using the equivalent linear method (Seed and Idriss, 1970).  In this method, the strain-
dependent shear modulus and damping ratio of the material are selected to be compatible with the 
computed level of strain in each element.  The dynamic response is computed repeatedly until the 
dynamic properties determined from the two sequential cycles differ by less than a specified value.  
This analysis is done in the time domain, and for any set of properties it is a linear analysis. 

QUAD4M analyses were performed for Cross Sections D-D’ and F-F’ and their most critical failure 
planes (failure planes 1 and 3 in Figure 4, respectively).  These cross sections represent the most 
critical cases based on their geometry, factor of safeties and the minimum Ky values computed from 
the pseudo-static stability analyses.  The finite element meshes used to model these cross sections 
are shown in Figures 20a and 20b.  The “seismic coefficient” option in QUAD4M was used to 
calculate the average acceleration time history of potential deep failure mass sliding along the 
landfill bottom.  This is done using the computed time histories of the shear forces for the elements 
along the bottom and dividing the resultant shear force by the mass of the waste bounded by the 
potential failure plane along the liner (Seed and Martin, 1966). 

The input design ground motions were applied as outcrop motions at the top of the bedrock 
underlying the landfill, i.e., the “elastic halfspace” below the finite element mesh.  The analyses 
were performed for two sets of ground motions: 
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 1 -  The near-field and far-field MCE ground motions used previously (see Section 2.1) for 
seismic deformation analyses of the KHF landfill units B-19 and B-18 (RUST, 1998; URS, 
2005, and HAI, 2006), and 

 2 -  The updated site design near-field and far-field MCE ground motions developed in this 
study (see Section 2.2.2).

This provides a comparison of the new landfill design seismic deformations for the old and updated 
ground motions, and also a comparison of the landfill response for scaled versus spectrally matched 
ground motions. 

The finite element meshes for the cross sections analyzed (Figures 20a and 20b) show the critical 
potential failure surfaces that were specified for calculation of the average acceleration time histories 
(seismic coefficients) in the QUAD4M analyses.  These seismic coefficient time histories were later 
used in a Newmark-type analysis method (Newmark, 1965) as described in the following section to 
estimate the order of magnitude of the permanent seismically-induced displacements along the liner. 

Seismically-Induced Permanent Displacements

The consequences of earthquake shaking on the landfill slopes were evaluated using Makdisi and 
Seed’s procedure (1978) which is a type of Newmark pseudo-dynamic double-integration 
displacement analysis.  This approach is most appropriate for slopes consisting of materials that are 
not likely to suffer any significant loss of their shear strength due to seismic shaking.  The waste and 
liner materials in the Landfill B-18 are such materials. 

During an earthquake, over numerous cycles of loading, a slide mass can move incrementally along 
a potential failure plane through displacement accumulation.  Based on this concept, the Newmark 
method computes, from a series of pseudo-static analyses, the yield acceleration, Ky beyond which 
movement of a slide mass will occur.  The permanent displacement resulting from an earthquake is 
then computed by double integration of the slide mass average acceleration time history whenever 
the acceleration exceeds Ky.

The average acceleration time histories computed in the QUAD4M response analyses for the most 
critical potential failure mass identified in the pseudo-static analyses were used as input for 
Newmark deformation analyses to evaluate the permanent seismically-induced displacements along 
the liner system.  The displacement calculated by this method is a function of the yield accelerations 
which were computed in the pseudo-static stability analyses.  Figures 21 and 22 illustrate variation 
of potential slide mass displacement ( ) versus the yield acceleration Ky for Cross Section D-D’ and 
for the two sets of design ground motions used in the analyses (the RUST 1998 design ground 
motions and the updated ground motions developed for this study). Figures 23 and 24 illustrate 
variation of potential slide mass displacement ( ) versus the yield acceleration Ky for Cross Section 
F-F’ and for the two sets of design ground motions discussed above. Tables 4 and 5 and Figures 21 
through 24 summarize the results of calculated seismically-induced permanent displacement ( )
using the average acceleration time history of the waste mass computed from the QUAD4M analyses 
as input in the Newmark double-integration method for cross sections D-D’ and F-F’. 
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As seen from Figures 21 through 24, for the potential deep failure plane # 1 located in the 
northeastern part of cross section D-D’, and the potential deep failure plane # 3 located in the 
northeastern part of cross section F-F’ (Figure 4) the largest permanent displacements are induced 
for the 1994 Northridge earthquake Pacoima-Kagel Canyon and Castaic Old Ridge Route 
accelerograms scaled to a PHGA of 0.57g.  However, calculated displacements for Ky values larger 
than 0.12 are less than 1 inch.  Additionally, the Newmark deformation analyses show that the 
calculated seismically-induced permanent displacements of the critical potential slide mass are 
nearly zero for Ky values larger than 0.12 for the “distant” Caltech A-1 synthetic record and 
CHY042N Chi-Chi earthquake record scaled to 0.21g and 0.16g, respectively.  These estimated 
values of the seismic displacements are considerably smaller than the maximum allowable 
displacement of 6 inches commonly used in the industry (Seed and Bonaparte, 1992).   

3.8  STATIC AND SEISMIC STABILITY OF FINAL COVER

A preliminary estimate of the final cover seismic deformations was obtained by using the simplified 
analysis method by Franklin and Chang (1977).  A more detailed evaluation of the landfill cover 
seismic deformations using two-dimensional site response analysis and Newmark (1965) 
displacement calculation method was also performed.  The above analyses are presented below. 

Simplified Analysis of Landfill Cover

Static and seismic stability of the landfill final cover were evaluated using the infinite slope stability 
analysis model.  Effect of the slope benches were also considered in the analyses.  The landfill final 
cover slope will have an overall inclination of 4.0H:1V with localized inclinations of approximately 
3.5H:1V to allow for benching.  The cover soils will not become fully saturated given the low annual 
rate of precipitation in the area, drainage through geotextile in the cover, and the steepness of the 
final cover slopes. 

The proposed final cover for Landfill B-18, shown in Figure 25, includes a 40-mil textured HDPE 
geomembrane overlain by a geotextile and an approximately 2.5-foot-thick vegetative soil cover 
over the geosynthetics.  The geotextile is a 12-oz/sy non-woven layer that cushions the HDEP 
geomembrane and provides some drainage.  The slope stability analyses were performed for the 
weakest interface strength in the final cover.  The weakest interface is assumed to be along the 
geomemberane/geotextile interface (see Appendix C).  

Peak strength values were used for analysis of seismic loading and the partially saturated final cover 
condition.  Access is available for the final cover to make any necessary repairs after a seismic 
event; therefore, residual strengths to evaluate short-term impacts are not appropriate. 

Appendix C provides the cover soil and interface properties used in the stability analyses, and the 
detailed static and seismic stability calculations for the cover system described above.  The appendix 
shows that the cover system is stable for both static and seismic loading conditions; however, the 
estimated permanent displacement is about 12 inches. Hence, a more rigorous two-dimensional 
dynamic site response and Newmark displacement analysis was performed to more accurately 
calculate the final cover displacement.  
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Two-Dimensional Dynamic Cover Response Analyses

After yield acceleration coefficient for the cover was determined (see Appendix C), dynamic 
response of the landfill and average acceleration time histories of the potential sliding cover section 
were evaluated for three representative “local” (near-field) and one “distant” (far-field) input ground 
motions.  To account for the uncertainties introduced by variation of the landfill geometry, two-
dimensional finite element computer program QUAD4M was used to evaluate dynamic response of 
the landfill and average acceleration time histories of the potential sliding cover section identified 
from the stability analyses.  The two-dimensional analyses provide a more realistic estimate of the 
seismically-induced displacements of the cover compared to the simplified methods.   

QUAD4M  analysis was performed for the cover section of Cross Section D-D’.  The finite element 
mesh used to model the cross section is shown in Figure 20c.  The input design ground motions were 
applied as outcrop motions at the top of the bedrock underlying the landfill, i.e., the “elastic 
halfspace” below the finite element mesh.  The analyses were performed for the same ground 
motions used for the liner stability analysis discussed in Section 3.7.2. 

The finite element mesh for the cross section analyzed (Figure 20c) shows the critical potential 
failure surface through the landfill cover that was specified for calculation of the average 
acceleration time histories in the QUAD4M analyses.  The computed average acceleration time 
history of the specified cover section was then used in a Newmark-type analysis method (Newmark, 
1965) as described in the following section to estimate the order of magnitude of the seismically-
induced permanent displacements of the cover. 

Seismically-Induced Permanent Displacements

The permanent displacement resulting from the earthquakes are then computed by double integration 
of the slide mass average acceleration time history whenever the acceleration exceeds Ky.

The average acceleration time history computed from the QUAD4M dynamic response analyses for 
the most critical potential failure mass identified in the pseudo-static analyses was used as input for 
Newmark deformation analyses to evaluate the permanent seismically-induced displacements of the 
failure mass.  The displacement calculated by this method is a function of the yield acceleration 
computed in the Appendix C (Ky ~ 0.2g). Table 6 summarizes the results of calculated landfill cover 
seismically-induced permanent displacement ( ) using the average acceleration time history of the 
potential failure section computed from the QUAD4M analyses as input in the Newmark double-
integration method for cross section D-D’. 

The Newmark deformation analyses show that the calculated seismically-induced permanent 
displacements of the landfill cover are considerably less than the maximum allowable displacement 
of 12 inches commonly used in the industry (Seed and Bonaparte, 1992).   



Slope Stability Evaluation, Kettleman Hills Facility, Landfill Unit B-18, Kings County, California

HAI\project-2008\Kettleman B-18\Slope Stability Report.doc 21 September 2008 

4.0  CONCLUSIONS 

This report addresses static and seismic stability of the landfill slopes for a proposed expansion of 
the Landfill B-18.  The stability report presented here will be included as part of the design report, 
being prepared by Golder Associates, Inc. for the proposed Landfill B-18 expansion. 

The following changes from the original design were implemented and evaluated in this report: 

Final fill plan geometry was modified to enhance landfill capacity while maintaining 
staticand seismic stability of the landfill slopes. 

The landfill footprint was expanded in the west-northwestern area, using the existing cut 
slopes in the hills west and northwest of the site to buttress the landfill slopes and enhance 
stability.

A deterministic seismic hazard analysis was performed to update the site seismic design response 
spectrum and ground motions.  Static and seismic stability evaluations of the proposed final fill 
slopes and landfill base liner and cover systems were conducted for the new Landfill B-18 fill 
design. The presented analyses demonstrated that computed static factors of safety were higher than 
1.5 for all analyzed sections.

The seismic stability analyses were conducted for the MCE design ground motions.  The postulated 
near-field and far-field MCEs for Landfill B-18 were characterized by a peak horizontal acceleration 
in lithified earth material of approximately 0.62g and 0.16g, respectively. 

The analyses indicated that the proposed new landfill expansion design (Golder, 2008) would result 
in a stable configuration under both static and seismic loading conditions in compliance with 
applicable regulations.  The acceptability of the landfill slopes for earthquake loading conditions was 
determined by the relatively small magnitude of the seismically-induced permanent displacements 
resulting from the local and distant MCE design earthquake events.  The results of the conservative 
Newmark-type permanent displacement analyses presented in this study indicated that computed 
maximum displacements along the liner system during the design earthquake events are less than 1 
inch.  Maximum seismically-induced permanent displacement within the waste prism in the 
cover/gas collection system is about 6 inches which is less than the maximum allowable value of 12 
inches.

The analyses were performed for the landfill final fill configurations.  Slope stability analyses are 
required for design of the proposed landfill expansion interim fill conditions.  Site-specific 
laboratory testing of the proposed materials to be used in the liner systems should be performed for 
design of the landfill expansion.  Additionally, conformance testing of the liner materials should be 
performed during construction to verify properties used in the design of the landfill expansion. 



Slope Stability Evaluation, Kettleman Hills Facility, Landfill Unit B-18, Kings County, California

HAI\project-2008\Kettleman B-18\Slope Stability Report.doc 22 September 2008 

5.0  REFERENCES 

Abrahamson, N.A. (1991) “Non-stationary spectral matching,” Seismological Research Letters, 
Vol. 62, No. 1. 

Abrahamson, N.A. and Silva, W.J. (1996) “Empirical Ground Motion Models,” Report Prepared for 
Brookhaven National Laboratory, New York, NY, May, 144 pp.

Abrahamson, N.A. (1998) “Non-stationary spectral matching program RSPMATCH,” PG&E 
Internal Report, February. 

Abrahamson, N.A., 2000, Effects of rupture directivity on probabilistic seismic hazard analysis: 
proceedings of the Sixth International Conference on Seismic Zonation, Earthquake 
Engineering Research Institute, CD-ROM, Paper No. 50. 

Abrahamson, N. A. and W. J. Silva (2008) “Summary of the Abrahamson and Silva NGA ground-
motion relations”, Earthquake Spectra, in Press 

Achilleos, E. (1988) "User's Guide for PC STABL 5M," Purdue University, West Lafayette, Indiana, 
132 p. 

Boore, D. M., and Atkinson, G., M., 2007, Boore-Atkinson NGA Ground Motion Relations for the 
Geometric Mean Horizontal Component of Peak and Spectral Ground Motion Parameters, 
Pacific Earthquake Engineering Research Center (PEER) report, 2007/01. 

Bozorgnia, Y., and Campbell, K., 2008, NGA ground motion model for the geometric mean 
horizontal component of PGA, PGV, PGD and 5% damped linear elastic response spectra for 
periods ranging from 0.01 to 10 s, Earthquake Spectra, in Press 

Bray, J. D., Rathjie, E. M., Augello, A. J., Merry, S. M. (1998) “Simplified Seismic Design 
Procedure of Geosynthetic-Lined Solid Waste Landfills,” Geosynthetics International, Vol. 5. 

California Geological Survey, 2003, The Revised 2002 California Probabilistic Seismic Hazard 
Maps, by T. Cao, W. A. Bryant, B. Rowshandel, D. Branum, and C. J. Wills, June 2003. 

Chiou, B. S.-J., and Young, R., R., 2006, Chiou and Youngs PEER-NGA Empirical Ground Motion 
Model for the Average Horizontal Component of Peak Acceleration and Pseudo-Spectral 
Acceleration for Spectral Periods of 0.01 to 10 Seconds, Pacific Earthquake Engineering 
Research Center (PEER) report. 

CH2MHILL (2008) “B-18/B-20 Hazardous Waste Disposal Project, Kettleman Hills Facility, 
Chemical Waste Management, Inc.”, prepared for Kings County Planning Agency, State 
Clearinghouse No. 2005041064, March. 



Slope Stability Evaluation, Kettleman Hills Facility, Landfill Unit B-18, Kings County, California

HAI\project-2008\Kettleman B-18\Slope Stability Report.doc 23 September 2008 

Duncan, M. (1992) “State-of-the-Art: Static Stability and Deformation Analysis,” ASCE 
Geotechnical Special Publication No. 31, Stability and Performance of Slopes and 
Embankments-II, pp. 222-266. 

Ekstrom, G., R. S. Stein, J. P. Eaton, and D. Eberhart-Phillips (1992) "Seismicity and Geometry of a 
110-km-Long Blind Thrust Fault. The 1985 Ketteleman Hills, California, Earthquake," Journal 
of Geophysical Research, Vol. 97, No. B4, pages 4843-4864, April 10, 1992. 

Environmental Solutions, Inc., 1990. “Engineering and Design Report, Landfill Unit B-18, Phase I 
and II and Final Closure, Kettleman Hills Facility, Kings County, California, Volumes I and II,” 
report prepared for Chemical Waste Management, Inc., August. 

Environmental Solutions, Inc., 1992. “Backup Calculations Supporting the Interface testing Program 
for Landfill Unit B-18, Kettleman Hills Facility, Kings County, California,” report prepared for 
Chemical Waste Management, Inc., Februrary. 

Environmental Solutions, Inc., 1993. “Revised Intermediate Waste Fill Plan, Landfill Unit B-18, 
Phase I, Kettleman Hills Facility, Kings County, California, Volumes I and II,” report prepared 
for Chemical Waste Management, Inc., August. 

Franklin, A. G. and F. K. Chang (1977) "Permanent Displacements of Earth Embankments by 
Newmark Sliding Block Analysis," Earthquake Resistance of Earth and Rock-Fill Dams, Report 
5, U. S. Depart. of the Army, Corps of Engineers, Waterways Experiment Station, November. 

Golder Associates, Inc. (1990) “Direct Shear Testing Program for Landfill Cover Design, Kettleman 
Hills Facility”, June 29, 1990. 

Golder Associates, Inc. (1991) “Landfill B-19, Phase IA Redesign and Closure Plan, Kettleman 
Hills Facility, Kettleman City, Californica,” Volumes I-IV, April 15, 1991. 

Golder Associates, Inc. (2003) “Shear Strength Testing on Compacted Fill Material, Landfill B-19, 
Phase 1B, Kettleman Hills Facility,” performed for Waste Management, Inc. 

Golder Associates, Inc. (2008a) “Proposed Modifications to Landfill B-18 Expansion Project,” 
Report to Kettleman Hills Facility, April. 

Golder Associates, Inc. (2008b) “…..,” Report to Kettleman Hills Facility, September. 

Hardin, B.O., and Drenevich, V.P. (1972) “Shear Modulus and Damping in Soils: Design Equations 
and Curves,” Journal of the Soil Mechanics and Foundations Division, ASCE, Vol.98, No.SM7, 
pp.667-692.



Slope Stability Evaluation, Kettleman Hills Facility, Landfill Unit B-18, Kings County, California

HAI\project-2008\Kettleman B-18\Slope Stability Report.doc 24 September 2008 

Hudson, M., I.M. Idriss, and M. Beikae (1994) “A Computer Program To Evaluate the Seismic 
Response of Soil Structures Using Finite Element Procedures and Incorporating A Compliant 
Base,” Report from the Center of Geotechnical Modeling, Department of civil and 
Environmental Engineering, University of California, Davis 

Hushmand Associates, Inc., 2003, revised 2006. “Slope Stability Analysis for Cell Redesign and 
Bioreactor Evaluation, Kettleman Hills Facility Municipal Solid Waste Landfill Unit B-19, 
Kettleman City, Kings County, California,” November 2003, revised November 2006. 

Hushmand Associates, Inc., 2008. “Preliminary Slope Stability, Kettleman Hills Facility, Hazardous 
Waste Landfill Unit B-18 Expansion, Kettleman City, Kings County, California,” April. 

Idriss, I.M., et al. (1973) “QUAD-4, A Computer Program for Evaluating the Seismic Response of 
Soil Structures by Variable Damping Finite Elements,” Report No. EERC 73-16, Earthquake 
Engineering Research Center, University of California, Berkeley, California, June. 

Idriss, I.M. and Sun, (1991) “A Computer Program for Conducting Equivalent Linear Seismic 
Response Analyses of Horizontally Layered Soil Deposits- Program modified based on the 
Original SHAKE program published in December 1972 by Schnabel, Lysmer and Seed”. 

Lin, J.S. and Whitman, R.V. (1983) “Decoupling Approximation to the Evaluation of Earthquake 
Induced Plastic Slip in Earth Dams,” J. Earthquake Engineering Structural Dynamics, Vol. 11, 
pp. 667-678 

Makdisi, F. I. and H. B. Seed (1978) "Simplified Procedure for Estimating Dam and Embankment 
Earthquake-Induced Deformation," Journal of the Geotechnical Engineering Division, ASCE, 
Vol. 104, No. GT7, July, pp. 849-868. 

Newmark, N. M. (1965) "Effects of Earthquakes on Dams and Embankments," 5th Rankine Lecture, 
Geotechnique, Vol. 15, No. 2, pp. 139-160. 

Petersen, Mark D., Frankel, Arthur D., Harmsen, Stephen C., Mueller, Charles S., Haller, Kathleen 
M., Wheeler, Russell L., Wesson, Robert L., Zeng, Yuehua, Boyd, Oliver S., Perkins, David M., 
Luco, Nicolas, Field, Edward H., Wills, Chris J., and Rukstales, Kenneth S., 2008, 
“Documentation for the 2008 Update of the United States National Seismic Hazard Maps: U.S. 
Geological Survey Open-File” Report 2008–1128, 61 p. 

Rust Environment & Infrastructure, Inc., 1997 (Rev 1: 1998) “Preliminary Stability Evaluation, 
Municipal Solid Waste Landfill Unit B-19, Kettleman Hills Facility, Kettleman City, Kings 
County, California,” Technical Report prepared for Chemical West Management, Inc., July. 

Seed, H.B., and R. Bonaparte, 1992. “Seismic Analysis and Design of Lined Waste Fills: Current 
Practice,” ASCE Geotechnical Special Publication No. 31, Stability and Performance of Slopes 
and Embankments, June 29-July 1, 1992. 



Slope Stability Evaluation, Kettleman Hills Facility, Landfill Unit B-18, Kings County, California

HAI\project-2008\Kettleman B-18\Slope Stability Report.doc 25 September 2008 

Seed H.B., and I.M. Idriss, 1970. “Soil Moduli and Damping Factors for Dynamic Response 
Analysis,” Report No. EERC 70-10, University of California, Berekely, December. 

Seed and Martin, G.R. (1966) “The Seismic Coefficient in Earth Dam Design,” ASCE, Vol.92, No. 
SM3, Proc. Paper 4824, May 1966, pp. 25-58. 

Seed H.B., R.T. Wong, I.M. Idriss, and K. Tokimatsu, 1984. “Moduli and Damping Factors for 
Dynamic Analyses of Cohesionless Soils,” Earthquake Engineering Research Center, Report 
No. UCB/EERC-84/14. 

Schnabel P. B., J. Lysmer, and H. B. Seed (1972) "SHAKE: A Computer Program for Earthquake 
Response Analysis of Horizontally Layered Sites," Report No. EERC 72-12, College of 
Engineering, Earthquake Engineering Research Center, University of California, Berkeley, 
California, December. 

Somerville, P.G., Smith, N.F., Graves R.W. and Abrahamson, N.A., 1997, Modification of 
Empirical Strong Ground Motion Attenuation Relations to Include the Amplitude and Duration 
Effects of Rupture Directivity, Seismological Research Letters, Volume 68, Number 1, 
January/February.

Stein, R. S., and Ekstrom, G. (1992), Seismicity and Geometry of a 110-km-Long Blind Thrust Fault 
2. Synthesis of the 1982–1985 California Earthquake Sequence, J. Geophys. Res., 97(B4), 
4865–4883.

URS (2005) “Preliminary Stability Analyses, Kettleman Hills Facility Expansion, Kettleman City, 
California,” prepared for Chemical West Management, Inc. 



Sl
op

e 
St

ab
ili

ty
 E

va
lu

at
io

n,
 K

et
tle

m
an

 H
ill

s F
ac

ili
ty

, L
an

df
ill

 U
ni

t B
-1

8,
 K

in
gs

 C
ou

nt
y,

 C
al

ifo
rn

ia

H
AI

\p
ro

je
ct

-2
00

8\
K

et
tle

m
an

 B
-1

8\
Sl

op
e 

St
ab

ili
ty

 R
ep

or
t.d

oc
 

26
Se

pt
em

be
r 2

00
8 

T
ab

le
 1

. S
el

ec
te

d 
M

at
er

ia
l P

ro
pe

rt
ie

s f
or

 S
ta

tic
 a

nd
 S

ei
sm

ic
 S

ta
bi

lit
y 

A
na

ly
se

s 

Sh
ea

r 
St

re
ng

th
 P

ro
pe

rt
ie

s

M
at

er
ia

l/I
nt

er
fa

ce
U

ni
t W

ei
gh

t
Fr

ic
tio

n
A

ng
le

(d
eg

re
e)

C
oh

es
io

n
(p

sf
)

Sh
ea

r 
W

av
e 

V
el

oc
ity

 (V
s -

 ft
/s

ec
) 

or
Sh

ea
r 

M
od

ul
us

 (G
, p

sf
) R

el
at

io
n

M
od

ul
us

 R
ed

uc
tio

n 
&

 
D

am
pi

ng
 C

ur
ve

s

H
W

1  
11

5 
pc

f 
31

 
0 

G
 =

 1
00

0 
K

2 (
’ m

)½

K
2 =

 6
0 

fo
r r

el
at

iv
el

y 
de

ns
e 

sa
nd

s (
Se

ed
 

an
d 

Id
ris

s, 
19

70
) 

Se
e 

Fi
gu

re
 1

9 
R

el
at

iv
el

y 
de

ns
e 

sa
nd

 (S
ee

d 
et

 a
l.,

 
19

84
)

C
la

y 
Li

ne
r 1,

 2
 

11
5 

pc
f 

20
 

1,
15

0 
5.0

2

)
(

1
97.2

76
0

,
14

m
K

O
C

R
e

e
G

(H
ar

di
n 

an
d 

D
re

nv
ic

h,
 1

97
2)

 

Se
e 

Fi
gu

re
 1

9 
(S

ee
d 

an
d 

Id
ris

s, 
19

70
) 

B
ed

ro
ck

1  
15

0 
pc

f 
40

 
80

0 
V

s =
 2

50
0 

fp
s 

Se
e 

Fi
gu

re
 1

9 
(S

ch
na

be
l e

t a
l. 

19
72

) 

Ph
as

e 
I B

ot
to

m
 L

in
er

 In
te

rf
ac

e 
1  

--
--

 
17

 
0 

--
--

 
--

--
 

Ph
as

e 
I S

id
e 

Sl
op

e 
Li

ne
r I

nt
er

fa
ce

 1  
--

--
 

9 
80

0 
--

--
 

--
--

 

Ph
as

e 
II

 B
ot

to
m

 L
in

er
 In

te
rf

ac
e 

1  
--

--
 

19
 

0 
--

--
 

--
--

 

Ph
as

e 
II

 S
id

e 
Sl

op
e 

Li
ne

r I
nt

er
fa

ce
 1  

--
--

 
19

 
0 

--
--

 
--

--
 

Ex
pa

ns
io

n 
A

re
a 

Li
ne

r I
nt

er
fa

ce
 3  

--
--

 
19

 
0 

--
--

 
--

--
 

(1
)

En
vi

ro
nm

en
ta

l S
ol

ut
io

ns
, I

nc
. (

19
90

, 1
99

2,
 1

99
3)

; R
us

t E
nv

iro
nm

en
ta

l &
 In

fr
as

tru
ct

ur
e,

 In
c.

 (1
99

8)
; U

R
S 

(2
00

5)
.

(2
)

M
od

el
ed

 a
s a

 la
ye

r i
n 

si
te

 d
yn

am
ic

 re
sp

on
se

 a
na

ly
si

s t
o 

in
cl

ud
e 

ef
fe

ct
s o

f s
of

te
r c

la
y 

la
ye

r o
n 

gr
ou

nd
 m

ot
io

n.
 

(3
)

G
ol

de
r A

ss
oc

ia
te

s, 
In

c.
 (2

00
8b

). 



Sl
op

e 
St

ab
ili

ty
 E

va
lu

at
io

n,
 K

et
tle

m
an

 H
ill

s F
ac

ili
ty

, L
an

df
ill

 U
ni

t B
-1

8,
 K

in
gs

 C
ou

nt
y,

 C
al

ifo
rn

ia

H
AI

\p
ro

je
ct

-2
00

8\
K

et
tle

m
an

 B
-1

8\
Sl

op
e 

St
ab

ili
ty

 R
ep

or
t.d

oc
 

27
Se

pt
em

be
r 2

00
8 

T
ab

le
 2

a.
 S

um
m

ar
y 

of
 S

lo
pe

 S
ta

bi
lit

y 
A

na
ly

si
s R

es
ul

ts
 

   
   

   
   

(L
an

df
ill

 E
as

t a
nd

 N
or

th
 S

id
es

) 

C
ro

ss
Se

ct
io

n

Fa
ilu

re
Pl

an
e

N
um

be
r 

D
es

cr
ip

tio
n

St
at

ic
 F

ac
to

r o
f 

Sa
fe

ty
 

Y
ie

ld
A

cc
el

er
at

io
n,

 k
y

(g
)

1 
D

ee
p 

B
lo

ck
 F

ai
lu

re
 th

ro
ug

h 
B

ot
to

m
 L

in
er

 
2.

58
9 

0.
25

4 
2 

D
ee

p 
B

lo
ck

 F
ai

lu
re

 th
ro

ug
h 

B
ot

to
m

 L
in

er
 

2.
68

9 
0.

22
5 

A
-A

'
3 

D
ee

p 
B

lo
ck

 F
ai

lu
re

 th
ro

ug
h 

B
ot

to
m

 L
in

er
 

2.
72

2 
0.

23
7 

1 
D

ee
p 

B
lo

ck
 F

ai
lu

re
 th

ro
ug

h 
B

ot
to

m
 L

in
er

 
6.

8 
0.

45
3 

2 
D

ee
p 

B
lo

ck
 F

ai
lu

re
 th

ro
ug

h 
B

ot
to

m
 L

in
er

 
8.

59
 

0.
38

5 
B

-B
'

3 
D

ee
p 

B
lo

ck
 F

ai
lu

re
 th

ro
ug

h 
B

ot
to

m
 L

in
er

 
6.

54
 

0.
35

6 
1 

D
ee

p 
B

lo
ck

 F
ai

lu
re

 th
ro

ug
h 

B
ot

to
m

 L
in

er
 

3.
06

 
0.

39
5 

C
-C

'
2 

D
ee

p 
B

lo
ck

 F
ai

lu
re

 th
ro

ug
h 

B
ot

to
m

 L
in

er
 

4.
35

 
0.

47
 

1 
D

ee
p 

B
lo

ck
 F

ai
lu

re
 th

ro
ug

h 
B

ot
to

m
 L

in
er

 
2.

34
 

0.
23

2 
D

-D
'

2 
D

ee
p 

B
lo

ck
 F

ai
lu

re
 th

ro
ug

h 
B

ot
to

m
 L

in
er

 
2.

82
 

0.
27

3 
1 

D
ee

p 
B

lo
ck

 F
ai

lu
re

 th
ro

ug
h 

B
ot

to
m

 L
in

er
 

2.
74

3 
0.

26
5 

2 
D

ee
p 

B
lo

ck
 F

ai
lu

re
 th

ro
ug

h 
B

ot
to

m
 L

in
er

 
2.

74
7 

0.
23

 
E-

E'
 

3 
D

ee
p 

B
lo

ck
 F

ai
lu

re
 th

ro
ug

h 
B

ot
to

m
 L

in
er

 
2.

73
 

0.
23

7 
1 

D
ee

p 
B

lo
ck

 F
ai

lu
re

 th
ro

ug
h 

B
ot

to
m

 L
in

er
 

2.
80

5 
0.

25
2 

2 
D

ee
p 

B
lo

ck
 F

ai
lu

re
 th

ro
ug

h 
B

ot
to

m
 L

in
er

 
2.

46
7 

0.
22

5 
F-

F'
 

3 
D

ee
p 

B
lo

ck
 F

ai
lu

re
 th

ro
ug

h 
B

ot
to

m
 L

in
er

 
2.

46
 

0.
22

5 



Sl
op

e 
St

ab
ili

ty
 E

va
lu

at
io

n,
 K

et
tle

m
an

 H
ill

s F
ac

ili
ty

, L
an

df
ill

 U
ni

t B
-1

8,
 K

in
gs

 C
ou

nt
y,

 C
al

ifo
rn

ia

H
AI

\p
ro

je
ct

-2
00

8\
K

et
tle

m
an

 B
-1

8\
Sl

op
e 

St
ab

ili
ty

 R
ep

or
t.d

oc
 

28
Se

pt
em

be
r 2

00
8 

T
ab

le
 2

b.
 S

um
m

ar
y 

of
 S

lo
pe

 S
ta

bi
lit

y 
A

na
ly

si
s R

es
ul

ts
   

   
   

  (
L

an
df

ill
 W

es
t a

nd
 S

ou
th

 S
id

es
)

C
ro

ss
Se

ct
io

n

Fa
ilu

re
Pl

an
e

N
um

be
r 

D
es

cr
ip

tio
n

St
at

ic
 F

ac
to

r o
f 

Sa
fe

ty
 

Y
ie

ld
A

cc
el

er
at

io
n,

 k
y

(g
)

I 
 

D
ee

p 
B

lo
ck

 F
ai

lu
re

 th
ro

ug
h 

B
ot

to
m

 L
in

er
 

4.
19

4 
0.

42
 

A
-A

'
II

 
 

D
ee

p 
B

lo
ck

 F
ai

lu
re

 th
ro

ug
h 

B
ot

to
m

 L
in

er
 

7.
24

9 
0.

31
5 

I 
 

D
ee

p 
B

lo
ck

 F
ai

lu
re

 th
ro

ug
h 

B
ot

to
m

 L
in

er
 

3.
5 

0.
39

5 
B

-B
'

II
 

 
D

ee
p 

B
lo

ck
 F

ai
lu

re
 th

ro
ug

h 
B

ot
to

m
 L

in
er

 
8.

93
 

0.
48

7 
I 

 
D

ee
p 

B
lo

ck
 F

ai
lu

re
 th

ro
ug

h 
B

ot
to

m
 L

in
er

 
4.

92
 

0.
34

5 
C

-C
'

II
 

 
D

ee
p 

B
lo

ck
 F

ai
lu

re
 th

ro
ug

h 
B

ot
to

m
 L

in
er

 
5.

64
 

0.
34

 
I 

 
D

ee
p 

B
lo

ck
 F

ai
lu

re
 th

ro
ug

h 
B

ot
to

m
 L

in
er

 
3.

88
 

0.
37

5 
II

 
 

C
irc

ul
ar

 F
ai

lu
re

 
2.

5 
0.

32
 

D
-D

'
II

I 
 

C
irc

ul
ar

 F
ai

lu
re

 
2.

18
 

0.
26

 
I 

 
D

ee
p 

B
lo

ck
 F

ai
lu

re
 th

ro
ug

h 
B

ot
to

m
 L

in
er

 
5.

43
1 

0.
42

5 
E-

E'
 

II
 

 
D

ee
p 

B
lo

ck
 F

ai
lu

re
 th

ro
ug

h 
B

ot
to

m
 L

in
er

 
8.

87
9 

0.
34

4 
I 

 
C

irc
ul

ar
 F

ai
lu

re
 

2.
57

8 
0.

32
5 

II
 

 
D

ee
p 

B
lo

ck
 F

ai
lu

re
 th

ro
ug

h 
B

ot
to

m
 L

in
er

 
5.

89
4 

0.
43

5 
F-

F'
 

II
I 

 
D

ee
p 

B
lo

ck
 F

ai
lu

re
 th

ro
ug

h 
B

ot
to

m
 L

in
er

 
7.

20
5 

0.
37

5 



Sl
op

e 
St

ab
ili

ty
 E

va
lu

at
io

n,
 K

et
tle

m
an

 H
ill

s F
ac

ili
ty

, L
an

df
ill

 U
ni

t B
-1

8,
 K

in
gs

 C
ou

nt
y,

 C
al

ifo
rn

ia

H
AI

\p
ro

je
ct

-2
00

8\
K

et
tle

m
an

 B
-1

8\
Sl

op
e 

St
ab

ili
ty

 R
ep

or
t.d

oc
 

29
Se

pt
em

be
r 2

00
8 

T
ab

le
 3

 - 
R

es
ul

ts
 o

f S
im

pl
ifi

ed
 S

ei
sm

ic
 D

ef
or

m
at

io
n 

A
na

ly
se

s f
or

 L
an

df
ill

 L
in

er
 

A
na

ly
ze

d 
C

ro
ss

 
Se

ct
io

n 
Y

ie
ld

 A
cc

el
er

at
io

n
K

y (
g)

 

M
ax

im
um

H
or

iz
on

ta
l 

A
cc

el
er

at
io

n 
K

m
ax

 (g
) 

K
y/K

m
ax

E
st

im
at

ed
 S

lo
pe

 
D

ef
or

m
at

io
n(1

)

(in
)

A
-A

’ -
 E

as
t 

0.
22

5 
0.

21
8 

1.
03

 
<1

 

A
-A

’ -
 W

es
t 

0.
31

5 
0.

27
5 

1.
15

 
<1

B
-B

’ -
 E

as
t 

0.
35

6 
0.

19
3 

1.
84

 
<1

 

B
-B

’ -
 W

es
t 

0.
39

5 
0.

50
4 

0.
78

 
~ 

1.
0 

C
-C

’ -
 N

or
th

 
0.

39
5 

0.
19

7 
2.

01
 

<1
 

C
-C

’ -
 S

ou
th

 
0.

34
0 

0.
24

9 
1.

37
 

<1

D
-D

’ -
 E

as
t 

0.
23

2 
0.

22
3 

1.
04

 
<1

 

D
-D

’ -
 W

es
t 

0.
37

5 
0.

28
1 

1.
33

 
<1

 

E-
E’

 - 
Ea

st
 

0.
23

0 
0.

20
3 

1.
13

 
<1

E-
E’

 - 
W

es
t 

0.
34

4 
0.

37
4 

0.
92

 
<1

 

F-
F’

 - 
Ea

st
 

0.
22

5 
0.

20
3 

1.
11

 
<1

 

F-
F’

 - 
W

es
t 

0.
37

5 
0.

37
4 

1.
00

 
<1

 

N
ot

es
:

(1
)

Es
tim

at
ed

 se
is

m
ic

 d
ef

or
m

at
io

ns
 in

 a
bo

ve
 ta

bl
e 

ar
e 

fo
r t

he
 lo

ca
l d

es
ig

n 
ea

rth
qu

ak
e 

on
 th

e 
bl

in
d 

R
am

p 
Th

ru
st

 a
t a

 d
is

ta
nc

e 
of

 1
0 

km
.  

Se
is

m
ic

 d
ef

or
m

at
io

ns
 c

om
pu

te
d 

fo
r 

th
e 

di
st

an
t s

ei
sm

ic
 e

ve
nt

 o
n 

th
e 

Sa
n 

A
nd

re
as

 F
au

lt 
zo

ne
 a

t 3
5 

km
 fr

om
 th

e 
si

te
 w

er
e 

ne
gl

ig
ib

le
.  



Sl
op

e 
St

ab
ili

ty
 E

va
lu

at
io

n,
 K

et
tle

m
an

 H
ill

s F
ac

ili
ty

, L
an

df
ill

 U
ni

t B
-1

8,
 K

in
gs

 C
ou

nt
y,

 C
al

ifo
rn

ia

H
AI

\p
ro

je
ct

-2
00

8\
K

et
tle

m
an

 B
-1

8\
Sl

op
e 

St
ab

ili
ty

 R
ep

or
t.d

oc
 

30
Se

pt
em

be
r 2

00
8 

T
ab

le
 4

. S
ei

sm
ic

al
ly

-I
nd

uc
ed

 P
er

m
an

en
t D

is
pl

ac
em

en
ts

 fr
om

 N
ew

m
ar

k 
D

ef
or

m
at

io
n 

A
na

ly
se

s 
(C

ro
ss

 S
ec

tio
n 

D
-D

’, 
Fa

ilu
re

 S
ur

fa
ce

 1
 a

lo
ng

 L
an

df
ill

 L
in

er
) 

G
ro

un
d 

M
ot

io
n

Y
ie

ld
 A

cc
el

er
at

io
n 

K
y

(g
)

M
ax

im
um

 A
cc

el
er

at
io

n 
K

m
ax

(g
)

Pe
rm

an
en

t 
D

is
pl

ac
em

en
t 

(in
)

Pa
co

im
a 

0.
23

2 
0.

18
7 

<1
 

C
as

ta
ic

 
0.

23
2 

0.
19

2 
<1

 

Se
ed

 H
ay

w
ar

d 
0.

23
2 

0.
13

3 
<1

 
O

ld
 R

ec
or

ds
1

C
al

te
ch

 S
yn

th
et

ic
 

R
ec

or
d 

A
1 

0.
23

2 
0.

10
9 

<1
 

Pa
co

im
a 

0.
23

2 
0.

18
9 

<1
 

C
as

ta
ic

 
0.

23
2 

0.
14

5 
<1

 

G
ilr

oy
 

0.
23

2 
0.

18
3 

<1
 

N
ew

 R
ec

or
ds

2

C
hi

 C
hi

 
0.

23
2 

0.
07

4 
<1

 

 
 

N
ot

es
: 

(1
)

R
ec

or
ds

 sc
al

ed
 to

 d
es

ig
n 

PG
A

 u
se

d 
in

 th
e 

pr
ev

io
us

 a
na

ly
se

s o
f K

H
F 

La
nd

fil
ls

 (R
us

t, 
19

98
; U

R
S,

 2
00

5;
 H

A
I, 

20
06

). 
(2

)
Sp

ec
tra

lly
 m

at
ch

ed
 re

co
rd

s d
ev

el
op

ed
 b

as
ed

 o
n 

an
 u

pd
at

ed
 se

is
m

ic
 h

az
ar

d 
an

al
ys

is
 in

 2
00

8 
us

ed
 fo

r t
hi

s p
ro

je
ct

. 



Sl
op

e 
St

ab
ili

ty
 E

va
lu

at
io

n,
 K

et
tle

m
an

 H
ill

s F
ac

ili
ty

, L
an

df
ill

 U
ni

t B
-1

8,
 K

in
gs

 C
ou

nt
y,

 C
al

ifo
rn

ia

H
AI

\p
ro

je
ct

-2
00

8\
K

et
tle

m
an

 B
-1

8\
Sl

op
e 

St
ab

ili
ty

 R
ep

or
t.d

oc
 

31
Se

pt
em

be
r 2

00
8 

T
ab

le
 5

. S
ei

sm
ic

al
ly

-I
nd

uc
ed

 P
er

m
an

en
t D

is
pl

ac
em

en
ts

 fr
om

 N
ew

m
ar

k 
D

ef
or

m
at

io
n 

A
na

ly
se

s 
(C

ro
ss

 S
ec

tio
n 

F-
F’

, F
ai

lu
re

 S
ur

fa
ce

 3
 a

lo
ng

 L
an

df
ill

 L
in

er
) 

G
ro

un
d 

M
ot

io
n

Y
ie

ld
 A

cc
el

er
at

io
n 

K
y

(g
)

M
ax

im
um

 A
cc

el
er

at
io

n 
K

m
ax

(g
)

Pe
rm

an
en

t 
D

is
pl

ac
em

en
t 

(in
)

Pa
co

im
a 

0.
22

5 
0.

18
4 

<1
 

C
as

ta
ic

 
0.

22
5 

0.
18

9 
<1

 

Se
ed

 H
ay

w
ar

d 
0.

22
5 

0.
12

8 
<1

 
O

ld
 R

ec
or

ds
1

C
al

te
ch

 S
yn

th
et

ic
 

R
ec

or
d 

A
1 

0.
22

5 
0.

10
4 

<1
 

Pa
co

im
a 

0.
22

5 
0.

17
9 

<1
 

C
as

ta
ic

 
0.

22
5 

0.
13

7 
<1

 

G
ilr

oy
 

0.
22

5 
0.

17
5 

<1
 

N
ew

 R
ec

or
ds

2

C
hi

 C
hi

 
0.

22
5 

0.
06

8 
<1

 

 
 

N
ot

es
: 

(1
)

R
ec

or
ds

 sc
al

ed
 to

 d
es

ig
n 

PG
A

 u
se

d 
in

 th
e 

pr
ev

io
us

 a
na

ly
se

s o
f K

H
F 

La
nd

fil
ls

 (R
us

t, 
19

98
; U

R
S,

 2
00

5;
 H

A
I, 

20
06

). 
(2

)
Sp

ec
tra

lly
 m

at
ch

ed
 re

co
rd

s d
ev

el
op

ed
 b

as
ed

 o
n 

an
 u

pd
at

ed
 se

is
m

ic
 h

az
ar

d 
an

al
ys

is
 in

 2
00

8 
us

ed
 fo

r t
hi

s p
ro

je
ct

. 



Sl
op

e 
St

ab
ili

ty
 E

va
lu

at
io

n,
 K

et
tle

m
an

 H
ill

s F
ac

ili
ty

, L
an

df
ill

 U
ni

t B
-1

8,
 K

in
gs

 C
ou

nt
y,

 C
al

ifo
rn

ia

H
AI

\p
ro

je
ct

-2
00

8\
K

et
tle

m
an

 B
-1

8\
Sl

op
e 

St
ab

ili
ty

 R
ep

or
t.d

oc
 

32
Se

pt
em

be
r 2

00
8 

T
ab

le
 6

. S
ei

sm
ic

al
ly

-I
nd

uc
ed

 P
er

m
an

en
t D

is
pl

ac
em

en
ts

 fr
om

 N
ew

m
ar

k 
D

ef
or

m
at

io
n 

A
na

ly
se

s  
(C

ro
ss

 S
ec

tio
n 

D
-D

’, 
C

ov
er

 A
na

ly
si

s)
 

R
ec

or
d 

Se
ts

G
ro

un
d 

M
ot

io
n

Y
ie

ld
 A

cc
el

er
at

io
n 

K
y

(g
)

M
ax

im
um

 A
cc

el
er

at
io

n 
K

m
ax

(g
)

Pe
rm

an
en

t 
D

is
pl

ac
em

en
t 

(in
)

Pa
co

im
a 

0.
2 

0.
58

 
6.

29
 

C
as

ta
ic

 
0.

2 
0.

42
 

3.
73

 

Se
ed

 H
ay

w
ar

d 
0.

2 
0.

29
 

<1
 

O
ld

 R
ec

or
ds

1

C
al

te
ch

 S
yn

th
et

ic
 

R
ec

or
d 

A
1 

0.
2 

0.
23

 
<1

 

Pa
co

im
a 

0.
2 

0.
51

 
2.

71
 

C
as

ta
ic

 
0.

2 
0.

31
 

~1
 

G
ilr

oy
 

0.
2 

0.
40

 
1.

36
 

N
ew

 R
ec

or
ds

2

C
hi

 C
hi

 
0.

2 
0.

15
 

<1
 

 
 

N
ot

es
: 

(1
)

R
ec

or
ds

 sc
al

ed
 to

 d
es

ig
n 

PG
A

 u
se

d 
in

 th
e 

pr
ev

io
us

 a
na

ly
se

s o
f K

H
F 

La
nd

fil
ls

 (R
us

t, 
19

98
; U

R
S,

 2
00

5;
 H

A
I, 

20
06

). 
(2

)
Sp

ec
tra

lly
 m

at
ch

ed
 re

co
rd

s d
ev

el
op

ed
 b

as
ed

 o
n 

an
 u

pd
at

ed
 se

is
m

ic
 h

az
ar

d 
an

al
ys

is
 in

 2
00

8 
us

ed
 fo

r t
hi

s p
ro

je
ct

. 



FIGURES











FIGURE
1

5-PERCENT DAMPED SITE DESIGN
 RESPONSE SPECTRA FOR NEAR-FIELD 
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FIGURE
1

ORIGINAL HORIZONTAL ACCELERATION RECORD &
RESPONSE SPECTRUM MATCHED TO 

DESIGN RESPONSE SPECTRUM
1994 NORTHRIDGE EQ. CASTAIC 090
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FIGURE
1

ORIGINAL CORRECTED TIME HISTORIES
1994 NORTHRIDGE EARTHQUAKE

STATION: CASTAIC OLD RIDGE_090
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FIGURE
1

SPECTRUM COMPATIBLE TIME HISTORIES
1994 NORTHRIDGE EARTHQUAKE
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FIGURE
1

ORIGINAL HORIZONTAL ACCELERATION RECORD &
RESPONSE SPECTRUM MATCHED TO 

DESIGN RESPONSE SPECTRUM
1989 LOMA PRIETA EQ.  GILROY ARRAY 090  RECORD
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FIGURE
1

SPECTRUM COMPATIBLE TIME HISTORIES
1989 LOMA PRIETA EARTHQUAKE

STATION: GILROY ARRAY 090
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FIGURE
1

ORIGINAL HORIZONTAL ACCELERATION RECORD & 
RESPONSE SPECTRUM MACHED TO 

DESIGN RESPONSE SPECTRUM
1994 NORTHRIDGE EQ.  
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FIGURE
1

ORIGINAL CORRECTED TIME HISTORIES
1994 NORTHRIDGE EARTHQUAKE

STATION: PACOIMA KAGEL CANYON 360
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FIGURE
1

SPECTRUM COMPATIBLE TIME HISTORIES
1994 NORTHRIDGE EARTHQUAKE

STATION: PACOIMA KAGEL CANYON 360
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FIGURE
1

ORIGINAL HORIZONTAL ACCELERATION RECORD &
RESPONSE SPECTRUM MATCHED TO

 DESIGN RESPONSE SPECTRUM
1999 CHI CHI EQ. CHY042 N RECORD
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FIGURE
1

ORIGINAL CORRECTED TIME HISTORIES
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FIGURE
1

SPECTRUM COMPATIBLE TIME HISTORIES
1999 CHI CHI EARTHQUAKE

STATION:CHY042 N 
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Figure
19

SHEAR MODULUS REDUCTION AND DAMPING CURVES
FOR SAND (Hazardous Waste) AND CLAY (Liner)

USED IN THIS STUDY
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HUSHMAND ASSOCIATES INC.
Geotechnical and Earthquake Engineers

Project No.
08-0228

Landfill B-18 Expansion Project
Kettleman City, Kings County, California

CALTECH A-1 SYNTHETIC ACCELERATION 
RECORD AND DYNAMIC RESPONSE 

SPECTRUM

DISTANT DESIGN EARTHQUAKE

Figure

A-6

SOURCE: RUST, 1998



HUSHMAND ASSOCIATES INC.
Geotechnical and Earthquake Engineers

Project No.
08-0228

Landfill B-18 Expansion Project
Kettleman City, Kings County, California

MODIFIED SEED-HAYWARD SYNTHETIC 
ACCELERATION RECORD AND DYNAMIC  

RESPONSE SPECTRUM SCALED TO TARGET MCE 
RESPONSE SPECTRUM

LOCAL DESIGN EARTHQUAKE

Figure

A-7

SOURCE: RUST, 1998



HUSHMAND ASSOCIATES INC.
Geotechnical and Earthquake Engineers

Project No.
08-0228

Landfill B-18 Expansion Project
Kettleman City, Kings County, California Figure

A-8

SOURCE: RUST, 1998

CASTAIC ACCELERATION RECORD AND 
DYNAMIC RESPONSE SPECTRUM

LOCAL DESIGN EARTHQUAKE



HUSHMAND ASSOCIATES INC.
Geotechnical and Earthquake Engineers

Project No.
08-0228

Landfill B-18 Expansion Project
Kettleman City, Kings County, California Figure

A-9

SOURCE: RUST, 1998

PACOIMA-KAGEL CANYON ACCELERATION 
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SPECTRUM
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CLASS I WASTE FINAL COVER STABILITY 

Objective:
Evaluate static and seismic stability (long term condition) and temporary stability during construction of 
the final landfill cover for Class I waste area at Kettleman Hills Facility (KHF) Landfill Unit B-18. 

Performance Criteria: 
Static Loading: Minimum Factor of Safety of 1.5. 
Dynamic Loading: Allowable seismic displacements up to 12 inches. 
Temporary Loading Case during Construction: Minimum Factor of Safety 1.25. 

Geometry:
The typical cover system for Class I waste is shown in Figure 1.

Figure 1. Typical Cover System for Class I Waste 
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The shear strength parameters of the cover interfaces are shown in Table 1.  The site-specific values of 
these parameters should be verified prior to the construction of the cover. 

Table 1.  Shear Strength Properties for Interfaces in Figure 1 

STRENGTH PARAMETERS 

INTERFACE (pcf)
c

(psf) (degrees) 
Cover Soil / Geotextile 110 100 21 

Geotextile / 40-Mil HDPE 110 0 25*

40-Mil HDPE / Intermediate Soil 110 0 28 
Foundation Soil / Class I Waste 110 0 31 

* Results of site-specific laboratory interface direct shear tests performed on textured geomembrane and geotextile materials to
be used for Class I waste cover construction under low confining pressures (pressure due to the weight of cover soil) indicate a
residual friction angle of approximately 28 degrees for this interface (see attached).  A conservative value of 25 degrees, 
however, was used in our analyses. 

Design Theory: 
The long-term stability of the cover (stability analysis for static case) is based on the infinite slope model 
shown in Figure 2. 

Figure 2. Equilibrium of Loads for a Unit Length of Cover 
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The safety factor against sliding can be evaluated using the following equation (Huang, 1983): 

tan
tan

tancos
.. 2H

cSF
T

If c = 0, then: 
tan
tan..SF

For seismic case (ky > 0): 

cossin
tansintancos)cos/(

..
LHkLH

LHkLHLc
SF

TyT

TyT

Note:  This analysis is conservative since the effect of finite slope length and passive resistance wedge at 
the toe of the slope is not included. 

Long-Term Static Stability: 
Based on the interface and material properties shown in Table 1, for Class I waste cover the weakest 
interface of the cover is the Geotextile / HDPE geomembrane interface. The following presents the infinite 
slope stability analysis performed for the Class I waste cover. 

Static Stability for Geotextile / HDPE geomembrane interface: 

c = 0 psf,  = 25º,  = 16º, H = 2.5 / (cos 16) = 2.60 ft,  = 110 pcf 

16tan
25tan

16tan16cos60.2110
0.. 2SF  = 1.63 > 1.5 o.k. 

Construction Stage/Temporary Loading (Short-Term) Static Stability:
The stability of cover needs to be evaluated for the temporary condition during cover placement.  It is 
assumed that the cover is placed from bottom to top (backfilling up slope).  When the equipment weight is 
considered, the stability is evaluated for a finite length of the slope, usually the distance between two 
benches.  The equilibrium of forces for a finite length of the slope is shown on Figure 3 (Qian, Koerner, 
Gray, 2002).  Figure 3 illustrates the forces applied on the cover for this case.  The following symbols are 
used in this figure: 

 WA = total weight of the active wedge including additional weight of soil wedge from the upper 
  bench (WA1 and WA2) plus equipment weights on the slope and upper bench (We1 and We2);
 WA1 = weight of soil cover on the slope (included in WA);
 WA2 = weight of soil wedge from the upper bench (included in WA);
 We1 = weight of equipment on slope (included in WA);
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 We2 = weight of equipment on upper bench (included in WA); 
 WP = total weight of the passive wedge; 
 NA = effective force normal to the failure plane of the active wedge; 
 NP = effective force normal to the failure plane of the passive wedge; 

 = unit weight of the cover soil; 

h = thickness of the cover; 
 L = length of the slope measured along the slip plane; 

 = soil slope angle; 
 = friction angle of cover soil; 
 = interface friction angle; 

 Ca = adhesion force between cover soil of the active wedge and geo-membrane or foundation; 
 ca = adhesion between cover soil of the active wedge and geo-membrane or foundation; 
 C = cohesion force along the failure plane of the passive wedge; 
 c = cohesion of the cover soil; 
 EA = inter-wedge force acting on the active wedge from the passive wedge; 
 EP = inter-wedge force acting on the passive wedge from the active wedge; 
 FS = factor of safety against cover soil sliding. 

Figure 3. Equilibrium of Forces for a Finite Length Slope of a Uniformly Thick Cover Soil 
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For this condition the stability of the cover can be evaluated using the following equation: 

a
ccabbFS

2
42

Where: 
 a = (WA - NA×cos ) ×cos 
 b = -[(WA – NA ×cos ) ×sin  × tan  + (NA × tan  + Ca) ×sin  × cos 

+ (C + WP×tan ) ×sin ]
 cc = (NA× tan + Ca) ×sin2 × tan 

 WA = WA1 WA2 + We1 + We2

WA1 = (  × h2) × [L/h – 1/sin tan (
WA2  × h2) / (sin 2

 WP = (  × h2) / (sin 2
 NA = WA × cos 

Ca = ca × (L – h/sin 
C c × h) / (sin 

For the up slope backfilling, the dynamic force resulting from acceleration and braking of the construction 
equipment is not considered.  The weight of the equipment is added to the weight of the cover soil. 

The pressure at the potential slip interface can be calculated from the following equation: 

Equivalent equipment force per unit width at slip plane interface: We = q × w × I 

Where:  
  q = Wb / (2×w×b); 
  Wb = operating weight of equipment; 

w = length of equipment track; 
b = width of equipment track; 
I = influence factor at slip plane interface. 

The contact pressure for a CAT D6N LGP tractor is 4.8 psi, with an operating weight of 40,000 lbs.  The 
track dimensions are length (w) = 122 in and width (b) = 34 in.  The track gauge (distance between centers 
of tracks) is 85 inches. 

The influence factor for cover thickness (h) of 2.5 ft can be calculated as: 

b / h = 34 / (2.5×12) = 1.13  I = 0.92 
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Using this influence factor, the equivalent pressure is evaluated below: 

q = 40,000 / (2×122×34) = 4.8 psi = 695 psf 

 h = 2.5 ft  We1 = 695 × (122/12) × 0.92 = 6,500 lbs

We have also included additional surcharge of the construction equipment on the upper bench of the cover 
veneer.  This load is estimated as a 500 psf uniform pressure acting on a length equal to h/sin 

 = 16°  We2 = 500×2.5/sin(16°) = 4,550 lbs 

Using these equipment weights, the safety factor for temporary stability of geotextile / HDPE interface is 
calculated below: 

 = 110 pcf; 
 h = 2.5 ft; 
 L = 182 ft (Section D-D’); 

 = 16º; 
 = 28º; 
 = 25º; 

 ca = 0 psf; 
 c = 100 psf; 
 We = 6,500 + 4,550 = 11,050 lbs. 

The following values are calculated using above parameters: 

WA = 59,801 lbs 
WP = 1,301 lbs 
NA = 57,500 lbs 
Ca = 0 lbs  
C = 910.0 lbs 

a = 4339.4 lb/ft 
b = -8181.7 lb/ft 
cc = 1075.9 lb/ft 

These values result in a factor of safety of 1.74 for finite length cover slope.  This value is higher than the 
factor of safety of 1.63 for infinite slope analysis without the construction equipment weight. 

Seismic Stability: 
Seismic stability is evaluated for a finite length of the slope, usually the distance between two benches.  
This provides a more realistic analytical model of the cover stability since it includes the effect of passive 
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resistance wedge at the toe of the slope.  For this case equipment forces shown in Figure 3 will be set equal 
to zero and seismic acceleration will be applied on the cover mass.  For this condition the stability of the 
cover can be evaluated using the following equation: 

a
ccabbFS

2
42

Where: 
 a = (CS×WA + NA×sin ) × cos CS×WP×cos
 b = -[( CS×WA + NA×sin ) × sin  × tan  + (NA×tan  + Ca) × cos2

+ (C + WP×tan ) × cos ]
 cc = (NA×tan + Ca) × sin × cos  × tan 

CS = Seismic Coefficient 
 WA = total weight of the active wedge =  × h2 × [L/h – 1/sin tan ( (  × h2) / (sin 2
 WP = (  × h2) / (sin 2
 NA = WA × cos 

Ca = ca × (L – h/sin 
C c × h) / (sin 

Using the above equations, the Yield Acceleration (ky), corresponding to factor of safety of 1.0 was 
calculated for Geotextile / HDPE geomembrane interface (weakest interface in Class I waste cover): 

L = 182 ft, h = 2.5 ft,  = 110 pcf, ca = 0 psf, c = 100 psf,  = 16º,  = 28º,  = 25º,
H = 2.5 / (cos 16) = 2.60 ft, ..SF  1.0 ==> ky = 0.20 

The Newmark Displacement Correlations developed by Franklin and Chang (1977) were used to estimate 
the permanent seismic deformation of the cover system. 

A
VUU Sm 1800

2

Where:  Um = Unscaled Permanent Displacement (in.) 
  Us = Standardized Maximum Displacement (in.) 
  A = Maximum Ground Acceleration (as fraction of g) 
  V = Maximum Ground Velocity (in/s) 

A conservative V/A ratio of 60 was used in the analyses, resulting in a maximum ground velocity of 34.8 
in/s. Us was obtained from standard displacement chart based on ky/A ratio.

Based on these assumptions, the seismic displacement value in Table 2 was obtained for Class I waste 
landfill cover system.  Based on our calculation it appears that the permanent seismic displacement is in the 
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allowable range for the weakest interface of the cover, therefore the cover system meets the static and 
seismic stability criteria. 

Table 2.  Permanent Seismic Displacement Evaluation for Class I Waste Cover 

Interface
ky

*

(g)
A
(g)

V
(in/s) ky/A

Us
(in)

Um
(in)

Geotextile / HDPE* 0.20 0.58 34.8 0.35 ~10.5 ~12 

References: 

Huang, Y. H. (1983), “Stability Analysis of Earth Slopes”. 

Franklin, A. G. and Chang, F. K. (1977), “Permanent Displacements of Earth Embankments by Newmark 
Sliding Block Analysis”, Report 5, Miscellaneous Papers S-71-17, U.S. Army Corps of Engineers 
Waterway Experiment Station, Vicksburg, Mississippi. 

Qian, X., Koerner, R. M., Gray, D. H. (2002), “Geotechnical Aspects of Landfill Design and Construction”. 
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APPENDIX J 
SURFACE WATER DRAINAGE ANALYSES 

 
 
 

APPENDIX J.1  PHASES I AND II HYDROLOGY AND DESIGN 
CRITERIA 

APPENDIX J.2  PHASES I AND II RUN-ON CONTROL 
APPENDIX J.3  PHASES I AND II RUN-OFF CONTROL AND 

RUN-OFF CONTROL FOR PHASE IIIA 
APPENDIX J.4  FINAL CLOSURE DRAINAGE 
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APPENDIX J.3 
PHASES I AND II RUN-OFF CONTROL AND RUN-OFF CONTROL FOR 

PHASE IIIA 
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METHOD OF CALCULATION  

Project Number:  083-91887 
MADE BY: PM 

CHECK BY: RH 

REVIEW BY: RH 

Date:  8-1-2011 

Project Name:  Kettleman Hills B-18 Phase IIIA SHEET    1  OF  3 

RE:   TEMPORARY PHASE IIIA STORMWATER BERM AND CAPACITY OF NE   
B-18 CONTAINMENT BASIN DURING PHASE III CONSTRUCTION 

1.0 OBJECTIVES 
 Design the height of the proposed Phase IIIA temporary stormwater containment berm.  

This berm is required to be designed to function without failure to capture and retain the 
volume from the 24-hour, Probable Maximum Precipitation (PMP) storm event on the 
north side of the berm (i.e., this berm will contain stormwater run-off from the lower 
portion of the interim Phase IIIA waste slope and the surrounding areas). 

 Evaluate the capacity versus demand of the existing NE B-18 Containment Basin during 
construction of Phase III.  During the Phase III construction (i.e., before the South 
Containment Basin comes online), an outlet control system will be required during the 24-
hour, PMP storm to prevent overtopping of the existing NE B-18 Containment Basin. 

2.0 METHODOLOGY 
The SCS Runoff Curve Number method was used to calculate the Phase IIIA interim drainage berm 
retention volume demand for the 24-hour, PMP storm event. This was compared to the proposed storage 
capacity of the Phase IIIA temporary basin to evaluate if the proposed berm is tall enough. 

HEC-HMS modeling software (USACE) was used to evaluate the required outlet control peak flow rate to 
prevent overtopping of the existing NE B-18 Containment Basin during the Phase III construction. 

3.0 ASSUMPTIONS 
 The 24-hour PMP rainfall event equals 10.3 inches 

 SCS Type 1 rainfall synthetic distribution was used 

 SCS Curve Number (CN) of 81 was used for all basins 

4.0 INTERIM PHASE IIIA DRAINAGE BERM CALCULATIONS 

4.1 Storage Capacity 
The interim Phase IIIA drainage berm will be constructed 10 feet high and have a maximum storage 
capacity of 52,100 cubic feet on its north side.  This storage capacity assumes a freeboard of 1 foot (i.e., 
the 52,100 cubic feet of storage capacity is for a 9-foot depth of water contained by the berm on its north 
side). 

It should be noted that stormwater run-on contained by the interim Phase IIIA drainage berm on its south 
side will be clean stormwater and will have a maximum depth of approximately 2 feet during the 24-hour 
PMP.  This maximum depth corresponds to the elevation difference between the toe of the south side of 
the berm and the local high point on the Phase IIIB lined “floor bench” that lies to the south.  It follows that 
the south side of the interim Phase IIIA drainage berm has an unlimited stormwater run-on storage 
capacity since the top of this berm is much higher than the local high point to the south. 
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METHOD OF CALCULATION  

4.2 PMP Volume Calculation 
The SCS Curve Number method was used to evaluate the runoff volume from the 24-hour, PMP storm 
event for the north side of the Phase IIIA interim drainage berm.  This interim drainage berm will capture 
0.85 acres of storm water (see Figure 1). A Curve Number, CN, of 81 was used. 

 Q = (P – 0.2S)2 / (P + 0.8S) 

Where: Q = runoff, in 

 P = rainfall (10.3 in) 

 S = potential maximum retention after runoff, in 

 Where: S = 1000/CN - 10 

The estimated runoff was calculated to be 7.94 inches over the 0.85-acre drainage basin.  The minimum 
required volume for the Phase IIIA interim drainage basin to contain the 24-hour PMP is therefore 24,500 
cubic feet. 

5.0 EXISTING NE B-18 CONTAINMENT BASIN CALCULATIONS 
The existing NE B-18 Containment Basin is approximately 25 feet deep with a capacity of approximately 
30 acre-feet.  A HEC-HMS analysis was performed using the existing conditions of the basin. If the 24-
hour, PMP storm event was to occur during the Phase III construction (i.e., before the South Containment 
Basin is online), it is predicted that runoff to the NE B-18 Containment Basin will exceed capacity by 
approximately 14 acre-feet. Therefore, an outlet control device will be used to prevent overtopping of this 
basin during the 24-hour, PMP storm event. Excess water will be conveyed through the outlet and into a 
gravity pipe that will convey the overflow to the site’s existing East Retention Basin located approximately 
2,000 feet to the north. 

5.1 Outlet Control System 
HEC-HMS modeling software was used to calculate the peak flow rate required for an outlet control 
device set approximately 3 feet below the top of the existing NE B-18 Containment Basin embankment. 
Using a 21-inch orifice outlet device, it was calculated that a peak flow of 17 cfs was sufficient to prevent 
the basin from overtopping during the 24-hour PMP. 

A preliminary minimum pipe size was calculated to convey the required 17 cfs from the NE B-18 
Containment Basin. Pipe calculations were performed using the Federal Highway Administration software 
program Hydraulic Toolbox 2.1.   A pipeline with a minimum slope of 1% and a Manning’s coefficient of 
0.010 was used to calculate the minimum size required to convey the required flow rate of 17 cfs.  A 
minimum 21-inch inside diameter pipe is needed to convey the flow rate of 17 cfs. 

6.0 CONCLUSIONS 
The stormwater run-off volume from the 24-hour, PMP storm event captured on the north side of the 
proposed interim Phase IIIA drainage berm was calculated to be 24,500 cubic feet.  The proposed interim 
Phase IIIA berm will be constructed to a height of 10 feet and will have a capacity of 52,100 cubic feet 
(assuming 1 foot of freeboard). Therefore, the proposed interim Phase IIIA drainage berm will have 
sufficient capacity to contain the flows from the 24-hour, PMP event with a freeboard greater than 1 foot. 

The existing NE B-18 Containment Basin has a capacity of approximately 30 acre-feet. If the 24-hour, 
PMP storm event occurs during the construction of Phase III (i.e., before the South Containment Basin 
comes online), it is predicted that runoff to the existing NE B-18 Containment Basin will exceed its 
capacity by approximately 14 acre-feet. A 21-inch orifice outlet set approximately 3 feet below the top of 
the existing NE B-18 Containment Basin berm will prevent overtopping of this basin during the 24-hour, 
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METHOD OF CALCULATION  
PMP event. The peak flows from the orifice outlet will be 17 cfs. The excess water from the outlet system 
will be conveyed by gravity pipe to the site’s existing East Retention Basin located approximately 2,000 
feet to the north. 

7.0 REFERENCES 
Hydraulic Toolbox [computer software] 2011 Federal Highway Administration (FHWA), Version 2.1 

Ernest F. Brater and Horace H. King 1976.  Handbook of Hydraulics, 6th edition.  McGraw-Hill Inc.  

U.S Department of Commerce, National Oceanic and Atmospheric Administration, U.S. Army Corps of 
Engineers.  1999.  Hydrometeorological Report No. 59 Probable Maximum Precipitation for California. 

HEC-HMS Hydrologic Modeling System [computer software] US Army Corps of Engineers Version 3.1.0 
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Attachment 1:  HEC-HMS Kettleman B-18 Basin Schematic 

Attachment 2:  HEC-HMS NE B-18 Containment Basin Outlet Control Discharge Results 

Attachment 3:  NE B-18 Containment Basin Conveyance Pipe Calculation Results 
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Attachment 1 

HEC-HMS Kettleman B-18 Basin Schematic 
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Attachment 2 

HEC-HMS NE B-18 Containment Basin Outlet Control Discharge Results 
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Attachment 3 

NE B-18 Containment Basin Conveyance Pipe Calculation Results 

 

 



Pipe Flow Results 

Project Data 
   Project Title:   Kettleman B-18 Phase IIIA  

   Designer:  Golder   

   Project Date:  Wednesday, August 10, 2011   

   Project Units:  U.S. Customary Units       

 

Channel Analysis: 18" Pipe - 10 cfs  

Input Parameters 
   Channel Type:   Circular   

   Pipe Diameter: 1.5000 (ft)   

   Longitudinal Slope: 0.0100 (ft/ft)   

   Manning's n: 0.0100   

   Flow: 10.0000 (cfs)   

Result Parameters 
   Depth: 0.9533 (ft)   

   Area of Flow: 1.1848 (ft^2)   

   Wetted Perimeter: 2.7680 (ft)   

   Hydraulic Radius: 0.4280 (ft)   

   Average Velocity: 8.4402 (ft/s)   

   Top Width: 1.4438 (ft)   

   Froude Number: 1.6419   

   Critical Depth: 1.2188 (ft)   

   Critical Velocity: 8.8096 (ft/s)   

   Critical Slope: 0.0054 (ft/ft)   

   Critical Top Width: 1.1709 (ft)   

   Calculated Max Shear Stress: 0.5949 (lb/ft^2)   

   Calculated Avg Shear Stress: 0.2671 (lb/ft^2)   

 

 

 

 

 



Channel Analysis: 21" Pipe - 18 cfs  

Input Parameters 
   Channel Type:   Circular   

   Pipe Diameter: 1.7500 (ft)   

   Longitudinal Slope: 0.0100 (ft/ft)   

   Manning's n: 0.0100   

   Flow: 18.0000 (cfs)   

Result Parameters 
   Depth: 1.2668 (ft)   

   Area of Flow: 1.8647 (ft^2)   

   Wetted Perimeter: 3.5614 (ft)   

   Hydraulic Radius: 0.5236 (ft)   

   Average Velocity: 9.6531 (ft/s)   

   Top Width: 1.5647 (ft)   

   Froude Number: 1.5583   

   Critical Depth: 1.5441 (ft)   

   Critical Velocity: 9.6806 (ft/s)   

   Critical Slope: 0.0069 (ft/ft)   

   Critical Top Width: 1.1278 (ft)   

   Calculated Max Shear Stress: 0.7905 (lb/ft^2)   

   Calculated Avg Shear Stress: 0.3267 (lb/ft^2)   
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 02220-3 Compacted Clay Liner 

 
A. The final surface of the finished clay liner shall be within +0.0 feet to +0.2 feet of the 

design thickness.  The Contractor shall not be reimbursed for material that exceeds 
+0.2 feet. 

PART 2 PRODUCTS 

2.01 CLAY 

A. The clay liner material shall be obtained from the Pecten Claystone borrow source as 
shown on the Construction Drawings.  Based on field permeability testing completed 
by Geosyntec in 2008, the Pecten Claystone, when processed, has a field permeability 
of less than 1 x 10-7 cm/sec. 

B. Clay liner material shall: 

1. Be clean soil free of debris, rocks, any particles greater than 1 inch in 
maximum dimension, and other deleterious material. 

2. Be classified as CH, CL, ML, SM, or SC in accordance with ASTM D2487. 

3. Have a minimum of 30 percent passing the #200 sieve. 

C. The in-situ Pecten Claystone may not meet the requirements of this Specification for 
moisture content.  Processing of this material shall be required prior to its placement.  
At a minimum, the Contractor shall process and moisture condition the clay in 
accordance with the “Test Fill and Infiltrometer Test Results” report for the Phases I 
and II clay liner (Environmental Solutions, Inc.; 1992).  The Contractor may elect to 
use alternative processing and moisture conditioning methods.  Alternative methods 
may require a test pad and field permeability test (i.e., Sealed Double-Ring 
Infiltrometer) to demonstrate that this Specification is met as well as to evaluate the 
appropriate compaction specification and associated correction factor. 

D. If another clay source (other than the Pecten Claystone) is required to complete the 
work, that alternative clay source shall be approved by the Owner, Engineer, RWQCB, 
and DTSC.  In order to obtain said approval, clay material obtained from the 
alternative source shall be laboratory and field tested to demonstrate that the clay meets 
the requirements in items 2.01 A and B of this Section.  It should be noted that the field 
permeability test requires a minimum of 8 weeks to complete. 

2.02 EQUIPMENT 

A. Provide equipment to transport clay from borrow source to project site.   

B. Provide heavy compaction equipment sufficient to obtain the densities specified.  
Equipment shall be similar to that used for the Phases I and II clay liner test pad 
construction (reference Environmental Solutions, Inc. 1992 report). 

C. Locations inaccessible to heavy equipment shall be compacted by means of manually 
controlled pneumatic or vibrating tampers or by Owner-approved equivalent methods 
to achieve specified densities.  
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 02220-4 Compacted Clay Liner 

D. Operate compaction equipment in strict accordance with the manufacturer's 
instructions and recommendations.  If inadequate densities are obtained, provide 
larger and/or different types of additional equipment at no cost to the Owner. 

E. Provide water application equipment free of leaks and equipped with a distributor bar 
or other accepted device to ensure uniform application.   

F. Provide processing equipment suitable for providing a material that has uniform 
moisture content. 

PART 3 EXECUTION 

3.01 GENERAL 

The Contractor shall: 

A. Excavate, process for size and moisture content, and stockpile clay from the approved 
borrow source. 

B. Transport processed and moisture conditioned clay from stockpile to the project area.   

C. Verify that the survey control system is installed and properly protected from 
construction operations prior to all earthwork, including clay placement. 

D. Placement of successive clay layers shall not begin until the Owner or CQA 
Consultant has accepted the previous layer.  Any damage to the previous layer or 
deterioration subsequent to acceptance shall be repaired by the Contractor to the 
satisfaction of the Owner or CQA Consultant at the expense of the Contractor. 

E. Fill and compact all holes and other depressions prior to placement of clay. 

F. Fill areas to contours and elevations shown on the Drawings.   

G. Maintain surface of clay at the minimum grades for drainage shown on the Drawings. 

H. Place and compact clay in continuous layers not exceeding 6 inches in compacted 
thickness.  The CONTRACTOR shall implement a systematic method to ensure lift 
thickness is in compliance with this Specification.  Preferred systems include laser 
levels and global positioning system (GPS).  If lath stakes are utilized in the control of 
grades / thickness then the CONTRACTOR shall ensure recovery of all stakes by 
implementing a control numbering system.  Grade control systems shall be approved 
by the CQA CONSULTANT. 

I. Material incorporated into clay, determined by the OWNER or CQA CONSULTANT 
to be in violation of Specification requirements, shall be removed by the 
CONTRACTOR at the CONTRACTOR’s expense. 

J. Protect stockpiles so that stockpiled material remains in a condition suitable for use on 
the project. 
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K. Transport borrow materials over land or roads designated by the OWNER or CQA 
CONSULTANT.  Perform perimeter/access road maintenance including dust control 
by sprinkling with water as needed or by other suitable means accepted by the Owner 
or CQA CONSULTANT.  Additionally, road maintenance shall include periodic 
grading, as necessary, to remove ruts and to maintain construction access roads in a 
safe and sound condition. 

L. Obey all applicable laws where borrow materials are transported along public roads, 
including but not limited to, laws relating to vehicle speed, vehicle weight, and covering 
of loads. 

3.02 COMPACTED CLAY LINER 

A. Work associated with construction of the CCL includes: processing and moisture 
conditioning clay from borrow sources, any supplementary processing and moisture 
conditioning of clay at the area of placement to achieve the required moisture content 
and texture, spreading and compaction of clay layers, and protection of the completed 
work.  The work also includes supplying of all labor and equipment necessary to 
achieve the construction in accordance with the Drawings and Specifications or as 
directed by the OWNER or CQA CONSULTANT. 

B. The CONTRACTOR shall be responsible for verification that material that does not 
meet the Specifications is removed from the clay prior to placement.  

C. The clay material shall be compacted to a dry density and moisture content that lies 
within the compaction window bounded by the following 4 points on a moisture content-
dry density plot (where optimum moisture and maximum dry density are obtained using 
the ASTM D1557 test method): 

a. 2 percent above the optimum moisture content for a relative compaction of 90 
percent. 

b. 5 percent above the optimum moisture content for a relative compaction of 90 
percent. 

c. 3 percent above the optimum moisture content for a relative compaction of 97 
percent. 

d. 1 percent above the optimum moisture content for a relative compaction of 98 
percent. 

Up to 20 percent of the moisture content-dry density compaction tests per equipment 
spread per day are allowed to lie slightly outside of the compaction window defined 
above if the following conditions are met: 

a. The moisture content is within ±0.5 percent of the specified compaction 
window. 

b. The relative compaction is within -0.5 percent of the specified compaction 
window. 



Kettleman Hills Facility Landfill Unit B-18 Phase III 
Revision 2: August 2011 Project No. 083-91887 
 

 02220-6 Compacted Clay Liner 

c. The average for all acceptable tests per equipment spread per day falls within the 
compaction window described above. 

Moisture content and dry density shall be used as an indicator, but the primary 
requirement for the clay liner is a maximum permeability of 1 x 10-7 cm/sec. 

D. Changes to the above compaction specification shall require approval of the Owner, 
Engineer, CQA Consultant, RWQCB, and DTSC.  Modifications will likely require 
demonstration through a test pad and field permeability test that the modified procedures 
are acceptable. 

E. Clay shall be compacted with a Caterpillar 825 Sheepsfoot Compactor or Rex 3-35 Pad 
Foot Compactor (or heavier equipment) with a minimum of four complete passes. 

F. CONTRACTOR shall take adequate measurements to prevent moisture loss from and 
desiccation of the CCL. 

G. CONTRACTOR shall scarify the top of each lift and confirm the moisture content is 
acceptable prior to placement of the overlying lift. 

H. Clay shall not be placed and compacted if the ambient air temperature drops below 
32°F. 

I. CONTRACTOR shall seal the last and uppermost layer of CCL, after achieving the 
compaction and permeability requirements, with two passes of a single drum smooth 
roller.  The final lift shall be suitable for placement of the geomembrane liner 
(Section 02751). 

J. Where test results indicate that the lift thickness, maximum particle size, in-place 
density/moisture content, and/or permeability of any portion of the clay does not meet 
the specified requirements, that particular portion shall be re-tested by the OWNER or 
CQA CONSULTANT and/or re-worked or replaced by the CONTRACTOR at his 
expense until the required condition has been attained and the resulting product meets 
or exceeds the Specification requirements.  No additional fill shall be placed over an 
area until the existing fill has been tested horizontally and vertically and determined by 
the OWNER or CQA CONSULTANT to meet the requirements of this Specification. 

K. Upon placement, if test results indicate densities or moisture contents outside the 
specified compaction window, then two additional field density/moisture content tests 
shall be conducted in the immediate area.  If either of these tests fail to meet the 
compaction requirements, the area shall be considered inadequate and shall be 
reworked by the CONTRACTOR.  Any reworked areas shall be re-tested by the 
OWNER or CQA CONSULTANT to assure the reworked area meets the density and 
moisture content requirements. 

L. If the laboratory permeability value exceeds 1.0 x 10-7 cm/sec, then two (2) additional 
tests of the same type shall be taken by the OWNER or CQA CONSULTANT in the 
immediate vicinity.  If either of the additional tests fails to meet the minimum 
requirements, the area represented by the test shall be considered inadequate and shall 
be removed or reprocessed and recompacted by the  CONTRACTOR at his expense.  
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M. If at any time the OWNER or CQA CONSULTANT observes an uncompacted lift 
thickness in excess of eight inches or observes materials being placed without the 
required mixing, processing, or stockpiling, the CONTRACTOR shall immediately 
discontinue placing additional fills in that area.  For an over-thick lift, the 
CONTRACTOR shall immediately blade the surface to reduce the lift to an acceptable 
thickness at his expense. 

N. Prior to placement of the geomembrane liner, all clay surfaces shall be observed for 
any particles greater than 1 inch in size, and oversize materials shall be removed.  The 
final surface shall be rolled smooth to remove protrusions of ½ inch or greater, to the 
satisfaction of the CQA Consultant and the Geosynthetics CONTRACTOR. 

 

END OF SECTION 
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8.1.2 Observation and Test Data Sheets 

Observation and test data sheets should include the following information as is appropriate for the 
form being used. 
 

1. Date, project name, project number, and location. 
 

2. A unique number for cross-referencing and document control. 
 

3. Weather data, as applicable. 
 

4. A reduced scale site plan showing sample and test locations. 
 

5. Test equipment calibrations, if applicable. 
 

6. A summary of test results identified as passing, failing, or, in the event of a failed test, 
retest. 

 
7. Completed calculations. 

 
8. Signature of the CQA Manager and/or CQA Monitor. 

 
9. Signature of the peer reviewer. 

 
8.1.3 Non-Conformance Reports 

In the event of a non-conformance event, a non-conformance verification report form will be included 
with the daily report.  Procedures for implementing and resolving any non-conformities to the 
Contract Documents are outlined in Section 2.4 of this CQA Plan. 

8.2 Weekly Progress Reports 

The CQA Manager will prepare weekly progress reports summarizing construction and CQA 
activities. These reports will contain, at a minimum, the following information: 

 The date, project name, project number, and location. 

 A summary of work activities completed in the last week and those expected to be 
performed in the next week. 

 A summary of deficiencies and/or defects and resolutions. 

 Ongoing summary of changes and/or change orders to the work. 

 The signature of the CQA Manager. 

 On the fourth week of each month the report will include a summary of on-site and third 
party laboratory test results. 
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8.3 Photographs 

Construction activities will be photographed. Photographs will show any significant problems 
encountered and corrective actions and will document the construction progress. The photographs 
will be identified by location, date, and photographer. The photographer should document the subject 
or the photograph, either on the back of the picture or in a photograph log.  

8.4 Design and Specification Changes 

Design and Specification changes may be required during construction. Design and Specification 
changes will only be made with the written agreement of the Design Engineer, Owner, and 
Contractor.  Design and specification changes which affect the containment system or environmental 
controls shall also require approval of the Regional Water Quality Control Board (RWQCB). These 
changes will be made by change order to the contract. When change orders are issued, they will be 
prepared by the Construction Manager. The Construction Manager will distribute change orders for 
signature and execution to the required parties. 

8.5 Final Construction Quality Assurance Repor t 

The CQA Manager and CQA Officer shall submit two Final CQA Reports for Phase III: one report 
for the Phase IIIA construction and one report for the Phase IIIB construction.  These reports shall be 
submitted at the completion of construction of each Phase and shall document that the work for each 
Phase has been performed in compliance with the Plans and Specifications. 

At a minimum, each Final CQA Report will contain: 

• Daily Field Reports per Section 8.1.1. 

• Inspection data sheets that contain observations and a record of field and laboratory tests 
per Section 8.1.2. 

• A summary of the construction activities. 

• A tabular summary of the laboratory and field test results demonstrating construction is 
in compliance with the Specifications. 

• Sampling and testing location drawings. 

• A description of significant construction problems and the resolution of these problems. 

• A list of changes from the Plans and Specifications and the justifications for these 
changes. 

• As-built (record) drawings. 

• A statement of compliance with the Contract Documents and design intent that is signed 
and stamped by the CQA Officer. 

The as-built drawings will accurately show the constructed location of the work items, including the 
location of piping, anchor trenches, etc.  All surveying and base maps required for the development of 
the as-built drawings will be prepared by the Contractor.  The CQA Manager will review and verify 
that the as-builts are correct. 
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