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6.6.2 Operating Industries Inc. Landfill 

(a) General 

The Operating Industries Inc. (Oil) landfill is located in the city of Monterey Park, 
approximately 48 km southeast of the epicenter. The landfill was split into two separate 
parcels by the construction of the Pomona Freeway (Highway 60). The south parcel, which 
is the primary landfill unit, is shown in Figure 6.65. It is bordered by Highway 60 to the 
north and a residential development to the south. The north parcel, located north of Highway 
60, was operated for only a limited number of years and is not a major waste fill unit. For 
that reason, this report will focus on the south parcel of the Oil landfill. Figure 6.64 shows 
the location of the landfill with respect to the surface projection of the fault rupture plane. 
The OII Landfill is located approximately 44 km from the zone of the energy release. 

The Oil landfill is approximately 76 ha (190 acres) in size and was constructed by filling 
in a former gravel pit. The landfill stopped receiving waste in 1984 and is currently awaiting 
final closure as a Supeifund Site. The landfill was constructed without a compacted liner 
system, and cmrently has an interim soil cover. As previously mentioned, the Oil landfill 
is well instrumented with survey monuments, inclinometers and a pair of strong motion 
recording stations (one on top of the waste fill, and one adjacent to the toe of the fill). The 
location of the recording stations are shown in Figure 6.65 and 6.66. The base accelerograph 
(SS-l) recorded a peak ground acceleration of approximately 0.24g (longitudinal or east-west 
direction) and the top station (SS-2) recorded a peak ground acceleration of approximately 
0.25g (longitudinal direction). The Oil landfill presents a unique opportunity to back­
calculate the dynamic properties of the waste fill as several eatthquake events, with different 
levels of excitation and occuning at different epicentral distances, have now been recorded 
at this site. The Northridge strong motion records will be discussed in detail in the next 
section. 

The maximum thickness of the waste fill is approximately 100 m at the center and the 
top of the landfill is between 20 to 70 m above the adjacent ground (Anderson et al., 1992). 
Side slopes range from 3H: 1 V to as steep as l.3H: 1 V (Figure 6.66). The benn roads were 
constructed along the side slopes by building up a wedge-shaped fill using the cover soil. 
Thus, the thickness of the cover soils varies from less than 1 m along the slope to as much 
as 4.5 to 6 m thick at the outboard edges of some of the berm roads. 

Minor cracking occmred at a number of locations on the faces of the slopes of the OII 
landfill, mainly but not exclusively at or near to the berm roads. Figure 6.67 is an air photo 
showing some of the cracks observed along the slope of the north face at the OII landfill 
three days after the eatthquake. Figure 6.68 and 6.69 show typical cracks along the benn 
roads on the north face of the landfill. The cracks were generally on the order of 5 to 15 
em or less at their widest point, and post-earthquake trenching indicated that surficial cracks 
did not appear to extend fully through the soil cover system into the underlying waste at this 
landfill. The cracking appeared to represent brittle cracking of the stiffer compacted soil 
veneers overlying the more ductile waste fill and did not appear to represent any threat of 
incipient instability. However, cracking of the cover veneers can provide pathways for the 
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Fig. 6.67: Crack along north side slope near to a berm road at the Oil Landfill 

Fig. 6.68: Crack along berm road north side of the 01! Landfill 

Fig. 6.69: Crack along berm road. north side of the Oil landfill 
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escape of landfill gas. Instrumemation data will be useful in assessing the effects of the 
Northridge Earthquake ground shaking in more detaiL 

(b) Strong Motion Records: 

The strong motion station situated at the base of the landfill is located on native ground. 
This material varies from a very hard clayey silt - silty clay to siltstone and claystone 
(Anderson ct aL, 1992). The other station is situated a little more than a hundred meters to 
the west on top of nearly 75 m of refuse. Additional information about the monitoring 
system is summarized by Hushmand et aL ( 1990), and general site characteristics have been 
summarized by Siegel et aL (!990). 

The acceleration-time histories recorded at these two stations are shown in Figure 6. 70, 
along with the maximum horizontal accelerations (MHA) and mean square frequencies. The 
base longitudinal and transverse acceleration-time histories are similar in frequency contenr 
(both have mean square frequencies of 3.8 Hz.) and in intensity with MHA's of 0.24 g and 
0.225 g, respectively. The Idriss (1991) rock attenuation relationship, which has been shown 
in Chapter 3 to represent the Northridge data well, would predict a mean MHA of 0.1 g and 
a mean plus two standard deviations MHA of 0.25 g at a distance of 44 km for a Mw=6.7 
event Hence, the recorded MHA values at the base of the OII landfill fall just below the 
mean plus two standard deviation value. Based on this observation and the site data provided 
by Anderson et aL ( 1990), it is not clear if the OH base station can be considered a true 
bedrock station. 

The horizontal acceleration-time histories at the top the landfill show that the waste 
fill filters out some of the high frequency motions and amplifies the long period motions. 
The mean square frequencies of the top longitudinal and transverse motions have decreased 
to 2.0 Hz. and 2.9 Hz., respectively. Previous measurements by Hushmand Associates ( 1994) 
indicate that the fundamental period of the on landfill for small magnitude earthquakes is 
between 0.8 and 1.2 seconds. The fundamental period of the landfill would be expected to 
increase for stronger levels of excitation (like Northridge) as the dynamic stiffness of the 
refuse degrades with increasing shear strain. Thus, this landfill would be expected to filter 
out the high frequency motions and amplify the motions close to its fundamental period. 

Acceleration response spectra for the longitudinal and transverse motions are shown in 
Figure 6.71. For both records, there was attenuation in the high frequency range, but at 
periods beyond approximately 0.6 seconds, there was amplification of the motions from the 
base to the top. This is most pronounced in the longitudinal direction at periods of l to 1.25 
seconds, where the amplification was on the order of three. Figure 6.72 shows the Fourier 
amplitude ratios (top/base ratios) for the longitudinal and transverse motions. The 
amplification functions indicate that the fundamental period of the on landfill is 
approximately 1.2 seconds in both the longitudina, and transverse directions, and that the 
landfill responds primarily in its first mode. 

Preliminary analyses were performed to ascertain whether one dimensional wave 
propagation analyses could capture the recorded motions at the top of the landfill given the 
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input base motions. The program SHAKE91 (ldriss and Sun, 1992), which uses the 
equivalent linear model, was used for these analyses. The landfill was modeled as 75 m high 
with an unit weight varying linearly from 6.3 to 12.6 kN/m' (40 to 80 pcf). The shear wave 
velocity was assumed to vary from 91 m/s (300 ft/s) at the top of the landfill to 366 m/s 
(1200 ft/s) near the bottom. The resulting model had an average shear wave velocity of 238 
m/s (780 ft/s) and a period of 1.2 seconds. These values are consistent with the average shear 
wave velocities of between 204 and 244 m/s (670 and 800 ft/s) developed from seismic 
surveys of the OH landfill by Woodward Clyde Consultants (1982) and the Hushmand 
Associates (1994) measurements of the OII landfill's fundamental pe1iod at small strains of 
between 0.8 and 1.2 seconds. Other reasonable waste shear wave velocity profiles (i.e. V,= 
91-244, 152-366, 152-455 m/s) were used in the study to evaluate the sensitivity of the results 
to this parameter. Various shear modulus degradation and damping curves were also used 
in the SHAKE91 analyses. These included the curves proposed for waste by Singh and 
Murphy (1990), those proposed for clay with a plasticity index between 20 and 40 by Vucetic 
and Dobry (1991), and the shear modulus degradation curves proposed for sand by Iwasaki 
et al. (1976). These curves are shown in Figure 6.73. The ratio of the equivalent uniform 
shear strain to maximum shear strain (the SHAKE91 parameter "n") was taken to ben = 0.5 
in most analyses. Although the equation given by Id:riss and Sun (1992) in the SHAKE91 
manual would recommend a value of 0.57 for the Mw=6.7 earthquake, a value of 0.5 was 
chosen because of the relatively short duration of the earthquake and the few cycles at or near 
the maximum horizontal ground acceleration. 

The analyses using the Singh and Murphy (1990) modulus degradation and damping 
curves provided the best match to the recorded motions at the top of the OII landfill, and the 
results from the SHAKE91 analysis of the baseline case using these curves are shown in 
Figure 6.74. In the longitudinal direction, the calculated acceleration response spectrum 
agreed well with the recorded motion in the period range of 0.4 to 0.9 seconds, but it under­
predicted the motion in the high frequency range and under-predicted the spectral ordinate 
near the fundamental period of the landfill. In the transverse direction, the calculated 
acceleration response spectrum matched the recorded motion near the landfill's fundamental 
period, but again under-predicted the high frequency motion. Also, SHAKE91 predicted a 
larger than observed amplification of the spectral accelerations near the periods of 0.5 and 
1.75 seconds. In both directions, the maximum horizontal acceleration was slightly under­
predicted. The recorded MHA's were 0.25 g and 0.20 g in the longitudinal and transverse 
directions, respectively, while SHAKE91 predicted MHA 's of 0.19 g and 0.16 g, respectively. 
The clay and sand modulus degradation and damping curves gave :results that amplified the 
bedrock MHA and over-predicted the spectral response. Using higher and lower ranges of 
waste fill shear wave velocities did not improve the results. These results are preliminary, 
and more detailed analyses need to be pe1formed to back-calculate the properties of the 
landfill and gain further insight into the landfill's seismic response. 

6.6.3 Chiquita Canyon Landfill 

At the Chiquita Canyon landfill, a moderate amount of damage occurred as a result of 
the earthquake. This damage includes cracks in the soil cover systems, tears in the 
geosynthetic liner system and a temporary shutdown of the gas removal system due to a loss 
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of external power. The landfill is located in the city of Valencia just northwest of the 
Interstate Highway 5 I Highway 126 interchange, approximately 25 km north of the epicenter. 
Figure 6.64 shows the location of the landfill with respect to the surface projection of the 
fault rupture plane. The Chiquita Canyon Landfill is approximately 16 km from the zone of 
energy release, and California Strong Motion Instrumentation Program (CSMIP) seismograph 
stations in the area recorded peak ground accelerations on the order of 0.4g. The Idriss 
(1991) attenuation relationship for rock predicts a mean peak ground acceleration of 
approximately 0.3g at the Chiquita Canyon site for a Magnitude 6.7 earthquake event. 

This MSW landfill is separated into several cells some of which are separated by 
canyons. Figure 6.75 is a plan view of the entire landfill. Figure 6.76 is an air photo of the 
landfill looking south towards the entrance of the landfill. The primary canyon, which is the 
original landfill unit, started operating in 1972 and stopped receiving waste in 1988. This 
area of the landfill has no liner system. Area (Cell) A was constructed with a 60-mil high 
density polyethylene (HDPE) single base liner system. Some of Canyon B was constructed 
with a 60-mil HDPE single base liner system, and the rest of this area has a single compacted 
soil/bentonite liner. Area C began accepting waste in 1991 and is the only area of the landfill 
currently accepting waste. At the time of the earthquake, portions of Area C were being 
excavated for use as daily cover for the section of Area C currently being filled (Phase 1, Cell 
C). The basal side slopes of Cell I are lined with a 60-mil smooth HDPE geomembrane 
single liner system. The base of this cell has a composite single liner system constructed with 
a 0.61 m-thick bentonite admix underlying a single-sided, textured HDPE geomembrane 
(textured side down). Figure 6.77 shows filling operations in Cell C four days after the 
earthquake. Figure 6.78 is a plan view of Cell C showing the contours of the waste fill. 
These contours were determined from a survey conducted 5 days after the earthquake. The 
slope in this area was graded at approximately 2H: 1 V. Area D, which is lined with a 60-mil 
HDPE, started receiving waste in 1989 and stopped receiving waste in 1991. 

After the earthquake, cracks were observed in all cells of the landfill. Immediately after 
the earthquake, longitudinal cracks were observed at the top of the landfill along the interface 
between the landfill liner and the waste fill in Phase 1, Cell C. The cracks were 
approximately 30 em wide at their widest, with a vertical offset of 15 to 30 em, causing a 
localized tear in the geomembrane in one area of Cell !. The tear, which occurred at the top 
of the slope near the anchor trench, was approximately 4 m long and 23 em wide. Figure 
6. 79 shows the tear in the geomembrane liner at Chiquita Canyon. This tear occurred close 
to the anchor trench where the largest static (pre-seismic) stresses in the HDPE geomembrane 
would be expected as a result of the settlement and compaction of the waste fill. 

Minor cracking was observed in the Primary Canyon and Canyon B. In areas A and D, 
cracks parallel to the top of the slope were observed in the soil cover. In area A, typical 
cracks were on the order of 15 em wide with approximately 13 em of vertical offset. Figure 
6.80 shows the cracking along the top of the slope in Cell A. The cracks in Cell D were 
somewhat more pronounced. These cracks were as wide as 30 em, with 20 em of vertical 
offset exposing the HDPE liner in some areas. Figure 6.81 shows the type of cracking 
observed in Cell D where the liner system was exposed liner system. The California 
Integrated Waste Management board was notified in February 1994 that a second tear in the 
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Fig. 6.76: Photo looking south towards the entrance of the Chiquita Canyon landfill 

Fig. 6.77: Waste placement operations in Cell C. four days after the Nonhridgc Earthquake 
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Fig. 6.79: Tear in HDPE geomcmbnmc liner system. Cell C. 
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HDPE liner had been found in Cell D. The tear was approximately 23 m long and 30 em 
wide. This tear was located by a gas technician monitoring for gas emissions (California 
Integrated Waste Management Board, 1994), and has not yet been studied as part of this 
investigation. 

6.6.4 Sunshine Canyon Landfill 

The Sunshine Canyon MSW landfill is located in the city of Sylmar just southwest of the 
Interstate Highway 5 I Highway 14 interchange approximately 11 km northeast of the 
epicenter. Figure 6.64 shows that this landfill is located close to the surface projection of the 
estimated fault rupture plane. The landfill is approximately 10 km from the zone of energy 
release. This landfill began operations in 1958 and has not been accepting waste since 
September 1991 and is awaiting final closure. The interim soil cover system is approximately 
2.5 to 3.75 m thick. The landfill has no geosynthetic liner system. The landfill is constructed 
such that the south face of the landfill is the canyon wall. Figure 6.82 is a plan view of the 
Sunshine Canyon MSW landfill showing the contours of waste fill. The slope of the north 
face is graded at approximately 1.75H: 1 V. This slope has approximately a 2.5 m thick soil 
cover. 

Strong motion stations in the area recorded peak ground accelerations on the order of 
0.9g, but this may have been influenced by site effects and/or topographic effects. The Idriss 
(1991) rock attenuation relationship would predict a mean peak bedrock acceleration on the 
order of 0.4 g at this site for a Magnitude 6. 7 event. 

At the Sunshine Canyon site, longitudinal cracks were observed along the top of the 
waste fill along the interface with the natural canyon walls. The cracks varied from less than 
2 em to as much 30 em wide, showing in some areas 15 to 30 em of differential vertical 
offset. Figures 6.83, 6.84 and 6.85 show the cracking observed in the soil cover of the top 
deck at the western end of the Sunshine Canyon landfill after the eatthquake. Figure 6.86 
shows the crack in the soil cover in the center of the landfill near the water tank which was 
built on natural ground. This cracking did not appear to represent any threat of overall 
instability. It appeared instead to have been caused by settlement of the waste fill which 
occurred as a result of the earthquake shaking. However, it is difficult to differentiate 
cracking associated with ground shaking induced settlements from cracking at the back of the 
waste fill potentially resulting from limited downslope movement of waste along a failure 
plane. The landfill gas extraction system was temporarily shutdown due to a loss of power, 
and was restarted several days later. 

6.6.5 Lopez Canyon Landfill 

The Lopez Canyon MSW landfill is located in the San Gabriel mountains approximately 
16 km east of the epicentral region (see Figure 6.64) The landfill is approximately 11 km 
from the zone of energy release. CSMIP recording stations in the area recorded peak ground 
accelerations on the order of 0.5g. 
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Fig, 6.83: Air photo of crack along the top deck at the western end 
of the Sunshine Canyon Landfill 

6.8'1: Close-up ofcnck along the lop deck all he western end of the 
Suushinc Canyon Landfill (photo courtesy of Calif. EPA, 
Jntcgr::llcd Waste Management Board) 

Fig. 6.84: Crack along the top deck at the western end of the Sunshine Canyon 
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Fig. 6.86: Crack in the soil cover along the interface between the natural soil 
and the waste fill at the center of the Sunshine Canyon Landfill near 
the water tank 
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The Lopez Canyon landfill currently receives all of the municipal waste of the city of Los 
Angeles. The landfill is separated into four areas designated Disposal Area A, Disposal Area 
B, Disposal Area AB+ and Disposal Area C. Disposal Areas A,B, and AB+ are no longer 
accepting waste and are awaiting final closure. At the time of the earthquake, the western 
and northern sections of Area C were being filled. Figure 6.87 is a plan view of the layout 
of the Lopez Canyon Landfill. Figure 6.88 is a plan view of Disposal Area AB showing the 
contours of the waste fill. Figure 6.89 looks northeast towards the water tank from the 
southwestern end of Area C showing Area AB+ on the left hand side of the photograph. 

At Lopez Canyon, minor cracking was observed in the interim soil cover at the interface 
between the older unlined waste fills and the natural canyon slopes. Landfill slopes in the 
unlined landfill cells are approximately 90 m high with an average slope angle of 2H: IV and 
locally as steep as l.75H: 1 V. Figure 6.90 shows the interface between the southeastern end 
of Area AB and the natural canyon wall where cracks were observed. The cracks in this area 
were minor, typically being on the order of 2-3 em wide (Figure 6.91). The cracking in the 
interim cover soils appeared to be brittle cracking caused by the difference in the relative 
stiffnesses of the older waste fill areas and the canyon walls. There was no sign of 
permanent relative displacement between the waste fill and the subgrade in the newer 
geosynthetically lined areas. The I million gallon water tank visible in Figure 6.89 ruptured 
during the earthquake. However, the water, which probably drained slowly since the rupture 
could not be located, was removed by the surface water runoff collection system shown in 
Figures 6.89 and 6.90 without erosion of the interim cover system. The landfill also suffered 
minor damage to the surface gas extraction system which was quickly repaired. 

6.6.6 Other MSW Landfills 

The Simi Valley, Calabasas, Scholl Canyon and Mission Canyon landfills experienced 
minor levels of cracking while the Puente Hills landfill suffered no apparent damage as a 
result of the earthquake. The Simi Valley landfill is located in Ventura County approximately 
26 km west of the epicenter and 22 km west of the zone of energy release. The landfill was 
accepting waste at the time of the earthquake. The Calabasas landfill, which was also 
accepting waste, is located approximately 21 km from the epicenter and 23 km from the zone 
of energy release in the city of Agoura. Most of the landfill is unlined, however the eastern 
section of the site was constructed using a compacted clay liner and the northern section has 
a composite liner system. The Scholl Canyon landfill is located in the city of Glendale 
approximately 22 km east of the epicenter and 17 km east of the zone of energy release. This 
landfill has no liner system. The Mission Canyon landfill, which is closed, is located on 
Sepulveda Boulevard in the Santa Monica Mountains 14 km south of the epicenter and 21 
km south of the zone of energy release. This landfill also has no liner system. The Puente 
Hills landfill is located in the city of Whittier approximately 54 km southeast of the epicenter 
and 56 km southeast of the zone of energy release. The majority of the landfill is unlined, 
however the northeast section has been constructed with a composite liner system. 
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Fig. 6.88: Plan view of Disp:)sal Area AB+ sho\ving contours of waste fill (adapted 
fromGeosynlcc, 1993) 
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Fig. 6.89: Photo looking northeast towards the water tank taken from the southwestern 
end of Disposal Area C. Disposal Area AB+ is visible on the left hand side 

Fig. 6.90: Photo of the interface between the waste fill of Disposal Area AB+ and the 
natural canyon walls where cracking was typically observed 

Fig. 6.91: Close-up of crack observed at the interface between the waste fill and 
the natural canyon walls 
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6.6.7 Summary 

Overall, the performance of landfills during the Northridge Earthquake was encouraging. 
None of the inspected landfills showed any signs of major instability. However, many of the 
inspected landfills experienced some form of cracking in the soil covers. This cracking may 
have resulted from one or more of the following: (a) brittle cracking of the stiffer soil veneer 
overlying the ductile waste fill; (b) settlement (dynamic compaction) of the waste fill; (c) 
limited downslope movement; or (d) cracking caused by the build up of landfill gas 
underneath the soil cover due to rapid release of gas produced by the shaking and/or the 
temporary loss of the gas extraction system. The temporary loss of a waste landfill's gas 
extraction system, which occurred at a number of landfills, is also an important consideration 
because of the potential for fire or explosion. 

Ongoing studies are utilizing these observations, as well as collecting additional data, to 
investigate the seismic response of municipal solid waste landfills. These studies include 
collecting remote sensing data (aerial photography and infra-red imagery) that will be useful 
in assessing damage to landfill cover systems. Because of the major difficulties associated 
with laboratory evaluation of the dynamic properties of waste materials, field observations 
appear to present a more reliable means for obtaining these properties. However, at the 
present time the OII landfill is the only major landfill in the United States instrumented with 
strong motion accelerographs at which significant recordings have been obtained. As a result 
of the Northridge Earthquake, at least one other landfill is being instrumented with 
accelerographs. Increasing the number of instrumented landfills will provide valuable data 
regarding the seismic performance of landfills. 
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