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BIOREACTOR PROCESS - excerpt from Bioreactor Joint Technical Document 
(Shaw/Emcon, April 2006) 

Leachate and Liquid Control Systems 
Landfill B-19 will operate with a bioreactor and control unit. Liquids and high moisture 

content waste will be added to the bioreactor portion while the control unit will be 

operated in the traditional "dry-tomb" method. 

Leachate is formed by the drainage of liquids through or from waste. Leachate 

generation in the control unit will emanate from the moisture content of the incoming 

waste, from natural biodegradation of the waste, and from rainfall that infiltrates into the 

waste either at the time of disposal or through the daily or intermediate covers. The 

amount of leachate generated in the control unit will primarily be related to the following 

factors: 

The KHF is located in a semi-arid climate, limiting the amount of 
rainfall that can percolate into the waste prism. 

Daily cover and intermediate cover will reduce the amount of rainfall 
that can percolate into the waste prism. 

Class I1 designated waste and Class 111 MSW disposed of at the site is 
relatively dry (i.e., estimated moisture content of 8 to 20 percent). 

The Class 111111 portion of landfill B-19 contains one leachate collection sump located 

beneath the area of the landfill to be operated as a bioreactor. Leachate within the control 

unit will flow to the sump and commingle with leachate from within the bioreactor unit. 

The amount of leachate generated in the proposed bioreactor unit will be greater than the 

amount generated in the control unit because liquid and high liquid content wastes will be 

added to the bioreactor unit. These liquids will be added to promote anaerobic bioreactor 

conditions. 

The existing LCRS system, described in Section 5.1.5, was installed during the initial 

construction of Landfill B-19. Although recirculation of leachate is allowed under 

regulations, to date CMWI has disposed of leachate in on-site surface impoundments. 

However, in order to provide an additional source of liquids to the bioreactor unit, 

leachate collected in the Class 111111 LCRS will be recirculated to the bioreactor unit. The 

control systems for leachate and liquids management are therefore discussed jointly, 

below. 



Figure 9 is a schematic that shows the liquid and leachate management system proposed 

for Landfill B-19 in conjunction with the bioreactor unit. Liquids injection plans arc 

described in more detail in Appendix B. Following is a discussion of the elements shown 

on Figure 9: 

1. LCRS Drainage Layer - This existing drainage layer is comprised of 12 
inches of gravel. Flow rates for this element are discussed above. The 
maximum expected flow from the LCRS drainage layer is 10,079 gpad 
based on LCRS HELP Model calculations in Appendix C, Attachment 6. 
This unit flow rate would result in a maximum of approximately 188,000 
gpd from the LCRS, assuming this maximum generation rate is from the 
entire 18 acres of the bioreactor footprint. 

2. LCRS Pipe Flows - The constraining capacity of the LCRS collection pipe 
system is the flow through the sump gravel. This capacity is estimated at 
259,000 g ~ d ' .  

3. LCRS Sump - The system currently has a 50 gallon-per-minute (gpm) 
sump pump that is required intermittently to pump leachate that 
accumulates in the primary LCRS sump. When the bioreactor project is 
implemented, the leachate flow into the sump will gradually increase. An 
automated pumping system with float activation of the LCRS sump pump 
will be installed. This system will be set to provide automatic activation of 
the sump pump to maintain the hydraulic head on the liner system at less 
than 12 inches. The system will also be provided with a remote alarm to 
indicate if the system is not functioning adequately to maintain the 
hydraulic head. The expected maximum daily flow of 188,000 gpd into the 
sump equates to an average of approximately 130 gpm. The pump will be 
sized to maintain a head less than 12 inches above the liner system. The 
sump pump must be capable of pumping leachate from the bottom of the 
sump (approx. elevation 730 to the elevation of the leachate collection tank 
located at the top of the LCRS riser2 (approx. elevation 835). 

4. LCRS Riser - The existing LCRS riser is a 24-inch diameter HDPE pipe. 
This has adequate capacity to accommodate pumps on the order of 500 
gpm, if required. 

5. Leachate Collection Tank- The existing tank is a 5,000-gallon polyethylene 
storage tank with secondary containment. Prior to implementing bioreactor 
operations, this tank will be equipped with a float system to trigger pumping 
of liquids to the liquid storage tank on the top deck of the landfill. This 
pumping system will be equipped with an alarm to warn if the pumping 
system is not functioning adequately to maintain the head in the tanks at an 

Calculations included in Joint Technical Document (Shaw, 2006). 
The existing 5,000 gallon leachate collection tank is currently at approximately elev. 795. It will be relocated 

to the final grades shown on the design plans. 



adequate limit. As a contingency measure, a backup pump will be available 
or a dual pump system will be provided. Also, if the leachate tank is full and 
leachate must be pumped from the LCRS sump at a rate in excess of the 
pumping rate to the liquid storage tanks (#8, below), as a contingency, the 
excess leachate will be pumped to tanker trucks and disposed of in on-site 
evaporation ponds. The on-site evaporation ponds arc adcquatcly designcd 
to accept Class 111111 leachate, as they are used to evaporate leachate from 
the Class I landfill units on-site. 

6. Pump - The pump installed from the leachate collection tank to the leachate 
storage tanks at the top of the landfill must be sized with a functional flow 
rate greater than the functional flow rate of the LCRS sump pump. The 
pump from the leachate collection tank will need to be sized to operate at a 
head of at least 150 feet (current tank elevation of 795 and maximum 
landfill grade of 945). 

7. Pipe from Leachate Collection Tank to Leachate Storage Tanks - This pipe 
must be designed to accommodate the flow rates and pressures of the 
pumping system. 

8. Liquid Storage Tanks - The liquid storage tanks will be placed on the top 
deck of the landfill to accommodate temporary storage of liquids and high 
moisture content waste delivered by trucks [9d], if required. The deliveries 
from trucks are limited to 170,000 gallons based on a 34-truck limit with 
5,000-gallon payloads. The liquid storage tanks will be portable, and 
placed at strategic locations to support filling by delivery trucks and 
recirculated leachate and outflow to injection trenches, galleries and vertical 
wells. The tanks must be designed with valved and/or pump connections to 
provide out-flow pumping of liquids to the working face, gavity3 out-flow 
of liquids to the liquid injection galleries [9c], and to pump out to injection 
trenches [9b] and vertical leachate injection wells [9e]. 

9. Liquid Injections - These include flows from direct discharge of liquids and 
high liquid content waste directly from trucks to the working face and 
infiltration galleries [9a]. Injection from the liquids storage tanks will 
primarily be to the vertical and horizontal injection wells [9e], but may also 
be made to the working face [9b] and the injection galleries [9c]. Injection 
of liquids to the galleries and injection wells may be facilitates by 
installation of pipe headers from the liquid storage tanks. The headers will 
be balanced by valves at each well or injection gallery. 

10. Flux Of Liquids Into The Waste And Out To The LCRS Drainage Layer - 
As the waste is brought to field capacity from liquid injections, leachate will 

' It is anticipated that the gravity head from the leachate storage tanks will be adequate to provide flows to the 
horizontal leachate pipes in the injection galleries. The presswe will he controlled with a regulator so that 
flows at the injection pipes are adequate but do not over pressurize the system as to cause leachate seeps. In 
addition, the leachate injection pipes will each be supplied with valves and pressure regulators. A pump will be 
added to the supply line only if required to maintain adequate balanced pressure over the injection well system. 



be formed as it migrates through the waste to the LCRS. The daily 
maximum liquid delivery rate of 170,000 gallons per day is roughly the 
amount estimated to bring 2,000 TPD from an assumed initial moisture 
content of 20% up to field capacity. Because a significant thickness of 
waste is present, it is anticipated that it will take some time before added 
moisture infiltrates down through the existing dry waste, causing a 
significant increase in leachate flows through the waste to the LCRS. In 
theory, it would take more than two years before the entire bioreactor waste 
mass could be brought to field capacity under the maximum rate of 170,000 
gallons per day of outside liquid deliveries proposed, also assuming that 
half of the annual rainfall infiltrates into the bioreactor waste. This also 
assumes that the liquid injection flows are available continuously at the 
maximum level and the injections systems and landfilled waste will accept 
these flows. If these conditions are not experienced, which will likely be 
the case, the time before the LCRS reaches maximum flow rates will be 
increased. However, there is the potential to exceed 170,000 gpd of total 
inflow to the bioreactor during periods of wet weather or excessive on-site 
liquid generation from non-hazardous ponds and leachate. The flow of 
leachate in the waste and LCRS is discussed in more detail in the LCRS 
calculations in Appendix C, Attachment 6. 
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Fifa: %\Ê ilcsFramCljanb\Kettleman\l0-23-06 Blorwetor Drawing$ from Shar\nGURE 9 PRCCESSRI MODl~ED.dwg Layout: Loyoutl User: irvinc-Cod Oct 23, 2006 - 12:12pm 

SCHEMATIC OF LIQUIDS MANAGEMENT FOR 
BIOREACTOR UNIT IN LANDFILL B-19 (NTS) 

a U Q U I D  STORAGE TANKS 

N U R  SURFACE INnLfRATlON W R I E S  7rn-r- 
69 FLUX OF LIQUIDS INTO 

WASTE AND OUT TO LCRS 
D W W E  UYER 

PUMP OUT TO LEMSHATE 
VERTECM WELL HEADEA 

tEj4CHAE INJECTION VERl 

UVLLLCI I IWI. 1m.n - \\m LCRS RISER 41 Ik rrn 

LCRS COUECT~ON PIPE /'-SIDESLOPE UNER AND 
DRAINAGE NET 

''@LCRS SUMP (PUMP] 

PROJECT NO. 
833760 

f FIGURE 9 

I 
CHEMICAL WASTE MANAGEMENT, INC 

KETTLEMAN H k L S  FACiLfN 
KETLEMAN CITY, CALIFORNIA 

LIQUID tNJECTlON AND LEACHATE 
MANAGEMENT SCHEMATIC 





I SETTLEMENT PLATE I 



DETAIL 

NOTES: 

I I CHEMICAL WASTE MANAGEMENT. 1NC 
K m L E M A N  HILLS FAClLlM 

KmLEMAN CITY, CALIFORNIA 

LANDFILL 8-19 
Llaulo INJECTION GALLERY, SECTION AND ORAIL 



APPENDIX C 

SLOPE STABILITY 



HUSHMAND ASSOCIATES, INCORPORATED 
Geotechnical, Earthquake a n d  Environmental Engmeers 

April 14, 2006 

Waste Management, Inc. 
Kettleman Hills Facility 
3525 1 Old Skyline Road 
Kettleman City, California 93239 

Attention: Mr. Rodney Walter 11, P.E. 
Group Engineer, Western Group 

SUBJECT: REVISED REPORT 
SLOPE STABILITY ANALYSIS FOR CELL 
REDESIGN AND BIOREACTOR EVALUATION 
KETTLEMAN HILLS FACILITY 
MUNICIPAL SOLID WASTE LANDFILL UNIT B-19 
KETTLEMAN CITY, KINGS COUNTY, CALIFORNIA 
HA1 PROJECT NO. 02-0207 

Dear Mr. Walter: 

In accordance with Waste Management, Inc. authorization, Hushmand Associates, Inc. has 
completed the revised slope stability evaluation report for the Class 111111 municipal solid waste 
and industrial waste landfill unit B-19 at Waste Management Kettleman Hills Facility. 

We trust this report meets your present requirements. If you have any questions or require 
additional information, please contact this office at your convenience. We appreciate this 
opportunity to provide our professional services to Waste Management. 

Respectfully submitted, 

HUSHMAND ASSOCIATES, INC. 

Ben Hushmand, PhD, PE 
Principal 
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SLOPE STABILITY ANALYSlS FOR 
CELL REIIESIGN AND BIOREACTOII EVALUATION 

KETTLEMAN HILLS FACILITY 
MUNICII'AL SOLID WASTE LANDFILL UNIT B-19 

KETTLEMAN CITY, KINGS COUNTY, CALIFORNIA 

1.1 I'URPOSE A N D  SCOPE OF WORK 

'This report summarizes the results of analyses perforn~cd by Ilushn~and Associates, Inc. (HAI) to 
evaluate the stability of slopes for the Class TI/III ~nunicipal solid waste (MSW) and industrial waste 
landfill unit B-19 (Landfill B-19) at Waste Management. Inc. (WMI) Kettleinan Ilills Facility (KHF) 
due to proposed till plan modificatioris. The KHF is located in Kings County, California 
approximately one inile iiorth of'State Route 41 and 2.5 miles nest oi'lnterstate Freeway 5.  

The scope ol'this report is to c\ aluate the static and seisiuic slope stability for a proposed Landfill R- 
19 new till plan and to optimize the iill plan configuration and perilileter stabilitj soil buttress design 
based on the results of'detailed anal) scs performed in several iterations. Stabilit~ of liner systems. 
MSW fill. soil buttress slopes. and final coLer systems were analyzed to meet the design criteria 
discussed in Section 1.3. 

1.2 BACKGROUND AND PRO.JECT DESCRiPTION 

The presently permitted design of the Class II/I1I 1,andfill B-19 was developed in 1997 based on the 
results ol'detailed seismicity and static and dynamic slope stability analyses (Rust Environment & 
Infsastructuse. Inc.. 1997). Thc Class II/III landiill is located in the footprint of an existing Class I 
ha~ardous waste landfill. I'he Class 1 landfill consisted of four separate cells designated as Phase IA. 
IB, I1 and I11 (Figure 1 )  mir11 corsesponding leachate collection and reliloval systems (LCRSs), leak 
detection syslems (LDSs) and vadose zone monitoring systelns (VZMSs). The Class 1 hazardous 
waste landfill was permitted to be converted to a lnunicipal solid waste landfill in 1997. Currently. 
thc MSW landfill is being constructed over the existing LDS and VZMS in the Phase IA area (no 
llazardous waste is located in Phase IA) and over the existing hazardous waste in the Phase IB, 11. 
and 111 areas. Thc existing lining system in the Phase IA area. constructed behre 1997. was modified 
to nieet applicable California Code of Regulalions (CCR) Tille 27 requirements. A barrier 
"separation" liner to separate new Class II/III disposal from existing Class 1 nlaterials was installed 
over the nis t ing Class I waste in the Phase IB. 11, and I l l  areas. The limits of the existing Class I 
maste are shown in Figure 2 (top of hazardous waste plan). 7 he configuration of'the final cover plan 
for the 1997 design and existing lining systelns in difYesent areas of the landfill, Phase IB/II/III 
perimeter berm details and MS W/Ha/ardous Waste ( I  4 W) separation liner, and proposed linal 
closure cover interhce details are provided in the 1997 Rust E&I report. l'liese figures ase also 
prcscntcd in Appclldix A of'this report ihr reference and additional clarity. 



Recently, i t  \\as proposed by M'aste Management to divide the MSW part of the landfill in t u o  
separate cells. one a biorcactor cell and tlie other to stay as a MSW ccll. In a bioreactor MSW 
landfill. a large volume of u.ater. liquid wastes or recj~cled leachate are introduced into the waste 
nlass to acccleratc biodegradation of the naste material and thus regain some of the landfill volumc 
that was occupied by the waste and improve landfill w.aste storage capacity. Although converting 
MSW landlills to bioreactor units has the main advantage of accelerating the biodegradation process 
and increasing landfill capacity. i t  also creates new challenges in landfill design and operation listed 
bclouf in the order of ituportance: 

static and sc i s~~i ic  stability of landfill slopcs influenced by modificd physical and mechanical 
properties of the waste, 

increased and accelerated waste settlelnent afi'ecting landfill operation and final cover 
design. and 

a accclcration of'landlill gas generation. which influences the landfill operation and requires a 
more ei'iectivc gas collection sj  stem design compared to a normal MSW landlill. 

'I'he mail1 rcason I'or proposing to divide the MSW unit to a bioreactor cell and a nol~nal MSW ccll is 
10 in~lestigate and compare the long-term settleinent and gas generation characteristics of these two 
landfill cells and to use the the normal MSW unit as a control cell for comparison purposes. The 
long-tern1 evaluation of settlenient and gas generation characteristics of these experimental cells are 
also proposed as a research study by the U.S. Environtnental Protectio~i Agency (USEPA) and Waste 
Managcr~icnt to improve design. construction. and operation of bioreactor landfill units. 

7'his report addresses static and scisniic stability of the lal~dfill slopes and includes efl'ects of 
converting part of the latldfi11 to a bioreactor unit on slope stability evaluations. The stability report 
presented Iierc  ill be included as part of-the Joint Technical Document (JTD). 1,andiiIl B-19 bcing 
prcparcd by J:mcon/OWT for the proposed landfill ccll redesign and bioreactor e\laluation. The 
design issues associated with tlie landfill settlement and gas generation due to the bioreactor unit arc 
addressed in the STD. 

I'he proposcd ncw design modifications to the 1997 RUST EBrI till plan includes cell col~fipuration 
redesign. converting part oi'the la~ldfill to a bioreactor unit, and modifying the soil buttress design to 
i~nprove stability. Specifically, the f'ollou.ing design changes are evaluated for static and seismic 
slope stability in this report: 

I'inal iill plan geometry will be modijied in the Phase I1 and I11 areas to enhance stability by 
eliminating a thin sliver of MSW fill overlying the Class I waste. 
A portion of'the MSW landfill in the north-northwester11 area is proposed to be converted to 
a bioreactor unit to achie1.e higher efiicielicy in the waste decompusitio~i rate and storage 
capacity. 



a 'l'he dc5ign of'the stability soil buttress alot~g the landlill pcl.imetcr will be refined based on 
the rcsults of'sraric and seis~vic slope stability analyses lor the new proposed larldfill design 
~nodiiications dcscl-ibcd abo1.e. 

Thc proposed dinal fill plan and landfill cover grades modilicd ii.0111 the 1997 RIJS.1' E&I lillal flll 
plan design are show11 in l ' ig~~re 3. A preliminary j i l l  plan for tlie proposed new design of Lalidfill 
13-1 9 wra$ initially developed; this was then rciined based on the results of several slope stability 
analysis iterations to arrive at the filial fill plan dcsigti shown in Figure 3. The borderline between 
non-bioreactor and bioseactor portions of the MSW landfill is also shown in Figure 3. The 
separation interface hctween these two malerial types jvill be approximately a vertical plane. 
1,ocations and conliguralions of thc cross sectio~ls. which here  evaluated fbr stability. are shown in 
1:igurcs 1 through 6. 

1.3 ItEGULATORY KEQUIIXEMENTS FOR STATIC AND S E I S M I C  STABILITY 

Requircnie~its fur the stability analyses of the Class 11/11] landtill are contained in Section 20370(f) 
and Section 2.1 750 ( f )  ( 5 )  of 'Title 27. Section 21 750 ( f )  (5) of Title 27 calls for "A .s/crhili/~)crn~rlj~sis, 
~ I ~ L ' / I I L / ~ I ~ K  11 ~/e/e1~17~inu/io17 ~ f ' / / ?e  cxl~ec./eu'l~eerk grorrnd crc'celcrcr/io~~ C I ~  //le i h i /  crs.sociu/cd ri*it/7 the 
117crxiir1li111 cr-edible ecn./hqtrrrke (for C'lnss 11 ~t.crs/e ~tzancrgcn~er?/ unirs) o ~ .  ll?e me~xi~~?rinr pl*ohrrh/e 
crlr/hq wrrke ( f i l l .  C.'l~r.ss I f 1  /trnc/fi/l.s). This .si~~hilily ur?crljlsi.~ .sl7~ll he inclzi~ked ~ s p n ~ * i  c?f'/ke Rej~or'/ of' 

M.ir.v/e IJischcrrgc~ (ROWDj (or ,/711),fi,1. /ht.propo.sed I,'ni/, irrid crn i/l?u'cr/rd s /~~hi l i ty  crncr!j:si~ (if'/lre 
ol.igincrl 1r17crlj:~i.s /no /onge~- ~.qflec/.s /he ~ ' o t ~ ~ l i / i o ~ ~  c ~ t  /he Utiil) sl7crl/ he included irs llerr/ ( ? f ' l l w , f i ~ ~ /  
c./o.s1(1.c. trr1dl?o.s/-clo.s111-~~ ~t~cri~~/c.nrn?w I?/CII?. The 111~~/17o~/olog~,r~, ri.ved ipl /l?e ~ l ~ h i l i / y  NIILIIJ ' . \~S shcill 
C 'OII .Y~I /CJ~ ~-egio~~cr/ e117d I O C Y I ~  .sei.~rnic conUli/ions rrtld, fir~///i17g.. . . . . '- 

"(A)  The . s /~h i l i / j~  er~.rcr~)~.si.v .I krrll c~?.szn.e /kc. inreg~*i/j> of '  [he Unit, ir.tclzic/il'irig ils fi)z~ndir/ion, , fincrl 
s/ol?cs, ernd con/crin/ncn/ .y,,.s/on.s I I I ? ~ C I .  ho/I? strrlic L I I ? ~ ~ } ~ M L ~ I ? ? ; C  co~?dilio~~.s 11iroti~Iiozi1111e Onil 'S I(f2. .. 
c/o.sli14c l?c?rjod, I . I I ~ ~ J ? ~ . Y / - C ' ~ O . ~ I ~ I ~ C  M I ~ I ~ I ? ~ ~ I ? C I I I L ' ~  ]?el'jo~/. . . . . . 

"(C') The .v/nhi/ilj$ o17crlj:si.s . s I ? i ~ / /  hc) /~~*c~?crrcd by i r  r.egi.sier~d cil-il engineer or. c~~r/ i f ied engineel.ing 
gco1ogi.c.t. Excel?/ rrs o/he~-~i~i.sc~ j?~.o\~i~Jcd ill S (f)(S)(D). /he ~ . e l ~ o ~ ~ /  I J ~ Z / S ~  ~ I I ~ ~ C C I I L J  u, j i ~ t o  I' o f  .w!JL;/j!,fi~~- 
/he ce~.i/ic.trl .slope O ~ ' L I /  le~isl 1.3 I I M ~ ~ I -  djwe111~ic ~'o11di/io17.s. . . . ..-I 

-'(D) In l i ~ ~ t i  ~f '~/chie\- ing cr,firc/or (?f'.scifi/~ of'I.5 under L / ~ I ? L I I J I ~ ~  ~*o~~di/ior?.s, ~~~~r.sz/crnt /o y(f)(j)(CYj* 
rlirc di.ccl7err.ge1- L ' L I I ~  ii/ilire ( I  I ~ I O I ' C  1'igo1'011.s C I I ~ U / J ~ / ~ C C I /  111e/11od Jhcrl ]?l'Ol'ide.~ u qz~unfified L ' . Y / ~ I I Z L I / ~  of' 
/he ~n~tpni/lir/e c?flnol~ente~~/. 117 /his ccise, the r*epo~./ s I ~ L I J I  L / ~ L ' ) J ~ ~ I I S I ~ ~ I / C ~  I I ~ L I /  /his N I I I O ~ ~ I I I  (?fi1io\v1~1eni 
crrn hc. ~~econ~~~?od~r lc .d  u~i/hor~/,jeol?eirc/iri~ig the ir?Ieg/+ilj~ c?f'lhc ~~?il'.~,fol~lidcrlio11 (11. the .sl~~~rctu~*e.s 

. . 
ii*hic.l7 c'oi~/~.ol lec~clia/e, .s~ir~fircr dr~ri~icrge, erdo.sion, ol. gcr.s. 

'f'hc existing Class I la~ldfill at B-19 has bee11 designed in accordance with applicable regulations in 
CC'K Titles 22 and 23 and specific conditions in the site hazardous waste facility pclmit. CCR Titles 
22 and 23 require consideration of'tlie Maxilnunl Credible Earthquake (MCE) fbr Class I landfills. 
'I'hc Class I11111 landfill a1 B-19 Mas designed to meet tlie applicable regulations in CCR Title 27 
(Rust l<&I. 1997). CCR l'ille 27. as explained above. requires consideration of the MCE fbr Class 11, 
and consideration of the Maximum Probable Earthquake (MPE) for Class I11 landfills. 



?'he MCI- is dcli~ied by the Califbrnia Geological Surhcy (CGS) as "the maximum earthquake that 
appears capable ol'occurring under the presently known tectonic f r a ~ n e ~ o r k . "  -1 hc MI'E is defined 
by CGS as "thc maximum earthquake likely to occur during a 100 year interval.'" By definitic~n. fbr 
thc salne sct of  f'aults. the MCI, urill result in a larger earthquake. Thus. in order to maintain the 
inlcgrily oSIhc cxisting Class I system. for stability evaluations of Landfill Unit B-19, the MCE is 
uscd as the dcsign earthquahe and is evaluated for faults dctet-niiried to produce potentially damaging 
ground motions at the site. Near- and iar-field seismic c ~ ~ e n t s  are ckaluated to assure that both higher 
intensity and lower intensity earthqiiakcs arc considered. Near-field cvents at this site generate 
shorter duration. higher intensity. and higher frequency ground shaking compared to far-tield 
earthcluakcs that result in longer duration but lower intensit), and lower fi-equcncy ground shaking. 

For scisn~ic stability, thc prescnt state-of-the-practice is to estilnate landtill slope displacements for 
design earthquakes. using a Newmark (Ncw~nark, 1965) equi~~alent method, and demonstrate that 
tlicj are below an allowablc value that nlaintains tlze integrity of the landtill. Current engineering 
practice fbr slope stability evaluation along the landfill liner is to allow a niaximum seismically- 
induced pcrniancnt slope displacement of six to twel~re inches to correspond to acceptable 
performance fo14 well-designed liner systems (Seed and Bonaparte, 1 992). Class I landfills at KHF 
are, howcver. designed lo an eLnen higher safety standard by limiting the n~axinlurn allowablc slope 
displacetnent along the landfill liner to only six inches. uhich is also uscd in the design of'tlie Class 
II i I I l  I,al~dtill 13-1 9 in this report. Slightly relaxed criteria is cornniol~ly used for landfill cover 
dcsign, which allo~vs a rnaxilnuln seisn~ically-induced permanent displacement of up to twenty four 
inches ( 2  Sect) of'the final c o ~  ers. based 01.1 the understanding that these would be relati\~ely easily 
accessible and thus quickly repairable in the ei  ent of damage by a major seismic occul-rence. 



2.0 SITE IIESIGIV C;KOUND MOTIONS 

A detailed discussion of Ilie site geology. faulting. and seismicity is presented in the I997 Rust 
1,nvironmcnt & Infrastructure, Inc. report. Additionally. detcr~ninistic and probabilistic seismic 
hazard c\~aluntions of'the site M ere performed by RUST E&I and Willin111 Lcttis & Associates. Inc. 
(W1,A). ~ / h i c h  are presented in the 1997 Rust E&I report. Represelitativc design ground nzotioi~s 
were also developed ior seismic displacement analqsis of the landfill slopes (Rust E&I. 1997). The 
1997 ground ~iiotion evaluations and selected design cartl~quake acceleration tinle histories h a \ t  
bee11 rcviewed and evaluated by the Califbrnia Integrated Waste h4anagement Board (CIWMB). 
State Water Resources Control Board (SWRCB). Departlncnt of Toxic Substances Control (DTSC). 
and Dr. I,cs IIasdes of' Department of Water Resources (DWR) and were approved fbr scismic 
stability evaluation of I3-19 Landfill. A recent evaluation of the site seismicity to update the site 
design cartlicluake parameters for the MCE (peak horizontal grou~id acceleration [PI IGA]. respo~ise 
spectrum. and selected ground niotion time histories). based on niore recent attenuation relations 
(erg.. Bo~orgnia. Campbell. and Niazi, 1999) and information on the site faulting. provided si~iiilar 
results to the 1997 RUST E&1 study. The f o l l o ~ i n g  summarizes the results of'the 1997 site 
seismicity evalualion: 

'I'he closest seismic sources to the site arc segments of'the blind Ramp Thrust that is present 
beneath the site at distances of 10 to 27 km. while the most active sources are associated 
with tlie San Andreas fault zone at 35 km closest distance. 

a No c\  idence of fault rupture hazard is known to exist at the project site (i.e.. qithin 200 feet 
of' 1,andtill Unit 13-1 9). 

The Ramp Thrust Kettleman Hills North Dome segment (Magnitude [MI 6.6) of the blind 
Ramp 'T'hrust faults and the San Andreas Slack Canyon-Cajon Pass segment ( M  7.8) mill 
produce the highest near-field and far-field ground tnotions at the site, respectively, l'he 
MCE associated with these faults were selected as the site desig~i events. 

The deterniinistic values of PHGA's for the near-field and far-field design exrents were 
estin~ated as 0.57g and 0.21 g, rcspcctively. The calculated I'HGA ul'0.57g approximately 
corresponds to an average return period of 1.000 years. 

As discussed i n  Section 1.3, duration of ground shaking is a major f'actol. i~ifluencjng 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. 1 996). Using the Abraha~i~soli and Silva 
empirical sclation the ground shaking duration tor Landfill Unit B-19, 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 fir-field design event (M = 7.8. r = 35 km). respectively. 
Duration oi'ground shaking was considered in the selection of input ground motions used in 
scismic dcfbmation analyses. 

One '-distants' (far-ficld) and three "local'- (near-field) earthquake records were selected and 
scalcd to correspond to the design peak horizontal accelerations in rock as design input 



motions. ?'licse rccot.ds have a pcak acceleration, frequency content, and duration 
representative of'the expected earthquake  notions at tlie site. The selected 1-ecords w e l t :  

- 'l'he C'altcch A-1 synthetic accclcration time history simulating a M 8+ earthquake on the 
Sari A ~ ~ d r e a s  Fault. scalcd to peah amplitude 0.2 1 g. 

- The Seed-1 Iayward sj,nthetic accelcration tiinc histor}* simulating a M - 7 earthquake to 
approximate tlie near-field MCE. Both peak amplitude and frequency content ofthis record 
were scaled to approxin~a~ely match the site design I'HGA and response spectrum. 

- ? hc Castaic Old Ridge Route, sedimentary rock outcrop, Ch 1 (90 deg Component) 
accelcration record horn the 1994 ( M w  a 6.7) Northridge. California earthquake scaled to a 
peak amplitude of 0.57g. 

- 'l'he Pacoima-Kagel Canyon, sedimentary rock outcrop. Ch 3 (360 deg Componenr) 
accclcration record ikon1 the 1994 (Mu- 6.7) Northridge. California earthquake scalcd to a 
peak an~pliludc oi'0.57g. 

~I'licsc fbur records prcsent cansen~ative estinlatcs of input ground motions at the landfill site. Inpu~ 
motions u r r e  selected to niatch sitc design ground motioti and tlie following parameters as closely as 
possible: 

Magnitude of the dcsign earthquake. 
Distance of the source to the recording station. 
Recorded pcak acceleration versus the site design peak acceleration. 

- Local site geology of the recording station, and 
Characteristics of'the earlhquake source. particularly the type of fault displacement in the 
event. 

?'he selccted rccords were used as input motion in two-dimensional seismic response analysis ofthe 
landfill. which provided aLerage acceleratioll time history of a potential sliding Inass in scismio 
det'or~nation analysis ot'landlill slopes (scc Sections 3.7 and 3.8). 

Details of' the site design earthquake parameters derivation. including figures illustrating time 
I~istories of the selected acceleratio~~ rccords and a co~ilparison of tl~eir response spectra with the site 
dcsign response spectrum are provided in Figures 30 through 33 ol'the 1997 Rust E&I report. Thesc 
ligurcs are also preset~led in Appendix A of this repoi-t for reference and use in s e i s ~ ~ i c  slope 
displacement evaluations. 

2.1 LIQUEFACTION 

l'he potential lilr liquefaction occurrence in tlic area oi'the proposed landfill expansioti is considered 
ro be very low or non-existent. The KIIF  site is underlain by Tertiary sedimentary rocks of tlie 
Etchcgoi~~-Sacalitos ('I'c). San Joaquin (Ts). and I'ulare (Tt) E-ormations. The Landfrlll llnit B-19 is 
locatcd within the San Joaquin Formation sedimentasy bedrock, l'he San Joaquin Forniation col-lsists 
primarily of tine-grained sedimentary rocks. principally shale. claystone. and sandstone. which are 



not susceptible to liquefaction. Ciroundwater at the site is also deeper than 50 feet. Therefore. based 
on the site subsurface gcology. thc potential for liq~1el8ction at the site is very low. 

2.2 SEISMIC SETTLEMENT 

Similarly. the potential for seismically-induced settlements ofthe landfill foundation materials was 
cstimatcd to be negligible based on the subsurSacc geology and cemented nature ofthe bedrock. The 
site fhundation materials are classified primarily as the Tertiary sedimentary rocks. which are not 
susceptible to seismically-induced settlement. 



3.0 SLOPE STABILITY AN11 LANDFILL DISPLACEMENT ANALYSIS 

3.1 GENERAL 

l'lie slopes of the  proposed Class 111111 landlill and the existing Class I landlill (slopes made ol'either 
MSW. biorcactor MSW. or IHW or a combination of these materials) were evaluated for stability 
under both static and dynamic loading conditions. As pa11 ofthis evaluation. the eff'ects of dynamic 
landfill deformations wcrc considered relative to performance of the base liner system during the 
estimated design ground iiiotions due to the MCE as required by the California Code of Regulations 
fbr seismic design ofClass I and Class I1 landfills (see section 1 ofthe report). The approach used in 
evaluating tlie stability and deformation of the slopes involved conventional analytical tnethods of 
slolx stability evaluation and a relined Newmark-type (Newmark. 1965) seismic deformation 
analysis including dynamic site response analysis using two-dimensional (2-D) equivalent-linear 
wave propagation and finite element niodels. 

The inforniation 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 (MSW. bioreactor MSW. I-IW). foundation soil/rocki tlie liner system. 
tlic compacted fill/soil buttress. and tlie final cover systems. This information was based on the site- 
specific data gathered fhr the analysis including laboratory test data. design ofprevious and proposed 
excavation and fill plans. in-house compiled data base of material properties. and a literature survey 
of  published data on slope s1:lbility and seismic deformation analysis of landfills. Since the final 
cover systems have yet to be constructed, in for~~ia t io~ i  for final co\.er system components \\,as 
developed based on a history ofconstruction quality assurance testing on various other projects using 
soil types available at the Kettleman Ilills Landfill. It is reasotiable to assunie similar soils will be 
available for construction of  tlic evaluated final cover systems. 

3.2 LANDFILL GEOMETRY AND ANALYSIS SECTIONS 

Figures 1 through 3 present plan views oftl ie Landfill Unit B-19 base co~ltours, existing Class I 
waste fill condition. and final fill plan, respecti\,ely. Various cross sections of the landfill were 
analyzcd for slope stability including waste slopes. liner system, and perimeter buttress fill slopes. 
These cross sections (A-A'. D-B'. D-D'. G-G', H-H'. I - I ' ,  J-J' .  and K-K') are shown in Figures 4 
through 6. and their locations are sliou~n on Figures 1 through 3. 

Stability oft l ie bottomlside slope and separation liners and waste fill slopes were analyzed using 
reprcsentati\:e cross sections selected through critical areas of the  landfill. Locations of the  stability 
analysis sectio~is were selected based on variations in tlie landfill geometry such as height and 
steepness ol'waste slopes, orientatio~i. height. and steepness of landfill bottom and side slopes. and 
configuration of the  soil buttress around the landfill peritneter. 111 particular. several analysis cross 
scctions were located in tlie areas where the landfill configuration was modified fiom the 1997 
RIJSI' E&l final fill design, and where the landfill was divided into the bioreactorand nornial MSW 
cells to e v a l ~ ~ a t e  stability of landfill slopes and refine tlie perimeter stability buttress design in these 
arcas. if needed. 



I'hc impact of' the liquid injection systerli on tlie stability of the landfill was inlestigated. The 
injection will be pcrfbrmed through vertical injection u.eIls. The vertical i~ijection paths are only 
snlall diamcrer (- 2 i i  diamctcr) cylitzdrical holes containing a 4-inch dial~eter PVC pipe with gravel 
backfill around [he pipe. Therefore. due lo sn-tall 3-D geometry of'the holcs and the Fact that the) are 
bachfilltd M it11 gra\~el that has higher h e a r  slrength properties (higher friction angle) tlian waste. it  is 
not expectcd that the injection wells will have any adverse eft'ect on the landfill stability. 

3.3 LANIIFILL LINER DESIGN 

Configurations ol'thc existing la~~dfi l l  bottom/side slope and separation liners that c0111p1j' \+ith state 
and f'cdcral rcgulatiotis are provided in tlie 1997 RUST E&I report. 
I-iguses li-oil1 the 1997 rcport are prescntcd in Appendix A of'this report illuslrating the liner designs 
ibr the bottoniisidc slopes. pcrimctcs berm. and separation zone betwecn hazardous and municipal 
solid urastes. In the slopc stability anal!,ses. for each liner configuration, the weakest interface in tlie 
composite liner system is expected to provide the preferred failure path for potential failure planes. 

3.4 MATERIAL PROPERTIES 

Kcy material properties of\w-ions co~~iponents of the landtill needed to perforni static arid seisniic 
slope stability analyses are: ( 1 )  unit ucight. (2) shear strength parameters (static and dynamic), and 
( 3 )  dynamic small-strain stil'fhess and damping ratio properties. Material properties were selected 
based on the sitc-specific data li-om a nuli~ber of recent testing (SGI, 2003: Golder. 2003) to 
dctennine lincr interface and co~~ipacted fill strength properties and earlier ~ o r k  by different 
cor~sulting lirins at the KI-IF site. The data from the earlier investigations has been colnpilcd and 
summari/ed in n table in the 1997 RUST E&I rcport. In addition. published data on niunicipal solid 
waste (MS W) till and geosj.nt11etic inaterials cornpiled froni a number of MSW projects. particularly. 
the detailed in~~estigations at the Operating Industries. Inc. (011) Landfill in Los Angeles County has 
been utilized. 111 the past several years an increasing number of studies on properties of.\+,aste and 
liners for use in stabilitj and seismic defbrnlation anal? scs have been perf'o~mcd. Results of'some of* 
these studies hatc  bccn summarized in a Geotecl~nical Special Publication 011 "Eat-thquake Design 
and I'crf'ormance of Solid Waste 1,andlills" (Yegiali and Finn. 1995). a recent EPA manual providing 
guidance on seisniic design of solid waste landfills (EPA. 1995), and several more recent 
publications based 011 seismic performance of the 011 Landfill during the 1994 Northridge 
Earthquake and othcr landfill stabilit) investigations (Matasovic and Kavazanjian. 1998; Morocht~ik 
ct al.. 1998; A~rgello ct al. 1998) ha\.c been utilized in this study. 

- 7 

1 able 1 sumrnarizcs the selccted unit weight, shear strength. and dynamic properties ~rsed for each of 
the materials and interl'accs in the stability analysts. 

7 - I lie intc~.i'ace shear strength properties f'or the I I W/MSW Separation Liner were selccted based on 
the rcsults ofthe recent i~ltcrfacc direct shear lcsting pcrforn~ed fbr Waste Management. Inc. by SGI 
Testing Scrviccs (SGI), I,I,C of Norcross. Georgia on thc materials to be used in the landt'ill 
construction (SC;I. 2003). Shear strength parameters f'or compacted fill were dci-ijed fi.0111 
consolidated drained triaxial tests perfi~rllied by Golder Associates on clayey soils from the borrour 



source to he used fix buttress construction. I'hc sa~nples were prepared in the laboratory to reflect 
soil conditions at 90 percent relative compaction (Modified I'rcxtor) near optimum moisture content. 

'I'hc above liner interlice and compacted fill strength properties should be further evaluated b!, 
pcrfonning additional conlirmator)~ t c s~s  on the materials used for I'ulure landfill construction. 

3_L4. 13iorcaclor Impact on Mamial 1'1,opcrties 

0 1 '  particular importance in tlie pscsent investigation are niaterial properties fbr MSW in the 
proposed bioreactor unit ofthe B-19 Landijll. The impact of the bioreactor unit IS considered in the 
stability analyses by using lon0er shear strength properties and Izigher t ~ l i i t  weights for tlie degraded 
w'aste. 
Fhe J?'I> report (Shaw FMC'OYIOWT. Inc.. 2006). Section 5.2.5 "Leachate Generation and 
Collection Sjrstcm Calculations" states that the I IEI,I1 ~ilodel calculations for tlie co~iservative 10.000 
gallons pcr acre per day (gpad) recharge condition in the bioreactor unit indicates that the maxi~izum 
hydraulic head on the primary base liner system is estimated to be less than 12 inches. Thc LCRS 
calculations are based on major worst case assu~nptiol~s that the "sechargc" rate for the bioreactor 
unit w i l l  be a maximum of 10.000 gpad during the active stage oi'the landfill. Therefore, no perched 
watcr tab!e coi~dition or large confjned volume of liquid will be generared inside the tandfill except 
i'or somc local. small pockets of liquid that may become trapped in the naste mass. 

IJnit height and shear strength propcrties of the bioreactor MSW were derived fYonz available 
information in the literature (1senbel.g et al.. 2001: GeoSyntec 1999: Ilendron et al., 1999; 
Kavazanjian et al., 2001: Vector Engineering. 2001). Additionally. in order to specifically 
characteri~e these properties for the 1,andfill B- 19 stability analyses presented in this report. a series 
of direct shear tests at Huston Geotechnical Tcsting Laboratory of'Fugro Sout11. Inc, in Texas was 
pcrfor~ncd on typical bioreactor MSW materials obtained fi-0111 WMI-Mohauk Valley Landfill in 
IJtica. New York (Fugro South, 2003). 'l'he tests Mere conducted on remolded specimens. selccted 
i'rom re-sorted bag sa~nples (particles larger than !4 in mere removed). Tlie satiiples bere remolded 
in a 6-in dian~ctcr Proctor type 11101d to a stress lcvel slightly (5%) lower than the target consolidation 
stress using a load ii-ame. Since the small scale tests were run on samples u.ith large pieces removed. 
they did not bcnctit lYom thc reinfixing cff'cct of the large pieces of refuse that wotlld tend t o  
strengthen the actual baste Inass in the field. Thus. the small-scale tests would produce conservatii c. 
values. Thc testing program includcd two Undrained and two Drained Static Direct Shear tests. with 
strain controlled loading. 1 he specimens had a diametcr of 6 in. (1 52 mix) and height of about 1.96 
in. ( 5  0 111121). 

'l'he estitiiated biorcactor waste properties used in tlie analyses should be l~erified as more data for 
dcgradcd waste properties will be available in Ihe lilcrature. 

3.4.2 MSW and Bioreacior MSW Material Properties 

Tlie fbllowling subsectiolis discuss unit weight. shear strengtl~. and dynamic propertics of'MSW and 
bioreactor wastc uscd in the static and seis~iiiu stability analyses presented in this report. Detailed 
discussion of mate~.ial propertics used Ibr hazardous baste. foundation bedrock. liner. and co~npacted 
fill halt! bcen p140\;idc.d previously (SGI. 2003: Cioldc~,. 2003; Rust E&I, 1997). 



Unit Wcieht 
Values of'unit w i g h t  tbr MSW reported in literature cars  generally in the widc range of'40 to 90 pcf 
(I.I>A. 1995). Landfi 11-specific val~les of municipal solid waste unit weight. howei er. depend upon 
actual operation practice at the landfill (e g.. cornpaction rate and percentage of daily cover soil a i d  
agt' of the uastc). Fur bioredclor MSW unit weight \ alies in thc range of 60 to 100 pcf'near the 
surface and 100 to 140 pcfat depth (fbr fully saturated uastc). based on a\*ailablc information in the 
l i terat~~rc (Isenberg et a].. 2001: GeoSyntec 1999: Ijendron et al.. 1999: Kava~anjian et a].. 2001; 
Vector Engineering. 2001). 'l'he average ~ r n i ~  weight of the bioreactor MSW used in the direct shear 
tests perfbr~ned by 1-ugro. 11lc. ulas approxilnatcly equal to 105 pcf. Variation of MSW or bio~.eactor 
MSW unit weight with depth due to mainly con2pressibility and tlie age oi'MSW over ti~iie was 
considcred in slope stability and seismic response and dcf'om~ation analyses in tliis report. 
l'igurc7 prcsents variation of' MSW and bioreactor MSW unit weights with depth based on data 
obtained liom several recent studies. the density curl e recom~iiended in the EPA guidance manual 
(1:PA. 1995). and the density variation curves that were selected for the stabilit) analyses of the 
proposed project. 'I'he selected density curvcs show an approximate alrcrage unit weight o f85  pcf ' 
fbr MSW and 105 pcff'or bioreactor MSW. 1 

Shear Strcngtli 
?'he available data on sliear strength of MSW and bioreactor MSW is Iirnited to few lahoratorj~ test 
r'csults on reconstituted samples. to strength values back-calculated f'roln field load tests. and case 
histories of landfill porfur~i~ance. Figurc 8 presents a bi-linear strength envelope recommended in 
the EPA guidance manual 011 seismic design oi'landfills (EPA. 1995) based upon available data in 
literature. In the stability analysis of*Landfill Unit B-19. for MSW. a friction angle of33 degrees and 
a col~esion of 100 psf. co~lsistent with the recoinmended \.slues in the EPA guidance manual. were 
used. For bioreactor waste tlie sliear strengtl~ properties reported in the literature generally range 
froni 22 to 33 degrees for friction angle and from 50 to 400 pci'for cohesion (Isenbcrg et al. 2001. 
GeoSyntcc 1999. Kai~azar~jian et al. 2001. Vector 2001 ). In the stability a~ialyses ol'I,andfill B-19 in 
this report. constant fkictiun angle and cohesion values of 28 degrees and 150 pcf. respectively. were 
selcctcd mainl} based on the Ftigro. Inc, direct shear test results (Fugro South. 2003). These \lalues 
are within the range of strength properties reported in the literature. Recent observations of the 
satisf'actory pcri'orinancc of'waste slopes in MSW landfills in California during the Northridgc, 
L,andelas. I3ig Bear. Lorna I'rieta. and Whittier earthquakes indicate that the dynamic shear strength of 
MSW may be significantly greater than static shear strength and thus. the ialues 'used in 'I'able 1 arc 
conservative (lon~cr) collipared to the dynamic shcar strength values. 

Dvnamic I'ropertics 
I>ynan~ic properties of MSW and bioreactor MSW used in two dimensional equi\~alent-linear 
dynamic site response analyses consist of low-strain shear modulus (or shear wave velocity). 
variation of'tllt sl~car modulus with shear strain (shear modulus reduction cur1.e). the damping ratio 
versus shcar strain relationslip. and total unit height. The unit weights used in the dynamic response 
analyses were the same as those used lbr static stability analyses. ~ h i c h  were discussed previously 
and are shown in Figurc 7. Shear Nave velocity of' the MSW and bioreactor MSW niaterials was 
estimated t>nm rncasurcd data available in literature. 7'he shear wave velocity 01-MSW Iias been 
mcasurcd in-situ at a limited number of' localions using diff'crenr geopliysical methods including 
cross-1101~. du~'11-1ioIc. scismic refraction. and Spcctral Analysis of'S~lrface Waves (Kava~anjian el 
al., 19C16). Values from this in~xstigation and the cunre recommended in EPA's landlilt seismic 



dcsign guidance manual li)r variation of shear wa\,e velocity with depth are shown in Figure 9. 
IJsing the available mcasurcd wave velocity data. a shear wave velocity-depth rclationship. close to 
tlie upper bound of the measured data. was selected for use in the dynamic response analyses at 
L.andfill B-19. 7'liis relationship was nsed fbr both MSW and bioreactor MSW. The estimated shear 
wavc \clocit) relationship and variation of unit vieiglits wit11 dcptli were used to compute small- 
strain shear modulus data. 

Ilarthquakc ground motions due to the local (near-field) design earthquake on the blind Ramp T h r ~ ~ s t  
bcneath the site produce larger seismic-induced slope displacements conipared to ground motions 
due to tlie distant (hr-field) design earthquake on the San Andreas fault zone. 

Biodegradation and the resulting softening of the  \waste reduce its stiffness and shear wavc velocity 
and therel'ore. incrcase landfill natural period of  vibration. l'his results in attenuation of the local 
design earthquake ground motion (input ground motion with mostly high frequency energy content) 
and reduces the earthquake-induced slope displacenients. Therefore, use of the higher MSW shear 
wavc velocities for the bioreactor MSW ~.esults in more conservative estimates of seismic-induced 
slope displacements. 

Because of\,ariability and nature ofMSW. only limited measurements ofthc modulus reduction and 
damping cur\ es for MSW in tlie laboratory have been attenipted. As a result. many seismic response 
analyses for landfills have been performed using curl es estimated based on obser\ cd perfomlance of 
landfills during earthquakes and engineering judgement. 

Prior to tlic January 17. 1994 Northridge earthquake. however: no data was available to back- 
calculate MSW n i o d u l ~ ~ s  and damping curves from tlie ohser\.ed seismic response oflandfills. Thc 
strong motion recordings at the 011 landfill during tlie M 6.7 Nol-thridge earthquake represent the 
first direct nieasurement of the seismic response of a solid waste landfill (Ilushmand Associates. 
1994). Using the observed response o f the  011 landfill in the Northridge event. Kavazanjian et al. 
( 1  995) developed preliminary estimates of the MS W ~nodulus  reduction and damping curves sho\vn 
in Figure 10a. These curves were recommended for use in seismic response analyses of MSW 
landfills in the IiPA guidance manual (EI'A. 1995). More recent investigations performed to 
i~iiprove hack-calculation of dynamic properties of MSW. using the Northridge earthquake data 
recorded at the Oll landfill (Matasovic and Kavazanjian. 1998: Morochnik et al.. 1998: Idriss, et al.. 
1995). resulted in shear modulus reduction curves (Figure 10a) showing stiffer dynamic properties 
(lower shear modulus reduction with shear strain increase) than tlie preliminary estimates by 
Kavazanjian et al. (1995). The analysis oft l ie dynamic response of Landfill U-19 was perfomled 
using the lnost recent ~iiodulus reduction and damping curves developed by Matasovic and 
Kavazanjian (1 998) which are based on the above back-calculations of the Northridge earthquake 
data for small strains and the data from cyclic laboratory simple shear tests perfbr~iied on municipal 
solid waste material to define these curves for larger strain values (Figure lob). Fig~lre l ob  also 
illustrates modulus reduction and damping curves used for hazardous waste (modeled as a sandy 
soil) and landfill soil buttress and bottom liner. modeled as clay. 

Dynamic properties o f thc  bioreactor MSW were assumed to be the same as those for MSW. This 
assu~nption most probably results in conser\.ative (larger) seisnlically-induced defor~iiations. This is 
because the bioreactor MSW is expected to be softer (less stifi'material with lower initial shear 



modulus) with larger damping. and dynamic shear modulus reduction cur1.e that decreases faster 
\+it11 thc increase in slicar strain compared to thc stiffer h4SW material. 

3.5 ANALYSIS AI'PHOACH 

I.andfill liners in scismically a c t i ~ e  areas such as California undergo dynamic loads during 
earthquakes in addition to static loads generated by the dead weight ofthe waste. Liners. particularly 
along landfill side slopes. are subjected to tensile stresses due to settlenlent and creep-induced 
downward movement of the  uas te  mass. During earthquakes. the landfill Inass moves dynamically 
under the effects of ground accelerations and generates additional stresses in the landfill liner. 
CCll  'l'itlc 1 2  and Section 21 750(fj of CCK Title 27 require that slopes o f  a landfill and the 
foundation beneath the slopcs maintain a minimum factor of safety of 1.5 under seismic loading 
conditions. The fictor ofsafety is usually calculated using pseudo-static limit equilibrium analytical 
methods. Since achieving a pseudo-static factor of safety of 1.5 for relati\~el!, high accelerations 
gcncrated during MCI: events is difficult and costly. thc regulations allow fbr an alternate. more 
rigorous and detailed design approach involving quantified e\:aluation o f t h e  seislnic dcforniations 
and displacements of the  landfill Inass in lieu of the pseudo-static analysis. At present the evaluation 
ofseismic deformations is the most common approach for seisnlic design ofwaste fills in California. 

.l'he prcscnt state-of-practice in seismic design oflandfills is to use Newliiark (Newmark. 1965) o r a  
simplified Newmark-type method (Franklin and Cliang. 1977: Makdisi-Seed. 1978: Hynes-Griftin 
and 1:ranklin. 1984: Bray et al.. 1998) to estimate the 01-der of magnitude of seisniically-induced 
pcrmalient displacements oflandfill slopes. Additionally; the current practice relies on engineering 
.judgenicnt by establishing an arbitrary allowable deformation (about 6 inches) to compare with 
displacements computed f i o ~ n  Newmark method along the liner system. 

Our analyses wcrc conducted in the fhllowing evaluation/computational sequence: 

Static slope stability. and selection of critical failure surfaces: 
I'seudo-static slope stability, and e\:aluation of yield acceleration coefficient ; 
Ilynamic site response analysis and calculation of potential slide mass average acceleration: 
and 
Estimation ofscis~nically-iiiduced permanent deforniations for the design '-local" and 
"distant" MCE events. 

7 he abovc approach. originally developed by Seed and Martin (1966) and later used by Makdisi and 
Secd ( 1  978) Sol. seivnic analysis of earth dams. generally results in conservative (larger) permanent 
displaccmcnts compared to morc rigorous fully coupled nonlinear dynaliiic deforn~ation analqsis (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 

Conventional two-dimensional (2-D) limit-equilibrium stability analyses were performed forthe cut 
and soil buttress slopes and the existing or nlodified bottomlsidc slope liners as well as the proposed 
separation liner and soil and waste fill slopcs using 1,andiill Cross Sections A-A'. B-13'. 1)-D'. G-G'. 



11-11'. 1-1.. .I-.I.. and K-K'. ?'he results of these anal!fscs are presented in Appendix B. and 
sulnmarized in Tablcs 2a rind 2 b  and on Figures 4 through 6. 

'I'he computer progra~n PC S I-ARL 5M (Achillcos, 1988) was used to calculate the factors of'sal'ety 
against potential failure. The program uses 2-11 limiting equilibriun~ tlieorjf to proviife gencral 
solutions to slope stability psoblems with provisions fbr using the Modified Bishop. Modified Sanbu 
or Spencer Methods. 130th circular and non-circular potential sliding surfaces can be prespecified or 
randomly generated. 7'he Spencer, Modified Janbu. and the Modified Bishop Methods were used Ihs 
this study. 'I'l~e minimum tictor of safety was obtained by \rarying the initiation and oxit points of 
thc trial f:;lil~trc planes. 

1:igut.c~ 4 througI16 and I'C STABI- 5M output plots in Appendix B illustrate the 2-D cross sections 
analy~ed and various potential failure surf>ce conditions considered in the stability analysis of'tlic 
final lill slopes of the proposed la~~dii l l .  

' I  hc Modified Janbu Mcthod ofanalysis. which norn~ally provides conservative results. Mas initially 
t~scd to  evaluatc a large n~unber of potential failure ~ncchanistns lbs each cross section analy~ed (see 
Appendix 13). In each analjsis case, at least one thousand (1000) poten~ial failure surfaces ucre 
rando~nly gcncrated by the program and the most critical surface resulting in the lo~lest  factor of 
safety \has identilied. For each cross section and anal~fsis case. the most critical failure plane 
identilied ii-om the Modified Janbu Method oi'analj~sis was reanalyzed using the Spencer Method of 
analysis. 'T'his nlethod satistics both force and moment equilibriu~n and thus provides nlore realistic 
(usually higher) estimates of the factors of safety and yield acculeration coefficients. The Janbu 
merhod is gcncrally more conservative con~pared wit11 the more rigorous Spencer's Mctl~od and 
tjrpically results in lower factors of safety than the Spencer Mcthod (Dunca~l. 1992). 

Appendix FJ pscsents sample printouts o fa  PC STABL 5M run input and output files. and computer 
plots ihr all the cases analyzed illustrating geornetrjr of landfill cross-sectio~ls and the ten illost 
critical potential faiiirre planes searched by the program. as \+ell as co~uputed factors of safety. The 
f'ailurc surfice with the lowest fictor of safety is identified with two arro\4's at its initiation and 
termination points. 

3.6.1 Lillcr and Waste Mass Static Stabilitv - -- - 

Light cross sections at dif'ferent locations across the la~idfill were selected i'oranalysis. Figures I .  2. 
and 3 show plan vieus ol'the Landfill I3-19 excavation. Class I waste fill and separation lincr. and 
the final lill/landlill cover geometry. respectively, and the locations ot'the cross sections selected for 
the analj,sis. In each part of'the landfi11 whese configuration of the landfill cross section changes. 
one o r  more sections were selected for two-dimensiotlal stability evaluations. As described nbovc in 
Suction 3.2, several analysis sections were selected in the areas ~ f l ~ e r e  landfill configuration was 
~nodified fiom t l ~ c  1997 RUST' E&I final fill design. and uhere the landfill was divided into the 
biorcac~or and MSW cclls in order to evaluate stability ol'landfill slopes and refine the perimeter 
stability buttress design in these areas. il' needed. The corlfiguratio~l ol' the proposed Class II/III 
landfill final fill slopes are illustrated by the selected cross sections shown in Figures 4 to 6. 

Slope stability analyses wcre perfonned Ibr the fjnal till plan geonletl-jr including the landfill linal 



cover thickness on  the top of-the Iandlill. 'I he strengtli and dynamic properties ol'tke coi er soil are 
shown in 'Table 1 .  1-he assumed properties uscd fbr design nced to be verified by peribrniing s i~c -  
sl>ccilic shear strength lesls on the actual ~naterials that wi l l  be t~scd during the cover construction. 

'I'hc mosi important po~unlial failure mcchani sm consider-ed was for a wedge (block t a i l  ure) sliding 
tllrough tllc ~ a s t c  mass and along eitl~cr the existinglmoditied landfill base or the HWlMSW 
separation lincr intcriace. Potential failuse surfaccs were assumed to run along the i4eakest interface 
in the lining system and then through the lalidtill mass to the surface. Stability of the slopes against 
circular f'ailure through the waste nlass u a s  also investigated. 

Table 2a pscsents a summary ofthe con~putcd static factors of safety fortlie critical cases analyzed in 
this study. Computer plots and sa~iiple printouts of input and output files providing details of the 
analysis results are prcscnted in .Appendix B. 

For all final (long-term) static conditions, the minimum acceptable factor of safkty is I .5. This 
critei.ion was satisfied by the potential l'ailure surfaces analyzed for tlie proposed till plan. base and 
separation lincr designs, and tlie cstimated material properties. 

3.6.2 Pseudo-StakStabiIily Analyses 

Pseudo-static anal~,ses. necessary to co~npute yield acceleratio~i coefficients (K, ). were conducted for 
I ~ L '  critical potential hilurc surfaces through wasie and base/separation liner systems. identified from 
results of the static slopc stability analjses discussed in Scction 3.6.1 for the selccted cross sections 
('l'able 2a and Figures 4 to 6). 1 he !field accclcration is detiried as the acceleration that results in a 
pseudo-static factor of safety of 1 .O. 'I-he computed j,ield acceleration. K,. represents limiting value 
of.tlie hori;lontal seismic coel'ficient beyond nhich movement of a potential slide mass u.ilI occur. 

Additionally. for each cross section new pseudo-static anal>ses. using the Modified Janbu Method of 
analysis. were pcrfbrnied to ra~~dornly search for the critical potential t'ai1u1.e plane with the lowest 
~rield acceleration coel'ficient (K,).  Tlie most crilical hilure plane identified from the Modified 
Janbu Mcthod of'analysis was tlicn reanalyzed using the Spencer Method of analysis to co~npute a 
more realistic estimate ol'yield acceleration coef'ficient and static factor of safety. Kesults of these 
analyses (plots of 111c most critical potential failure surfaces and values of cornpuled yield 
accclcrations and static lictors of safety for these surfaces) are presented in Figures 4 to 6. Table 2b, 
and Appendix B of the report. Pseudo-static stability analyses werc also performed using the 
computer progranl I T  STABI, 5M. Potential failure planes were anticipated to pass along the 
weakest interface of the liner system and through the naste material. Density and shcar strength 
properties su~nniarized in Table 1 here also used ibr the pseudo-static stability analyses. 

Tablcs 2a and 2b present a sumnlary of the con~puted static factors of saicty and yield acceleration 
coefficients for tlie critical cases analyzed in this study. .T'he results ofthese analyses show that thc 
lo\vcst yicld accclcration coet'ficiel~ts were approximate11 equal to 0.12, 0.20 and 0.30 for failure 
along bottolnlsidc slope liners. scparation liner. and bioreactor waste. respectivcl~,. The combination 
of'yield acceleration cocf'licient and slidc inass geomctr) that could potentially result in the largest 
estilnatcs of tlic seis~nically-induced displacemcnts werc used in the site response and Newmark 
displacement analyses described in tlic f b l l o ~ i n g  sections. 



. Cut and Soil t3utlscss Slopes Stability 

A iletailcd discussion of the rcviscd fill plan and the ncu buttress geonietrq is provided in the 
C1os~u.e Plan rcport ((;older. 2006). Additjorially. Figures 3 througli 6 of this report s l l o ~ s  the plan 
view and cross scctions of'the new re\ ised fill  plan and buttress genlnctry. 

cu t  Slopcs 
l 'he Class II/III 1,andtill f3-I  9 will bc built on the existing landfill footprint (see Figures 1 through 3). 
'l'l~crcfore. niinitnal or no new excavation in the fbundation rock is required for the de~elopment of' 

the lai~dfill. I'hc ~uiisupported cut slopes around the landfill were analyzed by GoIdcr Associates 
(1991) for static and dynainic stability using IZishop's method. Strength parameters used for the 
bedrock nlatcrials were obtained iiom samples and testing done by Wahler Associates (1988). and 
s~ulnmarizcd in Table I . Rcsiil~s for tlie temporary cul bcdroc k slopes with gradients no steeper than 
2: l  (lioriirontal to l~crlical) exhibit f ~ t o r s  of'saf'ety equal or greater than 2.3 with essentially no 
displacement under the design MCE. 

Soil Ruttrcss Slopcs 
Static and dynamic stability of the soil buttress was also analyzed. Due to the proposed 
modificatio~zs of the lat-tdtill final fi l l  plan and con\*crsion of part of the landfi!l to a bioreactor unit. 
thc coniiguratio~i oi'the perimeter soil buttress had to be modified in some areas to acliievc stability 
while optiniizing the buttress s i x .  The poi-tions of the buttress that had to be inoditied fro111 f l ~ e  
1 997 lilJS7' I,&I design are shown in Figure 3. A comparison of the proposed Landfill B- 1 9 final 
till plan (Figure 3 and analysis cross sections in Figures 4 through 6) with the 1997 RUST E&I final 
lill plan design (F:igui-es 5, 13. 14. and 16 of the 1997 RUST E&I report rcpeated in Appendix A) 
shous that the buttress had to be widened by approximately 40 fPet and increased i l l  height by about 
10 feet along the northeastern boundary of the landiill. and reduced in size slightly along the south- 
so~~thcastcrn boundary. Rcsults of' the stability analyses (Tables 2a and 2b and Figures 4 to 6) 
shoncd that the rcbiscd cngii~ecred buttrcss fill will 111ee1 thc design criteria and is stable undcr both 
static and dynaniic design loads. 

3.7 TWO-DIMENSIONAL DYNAMIC SITE RESPOIVSE ANALYSES 

Afier yield accclcration cocf'licients were detern~ined. d ~ ~ n a m i c  response of the landfill and average 
accelcratio~l ti~iic histories of'the poiei~tial sliding masses were evaluated for three representative 
-'local" (near-field) and one "distants- (far-iield) input ground motions. The analj,ses provide a 
nlcasLlre of'earthquake energy attenuation/amplification characteristics of the landfill. 

'So account fbr tlic uncertainties introduced by variation of the landfill geometry, two-di~~iensional 
fi~iite element computer program QUAD4M ( H u d s o ~ ~  et al.. 1994) was used to evaluate dynamic 
rcsponsc of'thc landfill and a\,erage acceleration tinle histories of the potential sliding waste masses 
identified fi-om the stability analyses. The two-dimensional analyses provide a more realistic 
estimatc of the seismically-induced displacements ofwaste slopes compared to one-dimensional site 
response analysis computer codes such as SIiAKE91 (Schnabel ct a].. 1972: Idriss and Sun, 1991). 
I lowe\rer. i t  should be noted that because the landtill geometry is three-dimensional. the use of'tu'o- 



dimensional site response analyses generally provides a conservative estimate ofthc la~idlill dyuaiiiic 
response. 

QIJAD4M was recently developed by modifying and improving QlJA114 program which was 
initially developed i n  1973 (Idriss el al.. 1973). The main changes in QUAD4M are: I )  addition of 
encrgy absorbing boundaries that can be used to   nod el tlie material underlying the finite elemcnt 
model as a linear elastic half space. 2) computing a\erage acceleration time history (seismic 
coefficients) of a defined potential failure mass. and 3) a new method for ibr~iiulation ofda~iiping.  
QlIAI)4M approximately incorporates the nonlinear material properties of soil and waste in the 
analyses by using the equivalent linear inetliod (Seed and Idriss. 1970). In this method. the strain- 
dependent slicar modulus and damping ratio o f  the material are selected to he conipatible wit11 tlie 
cclmputed level of strain in each element. The dynamic response is computed repeatedly until the 
dynamic properties determined from the two scq~~ciit ial  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. 

QIJAD4M analyses were perfbrmed ibr Cross Sections A-A'. B-B'. G-G', 11-El'. and K-K' 
illustrated in 1:igures 4 through 6. These cross sections represent the most critical longitudinal and 
transverse sections of the landfill based on their geometry and the rniniinu~li K, values computed 
from the pseudo-static stability analyses. The finite ele~nent meshes used to model these cross 
sections are shown in Figures 1 l 1  12. 13. 14. and 15. respectively. Tlie "seismic coefficient" option 
in QUAD4M was used to calculate the average acceleration time history ofpotential dcep or shallow 
failure masses. sliding along the landtill botto~ii or separation liner. This is done using the computed 
tiiiie histories oftlie shear forces for the elements along the bottom or the IIWlMSW separation liner 
and dividing the resultant shear force by the mass of the  waste bounded by tlie 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 bcdrock 
underlying tlie landfill. i.e.. the "elastic halfspace" below the finite elenlent mesh. Tlie analyses were 
performed for the near-field MCE scaled to PHGA of 0.57g. An analysis of the  landfill response for 
~ h c  i'ar-field MCE on the San Andreas fault was also perfomled using the Caltech A-l synthetic 
record scaled to a PHGA of 0.21g. The finite element meshes for the cross sections analyzed 
(Figures 1 1 through 15) show the boundary between the hazardous and bioreactorlniunicipal solid 
wastes. and the critical potential failure surfaces that were specified for calculation of the average 
acceleration time histories (seismic coefficients) in the QUAD4h4 analyses. These seisniic 
coclficicnt time histories \vere Iatcr used in a Newmark-type analysis niethod (Newniark; 1965) as 
described in thc f o l l o ~ i n g  section to estimate the order oimagnitude of the  peniianent seisniically- 
induced displacements along the liner. 

3.8 SEISMICALLY-INDIICEI) PERMANENT DISPLACEMENTS 

l'hc acceptability o f a  slope for earthquake conditions is generally determined by the magnitude of 
tlie seis~iiically-induced permanent displacement resulting fro111 the design earthquake. A s~liall 
allowable displace~nent is intended to preclude the possibility of large displacements that might 
d i s r ~ ~ p t  tlie flexible membrane liner (FMl-)/clay composite layers or other components oftlie leachate 
collection and removal (I.CR) system. A conservative value ofthe allowable displacement along the 
landtill liner on the order of 6 inches was considered acceptable ibr Landfill B-19. This is equal to 



the lower bound of'lhc allouablc displacement range co~nri~only uscd in the industry (6 to 12 inches) 

The cnlisequences of earthquake shaking 011 the landf?ll slopes were evaluated using Makdisi and 
Seed's procedure ( 1  978) n.11icfi js a type of Nenlnark pseudo-dynamic double-integration 
displr~cement analysis. Tliis approacli is most appropriate for slopcs consisting of materiaIs that are 
nor likely to sufl'cr any significant loss ol'their shcar strength due to seismic shaking. The waste and 
liner tilarerials in the Lar~dfill B-19 arc snch materials. 
During an earthquake. over numerous cycles of loading. a slide mass can move increlnentally along a 
potential Ihilurc plane through displacement accumulation. Based on this concept. the Neu.11ia1.k 
method computes. fi-om a series of'pseudo-static analyses. the yield acceleration. K, beyond ~ h i c h  
movelnent of'a slidc rnass will occur. 'Fhc permanent displacement resulting f7om an eartl~quake is 
then col~iputed by double integration ui'ttle slide mass ar*erage accelcration time Ilistory \%*henc\~cr 
the accelcration escecds K,. 

'I'he average accelel.ation time historics computed in the QlJAD4M I.esponse aii.alyses for the 
potential iiilure masses identified in the pseudo-static atialyses were used as input tor Newtnark 
dofbl.mation analyses to evaluate the perrnaiient seisr~~ically-induced displacelnents along thc liner 
system. 'I'he displacement calculated by this  neth hod is a fiilictjon of the yield accelerations wliicli 
werc cotnputed in tlie pseudo-static stabilit>* analyses. Figures 16 through 3 1 illustrate \ariation of 
potential slide mass displacement (6) versus the >field acceleration K, for Cross Sections A-A'. R-B'. 
G-G'. I I-I I'. and K-K'. rcspectivcly. and for flre design ground motions used in the anal!,scs. Table3 
and Figures 16 through 3 1 sunirnarize the results of calculated seis~~lically-induced permanetit 
displacement (6) using the average accelcration time history of tlie maste Inass computed ii.oni the 
QUAD4M analysts as input in the Newmark double-integration method. 

As seen from 'Table 3. for the potential deep hilure planes along the landfill botton~ liner the largest 
permanent displacements are induced in the southeastern part of Cross Section K-K' (Figures 6 and 
1 5. I:ail~~rc Plane 1 ) Ibr thc 1994 Northridge eai-tlzquake Pacoili~a-Kagel Canyon accelerogram scaled 
to a PI JGA of0.57g. The calculatcd displace~nents for this maximum case arc on the order of 6 
inches. Similarly. based on l l ~ e  geometries and coniputed \iield accelerations for the potential 
shallow failure masses along tlie separation liner (see Figures 4 to 6). the largest displacements along 
the separation lint.~+also occur in the southeastern area of the landtill at Cross Sections G-G' and 
K-K'  localions (Failure Planc 2). As shown in Tablc 3. this displacement is approximately equal to 6 
inches and is also induced by tlie 1994 Northridge earthquakc Pacoirna-Kagel Canyon accelcrogram 
scaled to a PllGA of 0.57g. Additionally. the Neu.mark deformation analyses show that the 
calculated scisniically-induced pcr~nanent displacements of the critical potential slide Inasses are 
nearly zero fils tlic "distant" (Caltech A-I) earthquake record scaled to 0.21g. 'I'hel*eSore, for the 
yield acceleration coef'ficicnts K,, calculatcd for the polential failure masses along bottolu and 
suparalion liners (K, larger than about 0.12 and 0.30. respectively). landtill dethnnations mi l l  be on 
rile crl'der of'6 inchcs or smaller. 

Displacements t'or iaililre masses along circular failure planes are calculated for two critical cascs. 
~~or th-~~or thu .es t  end of' Section A-A'(Fig~11.e 4. Failure Plane 3) and southwest end of Section H-lI' 
(Figure 5.I:ailur-e Plane 3). 'I'he calculated d isp lace~ncl~~s  for these two sections are 011 the order 01'4 
and 8 inches. rcspectively. Both displacements are induced by tlie 1994 Northridge earthquake 
Pacoima Kagel Canyon scaled acceterogram. '1'heref'oi.e. the n~nximurn cornputcd displacerncnl ibr 



shallow hilure througli nastc is smalle~. than the allon.able limit of 12 inches commonly used for 
landfill liner dcsign (Seed and ~~~~~~~~~~e. 1 992). 

3.0 STATIC A N D  SEISMIC STABILITY OF FINAL COVER 

Static and scismic stability ofthe landfill final cover urere e\,aluatcd using thc infjnite slope stability 
analysis modcl. 

The analyses were pcrfbr~ncd for two difl'erent cover systems: 1 )  the closure coLrer lbr the Class I I / I I I  
waste. which will consist of'a miniiiium 4-foot thick nionolithic soil cover. having a maximurn slope 
stecpncss sol' 2.5JI:lV. and 2) the final cover for tlic Class I waste co~~sis ted of an undel-lying 
geotextilc/40 1ni1 tcxtured HIII'E geoniembrane with an approxi~nately 2.5-loot-thick vegetative soil 
laycr on top of the geosynthetic layers. The final cover for the Class I waste area of  the landlill has 
an approximately 4H:  1 V slope. The llydrotogic tnodel i~~g of-the cover (Golder. 2006) indicates that 
the cover soils will not become saturated given the IOU'  annual rate of precipitation in the area. the 
slightly lowcr pern~eability of the covcr soils than the underlying waste. drainage through geotcxtile 
in the covcr, and the stee]>ness of the final cmrcr slopes. 

Table I illusrrates thc cover soil and interface properties used in the stability analyses. Appendix C 
presents the detailed static and seismic stability calculations fbr the two co\.er systems described 
above. 'r'lle appendix shows that the cover sjstems are stable for both static and seismic loading 
coriditions. 



4.0 SIJMMAIIY AND CONCLUSIONS 

'fliis rcnort addresses static and seismic stabilit, o f  the landfill s l o ~ e s  and includes effkcts of 
coriucrting part oftlie landlill to a biorcactor unit on slope stability evaluations. 'I he stabilit) report 
orcscntcd hcrc will be included as part of the Joint Technical Document. LdndfiII B-19 beinp - 
prcparcd by EmconIOWT for the proposed landfill cell redesign and bioreactor evaluation. 

The Sollowing changes (;.om tlic original design were in~plcmcnted and e l  aluated in  tliis report: 

Final fill plan geometry was modified in the I'liase I1 and I11 areas to enhance stability by 
eliminating a thin sliver of MSW fill o\.erlying tlic Class I \vastc. 

A portion of thc MSW landfill in the north-northwcstcm area was converted to a bioreactor 
unit to achieve higher effic~cnc) in the waste decon~position rate and storage capacit). 

'llic design of the  stability soil buttress along the landfill perimeter was refined based 011 the 
results of static and seismic slope stability analyses performed to incorporate tlie new landfill 
design modifications described above. The buttress design changes included: 

+ Widcned buttress by approximately 40 feet along cast-northeastern boundary o f t he  
landfill. 

+ Incrcascd buttress lieiglit by about I0  feet along east-northeastern boundary of the 
landtill. 

+ 2:  1 (I3:V) slopcs were used. 
+ A new stability soil buttress was placed on top of the  hazardous waste along the southern- 

southwestern boundary o f t he  landfill to enhance stability. This soil buttress providcs 
additional resistance to prevent excessive defomnmtions along tlic separation liner. 

Seismic hazard analysis. and static and seismic stability evaluations of the existing and proposed 
slopcs and tlic base and I-IWIMSW separation liner systems at Landfill B-19 were conducted. 
Computed static factors of safety \vere higher than 1.5 for all analyzed sections. 

The seismic stability analyses \yere cond~~cted  fhr the MCE design ground niotion. l'he postulated 
near-field and far-field MCEs for Landfill B-19 were characterized by a peak horizontal acceleration 
il l  lithilied cartli inaterial oi'approxi~iiately 0.57g and 0.2lg. respectively. 

The analyses indicate that the proposed new landfill design (new final lill plan geometry and 
conversion of part oftlie landtill MSW to bioreactor waste) results in a stable configuration under 
both static and seismic loading conditions in compliance with applicablc regulations. The 
acceptability of the  landfill slopes for earthquake loading conditions was detelmincd by tlie relatively 
s~nal l  magnitude of the seismically-induced permanent displacements resulting from the local and 
distant MCE design earthquake e\:ents. The results of tlie conservative Newlnark-type pernianent 
displaccmcnt analyses presented in this study. indicated tliat computed maxinium displacements 
along the lincr syste~u during tlic near-lield MCE event. are on the order of 6 inches. Computed 
pcrmanent displacements during the hr-field MCE evcnt are on tlie order o f  one inch. Maximurn 
seismically-induced permanent displacements within the waste prism in the covcrlgas collection 



system are about 8 inchcs which is less than thc maximum allowable value of 12 inches. 

Consequently, based on the calculated values of static factor of safety and seismically-induced 
pcr~nanent displacements within the waste prism and along liner systems fbr the postulated design 
earthquake evcnts the ncw landlill design mccts the design criteria stated in Section 1.3. 
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