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Abstract 
Municipl solid mute W 1 l . s  worldwide are upwiencing the mnsup~~cu OfronVartiOrarrl w h g  tcchniqurs. 
when& a n a d i c  conditim am m t e d  within the -11 waste. Under d i c  d i t i o t u ,  slow atabilizoton of h e  m e  
mass occurs, pmducing methane, (an explmive, 'jpen house" gas) wad toxic leachate over long prid of time. In attempts to 
reduce thepnniuction ofthis leachate, compan'te soil cap systenu am "stmcted over lan@lld mute. To 4 c e  the mlease of 
leachate into the envimnment. many landfills use sophisticated svbsvlfbce liner wad ltnchate collection wm. Homvcr. thue 
cap, liner, and collection systems ultimately fail, potentially nleasing mcdrm# gas and lmchte to air and gmwuhzter. As a 
msult, this design approach onlypostpmes the inewbble risks associated with Mfi l ls .  

As a solutitm. it mu demonstmted that aedically degrading M W  within a rondfirr am sign$mnt& incmase the mte of mute 
decanm'tion and settlement, derrcarc the p d c t i o n  qfmedrrmr gas, nadycr the level tf toxic oqanics in the leachate, and 
decmasc quantities of M f i l l  lachate that need baobnart. Through a technology hmufer initialive suppotted by the US. 
0ai)Ltiment ofEnrrgv (WE). an d i c  lan@ll qrtem m) mu installed and opcmud within a l k c m  Subtitle D MSW 
lmdfill nearhgwta, Geoqab 0). Readily integruted into the rondfilr &ut". an AIS am sfely and mt-efl i 'vely 
convert a MSW lbndfill fiom a m d i c  to o d i c  d@tion pmcesses, hemby composting much of the orgcmic prtiotu of 
the wste. As a rarvlt of i d  wlostc d"posi t ion,  stabilization. and settlement, not e om lan@ll OpMtng carts 
reduced, but he lge of the lant@ll cmr bc atmdad. potentially incmasing IICYQIYU. It mu also shown that by pm@y 
conhvlling drr injection d a i r  wad 1"te into dw WlIUtc mass, nuste mou tanplmhrru " a b e d  d l e  betwtn 40 and 60 
d-s C. Thnmgh the c a r t i d  development of this technology, the AIS will fbster a n e w p ~ 7 ~ p r c t m  . on londfilling m e ,  and. 
at the same time, 4 c e  the cart budens of-11 oprrrrriau d o r  site "ediatim 

Manyoftbt~d'slandfiltsartbecomingsignificantriskstothee"em.andandpoesentday~~ 
inchde soil and/or plasticbarriers above andbelow the waste in an attempt to reduce the infibtion of "re into 
the waste mass and thus into the arvironmart. This design approachcreatcs a %y-tomb" environment witiun the 
l w v t t i l l a n d i n h r r s ~  degradation ofthe waste. Ova time, a " b i c  dcampoation of sanitary wastes QUI 

have &a% on landfill Optrations whkb acNally increase the patenclal for risks to human health and the 
environment. These rislrs include: 

the potential for an increase in leachate strength, as well as organic and metals compounds 
concentrations in the leachate: 
possiile formation of toxic daughter compounds in the leachate. slach as vinyl chloride: and 
slow stabilization of waste mass, increasing the potential for leachate releases through the landfill's 
lioa systems. 

0 

0 

0 

In addition anatrobic conditions within a landfill result in the p " o n  of methane, an explosive, odorless gas. 
@d vapor-phase VOCs. Considemi a "greenhouse gas" under the Clean Air Act. methane generated in landfills is 
typically in excess of 40% of the total landfill gases. In some cases. VOCs present in the landfill gas have been 
identified as a source of groundwater contamination. At many landfills, these gases are wpred to be collected. 
comrolled (&ire or other end use), and monitored to minimize the risks of gas build up and/or fires as well as to 

. . comply with environmental regulations. 

Although the "@-tomb" approach is an attempt at m n g  toxic releases h m  a hdfill,  this approach is a 
temporarv solution. According to the EPA, "liner and leachate collection [systems] ultimately fail due to natural 
decomposition..."' (EPA 1988). In 40 CFR 258. EPA recognizes that "Once the unit is closed. the bottom laver of 
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the landfill wil l  deteriorate overtime and conseqwdy7 will not prevent leachate transport out ofthe unit." As a 
result, leachate collection systems and impermeable mps do not decrease the risk that toxic constituents. typicaliy 
found in aging landfdl leachate, will reach local gmudwater. To prepan for h s ,  landfill owners are requ~red to set 
asi&fundsfortheirownclearmps.oncethelandfillbeginsreleasingleachate,~ ' 'on must be initiated. and the 
wastemassis"managed"onceagain.Thenet~ofthis"Qy-tomb"approachcanbe~,evenbcyondthe 
landfdl's closure. 

Ironically, hdfil ls  arc rqumd to be designed using thc "dry-torttb" appro9ch. As a dt, iandfill owllcfs find 
themselvesusinga solid waste management approachthatwillmostlikclyfail, andcmlypostpn~high landfill costs 
and long-term liabilities. Althoughthere arc dativdy afew lanrtfiltfi where (WTE) is coste&ctive 
(- below), the anaerobic, "dry-tomb" approach to landlib appears to be the wrong answer to long-term solid 
waste planning. 

Active aembic biodegradation processes, sllch as ' havedamrnstratedfbryearsthatthebiodtgradable 
portion d M S W  canbe stabilizedina significautlyshoxtertim fram (than under anatfobic conditians) by adding 

of the waste's own 
leachate through the waste mass hpmvcs degradation, whereby the recycling of "e, and &ems are 
amiinually made available tothe respiring mi- indigenous tothe waste. 

the proper pnpntions of air and "e to the waste mass. In addition, the "g . 

In a landfill Q"cnf this c(mccp1 qf in-situ aerobic biodegradation of MSW is bang evalmed worldwide. 
Laboratory=€=i=-3 such as those conductal at the UnivasityofScm!hFlorida, han danonstrated that, in an 
a e r o b i c e " m t , r e s p i r i n g b a c t a i a c a n v e r t t h e ~  e mass dthe waste and oehaorganic cOmpOunds to 
mostly carbon dioxide and water, instead of methane, with a stabilized h " ~  "ining. ~ ~ ~ ~ r t e d l y ,  scvcra~ 
European and AsiancnmtrieS arc evaluatingthis approach and han begun their awn aerobic ladill studies. In 
these cases, the land6ll itself serves a large closedvesscl orbioreactor, is operated as a cell, and is managed to 
control leachate, landfill gas (LFG), and waste recycling. 

As many wastewater treatment facility operators larow, aerobic trearmartprocesses reduce c€"ations oforganic 
compounds typically found in wastewater. Compounds such as toluene, MM, vinyl chloxide, as well as many odor- 
causing compounds (e.g. ammonia) can be treated in aerobic lagoons, mtating beds, and fixed media systems. Using 
the landtill waste as a treatment bed, the A L S  also promotes the aerobic treatment of the leachate in a similar 
manner, whereby air, moisture. and nutrients arc co"d . togaher. since the COllCClItratiollS of* compaunds 
arc nduced the need for subqum leachate treammt could also be rednced &pending an applicabk regulations. 
As an addit id benefit, that is an increase in the rate of waste "ion (the point at which risks associated 
withthewastearcminimizcd ) as well an increase in the rate o f w e  subsidence. This creation of landfiIl "air space" 
can maximize the useful life of a landfill. 

Through a technology transfer initiative h d e d  by the U.S. Depa" of Energy (DOE). American Technologies 
Inc. (ATI) demonsaated the Cffeaiveness of thls concept by implementhg an Aerobic Landhll System (ALS) within 
an &e 16-acre portion of the Colwnb@ Counv Baker Place Road landfill (CCBPRL) near Augusta, Georgia 
CUSA). Based on aerobic studies conducted to date. ATI designed d l e d  and presently opxatcs an 8-acre ALS. 
Since January 1997. the ALS demonstrated that this municipal Sanitary landfill could cost+f€ectively be convened 
from anaerobic to aerobic degradation processes. and that aerobic &gradation of the MSW can provide short- and 
long-tem benefits for landfill operators. 

With a minor modification of the landfill's operating permit. the ALS was approved by the Georgia Environmental 
Protection Division (EPD) withm a relatively short h " e  (30 days). The system was then installed in 
approximately two weeks and has beem operational since. Presemtly, designs are bemg developed for expansion of the 
system in the 16-acre landfill and discussions are curen@ being held with EPD for implementation of a second ALS 
within the &acre unlined landfill which lies adjacent to the Subtitle D area. 
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The ALS is a natural process via the addtion of air ( p ” g  oxygen to the waste mass) and the recirculation 
leachate (providing moisture and nutrients for the indigenous, respiring micmoqpnhm). A reliable. flexible wstem 
for adding air and leachate was designed based on several leachate “htI ‘on studies conducted to date as well as 
on practical environmental remediation systems that treat sods and groundwatn in-siru. Us@ readily available 
materials and equipmerq the system was readily lmegrated into the atisbsg CCBPRL infrastructnrt . The key to the 
ALS ef€ectiveness isthe propercolm~l of acrobic amditions, whaebg waste mass and moisture are 
maintained within optimal ranges. This is ammplished by balancing airflow and leachate rccimdation into the 
waste mass in a manner that &eaively stabilizes the waste in a much shorter time frame than under comtional 
anaerobic conditions. 

The air injection system is compmcd of electric blowers and PVC piping, conneaed to the existing landfill 
infrastruchlre. For ladills with an cxistbg lcachate collection system (LCS) (e.g. such as in the floor of the 
CCBPRL Subtitle D cell), the ALS incorporates the LCS to provide oxygen to the waste mass (it was demonstrated 
that the LCS could st i l l  collect leachate dunng air injecti”. Where vertical air h . o n  wells were also 
installed directly into the waste to provide additional oxygen. ZSllAfills with no leachate collection systems, can be 
readily retrofitted with horizontal and/orvertical air injection wells. 

Leachate, collected in the landfill’s holding tank was pumped into the system through a PVC and flexible hose 
leachate ncirculation system to the top of the waste. The systan then injects lcacha@ through the intemediate clay 
cap (which cwersthe waste) and into the waste mass. The leacbate then percolates downward mntacment to air 
that has been forced into the waste by the blowcrs. Leachatc that is not UtililrA during aerobic d#mnpostion 
migrates downward to the IandfU’s leachate dection system or recov~y wells, is pumped to the and 
recirculated through the waste mass. Ladills with w leachate callection systaas, can be rumfitted with horizontal 
andor vertical leachate rtcoyery wells at locations where leachate is likely to collect. This “closed-loop” 
configuration reduces the potentd for operator expo!mc to leachate and lninimizes operator involvement. A 
schematic of a typical ALS is shown in Figure 1. 

Aerobic Landfill Bioreactor 
coz. 4- 

Temporam CovcrSvstcm I 

-- Figure 1: Typical Construction 

The ALS was h d e d  into three areas. as shown in Figure 2: 1) air injection and leachate recirculation. 2) leachate 
recirculauon on&. and 3) active waste placement (no an or leachate injection). LFG data and waste samples were 
collected in these areas for comparisons. 
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Aerobic conditions were baland in the landfill by properly adJust.ing leachate flow and air delivery into the waste 
mass to keep the waste mass moistunied and aerated. Improper balancing of air and lmcbate can lead to poor ALS 
performance and, possiily, elevated waste mass temperatures. Technidans closely monitored the A L S  dunng the 
stamrpperiod (2 to 5 months) to CIlSurt safc. e f f e c t i v e ~ c o n d i t i o n s  Were established A d . t S  tothe 
system Were madebased on key data, as desc&edbclow. Afterwards, monitaring afthe system was readily 

require”sforlanctfilloperators. 
accoIllplishtd by site pe”el. Automation of system componats canbe implemnted to further “ize the time 

During ALS operation, waste mass moisture amten& temperature and &-gas -0nS (VOCS, ca, 02, and 
a) were measured in the field to ensure d e ,  effuent aerobic operations. Using “e probes, thermocollples. 
and vapor points that were installed directly into the waste, key aperatianal data were collected from portable 
monitoring instruments. Leachate andyscs mchdes, at a pH, lKN, TSS, specific condllctivit)’, BOD, 
COD, metals, and VOCs. Other data indodes an invartOry ofleachate pmdaction/usc for mass balance calculations, 
and measufe“  ofthe moisture amtent ofthelardfill gas. 

The primary goal of the ALS is to achieve optimum waste stabilizatian. This is defined in terms of decreased 
w d m  of leacbate constituents, d u d  “e produchon, and waste mass subsidenct. Laboratory adyses 

ontheleachate. Directmms”ents0flanmgases 
ofthe lardfill waste mass was mnitored 

provided the data needed to detamure . the A L S ’ S  e&ctiveness 
web used to determine the amountsofmShane~on. The subsidena 
by physical survey. Although, the biodegradatloa rate ofthis process canbe detGnnurcd . i n v a r i ~ A a I l n ~ f o r t h i s  
application, the biodegradation rate was dcterrmned . basedonoxygenuptakerates,andwastemasstempe” 
“ e n t s .  The~ofthec~F%LALsarepmvidedbclow. . 
Upon complete stabilization ofthe waste, the ALS will be removed, the tc”y soil cwcf stripped back and 
stockpiled, and replacedonanew lift ofwaste, thaebyrhimizin3materialcosts. 

Specifically, the ALS demonstrated: 1) a signdim increase in the b i o d e g ”  rate of the MSW over anatrobic 
p r o c e s s e s , 2 ) a ~ o n i n t h e ~ ~ o f l t a c h a t e a s w e l l a s ~ ~ c ~ 0 n ~ i n l ~ , ~ 3 ) s i ~ ~  
reducedmethane gcnexation. in addition waste settlement was obsemcd astbe ALS stabilized the orgaxuc pomonS of 
the waste mass. Thesebencfits were abtained while maintaining an optimum “e content of the waste mass and 
statnkd waste mass tempemms. Table 1 provides a summary ofthe results: . .  

*- I ’- 

Tnbk 1 s.nunUy of RLsp)b 
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At system starhrp, 4 initiallyincreasedin manyofthevaporpointS insatcdhthewaste mass. In con- with 
thus, C 4  fell in i tMy and then rose in close correlation with 4 co-m When m e d  with the methane 
levels, these gasreadingsindicateda"ah 'on from aaaerobic to at least pamal aerobic ": CoZ rises 
as 02 is collrinmed and CH, productianfalls of€. Based on direct-* thermocouples inserted in the 
wastc, wastc mass temperatures lE"ed . stablebctween 40" c and 60°C after aerobic COnditiOlIs had been reached. 
waste mass moisnrre was above 50% (Wh) in the most active arcas. overall, these data indicated that acrobic 
CoItditioILS within the waste wcre attained. Typical landfill gas and waste mass temperature data is presented in 
Figure 3. 

"t  - - \  

Laboratory amlyscs of Biochemical Oxygen Demand @OD) and Volatile Organic compo\md (VOC) conccmations 
in the leachate indicated significant e o n  by the aerobic proass, as shown in Figures 4 and 5. BOD in the 
"Sump One" samples were reduced by at least 70%. Organics such as methyletby1 ketone (MEK) and acetone wcre 
reduced sigmficantly; also fecal colifiiwas &minatedfromthe ieacbatt. Total VOC a " a i o n s  in the many of 
thevaporsamplescollectedwtnlessthan 1 ppm. 

BOD at CCBPRL: Sump 1 md Lorchstc Tank, 
~ i o m - l o w  

Organic Analyses- Leachate Tank 
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is00 

is00 
1400 
1200 
loo0 
800 
600 
400 
200 

0 

I 

Figure 5. VOC Analyses . . Figure 4. BOD Analyses 
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Prior to ASL startup in January 1997, the CCBPRL sent appro- 120,000 @om of leachate each month to 
the local treatment plant. This leachate was gumpedthroughthe land6ll.s ~lcw lift station (a capital investment of 
approximately SlOO,000) with no jm-txealment. 

Duringthe first six months afkr A L S  startup, the County did not pump any ltadrate tothe treatment plant. As of 
March, 1998 (14 months since startup), the County has onlypmnpad a total of250,OOO gallons to the treatment 
plant. If a leacbate productian rate of 120,000 gallons pa month WQC "id, apprmrmpat * ely 1.68 million 
gallons (120,000 gallons x 14 months) would have rtquired As a rwnlt, the (l"s leachate treat" 
needs were " i b y  over 85%. 

It is estimated that this rectuctian ofleachate is caused, in par&, bytk  evaparatin &em ofthe higher waste mass 
temperatures and the &ef3s d air Qylng aut the waste. Additianal studies - . to this ef€cct are ongoing, 
including evahmions ofwaste mass field capacity. 

The waste inspections indicated that the readily degradable matcnals, such as food wastes, vegemion. and papa 
procfuas, hadbeen signif~cantiy ampaed to a brown, rich humic material. In a", inspaction ofthe waste 
samples d d  from the excaw" * in the "an#rObic" areas c"d little to 110 degrsdatlan ofthe organic 
wastes prcsad Also, odors f" the excavations in the "m . anas had !4gnificant ammonia and sulfur 
cOmpOltcnts M s w ~ i n t h e s e t w o a r c a s h a d b e c n p w  intothe landfill at app"afcly the same time. 

In addition, it was natedduringthc excamionsthat the la~ge, . lanrlfillmatqialSwercanangedina 
matrix, oomaining largevoid spaces that were filled with organic material$ as & s e n i i  abovt. It is likely that 
altbaaghtheaaobicpaocessdid little toreduce the"l rtresrghofthe matrix "iah ( a t t r i i l e  tothe 
minarsettlanemdfintamediate clay cap). this matrix still a l l d t k  injefxed airami leachate tobe introduced to 
the mon easily degraaaMe or- matter. 

Waste &emem 1s a fi" of waste types. compachon density, "e. landfill heights. and hme. Despite the 
"bndgmg" effect described above. the I 1  months of operation. the! types of fecalcltrant waste encountered and that 
the waste was. on average. only 10 feet deep (approx.), physlcal waste surveys, taken before and dunng the project, 
indtcated cwef settlement at several hG"s in the aerobic test area. (Table 1) Although it is apparent that the ALS 
can compost rwhiy degradable landfill wastes despite these limtauons, it is recommended that inert and recalatrani 
materials such as mted lumber. concrete. wood wastes. and thick plashcs be placed into CBtD-type landfills or 
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recycled, where appropriate. This would allow the ALS to compost a larger percentage of landill materials in a more 
efficient manner. 

Based on other composting studies, it is estimated that the A L S  will increase the predicted landfill waste settlement 
as a result of the overburden from htum waste lifts. Meanwhile, the ALS continues to aerobically degrade and 
reduce the strength of the waste, as shown below: 

Close-up of Aerobically Composted MSW 
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While the ALS depends upon complex biological me&“% this technology can easily be incorporateed into new 
and existinglanlffills insucha manner as to minimize its impaa onthe ladfill operations. Since the degraded waste 
at CCBPRL is similar in nature tothe waste in many OtberlamElls, thebencfits nalizedby Columbia County using 
the ALS can repeated worldwide. As this technology develops, additional system data can be evaluated to optimize 
performance of mure ALS systems. 

The potential cost bene6ts of the ALS include: 1) increased rwcllxlcs through airspace recovery, 2) reduction in 
leachate contaminants and volumes, 3) reduction in methanc gas gtneratian, 4) reduced closnrt and post-closure 
costs, and 5 )  lduced cnvinrnmental liabilities. In addition, this design incorporates a practical, c o s t ~ e c t w e  
approach to providing air and moisture tothe waste mass. 

1. 
Inprevious laboratory and bench-scaie studies, MSW settlement by aerobic degradation has been obeserved to be 30% 
and great&. Asnrming a waste mass settiement of 15%is achievwl at the C W ~  the nemaining fill capgcity of 
720,000 cubic yards could potentially be extended by 107,000 cubic yards. Using a net bpping fee of $24.50 per ton 
(S32.5Ohon gross fee minus Wton OBtM costs) and a “pactd waste density of0.65 tons per cubic yard additional 
rcvcnues to the landfill couldbe up to $1.7 million. This amount docs not acanmt far fimnc value ofthe rcvenucs 
which could yield a much higher net value. Additionally, this 15% krease in air spact could extend the life of this 
hdfillby almost ayear. Waste is accepted at the CCBPRL at ante afapproximawly250 tons per day. 

Recapturing ofAir Spce/Ejctension of LandJTII Lifi 

... 7 

With an ALS in place, concentrations of organic compounds typically found in aging leachate streams, such as 
toluene. methylene chloride, and methylethyl ketone (MM), as wedl as BOD (a “ e n t  of leachate strength), 
canbe more rapidly reduced (as “pared to under anacroblc . conditions) as the result of the ALS. 

Reduced Land/ill Leachate Management Costs 

In &tion the avuallvolume ofladfi l l  leachate canbe rcduad. As presented earliex, the ALS at the CCBPRL 
reduced approximately 120,000 gallons of leachate from the entire h d f i l l  each month. Based on this benefit a 
landfill with leachate generation of 120,000 gallons per month and a treatment cost of 3 cents per gallon could save 
at least $21,600 per year (1997 dollars) assuming the ALS reduced leachate bv onlv 50%. At a 6% intam rate. 
fuhut v a l ~  savings would be ~ e r  $222.000 a v c ~  40  year^ (10- af landfill operations p b  30  year^ ofpost- 
closure leachate treatment). 

3. 
There has been much focus on the earth’s environment since the 1980’s, includmg extensive d e s  on its 
atmosphere. Fueled by cfiscussions on “global warmmg” and the possible ef€ects of “greenhouse gases’’ on thc tarth 
and human population, many gov- are setting reduction goals, and cncouraglng the developmemt of new 
methods for redunng these gases. In the U.S.. feccnt changes to the Clean Air Act (CAA) rtgulatlons require speufic 
controls and monitoring pmvisians be implemented for methane production from landfills. also a ”greenhouse-gas.” 

h4ethane Gar Management Cost Savings 

One methane management appmch 1s landfill gas (LFG) for energy rccovezy, OtbCMrlse known as ‘‘waste4o-energy” 
(WE). At several landfills. the LFG IS produced under mostly anacdnc condinons and the methane capnrred 
cleaned, and used for combushon and/or supplemental fuel. However, although W E  is feasible. tlus methane 
management approach does not offer attractlve economc advantages for many other landfills The FPA’s Methane 
Outreach Program (1997) emmates that of the approxlmately 3,700 landfills in the nahon, only 750 are comdered 
d d a t e  WTE W i l l s  ms leaves approxlmately 3,000 non-c.an&date landfills. many of whch may face methane 
gas compliance wth few lowcost LFG management opOons. This assessment 1s based on factors such as the sne of 
U S. iandfills. then locauon and proxlmn to a potenad LFG user, and potentml market con&aons 
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In an attempt to increase the produchon of LFG to make WTE possibly more economim attractive, a number of 
studies have been conducted using leachate “ l a t i o n  technologies under anaerobic conditions to increase the 
production of methane and other gases. In these cases, increased LFG is produced, capnrred, cleaned, and used for 
combustion and/or supplemental fuel. 

Despite the limited success ofwTE projects as well as demonstrations that optimize LEG production, there are 
severalissuesofpotentialconcem. 

Increased production of methane could increase, if not mate, new CAA regulatory compliance requirtmentS for 
certain landfills. Not only would capital and 0BtMcost.s incrcasebut regulatory compliance cost may as well: 

The size of the landfill, its location, and pmximity to a patentd LFG user, a d  maTket conditions could still not 
eer an attractive economic advantages even with an increase in electricity/Usable gas proctuctlon; 

At many landfills, them can be significant gas rtcovc~y ineffciencies with respect to the capturc of landfill 
metbane landfill (i.e. fugitive methane emissions). If there is an hacased methane gas proctuction via 
enhanced-wTE with no improvements in gas “very efficiency, thae d d  most Mdyk a high potential for 
increaseS in- methane emissionsfromthe larutfitl. This amld have significant regalatory impacts andor 
increasegascollection/~capitalcosts;anq 

WTE and edlanc&wTE projeas still operateunder anaerobic conditions. Ahhaugh catain organic compounds 
can be degraded nndn anaerobic conditions, t h e  remains the potemial over the long term, to increase the 
overall toxicity of ladlill leachate under anaQobic conditions. As a dt, the costs, environmental risks. and 
liabilities assodattd with anaerobic waste amditions within a landfill, as descrii earlier, could be issues for 
WTE landfills. 

In contrast, by minimizing the production of methane gas from landfills, the ALS provides an alternative, ~tufal. 
approach to rectuQng “g”e gases” that may be more costeffectivt. As presented above, the ALS at the 
CCBPRL demonstrated that methane gas was reduced up to 90% in many of the “aerobic” arms. At many landfills, 
one ofthe short-term cost savings associated with thisbendit could bethe coststhat would, othenme ’ .bedircCtedto 
methane gas collection, treatment. and management ophons. (Thu is provided that mrbon dioxide recovery is not 
required.) 

The long-term cost savings of reduced methane production (where WTE is not economical) may be sigmficant where 
reductions in regulatory monitoring and compliance &om are allowed. This would lower methane management 
costs and associated methane-related risks. Columbia County. for example, plans to seek regulatory relief of certain 
landfill monitoring requirements, based on h s  benefit. 

In this light, the EPA has recogxuzed the ALS as an e“g Tier II methane control technology and that this 
approach “is expeued to become a prime candidate technology for landfills in the U.S. and elsewhere that can not 
generate LFG in sufficient quality or quantity to economically recover the associated energy.“’ As this technology 
develops I”, additional performance data will be available to measure the impact of the ALS on reducing 
‘‘&reenboUst” gases. Discussions are continuing mith other state and federal regulator). agencies on possiile relief 
under the C M  usmg the ALS. Other cost benefits are being evaluated with respect to: 1) possible impack to landfill 
insurance pnr”s, 2) relief of certain f i n a n d  responsibility requrrements. 3) emission “shares”, and 4) the 
impact of meeting ‘‘greenhouse gas” reduction goals. Overall. this natural approach to methane control could be very 
beneficial to landfills. 

-- 

4. 
‘There are many lanctfills world-wide that pose threats to local groundwater and surface water resources. At many 
landfills. it is predicted that toxic compounds typically found in aging leachate streams nil1 ultimately leak through 
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cracks that will develop in the landfill's protective liner systems and be released into neaxby water resources at 
elevated co"tTatiolls. Once released, these contaminants can migrate through the SubSllrEdce and into 
groundwater and surface water, causing scvere health effects. This is evident due to the incnaSing number of 
landfills that have (and are planning) to inilia& mediation aaivities associated with landfill leachate releases. Of 
the numezous gnnmdwata remediation technologies available, many leaking landfib with related grolmmvater 
problems look toward amventional "pump-aud-treat" or ex-sihc SJrStans as a solution. These type systems "er 
the contaminated ground and/or surface water through a series of pumping wells or surface intakes, and treat the 
influent using a variety dphymcal, chemical, and/or biological systems. 

Howewer, these type of- approaches are initiated only uper the release hasbeen identified In addition, t h q  
canbe exptnsive, and require extensive laboratory adyses, monitorin& andregnlatoIy compliance. Farthermore, 
using only a '"p-and-treat* approach for groundwater remed~& . 'oncanaddyearstoahdfillcltanup.Thesetyjx 

to well intakes. 
Asamungtbere is a high~cicncyrecavayofimpactcd gmmhmkr, this approgch still could take many years to 
meet gmmrdwater suallty st;illdards. overall, this is an i.lldirect response to icaking landfills that will inevitably 
extend the cost of site remediation A morepactivc approachis needed, one that not only addresses pnsmt 
w i m p a c t s  at la&iUs, but one that also adQess the landfiU wastc mass, bcfire it becomes a source of. 
&roundwaterco"ination. 

By ueating the waste aerobically with an ALS, the leachate is directly treated, before it can be released through any 
cracks in the landfitl liner. At larvtfiflfi lmdagoing (or preparing for) gmnndwata runahah . "thismdhodof 
ducctlytreatingthe waste (and leachate) would lesscnthetoxicity aftbe tscapizLg 1- thesety lesaentbetoxi* 
of the impacted gmundwater and redtrct "downstream" grormdwata re" . 'on efforts, saving pokmially 
sigruscam SJrStem operating and monitoring casts. 

systans, once installed, rely on subwnface hydrogcologv to transport i"i 

5. Odor Control 
In the "aerobic areas" of the CCBPRL, strong N H 3 -  and H2S odors 8ssociated with conventional landfill operations 
wertminunal thrwghout ALSoperatians. lnsuad, less pun^ o r g a n i c o d o r s ~ t i v c  ofcampostedwasrewerr 
detected F m  a public acccptaMx Perspecrive, this benefit can be imp0mmt to solid waste planners during the 
sting ofnew landfills or to address odor complaints at existing ones. 

6. 
Potential cost Savings d d  also be rmlized with respea to site closure. A recent study amhcted by the University 
of Ohio found that the mean cost of closing a Sanitary landfill (in Ohio) was $67.112 per acre. Postclosure care for 
landfillsinclude. at a mini". gmdwater, surface water and "e monitoring, as well asmaintcnanoc ofthe 
landGI cap. For many landfills closure and postclosure costsarc in the millioosofdollars. 

Reduced Ciosa~re and Post-Closure Costs 

Upon waste stabihzatton and reaching frill landfill capmy, the ALS provides the oppommity for ladfills to seek 
regulatory relief of closure and post-clo" m t o n n g  reqrurements. Smcc the a pomao of wage at the CCBPRL 
has been statnitzed and leachate qual* improved wa the ALS, the potanal for g"r rmpact by the leachate 
as wcll as the product1011 of VOCs and methane has been reduced. AS the system is to be expmded, aptrated and 
momtored. the potenmi to staMtze more of the waste will emsts. "here IS now an opportunity to demonstrate further 
reducnons in nsks to the emmnment based on future LFG. leachate. and groundwater anatyses. In thts light, ATI 
has begun Qscussions wth the Geargn EPD regardmg regulatory relief with respect to the County's closure and 
post-closure rqwrements. starting mth a request for a reduced momtonng program 

Addittonalh . landfills can conslder the optton of landfill m n g  as part of an ALS strategy In these cases, the waste 
IS rapidly stabilized in a more ttmely manner and the hurms removed. analyzd. and possibly used for agncultural 
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purposes or as landfill daily mer. The remaining nondegraded matter (plastics, glass, and metal) could have some 
market value, providing additional income for the landfill and reduchg ”UjFhnt” r c q c h g  &om (costs). This 
approach lends itself to a continuous land6ll, precluding the need for a costly permanent cap and the siting of new 
landfills, altogether saving millions of dollars. It is cautioned, howewer, that markcts should be first established and 
that the composted materials could be sold or re-used at a cost less than the &m to mine and process the stabilized 
waste. 

Moreover, a lessexpensive, “y cap would be used instead to cover the waste while it degrades, then removed 
to allow mining activities. New waste would be plaaxl back into the ladfill and the previously mined humis reused 
as a cover, prior to re-starting of the aerobic process. Under this opiion, a significant portion of the costs associated 
with the m e r ,  closure and post~losure, as dcscrii earlier, as well as siting new land6lls could be avoided. 

Overall costsfor an ALS canbe si-tly lower than the costsowners and opuatorswill face chningthe operation 
and maintenance of a landfill. Although, there are many hifill design and opcrationalfactoIs to consider aspart of 
the implementation of an ALS at a particular hdfill, it is estimated that an ALS would provide an attractive return 
on ipvestment for many landfills. The design of an ALS shuuld, at a “, consider the lanrffitl’s current design 
and waste operations, waste height and phmut t ,  environmental regulations, and site conditions. As presented in 
this papex, three possiile ALS approaches have been identified: 1) ALS applications on SUCCtSSiVe lifts of waste 
lanlffills (landfills under construction); 2) ALS applications on cxisthg laMffills; and 3) ALS applications with cell 
mining. 

The approximate capital cost for an ALS in these cases would be similar to the costs for a methane gas collection 
system (S25,OOO to $30,000 per acre). Since the ALS may preclude the need for gas collection system (due to reduce 
methane pmdumon) and that the ALS could re-use much of its original air and lccjatc injection equipment (less 
buried PVC piping and plastic hoses), the net increased capital cost would be minimal. Gas monitonng system(s) 
would still be required in with or without the ALS. Any capital investment in gas filter/combustion would be 
sigmficantly reduced. 

An ALS application in a cell approach whereby the waste is rmned could provide s i g ”  savings. Once the waste . 
is degraded and stabilized. the ALS equipment is then moved to an adjacent cell and this process repeated. The 
previously degraded wastes are then mined and recovered for market or for re-use. It is estimated that only a few cell 
areas would be required to perform this cycle of w e  plaa“t. aerobic d-n, mining. and cell re-use, rather 
than an entlre landfill. Ths approach could significantiy reduce landfill co-odcapital costs. 

In each of the three cases (or modifications thereof), Operational and monitoring costs would be moderate for each 
ALS cell start-up (2 to 6 months) and would include monthly l a t e  and landfill gas adyse.s as well as daily 
system momtonng by a t e c h ” .  After the start-up period. monitoring qui” (and costs) would be reduoed, 
and the system possibly turned over to lan&ll personnel. Depaading on the type of landfills (under amsuuction, 
exiwng), its construcaon. and regulatory requirements. O&M costs would most likely vary from site to site. 

However. compared to the costs of expenme site cleanups, methane gas and leachate managemex& closure and post- 
closure OBdK and the risks associated with landfill operations, it is estimated that the ALS approach provides 
potentially sigxuficant savings for many landfills. For example, based on waste settlement alone. the CCBPRL stands 
to benefit from an estimated two-year return on investment. Additional cost savings cwld be realized as the leachate 
and methane gas management costs are reduced, as &scussed above. 
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For landfills worldwide, the ALS promotes a change in the overall of solid waste e. In many 
cases,theALS sefyesasmeans to operate landfitlsmore e4Sckdy. Additionally, the ALS serves as a cost-ef5ective, 
aerabic 'on solution for taruffills which are advendy impding the c"mt. Through the continued 
development of this tezlmology, the ALS will foster a new p" * onlanrtfillinPwastcan4atthesametime, 
reduce the cost burdens of landfill Operations a d o r  site "I 'an. In addition, the long-term liability and costs 
associatedwith landfill operationandcl~willbe patlyrrduced 
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Mr. Hudgins sems as the Project Mauagex for the ALS projcd and all of Am's landfill biotechnology programs. 
Mr. Hudgins' professional career has pnmady been involved with assessI1cIt and remediation of hazardous wastes, 
speaficaliy the development and i m p l m t i o n  ofbioaatment systems. He is a 1985 gradaate of the Citadel, 
holds a Bachelor &Science in Civil Engir#aink Mr. Hudgins has led syaem dtsignprograms, 
i n ~ g h a z a r d o u s w a s t e ~  . 'on systems, biorcmdatiioa, and b i o "  and odar a " 1  systems. as well 
a s g r o m d w a t e r a s s e s s m e n t a n d ~ e n t p ~ .  

Mr. March, a Biological Engincuing Degree g " t e  hm Tk University of Georgia is tk ALS project's field 
engineer. M r . M a r c h ' s w o r k ~ i n c h d e s a n -  - nsavchbadrgr"d,inctudingworkwithtreatment 
Of~waSteS,treatinghazardcRlswasteWithpl24lltS@hytarcmchatlon * ),andenymestudies.Hehasalsoserved 
as an immtigatorfor a state fimkdfire ant research program and helped M a p  a for fire ant control. 
M r . M a r c h h a s a l s o d e s i g n e d ~ a n d w r o 4 e ~ m o d e l i n g p h y t ~  * 'onofhcavymetals. Heisalso 
pursing a Master's Degree in Biological Enghdkg at Tk Univasay ofGeorgia 
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