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INTR ODUCTION 

Landf il ling is a me tho d of s ol i d  w as te di s po sal tha t has bee n 

u sed sin ce pr ehis tor i c  tim es. Open dum ping, th e  mo s t  primi tiv e 

dispo sal m e thod,  was w i dely pr a cti ced in th e U ni t ed S tates prio r t o  

the 1 94 0 ' s ;  dur ing the pas t  thi rty to for ty years solid w as t e  

landfilling h a s  bee n m odified t o  m inim iz e  enviro nmental pol l u t io n  

( Hagerty , et. al . ,  1 97 3 ) . The m e thod of sani t a ry  landfil l ing h as 

evol ved from o pe n  dum ping, in res ponse to  th e h azards asso ciat ed w i th 

open dumps. Dump s degrade th e environment in n um erous w ay s. They act 

as,breeding ground s for rats, fli e s  and o th er vectors tha t  threa ten 

publ i c  heal th. These si tes pr ov ide a food so ur c e  for pes t s ,  which 

co ngrega te at d umps. W a ter and o ther l iq ui d s  see p thro ugh th e 

degradi ng refu s e, pi cking up ch em i cal s and ba ct eria whi ch ar e carri ed 

to  river s ,  s trea ms and reserv oi rs. Wa ter per cola ting thro ugh th e w as t e  

carries these h armful subs tan ce s  into the gro undw a ter. The foul odor 

and eyesore cr eated by and o pe n  dump ar e aes the ti cal ly degrad ing. 

Dum ping has adverse effe c t s  o n  property and pe ople wi thin a f ive mil e 

r a d i us ( D i a z ,  e t. al . , 1 9 8 2 ) .  

The sani t ary landfil l me tho d w as firs t  t ried in Engl and in 1 9 1 6  

( Sm al l ,  1 97 1 ) . During the 1 93 0 '  s N ew York Ci ty and Fr esno, C al i fornia 

s tarted sani t ary landfil l s ;  by 1 94 5  approxi m a  tel.y 1 0 0 ci ti e s  h ad 

sani tary l andf il l s. In 1 9 84  ther e w er e  mor e than 8700 o pera t i ng 

sani tary landfil l s  ( O ffice of Resour ce R e cov e ry  and Was t e  Dis posal 

Planning, Ci ty of N ew York D erar tment of S a nita tion (NYC ) , 19 8 4) .  A 

sani tary landf il l  is "a me tho d of di spo sing of ref us e  on land w i thout 



creati ng nui sance s or haz ards t o  publ i c  heal t h  or  safety ,  by utiliz ing 

the princi pl e s  of engi neering t o  co nfine th e r efus e to the sm al le s t  

pr acti cal vol um e,  and t o  cov e r  i t  w i th a lay e r  o f  ear th a t  th e 

conclusion of e ach day' s o pera tion,  or at su c h  mor e freq uent in t erv al s  

as may be nec e ssary ; "  this  is t he techni cal de fini tion for m ula ted by 

the Am eri can Society of Civ il Engineers ( AS CE ) .  If all landf il l s  w ere 

truly sani tary , by defini tio n, ther e woul d be no adverse env ironmen tal 

im pa ct. The pr obl em is tha t mo s t  sa ni tary lan dfills do no t mee t these  

cri teri a. I n  1 96 8 ,  a na tio nal survey found that 9 4% of th e exi s ting 

land di s po s al o perations w er e  unacceptabl e ;  only 6% w ere true sani tary 

landfil l s  (Van Tas sel , 1 97 3 ) .  In th e mid- 1 97 0 's at leas t 8 0 %  of Uni ted 

S tates muni cipal i ti e s  wi th po pula tio ns of over 5 ,000 w er e  pr acti cing 

open dum ping. Since then, stringent regul a tions hav e be e n  p ut on new 

or expand i ng landfill s. Th e  Reso ur ce Conserva tio n and R e cove ry  A c t  

( R CR A ) , ·of 1 97 6 ,  und er sec tion 40 0 4 ,  prov ides cri teria fo r classi fi­

cation of s olid waste  d is po s al  si te s as o pen dum ps or sa nita ry landfill s. 

Open dum p s  are req ui red to  upgrade or clo se by 1 9 85 (Has se tt and 

Co nrad ,  1 9  8 1  ) .  How ev er,  many unsani tary landfill s and o pe n  dum p s  are 

still in existence ; ino s t  continue to o perate without p ermi ts. 

PRO PER TIES OF A SANI T ARY LAND FILL 

Th e detail s of exis ting sani tary landfil l s  ar e extrem ely 

varia b l e.  Siz e  vari e s ac cording t o  th e siz e of the pop ula tio n 

serv ed and the perio d  of tim e  the landf il l  is used. For exampl e,  

give n a ty pi cal sol i d  waste densi ty of 1 , 000  l bs . / c u b i c  yd. and a 

refuse to soil cover ratio of 4 : 1 ,  a popul ation of 1 0 ,000  peo pl e would 
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need appro xi mately 1 0  acre- feet ( vol um e that w oul d cov e r  one acre to a 

de p th of o n e  foo t )  o f  s pace each year fo r resi den ti al and com m er ci al 

w as t es. Densi ti es m ay vary from 8 0 0 to 1 ,2 00 lbs. / c ubic yd. ( Uni ted 

S ta t e s  E P A , 1 97 6) .  

Presently, landf il l  operati ons a r e  regul ated by indivi dual 

S ta t e s. In N ew Yor k, th e De par tmen t of Enviro nmen t al O:mserva tio n 

(DE C )  r egulates l and f il l  opera tions ; landfil l si t e s· a re governed by 

th e foll ow ing guid elines. Basel i n e  wa ter q ual i ty rondi tions ( seas o n al 

da t a )  must be obtai n ed before si ting t he landfil l.  The horiz ontal 

s e par a tion from s urf a ce wa ters is de t ermined for e a ch si te,  as w el l  as 

hy drogeologi c  fac t ors , incl uding: sail at tenua ti o n  charac t eri sti c s ,  

dr a inage, and na t ur al o r  man- ma d e  ta.rri ers ( DE C ,  1 9  8 1 ) . A ver ti cal 

sepa rati on of at le as t  five feet be tw e en sol i d  w as t e  and the seas onal 

hi gh gro undwater t able or bedro c k  is  r eq uired. H owever, regul a tio n s  

th at l im i t  speci f ic hy drogeol ogi cal factors may be unr easona bl e , sin ce 

th e com bined eff e ct of all the hy drogeologi c  vari able s de termine s th e 

po tenti al succes s of the landfil l.  

The dis tanc e  be tw een landf i'l ls and po pul ati o n  centers var i e s  

grea tly. From a n  eronomi cal ly standpoint ,  i t  i s  res t to si te a 

landfil l cl ose to t he was t e  gene r ati ng sour ces , in order to mini miz e 

trans por ta tion co s t s. How ever, p u bl i c  o ppo si tio n t o  lo ca ting r efuse 

landfil l s  in cl o s e  pr oxi m i ty to r esi denti al ar e as is one of th e l arges t 

o bs t acles invol v e d  in o b taining ap proval of a sit e • 

3 



REG U LA TIONS 

The R CR A  of 1 <]76 gave E PA authori ty to con tr ol soli d waste  land 

pollution for th e first ti m e. Under the RCRA th e EPA rel eas ed guide­

l ine s for soli d  was te dispo sal in 1 9 80 .  The p urpo s e  of these gui delines 

w as to assi s t  s t a tes in eval ua ting the env ironm ental accepta bi l ity of 

landf ill si tes. 'Ihe gui del i ne s  wer e m eant to br id ge the gap be tween 

s tate regul ati o n s  and federal go al s ,  primaril y  fo r futur e si t e s. 

Or iginally, s ta t e s  were to use su bti tl e D.:fund s t o  iden tify si te s in 

viol ati o n ;  how ev e r, by Octo ber of 1 9 8 1  federal funds and techni cal 

as sis tan ce ended ( Daw son,  1 9 8 1 ) . In Novem ber 1 9 81 ther e was n o  lo nger 

a RCRA director or progr am ( The Federal Bea t :  A gency Vacuum Cau ses 

C.O n cern , 1 9 8 1 ) . 

The EPA gui del ine s  w er e  a rrived at af t er examining ea ch s tate' s 

i:racti ces. Cl ear trends among th e sta t es w er e  in corpora ted as guide­

lines. W hen tr ends were no t cl e ar the mo st su cces sful method was 

acbpt ed. Te chni cal and s cien tif i c  sta te-of- th e-ar t m e thods wer e 

incorporated as gui del ines if s tate pr acti ces di d no t meet fede ral 

inten tions ( Cumm ings and Wi gh , 1 9 80) .  The ori gin al i dea was t o  

el i minate al l o pen dum ps by mi d-Octo ber 1 9 85 . S tate inspe ct ers visi t 

sites  and determ in e if th ey ar e o pen dumps,  ac co rding to th e 

esta bl i shed EPA gui del ines. Sit es cl as si fied as  open dum ps are 

req uired to upgr ade or s ubj e c t  to closure unde r th e R CRA. The ban on 

open dum ps is not  enfor ca bl e by any federal age ncy. The sta t e s  are 

l eft w i th th e tas k  of im pl ementa tion, and only ci tiz ens can br ing sui t  

agai nst a non com plying dispo s al si te through federal co ur ts ( Nol l e t  

a nd Sh erw in,  1 9  82) .  
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The EPA r egulati ons incl ude pr ovisi ons fo r groundw ater pr otection. 

N o  s oli d w as t e  facil i ty can contam inate under gro und drinking wa t e r  

sour ces or aq ui fers wher e  to t al dissolved sol i d s w er e  bel ow 1 0 , 0 00 

mg. IL. b efore con s tru c tion ; this c ut- off is  m ean t to pro t e c t  po s si bl e, 

future drinki ng water sour ces. Contamina tion is assessed at r efuse 

boundaries  to al low for na tur al a t tenua tion pro ce s se s  and dil ution of 

l ea chate dir e c tl y  bel ow th e l a ndfil l. Contam in ati on is def in ed by the 

Safe Drinking Wa ter A ct ;  l ev el s  of poll utant s i n  l ea cha te canno t 

exc ee d  maxi m um l ev el s  se t in t his Act ( Nol l e t  and Sherw in, 1 9 82 ) . 

The gui deline s cov er mos t landfill iss ue s .  Surface w a t e r  is 

pro tect ed by the prohi bi tion of direct landf i l l  dis charge. Ai r 

poll ution gui deline s incl ude : l:a.nning o pen b urning, and m e than e 

regul ati ons. Under the R CR A  methane mus t be b el ow 2 5% of th e l ow er 

e xplo sive l im i t  ( L EL)  in lan df il l  buil dings a n d  bel ow the L EL  a t  the 

res t of th e si te. Vents mus t be instal l ed i f  the possi bi l i ty of 

la ter al mi gra tion of gases exis t s. G uid el ine s di cta t e  tha t vect ors 

must be co n trol led ,  whi ch includes elimina tion of al l standing water , 

a breeding r equir ement for ma ny insects,  f r o m  landfill si tes (Nol l e t  

and Sherw in , 1 9 82 ) . 

Al m o s t  80% of landfil l s in New Yor k  S t a te are operati ng w i thout 

permits  be cau s e  th ey violat e at l east one of th e s ta t e  re gu la tions. 

Approxi m a t el y  fif ty per ce n t  of New Yor k l and fil l s  are po l l uti ng w ater 

suppl i e s ,  ac cording to a Sta t e  audi t r el eas ed in 1 9 84.  Ther e ar e 

about 4 2 0  la ndfil l s  in th e S tate and DEC l acks the perso nnel to 

inspect th e m, due to Fed er al cut backs ( Landman ,  1 9 8 4 )  • 

5 



METHODS O F  SANI TAR Y LAN D FILLING 

Th er e ar e thr ee me thod s of sani tary landf il ling: (1) tr ench 

( 2 )  ar ea and (3 )  ram p. Each m e thod has advantage s ;  the m e thod used at 

a par ti cular si te shoul d b e  th e one tha t is bes t s ui ted fo r th e 

characteri s ti cs of that si t e.  All three m e tho ds have so m e  .com mon 

pra c ti ces. R efus e is del i ver ed to the sit e ;  i t  is dum ped a t  the 

"wor kface"  ( the area of th e l andfil l wher e refuse is being de posi ted ) ,  

s pread an d com pa cted i n  th in layers w i th i n  a sm all ar ea. At th e end 

of each day the solid w as t e  is cov ered w it h  soil that is si:read ev enly 

over the r efus e and com pact ed to  a hi gh den si ty. Th e res ul ting 

structur e is cal l ed a ref u se cel l. The de pth of the cel l is referred 

to as the "li ft ". When numerous cell s hav e  been cons tru ct ed and the 

hei gh t  of the landfil l reach es the int ended el evation, a l ay er of 

final cove r is s pr ead and com pa cted over al l  cell s ;  thi s l ayer is 

usual l y  3 to 4 f e e t  de e p  ( H ager ty , e t.  al . ,  1 9 7 3 ) . 

Com p actio n of ref u s e  cell s is an i mpor tan t as pect of sani tary 

landf il ling. Com pressing wastes reduce s s e ttling and cr eates a firm 

bas e for equi pm ent. C o m pacting thin l aye rs is  mo st sue res sful be cau se 

th e w ei gh t  of the com pa c t er is di ssi pa ta:i over a broad a rea wi th 

deeper l ayers ; ther efor e, less press ur e  is appl i ed per u ni t vol um e  of 

refuse. Typi cal ly , was t e  cel l s  are co m pa ct ed when they reach a depth 

of 1 2  t o  20  in ches ( Di az, e t. al. , 1 9 8 2) .  Wi thout com paction, 

accel erated se t tl ing cr eates fis sur e s  in th e cover m a terial , expo sing 

the was t e s. 

A disadvantage of compa ction is t hat it prol o ngs l andfil l 

s ta b il iza tion. Com paction decr ease s th e inters ti ti al s paces be tw ee n  
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the r ef use,  whi ch l o w e rs the amoun t of air in the f i l L  In respo ns e ,  

th e aer obi c phase of decom po si tion i s  shor tened,  cau si ng a si gnifi can t 

redu ction in the ini tial rate of de c om po si ti on. Th eref or e, the ti m e  

ne e ded for fill content s  t o  s ta bil iz e is prol o nged. How ever, th e 

adv antages outw ei gh the disadvantage s. Com pac ti o n  is  al so benef i ci al  

w i th respect to m e th an e  r e covery. Sin ce com pa c tio n inhi bi t s a ero b i c  

mi cro bes,  the ana erobi c methane prod ucers are enh anced (D i az ,  e t. al. , 

1 9 8 2 ) . 

The ap pl i ca t i o n  of daily and f inal cov er to s ani tary landfi l ls i s  

i m por tant because th e cover w il l  res tri c t  inf il tra tio n of pr e ci pita tio n, 

m ini miz e methane e s cape and odor s ,  prev ent ve ctor s from obtaining food 

and har borage, an d grea tly redu c e  s urface bl ow n l i t ter. Cov er als o 

sus tains pl ant gr ow th at com pl e t ed landfill s. A m ixtur e of cl ay and 

san d is be s t  for <Bily cover. Th e  ap pro pri a t e  m ixt ur e  can be thoroughly 

com pa ct ed,  al l ow ing for eq ui pm e n t  passage and pr eventing fi s s ur es. 

C l ay, al o ne,  is pr obl ema ti c  be cau s e  i t  hinder s eq ui pment pas sa g e  when 

i t  i s  w e t. Dry clay tends to cr ac k; creati ng f is sur es that ca n extend 

to the underlyi n g  r efuse. M e than e can diffus e through sand,  whi ch 

al so canno t be com pa ct ed suffi ci entl y to suppo r t  eq ui pm en t. Also,  

v e ct ors can pene tra te sand cove r (Diaz, e t. al. , 1 9 82 ) .  

Trench Me thod 

In the tr ench me thod,  was t e  is  dum ped into l ong narrow excava ti ons 

( Fi gur e 1 ) . Th e  s oil,  r emoved t o  form the trenches, is sto c kp i l ed for 

future use as cov er material .  The gar bage i s  s pread on a sh al low 

incline, com pact ed and then c over ed a t  the en d of th e w ork day ( Pavo ni, 

et.  al . ,  1 9 7 5 ) . Tr e n c h e s  v ar y  from 1 0 0 to 4 0 0 fe e t  in  l en g t h ,  3 to 4 
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Figure 1. Trench Method of Sanitary Landfilling 

Source: (Pavoni, et. al. , 1975) • 
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fee t  in depth. The total landf il l depth usual ly r anges from 1 5  to 2 5  

fee t . 

Thi s method is bes t  sui ted fo r si tes w her e th e a deep excav a ti on 

w il l  no t pene tra t e  th e groundw a t e r. Th ere sho ul d be a deep l ay e r  of 

s ui tabl e  co v er soi l and fl a t  to pogr aphy in or der for thi s  meth o d  t o  be 

su c ce s sful ( Pavo ni, e t. al. , 1 97 5 ) .  Trenching wo rks bes t  when s oil is 

highly cohesive s o  that refuse cel ls  can be con s truct ed cl ose t oge ther 

w i th only a thi n w al l  of soil be tw een. 

Area Me thod 

The only pr eliminary excav a tion tha t  is do n e  for use of th e area 

m e thod entail s r e mov ing the to ps oil for future us e as final co ve r. 

Sol id w as t e  is spread on the ground in uni form lay ers,  com pa c t ed to 

high densi ty an d covere d  a t  th e day' s end or  w ne n the w orkfa c e  ar e a  is 

fill ed (Figur e 2 ) . Usual ly , co ver materi al is br ough t to the si te 

f r om ano th er lo ca tion ( Pavoni, e t. al. , 1 97 5 ) .  The de p th o f  r efu se 

cel l s  is typi cal ly 1 6  to 30 inches ; total landf ill hei gh t range s from 

6 to 1 0  f e e t. 

Thi s meth o d  i s  used w hen the groundw ater table is shal l ow , 

prohi bi ting de e p  excava tio ns. Area filling i s  also the be s t  me thod 

for si tes w i t h  i rregul ar or rough topo gr aphy (Pav oni, et.  al., 1 97 5 ) .  

S peci al l ar ge de pre s sion si te s s u ch as: canyo n s ,  q uarri e s  and gr av el 

pi ts util iz e this method (D i az ,  et. al ., 1 9 8 2 ) . Usually , th e w orkface 

is kept as sm al l  as po ssi bl e t o  minim iz e  s urf a ce bl ow n l i t te r  but 

large eno ugh to acco m m oda t e  the refus e tru c k  traffi c • 

9 
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Figure 2. Area Method of Sanitary Landfilling 

Source: (Pavoni, et. al. , 1975) 
• 
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� Method 

The ram p m e thod is a com bi na ti.on of the tr ench and area m e thods 

( Figur e 3) .  A sm al l  excava tio n  i s  m ade before d um ping. R efus e is 

deposi ted on th e  face of the sl o pe ,  spr ead, co m pa cted and cov er ed w i th 

soil taken dir ectly from th e fron t of the w orkface ( Pavo ni, e t. al. ,  

1 97 5 ) .  Thi s pr ocess is repea t ed a t  the face of the new sl o p e ,  

resul ting i n  a s u c ce s sion of slo pes a cro s s  th e landf ilL Thi s me thod 

is al so ref e r r ed  to as the pr ogres siv e sl o p e  m ethod ( P avoni , et. al . ,  

1 97 5 ). Th e  r a m p  m e thod i s  s ui. tabl e f o r  m o s t a ny to po graphy. Thi s  

method is bes t for sm al l  com muni ti es since i t  can b e  acco m plished 

u s i n g  o ne pi e c e  of eq ui p m e n t  ( D i az , e t . a l . , 1 9 8 2 )  . 

�UIPMENT 

Equi pme n t needs for sa nitary landf il l i ng de pend on th e a moun t  and 

type of w as t e  involved,  th e method us ed and soil condi ti o ns ( Tabl e 1 ) . 

A facil i ty fo r w ei ghing th e incoming w as t e, perso nnel facil i ti e s  and 

util i ti es are ne cessary a t  all landfil l si t es (Diaz ,  et.  al . , 1 9 82 ) . 

A front- e n d  loader is  us e d  a t  very sm al l landf ill s, wher e o n e  pi e ce o f  

mo bil e eq uipment i s  al l t h a t  may be eco nom ically feasi bl e. Tracked 

bull doz ers ,  whi ch s pread r efus e  rapi dly, ar e used a t  lar ge r  si tes • 

Both of th ese types of eq uipm ent opera t e  w ell in al l w e a ther co ndi ti ons 

( Pavoni,  e t. al. , 1 97 5 ) .  -Speaci al iz ed eq ui pment are used for l ar ge 

sani tary landfil l s. S t eel- wheel ed co m pa ctor- loader-do z ers are used 

for com p a ctio n of h e t er o ge neous was tes.  The amo un t  of c om pa c tion 

achi ev ed decr eases w i t h  each pas s  of the  vehi cl e ;  mor e than four to 

1 1 
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Figure 3. Ramp Method of Sanitary Landfilling 

Source; (Pavoni, et. al. , 1975) 
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Table 1. Average Sanitary Landfill Equipment 
Requirements 

Equipment 

D:iily Rcq uirements 

Popul:ition Tonnage Quantity Type Size (lb) Accessories3 

0 0 Tractor- crawler 10,000 Dozer hl:ide 

to to or ruhher-tired to Front end loader 

15,000 40 30,000 (I to 2 cu yd) 

Trash blade 

15,000 40 Tractor-crawler 30,000 Dozer blacle 

to to or rubber-tired to Front end loader 

50,000 130 a Scraper 60,000 (2 to 4 cu yd) 
a Dragl ine Oullclam 
a Water truck Trash blade 

50,000 130 I to 2 Tractor-crawler 30,000 Dozer blade 

to to or rubber-t ired or hon! end loader 
100,000 260 a Scraper more (2 to 5 cu yd) 

a Dragline Oullcla rn 

a Water truck Trash blade 

100,000 260 2 or Tractor-crawkr 34,000 Dozer blade 
or or more or rubber-tired or Front end loader 

more more a Scraper more Oullclam 
a Dragline Trash blade 
a Water truck 
a Road grader 
a Steel-wheel 

compactor 

30ptional, dependent on individual need. 

Source: "Sanitary undfill Facts," HEW, USl'HS, Puhl. No. 1792 . 

Source: (Hagerty, et al. 1973) 
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five pas ses  is  un economi cal. Th ese l arge too th ed s teel- wheel ed machines 

a dli eve densi ti e s  aoout 1 0% gr ea t e r  than tradi tio n al  eq ui pm ent (H ager ty, 

e t. al. , 1 97 3 ) .  Howev er , th ey lac k th e tr acti o n  of doz er s  in w e t  

wea th er condi tion s or o n  s teep slo pes. Al so, they ar e not par tic ula rly 

useful for si t e  pr eparation. A sel f- propel l ed sea.per or rubber- tired 

loader is nee de d if cov er m a t eri al must be moved mor e than a f ew 

tho u s a n d  f e e t  ( P av o ni , e t. al . ,  1 97 5 ) .  

All m o bil e  eq ui pme n t  u sed a t  landfil l s  must be  f i t t e d  w i th 

spe ci al engine and radi a tor guards or s cr eens. Rev ersi ble fans to 

bl ow pa pe r of of th e ra diator and under dlas sis guards t o  pr o t e c t  the 

transm i s sion and engi ne are nece ssary. Covers must  be in stal l ed to 

prote c t  a ny hy draul i c l ines. H eavy- d u ty ti res must be us ed on eq uip­

ment to pr ev ent bl ow - o ut s. Spe ci al ai r intake fil ters m ust  be used a t  

si tes w he r e  per si stent  dus t is  a pro b le m (Pavoni, e t. aL, 1 97 5 ) .  

AIR POLL U T ION 

Ai r poll ution is l im i ted to th e imm edi a t e  vi ci ni ty of the 

landf il l si te in pr o p e rly operated sa ni tary landfil l s  (United S ta t e s  

De p t. o f  Heal th Edu ca tio n and W elfar e ,  1 96 6 ) . Landfil l air poll utio n 

is ca used by :  m ethane production, odo rs,  dus t and v e h icl e  em issions a t  

the  s i t e. 

Gas e s  

The production of gases i n  landf ills cr ea tes a po tenti al for 

expl o sio ns ,  fires,  an d h e al th hazar ds. Me thane and carton dio xi d e  ar e 
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th e pr imary gases r el eased to the a tm o sphere from l andfil l s. Ni tr o gen, 

hy dro ge n  and hy dr o ge n  s ulfide ar e als o products of th e de com po si tio n 

of refuse. Mor e th an 1 50 vol atil e o rgani c  com po und s h av e  been 

i de n tifi ed in landf il l gas (L FG ) ; concentra tions ar e ty pi cal ly b el ow 

1 00 ppm ,  by vol um e ,  at the fil l si t e. General ly , muni ci pal w as t e  LFU 

is no t consi der e d  to  be  toxic. 

The rel ativ e  abundance of di f ferent l andfil l gas e s  change s as  the 

f i ll ages ( Ta bl e 2).  Initi al ly carton dio xi de pr e dom i na tes,  but la t er 

m e thane becom es mor e i m por tant. I ni ti al ly nitr o ge n  a c co un t s  for 

al mo s t 5% of the to t al  gas vol ume ( Ha ger ty, e t. aL, 1 97 3 ) .  Af t e r  th e 

fi rs t  year , meth an e  r anges from 5 5  to 65%  of th e t otal gas vol um e 

pr odu ced a t  landf il ls,  car bon dioxide range s  fr o m  3 5  to  4 5% ,  an d o ther 

ga ses are found to com po se 1 to 2% of the tot al .  Meth ane i s  haz ardous 

a t  con centra tions grea ter than 5 %  by vol um e  ( S t earns and B eiz er ,  

1 9  85 ) . 

Meth ane dif f uses into th e a tm o sph er e  fro m  s oi l s  due to pr es s tr e  

and oon ce n tra tio n gradients. Me thane also m oves la t er ally from 

l andfil l s  to adj o i ni ng soi l s, es pe c i al ly if th e cov er is rel ativel y 

i mpermea bl e ;  i t  m ay al so seep int o near by buil d i ngs. S oil diff u sive 

pe rmeabil i ty is th e main factor de term ining if an d how gases w il l 

m igra t e. Mi gra tio n is grea te st in  poro us soils. If a si t e  i s  

s ur rounded by a dry , perm eabl e soi l ,  gas e s  w il l  m igrate, later al ly, 

o u t  of th e landfil l w hen th e i nterf ace exchange is blocked ( No san ov, 

1 980) .  Soil cov e r  incr eases the concentration o f  m ethane in a 

landf ill by sl ow i ng diffusion of m e thane and i nf l ow of oxygen and 

nitro gen ( Ham , e t. al. , 1 982 ) .  Cov er al so po s t p o nes active m e th ane 

pr odu c tion due t o  th e effects o f  l im i ted gas e x dl a nge on de com po si tion 

processes w i thin the ref us e. S aturated soil s and i m perm eabl e s trata 

1 5  



Table 2. Change in Landfill Gas Compos ition 

with time 

Time Interval Since 
Average% by Volume 

Start of Cell Completion (Months) N2 C02 

0-3 5.2 88 

3-6 3.8 76 

6-12 0.4 65 

12-18 I. I 52 

18-24 0.4 53 

24-30 0.2 52 

30-36 1.3 46 

36-42 0.9 so 

42-48 0.4 51 

Source: (Hagerty, et. al., 1973) 
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inhibi t migrati o n, whi ch is al s o  slow er through f ine soil s. 

The ra te of gas produ c tio n depends on the c ompo si tio n  of th e 

solid waste an d m i cror gani sm s pr esent as w el l  a s  the abundanc e  of 

oxygen and m ois t ur e. An avera ge of 5 cu bi c fee t of L FG  per po un d of 

refuse to 8 c u bi c  feet per po und is  generate d ,  ov er an ext ended period 

of time (Hasse t t and Co nrad , 19 8 1) .  

R ecent explosions and fir es caused by landf il l  gas ( L FG ) have 

initiated s tr i ct e r  r e gul a tion s. Federal s tan da rd s  h ave been se t, R CRA 

sub ti tl e  D ( a ) , to res tri ct su bs ur face gas migr ation on landf i l ls 

(Stearn s and B e izer,  1 9 8 5 ) .  A s  a res ul t many landf ill s  h av e  :ins t al l ed 

control sy st em s  to co l l e c t  th e gas and di s po s e  of it  safel y . 

Mi gra tion b eyo nd landfill bo un dari es can be preve nted by l i ni ng the 

fil l and ins talling acti v e  o r  pas sive venting sys tem s  ( NYC,  1 984 ) .  

Tw enty h omes w er e  evactated near a lan df i l l  si te in C al i forni a 

when meth an e was found in conce ntrations of 1 p pm.  During t h e  tes ting 

pro cess,  p olyv inyl chlori d e  was dis cov er e d  a t  con centra tion s near 1 

ppm. Thi s dis cov ery ext ended the evacua ti o n  period to five months; 

vinyl chl or i de is a know n carcinogen, pr odu ced by the break dow n  of 

pl asti cs. Al though thi s  in ci dent occur ed a t  a co-di s po sal si te, used 

for bo th h azar dous and m u nici pal wastes,  plas ti c s  ar e pr ev alen t in all 

muni ci pal fil l s. �eref or e, th e  po s si bl i ty for viny l ch lo ride 

emi s sion s exi s t s  at al l landf ill s; th er e is no know n  saf e thr eshol d 

lev el fo r co 'ntinuo us exp o sur e  to vinyl ch lori de. The RCR A di cta tes 

tha t the Enviro nm ental Pro t e c tio n Agen cy (E PA )  must se t am bi ent air 

q ual i ty standards for l a ndfil l s  by mid- 1 9 86 . In Ri chmo nd, Virgi ni a 

tw o lan df ill s w er e  fo und to contain su bs urface gas con cen tra tions tha t 

w er e  mu ch hi gher th an the low er expl o si ve limi t ( LEL ) ; bo th sites w e r e  

in re sidenti al areas. One buil ding explo ded as a res ul t of gas 

1 7  
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migr a tion from one of the fil l s  ( Nut t all ,  1 9 80 ) .  M e thane usual ly 

es cape s over the landfil l s urfac e  in  no n-haz ardo us amoun t s. How ever,  

w hen buil dings are constructed over landfil l s  meth ane m ay be tr apped 

b el ow th e founda tion s,  cr ea ting a n  e xplo siv e  h az ar d. 

Trace landfil l gas es incl ude o rgani c co m po und s that can undergo 

pho t o ch emi cal rea c tio n s  in the a tmos µier e to  produ ce ozo ne,  a smo g 

enh ancer. Smog is a know n  publ i c  h eal th haz ard; i t  has been linked to 

respira tory pro bl e m s  and even dea th. 

Currently, th ere ar e no hy dr o carbon regul ations for landfil ls but 

th e So uth Coa s t  Ai r Qual i ty Mana geme nt Di s tri ct ( SCAQMD )  near Lo s 

Angel es ,  has pro po sed that a sta nda rd of 20 p pm .  shoul d be es tablish ed 

fo r bo th a c tiv e and com pl e ted landfill s urfa ces ( Stearn s and B eize r, 

1 9 85 ) .  Landf il l and L FU  ·reco v ery operators pr o test this standa rd, 

ar guing tha t  col l ec tio n sy s t em s wo ul d  have to in crease s u c ti o n  t o  th e 

poi nt of draw ing air into th e l andfil l. They co ntend that th is woul d 

redu ce th e ene rgy content of r ec overed gas ,  po s si bly poison ana ero bi c  

microor gani s m s  and ev en in cr ease the risk o f  f ire wi thin th e l andfil l 

(Stearns and B e iz er ,  1 9 85 ) .  

LFG A s  An En ergy Source 

Landfil l gas , or  bioga s ,  is a mixtur e  of  m ethane and ca rbo n 

dio xi de, w i th trac e  amo unt s of : water, oxyge n, nitro gen, hy dr ogen, 

hydro gen sul fide ,  car bon monoxide, and oth e r  l ow mol ecul ar weigh t  

hydro car bons (Raa b ,  1 9 8 5 ) .  Bi ogas is  al so pr odu ced i n  sw a mp s, com po s t  

pil es and treatm ent pl an ts.  Natur al gas i s  al mo st pur e m e thane; i ts 
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sour ce is de c om po sed organi c m atter tha t  is m il lions of years o l d. A 

s tudy by th e Uni ted S ta tes D eµir tment of Energy (DOE )  fo un d  tha t 

landfil l s  in the Uni ted S ta t es produced 20 0 bil l ion cubi c f t .  of 

bio gas in 19 80. B e cause of th e hi gh m e than e content of thi s  gas i t  

m ay b e  us e d  a s  fuel and w oul d pot ential ly supply 1% o f  th e country ' s  

ener gy  ne eds (S tearns , 19 8 0) .  B efor e  th e 19 81 Federal bud ge t  

cut ba cks , the Depar tm ent of Energy suppo r ted pro j ects to i mprove LFG 

re cov ery • 

In 19 83 , 26 LFG reco v e ry  syst e m s  w er e  underw ay on L o ng I sl and, 

N ew Yor k, w h i ch a c count s fo r th e bul k  of L FG ac tivi tie s  in th e Uni ted 

S ta t es ( L i gh t ,  19 85 ) .  A 19 80 study on 23· si tes,  in ·Cal i fo rni a, 

d ev el o pi n g  LFG r ecov ery sys t em s  pr ovi de s s ta tis ti cal da t a.  Th e  de p th s  

o f  the la ndfill s ranged f rom 20 t o  3 00 ft. wi th an av e r age o f  100 ft. 

Th e  aver a ge landfil l  siz e was 160 acr e s ,  b u t  th e range was 38 to 1, 2 14 

acres. Assuming an av er age sol i d  w as t e  de nsi ty of 1,20 0  pounds of 

r efuse pe r cubi c yar d ,  a n  average ga s r ec overy rate of 0 .0 5 5  cubi c 

ft. / l b pe r y ear w as o b t ained. The obs erved av erage rec ov ery rate for 

th e 6 opera ting plant s was 0 .08 cubi c ft./ 1  b. per yea r. 

Freshkil l s  l andf ill on S taten I sl and, New Yor k has the worl d' s 

l ar ge s t  m e thane r e c overy facil i ty. The plant, w hi ch is capa bl e  of 

pr o cessing al m o s t  10 mil l ion cubi c f t. /  day of raw LFG, began oper ating 

in 19 83 ( AST M  Sub commi t tee D 18:14 , 19 8 1) .  Gas is w i thdr awn from over 

10 0 wel l s, 6 5  to 75 ft. deep, on 4 0 0  acr es of th e landfil l .  Th e si te 

yields alm o s t  1. 3 bil l io n  cu bi c f t. of LFG per year. The L FG  i s  

transpor ted by vacuum to a pl an t b y  an undergr o und col l ection sy stem . 

Th e  raw gas i s  i:ro cessed to r e m ov e  tra c e  el emen t s, car bo.n dio xi de and 

moi stur e. Th e f inal produc t  is nearly pur e m ethane, with a h eating 

ca paci ty eq uil v al ent to tha t  of na t ur al  gas - 1 , 0 0 0  B tu / cubi c ft. The 
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heati ng capa c i ty of the untr ea ted gas,  or bi oga s, ranges from 400  to 

70 0 B tu/ cubi c f t. The p urifi ed LFG i s  mi xed w i th na t ur al ga s and 

di stri but ed to custom ers by B rooklyn Union' s w es t  shor e faci l ity. 

Th e  E P A  - RCR A  r eq uir ement s for contr oll i ng th e mi gra tio n of LFG 

sti pul ate th a t  meth ane gas m ay  not exc e ed 5% by vol um e at th e si te 

pro per ty an d m e thane must b e  below 1. 5%  by vol um e  in facil i ty 

structures ( R aab, 1 9 85 ) .  I n  o rder to m ee t  these req uir em ents many 

l andfill s w il l  need co ntr ol sy s t em s. Con tr ol sy s t em s  r eq uir e  som e  of 

the sam e facil i ti es as recov ery sy stem s. Sit e ow ners ar e expe cted to 

look tow a rd s  profi ta bl e r e moval by re cover ing th e m e thane. A s  ener gy  

co sts co n tinue to ri se,  landfil l gas recov ery beco m es mor e pr ofi tabl e. 

Ta pping landf ill m e than e fo r resour c e  r ec ove ry h el ps pr event see page; 

how ev er , extracti on for recov ery may no t m eet al l gas m i grati on 

control r equir em ents ( R a a b ,  1 9 8 5 ) .  

Odors 

The br eakdow n  of organic matter in l andf il l s  is ac com pl ished by 

bo th aer o bi c  and anaero bic bacteria an d fungi. Th e ra pi d  aero bi c 

pro c e s s e s  util iz e fre e  oxygen, produ cing heat  and odo rl e ss gases. 

Anaer o bi c  ferm enta tio n o c c ur s  when fr e e  oxygen is dep le t ed. Anaero bi c 

pro ce s ses may be sl ow , util iz ing or gani cal ly and inor gani cal ly boun d 

o xygen. No xio us or ga ni c  gases,  contai ning sulfur a n d  nitrogen ar e 

pro d u ce d. The vol a tile gases produ ced during anaer obi c  de co m po si ti o n  

ar e sh or t- chain fa t ty aci ds, incl u d ing :  formic ,  a ce tic,  pro pionic, 

bu tyri c, val eri c ,  caproi c and i sov al er i c  aci ds. Thes e gases ar e 

hi ghly m al o dorous ( Di az, e t. al. , 1 9 8 1) .  

Landfil l odo rs o c cur when vela til e  or gani c com pounds have fo rmed 
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and are in the vap o r  phase at l ev el s above the sen sory thresho l d  l imi t 

v al ue ( TLV). The TLV i s  th e l imi t a t  w hi ch the o do r is  per ceived by 

hum ans. The mos t  common mal odo r o u s  co m po unds ar e per ceiv ed at TLV's 

fr om 5.8  x 1 o-6 to 1-2 par t s  per m il l ion ( pp m ) ;  th ey ar e forme d  d ur ing 

anaero bi c decom po si ti on ( Baker , e t. al . , 19 8 3 ) .  There are thr e e  

anaer o bi c  s ta ges: a naero bi c no n- me thano genic,  anaerobi c  me thano ge ni c  

( unsta bl e )  and ana ero bi c meth anogenic ( s ta bl e ) .  Most odor ous 

c ompo unds ar e formed during th e non- m e thano ge ni c a nd th e m e than o ge ni c  

(unstabl e ) s t a ges. No si gni f i ca nt odor pro bl em is asso ciated w ith th e 

m e th ano geni c ( s t abl e )  s tage, th e final s ta ge of decay. Me than e and 

car bo n  di oxi de are form ed dur ing this stage; they are odorl e s s. 

How ever, th e µ:"e sen ce of m e than e has been sh ow n to  enhan ce pe r ception 

of mal odoro u s  com pounds. Th e 'ILV s are defin ed for pur e co m pounds; 

sy nergi sm s m ay o ccur in l andf il l s, causing 1 ower per ce p ti o n  l evels • 

Control of odors is a major probl em at landfil l si t e s. Odor s  can 

be cla s sifi ed as a s ta ti tory n ui sance if th ey are "prej udi ci al to 

heal th " or a "nui s a n c e "  ( B ake r ,  et. al . ,  19 83 ) .  The Pu b l i c  H eal th 

Act ,  193 6 ;  r equire s  a ba t emen t of  such nui san ces. The Pu bl i c  H e al th 

( R eo c curing Nui sances ) A ct of 196 9 all ow s closure of landf ill s  if 

steps ar e no t taken to contr ol o dors. How ever, extensiv e o dor 

aba tem ent is usual ly pr ac t i ce d  at indus t r ial landfil l s  only. 

Landfil l odors are diffi cul t to con tr ol. A sw ee ti sh pervading 

odor is ch aracteristi c of deco m po sing m uni ci pal was t e. At  som e si tes 

wind dis pe rsio n and a tmo slileri c dil utio n r edu ce the con centra tion of 

mal odo r o u s  com pounds to bel ow th e TLV. Odors be co m e  a nui sance, 

es peci all y when resi den ti al  ar eas ar e d own- w ind of th e landfill and in 

areas where topo gr aphy is such that odo rs are co ncentr a ted and 

intensif i ed by wind eff e cts (Baker, e t. al. , 1 9 8 3 ) .  In sa ni tary 
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landf il l s  that m ee t  th e ASCE defini ti o n, those that ar e cover ed dai l y ,  

odor s sho ul d  not be a n ui sance ; s urf a c e  crac ks that d ev elo p w ill b e  

seal ed q ui ckly to pr ev e nt escape o f  m al odorous gase s. 

Mo s t  gar bage i s  in th e first s tages of anaero bi c decom po si tion 

w hen it arrives at th e landfil l due t o  transpor ta ti o n  in co ntai ner s 

w h er e availabl e o xyge n is rapi d ly de p le t ed. Wastes m ay be a erated 

during handl ing and the water conten t m ini m iz ed to reduce odor 

pro ble ms. Wa ter e nh ances ra tes of oxygen util iza tio n in w as tes. 

Mini mal handl ing af t er the waste  be c om es anaerobi c helps prohi bi t 
-· 

emi s sio n s  of odorou s  gases, sin ce dis turbing th e r efu s e  m ay cause 

gas e s  to be em i tted.  Covering w i th a r el ativ ely im pe rmeabl e or ine r t  

l aye r i s  a tr emendou s ai d i n  o dor al:Bt ement sin ce th e cover l im i t s  

di f fusion of gase s. 

LEA CH A T E  

Leachate i s  pr oduced w hen w a t er migrates i n t o  a fil l  and co l lects  

chem i cal s  and ba cteri a as it  per c ola te s through th e wastes. Th e 

s u spended and di s sol ved sol ids in leachate ar e po tenti al heal th 

h azards ( Pavoni e t. al. ,, 1 97 5 ) .  Th e  produ c tion of leach a t e  a t  

m uni ci pal sani tary landfill s  is a threa t to surface and gro undw a t er 

( Figur e 4) .  Eve n  a t  th e most ca u tious ly managed landf ill s l ea cha t e  is 

p r odu c e d  ( L e a c h a te Control Do e s n' t Com e Easy , 1 980) . 

Cri teri a h ave been e s ta bl i sh ed to pro tect gro undw a t er and s urface 

wa ter as manda t ed  by 1 00 8 ( a )  and 400 4 ( a )  of th e Resour ce Conse rvati on 

and Re covery A ct (R CRA ) of 1 97 6 .  Landf ill s w h i ch do no t m ee t  these 
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Soil Cover 

Figure 4. Interrelationship Between Topographical, Hydrological, 
and Geological factors in terms of Leachate Migration 

Source: (Diaz, et. al., 1982) 

23 



cr iteri a are cl as si fied as o pen d um ps and mus t  be u pgradi ng or cl o sed 

(B urn s  and Kar pin s ki ,  1 9 8 0) .  The EPA has al so publ ished pro po sed 

gui del ines for l e ach ate control. The S tate of N ew York req ui r e s  

c losure o f  all lan df il l s on Long I sland b y  1 9  9 0  d ue t o  the thr ea t of 

groundw ater con t a m ina ti on by leach ate (Tabl e 3 ) .  How ev er, cl osing 

lan df ills doe s  no t sto p l ea cha t e  Jrodu c tion. 

Lea chate pr oduction de pends o n  the amount of moi stur e  in th e 

r efu se. If the amun t of pre ci pi ta tio n is gr ea t e r  than the com b in ed 

amo unt of evapo r a tion and tr ans pi rati on ( th e  moi s tur e taken up by 

plants ) th er e w il l  be exce s s  wate r in th e l andf il l whi ch w il l  

infil tr ate th e de com po sing gar bage and form l each ate. Expo sur e o f  

uncovered w a s te s t o  preci pi ta tio n and s urfa ce run off enhan ces le acha te 

producti on. Landfil l s  w i th di r ec t  hy drol ogi c connection to 

groundwa t er or s urface water bo di e s  have the grea test pro bl em s w i th 

respe ct to l ea ch ate produc ti on (Uni ted S ta t e s  EPA, 1 97 6 ) .  

Hy dro ge o logi c inve s ti ga tio ns of pro po se d  sites before cho o sing a 

landfil l si t e  ca n  gr ea tly red uce futur e pr obl em s  due to l ea ch ate 

genera tion. Us ual ly, a si t e  w hi ch doe s no t r e ceive s urfa ce wat er 

runoff from u pland areas and whi ch do e s  no t extend to th e gr oundw ater 

tabl e is cho sen. The perm e a bil i ty of underlying rock form a tions is 

ano th er im por tant factor. Permeabi l i ty of porous or hi ghl y fractur ed 

sedim ent s i s  l i kely to be h i gh ;  th er ef ore, si ting in the s e  ar ea s is 

pro bl em ati c. Prov isions ca n be made to pr event w ater co ntamination in 

l e s s  i deal si tes but th e eq ui pment ne ces sa ry is co s tly. Le acha te 

col l ecti o n  and tr eatm ent is ano ther opti o n, whi ch is of t en neces sary 

even at i de al  si tes ; sir.ce this al terna ti ve is al so co s tly, i t  is bes t  

to be gi n  b y  choo sing a si t e  that wil l pr om o te mini m al l e achate 
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Table 3. Groundwater Quality Near a Landfill 

Ambient Land till Monitor Well" 
Parameter (mg/I) (mg/I) (mg/I) 

Total dissolved solids 636 6712 1 506 

pll 7.2 6.7 7.3 

COD 20 1863 71 
Total hardness 570 4960 820 

Sodium 30 806 316 
Chloride 18 1710 248 

aMonitoring well located downstream, approximately 150 ft from the landfill, at a depth 
of 1 1  ft in sandy clayey silt . 

Source: (Hagerty, et. al., 1973) 
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pr oduction.  

Water enteri ng a landfil l do e s  not pr oduce si gni ficant l ea ch a t e  

unti l al l  r efuse l aye r s  reach fi el d  capaci ty. Fi el d capaci ty exi st s  

w hen al l spa ce s  be t w e en soil and r ef use are fil l ed with water 

( S choe nber ger and Suffe t ,  1 9 8 1 ) . B y  thi s  time de co mpo si tion i s  al m s t  

enti rely anaerobi c. Prior to rea ch ing fiel d  capa ci ty sm al l amoun ts of 

l e acha t e  m ay be IrOdu ced intermi ttan tly. Af t er si gnifi can t l ea cha t e  

pr oducti on begi ns the ov er al l  moi s tur e of th e l andfill remai ns n e arl y 

con s tan t. Lea cha t e  is then form e d  a t  nearly a o n e  t o  one ra ti o w i th 

a d diti onal w ater inf il tr ation. Average fiel d ca paci ti es of landfill s  

ar e 0 . 3  cm./ cm.  ( wa t er/ to tal )  t o  0 .4 cm./ cm ( S tr au b  and Lynch,  1 9 82 ) .  

There are many s tudi es show ing t hat l ea chate de cr eases i n  or gani c and 

inor ganic s trength w i th age, afte r  si gnifi can t f i eld produ c tio n 

be gins. Dil uti o n  and uptake of o rgani cs by mi cror gani sm s ar e 

r es po n si bl e  for the de cr ea se ( S tr aub and Lyn ch , 1 9 82 ) .  

The amo un t o f  lea chate pr oduced from a l andfil l can b e  es timated 

by sev eral dif fer ent m e tho ds. Th e  water, or m o isture, bal an c e  me thod 

can pr ov ide es timates by de t e rmini ng th e am o un t  of infil tr a ti o n.  An 

e s tima te of th e amo unt of w at e r  tha t w ill infi ltrate th e lan dfil l  is  

obtai ned by th e eq ua ti on :  

Infil tr a ti o n  = pr eci pi ta t i o n  - runoff - ev apotranspirati o n  

Sin ce infil tra tioh i s  th e m aj o r  cause o f  l ea.ma te th e amo un t of 

l ea chate pr od uced can be a p pr o xim ated by es t i mati ng th e am o unt of 

inf il tra tio n  for a si te. 

Leach a t e  q uani ty and q ual ity vary accor ding to waste com po si ti on 

and w ill al s o  vary w i th lan dfil l  age ;  it con t in ue s  to be produ ced for 

year s af t er the si tes are close d  ( Leach a t e  Control Doesn' t Com e Easy , 
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1 980 ) .  In  ad di tion, tem per a tur e, pr e ci pi t a ti o n, soil and hy drologi c 

condi tions ef f ect leacha te produ ctio n • 

Even tho ugh muni ci pal sol id w aste do es  no t co ntain th e de gree of 

toxi c subs tan ce s  common i n  indu s tri al or h az a rdo us w a s tes ; ma ny of the 

materi al s found in muni ci pal s ol i d  w as t e  de com pose to form h az ardo us 

substances. Le achate has al l th e chara c t eris t ic s  of s trong indu s tri al 

was t ew ater ( Pav oni , et. al . , 1 97 5 ) .  Bioch em ical oxygen dem and (BOD ) , 

ch em i cal o xygan demand ( COD ) ,  s us pended s ol id s  and t ur bi di ty of leacha te 

usual ly exc e ed that of raw muni ci pal w as t ew a ter ( Tabl e 4 ) .  Low pH, 

l ow di s s ol v ed oxygen ( DO) , t oxi c ch emi cal s an<; he avy m e tal io ns ar e 

character i s ti c  of l ea chat e • 

Biol o gi cal de co m po si tio n  yiel ds car bo n  dio xi de and o r gani c aci ds 

wbi ch un de rgo ch emi cal o xidatio n rea c tion s. These rea c tion s ar e 

lim i ted by the amoun t  of oxygen tr apped in  the fil l when i t  w as 

cons tru ct ed. Metall i c io n s  and sal t s  ar e formed and m ay be 

incor po r a ted in lea ch a t e ,  many are po t e nti al co ntam ina tes (Diaz , et. 

al. , 1 9 8 2 ) • 

Un t r eated l each at e s  are hi ghly to xic within landf ill si tes and 

us ually r emain toxic, eve n at the poin t of dis ch ar ge t o  r eceiving 

stream s ( Cameron, 1 9 8 0 ) .  Leachate to xi ci ty al so de cr e a ses w i th tim e  

a s  th e landf ill age s ,  but will b e  in crea s ed during conditions of hi gh 

pr eci pi tati on. The na tur al attenua ti o n  char acteri s t i c s  of soil s has 

bee n fo und to redu c e  leacha te to xi ci ty. Leacha te r ecy cling 

thro ugh the landfil l can redu ce to xi ci ty by up to five tim es (Cam ero n, 

1 9 8 0 ) . 

Three groups of com pounds make u p  the sol ubl e organi c  matter of 

l eacna t e  from fre s h  r efuse cell s :  shor t ch ai n  fa t ty aci ds w i th l ow 

mol ecul ar w ei gh t  ac count for up to 90% ; thi s group is  th e mos t easi l y  
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Table 4. Composition of Leachate • 

• 

• 
Leachate Raw sewage" 

Year l Year 2 Strong Weak 
Item (mgt{) (mgt{) (mg:t'J (mgt'(} 

Total solids 45.070 13.629 1.793 796 
Suspended solids 17:! 220 1.190 640 • 
Dissolved solids 44.900 13.409 603 156 
Total hardness (as CaCO:) 22.SOO 8.930 339 204 
Calcium (as CaC03) 7.200 216 :39 1 37 
'.\lagnesium (as CaCO:) 15.600 8.714 100 67 
Total alkalinity (CaC03) 9,680 8.677 335 245 
Ammonia(;-.;) 0.0 270 53.3 23.4 
Organic:--; 104 92.4 ::�.6 19.2 • 
BOD (0) 10.900 908 538 385 
COD (0) 76.800 3.042 957 329 
Sulfate (SO.) 1 .190 19 �=s 81 
Total phosphate (PO,) 0.24 0.65 11. 7 7.: 
Chloride (Cl) 660 2.355 312 97 
Sodium (:-;a) 767 1,160 :67 100 
Potassium (K) 68 440 , . 12.3 _ .. 
Boron (B) 1 .49 3.76 0.5.! 0.43 

• 
Iron (Fe) 2.8::0 4.75 0.66 1.12 
pH 5.75 7.40 8.05 7.40 

•Los Angeles County Sanitation Districts-1971. 

• 

Source: (Diaz, et.al. 1982) 

• 

• 

• 
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degraded. Hum i c  a ci ds w i th h i gh m ol ecul ar w ei gh t  are next in 

abundan ce and de gr ada bil i ty. A sm al l  fra c tio n of s ol ubl e or ga nics ar e 

fulvi c aci ds. Howev er , in ol de r l andfill s  ful v ic aci ds pr edo m inate 

and humi c a ci d s  are found to a les ser e xtent ( S co t t ,  1 9 8 1 )  • 

Protec ting Gro undwater 

Groundw ater can be pr otec t ed from landfil l l ea chate by pr oh ibi ti ng 

wa ter infil tra tio n and contai nmen t and/ or coll e c tio n and trea tme n t  of 

the l eachate. Cap pi ng of fil l s  w ith an imperm eabl e subs tance pr ev ents 

leacha te produ ction by i nhi bi ting i nf il tra tio n.  Sil t s  and cl ay s  ar e 

widely used as f inal cover, due to  their low pe rm eabil i ti es. An 

experim ent a t  th e Dut ch Ins ti tut e for Land and Wat er Managemen t 

Resear ch indi ca ted tha t  a 1 0 0 par t  sand to 1 5  pa.rt bentoni te m ixtur e 

i s  the be s t  cove r  material ( Sh i m el l ,  1 9 85 ) . I n  W indham, Conn e c ti cut 

the EPA co ntr ac ted SMC - Mar ti n to de si gn a ca p for a l andf il l that 

was contam i na ting five pon d s  in the s urro unding area. A 2 0 - m il 

polyviny l  chl oride cover w as used, wi th four inches of fine sand bel ow 

and ei gh tee n in ches of san d a n d  gr av el a bov e t o  pr eve nt p un ct uring. 

The seal w a s  instal l ed in 1 97 9 ;  i t  has suc ce s sful ly mi tiga t e:i  the 

leacha te pro b lem ( Eml i ch ,  1 9  8 1 )  • 

In or de r to tr eat l each ate it  must  firs t be co l l ected. Col l ection 

sy s t em s  ar e often used in co nj un c tion w i th l ining. The l ine r is an 

im perm eabl e m ateri al tha t  covers the bo ttom and si des of th e r ef use 

cell s. L ea dla t e  is col l e ct e d  a t  th e liner a nd w.i thdr aw n  for 

tr eatm ent. The DEC, of New York, now req ui res that all new or 

expanding lan dfill s ins t al l na t ur al, us ual ly clay,  or ar tif i ci al  

� 

liners tha t  r estri ct inf il t ration to the eq uil val ent of f ive fee t  of 

soil w i th th e hy draul i c  co ndu c tivi ty of 1 o- 5  cm. / se c. or  les s. N ew and 
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expanding l andfil l s  m ust al so ins t al 1 co l l ection sy stem s (DEC,  1 9 8 1 ) .  

L ea cha t e  trea tm ent ha s been a c com pl i m ed by w a s t ew a te r trea tm ent 

pl an t s  in the pa s t. Recy cl ing l ea ch ate through landf il l s  repr ese n t s  

ano th er ty pe o f  trea tment o p tion tha t has been us e d  s u c ce s sfully in 

th e l ast  sev eral years. 

Recy cl ing l ea ch ate through th e r ef us e  use s  th e l andfil l as a 

trea tment pro ces s  fo r th e l ea cha t e  i t  ge nerated. Sin ce leacha te 

tr eatm ent req ui r e s  bo th bi ol ogi cal and phy si cal / ch em i cal tr eatm ent,  

co nven tio nal m e thod s are no t r el i able. Recir cula ting l ea chate th rough 

th e l andfil l has n um ero us benef i t s. Studi es sh ow a si gni f i cant 

r edu ction in pol l utant s trength d ur ing r e cy cl ing. Ea ch tim e l ea ch a t e  

is r ecir cul ated through a fil l mor e  com po unds a r e  r em ov ed from 

s ol ution by a ds o rp tio n and o th e r  r ea c ti ons ( Di az, e t. al. , 1 9 8 2 ) .  Th e 

r ecy cl ed l ea ch a t e  m ay be di sch arged to r eceiv ing wa ter s or fur th er 

tr ea ted. In ad di tio n, r e cy cl i ng, coupl ed w i th neutr al iz a tion,  

de cr eases th e t i m e  for sta bil iz a tion of th e or gani c w as t e  

cons ti tui ent s o f  th e r ef us e  fr o m  year s to mon ths, si gnifi can tly 

reducing B OD ,  OOD and TO C (Ti t tl eba um , 1 9 82 ) .  Neutr al iz ati o n  o f  

leacha te for pH co ntrol promote s mi cro bi al de co mpo si tion o f  th e 

organi c com po nents of w as t e. Earl y fil l sta biliz ati on al l ow s t he si te 

t o  be recl ai m ed com para tiv ely soo n af ter clos ir e. 

Protec ting Surface Wat er 

Pro t e cti o n  of surface w a t er from l ea ch a t e  r eq ui res l es s  ef for t 

from landfil l o perators than doe s  gro un dw a ter :iro t e c tion. S urface 

water entering the lahdfil l si te mus t  ei ther be r erouted aro und th e 

ladfill or c ol l e cted and trea t ed if all ow e d  t o  pas s through. 
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Typi cal ly ,  rerouting is  the pr ef e r ed  m e thod,  due t o  co sts and 

dif f icul ti es asso cia ted w i th l e a cha te col l e c ti o n  a n d  tr ea tment 

( Hager ty , et. al . ,  1 97 3 ) . Adeq ua t e  gradi ng and com pa cti ng of th e fil l  

ar e ne cessary t o  m inim iz e w ater re ten tion and m axim iz e  s urfa ce run off. 

The most co m m o nl y  used draina ge t echni q ue s  ar e :  s ur face gr adi n g ; 

cons tru c tion of ear then, h al f-ro un ded pi pes ,  s od ded, gras s  or sto ne 

channel s ;  cons t ru ct i on of berm s a nd sw al es ;  and instal l a tion of 

cul v er t s  and s ewe rs ( Hasse t t  a nd Co nrad , 1 9 8 1 )  . 

B IR DS AN D  A IR TRAFFI C 

G ull s ar e s cavenger s and landf ill s ar e pri m e  s cavengi n g  grounds. 

I t  has been de termined tha t  th e proxim i ty of tw o garba ge dum p s  i s  a 

m aj or cause of gull con centra tio n at  Kennedy Ai rpor t. Not o nly do the 

landfil l s  prov ide an adeq ua t e  food sour ce bu t gul l s  can o btain l ar ge 

amo unt s of fo o d  in a shor t tim e, giving th em mor e tim e to l oi te r  a t  

th e  airpor t ( Bur ger , 1 9 82 ) .  W hen birds co l l ide w i th pl an e s  t hey not 

only dama ge s th e planes but create the thr ea t of a crash. S even ty­

fiv e percent of al l  co l l i si o ns o c cur near ai rpor ts. Abo ut 3 5% of th e 

coll i sions be tween birds  an d plane s o ccurri n g  d uring take- of f and 5% 

of o th er co l li si ons cause si gnif i cant pl an e dam age (Bur ge r ,  1 9 82 ) . 

Kennedy Ai rpor t r e cords fr om 1 97 3  to 1 9 8 1  sh ow 0 . 3 7  to 1 .0 3  s tri kes 

per 1 0 , 0 0 0  plane movem ent s. Canada repor t ed  2 .5 to 6 s t r ike s  in th e 

mid- 1 970 ' s  a n d  o ne E uro pea n airpor t r e por t ed 87 6 s tri kes in 1 97 6  . 

S tri ke s  o ccur w hen bi rd s  fail to recogniz e th e thr ea t of the 

air pl ane o r  when they ar e unabl e to avoi d col l i si o n.  Th e  n ew ,  wi der 

j ets ar e q ui eter and th er efore no t easi l y  de tect ed by bi rd s, whi ch 
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tend to ha bi tuate to noi se.  Birds usual l y  face the wind ; a t  Kennedy 

Air por t th i s  wo ul d  m ean th ey us ually fa c e  aw ay fr om oncom i ng 

ai rpl anes. S tudi es show th at birds can us ual ly av oi d pl a nes moving a t  

s peeds bel ow 1 5 0 kph. , a n  adap ta tion bel i ev ed to hav e  ev ol ved i n  

response t o  the fact th a t  preda tors o b t a in s pe eds up t o  1 1 0 kph. 

How ev er, planes m ay o bta i n  s peed of up t o  2 0 0  kph. when t aking off. 

G ul l s  are the most  s erious threa t a t  airpor ts  w orl dw ide , and they 

ar e in cr e asing in num be r and range due t o  th ei r increas e d  foo d  sour ce -

gar ba ge d umps. The pr oba bil i ty of a gul l  strike at Ke nnedy Airpo r t  

in  1 97 5  was 1 i n  75 , 0 0 0  plane mov ement s.  Th e  Federal Av ia tio n 

Adm ini s trati on ( FAA ) r epor ts that  seagul ls cause 2 0  t o  4 0  mil l ion 

doll ar s wor th of dam a g e  to air plane s  an d airpor t facil i ties annual ly 

( L o n g , 1 9 8 4 ) .  

A i rpo r t  authori t i es hav e  tri ed r em oving or ki l l ing gul l s  as a 

mana gemen t m e thod, b u t  th ey w er e  alw ay s  r epla ced by mor e gull s. 

Habi t a t  des tr ucti on ap pears to be th e o nly way to de pr es s these pe s t s. 

Landf il l s  near air p or t s ar e pro ba bly th e singl e mo s t  i mp or tant 

underl ying cause of gull- pl ane col l isi ons. A st udy by Sol om an ( 1 97 3) 

indi ca t ed tha t  bir d s a t  o pen dum ps wer e the ca use of s tri ke s in 1 5  

co un tries. He al so noted that bi rd pr obl em s ar e no t limi ted to o pen 

dump s because gull s f ind am pl e foo d befor e r ef u s e  is cov ered a t  

sa ni tary landfil l s  (Bur ger,  1 982 ) .  In A us tr al i a r efuse is dum pe d a t  

ni gh t, when gul l s ar e no t usually fe eding. The r efus e  is cover e d  by 

m orning, es senti al ly el imina ti ng bird pr obl em s  ( Bur ger, 1 9 82 ) .  

I t  i s  evi den t tha t dum p s  an d no n- s tringen t sa ni tary landf il l s  

a ttract gul l s. Up to 60 0 0  gul l s  w ere found at a dum p si te in B o ston 

befor e the di s po sal m e thod wa s changed to incinera tio n. Af t e rwa rds, 

3 2  

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

' 

· I 



-----------------------------------;--------- -- --�-

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

when only pr oce s sed ref us e  was d um ped,  the num b e r  of gul l s  dro p pe d  to 

1 0 0  in tw o w e e ks. In an Ontari o ai rpor t, bir d s  wer e no t a si gnif i cant 

pro bl em until the ci ty inciner a tor w as repl aced by a l andf il l and as 

ma ny as 2 0 0 0  h err ing gull s inv a ded th e air por t. La t er,  the l andf il l  

was cl osed and the bird pro bl em becam e insi gni f icant again ( B ur ger,  

1 9 82).  Ano ther pro bl em inv ol v i ng gull s and l an df il l s i s  tha t gul l s  

typi cal ly fly 3 0 00 feet over th e l andfill s  o n  t hermal s. Thi s p oses a 

pro bl em sin c e  landf ill s ,  and th er efore num ero u s  flying gull s,  ar e 

of ten in the flight pa th of ai rplane s. 

Offi ci al s  con c erned w i th air safety ar e awar e of th e h aza rd to  

ai"rpl ane s cau sed by near by la ndf il l s. Ther e i s  no general l y  agr eed 

upon "saf e "  dis tan ce be tw ee n  landf ill s and ai rpor t s  tha t  w il l  

guarantee el imination of bi rd pr o bl em s. S tu dies repor t th a t  gul l s  

w il l  fly u p  t o  5 0  o r  eve n  80  miles t o  foo d s o ur ce s. Sol o mo n  ( 1 97 3) 

reco m m ende d  that sani tary landf il l s  be at  l e as t  6 mil es fr om airpor ts  

and no t i n  a n  ar ea w h er e  gulls wo ul d h av e  to  cro s s  th e ai rpor t to ge t 

to the la ndfill. FAA regul a tions sta te t h at landfil l s  m u s t  be at 

l ea s t  5 ; 00 0 ft. from pi sto n-ty p e  air cr af t runw ay s  and 1 0 ,00 0 f t. fr om 

tur bo- j e t runw ay s. DE C r � uires that o pe rators of exi s ting l andfil l s  

prove tha t the si tes d o  not  create bi r d  h azards t o  plane s b ef ore 

perm i t s  are rei ssued ( DE C, 1 98 1 ) . 
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VECTO RS 

At l eas t 22 pr ev al ent di sease s causing pa thoge ns are as so ci a t ed 

w i t h soli d w a stes ( Van Tassel , 1 97 3 ) .  Rodent s,  ins ect s  and bir ds 

mi gr ate from mism ana ged l andfil l s  to near by com m  uni ti es. These 

v e ctors ar e i rri ta ting pe sts but,  mor e si gnifi can tly, th ey m ay b e  a 

th r eat to hum an h eal th. 

Insects 

Fl ies,  mosq uit os, co ckroa�h e s ,  fl eas,  mi tes  a nd ti cks ar e the 

mo s t  common inse ct s fo un d  at  landf ill s. The bre e ding r eq uir ement s of 

mo st' of these ins ects,  incl udi ng fo od,  moi s t ur e  a nd heat,  are found at  

l andf ill s. U p  to 7 0 , 0 0 0  fl ies ca n emer ge fr om on e cu bi c foot of 

of sol id w aste  ( A nderson, 1 96 4 ) .  These inse ct s a re ho st s to 

n umerous pa tho ge n s ,  w hi ch can be tr an smi t ted to humans. Inse ct s ar e 

ca rrier s of the fol low ing hum an diseases : chol e r a, pol io, tuber­

c ulo si s, pinkey e ,  di arrh ea,  dy sentary, anthra x, salmo nell o si s ,  

hepa ti ti s and e nce phal i ti s  ( Lin ton, , 1 97 0 ) .  Th e rol e of the ho usefly 

a s  a vector w a s  fi rs t real iz ed in the si xteen th rentury, when Soar es  

de Souz a asso ci ated fl ies w i th the tropi cal di s ease, yaw s ( Chanlett,  

1 979 ) . 

Rodents 

In 1 96 8 ,  th ere w ere 1 4 , 0 0 0  reported rat bi t es in th e Uni t ed 

Sta tes ; mo s t  o c c  trred i n  ar ea s wn er e mi smana ge·d s al. i d  waste pr ov i ded 

food and harbor age for the rod e n ts ( Van Tassel , 1 97 3 ) . In addi tion to 

carrying pa tho ge n s, rats cause 50 0 million to a bill ion doll ar s of 
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damage to goods e ach y ear ( Lint o n ,  1 97 0 ) .  The onl y  establ i sh ed m ethod 

for con troll ing ra t po p ul a ti o n s  is through im pr o vement s in col l e c tion 

and di spo sal me thods for sol i d  wa stes ( Chanl e t t ,  1 97 9 ) . 

M al aria, p lague, ta pew orm,  ra t- bi t e  f ever,  R oc ky  Mountai n  

spo tted f ev er , mur ine ty phus a nd tri chi no s i s  ca n al l b e  tr ansm it ted by 

ra ts,  ei ther dir ec tly or through transfer by f le as,  ti c ks and m i tes 

(Linton, 1 97 0 ) . The rat is es pe ci al ly sus c e p t abl e to pl ague 

bas c ill us, wh i ch i s  transm i tt ed and carri e d  by parasi ti c fl eas. Fl eas 

from inf ec t e d  w il d  rats car ry the di sease to  dom esti c rats,  whi ch 

mi grate to r e si de n ti al ar eas. When th e i nf e ct ed dome s ti c  ra t di e s  the 

fl eas se ek a new host ,  whi ch m ay be a hum an. Most di seas e s  are 

transferr ed from ro dent s to humans by pa th o ge n- carrying in s e ct s. 

Ins e ct s and rodents sh o ul d  not be pr oblem s  at sani tary landfil l s. 

Com pa c ti o n of r ef use and a si x  in ch daily c over pr events fly em er gence 

and restr i ct s  rodent bur r ow ing ( Uni ted S ta tes EPA, 1 97 6 ) .  Adeq ua te 

cover is cru ci al for ve ct o r  con trol. C om mo n  ho us efly em e r gen ce is  

prev ented by co m pa c t ed s oi l ; how ev er , th ey can em erge through fiv e 

fee t of lo o se soil ( An de rso n ,  1 96 4 ) .  

B ir ds can al so fun ction a s  vector s : bird droppings m ay co ntai n 

pa tho gen s tha t  can be tran smi t ted to h uma n s. Resi dent s near the 

Oceansi de landfil l in H empstead, New York are co ncerned a bout the 

adv er s e h e al th effe ct s i mpo sed by an abun dan ce of gul l s tha t feed a t  

th e l a ndfill. They pl a n  to ins tal l a gr id of wire and fiber line s  

over an d aro und th e l an dfil l t o  confus e and deter th e bi r ds ( Lo ng, 

1 984 ) . 
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Trans mission of Diseas es 

. Disease may be tr ansm i t ted by ve ct ors in tw o w ay s : mech ani cal an d 

bi ol o gi cal. M e chani c al tran smi s sion r efers to  the trans port of 

pa thogens on the bo dy surface of th e vector ; transm i s si on o c cur s w h e n  

the s e  body s urfa ces com e i n  conta ct  w i th sus ce p ti bl e  humans, anim al s  

or th eir food. Me ch ani cal transm i s si o n  al so oc curs w hen the vector 

ingest s pa tho gens,  wh i ch  ar e r etain e d  in feces or r eg urgi ta ti on tha t 

subs eq uently com e  in conta ct w i th pe opl e  or food. Inse ct s usual ly 

pi c k  up pa tho gens from inf e c ted huma n dis char ges. 

Pathogens ar e t ransferred to hum ans,  by bi ol ogi cal transm i s si on, 

whe n a n  inse ct p un c t ur e s  the ski n  a n d  dr aw s  i ts blo od m e al. 

Biol ogi cal transm i s si on by bl ood s u cking insect s pr opoga tes di seas es ;  

ma ny of whi ch h av e  ef fe c ted e conom i c  and poli ti c al dev elo pm ent aro und 

th e w orl d and w hi ch hav e  inf l ue nced maj or mil i tary cam pai gns 

( Ch a nle t t ,  1 97 9 ) .  

SU RFA CE B L OW N  LITTER 

Bl ow ing pa pe r, plas ti c  and o th e r  li gh t  ma teri al s  ar e a nui san ce, 
. 

ey esor e and po s si ble fire haz ar d. Blow ing l i t t e r  is  one of the most 

c?m mo n  o pera ti o n al pro bl em s en coun t ered a t  sani ta ry  landfill s. This 

pr o bl em can be m inimiz ed by pro pe r  sel ection of si tes,  taki ng in to 

ac co un t  l o c al w ind s peed and dir ection ( Sor g,  1 96 8 ) .  

Surface bl ow n l i t ter is gr eatly reduced by daily cov er. Por tabl e 

li t ter fen ces ar e often pl a ce d  near the unl oading and spr eading ar eas 
� 

at l andfill s. B low ing l i t ter ca n  be fur ther r ed uced by ke eping the 
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workface area at a mini mum , regu lar rem oval of lit ter from fen ce s and 

s urronding ar ea s ,  and prohi bi ting h aul ing of un cover ed l oads ( C ol lard, 

e t . al . ,  1 9 8 0 ) . 

· S PE CIAL IZ ED LAN DFILLS 

As hfil l s  

Inci nerati on i s  a n  refus e dis po sal method in w hi ch ref use is 

combusted a t  hi gh t em pera t ures,  us ual ly 1 20 0  to 1 5 0 0  C. , in s pe ci al ly 

desi gned pl ant s. Five to fif t e e n  percent of th e r efuse ,  by vol um e, 

r em a in s  as ash. Re si dual a sh cons ti tutes 20 to 3 0% ,  by w ei gh t, of th e 

or iginal sol id w as te (Diaz ,  et. al . , ,  1 9 82 ) .  A s pl ant ef fici ency 

in a-eases the amo un t  of resi d ual a sh de cr ea s e s  • 

Ash is a col lective term fo r fly ash and bo t tom ash. Fly ash i s  

l i gh t  ash w hi ch become s  em bo di e d  i n  ho t fl ue ga se s tha t  ri se th rough 

the inciner ator. Most  fly ash s e t tl es or is  rem oved by po l l ut i o n  

contr ol devi ce s o n  th e w ay t o  th e s tacks (Esse x Co unty Resour ce 

Recov ery Fa cil i ty EIS , 1 9 83 ) .  Bottom ash is t h e  heavy po r ti o n  that 

r em ains on th e inci nator gra t e  after com bus tio n. Thi s  ash i s  c om po sed 

of un burned w as t e  and iner t m aterial s (Diaz , e t. al . , 1 9 82 ) .  

A sh i s  ty pi cal ly di s char ged to  a q uen ch ba sin wber e  w a t e r  co ol s  

the ash and aids in reducing d ust em i ssions ( E s se x  Coun ty Res o ur ce 

Recov ery Fa cil i ty EIS,  1 9 8 3 ) .  A n  in cinera tor tha t handl es 1 0 0  tons 

per day ( T PD )  of ref use w il l  pr oduce an esti m ated 45 TPD, w e t w eigh t ,  

o f  a sh :  a v o l um e o f  6 0  c u bi c yar ds ( Di az ,  e t. al. , 1 9 8 2 ) .  

The maj or ity of 4exi sting o r  pl anned incineration faci l i ti es us e ,  

or plan t o  u s e ,  landfill s fo r dis po sal o f  th e a sh resi due. A shf il l s 
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ar e an environm e ntal co ncern : th ey pose new th r e a ts in addi ti o n  t o  

tho s e  of co nventio n al  landfill s. A sh m ay conta i n  el eva ted l ev el s  of 

m any heavy metal s (Tabl e 5 ) .  Cadm ium , co bal t, lead and z inc m ay be 

I:f' e sent at con cen tra tio ns abov e 1 0 0 0  p pm. ( Di az ,  e t. al. , 1 9 82 ) .  

High l ev el s of bery llium and m ercury hav e al so b e en found i n  ash 

( Al ber t ,  1 9 8 3 ) .  Altho ugh in cinera tion r educe s th e waste s tream com ing 

into the landf i l l  by up to 9 0 % , the rem ai ning 1 0% is pr e car i o us. Som e 

po s si bl e  m e tal so urce s  w i thi n th e wastes incl u de :  printed ink, 

yiel di ng l ead and z inc w hen burned ; ti tani um ,  ch rom ium and l e ad 

from pai nts ; an d tin and cadm i um fr om pl a s ti c stabil iz ers ( Tay lor, e t. 

al . , 1 9 82 ) .  

Ash may be classifi ed as a haz ardo us w as t e. EPA has fo und toxi c 

l ev el s  of ca dm ium and l ead i n  flyash. The E xtr action Pro ced Ul" e  

toxi ci ty tes t (EP toxi ci ty t es t) was dev el o p ed by EPA to "i de nti fy 

wastes li kely t o  l each haz ardo us con s ti t ui ent s into groundwa t e r  under 

condi ti ons of improper mana ge m ent" (EIS , 1 9  83 ) .  If lea ch a t e  generated 

by thi s te s t  contains cer ta i n  heavy m e tal s o r  pe s ti ci des  in 

co ncentr ati o ns great er tha t  1 00 times tho s e  al low ed by th e Nati onal 

Interim Drinking W a t er S tan dards th e ash is clas sifi ed as h azar dous. 

Therefor e i t  canno t be di s posed of in a co rwenti onal landf ill. Since 

flyash contain s  a grea ter con centra tion of toxi cants,  mo s t  o pera tors 

mix fly a nd bo t tom ash , which usual pas s e s  the EPA toxi ci ty tes t. 

In cinera tor flya sh i s  a m aj or poten ti al dio xin so ur ce. Dio xin 

contam i na ted fly ash has be en de po si ted in Canada for ov e r  3 0  year s. 

E s tim a t e s of dio xin containing w a s tes in N ew  Yor k landfil l s  ar e 

ov erw hel ming ; th ese landf il l s  ar e a si gni fi cant sour ce of di oxin 

co ntamina tio n of Lake On tario (R epor t of th e Mi ni s t er' s E xper t 
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Tabl e 5. Concentrations o f  Metal s in 

F lyash and Bot t om Ash 

Conc entrati on . DDm 

fine bottom ash a Fl�·as hb 

Ag 38  + 8 1 3 0  .:!:. 3 0  

A 49 000 .:!:. 800 1 2 1  0 0 0  .:!:. 1 2  0 0 0  

B a  1 4 0 0  .:!:. 6 0 0  1 5 0 0 .:!:. 4 0 0  

Ca 40 0 0 0  .:!:. 1 8  0 0 0  -, -
_ .)  0 0 0  .:!:. 1 0  0 0 0  

Cd 4 1  .:. 1 5  6 4  .:!:. 1 6  

Co 70 .:!:. 10 1 0 0  ... 30 -
Cr 5 20 .:!:. 2 4 0  1 1 6 0  .:!:. -:- 2 0 
Cu 4 50 .:!:. 1 9 0  5 1 0 .:!:. l SO 
�e 1 6  0 0 0  .:!:. 6 0 0 0  ::: 4 0 0 0  .:!:. s o o o  
H cr  0 . .+ 0 . 9  ... -

"' - l . , 
K 6 30 0 .:!:. 1 40 0  1 2  : o o  - l S O O  -
Li 19 .:!:. .) 34  .:!:. .l 
Mg 1 2  s o o  + 2 6 0 0  9 7 0 0  .:!:. 1 -:' 0 0  

Mn .) 1 0 0  .:!:. 1 70 0  1 5 0 0  .:!:. 6 0 0  
>:a 8 200  .:!:. 1 4 0 0  1 6  0 0 0  ... : o n o  
Ni 2 1 0  + 2 5 0  1 soo  + 2 3 0 0  - -
Pb 1 7 0 0  .:!:. soo i 20 0 .:!:. 3 2 0 0  
Sb 1 20 .:!:. 9 0  3 . w  + 2 9 0  -
S n 4 0 0  1 2 5 0  .:!:. 6 5 0  
:n 5 5 0 1)  .:!:. 1 5 0 0  1 0  0 0 0  .:!:. 2 0 0 0  

Da ta fr om th e  A l e xand:- i a , Vi rg inia .\ luni c i pa l I ncine:-.:i tor 
a - Does not i nc lude b u l k  �etal , g l as s  and o ther ob i ects l .:i r � e :- ��an 

ab out 3 rrnn di aJT1eter . 

b - Co l lected by a wet s cn6b e r . 

Source : ( E s s ex C ounty Re source Re cov e ry Fac il i t y , E I S , 1 9 8 3 )  
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Adv isory Com mi ttee on Dio xins, 1 9 83 ) .  Th e amount of pr eci pi tated 

flyash is 1 0 0  tim es tha t em i t ted to th e ai r. Landf il l e d  f l ya sh 

represent s a sev er e,  l o cal , long- term di o xin input. Ther e is a l arge 

po ssi bil i ty of contam i na ting gro undw a t er beyond the landf il l  sin ce 

ev en a sm al l  rel ease of di oxin containi ng l eachate woul d a cause l o cal 

heal th h aza rd ( Re por t of th e Mini ster' s E xper t Advisory C ommi t tee on 

Di o xi n s ,  1 9 83 ) .  

Balefil l s  

Bal es ar e made b y  a machine th a t  com pr es se s  w as t e  into high 

densi ty c u bes ; general ly, bal es ar e 1 .2 t o  1 .8 me ters ( m)  long and 0 .9 

to 1 .2 m. in cross se c t i on. Bal ef il l l ifts ar e  us ual l y  2 or 3 bal es 

hi gh ( Di az, e t. al. , 1 9 8 2) .  B al ed r ef u s e  densi ty range s from 1 6 00  to 

1 80 0  l bs ./  cubi c y ards a nd voi d spa ce m ay  be as l i t tl e  a s  6% in 

pro perly co ns tructed b al ef ills  (B al e  O u t  of Soli d W a s t e  Pro bl em s, 

1 980 ) .  Ano th er benef i t  of bal ef il l ing i s  that  less ,  or po ssi bly no , 

cov e r  i n  neces sary. Th e  ti ght bl ocks  of r efuse are no t amenda bl e t o  

rode n t  burrow ing and f ly em ergence. Blow ing pa per is al so mini m iz ed , 

w hi ch de cr eases publ i c  o p po si ti o n.  W h e n  cover s o i l  is  used ,  i t  i s  

usual ly rem oved and r eused each day . Ther e is al so l e ss w ear and t ear 

on eq ui pment at bal ef ill s than at co nve n tio nal l andf ill s  (B al e  O u t  of 

Sol i d  W as t e  Pro bl em s ,  1 9 80 ) .  

Bal ef il l s  gene r ate mor e l each a te dur ing a shor t ti me,  th e fi rs t 

1 8  mon ths, than co nve ntional fill s. Sin ce moist ur e  doe s no t rea d i l y  

pe ne trate com pa ct ed r ef use , water ini ti al ly r un s  dow n be tw een the 

b ales. On ce the per i ph ery of a bale de com po ses th e int eri or r em a in s  

in tact , so that  ov eral l l eachate gener ation is  low rel ativ e to 
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co nventi onal l andf il l s  (Bal e  out of Sol i d  W as t e  Problem s ,  1 9 80 ) • 

Shr edfill s  

Ther e are num erous adv anta ge s t o  sh redfill s. Shreddi ng of r efuse 

ca n a chi ev e 2 5% grea ter densi tie s  than co nvention al landf ill s. Th e  

vol um e  of waste a si te ca n  acco m o ndate may b e  incr eased by up to  2 0% 

( U ni ted S ta tes E P A ,  1 97 6 ) . The ne ed for cov er m ay be gr ea t ly r edu ced 

since rodents ca nnot l ive on or in shredded ref u se. Al so , mo s t  insect 

larva e and eggs ar e  des troy ed by mr edding. 

The di sadv a n tages of shredf ills incl ude th e possi bil i ty of 

explo sions or fire s if vol a til e s  ge t  into the shr ed der. Al so,  gas and 

leachate production are accel er a ted ; contam ina tes are concentr ated. 

H ow ever, sin ce decom po si tio n  i s  ac cel erated,  s t abil iz a tion o c c ur s  m or e  

rapidly ( Uni ted S tates EPA, 1 97 6) . 

Landfills  on Dis tinc t Si tes 

Sani tary la ndf il l s  may be used to recl ai m land lost due t o  o ther 

activi ti e s. A tB.n doned cl ay pit s,  sand q uarri e s ,  grav el q uarri e s  and 

limestone q ua r ries are am enda ble to thi s  w as t e  di s po sal meth o d  

( Pavoni,  et. al. , 1 97 5 ) .  A l imesto ne q uarry, near Chi cago, i s  being 

used for w as t e  dispo sal ( Sol i d  W aste Managem ent, 1 9 80 ) .  

S tri p m ine s ar e  w ell s ui t ed to sani ta ry landf ill ing. Us ual ly the 

underly ing s ta ta is imperm eabl e cl ay or sh al e  (Pavoni , e t. al. ,  1 97 5 ) .  

A s tri p min e near Pi tts b ur g  is being fil l ed w i th resi den ti al was tes. 

The fil l r eceives 700  tons of ref use per day ,  whi ch is co m pa ct ed in 

ei gh t  foo t l ifts ; w a s te s  ar e  covered w i th tw o feet of com pact ed d aily 

cov er , an d tw el ve fee t of f inal cover w il l be used. Th e s ubs ta tum is 

im pervio u s  cl ay. Landf il l ing of s tri p  m ine s us ual ly pr esent s no · 
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pro bl em w ith :respe ct to si ti ng co nsi der a ti ons be cause m in es a:re nev er 

lo ca t e d  in popul a ted o :r  v al ua bl e  ar ea s. Al so,  landfill i ng i s  a 

prof i t abl e  method of m in e  recl am ati o n  (Sol id W as t e  M ana gem en t,  1 98 1 ) .  

Ca nyons and :rav ine s a:r e al so us e d  a s  landf ill s. Al l s urfa ce 

w at e r  m ust  be inter ce pted befor e th e si tes can be u sed since th ese 

to p o gr aphi es w ere crea ted by fl ow i ng wat er. Te:r:r a ce Hei ghts Cany o n, 

in W ashington, wil l be used as a county pa rk w h e n  l andf il l i ng i s  

com pleted. The re nyo n  landfill :r e ceives 675 , 0 0 0  cu bi c  yar ds of r efuse 

annual ly ; i t  serv e s  75% of the co unty resi dents. Cel l s  a:r e ei gh t feet 

dee p. w i th si x in dl e s  of cov er, tw o feet of final c over w ill be ad ded 

upon com pl eti o n ( Solid W as t e  Mana gem ent , 1 9 82 ) .  

Sani ta:ry lan df ill s sho ul d n ever be co ns tru ct ed in ti d al  f la t s, 

mar shes o:r any type of w e tl and. Dum ping w ast e s  i n  these wate:r-

sa tu:ra ted envi:ro nment s is una c cepta bl e from a n  e ngineering poin t of 

view ( Hager ty , et. al. , 1 97 3 ) . Contaminants a :re readily l ea ch ed into 

the s u:r:ro un d i ng waters. Fu:r th e:rmo:r e, th e hi gh na t ur al  pro du ctivi ty of 

these areas ca nno t  be ignor ed. Wetl ands a:r e extrem ely val ua ble 

e co sy s t em s ; th ey a:re ne s ti n g  grounds fo:r wate rfow l and nu:rse ry s  ·f o:r 

finfi sh an d shel l fish ( Sm al 1 ,  1 97 1 ) .  

FIN AL USE O F  L AND FILL S 

Fi nal use 
·
or a co m pl e ted landfil l shoul d  be de term ined during th e 

pl anni ng stage. �e cha:r a cte:ri s ti cs of the depo si ted r efu se must be 

take n into consi der a ti on when de ciding the final us e of th e si te. Th e 

den si ty of a landfil l w il l  vary a c co r ding to w a s t e  ty pe, cl imate,  
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topo gr aphy and adeq ua cy of the landf i l l  de si gn. S e t tl em ent of 

l andf il l s ranges fr om 2 t o  4 0% ,  us u al l y  s e t tl em e n t  i s  2 0% of the 

ini ti al hei gh t ( H a ge r ty ,  e t. al . ,  1 97 3 ) .  

Buil ding of al l  but v ery l i gh t s tructures o n  compl e t e d  l andf il l s  

i s  disco ur age d. Conti nued se t tl em ent and the l ow bearing ca pa ci ty of 

lan df ill s res tri ct s  buil ding. Eve n li gh t  s tru c t tr e s  must incl u de 

founda ti ons w hi ch ext end through t he cel l s  to  the original soi l  or 

ro c k  base  so tha t th e l oad i s  a deq ua t ely suppor t  ed. Pene tra tio n of 

founda ti ons th rough the ref us e cel l s  may incr e as e  the gas em m i s si ons 

f r om the fill int o  the buil di n gs ,  w hi ch res tri c t  the o u tfl ow of L FG,  

and m ay caus e f ires and expl o si ons. Al so , l e ach ate is highl y 

corro s ive,  m ak ing mo s t  founda tio n materi al s  uns ui ta bl e  ( Ha ger ty, e t. 

al. , 1 97 3 ) .  B uil dings can be constr uct ed on com pl eted l andf il l s  

aft er ,  roughl y ,  20  years ; wh i ch is  the es tima t ed len gth o f  ti m e  

ne c e s s a ry fo r stabil iz ati o n  ( NYC, 1 984 ) .  

Mo s t  compl e t e  landf ill si tes are used for r e cr ea tio nal p urpo ses 

or rem ai n as open spa ce. Maintenance is  n ece ssary ev en fo r these 

uses. Peri o di c  grading of cover materi al is  ne ces sary t o  µ-' event 

pondi ng and ero si on. Vege tati on is l im i t ed  by the ty pe of cov er used. 

Vege ta tio n tha t r eq uir e s i r ri ga tion i s  no t s ui ted for landf il l  si te s ,  

since i r rigation w il l  enh ance l ea chate pr oduction. Land f il l  gas in 

th e roo t zone m ay r edu ce vege ta tion gr owth or even kil 1 th e plant s . 

Ther efor e, adeq ua t e  cov er and gas ven tilating sy stem s a re nece ssary 

for su c cessf ul plan ti ng ( Ha ger ty, e t. aL , 1 97 3) .  For th e s e  reasons 

agr i c ul tur e has no t be en very prof i t able on com pl e t ed  landfil l s  • 

Ther e is th e added pr obl em of a lac k of publ i c  a c ce ptan ce ;  peo pl e 

sus pe ct tha t  pa thogens migrate from wastes to cr o p s ( P av oni ,  et. al . , 

1 97 5 )  . 
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Sani tary landf il l s  ar e  sa ti sf ac t ory from a sa ni tary and aesth e ti c  

poin t of vi ew if th ey ar e pro perly de si gned, o pera t ed and maintai n ed 

( L in ton, 1 97 0 ) .  The only val id o b j ection to sani t ary landfil l s  that 

ar e  pro perly desi gn ed, o pera ted a n d  m aintai ned i s  tha t  th ey cons ti tute 

a huge loss of a natural resour ce - land. The si tes can be recl a imed,  

but o pen s pa ce o r  r e crea tion ar e th e  only sensi bl e imm edia te use s for 

• 

• 

• 

• 

com pl eted l andf il l s.  e 

Di spo sal of s ol i d  w aste  i s  fundam ental ly a h eal th pro bl em . The 

fi rst ba si c r eq ui r ement for dev elo ping w a ste dis po sal m e thods w a s  "the 

absence of danger to publ i c  heal th" (Anderson,  1 96 4 ) .  The pr oblem s 

faced by landfil 1 o pera ti ons ar e engi ne ering, o pera tional , e co n  an i c  

and j uri sdi ct i o nal ,  bu t th e r e ason w e  are co n ce rned is for th e 

pro te c tion of human heal th (An derso n ,  1 96 4 ) .  Ther e  are num ero u s  

viol ati ons o f  the sani tary la ndfil l cri teri a w hi ch threa ten p ubl i c  

he al th ; many landfill s i n  exis ten ce to day ar e viola tor s. B u t  the 

te chnology t o  cons truc t sani tary landfil l s  t hat are no t a threat to 

human heal th or the enviro nmen t  exi s t s  t o d ay. Th e  only o bs t acles 

hi ndering u pgradi ng to sa ni tary landf il l s  are econo m i c  and lack of 

enfor ceme n t .  

4 4  

• 

• 

e l 
I 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

R E F E R E N C E S  

AS T M  S u b c o m m i t t e e D 1 8 . 1 4  o n  S o i l  a n d  R o c k  P o l l u t i o n . A Hy d r o -
g e o l o g i c a l  V i e w o f  W a s t e  D i s p o s a l i n  t h e S h a l l o w  S u b s u r f a c e . 
G e o t e c h  n i c al T e  s t i n  g J .  4 : n o .  2 • 

B a k e r , J . M . , C . J .  P e t e r s ,  R .  P e r r y  a n d  C . P . V .  K n i g h t .  O d o u r  
C o n t r o l  i n  S ol i d  W a s t e Ma na g e m e n t . E f f l ue n t  a n d  W a t e r 
T r e a t m e n t  J .  A p r i l  1 9 8 3 .  

B l a c k ,  R a l p h  J .  an d A l l a n  M .  B ar n e s . E f f e c t  o f  C o v e r  o n  F l y  
Em e r g e n c e  f r om S a n i t a r y L a n d f i l l s .  Pu b l i c  W o r k s . F e b .  1 9 5 8  . 

B ur g e r , J o a n n a .  1 9 8 2 .  R e p o r t o n  B i r d  C o n t r o l  a t  J .  F .  K e n n e d y 
I n t e r n a t i o n al A i r p o r t . N ew Y o r k  - N e w J e r s e r y P o r t A u t h o r i t y ,  
R u t g e r s  U ni v e r s i t y ,  N e w B r u n s w i c k ,  N ew J e r s e y • 

B ur n s ,  J a m e s  a n d  G a i l K a r p i n s k i .  W a t e r  B a l a n c e  M e t h o d E s t i m a t e s 
H o w  M u c h L e a c h a t e  S i t e  W il l  P r o d u c e .  S o l i d  W a s t e  M a n a g e m e n t . 

, A u g . 1 9 8 0 . 

C a m e r o n ,  R o b e r t D. a n d  F r e d e r i c A. K o c h .  To xi c i t y o f  L a n d f i l l  
L e a c h a t e .  J . o f  W a t e r  P ol l u t i o n  C o n t r o l F e d e r a t io n .  5 2 : n o . 4  

C o nw ay ,  P a t r i c i a G e o r g e .  S o l i d  W a s t e : A m e r i c a ' s  N e g l e c t e d  
P o l l u t a n t .  N a t i o n ' s C i ti e s .  J u n e  1 97 0 . 

C u m m i n gs , R . E .  an d R .  W i gh .  S i t e  C l a s s i f i c a t i o n  M a n u e l : G u i d e t o  
A p p l y i n g  L a n d f i l l  C r i t e r i a. S o l i d  W a s t e M a n a g e m e n t. J a n  . 
1 9 8 0 . 

D aw s o n ,  R u s s e l l A. I s s u e s  i n  Fo c u s : P r o g r am R e d e f i n e s  S t a t e s '  R o l e .  
S o l i d W a s t e M a n a g em e n t .  N o v .  1 9 8 1 . 

D i az ,  L u i s F . , G e o r g e  M .  S av a g e a n d  C l a r e n c e  G .  G o l u e k e . 1 9 8 2  • 
R e s o ur c e R e c o v e ry f r o m Mu ni c i p a l S o l i d W a s t e .  v o l .  I I . : F i n a l  
P r o c e s s i n g .  B o c a  R a t o n ,  Fl o r i d a : C R C P r e s s .  

Em r i c h ,  G r o v e r  H. PV C C o v e r C a u s e s L e a ch a t e  R e t r e a t .  A m e r i c a n  
C i t y  an d C o u n t r y . O c t . 1 9 8 0  . 

E s s e x  C o u n t y R e s o ur c e R e c o v e ry F a c i l i ty E nv i r o n m e n t a l I m p a c t  
S t a t em e n t .  1 9 8 3 . 

G o l ue k e ,  C . G .  a n d  P . H .  M c g a u h ey .  1 9 6 9 . C o m p r e h e n s i v e  S t u d i e s  o f  
S o 1 i d W a s t e M a n  a g e m  e n t .  S e c o n d A n n u al R e p o  r t .  S a  ni t a r y 
E n g i n e e r i n g  R e s e a r c h  L a b r a t o r y .  C o l l e g e  o f  E n g i n e e r i n g  a n d  
S c h o o l  o f  P u b l i c H e a l t h ,  U n i v e r s i t y  o f  C al i f o r ni a a t  B e r k e l e y . 

H a g e r t y , J o s e p h D . , J o s e p h L .  P a v o n i  a n d J o h n  E .  H e e r  J r . 1 9 7 3 .  
S o l i d  W a s t e  M a n a g em e n t .  N ew Y o r k : Va n N o s t r a n d  R e i nh o l d  C o  . 

4 5 



H am ,  H . K .  an d T . J . B o o k e r .  D e c om p o s i t i o n o f  S o l i d  W a s t e  i n  T e s t 
L y s i m e t e r s .  A S C E  P r o c e e d i n g s , 1 0 8  ( E E 6 ,  n o .  1 7 5 2 2 ) .  D e c .  1 9 8 2 .  

H a s k e l l ,  E .  1 9 7 0 . U r b a n  W a s t e M a n a g e m e n t :  T h e F e d e r al R o l e .  
W a s h i n g t o n D .  C . : Th e U r ba n  I n s t i t u t e .  

H a s s e t t ,  W i l l i am H .  a n d  E . T .  C o nr a d .  R e m e d i al A c t i o n  f o r  O p e n  
D um p s . A S C E ,  P r o c e e d i n gs 1 0 7 ( E E 6  n o . 1 6 7 4 1 ) .  D e c . 1 9 8 1  

L a nd m a n , J o n a t h o n .  A u d i t :  M o s t  D u m p s  V i o l a t e R u l e s .  N ew s d a y . 
D e c .  4 ,  1 9 8 4 .  

L i gh t ,  L a r r y . P um p i n g  M e t h a n e  D o l l a r s  f r om D um p s . N ew s d a y . 

L in t o n ,  R o n al d M .  1 9 7 0 . T e r r a ci d e :  Am e r i ca ' s D e s t r u c t i o n  o f  
H e r  L i v i n g E nv i r o nm e n t .  N ew Y o r k :  P r a e g e r P u b l i s h ers . 

L o ng , L a r r y.  H e m p s t e a d  D e c l a r e s  W a r on S e a g u l l s a t  L a n d f i l l . 
N ew s d a y . A ug . 8 , 1 9 8 4 • 2 7 . 

M a n t e l l ,  C .  L .  1 9 7 5 . 
a n d  D i s p o s a l . 

S o l i d W a s t e : O r i g i n ,  C o l l e c t i o n ,  P r o c e s s i n g 
N ew Y o r k :  W i l e y- I n t e r s ci e n c e P u b l i sh e r s  

N o l l e t ,  A . H .  a n d E . T.  S h e r w i n .  M u n i c i p a l  S o l i d  W a s t e : A 
H a r d - ey e d  A s s e s sm e n t .  S p e c i fy i n g  E n gi n e e r .  M a r c h  1 9 8 2 

N o s v a no v ,  M . E .  M o n i t o r i n g  L a nd f i l l  G a s : F i r s t S t e p  T o w a r d s  I t s  
R e c o v e r y .  Am e r  i c a n  C i  t y a n d  C o  u n t r y .  0 c t . 1 9 8 0 • 

N u t t a l i ,  D o n a l d 0 .  C o n t r o l  o f  G a s  M i g r a ti o n  i n  U r b a n  L an d f i l l s . 
P u b i c  W o r k s .  J u l y  1 9 8 0 .  

O f f i c e o f  R e s o ur c e R e c o v e r y  a n d  W a s t e  D i s po s a l  P l a n n i n g , C i t y  o f  
N ew Y o r k D e par tm e n t  o f  Sa ni t a t i o n .  1 9 8 4 . Th e W a s t e  D i s p o s a l 
P r o b l em i n  N ew Y o r k C i t y : A P r o p o s a l  f o r  A c t i o n . v o l . 1 .  

P a v o n i , J o s e p h  L ,  J o h n  E .  H e e r  J r . a n d  D .  J o s e p h  H a g e r t y .  1 9 7 5 �  
H a n d b o o k  o f  S o l i d  W a s t e  Di s p o s a l : M a t er i a l s a n d  E n e r gy R e c o v e ry . 
N ew Y o r k : Va n N o s t r a n d  R e i nh o l d  C o . 

P o h l a n d , F r e d e r i c k  G .  L e a c h a t e  R e c y c l e a s  a L a n d f i l l M a na g e m e n t  
O p t i o n .  A S C E ,  J .  o f  t h e E n e r gy D i v i si o n  ( E E6 �  n o . 1 5 8 9 9 ) . 
D e c .  1 9 8 0 . 

R a a b ,  J o na t h o n . B i o g a s  R e s o ur c e s  D e v e l o pe d  i n  O r e g o n .  P u b l i c  
W o r  k s  . J ul y 1 9 8 5 � 

S c o t t ,  M . P .  L e a c h a t e  T r e a t m e n t O p t i o n s . S o l i d  W a s t e  M a na g e m e n t .  
D e c . 1 9 8 1 . 

S h i m e l l ,  P a m e l a .  
W a s t e s .  D e c . 

C a p p i n g  H el p s  P r e v e n t  L a nd f i l l P r o b l e m s .  
� 

1 9 8 3 .  
W o r l d 

4 6  

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

S m a l l ,  W i l l i a m  E .  1 9 7 1 . Th i r d P o l l u t i o n : t h e  N a t i o n a l  P r o b l e m  
o f  S o l i d W a s t e  D i s p o s a l . N ew Y o r k : P r a e g e r  P u b l i sh e r s . 

S o r g ,  T h o m a s  J .  a n d  W .  B e n d i x e n .  S a n i t a r y  L a n d f i l l i n g . i n  
C . L .  M a n t e l l .  e d .  1 9 7 5 .  S ol i d W a s t e : O r i g i n ,  C o l l e c t i o n ,  
P r o c e s s i n g a n d  D i s p o s a l . N ew Y o r k :  W d. l e y - I n t e r s c i e n c e  
Pu b l i s h e r s  

S t e a r n s  R o b e r t P .  L an d f i l l M e t h an e : 2 3 S i t e s  a r e  D e v e l o p i n g 
R e c o v e ry P r o gr a m s . S o l i d  W a s t e  Ma na g e m e n t  . 
J un e  1 9 8 0  . 

S t e a r n s ,  R o b e r t P .  a n d  M a r k  B .  B e i z  e r .  L a n d f i l l  G a s i s  a G r q w i n g 
Co n c e r n .  W o r l d  Wa s t e s .  F e b .  1 9 8 5  . 

S t r a u b ,  W il l i a m A .  a n d  D o n a l d R .  L y n c h .  M o d e l s o f  L a n d f i l l 
L e a c h i n g : O r ga ni c S t r e n g t h .  A S C E  P r o c e e d i n g s , 1 0 8 ( E E2 n o . 
1 6 9 7 8 ) . A p r i l  1 9 8 2 . 

T c h o b a n o gl o u s , G e o r g e , H i l a r y  T h e i s e n  a n d  R o l f El i a s s e n .  1 9 7 7 . 
S ol i d W a s t e : E n g i n e e r i n g  P r in c i p l e s  a n d  Ma na g em e n t  I s s ue s . 
N ew Y o r k :  M cG r aW- H i l l B o o k  C o . 

Ti t t l e b a u m ,  M a r ty E.  O r ga ni c C a r bo n C o n t e n t  S t a b i l i z a t i o n 
T h ro u g h  L a n d f i l l  L e a c h a t e  R e c i r c u l a t i o n . J .  o f  W a t e r  
P ol l u t i o n  C o n t r ol F e d e r a t i o n .  5 4 : n o . 4  . 

U n i t e d  S t a t e s  E nv i r o nm e n t a l  P r o t ec t i o n A g e n c y ,  O f f i c e o f  S o l i d  
W a s t e  Ma na g em e n t  P r o gr am s . 1 97 6 . D e c i s i o n- m a k e r ' s  G u i d e 
in  S o  1 i d W a s  t e M a n  a g e m  e n  t . SW - 5 0 0 . W a s h  i n g t  o n , D .  C .  : U n i t e d 
S t a t e s  G o v e r nm e n t  P r i n t i n g  Of f i c e . 

V a n  T a s s e l , 
1 9  8 0 . 

A l f r e d  J. e d .  1 9 7 3 .  O ur E nv i r o n m e n t : 
L e x i n g t o n ,  Ma s s . : L e x i n g t o n  B o o k s . 

T h e O u t l o o k f o r  

L e a c h a t e C o n t r o l  D o e s n ' t C o m e E a s y . A m e r i c a n  C i t y a n d  C o u n tr y . 
M a y 1 9  8 0 . 

Th e F e d e r al B e a t :  A g e nc y  V a c u u m  C a u s e s  C o n c e r n .  S o l i d  W a s t e  
Ma n a gem e n t .  N o v . 1 9 8 1 . 

W h a t  t h e L a n d f i l l  R u l e s  R e a l l y  M e a n .  A m e r i c a n  C i t y  a n d  C o u n t r y . 
J a n  . 1 9 8 0  . 

W o r l d ' s L ar g e s t  L a n d f il l M e t h a n e  R e c o v e r y  F a c i l i t y .  E n v  i r o  n m  e n  t a l  
P r o gr e s s . 2 : n o . 2 .  M a y  1 9 8 3 . 

4 7  



==
 

!!
! 

==
=== 

--
--

� 
LU

 
�

 
-

!!I
 

0
 

'=-"'
 

=
 

w
 

=-
--

c
 

"
 

�
 

m
 

..
.0 

�
 

�
 

-l:
: 

=
 

0
 

--
-= 

� 
0

 
�

 
ru

 
==

 
ru

 
==

== 
=-

--
m

 
..J

J 
==

 
..J

J 
==

== 

LU
 

==
= 

�
 

-l:
: 

�
 

l.
.n 

=-=
 

==
======= 

0-
--=

 
=

 
5"

 41
 

�
 

c:
 5"

 
�

 
�[

 

•
 

•
 

•
 

•
 

•
 

•
 

•
 

•
 

•
 

•
 

•


	full cover 19
	w66_19c2_0002
	w66_19c2_0003
	w66_19c2_0004
	w66_19c2_0005
	w66_19c2_0006
	w66_19c2_0007
	w66_19c2_0008
	w66_19c2_0009
	w66_19c2_0010
	w66_19c2_0011
	w66_19c2_0012
	w66_19c2_0013
	w66_19c2_0014
	w66_19c2_0015
	w66_19c2_0016
	w66_19c2_0017
	w66_19c2_0018
	w66_19c2_0019
	w66_19c2_0020
	w66_19c2_0021
	w66_19c2_0022
	w66_19c2_0023
	w66_19c2_0024
	w66_19c2_0025
	w66_19c2_0026
	w66_19c2_0027
	w66_19c2_0028
	w66_19c2_0029
	w66_19c2_0030
	w66_19c2_0031
	w66_19c2_0032
	w66_19c2_0033
	w66_19c2_0034
	w66_19c2_0035
	w66_19c2_0036
	w66_19c2_0037
	w66_19c2_0038
	w66_19c2_0039
	w66_19c2_0040
	w66_19c2_0041
	w66_19c2_0042
	w66_19c2_0043
	w66_19c2_0044
	w66_19c2_0045
	w66_19c2_0046
	w66_19c2_0047
	w66_19c2_0048
	w66_19c2_0049
	w66_19c2_0050
	w66_19c2_0051
	w66_19c2_0052
	w66_19c2_0053
	w66_19c2_0054



