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Disclaimer 
The U .S . E nvironm enta l P ro tection  A gency through its  O ffice  o f R esearch and D eve lopm ent 
d irected  the research  described here in  under contract E P -C -07-015 w ith  Eastern R esearch 
G roup, Inc. (E R G ), as a genera l record o f d iscuss ions for the  “2011W orkshop on C hem ica l-
B io log ica l-R ad io log ica l D isposa l in  Landfills .” Th is  report captures the m ain po in ts  of the 
schedu led  presenta tions and sum m arizes the  issues and d iscuss ions am ong the w orkshop 
partic ipants bu t does no t conta in  a  verbatim  transcrip t of a ll issues d iscussed.  Th is  docum ent is  
no t in tended to prov ide  techn ica l, operationa l, or regu la tory gu idance or be  a  prescriptive  
docum ent in  how  to d ispose o f w aste generated in  a  chem ica l, b io log ica l, o r rad io log ica l 
inc ident.  It does not substitu te for the C om prehensive  E nvironm enta l R esponse, 
C om pensation, and L iab ility  A ct, R esource  C onserva tion  and R ecovery A ct, o ther sta tutes or 
E P A 's regu la tions, nor is it a  regu la tion  itse lf.  A ny dec is ions regard ing  d isposa l o f a particu la r 
w aste  at a particu la r fac ility  w ill be  m ade on a  s ite-specific  bas is  based on the  app licab le  
s ta tutes and regu la tions. Th is  m anuscript has been sub ject to an  adm in is tra tive  rev iew  but does 
no t necessarily  re flect the  v iew s o f the  A gency.  N o o ffic ia l endorsem ent shou ld  be  in ferred.  
E P A  does no t endorse  the  purchase or sa le  of any com m erc ia l p roducts or serv ices. 
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Executive Summary 
This  report sum m arizes d iscuss ions from  the “2011 W orkshop on C hem ica l-B io log ica l-
R ad io log ica l (C B R ) D isposa l in  Landfills .” The w orkshop w as he ld  on June 14-15, 2011, in  
W ash ing ton , D C . The w orkshop ob jective  w as to address techn ica l issues to consider w hen 
design ing , constructing , and operating  new  landfill fac ilities  for d isposa l o f C B R  w astes in  an 
em ergency scenario .  
The approx im ate ly 40  workshop partic ipants  inc luded representatives from  m ultip le  federa l 
agencies (e.g ., the  U .S . E nvironm enta l P rotection  A gency, the U .S . D epartm ent o f 
T ransporta tion, the  U .S . D epartm ent o f E nergy, the  U .S . D epartm ent of Agricu ltu re), s tate  
agencies, academ ia , and w aste m anagem ent com pan ies. The w orkshop inc luded schedu led  
presentations, question-and-answ er sess ions, and m odera ted d iscuss ions.  
Th is  report docum ents the  m ain  po ints  ra ised during  the w orkshop, but severa l issues w ere  
ra ised repeated ly  th roughout the  d iscuss ions. The recurring  issues inc lude: 
 C B R  events are  genera lly  no t expected  to  resu lt in  la rge  debris  fie lds o f com ing led  

w astes. Instead, these events w ill m ore  like ly  resu lt in  contam inated  surfaces and 
s tructures, from  w h ich  h igh ly  hom ogeneous w aste  s tream s w ill be  genera ted . These 
w aste  stream s can be hand led  ind iv idua lly  o r m ixed in  a  fash ion  m ost su itab le  fo r 
d isposa l (o r o ther w aste  m anagem ent op tion). A s a  resu lt, b iodegradab le w astes tha t 
can lead to  fo rm ation  o f landfill gases w ill genera lly  be  separated  from  inert m ateria l. 

 For la rger C B R  events, the  quantities o f w aste expected  to  be genera ted w ill like ly  fa r 
exceed the  capacity  of nearby landfills , and new  landfill ce lls  cou ld  take severa l m onths 
to  construct. These observa tions, com bined w ith externa l pressure  to  have a ffected 
com m unities qu ick ly  re turn  to  norm alcy, suggest tha t tem porary w aste  stag ing  areas w ill 
like ly  be  an  im portant e lem ent o f the overa ll response. W aste can be  first m oved to  
these tem porary locations w h ile  landfill capacity  is be ing  constructed  or negotia ted .  

 S evera l opportun ities w ere  identified for sta te and loca l agencies to  beg in preparing  and 
p lann ing  fo r w aste m anagem ent o f C B R  events. E xam ples inc luded specify ing  crite ria  
fo r landfill s iting , dra fting  eng ineering  and p lann ing  docum ents requ ired for new  landfill 
ce lls , and assess ing  transportation  in frastructure based on antic ipa ted vo lum es of 
w astes. R eso lv ing  these and o ther m atte rs  as part of preparedness activ ities  is  genera lly  
p re ferred to try ing  to  assess these issues in  the  w ake o f a  C B R  event.  

 N um erous ins igh ts  w ere  o ffered  on techn ica l issues associa ted  w ith landfill des ign . 
These issues addressed a  broad array of top ics, inc lud ing  s iting , construction  qua lity  
assurance, fill p rogress ion  p lans, landfill gas contro l system s, leachate  contro l system s, 
long-te rm  m onitoring , and post-c losure care . S pecific  com m ents on these— a nd how  
they m ight perta in  to d iffe ren t c lasses o f C B R  agents — are presented throughout th is  
report.  
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1.0 Introduction 
This  report sum m arizes presentations and 
d iscuss ions from  the “2011 W orkshop on 
C hem ica l-B io log ica l-R ad io log ica l D isposa l in  
Landfills ,”  w h ich  w as he ld  June 14–15, 2011, 
in  W ash ing ton, D C . The techn ica l conten t o f 
th is  report is  based entire ly  on  in form ation  and 
d iscuss ions from  the w orkshop.  
A pprox im ate ly 40  ind iv idua ls  from  federa l 
agencies, priva te industry , sta te p rogram s, and 
academ ia  partic ipa ted in  the  w orkshop, e ither 
in  person or v ia  w eb inar (see A ttachm ent 1). 
The w orkshop a llow ed these partic ipants to 
share  in form ation  and d iscuss issues 
associa ted  w ith the d isposa l o f w aste resu lting 
from  c leanups from  chem ica l, b io log ica l, and 
rad io log ica l (C B R ) events . The w orkshop w as 
specifica lly  des igned to address techn ica l 
issues to consider w hen design ing , 
constructing , and operating  new  landfill 
fac ilities  for d isposa l of CB R  w astes in an  
em ergency scenario ; use  o f ex is ting  landfill 
space for th is  purpose and o ther w aste  
m anagem ent s tra teg ies (e .g ., inc ineration) 
w ere  ou ts ide  the scope of the  w orkshop 
d iscuss ions. P o licy  and pub lic  perception 
issues w ere acknow ledged as be ing very 
im portant considerations w hen m anag ing  
w astes from  C B R  events, but these top ics a lso  
w ere  no t the  focus of th is w orkshop.  
The w orkshop agenda inc luded tw o d istinct 
d iscuss ion  form ats (see A ttachm ent 2 ):  
 F irs t, ten inv ited  speakers de livered  

presentations on various top ics, 
inc lud ing  landfill des ign  fea tures, 
segregation o f the w aste s tream , and 
considera tions for leachate  and landfill 
gas contro l m easures. Partic ipants a lso  
d iscussed research conducted  on how  
C B R  agents w ou ld  pers is t and m igra te 
w ith in  a  landfill. A  question-and-answ er 
period  fo llow ed each presenta tion. 
S ection  2  of th is  report brie fly  
sum m arizes the presenta tions and 
docum ents m ain  d iscussion  po in ts  
ra ised during the question-and-answ er 
periods.  

 S econd, the  w orkshop inc luded severa l 
hours of m odera ted open d iscuss ions 
am ong the  partic ipants . These 
d iscuss ions w ere fram ed around s ix  
questions tha t w ere c ircula ted  in  
advance of the  m eeting (see 
A ttachm ent 3 ) and cu lm inated  w ith 
every w orkshop partic ipant prov id ing  
the ir ind iv idua l overarch ing  com m ents 
on  the w orkshop d iscussions. S ection 3  
o f th is  report docum ents key d iscuss ion  
po in ts  from  the  free-flow ing  
d iscuss ions.  

Th is  report docum ents com m ents m ade by 
partic ipants, and the report no tes instances 
w here  m ultip le  partic ipants  supported  a g iven 
s ta tem ent. H ow ever, th is w orkshop w as not 
des igned to reach consensus on  techn ica l 
m atte rs o r rank suggestions in  term s of 
im portance. In add ition , the  in ten t o f the 
w orkshop w as to no t a ttribu te  com m ents to 
specific  a ttendees to encourage open 
d iscuss ion . A ccord ing ly , the  report cata logs 
the  entire  range of feedback prov ided, w ithout 
a ttem pting  to ass ign  prio rities  to  the  various 
recom m endations and suggestions tha t 
partic ipants o ffe red.  
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2.0 Presentations and Question-and-Answer Periods 
This  section  of the report b rie fly sum m arizes 
presentations g iven by ten  inv ited  speakers 
and docum ents key po in ts  from  the ensu ing  
question-and-answ er periods. A ttachm ent 4  
lis ts  the presentation  top ics and speaker 
nam es, and orig ina l e lectron ic  cop ies of the 
presentations are  ava ilab le  from  the  E P A 
w orkshop coord ina tor 
(lem ieux.pau l@ epa.gov).  

2.1  Context of the Problem (J uan Reyes) 

 
Juan R eyes, D eputy A ssocia te  A dm in is tra to r 
o f E P A ’s O ffice  of H om eland S ecurity (O H S ), 
gave the w orkshop ’s  open ing  presenta tion , 
w h ich  addressed “C ontext of the  Prob lem  and 
W orkshop G oa ls .” The p resentation  
underscored the  im portance o f p lann ing  w aste 
m anagem ent as a key e lem ent o f p reparing  fo r 
C B R  events and described w hat E P A has 
a lready done in  th is regard . M r. R eyes noted 
tha t E P A  has a lready conducted  m ultip le  
w orkshops and fie ld  exerc ises to assess and 
eva lua te  C B R  w aste  m anagem ent 
cha llenges — one o f w h ich  w as the  poten tia l fo r 
these inc idents  genera ting  m assive  quantities 
o f w aste ; som e ca lcu la tions based on p lann ing  
scenarios suggested that C B R  events can lead 
to  the  need for d isposa l o f up to 40  m illion  tons 
o f poten tia lly  contam inated  so lid  w aste.  
M r. R eyes lis ted  five  broad ca tegories of 
barrie rs to e ffective  C B R  w aste m anagem ent 
e fforts. These categories w ere  regu la tory  and 
s ta tuto ry, po licy  and gu idance, techn ica l and 
sc ien tific , soc io -po litica l, and capacity and 
capab ility . H e prov ided specific  exam ples of 
these five  genera l issues, but em phasized that 

the  focus o f th is  particu lar w orkshop is the 
techn ica l and sc ien tific  considera tions. For 
instance, a  grea ter sc ien tific  understand ing o f 
the  fa te and transport of C B R  agents in  landfill 
env ironm ents is needed to  in form  decis ions 
about how  landfill ce lls  shou ld  be  des igned, 
constructed, opera ted, and m ain ta ined.  
M r. R eyes then noted  tha t the  current 
w orkshop is the la test in  a  series o f w orkshops 
and exerc ises tha t d ifferen t E P A  O ffices have 
organ ized to  investiga te  issues concern ing  
C B R  w aste  m anagem ent. H e lis ted the  recent 
w orkshops that E P A -O H S  organ ized (o r 
contribu ted to ) and noted that these  w orkshops 
recom m ended increased U .S . capab ility  to  
e ffective ly  address regu la tory cha llenges, 
m a jor im ped im ents, research  issues, and sta te 
and loca l p reparedness (1-3). A  com m on 
them e expressed across these w orkshops w as 
the  need to rap id ly  construct, opera te, and 
m ain ta in  a s tate  or federa l fac ility  to  d ispose o f 
w aste  genera ted from  C B R  events. Th is  
po ten tia l fac ility  w ou ld  be bu ilt re lative ly  soon 
a fter the  inc ident response had in itia ted, and in  
re la tive ly  c lose  prox im ity  to  loca tion o f the 
inc ident.  H e concluded h is  p resenta tion  by 
s ta ting  the ob jective  of th is  w orkshop: “The 
goa l o f th is  w orkshop is to  identify the techn ica l 
and sc ien tific requ irem ents [for d isposa l o f 
C B R  w astes] so  that the  po licy  d iscuss ions are 
based on the  best ava ilab le  sc ience.”  
A  brie f question-and-answ er sess ion fo llow ed 
the  presentation . The questions addressed risk 
com m unica tions to  the  pub lic  regard ing  the  
pro tectiveness o f C B R  d isposa l s tra teg ies. M r. 
R eyes sa id  effective  com m unica tions w ill 
undoubted ly  be critica l for any event requ iring  
d isposa l o f C B R  w astes. H ow ever, th is  issue 
w as no t d iscussed in  extens ive  de ta il, g iven 
tha t the w orkshop focused on techn ica l and 
sc ien tific  issues o f landfill des ign , construction , 
and operation .  

2.2  Structure of the Meeting (Paul 
Lemieux) 
D r. Lem ieux, A ssocia te  D iv is ion  D irector, 
D econtam ination and C onsequence 

mailto:lemieux.paul@epa.gov
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M anagem ent D iv is ion , Nationa l H om eland 
S ecurity  R esearch C enter of E P A ’s O ffice  of 
R esearch  and D eve lopm ent, gave a brief 
p resentation  on the s tructure o f the w orkshop. 
H e began by no ting that E P A  has he ld  
w orkshops to  d iscuss CB R  w aste  
m anagem ent issues s ince  2003 (4), w ith the 
ind iv idua l w orkshops focus ing  on  specific  
top ics. H e em phasized tha t the  focus o f the 
current w orkshop w as techn ica l issues to be 
considered w hen design ing , s iting, 
constructing , and operating  a  new  landfill 
fac ility  to d ispose o f w aste  from  a  C B R  event. 
H e acknow ledged that C B R  d isposa l o ften  
ra ises a num ber of re la ted  issues (e .g., risk 
com m unica tion  to  the  pub lic), but asked 
partic ipants to stay focused on the  underly ing  
techn ica l and sc ien tific  issues.  

2.3 Existing Requirements and 
Capabilities of Landfills (Craig Dufficy) 

 
The first presenta tion  w as g iven by M r. D ufficy , 
E nvironm enta l E ng ineer, M ateria ls  R ecovery 
and W aste  M anagem ent D iv is ion , O ffice o f 
R esource  C onserva tion and R ecovery of 
E P A ’s O ffice  of S o lid  W aste  and E m ergency 
R esponse. H e prov ided background 
in fo rm ation  on the R esource  C onserva tion and 
R ecovery A ct (R C R A ) and its  S ubtitle  C  and 
S ubtitle  D  requ irem ents fo r m anag ing  
hazardous w aste and so lid  w astes, 
respective ly. H e rev iew ed the ro les and 
responsib ilities  o f E P A, sta tes, and tribes fo r 
im p lem enting  and enforcing  R C R A  
requ irem ents. M r. D ufficy  then prov ided an  
overv iew  o f hazardous and m un ic ipa l so lid  
w aste  m anagem ent in  the  U .S .: 

 Hazardous waste. M r. D ufficy rev iew ed 
the  regu la tory  defin ition  o f hazardous 
w aste  (5 ) and then noted that 
approx im ate ly  20,000 fac ilities  each 
genera te a t least 1  ton  of hazardous 
w aste  annua lly . R C R A  S ubtitle  C  
prov ides standards fo r the  trea tm ent o f 
hazardous w aste, p laces restrictions on  
its  d isposa l, and sets forth  des ign  
requ irem ents for landfills. M r. D ufficy 
exp la ined tha t R C R A  S ubtitle  C  landfills  
m ust be  equ ipped w ith  properly  
des igned leachate  co llection  and 
rem ova l system s, com posite  liners  
com prised o f a  low -perm eab ility  so il 
layer overla id  w ith  geom em brane, and 
leak de tection  system s to  ensure that 
landfill leachate  does no t contam inate 
groundw ater; and groundw ater 
m on ito ring is  requ ired  to  de tect the 
presence of any such contam ination.  

 Solid waste. M r. D ufficy exp la ined tha t 
“so lid  w aste ” can inc lude  m un ic ipa l 
so lid  w aste  (M SW ), industria l non-
hazardous w aste, and specia l w astes. 
H e defined these te rm s and lis ted  the  
approx im ate  quantities of w astes 
genera ted annua lly . For instance, 
res idences, com m erc ia l 
estab lishm ents, and industria l 
opera tions generate  approx im ate ly  230 
m illion  tons of M S W  annua lly . M r. 
D ufficy  rev iew ed design and operation  
requ irem ents for R C R A  S ubtitle  D  
landfills . These landfills  e ither (1 ) m ust 
be  des igned to  ensure  tha t specific  
g roundw ater contam ination  leve ls  w ill 
no t be exceeded in  the upperm ost 
aqu ife r at the  re levant poin t o f 
com pliance or (2) they m ust be 
des igned w ith  com posite liners  tha t 
ach ieve  a  hydrau lic  conductiv ity  w ith in 
a  requ ired range. M r. D ufficy show ed 
illus tra tions of both  liners used to  
p ro tect groundw ater from  leachate  and 
covers app lied  to lim it the  in filtra tion  o f 
p rec ip ita tion .  
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M r. D ufficy o ffe red severa l cons idera tions for 
C B R  w aste  m anagem ent. For instance, he  
lis ted  im portan t p re -p lann ing  activ ities , such as 
identify ing  po tentia l debris  types, forecasting  
w aste  am ounts , tak ing  inventory o f ex isting  
landfill capacity , and se lecting  s ites for 
tem porary w aste stag ing . O ther activ ities  
inc luded identify ing  app licab le  federa l, sta te, 
and loca l env ironm enta l regu la tions; 
deve lop ing  a  com m unication  p lan  and debris  
rem ova l s tra tegy; and considering  w aste 
m anagem ent op tions o ther than d isposa l (e .g., 
recyc ling , inc ineration). A s an  exam ple  of a 
use fu l resource, M r. D ufficy  refe rred  to  the  
Directory of Waste Processing and Disposal 
S ites, pub lished by the  W aste B usiness 
Journa l. Th is pub lica tion  inc ludes an  inventory  
o f ava ilab le  landfill fac ilities  na tionw ide and 
recently p roved benefic ia l w hen se lecting  
d isposa l s ites fo r debris genera ted by 
to rnadoes in  the  M idw est. H e concluded by 
underscoring the im portance o f advanced 
p lann ing  fo r m anag ing C B R  w astes, g iven tha t 
w aste  m anagem ent is  an in tegra l e lem ent o f 
the  overa ll d isaster recovery process.  
The question-and-answ er sess ion  fo llow ing  
th is  p resentation  addressed severa l top ics: 
 O ne partic ipant acknow ledged that 

pub lished inventories of landfill fac ilities  
can be  usefu l, bu t added that d irectly  
consu lting  w ith  state  env ironm enta l 
agencies has proven to be  m ore  
e ffective  at assess ing  the  capacity and 
com pliance sta tus o f ind iv idua l 
fac ilities . That partic ipant added tha t 
in fo rm ation  from  state  agencies is  like ly  
to  be m ore  curren t and accura te than 
w hat can be  g leaned from  pub lished 
inventories. D uring  th is  d iscuss ion , 
another partic ipant com m ented that 
E P A  has deve loped a dec is ion  support 
too l for d isaster debris m anagem ent, 
and th is  so ftw are can a lso  he lp  users 
identify , loca te, and assess the 
capacity  of landfills  and o ther w aste 
m anagem ent fac ilities  (e .g ., 
inc inera tors). M ore  info rm ation  about 
th is  too l and how  to access it is  
ava ilab le  on  E P A ’s w ebsite  a t 
http://www.epa.gov/nhsrc/news/news05

1209.html (6). A nother partic ipant 
no ted  tha t E P A  R eg ion  5 has on line  
resources fo r s tate -specific  d isaster 
debris  m anagem ent p lans, and the 
R eg ion  has a lso  deve loped an on line , 
searchab le  inventory o f landfills  and 
o ther w aste m anagem ent fac ilities . The 
R eg ion  5  resources can be  accessed 
a t: 
http://www.epa.gov/reg5rcra/wptdiv/soli
dwaste/debris/disaster_debris_resourc
es.html (7 ). F ina lly , the  N ew  Y ork S ta te 
D epartm ent o f E nvironm enta l 
C onserva tion  (N Y S D E C ) pub lishes 
s im ila r d isaster debris  guidance 
in fo rm ation  
(http://www.dec.ny.gov/chemical/23682
.html) (8 ).  

 S evera l partic ipants em phasized the 
need for advanced p lanning  o f landfill 
capacity  fo r certa in  w aste  d isposa l 
events . For exam ple , the U .S . 
D epartm ent o f A gricu lture  has a lready 
m ade arrangem ents w ith rendering  
fac ilities , landfills , and other s ites fo r 
d isposing  o f an im al carcasses fo llow ing  
d isease ou tbreaks and other 
unexpected events. A dd itiona lly , som e 
sta tes prone to  hurricanes have taken 
proactive m easures to identify  and p lan  
fo r landfill capacity to address large  
vo lum es of d isaster debris  that a m ajor 
hurricane can genera te. E stab lish ing  
agreem ents and contracts  in  advance 
o f C B R  events w as c ited as one 
exam ple  of effective  p lann ing  fo r landfill 
capacity .  

 O ne partic ipant asked how  E P A  
currently  c lass ifies w aste m ateria l tha t 
conta ins anthrax spores. The response 
prov ided is  tha t w astes conta in ing  
an thrax spores m ight no t au tom atica lly  
be  c lass ified  as hazardous w aste under 
the  agency’s  current regu la tions, 
un less the w aste exh ib ited  a  hazardous 
characteris tic due to  other constituents . 
H ow ever, s tate  regu la tions m ight 
requ ire  c lass ifica tion  of w astes 
conta in ing  an thrax spores as m ed ica l 
w aste  or in fectious w aste , w h ich  w ou ld  

http://www.epa.gov/nhsrc/news/news051209.html
http://www.epa.gov/nhsrc/news/news051209.html
http://www.epa.gov/reg5rcra/wptdiv/solidwaste/debris/disaster_debris_resources.html
http://www.epa.gov/reg5rcra/wptdiv/solidwaste/debris/disaster_debris_resources.html
http://www.epa.gov/reg5rcra/wptdiv/solidwaste/debris/disaster_debris_resources.html
http://www.dec.ny.gov/chemical/23682.html
http://www.dec.ny.gov/chemical/23682.html
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therefore d ic tate  d isposal op tions. 
A nother partic ipant added that the  U .S . 
D epartm ent o f T ransporta tion  (DO T) 
c lass ifies an thrax-conta in ing  w aste  and 
o ther m ed ica l w astes as hazardous 
m ateria l, w h ich  m ight be  proh ib ited  
under a landfill’s  perm it. The extent to  
w h ich  the  w aste  has undergone 
decontam ination  procedures a lso 
a ffects  w aste c lass ifica tion  and 
d isposa l op tions. O vera ll, the  question  
and fo llow -up d iscuss ion  em phasized 
the  need for c learly  a rticu la ting  the 
current federa l and sta te regu la tory 
fram ew ork for hand ling  w astes 
conta in ing  b io log ica l agents.  

 D uring  th is  d iscuss ion , a  partic ipant 
rem arked tha t lim ited capacity  of the  
Labora tory  R esponse N etw ork (LR N ) 
can a ffect w aste  m anagem ent 
dec is ions. Fo llow ing  a  large-sca le C B R  
event, laboratories m ight be  inundated 
w ith  sam ples and not be capab le  o f 
ana lyz ing  them  w ith in  the  des ired  tim e 
fram es. B ecause sam pling  resu lts  from  
LR N  labora tories m ay be needed to  
m easure res idua l agent concentration  
in  the  w aste , o ffic ia ls  responsib le  fo r 
m anag ing  C B R  w astes m ight hand le a ll 
m ateria ls — inc lud ing  those that have 
been sub jected to decontam ination 
opera tions — as if they w ere  still 
con tam inated  in  order to p rov ide  the 
tim e liest response. 

 Though som e partic ipants  
acknow ledged that regu la tory 
fram ew orks m ight not be fu lly  
deve loped for certa in  types o f C B R  
w astes, perfo rm ance-based crite ria  fo r 
landfill des ign  m ight s till be  deve loped 
based on a sc ien tific  understand ing  o f 
the  specific  C B R  agents and the ir 
chem ica l and phys ica l p roperties. The 
partic ipants rev is ited these 
perform ance-based m easures on the  
second day o f the w orkshop (see 
S ection  3).   

2.4  Landfill Gas Control (Susan 
Thorneloe) 

 
 The next speaker w as M s. Thorne loe , 

S en ior E nvironm enta l E ng ineer, A ir 
P o llu tion  P revention  and C ontro l 
D iv is ion , N ationa l R isk M anagem ent 
R esearch  Labora tory o f E P A ’s O ffice  of 
R esearch  and D eve lopm ent. S he 
presented background info rm ation  on 
the  fo rm ation, characteris tics , and 
contro l of landfill gas. S he opened by 
no ting  that landfill gas form s prim arily  
w hen b iodegradab le  w aste  
decom poses, though chem ica l 
decom position can a lso re lease landfill 
gas. Landfill gas is  com posed prim arily  
o f carbon d iox ide  and m ethane; o ther 
constituents  are  found in  trace  am ounts 
(e .g., vo la tile  o rgan ic com pounds, 
su lfu r com pounds) and the ir 
concentrations vary from  one landfill to  
the  next. Landfill gas em iss ions can 
occur fo r decades fo llow ing  d isposa l o f 
b iodegradab le  w astes, and these 
em iss ions present various sa fety, 
hea lth , and env ironm enta l concerns.  

 M s. Thorne loe a lso  brie fly  d iscussed 
factors  tha t affect landfill gas 
em iss ions. For instance, m ost la rge 
landfills  a re  now  equ ipped w ith  landfill 
gas co llection  system s, w h ich  
dram atica lly  reduce the am ount o f 
landfill gas that w ou ld  otherw ise  be  
em itted to the  a ir, but these contro ls  
a re  typ ica lly  no t insta lled  im m ediate ly  
a fter landfill ce lls  open. Som e s ites are  
equ ipped w ith  landfill gas fla res, w h ich  
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reduce landfill gas em issions bu t em it 
various com bustion  by-products. O ther 
landfill des ign  and operationa l 
fea tures — such as leachate  
rec ircu la tion  and breaches in  landfill 
covers — affect the  m agnitude o f landfill 
gas generation  and em iss ion  ra tes. A  
genera l them e expressed w as tha t 
increased in filtra tion  and leachate  
rec ircu la tion  ra tes m ay cause landfills  
to  genera te m ore  gas. Another factor 
in fluencing  landfill gas em iss ions is  the  
w aste  com position, w h ich  can be 
in fluenced by enhanced recyc ling  
e fforts, source reduction  program s, and 
o ther factors. E xposures to  landfill 
gases are la rge ly d ic ta ted  by the  
em iss ion  rates, prox im ity o f receptors, 
and institu tiona l contro ls  on  c losed 
landfills .  

 M s. Thorne loe described d ifferen t 
approaches that have been taken to 
estim ate  and m easure landfill gas 
em iss ion  rates. For m ode ling  
em iss ions, E P A ’s Landfill G as 
E m iss ion  M ode l (LandG E M ) is s till one 
o f the  m ost w ide ly-used so ftw are  
program s fo r estim ating landfill gas 
em iss ions (9 ). The m odel is  based on 
firs t o rder decom position  rate  equations 
and estim ates how  landfill em iss ions 
are  expected to vary over tim e, 
inc lud ing  post-c losure . For m easuring 
em iss ions from  area sources, E P A  has 
a lready deve loped a rem ote  sensing 
test m ethod (“O ther Test M ethod 10 ”) 
(10); and the agency is  currently  
deve lop ing  add itiona l gu idance on how  
to  app ly  th is  m ethod specifica lly  to  
m easure landfill gas em iss ions. S uch 
m easurem ent techno log ies are needed 
to  quantify e ffic ienc ies o f landfill gas 
co llection  system s, and M s. Thorne loe 
acknow ledged that a w ide  range o f gas 
contro l effic ienc ies have been reported 
by m ultip le  parties.  

 In  te rm s of regu la tions, M s. Thorne loe 
described the  ex isting  New  S ource  
P erfo rm ance S tandards and N ationa l 
E m iss ion  S tandards fo r H azardous A ir 

P o llu tan ts  (N E S H A P ). She noted that 
app licab ility  o f regu lations is  driven  by 
m easured or estim ated em iss ions. 
W hen m easured or estim ated 
em iss ions of non-m ethane organ ic  
com pounds or hazardous a ir po llu tants 
exceed regu la tory thresho lds, various 
landfill gas em iss ion  contro ls  and other 
actions m ust be im p lem ented. A  fu ll 
rev iew  o f a ir regu la tions perta in ing  to  
landfills  is  no t prov ided here .  

 M s. Thorne loe concluded her 
p resentation  by describ ing  various 
techn ica l and opera tiona l issues fo r 
ensuring  e ffective  landfill gas capture  
and contro l. S he em phasized the  need 
fo r e ffective m on ito ring  and 
m ain tenance o f landfill caps and gas 
w e llhead p ipes. H ow ever, even the 
m ost e ffic ien t landfill gas capture  and 
contro l system s do not co llect a ll o f the 
gas generated . S he a lso described how  
m any landfills  use  the  collected  gas fo r 
purposes of energy recovery, w h ile  
som e quantities o f gas m ay be burned 
in  open fla res or c losed fla res.  

The question-and-answ er sess ion  fo llow ing  
th is  p resentation  addressed severa l top ics: 
 The first question  asked about the  

factors  tha t cause landfill gas 
genera tion  ra tes to  vary across 
landfills . M s. Thorne loe  lis ted  severa l 
factors  tha t affect landfill gas 
genera tion  ra tes. F irs t, the  am ount of 
b iodegradab le  w aste w ith in  a  landfill 
la rge ly  de term ines the tota l am ount o f 
gas that m igh t be  generated  w ith in  a 
landfill (though partic ipants  la ter 
acknow ledged that landfill gas is  a lso  
genera ted by other m echan ism s). 
B ecause M SW  typ ica lly  has m ore  
b iodegradab le  w aste than hazardous 
w aste  and construction  and dem olition  
w aste , M SW  landfills  tend to generate  
m ore gas than o ther types o f landfills . 
In  add ition, landfill des ign , de lays in  
use  o f w ater c ircu la tion , w aste  conten t, 
and c lim ate a lso  affect landfill gas 
genera tion . For exam ple , F lo rida  has 
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la rge  quantities  o f yard  waste  in  its  
M S W  stream  and m any above-ground 
landfills , w h ich  resu lts  in  increased gas 
em iss ions due to the b iodegradab le  
conten t and infiltra tion rates. M s. 
Thorne loe  a lso  em phasized that “w et” 
landfill des igns (i.e ., landfills  w ith  
leachate  rec ircu la tion , in filtra tion  of 
p rec ip ita tion) have considerab ly  h igher 
landfill gas generation  rates than “d ry ” 
landfill des igns.  

 The second question asked if E P A  has 
conducted fie ld  stud ies to  com pare  
landfill gas em iss ion  ra tes estim ated by 
LandG E M  to m easured em iss ion  rates. 
M s. Thorne loe no ted that E P A  is  
currently  co llecting  fie ld  da ta  to  assess 
m ode l perfo rm ance, and the  resu lts 
from  these s tud ies are expected  to he lp  
E P A  better param eterize the m ode l.  

 A nother question  asked M s. Thorne loe 
to  com m ent on  the  dura tion  (in  years) 
fo r w h ich  landfill gas m on ito ring  shou ld  
occur. S he responded tha t no 
prescriptive  gu idance has been 
estab lished on the duration  o f long-
te rm  landfill gas m on ito ring , though she 
acknow ledged that even som e o lder 
landfill s ites continue to have 
considerab le  landfill gas em iss ion  
ra tes. A nother partic ipant c la rified  that 
m on ito ring requ irem ents a re  in  part 
d ic ta ted  by w hether a  g iven landfill w as 
c losed prio r to, or after, im p lem enta tion  
o f R C R A  S ubtitle  D . S ta te  
env ironm enta l agencies have som e 
d iscre tion  in  dec id ing  the long-term  
dura tion  of landfill gas m on ito ring , and 
th is  de term ination  is  typ ica lly  m ade 
based on an eva lua tion o f the  long-
te rm  em iss ion  trends.  

 The fina l question  asked how  w aste  
so lid ifica tion  practices can a ffect landfill 
gas generation  ra tes. N o partic ipants  
w ere  aw are o f s tud ies tha t specifica lly  
characterized  th is  issue. H ow ever, a 
w orkshop partic ipant no ted  that pre-
treatm ent of w astes us ing  so lid ifica tion  
(and other p ractices) can e ffective ly  

add la rge  quantities o f liqu ids to  
landfills . C onsequently , she  suspected  
tha t the presence of liqu ids m ight affect 
how  qu ick ly  a  g iven landfill ce ll s ta rts 
genera ting  gas and the ra te  at w h ich  
gas is  in itia lly  form ed.  

 D uring  th is  d iscuss ion , partic ipants a lso  
o ffered  re la ted  com m ents. F irst, one 
partic ipant exp la ined that landfill 
fac ilities  typ ica lly  have m ultip le  landfill 
ce lls , and the  ind iv idua l ce lls  can be  
des igned d ifferen tly. Thus, a new  
landfill need not have a sing le  des ign  to  
accom m odate a ll poss ib le  w astes, but 
can instead have m ultip le  ce lls  w ith  
vary ing  des igns that are  ta ilo red  to 
specific  w aste types. S econd, another 
partic ipant em phasized tha t the  various 
types of w astes generated  during  m any 
C B R  event types (e.g ., yard  w aste , 
so ils , bu ild ing  debris) w ill like ly  be  
h igh ly  segregated a t the  s ite  o f the  
response — a concept tha t w as echoed 
during  a  la te r p resenta tion  (see S ection 
2 .9). In  such cases, landfills  used fo r 
C B R  events m ight actua lly  rece ive  
re la tive ly  hom ogeneous w aste  stream s, 
ra ther than co-m ing led  w astes. 
H ow ever, another partic ipant ind ica ted 
tha t event-specific nuances m ight 
de term ine the  exten t to w h ich  w astes 
can be  effective ly  separated  prio r to  
d isposa l. R egard less, M s. Thorne loe  
no ted  tha t E P A ’s dec is ion  support too l 
fo r d isaster debris  m anagem ent (11) 
inc ludes m odu les tha t a llow  users to 
estim ate  the  d iffe rent types o f w astes 
tha t a re expected  to  be genera ted 
during  actua l events .  
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2.5  State Perspectives on CBR Landfill 
Disposal (Robert Phaneuf) 

 
M r. P haneuf, A cting  A ss is tan t D iv is ion  
D irector, M ateria ls  M anagem ent, N ew  Y ork 
S ta te  D epartm ent of E nvironm enta l 
C onserva tion  (N Y S D E C ) gave a presentation  
tha t focused on the s tate o f N ew  Y ork ’s landfill 
inventory and its  experience w ith  d isposing o f 
C B R  m ateria l. C urren tly, 26  active M SW  
landfills  opera te in  the S ta te  of N ew  Y ork, 
dow n from  approx im ate ly  1 ,600 in  the  1960s. 
The la rge  num ber of c losed landfills  inc ludes 
m any fac ilities  (e.g ., open dum ps) that do no t 
m eet curren t des ign  s tandards, w h ile  the 
rem ain ing  active  landfills  a re la rge , reg iona l 
fac ilities — a ll w ith  doub le-liner system s and 
o ther features des igned to  m in im ize hum an 
hea lth  and env ironm ental im pacts. H ow ever, 
the  annua l perm itted d isposa l capacity across 
a ll 26  active  landfills  is  s till less than the  w aste  
genera tion  ra tes tha t could  conce ivab ly  occur 
from  a s ing le  C B R  event, suggesting that new  
landfill capacity  w ill like ly  be  needed for a 
la rge-sca le  scenario .  
M r. P haneuf shared info rm ation  on the  tim e 
needed to construct new  landfill ce lls . B ased 
on recent experience in the  S ta te  of N ew  Y ork, 
ind iv idua l 10-acre  landfill ce lls  genera lly  can be 
constructed over the course  of a construction  
season, no t counting the tim e needed to 
deve lop  construction  p lans and contracting  
agreem ents. A s the best case scenario , a  new  
17-acre landfill ce ll w as fu lly  constructed in  the 
1990s w ith  a doub le-com posite  liner over a  90-
day tim e fram e. The tim e fram e needed to  s ite  
new  landfills  is  typ ica lly  m uch longer, and can 
take  betw een 5 and 10 years. Therefore, w hen 

p lann ing  fo r C B R  events, w aste m anagem ent 
o ffic ia ls  shou ld  determ ine w hat type and s ize 
o f landfill ce lls  a re needed and how  long they 
w ill take  to construct. A lso , the  poten tia l landfill 
construction  season needs to be  accounted 
fo r, s ince am bient cond itions profound ly  im pact 
the  construction  tim e line  fo r a  landfill. Th is 
lim ita tion  w ill im pact tem porary w aste s tag ing  
dec is ions. 
M r. P haneuf rev iew ed the  typ ica l landfill des ign  
considera tions curren tly app lied  in  the  S ta te o f 
N ew  Y ork, inc lud ing  leachate  m anagem ent, 
load inspections, and m on ito ring . H e 
em phasized tha t N ew  Y ork has requ irem ents 
beyond those outlined in  the  correspond ing  
Federa l R C R A  regu la tions. A s just tw o 
exam ples, the sta te has prescriptive  
specifica tions fo r des ign  and construction  o f 
doub le  liner system s and requ ires landfill 
ow ners to  proactive ly m on ito r the  perform ance 
o f the ir upper liner system s. Th is  m on itoring  
serves as an ind ica tor o f the  overa ll 
e ffectiveness o f leachate co llection  and 
rem ova l system s (LC R S ) and prov ides 
assurance that liner system s have not been 
com prom ised or are  in  need o f m a intenance. 
The presence of the  low er liner prov ides 
fu rther p rotection aga inst g roundw ater 
contam ination  in  the  event tha t the upper 
system  fa ils . M r. P haneuf attribu ted  the  
ongo ing  success o f landfill liners  to  m ultip le  
factors , such as a tten tion to de ta il during  
construction , a  requ irem ent tha t 5  fee t o f 
“se lect w aste m ateria l”  (be ing  free o f la rge, 
rig id  w aste  that cou ld  im pact the  liner system ) 
be  d isposed atop  the  upper liner before  
genera l M SW  can be d isposed o f, and ongo ing  
m on ito ring and m ain tenance o f LC R S .   
M on ito ring requ irem ents a re  a lso  usefu l fo r 
a le rting  system  opera tors  o f po tentia l 
m a in tenance issues associa ted  w ith  LC R S . 
M r. P haneuf presented resu lts  from  a 2003 
survey that N Y S D E C  conducted  of a ll active  
landfills  to  determ ine the m ost com m on 
m ain tenance issues associa ted  w ith  LC R S . 
R eported  operational p rob lem s inc luded 
dra inage layer c logg ing , LC R S  p ipe  and sum p 
c logg ing , fau lty  flow  m eters, and landfill s ide-
s lope surface  seeps; and reported design 
p rob lem s inc luded inadequate  access fo r 



R eport on  the  2011  W orkshop on  C hem ica l-B io log ica l-R ad io log ica l D isposal in  Land fills 

 
11 

 

m a in tenance and the  presence o f poten tia lly  
unsafe  confined spaces tha t m a in tenance 
personne l m ust access. N ote  that p roper 
des ign  needs to  address the fact tha t 
opera tiona l m a in tenance w ill be  necessary . 
A s further ev idence o f the  e ffectiveness of 
landfill liner system s, M r. P haneuf p resented 
in fo rm ation  on ind ica tors o f g roundw ater 
contam ination  for the  s tate ’s  active  landfills . 
Th is  inc luded ana ly tica l sam pling  o f w ater 
qua lity  co llected  from  pore  pressure  re lie f 
system s and from  perim eter g roundw ater 
m on ito ring w e lls . B oth types o f da ta continue 
to  ind ica te that the  doub le-liner system s used 
th roughout the  S ta te o f N ew  Y ork continue to  
have no  groundw ater im pacts  attribu ted to 
re leases from  eng ineered barrie r system s. In  
short, the  various liner perform ance and 
groundw ater m on ito ring da ta , M r. P haneuf 
no ted , continue to dem onstrate  tha t the 
conta inm ent system s are function ing  
properly — a find ing  he  v iew ed as consis ten t 
w ith  conclus ions in  the  Nationa l R esearch 
C ouncil’s  2006 report on the  Assessment of 
the Performance of Engineered Waste 
Containment Barriers (12).  
F ina lly , to  illus trate  the im portance of the need 
fo r qua lity  construction , M r. P haneuf presented 
da ta  on liner defects, based on data  prev ious ly  
pub lished (13). That previous w ork found that 
97%  of a ll liner defects  take  p lace  during  
construction , w hen heavy equ ipm ent is needed 
to  insta ll geom em branes and dra inage 
system s and to  p lace  protective so ils  a top the 
liners. P roposed regu la tions in  N ew  Y ork w ill 
requ ire  im proved construction  qua lity  
assurance requ irem ents, inc lud ing  e lectrica l 
res is tiv ity testing  and o ther m easures to  
ensure  the  integrity o f the  liner system  is  not 
com prom ised during  construction .  
In  the  context of d isposing  o f w aste from  C B R  
events, the  dem onstrated  long-term  
e ffectiveness o f conta inm ent system s in  N ew  
Y ork ’s  doub le-lined landfills  m ay he lp  in form  
decis ions about the m in im um  landfill des ign  
fea tures recom m ended fo r C B R  m ateria l. M r. 
P haneuf noted  tha t N Y S D E C ’s landfill perm it 
app lica tion  requ irem ents cou ld  p rov ide  usefu l 
ins igh ts  for the  techn ica l issues to consider for 

des ign ing  landfills  specifica lly  fo r C B R  events. 
S pecifica lly , num erous techn ica l reports  m ust 
be  subm itted and approved during  the  landfill 
perm itting  process, and these various 
requ irem ents address a broad array o f 
techn ica l and sc ien tific  landfill des ign  
considera tions. B ased on th is  m ode l, M r. 
P haneuf noted  tha t E P A  cou ld  consider 
deve lop ing  the  fo llow ing  docum ents as part of 
its  p lann ing  e ffo rts for constructing  new  landfill 
capacity  in  support of C BR  events, and 
separa te docum ents could  be  ta ilo red to 
d iffe rent types o f an tic ipated  w aste  stream s 
and constituents: 
 P o ten tia l s ite  descrip tion  and ana lys is , 

inc lud ing  w aste  characteriza tion 
 G eotechn ica l s tab ility  ana lys is , 

cons idering  actua l w aste densities  
 S ub-base settlem ent assessm ent 

ana lys is  
 S e ism ic s tab ility ana lys is  
 Leachate  co llection  and rem ova l 

system  design 
 Leachate  s torage fac ility  des ign  
 S torm  w ater m anagem ent p lan 
 C onstruction  qua lity assurance p lan 
 Fac ility  opera tions and m ain tenance 

m anua l 
 C om prehensive env ironm enta l 

m on ito ring p lan  
 F ill p rogress ion  p lan 
 Fac ility  c losure  and post-c losure  p lan , 

inc lud ing  long-te rm  institu tiona l contro ls 
In  add ition to these and o ther ana lyses 
typ ica lly  com pleted  fo r landfill perm it 
app lica tions, M r. P haneuf lis ted num erous 
considera tions specific  to  C B R  w aste that w ill 
like ly  factor in to the techn ica l ana lyses. 
E xam ples of these specific  considera tions 
inc lude des ign ing  landfills  w ith  adequate  space 
fo r s tag ing  areas and equ ipm ent 
decontam ination ; the need for exc lus ion 
zones, he igh tened security  to  prevent 
trespass ing , and vector contro l; the na ture  o f 
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persona l p rotective  equ ipm ent requ ired  fo r 
d iffe rent landfill em ployees; and des ign  and 
opera tion  of w ater trea tm ent fac ilities  to hand le  
bo th  leachate  and decontam ination w ater.  
M r. P haneuf concluded the  presenta tion by 
presenting  photographs and in fo rm ation from  
prev ious w aste  m anagem ent responses to  the 
an thrax le tte rs m ailed  to  various N ew  Y ork C ity 
loca tions and rem ova l o f debris  from  the  W orld  
T rade C enter (W TC) d isaster. For context, he  
no ted  tha t the W TC  d isaster generated  
approx im ate ly  1 .3  m illion  tons o f debris that 
w as transferred to the F resh K ills  Landfill— a  
quantity  considerab ly  sm alle r than pro jected 
debris  quantities fo r a  la rger sca le C B R  event. 
M r. P haneuf a lso d iscussed the da ily  capacity  
fo r m ovem ent of the  debris  from  the  W TC  s ite 
to  the  Fresh K ills  Landfill. It shou ld  be no ted 
tha t approx im ate ly 12 ,000 tons per day w as 
the  h ighest capacity  at wh ich  the  debris  w as 
ab le  to  be m oved, w ith  nom ina l da ily  capacities 
on  the order of 6,000 tons per day, in  sp ite  of 
the  fact that barge access w as c lose to the 
loca tion  o f the W TC s ite . These data  h igh ligh t 
the  im portance of transportation  issues as key 
to  m anagem ent o f the poten tia l la rge quantities 
o f w aste  tha t  w ill like ly  be  generated  from  a 
C B R  inc ident. 
The question-and-answ er sess ion  fo llow ing  
th is  p resentation  addressed severa l top ics: 
 O ne question  asked about the  

assum ptions inherent in  estim ates of 
geom em brane life tim es. M r. P haneuf 
c la rified  that these estim ates typ ica lly  
address estim ated serv ice  life  o f the  
geosynthetic  com ponents o f the liner 
system  and d id  not consider the  
add itiona l m itiga tion  tha t w ou ld  be  
o ffered  by the natura l c lay com ponents 
o f the  liner system s that underlie  the 
geom em branes. Thus, even if 
geom em branes w ere to fa il 
ca tastroph ica lly , the  secondary c lay 
liner beneath these m em branes w ou ld  
prov ide  add itiona l conta inm ent 
fo llow ing  th is  fa ilu re. There fore , the 
life tim e of the  com posite  liner w ou ld  be  
expected to be  longer than the 
estim ates prov ided.   

 The on ly  o ther question perta ined to  
landfill ow nersh ip . M r. Phaneuf noted  
tha t rough ly one-th ird  of the  M SW  
landfills  in  N ew  Y ork are  priva te ly  
ow ned and opera ted. M ost of the  
rem ain ing  landfills  in  the  s ta te a re 
pub lic ly  ow ned by m un ic ipa lities , 
though som e o f these are  operated  by 
priva te  entities.  

2.6  Persistence of CB  Agents in Landfill 
Leachate (Wendy Davis-Hoover) 

 
D r. D avis-H oover, R esearch  M icrob io log is t, 
Land R em edia tion and Po llu tion  C ontro l 
D iv is ion , N ationa l R isk M anagem ent R esearch  
Labora tory  of E P A ’s O ffice  o f R esearch  and 
D eve lopm ent, p resented resu lts  of recent E P A  
research on  the pers istence o f chem ica l and 
b io log ica l (C B ) agents in  M S W  landfill 
leachate . A fter presenting  background 
in fo rm ation  on w aste quantities genera ted 
during  prev ious inc idents, she ou tlined the  
des ign  and scope of the  research. The 
purpose of the  research  w as to de term ine 
w hether bu ild ing  decontam ination  debris  
conta in ing  C B  agents can be  safe ly  sto red or 
de tox ified  in  M S W  landfills . Th is  w as done by 
assess ing  w hether— and  for how  long —
selected  C B  agents cou ld  pers ist in  cond itions 
tha t s im u la te M SW  landfill leachate .  
D r. D avis-H oover then described the  
experim enta l des ign  of the  research . In  the  
s tudy, know n quantities o f se lected  C B  agents 
w ere  p laced in separate  3-m illilite r m icrocosm s 
designed to s im u la te anaerob ic  landfill 
cond itions. The m icrocosm s conta in ing  
b io log ica l agents w ere incubated at 12°C  and 
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37°C  to consider typ ica l so il and body 
tem pera tures, respective ly . T rip lica te 
m icrocosm s w ere  used fo r each agent 
considered. P ers istence w as assessed by 
draw ing sam ples from  the  m icrocosm s at 
regu lar in terva ls , w ith  m ore  frequent sam pling  
(w eekly) occurring  in  the  firs t few  m onths o f 
the  study and less frequent sam pling  (m onth ly) 
occurring severa l m onths in to  the s tudy. 
S am pling  w as term inated  w hen tw o 
consecutive  sam pling  periods resu lt in  no 
agent detections across a ll th ree  m icrocosm s. 
R esu lts  w ere presented separa te ly for 
b io log ica l and chem ica l agents. 
The s tudy eva lua ted pers is tence of se lected  
bacteria  and v iruses in  landfill env ironm ents. 
The four bacteria considered w ere Bacillus 
anthracis (anthrax), Yersinia pestis (p lague), 
Francisella tularensis (tu la rem ia), and 
Clostridium botulinum (bo tu lism ). S pecific 
de ta ils  w ere  prov ided on the  cu lture  m ed ium , 
incubation  tem perature, and incubation  tim e 
used for the  d ifferen t b io log ica l agents , be fore 
they w ere  charged to  the m icrocosm s. D r. 
D avis-H oover presented the  fo llow ing  resu lts 
fo r the da ta co llected to da te , no ting  that 
resu lts exh ib ited  little  d iffe rence fo r the tw o 
m icrocosm  incubation  tem peratures 
considered: 
 B o th  Yersinia pestis and Francisella 

tularensis d ied in  less than 20  days. 
 The tw o spore-form ing bacteria —

Bacillus anthracis and Clostridium 
botulinum— both  pers is ted  for 5 years 
and continue to ex is t in  the  
m icrocosm s; a s ix th year sam pling  
event is schedu led  to  occur in  the  near 
fu ture .  

The s tudy attem pted to eva lua te  the  
pers is tence o f v iruses in  landfills . H ow ever, the 
M S W  landfill leachate  used in  the experim ent 
p roved to  be tox ic  to the  tissue cu ltures in  
w h ich  the  v iruses w ere  grow n. There fore , no 
da ta  cou ld be  genera ted on  v iruses w ith in  the  
current experim enta l design , bu t futu re 
research w as encouraged due to  the  fact tha t 
p rev ious stud ies have suggested  tha t certa in  
v iruses (e .g., po lio ) can surv ive  in  the  landfill 
env ironm ent.  

D r. D avis-H oover a lso  sum m arized find ings 
perta in ing  to  the  pers is tence o f s ix  chem ica l 
agents , w h ich  inc luded both  ves icants and 
nerve  agents. S he first rev iew ed the  ana lytica l 
m ethods and detection  lim its  for these agents, 
no ting  that the  m icrocosm s w ere  exam ined at 
a  s ing le  incubation  tem pera ture  (12°C ). The 
fo llow ing  resu lts  w ere  shared fo r the sam pling  
tha t has occurred  to  date, and the experim ent 
is  ongo ing . N ote  tha t each chem ica l agent is  
p resented bo th as its com m on nam e (e .g., 
sarin ) and abbrev ia ted  nam e (e .g., “G B ”). 
 M ustard  gas (H D ) and tabun (G A ) d id  

no t pers is t longer than 14  days.  
 Three nerve  agents — sa rin  (G B ), 

som an (G D ), and V X — h ave continued 
to  pers is t in  sam pling  conducted  
approx im ate ly  6  m onths in to  the  
experim ent. H ow ever, sarin  and som an 
w ere  c lass ified  as hav ing “ low  
pers is tence ” in  te rm s o f the  quantities 
de tected in  the  sam ples.  

 For lew is ite , sam pling  w as conducted  
fo r ch lo rov iny l arsen ious ac id , a  tox ic  
deriva tive  of the  agent. Th is  deriva tive 
w as found to pers ist at a re la tive ly  h igh  
concentration  in  sam pling  conducted  
approx im ate ly  6  m onths in to  the  
experim ent.  

The question-and-answ er sess ion  fo llow ing  
th is  p resentation  addressed severa l top ics: 
 A  partic ipant asked if the s tudy resu lts  

have been pub lished. D r. D avis -H oover 
ind ica ted  that the  info rm ation  shared 
during  the w orkshop has no t ye t been 
pub lished, in  part because the 
experim ent is  ongo ing .  

 A nother partic ipant asked for fu rther 
in fo rm ation  on the landfill leachate 
used in  the  study. D r. D avis-H oover 
exp la ined tha t leachate w as draw n 
from  a “young ” M S W  landfill in  the  
northeastern U n ited  S ta tes. Th is 
particu la r landfill w as se lected  to  
exam ine how  new er landfills  w ou ld  be  
expected to de tox ify  se lected  agents. 
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S he encouraged add itiona l research  to  
investiga te  how  resu lts  vary w ith 
leachate  sam ples.  

 A  th ird partic ipant asked how  the  
pers is tence o f Bacillus anthracis in  
landfill leachate  com pared to its  na tura l 
occurrence and pers istence in  so ils . D r. 
D avis-H oover acknow ledged that th is  
agent ex ists  in  na tive  so ils  in  se lected 
parts o f the country, but d id  no t d irectly 
com pare the study resu lts  to so il 
pers is tence, g iven the inherent 
d iffe rences in  the  tw o scenarios (e.g ., 
the  study considered inocu la ted  
sam ples).  

 F ina lly , a  partic ipant encouraged E P A  
to  consider the  pH  o f the leachate 
w hen in te rpre ting  the  resu lts  for the  
chem ica l agents, g iven tha t hydro lys is  
ra tes are know n to  vary w ith  pH .  

2.7  Fate and Transport of CB  Agents in 
S imulated Landfills (Mort Barlaz) 

 
D r. B arlaz, P ro fessor and H ead, D epartm ent of 
C iv il, C onstruction , and E nvironm enta l 
E ng ineering , N orth  C aro lina  S ta te U n ivers ity, 
sum m arized find ings from  a series o f p ro jects  
perta in ing  to  fa te and transport o f chem ica l 
and b io log ica l agents in  s im u la ted  landfills . 
These s tud ies w ere conducted  w ith a  com m on 
overa ll purpose, w h ich w as to p rov ide 
underly ing  sc ien tific in fo rm ation  needed fo r 
deve lop ing  e ffective  strateg ies fo r m anag ing  
contam inated  debris  from  C B R  events. 
In form ation  on the ind iv idua l s tud ies and the ir 
resu lts fo llow , organ ized by top ic: 

2.7.1 Distribution of Chemical Agents in 
Landfills 
D r. B arlaz firs t rev iew ed resu lts from  a  
m ode ling  s tudy of how  chem ica l agents w ou ld  
be  expected  to  partition am ong the  gas, so lid , 
and liqu id  phases in  landfills . The M ode l of 
O rgan ic C hem ica ls  in  Landfills  (M O C LA ) w as 
used in  the  research (14). M O C LA is  a  
spreadsheet-based m ode l tha t estim ates 
equ ilib rium  partition ing  behavior and 
transform ation and degradation  activ ity , based 
on pub lished partition ing  coeffic ien ts and 
reaction  ra te constan ts .  
The purpose o f the  in itia l m ode ling  w as to 
perform  equ ilib rium -based bound ing  
ca lcu la tions so  tha t the  m ost im portant 
phys ica l and chem ica l phenom ena cou ld  be  
identified .  The bound ing ca lcu la tions w ere 
then used to he lp  des ign experim ents to 
m easure these im portan t phenom ena. 
The first se t o f m ode ling  resu lts ind ica ted  the  
an tic ipa ted  d istribu tion  of se lected chem ica l 
agents in  w aste. The chem ica l agents tha t 
w ere  m ode led  inc luded a varie ty  of nerve  
agents (e .g., G B , V X), b lis te r agents (e .g., 
H D ), and tox ic industria l chem ica ls  (e .g., 
carbon d isu lfide).  The in itia l s im u la tion  
considered equ ilib rium  cond itions a fte r in itia l 
d isposa l, be fore  ab iotic  transform ation occurs. 
W hile  ind iv idua l resu lts  varied  from  one 
chem ica l agent to  the  next, the genera l find ing  
w as that the  se lected  chem ica l agents w ou ld  
in itia lly  be  expected to be  found prim arily  in  the  
landfill’s  so lid  phase (e .g., adsorbed to w aste), 
w ith  re la tive ly  lim ited  quantities partitioned to 
leachate — a find ing  tha t is  consis tent w ith the  
h igh  octano l-w ater partition  coeffic ien t fo r the 
se lected  chem ica l agents . A dd itiona l m ode ling  
resu lts w ere  presented to  assess the im pacts 
o f ab io tic transform ation , by considering  
equ ilib rium  cond itions 6 m onths and 30 years 
a fter d isposa l. The 6-m onth  s im u la tion  
ind ica ted  that rough ly  5%  to  20%  of the  m ost 
vo la tile  chem ica l agents w ere  lost due to  
advective  gas flow ; and the  o ther chem ica l 
agents exh ib ited  som e ev idence o f ab io tic  
transform ation, w ith the re la tive  am ounts 
de term ined by the agents ’ hydro lys is  ra tes. 
The 30-year s im u la tion  ind ica ted  tha t the m ost 
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vo la tile  chem ica l agents had a lm ost entire ly  
been re leased v ia  advective  gas flow  (i.e ., in  
landfill gas em iss ions), w h ile  nearly  every 
o ther chem ica l agent considered w as en tire ly 
b roken dow n by ab iotic  transform ation (i.e ., 
hydro lys is). For m ost o f the  chem ica l agents 
considered, the in itia l, 6 -m onth, and 30-year 
resu lts w ere  rough ly  s im ila r in  w et c lim ate and 
arid  c lim ate m ode ling  scenarios. The m ost 
no tab le  im pact of c lim ate w as tha t vo la tile  
chem ica ls  pers is ted longer in  arid  scenarios, 
due to the decreased am ount of landfill gas 
fo rm ation .  
O vera ll, the m ode ling  ana lys is  revea led  
severa l ins igh ts o f re levance to landfill des ign  
considera tions for C B R  events , w ith  the 
m ode ling  resu lts  driven  la rge ly  by the chem ica l 
and phys ica l properties of the  various agents 
s tud ied . E very chem ica l agent considered in  
the  m ode ling  w as found to  be  la rge ly 
associa ted  w ith the so lid  phase in  landfills . In  
te rm s of chem ica l fa te, ab io tic  transform ation  
(hydro lys is) and advective  gas flow  w ere the 
m ost s ign ifican t m echan ism s, underscoring the 
im portance of rap id  landfill gas co llection  and 
contro l fo r the  vo la tile  agents. S om e chem ica l 
agents w ere  pred ic ted to transform  re lative ly  
qu ick ly  (over a period  of rough ly  6  m onths), 
w h ile  o thers w ere  pred ic ted  to pers ist fo r 
longer than 5  years. The e ffect of c lim ate w as 
m in im al for m ost chem ica l agents s tud ied ; and 
in  cases w here  landfills  are  prom ptly  sea led, 
c lim ate  effects w ou ld  be  fu rther m in im ized due 
to  decreased w ater in filtra tion  rates. Further 
in fo rm ation  on the research  described in  the  
prev ious paragraphs is  docum ented in  m ultip le  
pub lica tions (15, 16).  
2.7.2 Sorption and Desorption of Organics 
in Landfill S imulations 
Further research w as conducted  to  assess 
how  partition ing  behavior in  landfills  varies w ith  
the  com position o f the solid  phase. Th is 
research invo lved tw o stud ies: estim ating 
equ ilib rium  partition ing  param eters for se lected 
com binations o f o rgan ic  chem ica ls  and w aste 
com ponents and eva lua ting  the factors  tha t 
a ffect desorption  o f o rgan ic  chem ica ls  from  
w aste  m ateria l.  

The first s tudy estim ated underly ing  
param eters needed to m ode l sorp tion behavior 
o f organ ic  chem ica ls  to  p lastics  com m only 
found in  M S W . D r. B arlaz rev iew ed data from  
earlie r research that eva lua ted  chem ica l 
sorp tion  to  so ils  and sed im ents. W hile  those 
resu lts have been used to  assess landfill 
env ironm ents, so ils  and sed im ents a re no t 
representa tive o f the actua l w aste  stream s 
genera ted during  C B R  events, w h ich  w ill 
inc lude a  broad array of o ther m ateria ls , like  
p lastics , carpeting , com puter cas ings, and 
o ther bu ild ing  m ateria ls . The purpose o f the  
research w as to  estim ate sorption  behavior for 
various com binations o f chem ica ls  and w aste 
m ateria ls  that are  typ ica lly  found in  M S W , 
inc lud ing  “rubbery ” o r “so ft” p lastics  (e .g ., 
h igh-density  po lyethy lene) and “g lassy ” o r 
“hard ” p lastics  (e .g ., po lystyrene, po lyv iny l 
ch lo ride). D r. B arlaz presented resu lts 
dem onstra ting how  m ateria l-specific  partition 
coeffic ien ts vary across w aste  m ateria ls , w h ich  
has im portant im p lica tions g iven tha t o lder and 
new er landfills  have considerab ly  d ifferent 
com positions o f p lastics, food w aste , and other 
m ateria ls . S pecifica lly , the  research  suggested 
tha t g lassy p lastics  are  im portan t s inks fo r 
o rgan ic  chem ica ls  in  landfills — a find ing  w ith  
d irect im p lica tions on the fate  of chem ica l 
agents in  landfill env ironm ents. O vera ll, the  
m ode l deve loped fo r th is  s tudy h igh ligh ted  the  
im portance of considering  landfill com position 
w hen assess ing  chem ical sorp tion behavior. It 
m ust be  noted that landfill com position  is 
uncerta in ; how ever, a  w aste  stream  w ith  a 
s ign ifican t quantity  of p lastics  such as 
com puter cas ings, is  like ly  to be  m ore sorbent 
than genera l M S W  tha t typ ica lly  has a  
s ign ifican t fraction  o f paper and less  com puter 
cas ings/carpet. 
The second study exam ined the factors  tha t 
contribu te to  desorp tion o f organ ic  chem ica ls  
from  various m ateria ls  in  a  s im u la ted  landfill 
env ironm ent, such as p lastics , o ffice  paper, 
new sprin t, and food w aste . D r. B arlaz firs t 
rev iew ed the experim enta l se tup  fo r the  
labora tory appara tus, and then presented 
m easured desorp tion  ra tes for se lected  
a lk lybenzenes and te trach lo roe thy lene. The 
experim ents w ere  genera lly  consis ten t w ith  
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im portant find ings from  m ode ling , such as the 
fact that desorption  rates w ere  rap id  fo r 
rubbery po lym ers and s low  fo r g lassy 
po lym ers. D r. B arlaz then presented m ode ling  
resu lts for the  fraction  of sarin  that w ou ld be  
expected to rem ain  in  a landfill a fter 6 m onths. 
P red ic ted  sarin  pers is tence w as found to  be  
m uch less for a m ode l based on generic  
partition ing  coeffic ien ts  fo r M S W  than on a 
m ode l based on m ateria l-specific  partition ing  
da ta  fo r ind iv idua l constituents  of syn thetic  
bu ild ing  debris . In  short, the  study found that 
chem ica ls  in  landfills  exhib it d ifferen t 
desorp tion  rates fo r d ifferen t m ateria ls  typ ica lly  
found in  M S W , and desorp tion  behavior can be 
reasonab ly  portrayed by m athem atica l m ode ls . 
Further in form ation  on the  research  described 
in  the  prev ious paragraphs is  docum ented in  
m ultip le  pub lica tions (17-19).   
2.7.3 Fate and Transport of Chemicals in 
Packed-bed Reactors Containing S imulated 
Solid Waste 
W hile  the  prev ious research  pro jects focused 
on ind iv idua l m echan ism s, the  pers is tence of 
chem ica ls  in  landfills  is  u ltim ate ly  determ ined 
by the ne t e ffect of m u ltip le  fa te and transport 
m echan ism s (e .g., b iodegradation , sorp tion , 
ab io tic  transform ation). Add itiona l research  
w as conducted  to  deve lop  labora tory  
experim ents tha t represent landfill cond itions, 
such that chem ica l fa te and transport behavio r 
can be  d irectly m easured and used to assess 
and enhance the perfo rm ance of chem ica l fa te 
and transport m ode ls . D r. B arlaz rev iew ed the 
experim enta l des ign  of th is  research , w h ich  
tracked pheno l transport in  a  m ixtu re o f 
degraded new sprin t and g lass beads under 
anaerob ic  cond itions. Fate  and transport 
m ode ling  for th is  setup  w as conducted  w ith 
H Y D R U S -1D , a  com m erc ia lly  ava ilab le  m ode l. 
R esu lts  w ere show n com paring  observed and 
m ode led  ind ica tors  of fa te  and transport, w ith 
and w ithout considering  contribu tions o f 
b iodegradation .  
D r. B arlaz rev iew ed severa l conc lus ions and 
d iscussed the ir im p lica tions for landfill d isposa l 
o f C B R  m ateria l. The research  confirm ed the  
com plex ities associa ted w ith  m ode ling  the  
com bined effect of m u ltip le  d iffe rent fate  and 

transport p rocesses. The H Y D R U S  m ode l 
p rov ided a  reasonab le s im u la tion  of pheno l 
fa te and transport in  an anaerob ic  and fu lly  
sa turated  w aste  co lum n, in  w h ich  sorption  and 
b iodegradation  are  the  preva iling  fa te 
p rocesses.  
A fte r d iscuss ing  h is  m ode ling  resu lts , D r. 
B arlaz presented in fo rm ation  on  the  new ly 
deve loped Landfill C oup led  R eactor M ode l 
(LFC R ). Th is  m ode l no t on ly  s im u la tes 
fundam enta l chem ica l fa te  and transport 
m echan ism s, bu t a lso  is  be lieved to  inc lude 
rea lis tic  a lgorithm s for s im u la ting  landfill filling  
and covering. LFC R  a lso inc ludes tim e-
variab le  param eters (e.g ., fo r landfill gas 
production) tha t o ther m ode ls  ho ld  constan t. 
G iven tha t the m ode l o ffe rs  one o f the m ost 
soph is tica ted and rea lis tic  representations of 
landfill p rocesses, fu rther research  w as 
recom m ended to va lida te  the m ode l and 
assess its  perform ance. Further in form ation  on 
the  research described in  the prev ious 
paragraphs is  docum ented in  m ultip le  
pub lica tions (20, 21). 
2.7.4 Transport of Microbial Agents in 
Landfills 
D r. B arlaz presented resu lts  from  recent 
experim enta l research des igned to exam ine 
how  m icrob ia l agents a re expected  to  m ove 
th rough landfill leachate  and landfill gas. H e 
exp la ined tha t a ll research  w as conducted 
us ing  surrogates for b io log ica l agents (e .g., 
Bacillus atrophaeus w as used as a  surrogate  
fo r Bacillus anthracis), g iven the restrictions 
and sa fety concerns associa ted  w ith  w ork ing  
w ith  actua l b io log ica l agents ; and he described 
how  detection  m ethods w ere  deve loped fo r the  
surrogates. The experim enta l se tup  consisted  
o f co lum ns filled  w ith  synthe tic  bu ild ing  
m ateria ls  to a  depth  of 12  inches and sp iked 
w ith  surrogate organ ism s. W ater in filtra tion  
w as s im u la ted in  som e experim ents, and 
leachate  rec ircu la tion  in o thers. G reater 
quantities of the  surrogates e lu ted in  leachate 
fo r the w ater in filtra tion  experim ents, in  
com parison to the leachate  rec ircu la tion  
experim ents ; and the  m ain  in fe rence from  
these observations w as tha t d isposa l of 
b io log ica lly  contam inated  debris  in  landfills  
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w ith  w ater in filtra tion  w ill m ost like ly  have 
b io log ica l agents in  the  leachate . H ow ever, D r. 
B arlaz encouraged E P A  to  com pare these  
find ings to those presented earlie r in  the 
w orkshop on pers is tence and surv iva l of 
b io log ica l agents in  landfill env ironm ents (see 
S ection  2 .6).  
The fina l set of experim ents eva luated  
m icrob ia l transport from  w aste  in to landfill gas. 
The princ ipa l experim enta l appara tus w as an  
aeroso l cham ber specifica lly  des igned to 
represent m ovem ent o f landfill gas ou t o f M S W  
w aste , and the  research  a lso  invo lved 
considerab le  m ethods deve lopm ent for 
de tecting and m easuring the surrogates in  a ir. 
R esu lts  for tw o surrogates w ere presented. 
Serratia marcescens w as never de tected in  
cham ber a ir sam ples, even for experim ents 
invo lv ing  h igh  in itia l concentrations and gas 
flow  ve loc ities. S im ila rly , Bacillus atrophaeus 
w as ra re ly  de tected in  the  gas sam ples, 
considering  the sam e extrem e experim enta l 
cond itions. W hile  the h igh  gas flow  ve loc ities 
used in  the  stud ies m ight no t be  characteris tic 
o f typ ica l gas flow  in  landfills , they cou ld  be 
representa tive o f gas flow  ra tes in  c lose 
prox im ity to w e ll heads at s ites w ith landfill gas 
co llection  system s. Em iss ions o f b io log ica l 
agents in  landfill gas m ay be m in im ized by 
ensuring  tha t w astes po ten tia lly  conta in ing  
these agents a re no t d isposed o f in  the  
im m edia te prox im ity o f the  gas w e lls . Further 
in fo rm ation  on the research  described in  the  
prev ious paragraphs is  docum ented in  m ultip le  
pub lica tions (22-24). 
To  sum m arize , D r. B arlaz acknow ledged tha t 
sc ien tis ts cou ld  deve lop  idea l landfill des ign  fo r 
m any d ifferen t com binations o f C B R  agents 
and w aste m ateria ls . H ow ever, the actua l 
w aste  genera ted during an  event m ight d iffe r 
from  specific  com binations considered in  such 
p lann ing  e fforts. There fore , som e overarch ing 
gu id ing  princ ip les cou ld  a lso  prove benefic ia l, 
such as the need to  ensure  tha t C B R  w astes 
are  secure ly  buried  and sea led  rap id ly  in  
landfills  equ ipped w ith  liners , leachate 
co llection  and rem ova l system s, and landfill 
gas contro ls . M ode ls  and experim enta l stud ies 
can continue to be  conducted  to  eva lua te  the  

long-te rm  fa te and transport behavio r for the  
landfills  tha t a re eventua lly  used.  
The question-and-answ er sess ion  fo llow ing  
th is  p resentation  addressed severa l top ics: 
 O ne partic ipant asked w hether the 

research inc luded any experim ents on 
actua l b io log ica l agents to  dem onstrate 
the  representa tiveness of the  se lected  
surrogates. D r. B arlaz said  th is  w as no t 
done, prim arily  because h is  labora tory  
is  no t licensed to w ork w ith  se lect 
agents. H ow ever, he no ted  that the  
specific  surrogates have a lso  been 
used by o ther researchers conducting  
s im ila r w ork. Th is p recedent, com bined 
w ith  o ther considera tions, suggested 
tha t the use of surrogates w as 
appropria te for assess ing  the transport 
(as opposed to  the  survival) o f the 
correspond ing b io log ica l agents. H e 
acknow ledged, how ever, that the  use 
o f surrogates is  an  inherent lim itation  of 
the  study bu t m a in ta ined that the  
surrogates d id and can continue to 
p rov ide  va luab le  in form ation , especia lly  
g iven the cost and d ifficu lty  o f w ork ing 
actua l live  b io log ica l agents. 

 A nother partic ipant asked w hy the  
packed-bed reactor experim ents w ere 
conducted w ith  g lass beads, instead of 
p lastic  beads. D r. B arlaz exp la ined tha t 
these particu la r experim ents w ere  
care fu lly  des igned to ensure  tha t 
de tectab le am ounts o f the  chem ica l 
be ing  s tud ied  (pheno l) w ou ld  be  
present in  the  d iffe rent landfill phases 
(leachate  and gas) w ith in a  reasonab le  
am ount o f tim e. In itia l m ode ling  
ana lyses ind ica ted  that use  o f g lass 
beads w ou ld  he lp  ensure that these 
des ign  criteria  w ere m et.  

 A  th ird partic ipant asked fo r add itiona l 
in fo rm ation  on the m ethods deve loped 
fo r identify ing  pathogens in  leachate. 
D r. B arlaz ind ica ted that m ethods 
deve lopm ent w as a m ajor undertak ing 
fo r the pro jects  invo lv ing  surrogates fo r 
b io log ica l agents . For exam ple , rough ly  
one year o f research w as needed to  
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deve lop  the de tection  techn ique used 
fo r identify ing  surrogates in  leachate.  

2.8  Destruction of Spores in Landfill 
Gas Flares (Paul Lemieux) 

 
D r. Lem ieux presented work perform ed by M s. 
Jen ia  Tufts , E nvironm enta l S c ien tis t/S tudent 
S erv ices C ontractor, D econtam ination and 
C onsequence M anagem ent D iv is ion , N ationa l 
H om eland S ecurity  R esearch  C enter o f E P A ’s 
O ffice  of R esearch  and D eve lopm ent, w h ich  
presented research find ings on  therm al 
inactiva tion  of spores in landfill gas fla res  
(us ing  Bacillus atrophaeus and Geobacillus 
stearothermophilus as surrogates fo r Bacillus 
anthracis). B ecause previous research  has 
found the  spores to be  h igh ly  therm ally  
res is tant and extrem ely pers is tent, questions 
w ere  ra ised about the poss ib ility  o f v iab le  
spores be ing em itted in  landfill gas  and 
w hether spores can surv ive  a fte r pass ing  
th rough fla res. A t landfills , fla res are e ither 
open or enc losed des igns. The m ain d ifference 
be tw een these des igns is  w here com bustion  
occurs — in  and above the  s tack in  an open 
fla re  system  and w ith in  an  enc losure for the  
enc losed fla res. The research  focused on 
s im u la ting  the cond itions in  enc losed fla res, 
w h ich  represent the be tte r contro l techno logy 
fo r landfill gas contro l.  
D r. Lem ieux then rev iew ed the experim enta l 
des ign  fo r the  study, w h ich  considered tw o 
surrogates fo r Bacillus anthracis that have 
been used in m any prev ious research e ffo rts : 
Geobacillus stearothermophilus and Bacillus 
atrophaeus. L ike Bacillus anthracis, the tw o 
surrogates are G ram -positive  (those that are  

s ta ined dark b lue  or v io le t by G ram  sta in ), 
spore  fo rm ing, rod-shaped, and therm ally  
res is tant. The research  w as conducted  ins ide  
a  labora tory  fum e hood us ing  a  bench-sca le  
appara tus des igned to  s im u la te  a landfill gas 
fla re . The s im u la ted landfill gas w as a m ixtu re 
o f a ir and m ethane, in to  w h ich  a  spore so lu tion 
w as in jected . M u ltip le  qua lity  contro l s teps 
w ere  im p lem ented to ensure  tha t no  s tray 
spores contam inated the gases or equ ipm ent 
used in  the  experim ent. The experim enta l 
flam e had a tem perature o f approx im ate ly 
1 ,000 °C  a t flare  edges, w ith  a  gas res idence 
tim e of 0.2  seconds; and bo th va lues c lose ly 
correspond to  w hat is  typ ica lly  observed in  
landfill gas fla res. H ow ever, the a ir flow  in  the  
experim enta l system  w as considerab ly less 
tu rbu len t than w hat is  typ ica lly  observed in  the 
fie ld . Th is  w as no t considered an im portant 
lim ita tion , because less tu rbu len t a ir flow  w ou ld 
be  expected  to  prov ide  a m ore  conservative  
account o f spore v iab ility  (due to less effective  
heat transfer to m ateria ls  pass ing  th rough the 
flam e). S even tests w ere conducted  w ith each 
surrogate : five tests w ere  perfo rm ed w ith the 
fla re  on and tw o w ith the fla re  off. A ny spores 
recovered from  the  experim ent exhaust w ere  
cu ltu red  in nu trien t bro ths to assess v iab ility  of 
the  spores, ra ther than to  characterize the ir 
m ere presence.  
D r. Lem ieux concluded by presenting  resu lts 
from  the  spore v iab ility  m easurem ents. 
O vera ll, the bench-sca le  experim enta l se t-up 
w as found to be  reasonab ly  com parab le  to  
actua l enc losed fla re cond itions. For every 
fla re  test considered, no  pos itive  test resu lts  
w ere  observed fo r e ither Bacillus atrophaeus 
o r Geobacillus stearothermophilus. These 
find ings suggest tha t, w ith in  the  param eters of 
the  experim ent, spores tha t do happen to  enter 
landfill gas w ill no t like ly  surv ive  after pass ing  
th rough w e ll-opera ted landfill fla res. 
The question-and-answ er sess ion  fo llow ing  
th is  p resentation  addressed severa l top ics: 
 O ne partic ipant no ted  tha t the  

experim ent w as found to represent a  
w e ll-opera ted  landfill fla re , but 
w ondered about the  im p lica tions for 
fla res opera ting ou ts ide typ ica l bounds 
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o r during  process upsets. D r. Lem ieux 
sa id  the  experim ents conducted  to  date  
d id  no t address non-ideal opera ting  
cond itions, such as changes in  
s to ich iom etric  ra tios o f landfill gases or 
unexpected increases or decreases in  
flam e tem perature. H ow ever, the 
bench-sca le  setup can be  used in 
fu ture  experim ents to  exam ine these 
scenarios.  

 A nother partic ipant asked if E P A  is 
considering  experim ents to  assess the  
fa te o f spores in  landfill gas co llection  
system s. D r. Lem ieux acknow ledged 
tha t m any landfills  w ith  active  gas 
co llection  system s process the gas for 
purposes of energy recovery , bu t the  
experim ents conducted to  da te focused 
specifica lly  on  landfill gas fla res  and no t 
o ther types of in terna l com bustion 
eng ines. Further research  w ou ld  be  
needed to assess the  fa te  o f spores in  
eng ines, bo ile rs, and o ther com bustion  
system s tha t cou ld  be insta lled  a t new ly 
s ited  landfills  des igned to  rece ive C B R  
w astes. H ow ever, D r. Lem ieux a lso  
no ted  tha t m any in terna l com bustion  
eng ines have tem peratures and 
res idence tim es s im ila r to  those used in  
landfill gas fla res.  

2.9  Waste Streams Generated from CBR 
Events (B ill Steuteville) 
M r. S teu tev ille , O n-S cene C oord ina tor in  
E P A ’s R eg ion  3 , d iscussed key find ings from  
the  L iberty  R ad iation  E xerc ise  (L iberty R adE x) 
and the ir im p lica tions for w aste  m anagem ent 
fo llow ing  C B R  events. L iberty R adE x w as an  
exerc ise  conducted in  2010 to test em ergency 
response to the de tonation  o f a  rad io log ica l 
d ispersa l dev ice  in dow ntow n P h ilade lph ia  and 
associa ted  c leanup activ ities . The hypothetica l 
event w as an  exp los ion  tha t re leased 2,300 
curies of ces ium -137. The in itia l exp los ion  for 
th is  exerc ise  w ou ld  have dam aged on ly  
ad jacent bu ild ings, but caused rad io log ica l 
contam ination  up  to  five  tim es background 
leve ls  a t dow nw ind d istances up  to 50  m iles 
aw ay. In  th is  scenario , up  to 140,000 res idents  
w ou ld  like ly  have been tem porary re loca ted 

w h ile  decontam ination and c leanup activ ities 
occurred in  the  m ost heavily  im pacted area. 
W aste generation  estim ates fo r th is exerc ise 
depend on the  acceptab le  risk leve ls  adopted, 
w ith  som e estim ates suggesting  rem ova l o f 
40 ,000,000 tons of w aste .  
M r. S teu tev ille  em phasized that the  w aste  
s tream s generated  by C B R  events shou ld  not 
be  considered debris. N atura l d isasters, such 
as the recent ou tbreaks o f to rnadoes in  
M issouri in  A labam a and the tsunam i in  Japan, 
can destroy num erous bu ild ings and o ther 
in frastructure, resu lting  in  la rge  debris  fie lds o f 
com ing led  w astes. In contrast, C B R  events are  
genera lly  no t expected  to  resu lt in  m assive  and 
w idespread phys ica l destruction  (though som e 
destruction  can occur), and m uch o f the  
w astes from  these events w ill be  rem oved from  
in tact s tructures. Th is  d istinction  has m ajor 
im p lica tions for w aste  m anagem ent strateg ies 
fo r C B R  events: once contam inated areas are  
de fined, w astes can be segregated during  
c leanup such tha t m u ltip le  re la tive ly  
hom ogenous w aste s tream s are  prepared fo r 
d isposa l, rather than hope less ly  com ing led  
w aste  stream s. E xam ples o f separate w aste 
s tream s from  c leanup of res identia l 
ne ighborhoods w ith surface  contam ination 
w ou ld  inc lude, bu t no t be lim ited  to , so ils , 
cem ent, carpet, w h ite  goods, ce iling  tiles , and 
roo fing  m ateria l. Thus, m u ltip le  landfill ce lls  
can be  des igned and optim ized for the  
an tic ipa ted  w aste  stream s generated  during  
these events, ra ther than try ing  to p lan  fo r a  
s ing le  ce ll tha t w ou ld  accom m odate  a 
com plex, m ixed w aste stream .  
The question-and-answ er sess ion  fo llow ing  
th is  p resentation  addressed severa l top ics: 
 O ne partic ipant asked if extens ive  

w aste  segregation can tru ly  be  
an tic ipa ted  fo r m ost C B R  events. M r. 
S teu tev ille  rep lied  tha t th is  shou ld  be  
feas ib le , based on h is  experiences w ith 
the  hypothetica l L iberty R adE x event 
and on  actua l c leanup activ ities  a t s ites 
w ith  chem ica l contam ination . A s a  
resu lt, b iodegradab le  w astes tha t can 
lead to  fo rm ation  o f landfill gases w ill 
genera lly  be  separa ted  from  inert 
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m ateria l. H e acknow ledged that these 
events can inc lude sm all a reas w here 
w aste  segregation is  no t p ractica l or 
poss ib le , bu t the m ajority o f the 
c leanup area w ill like ly  resu lt in  
re la tive ly  hom ogeneous w aste  stream s.  

 A nother partic ipant asked how  w astes 
w ou ld  like ly  be  transported  to landfills  
fo llow ing  m ajor C B R  events. M r. 
S teu tev ille  ind ica ted  tha t m ost w astes 
from  these events w ou ld  firs t be  sent to 
s tag ing  areas fo r w aste 
characteriza tion , decontam ination , and 
tem porary stag ing , ra ther than be ing  
sent im m edia te ly and d irectly  to  
landfills . The need for rap id  rem ova l o f 
w astes is d riven  by m any factors , 
particu la rly  the  need to  re tu rn 
com m unities to  norm alcy.  

 A nother partic ipant expressed concern  
about pro longed stag ing  o f w astes in  
s tag ing  areas fo r events  invo lv ing  
h igh ly  vo la tile  chem ica l agents. M r. 
S teu tev ille  agreed that th is  is  an  
im portant consideration , bu t noted  tha t 
extens ive  w aste  rem ova l for la rge-sca le  
C B R  a ttacks w ill like ly  take  severa l 
w eeks to in itia te  and im plem ent, a t 
w h ich  po in t the  m ost vo la tile  chem ica ls  
w ill have la rge ly  evaporated  and 
d ispersed.  

2.10  Disposal of Radiological Wastes in 
Landfills (David Allard) 

 
M r. A lla rd , D irector, B ureau o f R ad ia tion  
P ro tection , P ennsylvan ia  D epartm ent of 
E nvironm enta l P rotection , prov ided an 

overv iew  o f P ennsylvan ia ’s  regu la tions and 
gu idance for dea ling  w ith rad ioactiv ity  in  so lid  
w aste . A s background, Pennsylvan ia  is  a  net 
im porter of approx im ate ly  10  m illion  tons of 
so lid  w aste  per year, la rge ly  due to  the  
ava ilab le  landfill capacity  and low  tipp ing  fees. 
The in frastructure  fo r m anag ing  M S W  and so-
ca lled  res idua l w aste inc lude 54  landfills , 
approx im ate ly  70 transfer sta tions, and s ix  
w aste-to -energy fac ilities . C urren t regu lations 
in  P ennsylvan ia  requ ire tha t R C R A  S ubtitle  D  
landfills  be  des igned to  R C R A  S ubtitle  C  
landfill s tandards. There fore , m ost active  M S W  
landfills  in  the  sta te have m uch m ore extens ive  
contro l than is  requ ired  by federa l regu la tion . 
S evera l facto rs  have com plica ted  efforts fo r 
d isposing  o f rad io log ica l m ateria l a t so lid  w aste 
fac ilities  a round the country. For exam ple , 
m any M S W  landfills  have perm it prov is ions 
tha t p roh ib it d isposa l o f “ rad ioactiv ity,” w ithout 
p rov id ing  m ean ingfu l de fin itions and crite ria  for 
identify ing  w hat m ateria ls  in  the so lid  w aste  
s tream  are  acceptab le and w hat a re no t. O ne 
sta te (P ennsylvan ia) has a  very 
com prehensive  approach o f (requ iring  v ia  the ir 
so lid  w aste  regu la tions) rad ia tion  m on itors a t 
a ll fac ilities , and Action  P lans in  p lace  to  
identifica tion  of the  type o f rad ioactive  m ateria l 
p resent.  W ithout such an  approach, fac ilities  
find  it particu la rly p rob lem atic g iven the  
ub iqu itous na ture  of rad ioactiv ity , inc lud ing  
m any natura l sources, as w e ll as the  very 
com m on scenario  of m ed ica l pa tien t-
contam inated  so lid  w aste  se tting  off rad ia tion 
a la rm s. W ithout regu lations and gu idance, 
M S W  landfills  have insta lled  rad ioactive 
m ateria l m on itors, but the  de tection  dev ices, 
a la rm  se ttings, on-s ite responses, and other 
factors  vary considerab ly from  one landfill to  
the  next. A ga in , a  m ajor com plica ting  factor is 
tha t these m on ito rs w ou ld  frequently a la rm  
w hen encountering  patien t-contam inated  
w astes w ith little  or no rad io log ica l 
s ign ificance. In  fact, these w astes that are  
exem pt from  N R C  and D O T regu la tion , such 
are  the  actua l patien ts and excreta  from  
ind iv idua ls  o r pe ts rece iv ing  nuc lear m ed ic ine  
procedures and therap ies. O n occasion , 
o rphan sources or low -leve l techno log ica lly -
enhanced natura lly  occurring  rad ioactive  
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m ateria ls  (TE NO R M ) w astes have been 
identified  in  w astes sent to  M S W  landfills ; a fte r 
de tection, these m ateria ls  a re rem oved from  
the  w aste  stream , assessed and hand led 
accord ing ly  for d isposa l.  
M r. A lla rd  prov ided num erous exam ples o f 
w aste  item s that conta in  na tura lly  occurring 
rad ioactive  m ateria ls  (NO R M ) or TE N O R M . 
These exam ples inc luded various industria l 
w astes (e .g., m eta l process ing  s lags, coa l fly  
ash , res idua ls  from  hydrau lic  fracturing) and 
consum er products  (e .g., fertilize rs , sheet rock, 
sm oke detectors). H e a lso  refe rred  to  se lf-
lum inous “E X IT ” s igns tha t conta in  rad ioactive  
tritium  gas, because these have contribu ted  to  
e leva ted  tritium  leve ls  recently  detected in  
leachate  sam ples from  M S W  landfills . D ue to  
the  preva lence of these s igns in  landfills , 
g roundw ater m on ito ring fo r tritium  cou ld  be a  
usefu l ind ica tor fo r leachate  leakage and liner 
b reaches.  
M r. A lla rd  then rev iew ed specific  regu lations 
and gu ide lines that the  Pennsylvan ia  
D epartm ent o f E nvironm enta l P rotection 
(P A D E P ) deve loped both  to p rotect the 
env ironm ent, the pub lic , and w orkers  from  
unnecessary rad iation  exposure  and to p rotect 
so lid  w aste  fac ilities  from  contam ination . The 
regu la tions specifica lly  proh ib it d isposa l of 
certa in  m ateria ls , such as low -leve l rad ioactive  
w aste , specia l nuc lear m ateria l, and 
transuran ic  rad ioactive  m ateria l. The 
regu la tions a lso a llow  fo r fac ilities  to  process 
and d ispose of certa in rad ioactive  m ateria ls  
(e .g., short-lived  rad ioactive  m ateria ls  from  
patien ts  undergo ing  m edica l p rocedures, 
TE N O R M ), but on ly a fte r rece iv ing  w ritten 
approva l from  P A D E P . The regu la tions and 
gu idance inc lude various o ther requ irem ents, 
w h ich  fac ilities  address in  R ad ia tion  P rotection 
A ction  P lans. These p lans present approaches 
fo r m on itoring , de tecting , and characteriz ing  
rad ioactive  m ateria l, notify ing  regu la tors  w hen 
certa in  cond itions are  m et, and recordkeep ing . 
M r. A lla rd  rev iew ed severa l o ther regu la tory  
requ irem ents and pro toco ls , such as P A D E P ’s 
rad ia tion  action  leve ls  (and how  background 
rad ia tion  is  considered when eva lua ting  these), 
correspond ing actions tha t m ust be  
im p lem ented w hen action  leve ls  a re exceeded, 

and the specific rad ia tion dose m ode l the  
agency uses w hen eva lua ting  w aste d isposa l 
pe titions.  
M r. A lla rd  then rev iew ed various lessons 
learned from  im p lem enting  P A D E P ’s 
regu la tory fram ew ork for d isposing  o f 
rad io log ica l w astes. For instance, the  agency 
recently ana lyzed the  underly ing  causes for 
a la rm  cond itions triggered by rad ia tion  fie ld  
m easurem ents at so lid  w aste  m anagem ent 
fac ilities . Th is  ana lys is found that:  
 90%  of a la rm s resu lted  from  nuclear 

m ed ic ine  rad ioactive  m ateria l in  
househo ld  w aste. 

 9%  of a la rm s w ere  due to  the presence 
o f N O R M  or TE N O R M . 

 1%  of a la rm s resu lted  from  nuclear 
m ed ic ine  rad ioactive  m ateria l de tected  
on  drivers . 

 Less than 1%  of the  a la rm s w ere  due 
to  regu la ted  or contro lled  rad ioactive 
m ateria l. 

O ther im portan t ins igh ts  w ere  g leaned from  a 
landfill leachate  s tudy tha t the  agency 
conducted in  2004. In the  s tudy, m ore  than 
1 ,000 leachate  sam ples w ere  co llected from  
54 active landfills , and the  sam ples w ere 
ana lyzed for som e com bination  o f g ross a lpha, 
g ross beta , tritium , tota l u ran ium , and rad ium  
iso topes. T ritium  w as found w e ll above 
background concentrations in  m ore than 90%  
of the  leachate  sam ples. M ore than ha lf o f the 
landfills  considered in  the  s tudy had tritium  
concentrations in leachate  greater than 20 ,000 
p icocuries per lite r— E P A ’s current drink ing  
w ater s tandard  fo r tritium ; and one landfill 
leachate  sam ple  conta ined tritium  a t m ore  than 
350,000 p icocuries per lite r. Fo llow -up 
sam pling  in  m ore recent years has genera lly  
confirm ed the  find ings from  the  2004 study.  
M r. A lla rd  a lso rev iew ed key po in ts from  the  
L iberty  R adE x exerc ise  (see S ection 2 .9 for a 
b rie f overv iew  of L iberty R adE x). O ne o f m any 
cha llenges faced w as how  to  se lect acceptab le 
rad ia tion  dose va lues and then back-ca lcu la te  
c leanup leve ls  for contam ination  in  so ils , on 
surfaces, and other m ed ia — a ll w h ile  ba lanc ing  
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hea lth  p rotectiveness aga inst the feas ib ility  
and cost of d isposing  m assive  quantities o f 
po ten tia lly  contam inated w aste . The estim ated 
w aste  vo lum e w as severa l hundred thousand 
cub ic  feet of w aste  fo r the  2-year P AG  area , 
and ha lf o f the  tota l cost fo r m anag ing th is  
w aste  w as due to  transportation .  
H e concluded by reporting  that the  
P ennsylvan ia  regu la tory  fram ew ork and 
gu idance for d isposing  of rad io log ica l w astes is  
currently  be ing  considered as the  bas is  for (1 ) 
m ode l regu lations to  be deve loped by other 
s ta tes and (2) a new  standard  pub lished by the  
A m erican N ationa l S tandards Institu te (A N S I). 
Thus, concepts from  th is  regu la tory  fram ew ork 
cou ld  a lso  prove benefic ia l fo r des ign ing  and 
opera ting  landfills  to  receive  C B R  w astes.  
The question-and-answ er sess ion  fo llow ing  
th is  p resentation  addressed severa l top ics: 
 O ne partic ipant asked if o ther s tates 

have reported de tection  o f tritium  in  
landfill leachate . M r. A llard  sa id  
C a lifo rn ia  has conducted a  s im ila r 
survey, w h ich  found leachate  tritium  
leve ls  com parab le  to those m easured 
in  sam ples from  the P ennsylvan ia  
landfills . That s tudy a lso  ind ica ted  the 
po ten tia l fo r tritium  to be  found in  
condensate from  landfill fla res.  

 A nother partic ipant asked about 
add itiona l lessons learned from  L iberty  
R adE x and the  current response to  the  
tsunam i in  Japan. M r. A lla rd  sa id  a 
critica l, in itia l dec is ion  in  these events 
is  de term in ing  w h ich  lands w ill be  
ded ica ted  to  bu ild  new  d isposa l 
fac ilities . For events  involv ing  
rad io log ica l d ispersa l dev ices, m u ltip le  
types of d isposa l fac ilities  w ith  d iffe rent 
des igns w ill like ly  be  necessary to 
hand le  m ateria ls  w ith vary ing  degrees 
o f contam ination . W hen extrem ely 
la rge  quantities o f w aste m ust be  
rem oved, consideration  shou ld  a lso  be  
g iven to  constructing  and operating  
in te rim  stag ing  areas.  

 A  partic ipant asked how  best to  pre-
identify  loca tions for constructing  

s tag ing  areas and d isposa l fac ilities . 
M r. A lla rd  sa id  that, during  L iberty 
R adE x, com m unity  invo lvem ent p roved 
to  be a  critica l factor w hen identify ing  
cand ida te  loca tions for these fac ilities . 
A  reasonab le  approach cou ld  be  to 
identify  in  advance specific  s iting  
crite ria  that m ust be m et fo r these 
fac ilities , because one does no t know  
in  advance w here  a C B R  event w ill 
actua lly  occur. H e added that it m ight 
be  eas ie r to first identify  a reas tha t 
w ou ld  be  exc luded as poten tia l fac ility  
loca tions, such as flood p la ins, certa in  
u rban areas, sta te forests , and s ites o f 
cu ltu ra l s ign ificance.  

 A nother partic ipant asked if responders 
shou ld  segregate  tritium -based ex it 
s igns w hen rem oving m ateria ls  from  
bu ild ings fo llow ing  contam ination  w ith 
b io log ica l agents. M r. A lla rd  sa id  
decontam ination  w ou ld  be  an  im portan t 
firs t step . The pre ferred subsequent 
s teps w ou ld  like ly  be considered on  a  
case-by-case bas is ; op tions cou ld  
inc lude send ing  the s igns to fac ilities  
tha t can recover the  tritium  or 
s tab iliz ing  the  s igns or the  tritium  
com ponents in  a m anner to p revent 
re lease o f the  tritium .  

 A  partic ipant asked if P A D E P  had 
p lanned any pub lic  education  
cam paigns or outreach program s to  
in fo rm  the pub lic  of w aste  m anagem ent 
issues surround ing  C B R  events  (e .g., 
sa feguards fo r transporta tion  and 
landfill s iting). M r. A lla rd supported 
deve lop ing  these effo rts  and 
acknow ledged the benefits  of 
s takeho lder and pub lic  partic ipa tion , 
bu t education  and outreach w as not a 
focus during  L iberty R adE x. 

 A  partic ipant asked if d isposa l o f 
rad io log ica l w aste  w ou ld  be  expected  
to  shorten the serv ice  life  o f a  landfill 
fac ility . It w as the general v iew  tha t the  
rad ia tion  leve ls  in  m ost bu ild ing  debris  
from  C B R  events w ou ld  no t be 
expected to phys ica lly  a ffect 
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geom em branes or c lay liners . H igher 
leve l rad io log ica l w aste  m ay be o f 
concern , but tha t cou ld  be  addressed 
by s tab iliz ing  th is m ateria l o r d iverting  it 
to  specia lized  fac ilities .  
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3.0 Moderated Discussions  
The m odera ted d iscuss ions w ere fram ed 
around d iscuss ion questions c ircu la ted to  
partic ipants in  advance of the  w orkshop (see 
A ttachm ent 3 ). E ach question  considered 
during  the w orkshop is  lis ted  be low , and these 
questions prom pted w orkshop partic ipants to 
d iscuss specific top ics. Th is  section  of the 
report chron ic les the  partic ipants ’ responses 
and d iscuss ions fo r each question and 
cu lm inates by docum enting  the partic ipants ’ 
fina l com m ents.  

3.1  Question 1: Waste-Specific 
Considerations 
The first question  considered in  the  m odera ted 
d iscuss ions asked: “B ased on pro jections of 
the  d iffe rent types o f w aste  tha t m ight be 
genera ted as a resu lt o f the  response, a re 
there any considera tions that m igh t be  w aste-
specific  that cou ld  a ffect the  land d isposa l 
techno logy se lection? ” T he w orkshop 
partic ipants p rov ided m ultip le  responses to  th is  
question  and ra ised severa l add itiona l po in ts. 
A  sum m ary of the  responses and d iscuss ion  
po in ts  fo llow s: 
 Waste segregation and implications. 

B ased on d iscuss ions earlie r a t the 
w orkshop (see S ection  2.9), the  like ly  
scenario  fo llow ing  a  C B R  event is  tha t 
w astes w ill be  h igh ly  segregated a t the 
tim e they are generated . Thus, landfill 
ce lls  can be  des igned to  m ost 
e ffective ly  m anage the  d ifferen t so lid  
w aste  stream s that are  an tic ipa ted . A s 
necessary, w aste  s tream s can be 
hand led  ind iv idua lly  o r m ixed, w h ile  
ach iev ing  narrow  w indow s o f bu lk  
density  and ensuring that 
b iodegradab le  w astes and o ther 
m ateria ls  w ith  h igh  gas-fo rm ation  
po ten tia l a re  separa ted to  the extent 
des ired  from  bu ild ing  com ponents and 
o ther “ inert” m ateria ls . Add itiona lly , the 
m ost heavily  contam inated  m ateria ls  
w ill be  m anaged separa te ly  from  
w astes like ly  to  have low  or m in im a l 
contam ination . A  partic ipant 
encouraged consideration  for the  

m in im a l o r perhaps optim a l am ount o f 
segregation a t the po in t o f genera tion  
tha t w ou ld  fac ilita te dow nstream  w aste  
m anagem ent, but w ithout lead ing  to  an 
unnecessarily  pro longed response. 
K now ing in  advance w h ich  w aste 
s tream s shou ld  be com ing led  cou ld  
he lp  s im p lify  the  in itia l w aste  rem ova l 
and s tag ing fo llow ing  a  C B R  event.  

 Transportation issues and implications. 
T ransporta tion o f w aste w as identified  
as a  poten tia l “bo ttleneck ” in  the  w aste  
m anagem ent response to  C B R  events. 
For events  that genera te m ore  than 
10 ,000,000 tons of so lid  w aste , 
transportation  is  expected  to account 
fo r a  la rge fraction  o f w aste  
m anagem ent costs  and cou ld  take 
th ree or m ore  years to com ple te , based 
on an  assum ption  tha t s tandard  dum p 
trucks typ ica lly  used fo r m oving  debris  
hau l 12 ,000 tons o f w aste  per day; th is 
a lso  assum es tha t loca l transporta tion 
in frastructure has not been 
com prom ised by the  event itse lf. Th is  
estim ated tim e fo r w aste  rem ova l w as 
supported by the recent experience of 
transporting  m ateria l from  the  W orld  
T rade C enter to the F resh K ills  landfill 
us ing  a  com bination  of trucks and 
barges. C onsideration  for la rge w aste 
s tag ing  areas near the  event location  
can he lp  acce lera te the in itia l w aste  
rem ova l response and a llow  fo r w aste 
accum ula tion , decontam ination , 
dew atering  (if necessary), 
conso lida tion , and com paction  w h ile  
the  u ltim ate d isposa l fac ility  is  be ing  
constructed — an issue tha t w as 
rev is ited  m ultip le  tim es during  the 
w orkshop.  

 Liquids and sludge. S om e C B R  events 
can resu lt in  la rge  quantities o f liqu id  
w aste  (e .g., decontam ination  w ater 
genera ted fo llow ing  a  rad io log ica l 
event). P lans can be estab lished now  
fo r how  best to  hand le and trea t 
w astew ater, cons idering  lessons 
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learned from  the  L iberty  R adE x 
exerc ise  and from  current practices 
used to m anage w astew ater generated  
during  hydrau lic  fracturing  activ ities. 
For events  resu lting in  s ign ifican t 
quantities of s ludge, the  landfill des ign  
w ill need to  consider s lope s tab ility  
concerns.  

 Site-specific considerations. E vents 
tha t occur in  heavily  industria lized  
areas or at key transporta tion  nodes 
cou ld  resu lt in  la rge quantities of 
hazardous w aste, m anufacturing  
equ ipm ent, veh ic les, and o ther 
m ateria ls  that m igh t need to be  
decontam inated  or hand led  separate ly  
from  other m ateria ls . A  partic ipant 
agreed w ith th is s tatem ent, bu t a lso  
encouraged tha t th is  particu la r 
w orkshop focus on  the  com ponents of 
the  C B R  w aste  stream  tha t are  
expected to account fo r the  greatest 
percentage o f the  overa ll w aste (i.e ., 
bu ild ing  com ponents, so il, trees and 
shrubs, scarified  concrete ). S ludge, 
veh ic les, and drum s of hazardous 
w aste  w ill like ly  account fo r a re la tive ly  
sm all fraction o f the overa ll w aste  
s tream .  

 Animal carcasses. C B R  events w ith 
p lum es pass ing over agricu ltu re  areas 
can lead to  s ign ifican t num bers o f 
an im al carcasses that m ust be 
m anaged. For exam ple , an  event that 
contam inates (o r o therw ise  a ffects) a  
s ing le  ca ttle  feed lo t cou ld  conce ivab ly  
resu lt in  w e ll over 50,000 tons o f an im al 
carcasses. S pecific  cha llenges posed 
by th is w aste s tream  are  rap id  
decom position, the  s ign ifican t w ater 
conten t (approx im ate ly  60%  to  70% ) o f 
an im al carcasses, and vector contro l. 
These cha llenges argue fo r the 
deve lop ing  and dep loy ing  ons ite  
p rocess ing  techno log ies, rather than 
a ttem pting  to transport decom posing  
carcasses. E xam ples g iven w ere  use of 
m ob ile  rendering  techno log ies that 
rem ove w ater content from  the  
carcasses and there fore  reduce the  

vo lum e of w aste , a long w ith  tem porary 
s tag ing  strateg ies (e .g., re frigeration , 
tanks w ith p reservatives) that s low  or 
s top  decom position  w h ile  w aste 
m anagem ent dec is ions are  m ade.  

3.2  Question 2: Design, Construction, 
and Operational Requirements 
The second question considered in  the  
m oderated  d iscuss ions asked: “W hat specia l 
des ign , construction , o r opera tiona l 
requ irem ents m ight be appropria te for d ifferen t 
types of contam inating  agents?  W hat types of 
rou tine  and long-te rm  m onito ring  m ight be 
appropria te for d ifferen t types o f w astes and 
fo r d ifferen t contam inating  agents? ”  
Tw o genera l com m ents w ere  ra ised be fore  the  
partic ipants d iscussed agent-specific  
recom m endations. O ne partic ipant no ted that 
p re ferred landfill design s trateg ies m ight no t 
vary considerab ly  betw een chem ica l, 
b io log ica l, and rad io log ica l agents, because 
landfills  rece iv ing  C B R  w astes w ill like ly  a ll 
have liners, des ignated decontam ination  
areas, gas contro l m easures, and other 
various fea tures. H ow ever, certa in  operational 
requ irem ents, such as the  na ture  and exten t o f 
long-te rm  m onitoring  and long-term  
institu tiona l contro ls, probab ly  shou ld  vary 
across agent types. O ne m ethod suggested  fo r 
docum enting specific des ign , construction , and 
opera tiona l requ irem ents is  to popu la te a  m ulti-
d im ensiona l m atrix : a  user w ou ld  specify  the  
agent category (e .g., chem ica l) and w aste 
m atrix  (e.g., o ffice  fu rn iture  and carpeting), and 
the  m atrix  w ou ld  outpu t a  lis t of the  pre ferred 
landfill des ign  and operationa l fea tures. Th is  
cou ld  inc lude certa in  e lem ents that app ly  to a ll 
C B R  events and specia l cons idera tions for the  
agent-w aste  com bination. The output lis t cou ld  
a lso  specify landfill fea tures tha t shou ld  be 
avo ided fo r a g iven event. S uch a m atrix can 
be  expanded to account fo r various o ther 
inputs  tha t m igh t be  expected  to  affect landfill 
des ign , opera tion , and m ain tenance (e .g., 
exten t o f decontam ination , loca l c lim ate).  



R eport on  the  2011  W orkshop on  C hem ica l-B io log ica l-R ad io log ica l D isposal in  Land fills 

 
26 

 

A  sum m ary of the  responses and d iscuss ion  
po in ts  specific to the th ree  ca tegories of 
agents fo llow s: 
3.2.1 Responses for B iological Agents 
 Unique properties of biological agents. 

B io log ica l agents have som e un ique 
aspects, w hen com pared to chem ica l 
and rad io log ica l agents. F irs t, 
m easurem ent m ethods are  not w ide ly  
ava ilab le  fo r b io log ica l agents . W hile  
po lym erase cha in  reaction  can detect 
the  presence o f an  agent, the  
m easurem ent does no t ind ica te  
w hether the agent is  v iable . T im e is  
needed to deve lop  cu ltu ring  m ethods 
fo r b io log ica l agents. S econd, un like  
chem ica l and rad io log ica l agents, 
w hose concentrations w ill genera lly  
decrease over tim e after in itia l d isposa l, 
the  am ount o f certa in  b io log ica l agents 
can po tentia lly  increase ins ide  landfills . 
F ina lly , b io log ica l agents have w ide ly  
vary ing  pers is tence, w ith som e that d ie  
qu ick ly  in  an  open environm ent and 
o thers (e.g ., prions, spores) tha t can 
pers is t for decades. These various 
properties shou ld  be considered w hen 
d isposing  o f w astes po ten tia lly  
contam inated  w ith b io log ica l agents.  

 Siting. D uring  prev ious responses to  
an thrax inc idents, inc lud ing  instances 
o f natura lly  occurring an thrax and 
an thrax spores sent in  the  U .S . m a il, 
env ironm enta l agencies reported  
d ifficu lties find ing  landfills  that w ou ld  
accept the w aste. The reasons for 
these d ifficu lties inc luded: pub lic  
perception  o f unacceptab le  risk ; the 
lack o f c lear d irection from  
governm enta l agencies on  exactly how  
the  w aste  shou ld be  packaged, 
transported, and hand led; and 
indem nifica tion  concerns. S evera l 
suggestions w ere  proposed to he lp  
overcom e these obstac les. E ffective  
risk  com m unication  and pub lic  
invo lvem ent w as one stra tegy lis ted for 
address ing  pub lic  hea lth concerns. 
S iting  and constructing  new  

governm ent-ow ned landfills  on  s ta te- or 
federa lly -ow ned land, w hich  m igh t 
inc lude land ob ta ined th rough em inent 
dom ain , w ou ld he lp  address s iting  
issues and a llev ia te the need to 
indem nify  entities  tha t ow n ex is ting  
landfills . Further, gu idance cou ld  be 
deve loped to specify how  these w astes 
shou ld  be  hand led , from  po in t o f 
genera tion  th rough stag ing  to d isposa l. 
The s ign ifican t transporta tion  costs  
observed during  prev ious exerc ises 
prov ide  a  com pelling  case for s iting and 
constructing  landfills  re la tive ly  c lose  to  
the  C B R  event location . It w as 
recom m ended that identifica tion  of 
s iting  criteria  and identifica tion  o f w h ich  
s ites are  c learly inappropria te  fo r such 
a  fac ility  w ou ld  be  a less controvers ia l 
approach than to recom m end s ites. 

 Landfill gas control. P resenta tions 
earlie r in  the  w orkshop ind ica ted  tha t 
certa in  b io log ica l agents have the 
po ten tia l to  enter landfill gas, a lthough 
they m ay res ist th is  due to  be ing  tightly  
bound to the w aste, and experim enta l 
da ta  suggest that spores that do 
happen to en ter landfill gas w ill no t 
surv ive  after pass ing  through w e ll-
opera ted landfill fla res. W hile  the  
experim enta l resu lts  w ere  encourag ing, 
a  partic ipant noted  tha t uncontro lled  
landfill gas em iss ions can s till occur 
th rough seeps and cracks, or w hen gas 
co llection  w e lls  a re  orig ina lly  be ing  
insta lled . S evera l cons idera tions w ere  
suggested for m in im iz ing  a ir re leases 
o f b io log ica l agents from  these 
sources. F irst, steps cou ld  be  taken to  
ensure  tha t gas co llection  w e lls  a re  not 
d rilled  d irectly  in to a reas know n to have 
contam inated  w astes. Second, pre-
treatm ent of w astes cou ld  m in im ize 
transport o f b io log ica l agents in to 
landfill gas. For instance, to the extent 
p ractica l, spec ific w aste item s know n or 
suspected to be  contam inated  w ith 
b io log ica l agents can be  w rapped, 
conta inerized, stab ilized , o r so lid ified  in  
o rder to e ffective ly im m obilize  the  
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m ateria l o f g reatest concern . Further, 
concerns about landfill gas generation  
can be  m in im ized by having  certa in 
landfill ce lls  ded ica ted  prim arily  to  
“ inert” w astes w ith  m in im a l gas 
fo rm ation  potentia l. For ce lls  expected 
to  have landfill gas genera tion  issues, 
the  cover m ateria l and cap m ust 
e ffective ly  contro l gas em iss ions, w ith  
rou tine  inspection , m a in tenance, and 
m on ito ring im p lem ented to  identify  and 
contro l seeps. F ina lly , the  landfill gas 
tha t is  co llected w ill like ly  need to  be 
burned ons ite , w ithout be ing  treated  
and d is tributed  in to com m erce.  

 Leachate control. P resenta tions earlie r 
in  the  w orkshop ind ica ted  that 
b io log ica l agents can transfer in to , and 
pers is t in , landfill leachate — find ings 
tha t a rgue aga inst a  landfill des ign  w ith  
leachate  rec ircu la tion  system . The 
rem ain ing  tw o options m entioned w ere 
(1 ) perm anently sea ling  the  landfill a fter 
d isposa l is  com pleted  (a long w ith  any 
leachate  tha t m ay ex is t in  the ce ll) or 
(2 ) co llecting  and trea ting  the leachate. 
For the  fo rm er op tion, dec is ions w ill 
have to be  m ade regard ing  how  
specifica lly  to  m in im ize  leachate  
fo rm ation  (e .g., shou ld  t w aste  w ith 
m ois tu re  conten t above a  certa in  
th resho ld  be  requ ired  to  t be  dried  or 
s tab ilized  be fore  d isposal?). For the  
la tte r op tion, specific  considera tion  
w ou ld  have to be  g iven to  w hether, and 
to  w hat exten t, leachate  trea tm ent 
shou ld  occur a t the landfill and w hat 
type of off-s ite  w ater treatm ent fac ility  
w ou ld  be  ab le  to rece ive  po ten tia lly  
contam inated  leachate .  

 Related regulatory frameworks. E P A ’s 
ex is ting  regu latory fram ew ork fo r 
m anag ing , transporting , and d isposing  
o f asbestos-conta in ing  m ateria l w as 
prom ulgated in  part to  m in im ize  fug itive 
a ir em iss ions o f a  hazardous 
substance. A ccord ing ly , som e 
partic ipants encouraged E P A  to  
consider w hether certa in  requ irem ents 
in  the  asbestos N E S H A P  (N ationa l 

E m iss ion  S tandard  fo r H azardous A ir 
P o llu tan ts) shou ld  a lso  be  app lied  to 
b io log ica l agents, g iven the  s im ila r 
concern  about m in im iz ing  or e lim ina ting  
a ll poss ib le  sources o f fug itive  a ir 
em iss ions. R eferring  to  the  asbestos 
N E S H A P  can a lso  prov ide  ins igh ts  in to  
requ ired  pro tective  m easures fo r 
m in im iz ing  w orker exposures.  

3.2.2 Responses for Radiological Agents 
 Unique properties of radiological 

agents. O ne un ique characteristic  o f 
rad io log ica l agents is the know n ha lf-
lives and decay products o f ind iv idua l 
rad ionuclides. These param eters have 
d irect bearing  on w aste m anagem ent 
dec is ions fo r various reasons. For 
exam ple , the ha lf-lives can factor in to 
the  proposed duration  o f long-te rm  
m onito ring and institu tiona l contro ls for 
fu ture  uses, and the  fo rm ation  and 
tox ic ity  of decay products  m ust a lso  be 
considered w hen m anag ing  these 
w astes (e .g., u ran ium  decay eventua lly  
genera tes radon gas).  

 Related regulatory frameworks and 
guidance. E P A , the D epartm ent o f 
E nergy, and the  N uclear R egu la tory  
C om m iss ion  a ll have extens ive  
experience w ith m anag ing  various 
types of rad ioactive w aste , inc lud ing  
m ixed w astes, low -leve l rad ioactive  
w aste , and h igh-leve l radioactive  
w aste . R egu la tions have been 
deve loped for rou tine  w aste  
m anagem ent activ ity, and gu idance 
has been pub lished for em ergency 
response (e .g ., acc idents  a t nuc lear 
pow er p lan ts). These agencies have 
deve loped a  w ide  range o f in form ation  
resources to  gu ide  responders th rough 
w aste  m anagem ent activ ities  invo lv ing  
rad ioactive  w aste .  

 Anticipated waste volumes and waste 
management implications. E xperience 
has ind ica ted  tha t certa in types o f 
events  invo lv ing  rad ioactive  m ateria ls , 
such as a ttacks us ing  rad io log ica l 
d ispersa l dev ices, can resu lt in  
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w idespread contam ination . W aste 
vo lum es fo llow ing  these events have 
been estim ated to exceed 40,000,000 
tons, w ith  exact quantities depend ing  
on  the s ize  of exc lus ion  zones and 
contam ination  areas. W ith in  th is  
vo lum e w ill be  a  range o f m ateria ls , in  
te rm s of rad ioactiv ity. R esponders 
therefore need to  be prepared fo r 
hand ling  th is  m agn itude o f w aste , and 
externa l pressures from  the  pub lic  and 
po litic ians m ight resu lt in  the need to  
rem ove the w aste  as qu ick ly  as 
poss ib le . These factors w ou ld  fu rther 
support an  idea ra ised earlie r: the  
pre ferred response m ight invo lve  
m oving  m assive  quantities o f m ateria ls  
firs t to  stag ing  areas, w h ile  landfill 
space is  be ing constructed  or 
negotia ted .  

 Consideration for decontamination 
residues. D econtam ination  activ ities 
w ill like ly  occur as part o f the w aste 
m anagem ent response. There fore , a ll 
fac ilities  expected  to  hand le  rad ioactive 
w astes — landfills , and s tag ing  areas —
shou ld  be  des igned w ith  a  specific  area 
ded ica ted  to  decontam ination  activ ities, 
w h ich  cou ld  inc lude decontam inating 
la rge  veh ic les . These s ites w ill a lso  
need to be  equ ipped w ith  m eans for 
hand ling , and poss ib ly trea ting , la rge  
vo lum es of decontam ination  w ater that 
a re  expected to be  genera ted .  

 Monitoring considerations. A partic ipant 
no ted  tha t leachate and 
decontam ination  w ater are  like ly  to be  
d ischarged to  w ater trea tm ent fac ilities . 
The extent of contam ination  in  the 
w ater at the trea tm ent fac ilities  can be  
eva lua ted  w ith m on itoring  or by 
ca lcu la ting  concentra tion reductions 
due to d ilu tion  from  w ater rece ived from  
o ther sources. B ut, a poss ib ility  
rem ains that trace am ounts of 
rad ionuclides gradua lly  accum ula ting  
and concentrating  in  the  s ludge 
genera ted a t these fac ilities . In  cases 
w here  s ludge m ateria l is  used for land 
app lica tion  purposes, som e 

considera tion  shou ld  be  g iven to  
m on ito ring the s ludge fo r p resence of 
the  rad ionuclides o f concern .  

 Other considerations. W hile  
acknow ledg ing  tha t w aste  m anagem ent 
responses m ust com ply w ith  ex is ting  
regu la tions, severa l partic ipants  
ind ica ted  a  pre ference for gu ide lines 
and gu idance fo r certa in  response 
activ ities  invo lv ing  rad ioactive  w astes, 
as opposed to en tire ly p rescrip tive  
requ irem ents. For instance, gu idance 
cou ld  ind ica te  w hen it is  p re ferred to 
use  fixatives in  the  fie ld  to  im m obilize  
contam ination , under w hat cond itions 
shou ld  w astes be  stab ilized  prio r to 
d isposa l, and so  on. A s no ted  
prev ious ly , pub lic  acceptab ility  w ill be  
an  im portan t factor in  the w aste 
m anagem ent p rocess, and th is  can be 
addressed through effective  ou treach 
and educationa l m ateria ls , poss ib ly  
d raw ing from  experiences ga ined from  
the  L iberty  R adE x exerc ise  and ex is ting  
docum ents posted  on  EP A ’s w ebsite  
(25) (http://w w w .epa.gov/libertyradex/).  

3.2.3 Responses for Chemical Agents 
 Special considerations for chemical 

agents susceptible to hydrolysis. 
P resentations earlie r in  the  w orkshop 
noted  tha t certa in  chem ica l agents 
(e .g., sarin ) undergo rap id  ab io tic  
transform ation v ia  hydro lys is . 
There fore , exposing  these particu la r 
w astes to  w ater, w hether through 
leachate  rec ircu la tion  or in filtra tion o f 
ra inw ater, w ou ld  he lp  acce lera te  the 
princ ipa l m echan ism  fo r hydro lyz ing  
and potentia lly  de tox ify ing  the w aste. 
Th is  w as the on ly  case w here  
w orkshop partic ipants  noted  tha t 
leachate  rec ircu la tion  or in filtra tion o f 
p rec ip ita tion  cou ld  be  advantageous. In  
short, the  landfill can  be  des igned and 
v iew ed as a  trea tm ent opera tion , 
instead of m ere ly s toring  the w aste.  

 Timeliness of response for volatile 
chemical agents. To  m in im ize  poten tia l 
inha la tion  exposures to the  m ost 
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vo la tile  chem ica l agents , som e 
inc idents  w ou ld  idea lly  have rap id  
w aste  d isposa l w ith p rom pt insta lla tion  
o f landfill gas co llection  and trea tm ent 
system s. H ow ever, because w aste 
rem ova l fo llow ing  a  C B R  event is  
expected to last severa l w eeks, if no t 
longer, a considerab le portion  of the  
m ost vo la tile  constituents  m ay 
evapora te from  w astes, hydro lyze , o r 
poss ib ly  d isperse  be fore  the  m ateria l 
ever reaches a  landfill.  

 Selection of liner material. 
P resentations earlie r in  the  w orkshop 
reported  on the exten t to w h ich  certa in  
chem ica l agents are  expected  to  
adhere  to  d iffe rent types o f p lastics. For 
exam ple , the earlie r p resenta tion  
ind ica ted  that certa in chem ica l agents 
adhere  m ore read ily  to  po lyv iny l 
ch lo ride  than they do to h igh-density  
po lye thy lene. S uch know ledge cou ld  be  
one o f m any factors  to consider w hen 
choosing  liner m ateria l.  

 Additional evidence of persistence. 
P resentations earlie r in  the  w orkshop 
rev iew ed recent experim enta l and 
m ode ling  s tud ies ind ica ting  that certa in 
chem ica l agents are  h ighly  pers is tent in  
landfill env ironm ents. C onsis ten t w ith  
th is  observa tion is  the fact tha t som e 
W orld  W ar I-e ra chem ica l w eapons that 
w ere  prev ious ly  buried in  so il have 
been recently  unearthed, w ith  
de tectab le quantities o f the  chem ica l 
agent still p resent. Th is  prov ided 
add itiona l ev idence o f pers is tence, 
though partic ipants acknow ledged 
d iffe rences betw een buria l and d isposa l 
in  landfills .  

3.3  Question 3: Other Strategies and 
General Comments 
The th ird question  considered in  the  
m oderated  d iscuss ions asked: “W hat e lse  can 
be  done as part o f the entire  spectrum  o f the 
w aste  m anagem ent p rocess (e.g ., segregation , 
reuse/recyc ling , vo lum e reduction , trea tm ent, 
s tag ing , d isposa l) tha t cou ld  add to the 

capacity  to  opera tiona lly  recover from  a C B R  
inc ident? ” A  genera l sentim ent expressed is  
tha t the response fo r a  C B R  event w ill like ly  
need to consider a ll possib le  w aste  
m anagem ent op tions lis ted  in  the question , 
especia lly  w hen la rge  vo lum es of w aste need 
to  be m oved in  short tim e fram es. A  sum m ary 
o f specific  responses fo llow , o rgan ized rough ly 
in to  the sequence o f events  tha t occurs before, 
during , and a fte r C B R  events: 
 Preparedness. M u ltip le  

recom m endations w ere o ffered  to  sta te 
agencies and other ju risd ic tions for 
becom ing better prepared to m anage 
w astes fo llow ing  a  C B R  event. F irst, 
agencies shou ld  access ex is ting  
inventories of landfills  and o ther w aste  
m anagem ent fac ilities , poss ib ly  
d raw ing from  E P A ’s dec is ion  support 
too l for d isaster debris m anagem ent, 
though th is  resource obvious ly  w ou ld  
no t be expected  to  in form  decis ions 
about s iting new  fac ilities . S econd, 
agencies w ere encouraged to eva lua te 
and assess the ir ex isting  inventory  of 
equ ipm ent needed to  respond to 
events (e .g., w aste  hau ling  veh ic les, 
barges). Th ird, partic ipants  vo iced 
support for conducting add itiona l 
em ergency exerc ises and drills  that 
specifica lly  inc lude w aste  rem ova l and 
m anagem ent. Further, agencies can 
enhance the ir preparedness by 
deve lop ing  em ergency opera tion  p lans, 
transportation  p lans, and the various 
p lann ing  docum ents tha t typ ica lly  
support landfill construction  and 
opera tion  (e .g., construction  qua lity  
assurance p lan , fac ility  opera tions and 
m ain tenance m anua l, and 
com prehensive  env ironm enta l 
m on ito ring p lan). 

 Segregation of wastes. As no ted 
prev ious ly , the w astes in itia lly  rem oved 
from  areas affected by C B R  events a re 
expected to be  h igh ly  segregated. 
S epara te w aste s tream s cou ld  be  
genera ted for a w ide  range o f 
m ateria ls , inc lud ing  so ils , concrete , 
trees and shrubs, veh ic les, and so on . 
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A dvanced p lann ing  should  consider the  
fu ll range of an tic ipa ted w aste  stream s 
and the preferred  w aste  m anagem ent 
s trateg ies fo r these w aste  s tream s, 
w hether hand led  ind iv idua lly  o r in  
com bination . A nother option  ra ised w as 
the  poss ib ility  of co-d isposa l o f C B R  
w astes w ith M SW . R euse and recyc ling  
m ay not be feas ib le , g iven pub lic  
perception  o f risk associa ted  w ith 
recovering and reus ing  m ateria l that 
m igh t have been contam inated  w ith  a 
C B R  agent.  

 Role of staging areas. Follow ing  la rge  
C B R  events, response team s w ill be  
under extrem e pressure  to  qu ick ly  
rem ove w aste m ateria l from  affected 
com m unities to  restore  order. O n the  
o ther hand, construction  o f new  landfill 
fac ilities  is  expected  to  take  m onths, 
even in  cases w here extens ive  
p lann ing  has occurred. The exact tim e 
needed to construct new  landfill ce lls  
w ill depend on m any factors , som e of 
w h ich  are  unpred ic tab le  (e .g., the 
w eather, unantic ipa ted  de lays). These 
tw o driv ing  fo rces — the need to rem ove 
w aste  qu ick ly  and the  like lihood tha t 
new  landfills  w ill no t be  ready for 
severa l m onths — m ake a  very strong 
case for in itia lly  transferring  w aste to 
sa fe  and secure  stag ing  areas. 
P artic ipants no ted that these fac ilities  
m ight need to  ho ld  w astes for m onths, 
o r even years, w h ile  landfill capacity  is 
constructed.  

A gencies expected to  m anage C B R  w astes 
w ere  encouraged to  sta rt th ink ing  about 
po ten tia l loca tions for stag ing  areas, 
recogn iz ing  that transporting  m ateria l over long 
d is tances can increase costs  substantia lly . 
Further, agencies w ere  encouraged to  
consider w hat p re-process ing  activ ities m ight 
occur at these s ites in  o rder to  fac ilita te  
dow nstream  w aste  d isposa l. E xam ples inc lude 
crush ing , com pacting , packag ing , dew atering , 
and m ix ing  of w aste  s tream s. The one 
precaution  expressed w as that repeated or 
excess ive  hand ling  of poten tia lly  contam inated 
C B R  w aste  increases the  like lihood o f fu rther 

re leases of harm fu l agents and a lso  ra ises 
occupationa l exposure  concerns (see be low ). 
Thus, som e pre-process ing  activ ities m ight be 
m ore appropria te to im p lem ent a t the w aste 
genera tion  s ite , a t the landfill fac ilities , or in  the  
landfill ce lls .  
 Transportation. P rev ious experience 

from  C B R  events and exerc ises has 
ind ica ted  that transporting  w aste can 
account fo r a la rge  fraction  o f the 
overa ll costs  of w aste  rem ova l and 
m anagem ent. A gencies tha t w ill 
oversee w aste m anagem ent l w ere 
encouraged to  research  and deve lop  
de ta iled  transporta tion p lans that 
specify  sh ipp ing  procedures fo r a ll 
transportation  m odes (e .g ., ra il, truck, 
and barge)— an  activ ity  tha t shou ld 
occur as part o f p reparedness e ffo rts.  
C lose  coord ina tion  w ith D O T w as a lso  
adv ised. D O T currently  requ ires 
security p lans fo r p rivate  com pan ies 
tha t hand le  and transport sm all 
quantities of se lect agents, but th is  
approach w ill like ly  no t app ly  to  the 
very la rge  quantities of w aste  tha t m ust 
be  transported  afte r a  la rge  C B R  event. 
H ow ever, D O T offic ia ls  w ou ld  like ly  
w ork w ith the agency oversee ing  the  
w aste  response to de term ine m in im um  
requ irem ents for ensuring  that m ateria l 
is  transported  in  a safe  and secure 
m anner.  

 Landfill gas. Landfill gas w as v iew ed by 
som e partic ipants  as be ing  the m ost 
like ly  rou te  by w h ich  C BR  agents can 
be  re leased from  landfills  in  an  
uncontro lled  m anner. The gas issues 
w ere  v iew ed as prob lem atic  no t on ly  
because the  gas can be  d ifficu lt to  
contro l (e .g., due to cracks and seeps 
in  cover m ateria l), but a lso  because 
em iss ions are  d ifficu lt to  m on ito r. A  
poss ib le  so lu tion  to th is issue w as to  
on ly  landfill “ inert” m ateria ls  from  C B R  
events and d ivert a ll b iom ass to 
inc inera tion  fac ilities , particu la rly  for 
w astes tha t a re po ten tia lly  
contam inated  w ith chem ica l and 
b io log ica l agents . A  partic ipant sa id  th is  
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op tion  is  w orth investiga ting , g iven tha t 
w aste  m ateria ls  a re expected  to  be 
h igh ly  segregated upon rem ova l from  
the  event s ite , as d iscussed earlie r in  
th is  report (see S ection  2.9).  

 Liners. S election  o f liner m ateria l 
shou ld  be  based on the  type and 
com position  of w aste that it w ill con ta in , 
and no t en tire ly on  ease o f 
construction . W hile  landfills  w ith  geo-
synthe tic liners  can be constructed  
m ore qu ick ly  than landfills  w ith  natura l 
c lays in  com posite liners , w astes w ith  
h igh  ca lc ium  content w ill degrade geo-
synthe tic c lay liners. The liner m ateria l 
used shou ld  u ltim ate ly o ffe r the 
grea test conta inm ent fo r the  specific  
w astes above it. 

 Monitoring. Long-term  m onito ring  a t 
landfills  tha t rece ive C B R  w astes can 
prov ide  assurance that the  agents 
continue to  be conta ined, w h ich  is like ly  
to  be an  im portan t pub lic  acceptab ility  
issue. Landfills  a lready have m on ito ring  
requ irem ents that extend in to  the  post-
c losure  period . P artic ipants  noted  tha t 
the  ex isting  m on ito ring  requ irem ents 
tha t look fo r ev idence of leakage are 
adequate , bu t questioned w hether gas 
m on ito ring protoco ls  requ ired  under the 
N ew  S ource  P erform ance S tandards 
w ou ld  be  su ffic ien t fo r detecting  landfill 
gas em iss ions. O ne specific  suggestion  
fo r assess ing  a ir em iss ions w as to  
consider m on ito ring for b io -aeroso ls  at 
s ites tha t rece ive b io log ica l agents, as 
is  reported ly  done a t se lected  m ed ica l 
w aste  hand ling  opera tions. A s no ted in  
the  d iscuss ion above fo r rad io log ica l 
agents , consideration  shou ld  a lso  be  
g iven to  m on itoring  s ludge generated  at 
w ater treatm ent fac ilities  tha t hand le  
leachate  from  landfills , especia lly  w hen 
the  s ludge is  used for land app lica tion  
purposes. For C B R  w astes, add itiona l 
crite ria  w ill need to  be  deve loped to 
specify  w h ich  agents shou ld  be  
m easured and w hen long-term  
m onito ring and post-c losure  care  
activ ities  can cease. H ow ever, even in 

cases w here ava ilab le  da ta  m ight 
support a  dec is ion  to cease m on ito ring  
(e .g., con tinued non-detects  over 
m u ltip le  sam pling  periods), pub lic  
concern  about risk m ight lead to 
continued m on ito ring over even longer 
tim e fram es, though poss ib ly  a t 
decreased frequencies .  

 Prescriptive or performance-based 
guidance. P artic ipants d iscussed tw o 
d iffe rent approaches that E P A  cou ld  
fo llow  w hen deve lop ing  gu idance or 
requ irem ents for d isposal o f C B R  
w astes: an  entire ly  prescrip tive  
approach tha t specifies exactly  how  
landfills  m ust be  des igned and 
opera ted or a  perform ance-based 
approach tha t outlines genera l 
perform ance crite ria  and a llow s the  
landfill ow ner to de term ine how  best to  
m eet those crite ria . A rgum ents w ere 
m ade supporting  bo th approaches. 
P rescrip tive approaches w ou ld  have 
the  benefit o f leav ing no  am bigu ity  to  
agencies that m anage C B R  w astes. 

 Occupational exposures. E P A ’s 
inc ident response focus is  on  m anag ing  
w aste  in  a m anner that pro tects  pub lic  
hea lth  and the  env ironm ent. H ow ever, 
occupationa l exposures are  an 
im portant concern for response 
w orkers, w aste  hau lers , and o ther 
ind iv idua ls  w hose jobs cou ld  bring  
them  in to  contact w ith C B R  agents. 
These exposures cou ld  po ten tia lly  
occur w hen rem oving  w aste  from  
inc ident s ites, transporting  w aste, 
decontam inating  equ ipm ent, d isposing  
o f w aste , and during  various o ther 
activ ities  (e .g., insta lla tion  o f gas 
co llection  w e lls). The O ccupationa l 
S afe ty and H ea lth A dm inis tra tion has 
au thority for ensuring  that w orkers a re 
adequate ly  pro tected  from  exposures 
to  harm fu l m ateria ls , and landfills  
a lready im p lem ent m easures to  pro tect 
the ir w orkers from  harm fu l exposures. 
S om e partic ipants no ted tha t E P A ’s 
asbestos N E S H A P  is  an  exam ple  of a 
regu la tion  w ith p rov is ions to ensure 
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tha t w aste rem ova l w orkers and landfill 
opera tors  are  not exposed to unhea lthy 
leve ls  o f harm fu l m ateria ls .  

 Consideration of cost-benefit analyses. 
P artic ipants encouraged E P A  to  
consider the  fu ll range o f costs  and 
benefits  w hen m aking  dec is ions tha t 
a ffect landfill d isposa l op tions. O ne 
exam ple  c ited w as w e igh ing  the  
increased cost o f conducting  m ore  
extens ive  decontam ination  activ ities a t 
the  event s ite  aga inst the decreased 
d isposa l costs that cou ld  resu lt from  
having  less contam inated  m ateria l. A  
partic ipant no ted that cost-benefit 
ana lyses can be  im portan t w hen 
investiga ting  m any other 
recom m endations m entioned 
th roughout the  w orkshop (e.g ., the  
feas ib ility  o f d iverting a ll b iom ass from  
an event to inc inera tion fac ilities).  

 Other issues. P artic ipants  ra ised 
various other issues w hen respond ing 
to  th is  question . F irs t, s lope s tab ility  
issues m ust be  considered in  these 
events, particu la rly  because such 
events w ill resu lt in  rap id filling  o f 
landfill ce lls  and the possib ility  tha t 
som e w aste  m ateria l w ill no t be 
com pacted prio r to  d isposa l. S econd, 
w h ile  som e c losed M SW  landfills  have 
been deve loped in to parks, 
en terta inm ent venues, and for other 
uses, m uch stric ter long-te rm  
institu tiona l contro ls w ill like ly  be  
im p lem ented for landfills  tha t rece ive 
C B R  w astes in  order to  err on  the  s ide 
o f precaution. Th ird, partic ipants  noted  
tha t indem nification  w ill be  an  im portan t 
considera tion  if C B R  w astes are  to  be  
d isposed o f a t p rivate ly -ow ned landfills  
o r at governm ent-ow ned, contractor-
opera ted landfills . Fourth, a partic ipant 
encouraged E P A  to consider 
deve lop ing  priva te sector partnersh ips 
th rough the U .S . D epartm ent o f 
H om eland S ecurity ’s  “S upport A nti-
te rro rism  by Fostering  E ffective 
Techno log ies A ct” (S A F E TY  A ct), 
w h ich  w as des igned to  spur innovation 

and create  new  techno log ies perta in ing  
to  hom eland security. O pportun ities 
m ay ex is t to  have the  priva te  sector 
investiga te  specific  technica l issues 
tha t w ou ld  he lp  agencies in  the 
preparedness activ ities  fo r s iting, 
des ign ing , and opera ting landfills  and 
s tag ing  fac ilities . F ina lly , under the  
C om prehensive E nvironm enta l 
R esponse, C om pensation  and L iab ility  
A ct (C E R C LA ), E P A  has a lready 
deve loped specific  criteria  for ons ite 
d isposa l o f hazardous w aste . A  
partic ipant encouraged EP A  to  
consider those criteria  w hen deve lop ing  
des ign  specifica tions for landfills  tha t 
w ill rece ive  C B R  w aste . 

3.4 Final Comments 
 The w orkshop concluded w ith  every 

partic ipant sharing fina l com m ents. 
S om e com m ents em phasized po in ts  
ra ised earlie r in  the  w orkshop; those 
issues are no t d iscussed here, because 
they are  a lready docum ented in  other 
sections of th is  report. Th is  section  
sum m arizes the fina l com m ents that 
ra ised new  issues or new  ins igh ts  on 
top ics ra ised during the earlie r 
w orkshop d iscuss ions:  

 S evera l com m ents underscored the  
im portance of advanced p lann ing  and 
preparedness. M any techn ica l and 
eng ineering  ana lyses to  in fo rm  landfill 
des ign  and construction  can occur prio r 
to  events, even if the actua l landfill s ite  
is  no t know n. D eve lop ing  p lans for 
construction , operation , and c losure 
shou ld  be  done in  advance so  that 
response effo rts  can begin  im m edia te ly 
fo llow ing  a  C B R  event; and peer rev iew  
o f these p lans by s tate  agencies and 
o ther s takeho lders w as encouraged. 
H aving  an  agreed-upon landfill des ign  
fo r C B R  w astes (or poss ib ly  m u ltip le  
approved designs tha t s ta tes can 
choose from ) w ill he lp  fac ilita te  w aste 
response activ ities fo llow ing  fu ture  
events.  
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 S ta te  and loca l agencies w ill p lay 
critica l ro les w hen respond ing  to  C B R  
events. These entities shou ld  be  
encouraged to  m ove forw ard  in  
coord ina tion  w ith E P A  to p lan  for fu ture  
events, w hether th rough w orkshops, 
fie ld  exerc ises, or other p lann ing  
activ ities . E ngag ing  re levant priva te  
sector en tities  w as a lso  encouraged.  

 E xerc ises tha t s im u la te  w aste  rem ova l 
and d isposa l fo llow ing  CB R  events w ill 
enhance preparedness. W hile  resource  
constra ints  m ay not a llow  fo r add itiona l 
exerc ises to  the sca le  of L iberty  R adE x, 
sm alle r exerc ises that focus specifica lly  
on  w aste m anagem ent can be  
deve loped and im p lem ented in  d ifferen t 
s ta tes.  

 M any integrated  com ponents m ake up 
the  overa ll w aste rem oval and 
m anagem ent response, and p lann ing  
e fforts need to  consider these 
re la tionsh ips. A s an exam ple , w hen 
d isposa l fac ilities  cannot be  
constructed in  a  tim e ly m anner, s tag ing 
areas and pre-trea tm ent o f w astes 
becom es increas ing ly  im portant. These 
and o ther in teractions shou ld  be  
considered in  fu ture  p lann ing  e fforts.  

 E xtens ive  w aste  segregation  during  the 
response effo rt ra ises m any op tions for 
m anag ing  the  w aste . For exam ple, the  
ind iv idua l w aste  s tream s can continue 
to  be hand led  separa te ly, m ixed w ith 
certa in  other w aste  stream s, o r 
poss ib ly  even co-d isposed o f w ith  
M S W . A n issue rev is ited  during  the 
fina l com m ents w as w hether b iom ass 
shou ld  be  m anaged separa te from  
“ inert” w astes, and poss ib ly  even 
inc inera ted  instead of d isposed to avo id  
excess ive  fo rm ation  o f landfill gas and 
the  techn ica l cha llenges tha t 
accom pany it (e .g ., concerns about 
em iss ions from  seeps and cracks and 
drilling  gas co llection  w e lls  in to  w astes 
tha t  m igh t conta in  C B R  agents).  

 In  events w ith  w idespread 
contam ination , w aste  m in im iza tion  w ill 
be  an  im portan t issue. The agencies 
respond ing  w ill need to be  prepared to  
m ake sc ience-based decis ions 
regard ing  w h ich  m ateria ls  a re 
contam inated  versus w h ich  m ateria ls  
a re  “c lean,” and the  w astes shou ld  be 
hand led  appropriate ly .  

 O ne specific  recom m ended activ ity w as 
to  estab lish  a  rea lis tic  tim e line  for 
s iting , constructing , and opera ting  new  
landfill ce lls . Th is  tim e line  cou ld  be 
used to identify “bo ttlenecks ” in  the  
overa ll w aste m anagem ent response, 
such that those can be  addressed in 
advance. The tim e line  w ou ld  a lso  
in fo rm  m any other dec is ions, such as 
the  need for, and requ ired  capacity o f, 
tem porary w aste stag ing  areas. Th is 
ana lys is  cou ld  a lso  he lp  p lanners 
op tim ize  the  overa ll w aste  response 
and determ ine how  C B R  w astes can be  
hand led  in  the qu ickest and m ost cost-
e ffective  m anner, w h ile  avo id ing  
excess ive  hand ling  of the  m ateria l.   

 A nother p lann ing  activ ity suggested  
w as to deve lop  rough estim ates o f 
landfill ce ll s izes tha t m igh t be needed 
fo r d isposing  o f d iffe rent quantities of 
w aste . W hile  partic ipants had 
prev ious ly  expressed concern  about 
constructing  la rge  landfill fac ilities  
during  a  s ing le  construction  season, 
s taged construction can he lp  a llev ia te  
th is  concern . For la rger events , sm all 
landfill ce lls  can be  constructed and 
beg in  to  rece ive  w aste  w h ile  add itiona l 
ce lls  a re  be ing constructed .  

 A dd itiona l research and m ode ling  on  
the  fa te and transport of various 
chem ica l, b io log ica l, and rad io log ica l 
agents w ill a llow  regu la tors  to  m ake 
sc ience-based decis ions regard ing  
des ign , opera tion , and m on ito ring  o f 
landfills .  
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 P ub lic  ou treach and pub lic  acceptance 
w ill be  im portant com ponents of the  
response effo rt. K eep ing  the pub lic  
educated and in form ed of the  c leanup 
opera tions and d isposa l p rocesses can 
he lp  ensure c itizens tha t the  w aste  is  
be ing  hand led  in  a  m anner tha t does 
no t adverse ly  affect hum an hea lth  or 
the  env ironm ent.  
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Hassan.jacob@epa.gov 
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Charles Hochman 
U.S. Department of Transportation 
charles.hochman@dot.gov 
 
Nicholas Icks  
U.S. Environmental Protection Agency 
Icks.nicholas@epa.gov 
 
Mario E. Ierardi 
Homeland Security Team Leader 
Waste Characterization 
Materials Recovery and Waste  
Management 
U.S. Environmental Protection Agency 
1200 Pennsylvania Ave, NW 
Washington, DC 20460 
703-308-8894 
ierardi.mario@epa.gov 
 
Alice Jacobsohn 
Director, Education / Director, 
Healthcare Waste Institute 
National Solid Wastes Management  
Association 
4301 Connecticut Avenue, NW - Suite 
300 
Washington, DC 20008 
202-364-3724 
alicej@envasns.org 
 
Nancy Jones 
On-Scene Coordinator 
Prevention &Response Branch 
Superfund Division 
U.S. Environmental Protection Agency 
(Region 6) 
1445 Ross Avenue 
Dallas, TX 75202 
214-665-8041 
jones.nancy@epa.gov 
 
Jonathan Kang 
Office of Disposal Operations 
Office of Environmental Management 
U.S. Department of Energy 
301-903-7178 
Jonathan.kang@em.doe.gov 
 
 
 
 
 
 
 
 
 

Melissa Kaps 
Materials Recovery and Waste 
Management Division 
Office of Resource  
Conservation and Recovery 
U.S. Environmental Protection Agency 
1200 Pennsylvania Avenue, NW (5304P) 
Washington, DC 20460 
703-308-6787  
Kaps.melissa@epa.gov 
 
Fran Kremer  
Senior Science Advisor 
Office of Research & Development 
U.S. Environmental Protection Agency 
26 W. Martin Luther King Drive 
Cincinnati, OH 45268 
513-569-7346 
kremer.fran@epa.gov 
 
Paul Kudarauskas 
Environmental Scientist 
National Decontamination Team 
Office of Emergency Management 
U.S. Environmental Protection Agency 
1200 Pennsylvania Avenue, NW (5104-A) 
Washington, DC 20460 
202-564-2415 
kudarauskas.paul@epa.gov 
 
*Paul Lemieux 
Acting Associate Director 
DCMD/NHSRC 
U.S. Environmental Protection Agency 
109 TW Alexander Drive E343-06 
RTP, NC 27711 
919-541-0962 
lemieux.paul@epa.gov 
 
*James F. Michael 
Chief 
Waste Characterization Branch 
Materials Recovery and Waste 
Management Division (5304P) 
U.S. Environmental Protection Agency 
1200 Pennsylvania, NW 
Washington, DC  20460 
703-308-8610 
michael.james@epa.gov 
 
 
 
 
 
 
 

Lori P. Miller 
Senior Staff Officer 
National Center for Animal Health 
Emergency Management 
Veterinary Services 
U.S. Department of Agriculture-APHIS 
4700 River Road - Unit 41 - Room 5D-
03.3 
Riverdale, MD 20737 
301-734-4917 
lori.p.miller@aphis.usda.gov 
 
Cayce Parrish 
Senior Advisor 
Administrators Office 
Office of Homeland Security 
U.S. Environmental Protection Agency 
1200 Pennsylvania Avenue 
Washington DC, DC 20460 
202-564-4648 
parish.cayce@epa.gov 
 
*Robert J. Phaneuf 
Acting Assistant Division Director 
Materials Management 
NYS Department of  
Environmental Conservation 
625 Broadway 
Albany, New York 12233-7250 
518-402-8652 
rjphaneu@gw.dec.state.ny.us 
 
Stacie Pratt 
Program Advisor 
Land and Chemicals Division 
U.S. Environmental Protection Agency 
1650 Arch Street 
Philadelphia, PA 19103 
215-814-5173 
pratt.stacie@epa.gov 
 
Dale Rector 
TDEC-DOE-Oversight Division 
761 Emory Valley Rd 
Oak Ridge, TN 37830 
dale.rector@tn.gov 
 
Edward Repa 
Director, Environmental Programs 
NSWMA 
4301 Connecticut Avenue, NW - Suite 
300 
Washington, DC 20008 
202-364-3773 
erepa@envasns.org 
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*Juan Reyes 
Deputy Associate Administrator 
Office of Homeland Security 
1200 Pennsylvania Avenue, NW 
Washington, DC 20460 
202- 564-6978 
reyes.juan@epa.gov 
 
Tim Rice  
Environmental Quality 
Materials Management 
NYS Department of  
Environmental Conservation 
625 Broadway 
Albany, NY 12233 
tbrice@gw.dec.state.ny.us 
 
Deirdre Rothery  
U.S. Environmental Protection Agency 
(Region 8) 
1595 Wynkoop Street (8EPR-SA) 
Denver, CO 80202 
303-312-6431   
rothery.deirdre@epa.gov  
 
Paul Ruesch  
Emergency Response Branch 
U.S. Environmental Protection Agency 
77 West Jackson Boulevard (SE-5J) 
Chicago, IL 60604 
312-886-7898 
ruesch.paul@epa.gov 
 
 
 
 
 

Daniel Schultheisz 
Environmental Engineer 
Office of Radiation and Indoor Air 
U.S. Environmental Protection Agency 
1200 Pennsylvania Avenue, NW (6608J) 
Washington, DC 20460 
202-343-9349 
Schultheisz.daniel@epa.gov 
 
Bill Steuteville 
Homeland Security Coordinator 
U.S. Environmental Protection Agency 
(Region 3) 
1650 Arch Street (3HS30) 
Philadelphia, PA 19103 
215-814-3264 
steuteville.william@epa.gov 
 
*Susan Thorneloe 
Senior Environmental Engineer 
Atmospheric Protection Branch 
Air Pollution Prevention and Control 
Division/NRMRL 
U.S. Environmental Protection Agency 
109 TW Alexander Drive (E305-02) 
Research Triangle Park, NC  27711 
919-541-2709 
Thorneloe.Susan@epa.gov 
 
Thabet Tolaymat  
Environmental Engineer 
Waste Management 
Land Remediation Pollution Control 
5995 Center Hill Avenue 
Cincinnati, OH 45224 
513-487-2860 
tolaymat.thabet@epa.gov 

Jenia Tufts  
Student Grantee 
ORD/DCMD/NHSRC 
U.S. Environmental Protection Agency 
Research Triangle Park, NC 27511 
919-541-0371 
jtufts@epa.gov 
 
Chris Wagner 
U.S. Environmental Protection Agency 
c/o VA DEQ 
629 E. Main Street 
Richmond, VA 23219 
804-337-3049 
wagner.christine@epa.gov 
 
Alan G. Woodard  
Environmental Program Specialist 
Environmental Quality 
Materials Management 
NYS Department of  
Environmental Conservation 
625 Broadway 
Albany, NY 12233 
518-402-8678 
agwoodar@gw.dec.state.ny.us 
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United States 
Environmental Protection Agency 
Decontamination and Consequence Management Division 

 

Workshop on Chemical-Biological-Radiological (CBR) 
Disposal in Landfills   
 

Embassy Suites at Chevy Chase Pavilion 
Washington, DC  
June 14–15, 2011 
 

Agenda 
 
TUESDAY, JUNE 14, 2011 
 
7:30 am  Registration/Check-in 
 
8:30 am Welcome and Opening Remarks ................................................................................................. ERG 
 
 
 PART 1: CONTEXT OF THE PROBLEM 
 
8:40 am Context of the Problem and Workshop Goals ............................................... Juan Reyes (EPA/OHS) 
 
9:00 am Structure of the Meeting ............................................................................ Paul Lemieux (EPA/ORD) 
 
 
 PART 2: WHAT DO WE KNOW NOW? 
 
9:30 am Existing Requirements and Capabilities for Subtitle C & Subtitle D Landfills  
 and for Landfilling Low Activity Radiological Waste ................................ Craig Dufficy (EPA/ORCR) 
 
10:15 am BREAK 
 
10:30 am Landfill Gas Control ............................................................................... Susan Thorneloe (EPA/ORD) 
 
11:15 am CBR Landfill Disposal Issues - A NYSDEC Perspective ............................... Robert Phaneuf (NYSDEC) 
 
12:00 pm LUNCH (on your own) 
 
1:30 pm Persistence of CB Agents in Landfill Leachate ............................... Wendy Davis-Hoover (EPA/ORD) 
 
2:15 pm Fate and Transport of CB Agents in a Landfill.............................. Mort Barlaz (NC State University) 
 
3:00 pm BREAK 
 
3:15 pm Destruction of Spores in Landfill Gas Flares .............................................. Paul Lemieux (EPA/ORD) 
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4:00 pm Waste Streams Generated from CBR Events ............................................ Bill Steuteville (EPA/OHS) 
 
4:15 pm Q&A Panel 
 
4:30 pm ADJOURN 
 
WEDNESDAY, JUNE 15, 2011 
 
8:30 am Goals and Structure for Day 2 ..................................................................................................... ERG 
 
9:00 am Disposal of Radiological Wastes in Landfills ................................................... David Allard (PA DEP) 
  
 
PART 3: HOW CAN WE USE WHAT WE KNOW? 
 
9:45 am Panel Discussion  
 
10:30 BREAK 
 
10:45 am Panel Discussion (Continued) 
 
12:00 pm LUNCH (on your own) 
 
1:00 pm Synthesis of Panel Discussion ............................................................................................. EPA/ERG 
 
2:00 pm BREAK 
 
3:00 pm ADJOURN 
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Workshop on Chemical-B iological-Radiological (CBR) Disposal in 
Landfills 

Seed Questions for Panel Discussion on Day #2 
 
 
The focus of the  w orkshop is  to identify  techn ica l issues to  be considered w hen landfilling  w aste  
resu lting  from  c leanups from  chem ica l/b io log ica l/rad io log ica l (C B R ) events.  A lthough it m igh t 
be  poss ib le  to use an  ex is ting  landfill o r re-open a c losed landfill to  support the response fo r the 
C B R  event, th is w orkshop is  focus ing  on w hat crite ria  w ou ld  be  used fo r construction  of new  
landfill capacity  to  support the response fo r the C B R  event. 
 
H ere  are a  few  questions to th ink about be fore  the w orkshop that m igh t be  used to in itia te  a 
p roductive pane l d iscussion  on  D ay 2. 
 
 B ased on pro jections o f the  d ifferen t types of w aste  that m igh t be  genera ted  as a resu lt 

o f the  response, are  there  any considera tions that m igh t be  w aste-specific  tha t cou ld  
a ffect the  land d isposa l techno logy se lection? 

 
 W hat considerations m ight be needed to  address w astes genera ted during pre-trea tm ent 

activ ities  tha t generate  res idues that w ill eventua lly  be  landfilled  (e.g ., inc inera tion , 
au toc lav ing , so lid ifica tion , v itrifica tion, etc .)?  

 
 W hat specia l des ign , construction , o r operationa l requ irem ents m ight be  appropria te for 

d iffe rent types o f contam inating  agents? 
 
 W hat types of rou tine  and long-term  m onito ring m ight be  appropriate  fo r d iffe rent types 

o f w astes and for d ifferen t contam inating  agents?   
 
 Th ink ing  ou ts ide  the  box, w hat type o f des ign  and opera tiona l crite ria /considera tions 

cou ld  be  identified now  to  exped ite the dec is ion-m aking  fo r construction  o f a landfill 
under an em ergency C B R  scenario? 
 

 W hat e lse  can be  done as part of the  entire spectrum  of the  w aste  m anagem ent p rocess 
(e .g., segregation , reuse/recyc ling , vo lum e reduction , treatm ent, sto rage, or d isposa l) 
tha t cou ld  add to the capacity  to  opera tiona lly  recover from  a C B R  inc ident?   
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Workshop Presentation Files 
 

Speaker Title of Presentation 
Juan R eyes C ontext o f the P rob lem  and W orkshop G oa ls 

C ra ig  D ufficy E x is ting  R equ irem ents and C apab ilities  fo r S ubtitle  C  and S ubtitle  D  
Landfills  and for Landfilling  Low  A ctiv ity  R ad io log ica l W aste 

S usan Thorne loe Landfill G as C ontro l 
R obert P haneuf C B R  Landfill D isposa l Issues — A  N Y S D E C  P erspective 
W endy D avis-H oover P ers is tence o f C B  A gents in  Landfill Leachate 
M ort B arlaz Fate  and T ransport o f C B  A gents in  a  Landfill 
P au l Lem ieux D estruction  o f S pores in  Landfill G as F lares 
D avid  A lla rd  D isposa l o f R ad io log ica l W astes in  Landfills  
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U.S. Environmental Protection AgencyU.S. Environmental Protection Agency

CBR Disposal CBR Disposal 
Context of the Problem and Goals of the Context of the Problem and Goals of the 

WorkshopWorkshop

Juan Reyes
Deputy Associate Administrator

U.S. EPA Office of Homeland Security
June 14, 2011

BackgroundBackground

 EPA tasked with the responsibility for supporting 
state and local decontamination actions following a 
C kCBR attack
 Statutory  /  Regulatory  / Presidential Directives

 Decontamination actions include waste 
management   

 Waste Disposal Capacity is significant 
preparedness gaps for CBR threat agents

2
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BackgroundBackground

 Volume of waste from a CBR incident depends on a 
number of factors

 EPA has conducted a number of workshops, 
exercises , investigation to examine the waste  
issue 

 Wide Area Anthrax attack – waste estimates
 20 million gallons of liquid waste
 12 million tons of solid waste

 RDD Attack – waste estimates
 Up to 40 million tons

3

Barriers to DisposalBarriers to Disposal

 EPA workgroup to examine the potential barriers 
to disposal

k bli h d i f EPA workgroup established categories of waste 
defined by the level of contamination

Category Definition of Waste

I Uncontaminated Waste (Solid Waste)

II Verified Decontaminated/Treated Waste

4

II Verified Decontaminated/Treated Waste

III Not Verified Decontaminated/Treated Waste

IV Contaminated Waste

V Decontamination Effluent/By-Products

VI Problematic Waste
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Barriers to DisposalBarriers to Disposal

 Regulatory/Statutory 
 Process-laden and/or unclear regulatory or statutory 

authority for disposing of CBR threat agent derived wasteauthority for disposing of CBR threat agent derived waste

 Policy/Guidance 
 Missing or insufficient national policy or guidance 

regarding disposal of CBR threat agent derived waste

 Technical/Scientific 
 Gaps in technical or scientific understanding regarding 

disposal options for CBR threat agent derived waste

5

Barriers to DisposalBarriers to Disposal

 Socio-political
 Community-oriented or stakeholder concerns related to 

risk associated with disposal of CBR threat agent derived 
wastewaste. 

 Capacity/Capability
 Lack of capacity/capability at treatment/disposal 

facilities to treat/dispose of CBR threat agent derived 
waste and a lack of laboratory capacity to effectively 
characterize the waste.

6
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Disposal WorkshopsDisposal Workshops

 EPA conducted a series of disposal workshops 

 Wide Area Anthrax Attack  Seattle, WA  (October 2009)

 RDD Waste Workshop in Philadelphia, PA  (November 2009)

 Wide Area Anthrax Attack  Columbus OH (September 2010)

 Workshop design
 3 separate groups

 Local (Owner/operators)
 State Agencies
 Federal Department / Agencies

 Discussions based on issues raised prior to workshops by 
participants

7

Disposal WorkshopsDisposal Workshops

 Each of the 3 groups identified issues / 
recommended priority actions

 Issue Areas
 Regulatory issues
 Major Impediments
 Research Issues
 State and Local PreparednessState a d oca epa ed ess

 Key Findings
 Large volumes + scientific uncertainty +public perceptions = Trouble

8
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Goal of Today’s MeetingGoal of Today’s Meeting
 Existing facilities may be inadequate / unavailable in a large 

scale event

 Workshop recommendations to develop an incident-specific p p p
state or Federal facility 

 No policy decision at this time

 Critical to examine technical, scientific and policy 
requirements to be able to:
 Site / construct / operate / eventually close landfills Site / construct  / operate  / eventually close landfills

 The goal of this workshop is to identify the 
technical and scientific requirements so that the 
policy discussions are based on the best 
available science  

9
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Resource Conservation andResource Conservation and 
Recovery Act (RCRA)

Overview for the Workshop on Chemical-
Biological-Radiological Disposal in 

landfills
Craig Dufficy

Office of Resource Conservation and 
Recovery

June 14-15, 2011

RCRA

• BackgroundBackground
• Roles and Responsibilities

• Subtitle C - Hazardous Waste
– Waste Identification,Waste Standards, RCRA

2

• Subtitle D - Solid Waste
– Municipal Waste, Non-hazardous Industrial Waste
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RCRA - Background

• AuthorityAuthority
– RCRA 1976 - enacted to address huge volumes of municipal and 

industrial solid waste generated nationwide.  Basic framework for 
regulating waste generators, waste transporters and waste 
management facilities

– Subtitle C - ensures that hazardous waste is managed safely from 
generation to final disposal - “cradle to grave” - and encourages

3

generation to final disposal cradle to grave  and encourages 
minimization and elimination of hazardous waste

– Subtitle D - encourages environmentally sound solid waste 
management practices that maximize the reuse of recoverable 
material and resource recovery

Background (cont)

• Amended Significantly in 1984 Hazardous and Solid Waste g y
Amendments (HSWA)

– Lacked confidence in EPA’s ability to develop effective program
– HSWA extremely detailed & comprehensive: established a 

prescriptive set of over 70 statutory requirements
– Added Corrective Action and Land Disposal Restrictions as key 

program features

4

program features
– Tightly controlling and paper-intensive program
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Roles and Responsibilities

• Headquarters - Works in partnership with states tribesHeadquarters Works in partnership with states, tribes, 
regulated community, and environmental community.
– Defines hazardous waste/promulgates and reforms management 

requirements
– Provides national direction to Corrective Action and other 

hazardous waste program implementation
– Provides risk assessments for waste rules

5

– Develops hazardous waste minimization and recycling strategies
– Issues guidances on non-hazardous industrial waste
– Provides national leadership for municipal source reduction and 

recycling; establishes minimum national MSW landfill criteria
– Defines national data needs and develops and implements national 

data management program

Roles and Responsibilities (cont)

• StatesStates
– Primary implementers of much of RCRA program

• 47 of 50 states, Guam and the District of Columbia authorized to 
administer the hazardous waste base program

• 38 states and Guam have Corrective Action (RCRA cleanup) 
authority

• 50 state municipal solid waste landfill programs
– Administer and enforce hazardous waste programs where

6

Administer and enforce hazardous waste programs where 
authorized

– Administer  municipal solid waste program, including approval for 
permitting Municipal Solid Waste landfills
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Roles and Responsibilities (cont)

• TribesTribes
– Use OSW and regional grants to develop capability on solid and 

hazardous waste, especially closure of open dumps 

• Regions
– Authorize/approve state partners to run waste programs
– Manage hazardous waste program (including Corrective Action) in 

7

states not authorized
– Provide technical assistance and oversight to states and tribes for 

hazardous waste and solid waste issues
– Workload sharing with states - particularly for certain expertise 

(e.g., combustion risk assessment)

Subtitle C: Hazardous Waste - Scope

• Universe:Universe:
– 20,000 generating facilities (1 ton or more); 41 million tons 

hazardous waste annually (excluding wastewaters)
– Approx. 3,500 industrial facilities w/ Corrective Action 

obligations.  Cleanup similar to Superfund via Corrective Action 
Program 

– Over 2,750 active facilities including combustion facilities, 
operating treatment storage and disposal facilities (TSDFs) and

8

operating treatment, storage, and disposal facilities (TSDFs) and 
post-closure facilities from point of generation through 
transportation, storage, treatment and final disposal
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Subtitle C:  Waste Identification

• Wastes identified as hazardous (and subject to regulation)Wastes identified as hazardous (and subject to regulation) 
when they are “listed” or meet“characteristic”criteria -
ignitable, reactive, corrosive, toxic - of 41M tons - 23% 
listed; 54% characteristic; 23% both 

• Listings 
– Major consent decree obligation

9

j g
– Significant resource burden but will scale down as milestones 

completed

• HW Recycling
– Work with industry on hazardous waste recycling opportunities

Subtitle C: Waste Standards

• Treatment Standards/Land Disposal RestrictionsTreatment Standards/Land Disposal Restrictions
– Provides extra level of protection to ensure that land disposal of hazardous 

wastes is safe (e.g., mercury doesn’t respond to traditional treatment 
processes - working with ORD, DOE on new treatment methods, associated 
with Agency mercury strategy)

– No facilities currently permitted to treat dioxins

• Combustion Strategy
– MACT emission standards for HW burning boilers & furnaces

10

MACT emission standards for HW burning boilers & furnaces  
– MACT emission standards for HW burning incinerators, cement kilns (per 

Court)

• Waste Minimization
– Voluntary programs to encourage reduction of HW - especially worst 

chemicals
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Subtitle C: Design Standards

• In general, geomembrane over a composite liner must be ge e a , geo e b a e ove a co pos te e ust be
used to prevent a threat to surface or groundwater.

• Leachate collection system installed directly above the 
geomembrane liner (no more than 30 cm on the 
geomembrane); leak detection system between 
geomembrane and composite.

• Segregation of incompatible constituents of hazardous 
t i l di ti f lid t f li id

11

wastes, including separation of solid wastes from liquid 
wastes.

• Groundwater monitoring wells placed at both upgradient 
and down gradient of facility.  

Subtitle C: Design Standards

12

CrossCross--Section of a Hazardous Waste Landfill SystemSection of a Hazardous Waste Landfill System
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Subtitle C: 

13Illustration of a Hazardous Waste Landfill Facility

Subtitle D: Solid Waste

• 1980 - Elimination of solid waste as focus shifted to hazardous waste; ;
1989 - Garbage barge & landfill capacity crisis forced EPA to again 
address solid waste

• Resources for Subtitle D programs are highly leveraged yet yield 
strong, positive responses from our stakeholders

• Universe:
– Municipal Solid Waste (MSW) - 230 million tons of generated annually 

from residences commercial establishments institutions and industrial

14

from residences, commercial establishments, institutions and industrial 
non-process operations

– Industrial Non-hazardous Waste - More than 70,000 sites; 8 billion tons 
per year - most from 6 industries: pulp & paper; iron & steel; electric 
power; inorganic chemicals; stone/glass/clay/concrete; and food

– Special Wastes - Cement Kilns - 3 million metric tons; Mining and 
Mineral Processing - 3.4 billion
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Subtitle D: Solid Waste (cont)

• Municipal Solid Waste (MSW)Municipal Solid Waste (MSW)
– National leader for MSW recycling and source reduction programs 

• WasteWise - 1,100 partners(businesses, state & local governments 
and tribes);  growth is maintained by leveraging Climate Change 
resources - availability  uncertain from year to year

• Pay-as-You-Throw -economic incentives that residents pay based on 
the quantity of trash they throw away;  since 1994, from 200 to 6000 

15

communities using PAYT

– Tribal - Support to close open dumps - interagency effort with                  
BIA, IHS, Transportation, Agriculture, etc.

Subtitle D: Solid Waste (cont)

• Industrial Wastes
– Improve management of all non-hazardous industrial solid wastes; 

finalizing industrial D guidance

• Special Wastes

16

Special Wastes
– Addressing statutory “Bevill” exclusion for specified waste streams
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Subtitle D: Solid Waste (cont)

• Designed to ensure that specific concentration values will not be 
exceeded in the uppermost aquifer at the relevant point of 
compliance as determined by the Director of an approved State or

• Designed with a composite liner- flexible membrane over at least 2 
feet of compacted soil with a hydraulic conductivity no more than

17

feet of compacted soil with a hydraulic conductivity no more than 
2 X 10-7 cm/sec

Typical design used by states

18
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Bottom Liners

• Used to protect groundwater from Leachate• Used to protect groundwater from Leachate

• Three types of liners:
– Single
– Double

19

Double
– Composite (Synthetic Geomembrane liner/Clay 

or low permeability soil)

Single Liner

20
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Double Liner

21

Composite Liner

Comprised of two dissimilar materials 
usually a synthetic geomembrane placed 
directly on top of a clay/ low permeability
soil.

22
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Subtitle D-Landfill Covers

• The final cover serves to limit the inflow of• The final cover serves to limit the inflow of 
water into the fill from outside sources 
(precipitation)

• And to reduce the expense of long term care 
and to reduce adverse environmental inpacts 
while

23

while
• Promoting productive use of the closed 

landfill. 

Components of a Cover System

24
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Landfill Cover – Single Barrier

Cover soil

Geosynthetic 

drainage

Geosynthetic Clay 

25

Geosynthetic Clay 

Liner

Gas collection

Geotextile

Waste

Landfill Cover – Composite Barrier

Cover soil

Geosynthetic drainage

Geomembrane

Geosynthetic Clay 

i
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Liner

Gas collection

Gas collection

Geotextile

Waste
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Lessons Learned on Debris 
Management

The key elements for pre-event planning are: 

1.   Pre-planning activities 

2.   Ancillary activities-
a. Identify likely debris types and forecast amounts 

b. List applicable federal, state, and local environmental
regulations 

c. Inventory current capacity for debris
management and determine debris

27

management and determine debris
tracking mechanisms 

d. Pre-select temporary debris storage sites 

e. Identify equipment and administrative needs 
(including pre-negotiated contracts) 

Lessons learned on Debris 
Management  (con’t)

3.  Create a debris removal strategy 

4. Harmful materials identification and handling
recommendations 

5. Recycling options

f.   Develop communication plan 

g. Create a disaster debris prevention strategy

28

5. Recycling options 

6. Waste-to-energy options 

7. Disposal options 

8. Open burning options 
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Current Capacity Inventory 

29

Current Capacity Inventory 

30
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Current Capacity Inventory-
Joplin, MO 

31

Current Capacity Inventory 

32
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Current Capacity Inventory 

33

Conclusion

Effective disaster debris management has far wider 

implications in disaster response and recovery than is 

currently recognized. There is real social, economic and 

environmental value in planning for the management of 

34

disaster debris. It is not just a logistical exercise – it is an 

integral part of the disaster recovery process. 
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Questions?

Email:  dufficy.craig@epa.gov

Telephone:  703-308-9037

35
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Landfill Gas Control

Susan Thorneloe
U.S. EPA/Office of Research and Development 

Office of Research and Development
National Risk Management Research Laboratory
Air Pollution Prevention and Control Division

Workshop on CBR Disposal in Landfills 
June 14-15, 2011

Outline
• Health and environmental concerns

• Update on Clean Air Act regulation for 
MSW Landfill air emissions

• Ongoing research to reduce uncertainties 
associated with quantifying landfill gas 
emissions

1

• Conclusions
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Background
• Over 1650 active municipal solid waste (MSW) landfills as well as 

several thousand closed landfills.
• MSW landfill refers to entire disposal facility where waste is placed in MSW landfill refers to entire disposal facility where waste is placed in 

or on land.  Waste landfilled includes
– Household waste
– RCRA Subtitle D waste
– Industrial waste
– Small quantity generator hazardous waste
– Disaster-generated waste and debris
– Special wastes

• Landfill gas is comprised of ~50/50%• Landfill gas is comprised of ~50/50%                                        
methane and CO2 with traces constituents that include GHGs, 
hazardous air pollutants (HAPs), persistent bioaccumulative
toxics (PBTs), H2S, H2, and volatile organic compounds 
(VOC).  

Background (Cont.)

• Once waste is deposited in a landfill, 
emissions are generated for decades.   

• Most immediate concern is for the explosive 
potential of the gas.

• Landfill fires can occur                                  
resulting in combustion                                 
by-product emissions ofby product emissions of                           
concern to human health                                 
and the environment.
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Trends Impacting Landfill Gas (LFG) 
Emissions in the U.S. 

• Most large landfills have gas collection and control
• Expect continued reliance on landfills for waste discardsExpect continued reliance on landfills for waste discards
• Changes in landfill design and operation such 

wet/bioreactor operation.  Could lead to increased 
emissions if there is

• Delay in gas control from onset of liquid additions 
such as adding liquid to work face
U f lt ti t i l t

4

• Use of alternative covers or porous materials to 
promote infiltration

• Incorrect sizing of gas capture and control 
technology, and

• Flooding of gas wells due to leachate build up.

Trends Impacting LFG Emissions in 
the U.S. (Cont.)

• Changes in waste composition due to
– Implementation of recycling & source reduction– Implementation of recycling & source reduction 

programs
– Potential increase in metals due to addition of 

leachate, sewage sludge, treated wood, and 
industrial waste

• Potential increased exposure due to urban sprawl 

5

and wider use of landfills for recreation or 
development 
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Modeling LFG Emissions 

• Use 1st order decomposition rate 
equation to predict emissions over time.

• Released software for developing 
emission estimates - EPA’s Landfill Gas 
Emission Model (LandGEM) (Vsn 3.02)

• Different values are recommended in 
modeling emissions depending upon the 
use of the estimate

• Defaults for model inputs based on

6

• Defaults for model inputs based on 
analysis of gas recovery data

Measuring LFG Emissions 

• For area source emissions including landfills, EPA recommends 
use of optical remote sensing based on EPA OTM10.  

• Because of the complexity of measuring LFG emissions, EPA is 
developing additional guidance for landfill applications of  OTM10.

• Recent field test conducted at three MSW landfills to compare 
fugitive methane loss to header pipe gas.                                
Results in an EPA report 
– will be released within the next few months  
– suggest that gas collection efficiency can                             vary 

7

gg g y y
from 30s to 80s%  

• Current EPA guidance for gas collection                       efficiency 
ranges 60 to 90% with being 75% the average.                                           
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• New Source Performance Standards (NSPS) and Emission 
Guidelines (EG)

MSW Landfill Regulations

Guidelines (EG)
– Large landfills ≥ 2.5 million Mg design capacity 
– Control of landfill gas is triggered by emissions of non-methane organic 

compounds (NMOC), the trace organic compounds in landfill gas
– Emission threshold: 50 Mg NMOC must collect and control or treat LFG
– 30 months to design and install controls
– Must control gas within 5 years for active cells and 2 years for closed or 

inactive cells

• National Emission Standards for Hazardous Air Pollutants
– Requirements similar to NSPS and EG
– Added procedures for start-up and shutdown as well as timely control of 

bioreactors

Landfill Gas Capture and Control
• Area source emissions – with temporal and 

spatial variability.
Eff ti t i i t• Effective gas capture requires maintenance 
and monitoring over time of the cover 
material, gas well field and header pipes, and 
combustion technology.

• When landfill gas is collected and controlled, 
b ti b d t f d

9

combustion by-products are formed.
• Even the best landfill gas capture and control 

systems do not collect all of the gas that is 
generated.  
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Crack Found on Slope of landfill

10

Crack Observed at LFG Well Head

11
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Technology Options

• Open Flare
– Consists of method of regulating gas flow, g g g

pipe for pumping gas and pilot light

• Closed flare
– Considered more efficient than open flare
– Series of burners within fire resistant walls, 

maintains peak temperature through limited 
supply of combustion air

• Achieves at least 98% destruction 
efficiency of NMOC or meets mass 

i i t t ff (20 d b iemission rate cutoff (20 ppmv, dry basis, 
expressed as hexane at  3% O2)

• Often used at landfills with energy 
recovery operations for combustion of 
excess gas and use when equipment is 
off-line

Technology options that 
recover energy from LFG
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Disclaimer
Thi h h b bj A i b• This research has been subject to Agency review but 
does not necessarily reflect the views of the Agency. 
No official endorsement should be inferred. 

14

Clean Air Act regulatory contact:

Questions?

Clean Air Act regulatory contact: 
–Hillary Ward, USEPA/OAR/Office of Air Quality 

Planning and Standards-RTP 
Ward.Hillary@epa.gov

Landfill gas research contact:g
–Susan Thorneloe, USEPA/ORD/NRMRL-RTP
Thorneloe.Susan@epa.gov
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CBR Debris Disposal Landfilling Issues 
A NYS DEC Perspective

US EPA Workshop on Landfill Design for CBR Disposal    
June 14-15, 2011
Washington, DC NYS’s Landfill Status

Liner Performance Overview

Overview of NYS LF Design & Operational 
Requirements

NYS’ A h t L dfill D i
Robert Phaneuf, PE
NYS DEC 
Division of Materials Management
Albany, New York 

Phone: (518) 402-8652
E-mail: rjphaneu@gw.dec.state.ny.us

NYS’s Approach to Landfill Design, 
Construction, Operation and Performance 
Monitoring and how that may be different for 
CBR Debris Disposal
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Location of NYS’s 26

Remaining Site Life at Active MSW Landfills
MSW Landfill

Existing Annual Permit 

Limit (tons/yr)

Existing & Entitled 

Capacity (tons) Site Life > 2008 (Years)

Percent of Total 

Landfill Capacity

Albany 275,100 478,351 1

Sullivan* 226,000 140,130 1

Chautauqua 408,000 2,243,724 2

Allegany 56,680 249,600 4

Franklin 125,000 574,861 7

Ontario 1,200,000 7,349,795 7

Auburn 96 000 761 301 8

0‐10 Years

6

Auburn 96,000 761,301 8

Chemung 120,000 1,243,383 8

Mill Seat 598,650 6,893,846 11

DANC 346,320 3,505,060 12

Allied Niagara 800,000 9,242,609 13

Colonie 170,500 4,004,593 15

Steuben 151,000 2,422,279 15

Chaffee 600,000 6,084,000 17

Hyland 312,000 7,708,367 17

SMI 1,866,000 37,611,560 17

Clinton 175,000 7,644,201 20

Delaware 52,800 508,111 20

Modern 815,000 22,140,000 24

Cortland 44,500 709,513 28

11‐30 Years

49

The Department posts the annual 
reporting data that is collected 
pursuant to the State’s solid waste 
regulations on the Department’s ftp 
site.  The direct link to this annual 
report data is:

ftp://ftp.dec.state.ny.us/dshm/SWMF/

Denotes Self-Sufficient or Limited Service Area MSW Landfills

* The Sullivan Landfill Closed in 2009.

Cortland 44,500 709,513 28

High Acres 1,074,500 44,400,000 41

Chenango 41,550 1,104,009 42

Broome 232,000 10,554,066 50

Bristol Hill 100,000 3,352,607 60

Fulton 134,000 9,450,845 63

OHSWA 312,000 21,388,497 67

Madison 61,000 7,769,992 106 4

31‐50 Years

51‐100 Years

100+ Years

26

16
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Electrical Resistivity Testing
(as part of construction specifications)

• Case 1 - 13 defects/9.85 acres =  1.3 defects/acre (3 defects found at pipe penetration)
Const Cert 30-day ave start-up ALR = 6.4 gpad

• Case 2 - 2 defects/5.52 acres =   0.4 defects/acre Typical LF Cell being built 
in NYS is about 10 12

Select 
Projects        
Since 2004

• Case 3 - 4 defects/6.9 acres =    0.6 defects/acre
Const Cert 30-day ave start-up ALR = 0.48 gpad

• Case 4  - 27 defects/13.35 acres = 2 defects/acre
Const Cert 30-day ave start-up ALR = 5.8 gpad (average for 3 new cells)

• Case 5 - 4 defects/5.05 acres = 0.8 defects/ acre

in NYS is about 10–12 
acres.  If everything goes 
well can typically  be built 
in 1 construction season.

• Case 6 - 109 defects/23.6 acres = 4.6 defects/acre
Const Cert 30-day ave start-up ALR = 6.08 gpad (average for 3 new cells)

• Case 7 - 11 defects/ 7.7 acres = 1.4 defects/acre
Const Cert 30-day ave start-up ALR = 5.06 gpad  

Some Start-up ALRs still suffer slightly from: Excessive Construction Water; Problems 
with Pipe Penetrations; and, Upper & Lower Liner “Edge” Seams. 

Conventional Modern Landfill Concepts
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NYS Modern Landfill Operations - Plus

• Over 37 Active Double Lined Landfills in NYS (some in operation since1987)
No known GW impacts to date from the double-lined part of these Landfills

• Attention to detail during construction = proper containment system performance.

• Attention to Upper Liner Performance Monitoring during operation = proper 
regulatory/permit compliance & containment system performance.

NYS’s regulations require upper liner system performance 
monitoring as a barometer of the LF’s leachate collection 
and removal system’s effectiveness/condition.

A proactive function for ensuring adequate GW protection.  

Req’d max 30-day ave ALR of 20 gpad for the upper liner systemq y gp pp y

Design by 
Function

Prescriptive Liner 
System 
Requirements
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Maintenance of LCRSs to Ensure Acceptable ALRs
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Leachate Management Related 
Problems Experienced at NYS Landfill

• Operational LCRS Problems
– Drainage Layer/GT Clogging

2003 NYS LF 
Survey

– LCRS Pipe & Sump Clogging
– Flow Meter Problems
– LF Side-slope Surface Seeps

• Design Related LCRS Problems
– Inadequate access for maintenance

C fi d ( f )– Confined space (more of a concern)
– Sump Design

Operator Observation: Simple gravity systems worked well. Need 
for flow monitoring, and concern for liner penetrations, and deeper 
landfills caused sump systems to evolve to be the norm.

Groundwater Monitoring Data
Supporting Liner System Effectiveness

• NYSDEC has GW monitoring 
data from 37 separate double-lined 
landfills, some since 1988 or 
longer. These landfills collectively g y
possess GW monitoring data from 
monitoring over 1,000 lined acres 
lined disposal facilities.

• Approximately 65% of the 37 
double-lined landfills (74% of 
MSW LFs) have a pore pressure 
relief systems that are routinely 
monitored for GW qualitymonitored for GW quality. 

• No GW impacts attributed to 
release from the engineered 
barrier system!!!

Do GW Monitoring Systems Work ?  YES
GW impacts are detected from leaking conveyance lines outside 
the liner system and other GW impacts from adjacent operations or 
spills outside the disposal areas.
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2006 - National Academies of 
Engineering Science – Performance of 
Post-RCRA C & D Engineered Barrier 
Systems (EPA, DOE, NRC, & NSF)

Report concludes that while a 
containment system’s individual 
components may fail. However, notes 
th t th ll f f ththat the overall performance of the 
entire containment “system” is robust 
and that engineered systems work.  

Maintenance is and will always be 
necessary to ensure long-term 
performance. 

Should the Minimum Regulatory Standards for a 
CBR Landfill be any different from what we 

require for a typical MSW landfill ??

Application Processes – Community Outreach – EJ Policies
Siting Requirements
Prescriptive Liner Systems - Double-liner Systems
CQA & Construction Certification Approval Prior to Operation
Comprehensive Environmental Monitoring
Waste CharacterizationWaste Characterization 
Operational Controls
Corrective Measures
Closure and Post-Closure Care & Maintenance
Long-term Institutional Controls



Presentation Slides: State Perspectives on CBR Landfill Disposal, Robert Phaneuf 8

Engineering Drawings
Plans and Drawings 
Engineering Drawings – construction plans…
Operational Drawings – fill progression plans – first waste lift…
Landscape Plans – end use, stormwater mgt plans… 

Engineering Report
Detailed Site Description and Analysis – siting waste characterization

Part 360 Landfill Permit 
Application Requirements 

Detailed Site Description and Analysis – siting, waste characterization
Geotechnical Stability Analysis – waste densities and other properties 
Subbase Settlement Assessment Analysis
Seismic Stability Analysis – use latest seismic hazard maps
Leachate Collection and Removal System Design – hydraulic, structural, … 
Leachate Storage Facility Design  
Facility Closure and Post-Closure Design – service life of liner system components

Supporting Documents
PVC geomembranes in  
caps already being pp g

Erosion and Sediment Control Plan
Construction Quality Assurance/Quality Control Plan
Facility Operation and Maintenance Manual
Comprehensive Environmental Monitoring Plan
Contingency Plans
Preliminary Closure Plan

6 NYCRR Part 360-2 Landfills at this web link for the current version of the State’s landfill regulations:  
http://www.dec.ny.gov/regs/2491.html

p y g
replaced – after 20+yrs  

Part 360 Facility Operation & 
Maintenance Manual
(a) LF Disposal Methods
(b) Personnel Req’ts
(c) Machinery & Equip Description
(d) LF Operational Controls
(e) Fill Progression Plans

CBR Issues 

 Are debris staging areas needed? 
 How is CBR debris being transported, 

handled?
 Equipment differences ?
 PPE, Exclusion Zones, DeCon areas for 

equipment & personnel ?(e) Fill Progression Plans
(f) Waste Amounts & Characterization
(g) SW Receiving Process
(h) Cover Mat’l Mgt Plan
(i) EMP
(j) Leachate Mgt Plan
(k) Odor Control Plan
(l) Gas Monitoring Plan

equipment & personnel ?
 DeCon water mgt ?  
 Operational restrictions?
 Leachate generation, storage & treatment 

concerns? 
 Could treatment barriers be pre-designed 

?
 LF gas collection and emission/dust 

control sensitivities?   
 Climate controlled working environment?(m) Inclement Weather Plan

(n) Convenience Station Operation
(o) First Lift Placement
(p) Fire Prevention Plan 

 Climate controlled working environment?
 Added vermin/vector control issues ?
 Security issues ? 
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CQC/CQA Regulatory Refresher

CQC/CQA Plan is an important permit document that provides the skeleton / basis 
for the final Construction Certification Report that establishes that the landfill was 
built in accordance with the Department approved plans.

NYS’s regulations require that the Department approve a final 
Construction Certification Report prior to authorizingConstruction Certification Report prior to authorizing 
operation:   360-1.8(d)(2); 360-1.10(b); and 360-1.11(e).

PCC Period Issues - Concerns for long-term
liner & cover system performance and 
compliance - demands that the regulations 
ensure the best possible quality in construction.

Survey Data on Occurrence of Liner Defects
Nosko (1996)

Preliminary 
Construction Phase 24 %

Final Construction 
Phase

73 %

97% of defects are

(Geomembrane installation)

(Drainage/protective soil placement)

Post-Construction, 
Early Operational 
Phase 2 %

97% of defects are  
construction 
related !

(Waste placement)
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Improved Construction Quality Requirements In the Proposed Regs

Proposed regs will require “Electrical Resistivity Testing” after 
placement of the soil drainage media on both upper & lower liners 
where slopes are 10% or less, will require written findings report as 
part of Construction Certification Report.

“This method is considered by the Geosynthetic Institute (GSI) to be the ultimate diagnostic 

Decrease destructive seam testing frequency to one every 1000’contingent on acceptable 
performance and in areas where slopes are 10 % or less, destructive seam testing may be 
optional if approved by the design engineer via assurance demonstrated in the CQA Plan 
that field seam strength is otherwise being adequately addressed for this area.

Required geomembrane installer certification, enhanced attention to qualifications and the 
numbers of CQA inspection staff needed on-site.

method to assure an environmentally safe and secure geomembrane liner system.”

The Broome County 2002 ERT    (Liner Integrity Survey)

Typical electrode 
that is buried within

ASTM D 6747 – Standard Guide for Selection of 
Techniques for electrical Detection of Potential 
Leak Paths in Geomembranes

ASTM D 7002 – Standard Practice Leak Location 

ERT Survey Lines

that is buried within 
the PLCRS

on Exposed Geomembranes

ASTM D 7007 – Electrical Methods for Locating 
Leaks in Geomembranes Covered with Water or 
Earth Materials 

ERT Survey Lines
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How Well Are New York State’s Double-Lined  
Landfill Designs Working ?

From 2009 Annual Reports
(data on 31 Landfills)

Primary LCRS  Flows: 
Max: 9,249 gpad; Min: 233 gpad;
Mean: 1,281 gpad

Secondary LCRS  Flows: 
Max: 30.63 gpad; Min: 0.40 gpad;
Mean: 5.96 gpad

Upper Liner System Efficiency:
Max: 99.98 %; Min: 95.64 %;
Mean: 99.28 %
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Town of Babylon Ashfill Vertical Expansion
An Innovative Landfill Project

390,000 cy of Airspace & 3 + years of Site Life Gained

Dbl Liner “Leachate Barrier”  Above 
Landfill Final Cover System of old 

Unlined Inactive Haz Waste Landfill
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2001: 56 Buildings in 9 States and 
Washington DC Impacted by Anthrax Letters

Other Impacts:
 Twelve cases of cutaneous (skin) anthrax
 Eleven cases of inhalational  anthrax & 

Slide 
8

eve cases o a at o a a t a &
five deaths

 Testing of
- 125,000 clinical samples
- >1 million environmental samples
- postal facilities in 34 states tested  

 Billions of dollars in restoration costs
 Disposal of tons of contaminated waste

Source: Steven Levy
MISWD, OSW, EPA
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2001 NYC Anthrax Cases – 5 Manhattan Locations

Media offices, postal facilities and residences (not shown)
contaminated directly or through secondary contamination.

2006 Anthrax Incident 
31 Downing Street Set Up

Slide 37
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31 Downing Street Cleaning & Disinfection
Slide 44

Loading Waste on the Truck to Treatment

B-25 Boxes for “Rad” Related 
Material Shipping and 
Disposal
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WTC Debris variety required 
multiple transport options.
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Section 1/9 of the Staten Island Landfill offered a 200 + acre 
relatively flat, secure area for WTC debris (evidence) screening.
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WTC Debris Management Statistics at the Landfill 
(as of 7/29/02 from our files)

Total Man Hours at LF:                                 1,723,228 hours

Total WTC Debris Rec’d at LF:                    1,460,889 tons

Total Steel Recovered From LF:                       190,568 tons

Total amount of WTC deposited at LF:          1,275,171 tons

No. of  WTC Vehicles Processed Out of LF:          1358
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Thanks for Listening

current status

Staten Island Landfill
WTC response area
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Persistence of CB Agents in 
MSW Landfill LeachateMSW Landfill Leachate

Washington DC
June 14 2011

Wendy Davis-Hoover, Ph. D.
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Contaminated Building Debris

Example: 2001 Anthrax Letters
 5 letters mailed
 23 confirmed cases of anthrax

• 11 inhalation, 5 fatal
12 t• 12 cutaneous

 Contaminated 56 buildings in 10 
States and Washington DC

Figure Courtesy of Thea McManus, US EPA
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Hart Senate Office Building 
Cleanup

Solid waste 166 tons
Ft. Detrick

Solid waste 166 tons
(Incineration)

Liquid waste 15000 gallons
Ft. Detrick
(Sterilization)

Steel drums 600
Micro-Med
(Autoclave)

Figure Courtesy of Thea McManus, US EPA
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Landfill Cover Design

Figure Courtesy of Naue Fasertechnik
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Project Purpose

 Can agent contaminated building debris 
be safely stored or detoxified in MSW 
landfill?
• Will agents survive in leachate?

• How long?
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Sampling of Agents
Month Frequency
1-2 Every 7 Days
3-7 Every 14 Days3-7 Every 14 Days
8-12 Every 30 Days

. Sampling will be altered if statistical analysis of the data show       
merit in more or less frequency.
. Sampling is terminated when two consecutive sampling periods         
result in no detects in all replicates.
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Assumptions Made

 Triplicate leachate microcosms will allow us to 
understand the world. 

 3 ml microcosms will mimic anaerobic conditions of 
landfills.

 Incubate at 12 °C with bacteria and also run at body 
temperature (37 °C). 

 Agents will always encounter undiluted leachate before 
lrelease.
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Bacterial Methods
Bacteria Culture Media Incubation 

Temperature
Incubation  Time

Bacillus Polymyxin Lysozyme EDTA 370C 24 hours
anthracis
Spores

Thallous-Acetate

Yersinia pestis Yersinia Selective 280C 48 hours

Francisella 
tularensis

Chocolate 350C 3-5 days

Clostridium 
botulinum

Phenylethanol
Anaerobically

370C 48 hours
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Hypotheses

Bacterial spore formers will survive.
Facultative anaerobic bacteria will 

survive longer than aerobic bacteria.
Viruses will surviveViruses will survive.
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RESULTS
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Bacterial  Weapons Summary
Little Difference  in Results between 12 and 37 °C

Hypothesis Data

Francisella 
tularensis

Persist Die < 20 Days

Yersinia pestis Persist Die < 20 Days

Clostridium Persist Persist >1113 DaysClostridium 
botulinum

Persist Persist >1113 Days

Bacillus anthracis Persist Persist > 1127 Days
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Viruses in Landfills ?
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Chemical AgentsChemical Agents
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Sampling 
of Agents

Month Frequency
1-2 Every 7 Days
3-7 Every 14 Days
8-12 Every 30 Days

. Sampling will be altered if statistical analysis of the data show       
merit in more or less frequency.
. Sampling is terminated when two consecutive sampling periods         
result in no detects in all replicates.
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Chemical Analytical Methods
All extracted by USEPA 3500 series method

Analyte Primary Secondary 

Lewisite (L) ATT-005 (HPLC) USEPA 200.8 (ICP-MS)

Mustard (HD) USEPA 8270D* ATT 101* / ATT-003 **

Sarin (GB) USEPA 8270D* ATT 101* / ATT-001 **

Soman (GD) USEPA 8270D* ATT 101* / ATT-002 **

Tabun (GA) USEPA 8270D* ATT 101* / ATT-006 **

VX USEPA 8270D* ATT 101* / ATT-004 **

*GC-MS     ** GC-FID
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Detection Limits
Name of Chemical Agent Minimum Detection Limit

in MSW Leachate (ppm)in MSW Leachate (ppm)

GA 0.004

GB 0.005

GD 0.005

HD 0 004HD 0.004

L Derivative CVAA 
5.3 ug/mL

VX 0.010
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Hypotheses

Chemicals will mostly dissipate 
before arrival to landfill or 
hydrolyze in landfill except for 
Mustard Gas and VX.
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RESULTS
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Chemical Weapons Summary
Hypothesis Data

Tabun (GA) Not Persist Not Persist <14 Days

Sarin (GB) Moderate 
Persistence

Low but Persist >182 Days

Soman (GD) Moderate 
Persistence

Low but Persist >168 Days

Mustard Gas 
(HD)

Persist Not Persist < 7 Days

Lewisite Not Persist,
Derivative 
Unknown

Derivative Persists >168 Days

VX Persist Persists >182 Days
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Persistence of Lewisite Toxic 
Derivative, Soman and VX
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Persistence of Mustard Gas, Sarin 
and Tabun
Figure 2. Persistance of Mustard Gas, Sarin
 and Tabun in Raw MSW Landfill Leachate
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Thank you.

Questions ?
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Disclaimer
 This research has been subject to Agency review but 

does not necessarily reflect the views of the Agency. No 
official endorsement should be inferredofficial endorsement should be inferred. 
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Fate and Transport of Chemical and 
Biological Agents in Simulated Landfills

Morton A. Morton A. BarlazBarlaz
North Carolina State UniversityNorth Carolina State University

Objectives

• Provide information to inform the 
d l t f l f thdevelopment of plans for the 
management of contaminated debris

• Summarize major findings

– Chemical fate and transport

– Microbial fate and transport
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Volatilization
Sorption/
Desorption water (fw)

Distribution of Organic Contaminants

in Landfills 

• Biodegradation
• Abiotic transformation

Landfill Gas

solid (fs) gas (fa)

Kp

Desorption

Soil Cover

• Abiotic transformation
• Sorption/desorption
• Volatilization

• Effect of chemical 
on:

Landfill Leachate

CLS
LCS

Transformation

(Modified from Kjeldsen and Christensen (2001)

• Kp, Kh,
• K – biodegr
• K – abiotic
• Mass 
trasfer/difusion

on:
• waste 
decomposition 

• microbial ecology
• partitioning

Transformation mechanism

• Importance of transformation products?

• Chemical signature of daughter products

– Chlorinated aliphatics, PFCs
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Approach

•MOCLA – a simple model to capture major 
partitioning and fate of organics in landfills

• Experimental work to evaluate ability to 
parameterize predictive models

• Experimental work to measure microbial 
transport in leachate and landfill gastransport in leachate and landfill gas

– tremendous effort in technique development

MOCLA

•Model assumes equilibrium between the 
solid, liquid and gas phases and calculates 
partitioning 

– Requires parameters to characterize the landfill 
and the contaminant of concern
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Results: Equilibrium Phase Fractions
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Results: Base‐case scenarios
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Findings and Implications
• All CWAs studied are largely associated with the solid 
phase in the landfill due to high log Kow values
– Consider models that account for different solid phasesp

• Significant fate routes are abiotic hydrolysis and gas 
phase advection
– Rapid gas collection and control is essential

• Blister agents (HD, HN‐2, ED, L) and some G‐agents 
(GA and GB) are predicted to be transformed quickly ( ) p q y
(~6 months)
– Understand transformation products

• VX, GD, CS and toxic industrial chemicals are 
predicted to persist in landfills for 5 yr or longer
– Minimize infiltration in perpetuity

• Effect of climate is minimal for chemicals studied
– Slight increase in Fa (advective loss) due to 
increase in gas production rate

Findings and Implications

increase in gas production rate
– No effect on abiotic hydrolysis rate
– Climate not significant if cell is sealed quickly

• Decreasing biotic half‐life to 10 days impacts fate 
only for compounds with long abiotic hydrolysis half‐
lives relative to the simulation periodlives relative to the simulation period

• Knowledge of fate of hydrolysis products is critical
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(De)Sorption of Organic Contaminants in 
Landfill Simulations

• Study 1: Estimating Equilibrium Parameters of• Study 1: Estimating Equilibrium Parameters of 
Organic Contaminants in Landfills

• Study 2: Factors Controlling Alkylbenzenes and 
PCE Desorption from MSW Components

Estimating Equilibrium and Kinetic Parameters 

of Organic Contaminants in Landfills

ococp KfK epCKq 
q =  solid phase concentration 

(µg/kg)

Information needed:

• foc of sorbent

• Koc for sorbate/sorbent pair

Log K = a ∙ log K + b

Ce= equilibrium liquid phase 
concentration (µg/L)

Kp = partition coefficient (L/kg)

Koc = partition coefficient   
normalized to organic   
carbon (L/kg)

One parameter ‐ linear free energy 
relationship (op‐LFER) between Koc

and Kow
(sorbent‐specific)

Log Koc = a ∙ log Kow + b foc =  fraction of organic carbon

Kow = octanol‐water partition 
coefficient   
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organic matter

amorphous region (sorption sites)

Characteristics of Plastics

Glassy  Rubbery   

•more mobile 
• more flexible

• higher cohesive forces
•more condensed

crystalline 
region T (ºC) > Tg

Glassy or “hard” plastics

PVC           PS             PET  HDPE                   Polypropylene (PP)

Rubbery or “soft” 
plastics

Estimating Sorption Equilibrium Parameters for 
Organic Contaminants in Landfills

Objectives

• To establish op-LFERs that relate organic-carbon-
normalized partition coefficients (Koc) and to sorbate 
octanol-water partition coefficients (Kow) for a range of 
MSW components

• To validate op-LFERs estimate of toluene’s Kp in mixed 
solid wastessolid wastes 

ococp KfK 
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Estimating Sorption Equilibrium Parameters

3 0

3.5

4.0

4.5 Soil/Sediments 
(Option 1)
MSW (Option 2)

MSW (data)

Predicted K for toluene
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Log K

Predicted Koc for toluene
(log Kow = 2.69):

Option 1: Koc = 267

Option 2: Koc = 235

Option 1

• soil/sediment sorption studies    
(Schwarzenbach and Westall 1981)

log Koc = 0.72*log Kow + 0.49

Option 2

• a MSW mixture sorption study (Reinhart et al. 
1990)

log Koc = 0.815*log Kow + 0.179 

Log Kow

Estimating Sorption Equilibrium Parameters

3.0

3.5

4.0

4.5
PVC

HDPE

Fresh OP

Fresh NP
Predicted K for toluene
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Fresh RF
Predicted Koc for toluene 

(log Kow = 2.69):

Option 3: 
Koc‐ PVC = 1,940
Koc‐ HDPE = 98
Koc‐ FRF = 65
Koc‐ FNP = 29
Koc‐ FOP = 6

• Individual op‐LFER for  a range of MSW components: rubbery plastics (e.g. HDPE); glassy 
plastics (e.g. PVC); 

• Toluene, o‐xylene, PCE, DCE, malathion, phenanthrene, diethylfumurate

• HDPE:  TCE, benzene, 1,2‐DCA, ethylbenzene, methylene chloride, p‐xylene

Log Kow
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Predicted Toluene Kp
Measured 
Toluene Kp

Organic Matter Composition foc Soil 

op‐LFER

Mixed MSW

op‐LFER

MSW 
Component

op‐LFER

Old Landfill (1960)

• 43.3 % office paper & newsprint

• 56.0 % food & yard wastes

0.418 112 98 20

• 0.7 % plastics

Modern Landfill (2007)

• 22.2 % office paper

• 17.1% newsprint

• 42.1 % food & yard wastes

• 13.0 % rubbery plastics

• 5.6 % glassy plastics

0.474 127 111 68

Solid Wastes Mixture 1

• 75% office paper 
0.412 110 97 8 13

• 20% newsprint

• 5% HDPE jug

Solid Wastes Mixture 2

• 73% office paper 

• 20% newsprint

• 5% HDPE jug

• 2% PS solo cup

0.421 113 99 41 33

OPTION 3: op‐LFER based on MSW model components
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Estimating Sorption Equilibrium Parameters for 
Organic Contaminants in Landfills

Conclusions

• Current models to predict organic contaminant sorption to 
MSW overestimate sorption for older MSW and could 
underestimate sorption for MSW with considerable glassy  
plastics (PET, PS, PVC) content.

• The model developed in this research shows that glassy 
plastics (PET, PS, PVC) are important sinks for organic 
contaminants.

Factors Controlling Alkylbenzene and PCE 
Desorption from MSW Components

Objectives

• Determine desorption rates of model HOCs (toluene, o‐xylene 
d ) f d land PCE) from model organic MSW components:

• high density polyethylene (HDPE), poly(vinyl chloride) 
(PVC), newsprint (NP), office paper (OP), rabbit food (RF) 
as a model food and yard waste

• Examine the effects of (i) sorbent decomposition; (ii) sorbate 
properties; (iii) aging; and (iv) leachate composition onproperties; (iii) aging; and (iv) leachate composition on 
desorption rates of model HOCs. 

Background

• For some materials, equilibrium will be achieved slowly and 
the desorption rate could control leachate concentrations
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Desorption ApparatusDesorption Apparatus

Factors Controlling Alkylbenzenes and PCE Desorption from MSW Components
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lFlow 
meter
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(i.e., infinite sink)
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Magnetic 
Stir Plate

Factors Controlling Alkylbenzene and PCE Desorption 
from MSW Components

Effects of Sorbent Properties
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Comparison of o‐xylene desorption data and one‐compartment 
diffusion model fits as well as predictions of o‐xylene desorption 

rates from PVC and HDPE spheres of different diameters

These data illustrate 
the significance of the 
diffusion length and 
the behavior of a 
glassy (PVC) and 
rubbery (HDPE)rubbery (HDPE) 
polymer.  

Effect of polymer type on sorbed toluene mass
remaining and released per gram of sorbent.

HDPE loses mass faster 
but more toluene is lost 
from PVC because there 
was more mass sorbed 
initially  
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Predicted Kp values describing HD (sulfur 
mustard) sorption to different SBD mixtures by 

various op‐LFERs

Sorbent Closely 
l d

SBD  SBD  SBD 
Related 
Model 
Material

mixture 1 mixture 2 mixture 3

% by weight

Electronics (plastic parts)
Ceiling tiles 
Folders 

White paper  
Mi d ffi

PVC
NP
OP
OP
NP

5.5
12.8
4.2
34.2

16.5
11.3
3.7
30.2

0.5
13.5
4.5
36.0

Mixed office paper
Furniture  

polyurethane foam
formica sheet

medium density fiberboard 
Carpet

Vinyl flooring 

NP
HDPE
NP, PVC
NP

HDPE
PVC, NP

4.2
33.7
1.7
0.3
31.7
4.5
0.8

3.7
29.8
1.5
0.3
28.0
4.0
0.7

4.5
35.5
1.8
0.3
33.4
4.7
0.8

foc 0.395 0.434 0.378

Predicted Kp values describing HD (sulfur 
mustard) sorption to different SBD mixtures by 

various op‐LFERs

Sorbent Mixture 1 Mixture 2 Mixture 3

op‐LFERs Predicted  HD Kp (L/kg)

Soils/Sediments 66 73 63

MSW mixture 55 60 52MSW mixture 55 60 52

Individual MSW 
components

62 173 11
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Predicted fraction of Sarin remaining in a landfill after 
0.5 yr using Kp estimated by three alternatives for 

three SBD mixtures

Kp estimated by op‐LFER for 
individual MSW components 
predicted 38% of sarin would 
remain in a landfill when SBD 
contains 16.5% electronics, 
while Kp estimates from 
Options 1 and 2 predicted 
negligible sarin remaining after  
0.5 yr. Sarin has a short 
hydrolysis half‐life but has some 
hydrophobicity (log Kow = 0.3). 

Conclusions

• HOC desorption rates from plastics were rapid for HDPE (D = 
10‐10cm2 s‐1), a rubbery polymer, and slow for PVC (D = 10‐13‐10 cm s ), a rubbery polymer, and slow for PVC (D  10
10‐14cm2 s‐1), a glassy polymer. 

• For biopolymer composites, a large fraction of sorbed HOCs 
was rapidly released (Dr = 10

‐9 to 10‐10cm2 s‐1) while the 
remaining fraction desorbed slowly (Ds = 10

‐11 to 10‐16cm2 s‐1). 
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Fate and Transport of Phenol in a Packed 
bed Reactor Containing Simulated Solid 

Waste

• Conduct column experiments to measure the fate and 
transport of an organic contaminant (OC) in a simulated solid 
waste mixture

• Compare the results of column experiments to model 
predictions using HYDRUS‐1D (version 4.13)predictions using HYDRUS 1D (version 4.13)

• Determine model input parameters from independently 
conducted batch experiments 

Model Contaminant and MSW

• Phenol   
• model organic contaminant• model organic contaminant
• frequently detected in landfill leachates
• sorbs to refuse
• biodegrades in decomposing refuse 

• Degraded newsprint (DNP)
• representative MSW componentp p
• sorbent
• biodegradable
• lignocellulosic
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INPUT
PARAMETERS

Water Flow
‐Water flux
‐Porosity

Solute Transport
‐Bulk density
Di i it

Tracer test

Approach

HYDRUS‐1D

‐Dispersivity
‐Tortuosity
‐Diffusivity in water, gas

Solute Reaction
‐Henry’s Constant
‐Sorption parameters (Kp, Kf, n)
‐Biodegradation rate constant (kb) Batch test

Output

Validation Column Test

0.000

0.002

0.004

0.006

0.008

0.010

0.012

0.014

0.016

0 2 4 6 8 10 12

Time [days]

Observation Nodes: Concentration

li

Experimental and modeling parameters for 
phenol biodegradation‐sorption column test

Sampling Ports

Distance from column inlet (cm) 20 40

Biodegradation t1/2 (day) 0.58 0.68

kb (day
‐1) 1.19 1.02

Kp phenol‐DNP (L/kg) 4.51 4.51

Kp column (L/kg) 0.21 0.21

Q (mL/min) 1.45 1.45

Q (L/day) BMP Medium 2.09 2.09

HRT (days) 0 412 0 824HRT (days) 0.412 0.824

Glass beads mass (g) 1747.6 3495.1

DNP mass (g) 87.1 174.2

Weighted particle density (kg/L) 2.49 2.49

Bulk density (kg/L) 1.05 1.19

Porosity (θ) 0.58 0.52

Dispersivity (cm) 4.98 9.46
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Experimental Set‐up

Phenol
feedstock
reservoir

Water 
Trap

Effluent 
reservoirGas 

bag
Glass 
column

Magnetic 
stir plate

Sampling 
ports

HPLC 
pump

Batch Experiments

Linearized first‐order biodegradation of phenol.
Mean anaerobic biodegradation rate of phenol was 1 0 ± 0 24 d‐1Mean anaerobic biodegradation rate of phenol was 1.0 ± 0.24 d
resulting in an average half‐life of 16.7 ± 3.1 hr.
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Bromide Tracer Tests

BA

Observed and simulated relative concentrations of bromide as a function of time in (A) 
first and (B) second tracer tests. 

Model fits for (A) used porosity and dispersivity parameters derived for each sampling 
port. Model fits for (B) used porosity from first tracer test and derived dispersivity for 
respective sampling ports.

Sorption Column Test

Relative concentrations of phenol as a function of time in sorption column test with 
model fits using porosity and dispersivity parameters from first tracer test
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Sorption parameters for phenol

Sampling Port
Partition Coefficient

a

Kp (mgKg
‐1
/mg

‐1
)Kp (mgKg /mg )

Batch Kp Fit
b HYDRUS Fitc

20 cm 4.51 (2.5E‐01) 5.53 (2.3E‐01)

40 cm 4.51 (6.3E‐01) 6.03 (4.6E‐01)

60 cm 4.51 (2.9E‐01) 4.01 (2.0E‐01)

aValues in parentheses represent standard error.

bBatch Kp value based on batch sorption isotherm experiment.
cHYDRUS fit Kp value derived from sorption column test.

Biodegradation‐Sorption Column Test

A B

Relative concentrations of phenol as a function of time in biodegradation plus sorption 
column test with model fits using (A) batch Kp and kb (B) batch Kp, fitted kb.
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Biodegradation parameters for phenol

Sampling Port Batch Test Measured 
Biodegradation Rate

a,b
Column Test

Fitted Biodegradation Rate

1 1
kb (d

‐1
) kb (d

‐1
)

HYDRUS Fit
c

Lower
d

Upper
d

20 cm 1.19 (0.32) 2.32 (1.6E‐02) 2.28 2.35

40 cm 1.02
e
(0.28) 2.23 (7.6E‐02) 2.11 2.46

60 cm 1.00
f
(0.24)

a
Average of replicate analyses, based on linearized first order anaerobic biodegradation of phenol.
b
Values in parentheses represent one standard deviationValues in parentheses represent one standard deviation. 

c
Values in parentheses represent standard error. 
d
Values at 95% confidence interval. 

e
Average value for 40 cm sampling port includes 20 cm data. 
f
Average value for 60 cm sampling port  includes 20 cm and 40 cm data.

• Simulating the effects of various fate processes during transport of organic 
contaminants is complex.

Conclusions and Implications for 
Landfill Disposal

• HYDRUS‐1D appears to reasonably simulate the fate and transport of 
phenol in an anaerobic and fully saturated waste column, in which 
biodegradation and sorption are the prevailing fate processes. 

• Agreement between model predictions and column data for sorption plus 
biodegradation test was about a factor of 2 and mainly attributed to 
difficulty in measuring a biodegradation rate that is applicable to thedifficulty in measuring a biodegradation rate that is applicable to the 
column conditions.

• Given the extended retention time and engineering controls on leachate
release in lined landfills, differences in biodegradation rate within a factor 
of 2 or even 5 is considered reasonable. 
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Landfill Coupled Reactor Model (LFCR)

• Work done with Dr. Shannon Bartelt‐Hunt 
(Nebraska) and RTI outside of ORD(Nebraska) and RTI outside of ORD

• The most sophisticated fate and transport model 
available for a landfill

• LFCR is an extension of MOCLA

• Utilizes a fully‐mixed reactor approach.

More realistic landfill filling algorithm– More realistic landfill filling algorithm

– Time variable parameters (changing gas production, 
gas transport, losses during filling, fill sequence). 
MOCLA cannot do this.

Landfill Coupled Reactor Model (LFCR)
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Landfill Coupled Reactor Model (LFCR)

• Not validated and work could be done to validate at 
pilot scalepilot‐scale

• Model predictions are consistent with field observations

Microbial Transport

• Solids (synthetic building debris)So ds (sy e c bu d g deb s)

• Leachate

• Gas

• All work done with surrogates
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Microbial Transport ‐ Leachate

• Substantial work to develop PCR assays that were specific to p y p
the selected microbial surrogates in live and spore form

• Demonstrated ability to quantify the presence of surrogate 
bacteria and spores in leachate and after extraction from a 
solid phase

• Multiple extraction and spore lysis methods were 
testedtested 

• Detection limits of 10 to 100 cells

Microbial Transport ‐ Leachate

• Columns filled with synthetic building debris and spiked with 
the surrogate organisms were operated under conditions of 
water infiltration and leachate recirculation

• In the leachate recirculation reactors, <10% of spiked 
surrogates were eluted in leachate over 4 months. 
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Microbial Transport ‐ Leachate

• In the water infiltration reactors, 45% and 31% of spiked S. 
marcescens and B. atrophaeus spores were eluted in 
leachate. 

Cumulative % of S. marcescens and B. atropheus spores recoverd in leachate in 
water infiltration reactors

Microbial Transport ‐ Leachate

• Less than 3% of the total spiked S.marcescens cells and no B. 
atrophaeus spores were detected in SBD at the termination 
of the experiment, suggesting that significant fractions of the 
spiked surrogates were strongly attached to SBD

• Concentration of 
attached S. marcescens 
cells over depth in a 
water infiltration 
reactor
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Microbial Transport ‐ Leachate

• Test represent a worst case

– high concentrationshigh concentrations

– high flow

– movement through layers of waste

• We have to assume some microbial transport 
in leachate if there is waterin leachate if there is water 
movement/leachate generation in a cell.

– Moisture content at filling?

– Infiltration?

Microbial Transport – Gas
Aerosol Chamber

O (1) (2)

o
o

o
O

0.5ftNebulizer

Gelatin 
filters

1.25ft

(3)

(4)

52

2ft

Designed aerosol chamber using BGI nebulizer. (1) 
compressor air intake; (2) open fitted valve; (3) flow of 
the aerosol and suspended surrogates; (4) fan; (5) Closed 
valves; (6) sampler buttons with gelatin filters 
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Microbial Transport ‐ Gas

Metal Grid 
supporting SBD

Pumps

o
o

o O

O

Lines 
feeding N2

Gelatin 
filters

SBD Ideal direction of 
aerosolization

Sliding Plexi glass 
wall

Gelatin 
filter

Microbial Transport ‐ Gas

• Substantial technique development to show 
that we could measure microbes in the gas 
phase

• Even at very high velocities and high cell 
concentrations, B. atrophaeus cells and 
spores were barely detected and there wasspores were barely detected and there was 
no detection of S. Marcescens

• No detection in solid phase, showing strong 
adherence to building debris.
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Final Comments

• The mix of materials will not be know ahead 
of time as events are not predictable

• Expect waste to be securely buried and sealed 
rapidly in landfills with liners and gas and 
leachate control 

•Models and experiments could be run after•Models and experiments could be run after 
the fact to estimate long‐term fate and 
partitioning
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Outline

Background g

Overview of MSW Landfills

Overview of Real‐World Landfill Flares 

Description of Test System

Experimental Methods

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division

pe e ta et ods

Results

2

Decontamination Limitations

B.anthracis spores very hardy, can survive for p y y,
long periods under harsh conditions

Viable spores could escape detection and 
decontamination

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division

Contaminated materials could be transported 
to a landfill  

3
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Decontamination and Cleanup

2001 event produced extensive quantities of potentially 
contaminated wastes

Included PPE, office furniture, computers, printers, carpets, 
draperies, ceiling panels, and wallboard 

Some debris was shipped to a RCRA Subtitle D solid waste 
landfill for final disposition

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division

landfill for final disposition 

Critical to understand the fate and transport of B. anthracis
spores should they survive the decontamination and landfill 
process

4

Municipal Solid Waste Landfills

3000 active 
landfills in US

Landfill Gas :
~ 49% CH4

~ 49% CO2

<1% NMOCs
<1% H2S and 
h lf

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division

5
Figure source: EPA Landfill Methane Outreach Program

other sulfur 
compounds
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Landfill Flares
Open Flare Enclosed Flare

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division

6

Image source: New York Power Authority
http://www.nypa.gov/ar02/annual02web/pages/pg4_1.htm

Image source: Organics
http://organics.com/Products/21/Flare_Systems.html

Enclosed Landfill Flares

Federal operating requirementsp g q

Net heating value  ≥ 11.2 MJ/scm

Exit velocity < 37.2 m/s

Industry standards

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division

Operating temperature of enclosed flare

Optimal temperature depends on LFG constituents

Residence time

7
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Why is This Research Important?

The variety of materials and surface properties y p p
of cleanup waste makes the fate of land‐filled 
spores less certain

Research investigates the fate of spores 

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division

carried within landfill gas and exiting through 
an enclosed flare 

8

Research Objectives

Characterize the bench‐scale landfill flare 
system

Compare velocities, residence times, and system 
temperatures with real‐world systems

D i h i bili f h i

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division

Determine the viability of heat‐resistant, 
surrogate biological spores that pass through 
the flare

9
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Experimental Methods
Bacteria 

B. anthracis surrogates usedg

Geobacillus stearothermophilus and Bacillus atrophaeus

Spore Type Gram 
Pos

Endospore 
Forming

Rod 
Shaped Hardy

Size Range (µm)
Length Width

B anthracis     0 95 3 5 NR

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division

10

B. anthracis     0.95-3.5 NR
G. stearo.     2-3.5 0.6-1

B. atrophaeus     2-3 0.7-0.8

Bench Scale System

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division

11
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System Schematic
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Temperature Profile 
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Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division
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Exhaust & BioSampler Temperatures
Stack exhaust 
temperature Inlet Probe 

Location

Measured at the top of 
the stack in the center 
at the BioSampler
probe inlet 

BioSampler
t t

Internal Location 1

Internal Location 2

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division

temperatures

Inlet and four internal 
locations

Internal Location 3

Internal Location 4
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Residence Time and Turbulence Estimates

Flare residence time 

Stack height/stack velocity

Spore residence time in the flare

Flare height/flare exit velocity

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division
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Reynolds number calculated for the stack at 
1000 °C

Spore Inactivation Experiments

Sterile test constituents

Seven tests conducted with each organism
5 with the flare on
2 control runs with flare off

S i d

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division
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Spore suspensions concentrated

Solution concentrations optimized
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Spore Inactivation Experiments

E ti t d S

Spore 
Type

Test 
Solution 
Conc’n, 

Spores/mL

% of Drops 
Containing 
Spores

Estimated Spores 
per Test

From 
Nebulizer

Collected by 
BioSampler

G. Stearo 1.52x108 10 3.81 x107 1.89 x107

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division

18

B. Atro. 1.26 x108 7 3.15 x107 1.56 x107

Spore Inactivation Experiments

Testing Overviewg

Sample Preparation

Nutritive broth

d t lt th l b it ld

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division
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used to culture the samples because it could 
promote growth of spores that were injured but 
still viable
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Spore Inactivation Experiments

Control Samplesp

11 Negative

23 Positive

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division

20

Ensured aseptic techniques were used

Verified spore test solutions were viable

Used for comparison to test samples

BioSampler Spike Tests

Tested that spores inactivation did not occur  in 
Bi S l f th h t f th l tBioSamplers from the heat of the sample stream  

Spiked BioSamplers installed on sampling port  

Sampled with flare on for duration of other tests  

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division

21

Negative and positive controls 
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Results
Temperature Traverse

1000

1200
5.0 4.7 4.3 4.0 3.6 3.2 3.0 2.5 2.4 1.8 1.1 0.8 0.4 0.1

1000

1200

p

Flare Tube Wall

400

600

800

1000

400

600

800

1000

Te
m

p
er

at
u
re

 (°
C

)

POS-1

POS-3

POS-2

POS-4

Widest OD of Flare

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division

22

0

200

0

200

0.1 0.4 0.8 1.1 1.8 2.4 2.5 3.0 3.2 3.6 4.0 4.3 4.7 5.0
Distance from flare tube wall (cm)

Orifice ID

Internal BioSampler Temperatures

70

80

40

50

60

70

μπ
ερ

α
τυ

ρε
 (°

Χ
)

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division

23

20

30

0 20 40 60 80 100 120 140 160 180

Τε
μ

Ελαπσεδ Τιμε (μινυτεσ)
36 0                 36 0                   36 0                   36



Presentation Slides: Destruction of Spores in Landfill Gas Flares, Paul Lemieux 13

Bench Scale System:
Similarities to Full‐Scale Flares

Conformance with Federal Regulations

Net heating value ~ 34 MJ/scm

Meets ≥ 11.2 MJ/scm requirement

Exit velocity ~ 0.43 m/s

Meets < 37.2 m/s requirement

Operating temperature ~ 1000°C at flare edges

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division
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Operating temperature   1000  C at flare edges
Within typical operating temp (870 °C – 1037 °C)

Residence time ~ 0.2 (flare) and 0.6 s (stack)
Within standard 0.6 to 1 s range

Results of Spore Activation Experiments

For all G stearothermophilus and ΒFor all G. stearothermophilus and Β. 
ατροπηαευσ tests with flare on

No positive results were observed by the plating or 
broth methods

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division

25
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Summary

System flare comparable to real‐world 
ti ditioperating conditions

Both B. anthracis surrogates inactivated in the 
flare

Dissemination of results

Manuscript in preparation

Office of Research and Development
National Homeland Security Research Center, Decontamination and Consequence Management Division
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Manuscript in preparation

Abstract submitted to AAAR
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EPA CBR Workshop 

June 15, 2011

PA’s Regulations and Guidance for Dealing with 
Radioactivity in Solid Waste

David J. Allard, CHP, Director
PA DEP B f R di i P i

1

PA DEP, Bureau of Radiation Protection

(Rev. 6/14/2011)

Disclaimer -

Any products or manufacturers mentioned or 
shown in photographs or text of this 
presentation, does not represent an endorsement 
by the author or the Department of 

2

Environmental Protection.
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Objective of this Presentation

• Intro to rad in SW and management in PA 

• Interface PaDEP, public and SW industry

• Use of RCRA D landfills for emergencies

• Agencies, Orgs, Ref. Material and URLs

• Open Discussion

3

Legislative Authority
• Solid Waste Management Act (Act 1980-97)
• Radiation Protection Act (Act 1984-147)• Radiation Protection Act (Act 1984-147)
• Appalachian States LLRW Compact Act 

(Act 1985-120)
• LLRW Disposal Act (Act 1988-12)
• LLRW Disposal Regional Facility Act (Act

4

LLRW Disposal Regional Facility Act (Act 
1990-107)
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PENNSYLVANIA CODE
• Title 25 Environmental Protection

> Article VIII and IX Municipal and Residual Waste
- 271. Municipal Waste Management – General 
Provisions
- 273. Municipal Waste Landfills
- 277. Construction/Demolition Waste Landfills
- 279. Transfer Facilities

5

- 281. Composting Facilities
- 283. Resource Recovery Facilities  (RRF)

PENNSYLVANIA and SW 
• Traditionally the state has had low transport and 

“tipping” fees for solid waste (SW)pp g ( )
• Millions of tons of solid waste are imported 

annually into PA for disposal
• SW import is controlled by federal statutes as 

“interstate commerce”
• Not within the control of the Commonwealth or

6

• Not within the control of the Commonwealth or 
local host communities

• DEP does issue SW operating permits
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LANDFILLS TRANSFER STATIONS

7

(There are also six RRFs in Central and SE PA.)

Landfill Under Construction

8

EPA RCRA “D” LF with liner and leachate collection
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Why did we need regulations and guidance 
for rad. in solid waste?

• Permits at SW facilities said no “radioactivity”
• Some SW facilities had installed radiation / radioactive 

materials (RAM) monitors
• Differences between monitors, policies, alarm set point, 

sensitivity, modes of use, etc.
• Alarms required response by facilities and BRP
• BRP staff responding to several alarms a week

9

• BRP staff responding to several alarms a week
• A “quagmire” of national regulations and standards 

regarding RAM involved and follow-up
• Nuclear medicine (NM) major cause of alarms

Why regs and guidance? (cont.)

• Most of the alarms are of little or no radiological 
significance (i.e., NM RAM)g ( , )

• High costs of response if not NM RAM and T½ is 
> 65 days

• If an “orphan” source and classified as low-level 
rad waste (LLRW) who pays?

• Hauler or SW Facility may have to pay if 

10

originator can’t be identified
• The entity in possession of the source or RAM 

contaminated solid waste is responsible to act
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Why do we have this problem?

• Almost everything in the world contains some   
radioactivity, mostly of natural origins;  BUT y, y g ;

• There is no accepted legal definition of what may be 
detectable as “radioactive,” but of such a low public 
dose impact (i.e., health risk) as having little need for 
regulatory control

• NAS Report and NRC tabled action on “clearance” issue
• Some SW facilities had monitors, others didn’t

11

• Now SW facility permit holders have to install radiation 
monitors and develop an “Action Plan” for alarm 
detection response

PA DEP RP Program Experiences

• 4.2 Ci Ir-192 source left in a patient / waste!
• Am-241 GL source shredded w/ “auto-fluff”
• (2) Ra-Be neutron sources found in trash
• (4) 3 mCi Cs-137 sources incinerated at a 

Resource Recovery Facility (RRF)
• (100s)  Ra-226 luminescent devices in SW
• (1) c1940 Ra-226 therapy needle in SW

12

( ) py
• (2) c1950 Ra-226 industrial sources in SW
• (5) yellow bags Co-60 LLRW in ‘cold’ SW from 

nuclear power plant in PA!
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RP Program Experiences (cont.)

• 150 mCi Am-241 GL source, w/ open shutter
• Cyclotron component activated with Co-56 
• (83) Ra-226 check sources in a mason jar
• (2) glass test tubes with 5 mCi Ra-226 each
• (~12) Ra-226 military deck markers
• Sludge from nuclear laundry with Co-60
• Many alarms with NORM / TENORM

13

• K-40 in potassium permanganate for odors
• I-131 re-concentrated in biosolids from STPs
• Vast majority of the SW alarms I-131, Tc-99m

Ra-226 Sources Found

Fall 2010 -

14

Fall 2010 
Radium
Round-up
No. 3 !!
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Sources of Radioactivity –
Nuclear Medicine Procedures

• Short-lived NM radioisotopes w/ T1/2 < 65 days
• NM diagnostic or therapy procedures w/ I-131
• No longer  controlled to 30 mCi, use dose limit
• Once in the patient, now dose based to determine if patient 

leaves facility
• Excreta to sanitary sewer - biosolids with NM RAM, or 

contaminated “household waste”

15

contaminated household waste
• While in licensed facility, contaminated items are to be 

controlled, but may get in trash accidentally
• Patients can be human or animal

One of four 3 mCi Cs-137 sources that 
were incinerated in PA or MD

16
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December 2009 Ir-192 Tracer 
Proppant Detected at a PA Landfill

17

Sources of Radiation –
Items containing NORM or Technologically Enhanced 

(TENORM)

• Rocks• Coke slags Rocks
• Minerals
• Fertilizer
• Gypsum
• Sheet rock

Coke slags
• Metal processing slags
• Media from water 

purification – U & Rn
• Fire brick – w/ zircon 
• Mineral Sands

18

• Oil & gas brines 
and frac sludges

• Coal fly ash

Mineral Sands
• Soils
• K compounds
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“Consumer products”
ASTSWMO 
petition to 
NRC tNRC to rev 
regs on tritium 
EXIT signs!

19

< GL tritium EXIT sign

Regulations Applicable to Nuclear 
Medicine Procedures

• NRC regulations in 10CFR35 75• NRC regulations in 10CFR35.75  
Release of individuals containing 
radiopharmaceuticals  or permanent implants.

• Reg Guide 8.39 Release of patients 
administered radioactive materials
NRC l ti i 10CFR20 2003

20

• NRC regulations in 10CFR20.2003
Disposal by release to sanitary sewerage
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Objectives of PA Regs and 
Guidance on RAM in SW

• To protect environment, public and workers 
ffrom unnecessary exposure

• To protect SW facility property from RAM 
contamination and costly decontamination

• To help prevent unlawful disposal of specific or 
generally licensed RAM

• To assist facility operators in complying with

21

• To assist facility operators in complying with 
revised regulations and permits

• To conserve PA DEP / RP Program resources by 
reducing unnecessary response activity

SW Regulations – Basic Limitations

The following radioactive material controlled under 
specific or general license or order authorized by any 
federal, state or other government agency shall not be 
processed at the facility, unless specifically exempted 
from disposal restrictions by an applicable 
Pennsylvania or federal statute or regulation:

• NARM 
• Byproduct material
• Source material

22

Source material
• Special nuclear material
• Transuranic radioactive material
• Low-level radioactive waste
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SW Regulations – Basic Limitations (cont.)

- The following radioactive material shall not be disposed / processed at 
the facility, unless approved in writing by the department and the 
di l / i d t d th h lth d f t f thdisposal / processing does not endanger the health and safety of the 
public and the environment:

• Short lived radioactive material from a patient having undergone a 
medical procedure

• TENORM
• Consumer products containing radioactive material

23

- The limitations in subsections ( ) and ( ) shall not apply to radioactive 
material as found in the undisturbed natural environment of the 
Commonwealth.

General Guidance for Action Plans

Definitions (RAM, NARM, NORM, TENORM, etc.)
• Background; reg drivers, sources, past events

G l C id i• General Considerations
– Personnel Training
– Monitoring and detection of radiation
– Awareness of items containing RAM
– Initial response to detection
– Notifications; internal/external (PA DEP)

24

– Characterization
– Disposition; reject, dispose / process onsite
– Record keeping
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Action Plans
• SW Facility must have a RP Action Plan
• Can have a disposal option for NM RAM, and 

small quantity of TENORM and consumersmall quantity of TENORM and consumer 
products

• Plan summary posted for facility personnel
• Facility personnel trained to Action Plan
• Monitoring equipment in place
• Proper response if monitors alarm

25

• Proper response if monitors alarm
• Customer and waste hauler awareness
• Ensure that at least one trained person on duty

Trucks Being Monitored

26
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SW Regs - Action Levels
• Below, average background* + 10 mR h-1 (max)  NO 

ACTION REQUIRED  - treat waste in normal manner.

ACTION LEVEL 1 
• Above average background + 10 mR h-1 (alarm set point) 

shall cause an alarm, facility INVESTIGATES!  

ACTION LEVEL 2 
• Above 2 mR h-1 in vehicle cab, 50 mR h-1 on any other

27

Above 2 mR h in vehicle cab, 50 mR h on any other 
surface, or contamination – NOTIFY PaDEP / BRP and 
isolate waste and / or vehicle.

*Note: 10 mR h-1 limit on instrument background.

Guidance  -
Detection and Initial Response

• System must alarm with 10 mR h-1 radiation field at 
detector element with Cs 137detector element, with Cs-137 

• Must detect 50 keV and above gamma rays
• Having a set point no higher than average instrument 

background + 10 mR h-1 - maximize sensitivity, 
minimize false alarms

• Background is instrument response AT THAT 
1

28

LOCATION; may need to shield to get < 10 mR h-1

• If vehicle exceeds alarm set point, test again 
• Still above alarm set point – survey driver & truck
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Guidance
Detection & Initial Response

• Facility must have a site-specific Action Plan
• Initial measurements below Action Level 2 T½• Initial measurements below Action Level 2, T½ 

< 65 days and NM RAM, facility may have PaDEP 
blanket approval for a disposal or process option

• If > 2 mR h-1 cab, > 50 mR h-1 on surface, or > 22 
dpm/cm2 removable contamination - isolate and call 
PaDEP / BRP

• DO NOT send driver back on road until proper action

29

DO NOT send driver back on road until proper action 
determined, and if needed, DOT Exemption obtained 
from PaDEP/BRP 

• If waste is to be rejected, PaDEP will need to know 
destination to notify other state agencies

DOT Exemption
• MoU between CRCPD and U.S. DOT
• DOT- E11406 for shipment of solid waste with 

low levels of external radiation (expired Aprillow-levels of external radiation (expired April 
2010)

• Approved by state radiation control official
• One-way transport exemption from certain DOT 

regs on packaging and labeling 
• No contamination, < 50 mrem/hr on side

30

• In PA, add < 2 mrem/hr in vehicle cab
• If NM RAM and “household waste” no DOT 

Exemption needed, just a PA Transport 
Exemption Form 
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Guidance –
Characterization

• Identification of radioisotope – use portable 
lti h l l (MCA) fmulti-channel analyzer (MCA) for gamma 

spectroscopy
• T1/2 < 65 days and NM RAM, see guidance
• T1/2 > 65 days, see guidance
• May have to unload or hold onsite in the 

“Designated Area”

31

Designated Area
- Isolate vehicle, bag, or container 
- STOP, isolate vehicle from people, call 
PaDEP if Action Level 2 exceeded 

Guidance – Disposal Option

Examples of Common Nuclear Medicine RAM *

I t T 1/2Isotope T-1/2   
I-131 8 days
Tc-99m 6 hours
Tl-201 3.0 days
Ga-67 3.3 days

32

y

* Over 90% of alarms to date are from NM RAM 
and patient contaminated solid waste
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MCAs Used For Characterization

33

Guidance - Disposition
• Ok to dispose or process NM RAM with half life less 

than 65 days (if determined by DEP not to endanger 
health and safety of site staff, public and environment)y , p )

• Small quantity TENORM and consumer products can 
be pre-approved too

• Most SW facilities wanted blanket approval for NM 
RAM in Action Plan

• PaDEP can approve TENORM case by case 
• RAM disposed of as LLRW at a licensed facility 

34

p y
• New DEP Fact Sheet on LLRW disposal options
• RAM returned to point of origin (with DOT Exemption 

manifest from PaDEP / BRP)
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Guidance - Disposition
T½ > 65 days, except NORM / TENORM

• Above ACTION LEVEL 1 - reject and returnAbove ACTION LEVEL 1 reject and return 
to point of origin (with DOT Exemption Form 
from BRP), or arrange for proper recovery and 
disposal as LLRW

• Above ACTION LEVEL 2 - respond in 
consultation with PaDEP / BRP, and perhaps 
U S NRC or EPA

35

U.S. NRC or EPA
• DEP Fact Sheet noting LLRW brokers
• PA / CRCPD orphan source disposal 

Agreement may provide funding

Guidance - Disposal Option (cont.)

TENORM
• TENORM, surface dose rate < 50 mR h-1

@ 5 cm, combined radium activity < 5.0 pCi/g, and 
below 1 m3 - facility can dispose / process without 
DEP approval

• Higher levels permitted with BRP Director approval, 
if pathways analysis demonstrates dose to maximum

36

if pathways analysis demonstrates dose to maximum 
exposed person is less than 25 mrem yr-1 from all 
exposure pathways (i.e., using “resident farmer” and 
RESRAD code)
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Guidance - Disposal Option (cont.)
TENORM -

RESRAD Code: “resident farmer” 
evaluation, public dose limit 25 mrem/yr, 
all pathways (i.e., radon, ground shine 
and drinking water), looking out 1000 
years.

37

Guidance

38
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Marcellus Shale 

39

SW Facility Guidance –
Records & Notification

• Daily Operational 
Records

• DEP Notification
For DOT ExemptionRecords                        -

Date / time / location      
w/ brief narrative   
- Any info on origin      
- Isotope ID if known     -
Name,  address,  

- For DOT Exemption
- For disposal NM RAM 

w/ T½ < 65 days
- If identify RAM w/ T½ 

> 65 days
- Immediate if Action 

Level 2 exceeded

40

tel.# of hauler / 
supplier / driver ID                        

- Final deposition       
(dispose / reject)

Level 2 exceeded
- Annual report of 

detected RAM
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Implementation Update
• Over 170 SW facility permit modifications for 

RP Action Plans
• Over 140 initial onsite inspections
• Annual Reports being reviewed
• Hundreds of DOT Exemptions issued
• Official DOT “interpretation” on RAM in 

“household waste” in 2004 - not subject to 

41

j
hazmat regs in 49CFR

• RP Action Plans for POTWs / STPs / CWTs 

Implementation Update (cont.)

• Hundreds of onsite radiation alarm 
responsesresponses
 ~ 90% NM RAM in household waste
 ~ 9% NORM or TENORM
 ~ 1% NM RAM in driver 
 < 1% Regulated or controlled RAM

42

g

• DEP Fact Sheets on tritium and “orphan 
source” / LLRW disposal
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Landfill Leachate Study
• Base-line landfill leachate radiological survey
• Sampled 54 active landfills in 2004
• Initially had 1050 samples• Initially had ~ 1050 samples
• Gross alpha, beta, gamma spec., and tritium
• Had to do ~ 60 follow-up samples, for
• Total uranium and radium-226 / -228
• Most data could be related to NORM, but,

T iti (H 3) f d ll b b k d i

43

• Tritium (H-3) found well above background in > 
90% of the leachate samples; over 50% of the 
landfills had > 20,000 pCi/L (i.e., EPA DW 
standard)

• Follow-up tritium sampling 2005, 2008, present

Landfill Leachate Study - Tritium
Leachate Tritium Concentration
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ASTSWMO Radiation Focus Group / 
Board Actions

• Letter to the Health Physics Society, 
requesting a related ANSI N13 Standard 
be developed

• Letter to the Conference of Radiation

45

Letter to the Conference of Radiation 
Control Program Directors, requesting 
related model [SSR] regulations be 
developed

LibRadEx - “The Week That Was!”

46
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LibRadEx: Cs-137 Deposition

47

LibRadEx: After-action Report

Lessons learned relate to:Lessons learned relate to:

• PAGs, 1st year, EPA vs PA
• Secondary limits: dpm/100 cm^2, pCi/g
• Radioactive Waste, LLRW?, volume, cost $!

Cit G t & it i l t

48

• City Government & community involvement
• Communications within responders
• Logistics of a large scale cleanup response 
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http://www-pub.iaea.org/MTCD/publications/PDF/P074_scr.pdf
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Contact Information -
David J. Allard, CHP 

PADEP / Bureau of Radiation Protection
PO Box 8469
Harrisburg, PA, 17105-8469

Tel.: 717-787-2480
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Tel.: 717 787 2480
Fax: 717-783-8965
E-mail:  djallard@state.pa.us
http://www.depweb.state.pa.us  
“radiation”

Questions?Thank you!Thank you!
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