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Ilr8toDustIoI

Purporr of ttLg ttaauel

This technical nanual presents infotmation and exanples of'
alternative uethods and procedures to assist nunicipal solid
waste landfill (l,tswLf) owners and operators achieve conpliance
uith the revised MSWLF Criteria, prouulgated on October 9, 1991
in Chapter 40, Part 258, of the Code of ?ederal Regr-latJons
(CFR) . This nanual is not a rcgrulatory docuuent, and does not
provide nandatory technical gridance, but does provide assistance
in coning into conpliance vith thc tcchnical aspecta of the
revised landfill Criteria. Thie docunent is intended for use
prinari).y by landfill ornerbTopelatorc and their coneultants and
contractors providing advice on denonstrating conpliance with the
Part 258 standards.

Inoltarntrtlon Of fbr Lrndflll Crltrrh lad Uro Of fbLr tlruutl
The Environnental Protection Agency (EPA) fully intends that

States and Indian Tribes will naintain thc lead role in
inrplenenti.ng and enforcing the reviscd l{Sl{LF critaria through
stlteTTribal per:uit prograns. The state/Tribal Iupleuentationf
Rule (STIR), to be codified in lo cFR Part 239, uill establishl
procedures for States/Tribes to follos in preparing and
subnitting applications to EPA for adequacy deterainations. The
State/Tribal Inpleuentation Rule wilL provide a franesork that
will allow States/Tribes flexibility in individual progran
structure while requiring that States/Tribes have the necessary
authority to ensure that MSWLFs conply with 40 CFR Part 258.

Stat€s and Tribes uay be in various stageg of the progran
approval process. SoDe nay have reccivcd full prol1ran approval,
others nay have received rpartialr progrran approval (i.e., only
sone portions of thc State/Tribal prograD aro approvrd rhile the
reaainder of thc prograa is pending approval), rhllr etill others
nay havc subuittcd a schedulc for approval. Ol cours., sone
States/Tribeg nay havo been decucd inadequatt or uay not scek
approval at all. EPA recounends that orncrs/opcrators keep
abreast of tho approval status of thoir Statc Prqgrale.

Thr Part 258 criteria uere rrittrn to bo largcly arlf-
implencnting for ownrrs/operators located in Statu/Tribcc that
have not roccivod full progran approval. thcrc le no Fcderal
peruitting progrraa to interact sith ovnrrr/oprratorr relf-
inplenenting thc Part 258 criteria. In thc cvcnt than an
orner/operatorrs State/Tribe has not rccol,vrd full progra!
approval, thia uanual nay be helpful to ascist ornerg/operators
in this solf-inpleuonting node.

DR.l'T egrtl 1t92



Landfill'. omers/operators uust conply sith the revisedcriteria on the effective date, which-il o"tober 9, Lgg3, fornost of thc part !_s!-provisions. [The effective date for thefinancial rcsponsiuility requiren.ii"-i" Aprir g, 1994, and theground-water uonitoring reqtrireuents are pirasea-in-over a periodof several yearsr 1994-1996-. J -.lggaiai"""- of a stite,s/Tribersprogran -approval status, IandfilI-osnersToperitoi"-i."t U"prepared to cono lltg coupliance on thia aitc. -it i, irportanrto note that any stateTtribat landfiii iegrlations .r,a tn.Federar criter:ia rirl bc effectivo con"uri.ntly. -wt.r.
state/Tribar prograDs are Dore string-ni ttran the Federarcriteria, thc orner/opcrator rourd nied to follos the morestringent requirenenti. This ttanual iJ basea on the Federalcriteriai therefore, thc reader should-undcrstand that theirapproved State/Tribal Prograo requireuentg uay aifiCi r.or thosedescribed here.

states/Tribeg have considerable notivation to seek progranapproval because additional frexibility is provia.a-ii,states/Tribes that are approved. For ixaupie, ;;-ipproveaState/Tribc can specify an alternativc linlr &"iig"-I" rong as itneets the perfornance standard provided in thi iiiir isrLp rulelrn unapproved states/Tribes, a landfill ovner/opcriioi Iconstrueting a neu landfill unit or laterar eipinsion-or an ;
existing- unit nust instarr a conposltr uncr-il-il;Iiri"a in rhefinal rule. tA rpetition process, does exist for-ovners/operators in- unapproved states/Tribcs desirlng to use adesign other t!3n ttre-couposite liner. sec section 4.5 of thisManual for further information. l Becaugc states/Tribeg appryingfor EpA approvat uust demonsrraie that ttrcir-pi6;;-;nsuresconpriance with rhe part 2se criteria, thia d;aG;t i"y u"helpful as they revise thei.r landfill prograDs to reflect the newcriteria. Hovevcr, states/Tribec are irrgid to ,ori-croeery withtheir Regional EpA office as they aeveioi prograu approvalapplications.

rn addition, statc- regrulatory personnol rlt<cLy wilt findthis docunent helprul rhcn-revierini peruii-"ppii"itiins rorlandfills. Thir uanual presents ts6rrirtcai r;ietilaii"n t" bc usedin designlng, -operatthg,-'and eloaing ranairira;-bna-dog notpresent a nandatory approach for denonatrating-couplianc. viththe revirod crltgl,a. Thig tr{anual areo outllio tio-[1ryer ofinfotmatlon nrcettary to uake the deuonetritroni irr"ria ln thccriteria, includlnE' denongtrations for rcttrictra focitlont anaalternatlvr derlgmr ln approved Statrr/lrlbo.
Eor. |!o Uro !!bLr f,rautl

of the criteria and ig subdivided into six chapters] rfre firstchapter deals with general appticability of thi part 258

The organization of this docunent follorr thc goneral order

Dnrt! rgril 1rt2



criteria, the second with location reetrictions, thc third with
operating- requirenents, the fourth with design standards, thefifth with ground-water uonitoring and corrective action, and tliesixth with cloEure and post-closure care. Each chapter containsa general introduction to that section of the criteiia.

within each chapter, the Criteria have been subdivided intosmaller segraents. The Statenent of Regnrlation seetion provides averbatin recital of the regrulatory langrage. The seconi section,
the ApprjcaDirity section, provides a general explanation of the
regulations and rho nust conply. Finally, for elch segrnent ofthe regnrlation, a ?ecJujcaJ, consideratjons section is provided
that identifies key technical iseues that uay need to be
addressed to ensure conpriance rith a particurar reguirenent.
Each chapter ends rith a Eection entitled Further Intoraationthat provides referenceg, addresses, organizations, and other
infornation that nay be -of use to the reader. A rist of. acronyns
and a glossary is provided for terus that nay be unfaniliar to
the reader. [lhis document does not include a sectj.on on thefinancial responsibility reguirenents; questions regarding these
requirenents nay be addressed to the RCRA/superfund-Hotline (BCl0-
424-e345). l

Lilltrtlour Ot Sblr t{rnurl

the ability of this docuuent to provide current gruidance islinited by the technical riterature avairable at the tine ofpreparation. The rate at which technology and product
developnent are advancing is on a notable increase, especiarly in
the areas of geosynthetic naterials and design concepts. As
experience with nev raste nanageuent techniqucs erqrands in the
enqineerinc and science connunitv, an increasc in oublishedengineering and science conmunity, increasc in published
Iiterature, research, and technical inforoation also 1111 occur.
The orners and operatorg of HStfLFs are encouraged to keep abreastof innovation through technical journals, profeseional
organizations, and technical infomation dtvclopcd by the U.S.
EPA. llany of thr Crlteria containcd in Part 258 arc performance-
based. Fut$r.. i*gl{*,ive technology Dai, txliovldr g!{lti,-Enal Eeans
for orneis/opcratorr to neet these pcrfonaanco rtandardr in nore
cost-effcctivc yay. or to ueet standardr that prcviously could
not be nrt by a particular facility due to eite-speciflc
conditionr.

Dntt! rprtl 1992



1.0
SUBPAR,T A
GENERAL

I.I INIT.ODUCTION

Under the authority of both the Resource Conservation and Recovery Act (RCRA), as

}!Joq.g by_the Hazardous and Solid Waste lnsarrmsnts (HSWA1 of te8,+, ino S.Jii*
405 of the Clean Water Act, the EPA pubtished reviscd mrrnigipat solid waste landfill
(MSWLF) critcria in'the Federal Reister on October 9, 1991. pari ZSg was establishcd to
provide miaimum national criteria for all solid waste laadfills that:

. Receive municipal solid waste,

. Accept nonhazardous municipd combustor ash, or
o Co-dispose sewage sludge with municipal solid waste; and
o Are not regulated under Subtitle C of RCRA

Part 257 remains in effest for all other solid waste facilities and practices. 
I

Subpart A of the regulations defines the purposc, scopc, and applicability of Part 258rand
provides definitioru 

-nccls:ary for proper interpretation of thc iequiremcirts. In surnmary,
the applicability of the Criteria is depcndent on thc opcrational statu of the MSWLF unit
relative to thc date of publication of Part 258 and the effective date of the rule (October
9, 1993). $_:l.lp!ion from dcsign aod ground-water monitoring requirements is provided
for small MSWLFs if specific_operating, environmeotal, and location conditioru are presenr.
Orners or oPerators of MSWLFs tbat do not meet the Part 258 Criteria will bc considered
to be engaging in thc practice of 'opcn dumpingl in viotation of Scction 4005 of RCRA
Similarly, owncn an! operators of MSWLFs that reccive scuxage sludge and do not comply
with thesc criteria wil also bc in violation of applicable scetions of thc Clcan Water e&.

12 PLTRPOSET SCOPE, alrlD
APPLICABILTITIUi'. :"r(..'
,O CIn !25t.1 (r) O)

l2.l Strtcucnt of Rcqrletlon

(e) ftc purlocc ol thls pert is to
estrblish nlnimun netload crltcrie under
thc Rcsource Conscrrtlo[ rnd Recovery
Act (RCRA or thc Act), es encnded, for
all municlpd solld rrctc lendfll

(MSltIf) unltr end uadcr thc Cleen
Wltcr Act, u rncndc{ lor municipal
soltd rlctc lendflls thet ere used to
dlcporc olscrr3e sludga fresc ninimum
nrtlonrl crltcdr cas[rt thc protection of
hunra hcdt! rnd thc ctvlronnent"

(b) TLCtc Crltcrh rpply to orners
end opcntorr ol uc; MSttLF units,
cdttitrt MSIILF unlts, ead leteral
exprnsloll, crccpt lr otherrvise

DRAFT A-1 April 1992



spccificelly provlded in this pert; all other
soUd rrstc disposel facilities rnd
practices Shra rE not reguleted under
Suhitle C ol RCRA ere subJect to thc
criterir conteined ia Pert 2S7.

122 Aoolicabilitv

Ovners and operators of MSWLF unis
that receivc municipd solid waste and are
not curently regulated undcr Subtitlc C of
RCRA muit comply with the Critcria
Furthermore, MSWLF unis which receive
and co-dispose sewage sludge must comply
with Part 258 to bc in compliance with
sections 309 and a05(e) of the Clean
Water Act.

123 Technicd Considerettons

Criteria that de6ne a solid wastc disposal
facility are containcd s[rhin Pan 257 of
RCRA (Criteria for Classification of Solid
Waste Disposd Facilities and Praaices).
Definitioru penaining to the reviscd
criteria are included in the definition
section of Part 257. A MSWIJ unit is
defined as a discretc area of land or
excavation that reccives horschold waste,
and is not considcrcd a land application
unit, surface impoundmcnt, injeaion wcll,
or waste pilc as thosc terms are defincd
undcr 1257.2 An cxistiry nnit is a solid
waste disposal unit, tbat is rccciviry solid
waste as of Octobcr 9, 1993. A lsrcrd
expansion ig e horizontd e.rpansion o( $c
waste bounderies of an cxistist MSWLF
unit (Figrsc 1-l). A ncw unit it 8
MSWLF unit that has not received e.rrrc
before the effectivc date of Part 25&

In addition to hor:schold waste, . *r*r,O
unit may receive solid waste streams from
nonmanufacnrring com.mcrcid facilities,
non-hazardors solid wastc from industrial
facilities including non-hazardous sludges
and scwage studge from waste water
ueatrnent plants. Thc terms commercial
solid wastc, indrsuid waste and
houschold waste are explicitly defined in
!25t2 (De6nitions).

The tlges of landfills regulated under part
257 ue thosc facilities that receive:

o Constnraion and demolition debris;

o Yard waste for compost only;

o Tires only; and 
t

. Scuage sludge moaofills.

Scwage sludge codisposd is regulated by
Part 258 standards.

Subtitlc D landfills are not inteuded nor
allowed to rcccive hazardous wastes.
Should a MSWLF discover that a
shipmcnt cpntains hazardors waitc, while
still in thc possasion of &c transporter, it
should refusc to accept thc wastc from the
traasportcr. If a MSWLF discovers that a
shipment conains bazerdous waste aftcr
acceptint thc wrstc fron thc transporter,
thc I\dSWLF mrst retum thc shipment or
manrgc thc wastes in accordance with
RCRA Subtitle C rcquircncnts (unless
thc waste is cxcmpt houscbold hazardous
wastc or wrste rcceivcd from conditiondly
cxcmpt smell quantity gcncraton).
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Subtitle C of RCRA establishes
procedures for making ahazzrdous waste
determination These procedures are
sumrnarized in Scaion 3.0 and Appendix
B of this document.

l3 PLTRPOSE, SCOPE,
AND APPTICABILITI (conr.)
$ CFR !25t.1 (c).(e)

l3.l Statement of Regulatioa

(c) These Criteria do not apply to
municipal solid waste landllll units thrt
do not rcceive waste efter October 9, 1991.

(d) MSIilLF units thrt rcccive
weste rfter October 9, l9!rl but stop
receiving wsstc before October 9, 1993 ere
exctnpt fron ell thc Equiremctrtr of Pen
25t, exccpt the tlld sovcr requiremnt
spcci0ed in Sec'tion 25t.60(r). Thc fiael
coyer must be instelld within six nonths
of lest rcceipt of wlstes. Omers or
operstors ol MStilLF units described in
this paragraph tha3 feil to completc coyer
installetion within this six nonth pcriod
urill bc subJect to ell thc nquirements ol
Prrt 25t, unless othcrrlsc spccilled.

(e) All MSIilLF unlts thet rcceivc
wrstc on or eflcr (htobcr ,, 1!l9l nust
comply wtth rll r:quinnclts ol Pert 25t
unless otherr&c spost[cd.

l3J ApolldrHllty

The applicability of Pan 258, in its
entirety or with exemptions to spccific
requirements, is bascd upon the
operational status of tbc MSWLF unit
relative to the datc of publication,

3:ffi: 3.ln1 ;i$: iff.ffi ::il,j: O
Three possiblc scenarios exist:

(1) The MSWLF unit receiveri its
last load of waste prior to October 9,
1991. Thcsc fasilities are exempt from all
rcquiremcats of thc Criteria

(2) Thc last load of wastc wils
received after October 9, 1991, but before
Octobcr 9, 1993. The owneni and
opcrators Ellst comply ouly with thc find
cover requiremcns of $25E.60(a). If the
final cover is not instdled within six (6)
months of the last receipt of wastes, the
owuers and opcrators will.bc required to
comply with all requircmeas of Pan 258
unless spccificd othcrwisc by thc Director
of aa apprwed Satc. 

t
(3) Thc MSWLF unit continues to

receivc waste after Octobcr 9, 1993. The
owners or operators Eulit comply with all
requirements of Pan 25E, except where
spccified othcrwisc.

133 Technlcal Consideratlons

For MSWLF unir tbat receive the last
load of waste between the effeaivc date
and thc date of pubtication of the Critcria,
clmure Eust bc completcd within six
months of thc last receipt of wrstc.
Closrc requiremcnts are specificd in
Subpart F; howevcr, thc closure criarie of
!25t.60(a) are tbc only requiremcos tbcsc
MSWLF unir will bc subject to ualcss
they fail o complete clo$re vithin tic six
month pcriod. Tbc dteraativr cder
design is not an option for MS\YIfi in
unapproved states that stop reccirnn3
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wastc bcnrecn thc publication and
cffective datcs of thc find rulc and are
closed within six montbs of the 6nal
receipt of waste.

The final cover system must corsist of an
crosion layer underlain by an infiluation
layer. The erosion layer must bc at lerst
six inches in thicknes and capable cf
5u5lainiag native plant growth. Thc
infiltration layer, which is designed to
minimize infiltration into thc wastc, must
have a hydraulic conductivity less than or
equal to the permeability of the bottom
liner systerq the naturd subsoils or a
permeability no greater than I x 105
cm/sec, whichever is les. Technical
considerations for thc cover requiremcnts
under $258.60(a) are provided in Section
6.0 of this document"

r.4 SMALT TAI\IDFILL
E}(EMPTIONS
lm cFR $25t.1 (0

l.{.1 Statement of Refllstion

(0(l) Oraen or opcrstors of ner
MS\ilLF unitq Gdstlry MSlilff units,
rnd letersl expansloru thrt dlspose of less
thrn $rnty (20) ionr ol nunlclpal solid
mstc drity, htcd o! ll ruud rverrgG,
ffr excnpS hoE mlfuertr D rnd E of thlr
Prtt' Jo blt u thcll tr rc cvidence ol
existiry groeld.retcr con3eninetion fbom
thc MSWII rnil rad thc MSITLF unit
serves:

G) A conuuntty tf,ra erpcricacer
rn rnaud intemrptlon of rt least thrce
consccutivc months ol surface
trensportrtion thrt prsyetrts tccess to r
rcgtonel westc nsDsgeuent fecility, gl

(ii) A connunity that has no
practiceble rsste nsrsgctrent rlternetive
end thc landtlll unit is loceted ln rn eree
thrt ranually rccelves less thrn or cqual
to 25 irchel of precipitetlon

@ Omers or opcrrtorr of nen
MSlttF units, cdsting MSttLF units,
end letenl eryensions thrt neet the
criterie in (0(lxt) or (O(lXii) nusr ptace
in thc opcrrtht rccord information
denoDstrttlry this.

(3) If the omer or operltor of r
nen MSITLF unit, eristing MSttLF unit,
or lateral expansion hes knorledge of
gruund.rrter cotrtrnitrstlotr rcsulting
tton thc unit thst has rrsertd lthecxenptlon tn (fXlXl) or (ii), thc onui or
operrtor must notil! t[G Stetc Directdr ol
such contenlnetlon rnd, thercefler,
comply rl3h Srbprrts D rnd E of rhis
Put.

1.42 AoolissD[itr

The exemption to Subpart D (Design) and
Subpart E (Ground-Watcr Monitoring urd
Conective Action) is applicable only to
owtrens or opcrators of landfills that
receivc, otr average, les than 20 tons of
solid waste pcr &y. Thc exemptioa is
allowed ody if it can bc dcmonstrared
that ground-waEr contaminatioo hrs not
occrrred at the MSWLFunir In addition,
the MSWLF Elrst scnyc a community thar
Ecets onc of thc folloring nro cooditions:

o For at least thrcc spnsccutivc moths
of the year, municipd rclid *rsre
qutrot be transponed by nit, tnrclq
or ship to a regiond uasre
management facility; or
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. There is no practicablc dtcrnative for
managing wastes, and the landfrll is
located in an area that receives lcs
than 25 inches of annual precipitation.

If either of thc above two coaditions are
mct, and there is no evidence of existing
ground-water contamination, the landfill
owner or opcrator is eligible for the
exeEption from thc design, ground-water
monitoring, and corrective action
requircmcu8. The owncr or opcrator
must place information documentiag
eligibility for the exemption in the
facilit/s opcrating record. Once an owner
or opcrator can no longer demonstrate
compliance with the conditions of tbc
excmption, thc MSWLF facility must
comply with Subparts D and E.

1.43 Technical Considemtions

The weight critcrion, 20 toru, does not
have to be bascd on acnrd Eearurements
but rather should bc an annual average.
The weighing program can be bascd on
weight or volume estimates. If thc daily
warte receipt recordq whicb include load
weigbts, arc not availablc for thc facility,
waste volunes can bc estimated. Waste
weigba Eay bc detcrmined by counting
thc number of trucls and cstimating an
average weight for cach.

To determinc thc daily rflaste reccived, an
averagc rnty bc nscd. If thc facility is not
open otr a &ily basis thc average number
should ref,ect that fart" For exanplc, if a
facility is opcn four days pcr week (208
days/ycar) and acceps 25 tons each day,
then the average daily amount of waste
received can bc calculated as follows:

Avrrror Drllv gtrcr Crlcnlrtloo
4 dnyr/Yotb, x 52 srokr,/ycer -2Ot byt/yrrr; end

25 aonr/iy r 20t dryrlyrer -5200 toor /itrl; chcn -

5200 tonr /y.lt + 355 byt/yc11t
- 14. 23 coar/&y.
Ihr feclllty rould !.GE rhccrttrrte for rrcrLvtne lcss
thea 20 tonr pcr dry.

Compliance with tbc 20' tons per day
criterion should bc bascd on all wastc
received, including honschold wastq aod
agricrdtural or indrstrial wastes. I as
defined in the regulations, housdhold
wastc includcs auy solid warre (including
garbage, tras[ and sanitary waste in septic
tadrs) dcrived from houscholds (including
single and aultiplc rcsidences, hotels and
motels, bunkhorscs, ranger stations, crew
quarters, campgrouods, picnic grounds,
and day-usc recreation areas).

Thc cxemption &om Subparts D and E
requircs that tbcre bc 'no evidence of
cxisting ground-water contamination' as a
condition for eligibility. Evidence of
coEtamination rney include dctcctc4 or
tnoum, ulnurmination of nearby drinking
watcr wclls or physical evidence such as
stresscd vegctation

Onc of nro other conditions ruust bc
prescnl for the cxcmption to apply. The
Erst of thesc conditions is intcmrption in
transPortstioo. For example, some rural
villagcs in Alsska Eay bc resuicted from
traosponing wastes to a regiond facility
due to extreme winter climatic conditions.
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These villages would frnd ir impossiblc to
transport wastes to a regiond wastc
facility for at least three montlu out of thc
year duc to sEow and ice accunulation.

The second condition is compriscd of two
requiremcnts: (1) the lack of a practical
waste manageEetrt altemative aad (2) a
location that receives little rainfall. For
example, there are sraall rural
cornmunitieg espccially in the westcra
part of the United States, that are lotatcd '
great distances from the uearest towns
making regionalization of waste
management very difficult. Additionally,
many of these communities are located in
arid areas that receive 25 inches or lcss of
precipitatiog which reduces the likelihood
of ground-watcr 6satnmia3tion because of
reduccd leachate generatioo and
contaminant migration. Raiufall
inforoation can bc obained &om the
Nationd Weathcr Serice, tbc National
Oceanographic and Atmosphcric
Administration (NOal1, and the USGS
Water Atlases.

rJ APPLICABILITT
40 crR !25t 1 (0-0)

1J.1 Statemcnt of Rcruletloa

(g) Munlclpd solld rlstc lendfll
units leill4 io r*ts[! t[crc crltcrle rn
coasidercd epcr duupr tbr purloscs ol
Ststc rolld rrlc rrargrDctrt pl.ndn3
undcr RCTf.

(h) Munhtpd solld nctc lend0ll
unltr frilin3 to ntlrf thccc criterle
constitutc opc[ dunps, which err
proUbited undcr Scction 4fl)5 ol RCR.I"

(i)

l,

Municipel solld rrste unanu O
ualls coatrinlng scrrgG dud3e eaC feilin3
to setls$ thcsc Critertr vlolrtc s€ctions
3(D end ,05(e) oi rhc Clcu YYrrcr AdL

(r) ftc ctrec{lvc detc of tlis pan
it oclobGr 9, l!r!ts, unler othervisc
spcci0c0

l.SJ Aooltceblllty

Alt MSWLF facilities that receive waste
on or after thc effcctivc date must comply
with all of Part 258 except whire
othenrisc noted. MSWLF facilities that
fail to comply with &e Part 258 criteria
wiU bc in violation of Seqtion 4005 of
RCRA and with Sections 309 and a05(e)
of thc Clean Watcr Act if thc fafility
rcceives scwegc sludge. ',

lJ3 Tcchnlcel Consldcntlons

Failure.to comply with thc Part 258
criteria will result in a MSWLF being
categorizcd as atr opcn dump under
Section 4005 of RCRA" The practice of
opcrating an opcn dump is prohibited. In
instanccs wherc EPA has detcrmined that
a Statc docs uot have a progran adequate
to implement and cnforcc thc reviscd
Criteria, EPA can cnforcc thc Pan 258
provisions.

Under Scction 4005(c) of RCRA each
state is required o adopt and implement
a permit progran by thc cficctive date of
thc Gitcria. Thc permit progran will be
nscd to assess compliancc of MSWI-F
unig with Part 25E. Thc rulcs are
intcndcd to bc sclf implemeating so that
ormers/opcrator can comply without
State and EPA involvemenl Spccific self-
implementing requiremeots are easy for
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the ormcr/opcrator to intcrpret and
citizens to cnforcc througb citizcn suis.
For ccrtain provisions, performancc
standards have been cstablished that thc
owuer/opcrator must meel In many cases

third panies must certi$ and doctrment
thc decisions madc or action takcn to
satisS thc pcrformancc criteria The
certification mtst bc placed in the
operating record and made availablc to
the Statc upon requcst. This responsilility
is the obligation of thc owuerc or
opcratonr of thc MSWLF facility, until
such timc as the State has implemcntcd an
EPA-approved program-

If a MSWLF unit co{isposcs scwage

sludge with municipd solid waste and fails
to comply with Part a58, it will dso bG in
violation of Scction a05(e) of the Clean
Water Act (CWA), which requires that
sewage sludgc be disposed of in
accordance with regulations establishcd
for such disposd. If found to be in
violation, owncrs or operators may be
liable for both civil ard criminat actions
enforced under Sectiou 309 of the Clcan
Water Act

1.5 DEFINITIONS
lo cFR !25t'

1.61 Statemcnt ol R:oletloa

Unler otHsc DotcE dl tcrut
conteincd lr Olt pert ere dc[trGd by thcir
phiD ncelhg lth rcctloa contelnc
detlnltionr lor tctrt thrt rPPCrr
throughout ihlt Prrt; edditlolel
detlnitions rppcrr ln thc rpccillc scctlom
to x/tich they epply.

Activc lllc neltrr thc perlod ol opention
bcaiuiry ;iti thc hitid nceipt of solid
mstc rnd endlng rt couplebn of closurc
ectivities ln eccordsnce with $25t.50'of
this Prn

Actlvc Dortion rrells thrt pril of r
frcitity or unlt Shrt hr! nccived or ir
rtcctvtry rrstct rnd thet her not bcen
closcd h eccordence rlth 925t.60 of this
Pen

Aouifcr Eclm r 3eolo$cel fonnatiou,
3roup ol loraatlons, or portiotr o[ r
lorurtlon caprble of yleldlry sfnillcant
quentities ol grcund rttcr to rvells or
sprtr3s.

Comncrcid solid reste Eelnr dl typ of
solld nstc aencreted by stor:q odtes,
tr$rurrlt$ mrchouseq, rnd rither
nonnuullrcturln3 rctlvltlcs, excluding
r:sidcntld rnd industrlel rrstes.

Dlrcctor ol rn rDornvcd Strtc neens the
chicl rdninlstretlvc o6ccr of 3hc Stete
rtBDG? rcspoulbh for lnphnenting thc
Strtc nunhlpel so[d trstc Permit
Proinr orotf,Gr qrstcD of prior rppmvrl
thrt r dccocd !o bG rdcquetc by EPa
uldcr rtjuletlolr publlsbcd pu$urtrt to
scctlor 4005 olRCRA

Edsthr MSTYLE nlil Eclnt sny
nuddpd colld trstc lendfiU unit thrt is
rrcclvl4 solld tr$! u ol thc efiective
detc ol tUt Ptrt Wrstc Plecuent in
Gd$tlt udtr nust bc conslstcrt with past

opcretlry pnc{lccr or nodlfcd Prsctices
to cDt[tc 3md uelgcncnL
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Fecilltv Bcans rll contiguous land rnd
stntctuEt, other tppurtetrrnccs, snd
impruvemctrts o! thc lend uscd for the
disposd of rotld rrste.

Grpund pater means water below the land
surfrce in e zone of seturetion.

Household restc Eelns rny solid rrste
(including grrb{e, tns\ rnd sedtery
wrstc tn scptlc tanks) derived fhm
households (including single rnd multlple
rcsldences, hotels rnd notels, bunkhouses,
mtr8er statlons, crew quarters,
ctmpgrounds, picnic grrunds, and day.use
rtcttttlotr utts).

Industrial solld wrste means sotid reste
Ssneretd by mrnufecturint or industrid
pmcessc3 thrt il trot r hezardous waste
rqulated under subtltlc c ol RcR.a"
Such rrstc may lncludg but ls not linitcd
to, r.stc rcsultin3 ton thc loUowlrt
urenufacturing pmcesscs: Electric power
generetion; fertilizer/a3riculturel
chenicels; fmd end rcleted products/by-
products; iaorganlc chenicels; iron rnd
steel manufrcturlng; lcethcr rnd leether
productr; tronfcrrous EGtsls
nrnufrcturin3/foundrics; or3rnic
chcnlcrls; plestlcr rad rcslns
mrnufecturiry; pulp eld pepcr iadustry;
rubber rnd nisccllencour ptrstic
products; stoag grtr llrry, end colcr:tc
productr; tcilIlG traufecturlng;
trrmpo.trfu cqulpmcnti rld reter
tre$mcni filr tctu doct not includc
nining r.rtc or oll rnd trr rrsta

hteral exoenslon DGrEt I horizontel
erprnsion ol thc rrstc bounderles of an
existing MSVYLF unlt.

Lcechetc Eeenr r ltquid tf,rt hes prsscd Othroryt or cmerSed fron solid restc rad
coDtrh! solublg suspcaded, or miscible
nrteriels rcnovcd frou such rrsta

Municiod solld restc hndlill unit DelDg
r dlscrctc rnr ol lead or rn crcrvrtion
tf,rt rrcr[vcr hourchold rrstg rnd thet is
not I lrnd rppllcetloa uala, sutftce
lmpoundneat, lqrcctbn relt or rrste
pilg er thosc tctur rrc defiaed under
12572. A MSWLF untt dso ury rcceive
other tJrpe ol RCRA Subtitlc D mstes,
such rr corurerriel sotid waste,
nonhrzerdous sludge, end industrial solid
wrste. Such r lend0ll uey bc publtcly or
privetely orlcd. A M$ilI.r'unlt nay be r
ner MSVYLF unlt rl crdsttry M$[LF
unlt or I letcrel cxpension i

Ncn MSIilLF unlt EGtDs rny nuniclpel
solld rutc leldfll ualt thet bec not
recehcd rrstc prlor to thc etfectlve date
ol thls Prrt

Oocn burllnr EGrtrs thc combustion ol
solid rrstc without:

(l) Control of combustion air to
nelntrln rdcquete tenperrture for
el[clcnt conbustloq

(2t Cootdnmt of thc combustion
rrrctlot h u eacloscd dgvlcc to pruvide
sul[chnt r:sldcacc tlnc rnd nldn3 for
conplctc conbustbn, rnd

(3) Control ol thc cnlssion ol the
couburtbl productr

Oocnior EGtrr thc pcrsoa(s) Erponsiblc
lor tbc orcntl opcntloa ol r fecllity or
prrt ol e hclllty.

Orncr EGltrr thc pcrron(s) rvho owlts I
faciltty or ptrt of r fecllity.
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Runofimeens rtry reinwlter, leechete, or
othcr liquid tirt dnins oYGr lend hon
eay prrt of r fecility.

Run.on Eeltrr rny reinrrtcr, hechetc, or
other liquid that drrinr oycr lend onto
eny pert of r fecility.

Seturated zone Dcerrs thrt prrt of thc
eerth's crust in which rll voidr rre illed
rith vater.

Sludse nettrs rny solld, rnl.solid, or
liquid mste gelerrtd hon r nuniclpel,
connencial, or industriel rrstsmaer
trertment plan$ wlter supPly tr"ttmetrt
phnt, or rir pollutlon cotrtrol faclllty
exclusivc ol thc trcrtd cflluent frou r
rrsterrter trcrtnctra Plent

Solid vestc Eelnr eny grrbrye' or r:firsc,
sludge tlon r rrsterrter tnrtmcnt phnt,
wlter supply trtetnctrt Phnq or rir
pollutioo contrcl factlity end othcr
discerded nateriel, includiry solid, llquid,
seni.solid, or contlincd 3rseous neterid
resultin3 fron industrld, commercld,
mining rnd rgrlcultunl opcntiom' rtrd
fron connunity rctlyltlc!' but docr not
ireludc solld or dlsolvrd urtcrldr il
doucstlc tctrlB or rolld or dlslolvcd
neterids h trdSrtbr rt3utr Oorr or
industrld dbcterfp Or3 ut Potlt
rouFccr sulfcc3 30 pcratl rndcr al U.S.C.
lY2, or torttg rBodd lrchtr, or bY.
produc{ Ertcrld es dc0ncd b, thc Atonic
Enetgr Act of f93{ er rncndcd (6t Stet
923).

Strtr BGltrt eny ol3hc rctrnl Strter' thc
Dktrlct ol Coluubh, ttc Connonrcelth
olPuerto Rlco, thc Vlrgh Ishndr' Gutn,
Anericen Senor, end 3hc Coononledth
ol thc Northem Mrrtener Islendg

Stetc Dlructor Dclnr thc chiel
ldninl$ptlvc o6ccr ol tf,c Strtc qency
nsponribh lor lnplcncltllt thc Strtc
nunicipel rolid rrstc permit progrrn or
othcr ry$cu of prlor rpprovrl.

Uooeruort rquilcr DCrtrs thc geologic
forurtlor Dcrrltt 3hc nr3unl guund
surfrcc tbet ls u equifcr, ts lell u lower
rquilcrr thrt trc hydreullcally
hScrlonrcctcd dth thls equiferwithi! the
fecilltl"r ProPGttY boundrrY.

Westc nrnegenent unlt boundrry Deins
l vcrtlcel surfecc locrtcd rt thc
hydnullcelty dorugndlelt lfunit of thc
ualt. Tf,lr vcrtlcrl surfrcr etrends dono
into thc uppctroott rquifer.

1.6.2 Anollcrbllltv

The definitions are applicable to all new,
existin& and laterd cxpansiss5 of existing
MSWLF faeilitics regulated undcr 40 CFR
!258. Additiond definitions arc provided
ryithin the body of the regulation language
and wiU apply to thosc partioilar
subsccions. Definitions in Subpart A
apply to dl scctions of Part 158.

1.6-3 T:chnlcrl Couldcntlonr

Sctected dcfinitions wiU be discusscd in
the follqring bricf ngratives.

Approvcd Strtca Scstion a005(c) of
RCRA rcquires tbat cach state adopt and

implcmcat a st8tc Pcrnit Progran" EPA
is required o dctcrminc whether the sutc
bas dcvetopcd an adequetc Prognlm; a
scpantc rulcrnating witl be dcvelopcd for
this purpocc. Oocc the satc program has

bccn approvc4 thc statc will have thc
primary responsibility for inplcmentation

I
I
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and enforcement of the Criteria EpA
will have the authority to enforce thc
Criteria in states where EpA has denied
program approvd.

Aquifen An aquifer is a formation or
gloup of forrrations capable of yiclding a
significant amount of ground.watcr to
wells or springs. To be an aquifer a
formation mrst contain inter<onnected
pores or opcn spaces (intcntices) that are
fillcd with water and are large enough to
transmit water to wells at a uscful ratc.
An unconfined aquifer is one where the
water table is cxposcd to the atmosphere

lhroogl openings in the overlying geotogic
formations. A confned aquifer ii isolateO
from the atmosphere ar the discharge
point by imperrreable geological units. A
confined aquifer has relatively
impermeable bcds above and below.

Eristtng unl3: Any MSWLF that is
receiving solid waste as of the effestive
date of the Criteria mlrst continuc to
operate thc facility in a manncr that is
consistent with both past opcrating
practices and modifred practices rhar
continue or improve good wastc
managemenl changes in oPcranng
practices intendcd to circumvcnt rha
purposc, intent or applicability of any
ponions Part 25t will not bc cpnsidcredin
conformancc witb,-ths,&iteria [n oicr
words, facilities sprcading a thin lelcr of
waste ovcr ccscntially unnscd ncs uaitr
yll not be crcmpt &om thc requir:ocas
for nar unitr. Thc ponion of e hcitity
that is considcred to bc aa existiaj unir
wiII include the waste rnenagemeat uai(l)
receiving wastc prior to thc cffectivr dstc
of Part 25E. Existing units may cxpand
vcrtically to addres short-tcrur capsciry
necds.

I.rteret cxpeasion: Any horizontal
expansion of thc wastc boundary of a unit
is a lateral expansioa- Thi term is
depcnllcnt on the dcfinition of existing
unir Expansions to thc existing unjt bavito be coosistent with past operating
procedures or opcrating practices to
ensure good manatcmcnL Tte variability
of different state rcquirements
necesitatcd {s6nint the terms as such. A
landfill pcrmittcd as an area compriscd of
several unitsr including areas not receiving
wastes, is not an existing unit for this part.
Iateral expanri6a of smaller uniS in a
large peruritted area would nor be
protective of human health and the
enviroornent. Spreading wartcs over a
large area to increasc thc sizc of thc
existing unit, prior to thc effcctive dt. it
dso not consistent with good managiuent
practices. AII oew land surfaces uscd for

H* 
after 1993 are subject to ean I

Munlclpel Solld Wrstc tlndfill Unit:
Municipd solid waste landfill units are
units that receivc houschold waste such as
tbat from single and multiple residences,
hotcls and motcls, bunkhoues, ranger
statiotrs, crew quartcE, campgrounds,
picnic grounds and day-usc recreation
areas. Otbcr Subtitlc D wastes, such as
comncroal solid $ltstc, noniazardors
sludgq end industdal solid nastc, may be
disposcd of in a municipal solid waste
landfill

Ncr Muhlpd ttolld Wrrtc lrndllll Unit:
A ncw MSWLF is any uait tbat has not
reccivcd wastc prior o Oetober 9, 1993.
Iaterd GrparrtiEp3 arc considcred ncw
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MSWLF urlit5 ;rr the purpose of location
restrictions and dcsign standards. New
MSWLFS are subject to dl requiremcnts
of Part 258.

I,7 CONSIDER,ATION OF
OTHER, FEDERAT IA1VS
40 crR $25t3

1.7.1 Strtement of Rcflletion

Ite owler or operrtor ol r nunicipd
solid wrste lendllll unit nust comply with
any other epplicrble Federel nrles, laws,
rtgulatlons, or other requirenents.

l.7J Aeolicability

Orncrs and operators of MSWLFs must
comply with Federal regulations, laws,
rules or requirements, that are in effect at
the time of publication of Pan 258 or that
may become effcctive at a later date.

258 makc
regulations
to MSWLF

258. Thcsc
Watcr Act

wedrnds,
),

of RCRA
(c.9.,
inadve rtc{receives rc gulate d bezrrdour
\rilreh"iad thc Fudangcred Spccicr Act

owDSr or
detenir

regulations. Careful review of the part
258 criteria will hclp to identi$ most of
the othcr federd laws that may be
applicable to a partiorlar MSWLF facitity.

$125t.+25tJ [Rcservedl.

j-:

-'*=
i&4

ftcup qfy
fedcfal

at tbe
of otbcr +

that alo ffiy B
unis

" .'tf,lst
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2.0
SIIBPATT B

II)CATION CIIENIA

LI INTR,ODUCTION

Pan 25t includes locltion restrictioru to.addres the.potcntial cffcas that a municipal solid
waste landfill (MSWLF) may have on the tutto*Ai! cnironmcnq as well as the effeas
natural and man'made conditions may have on thc pcrforaancc of tbc landfill. These
criteria penain to newand existing MSWLFs and lateral cxpanrisps of existing MSWLFs.
The location criteria of Subpan B cover the fo[owing ropics:

. Airpon safety;

. Floodplains;

. Wetlands;

. Fault areas;

. Seismic impact zoncs; and

. Urutable iueas.

Floodplain, fault arca, scismic impact zone,asd rrnrlsile area resuictions address conditions
that may have adversc effects on laadfill performancc that could lead rc releases to rhe
environment or disruptions of natural functions (c.g., floodplain flow restrictioru). furpont+ry' lo"apFio and wetlands restrictioos iue intendcd tokeep MSWLF units from areas
where thc public and sersitive narural environmeats Eity bc aivenely affected.

Orners or opcrators must dcmonstrations that the location critcria have been met when
Part 25E akcs effect Componcns of such deaonstrations are idcntified in this scstion.
The owner or oPcrator of tbe landfill unit mrst also complywith all other applicable federal
3d s.t_ate- rgSulatignr such as state wellhead protcctiorpiograrus, that ari not specifically
identified in the Criterie Tablc 24 providei a quick rifcrince to the location'standards
lequired by thc criteria Somc relevani regutations are idcatificd in this guiA-.. doarrnenr
in addition to applicable Crircria listcd in eO Cfn pin 2Jt. . r,i'. .: -.q

22 AINFORT SATETY
,10 CIR !2$.f0

2J.l Strternent ol Rcrulrtlon

(r) Ormcrs or opcrrton ol tr€t
MSWII' units, crdstl4 MSlt&F units,
end leterd crpensions thrt rrr

locrtcd rltH! 10,000 fcct (3,01t ocrcrs)
ol ray drDort trlrly cnd ucd by
turboJcf dnnfl or rlthh S,00 fcet
(1524 nctcr) of eay rlrport rrarry cod
uccd ry onf plrto&tlDc rlrcnll ousr
dcnoastntc tirt tic uaits rn dcrtpcd
rnd opcntd so tirt 3hc MSIilI.F unit
docr not porc r blrd hrzrrd to rlrrrn.
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Restricted
Locatiou

Applies to
Fxisting?

Applies to
New and
[aterd

Eryansions?

Makc
Dcmonsuation
to Director?

OR hrt
Dcmonsuation
in Opcrating

Record?

Mrst
eristing

Unis Closc
if Cannot

Makc
Demon-
stratioo?

Airpon Yes Yes Operating record Yes

Floodplairu Yes Yes Opcrating record Ycs

Wetlands No Ycs Director NA
Fault Areas No Yes Direstor NA
Seismic tmpact
Zooe

No Yes Director NA

Unstable Areas Ycs Yes Operating record Yes

Table 2.0. I-ocadon Restriaions

o,
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(b) Ocmers or operstors proposing to
sitc rcr MSIIILF units rnd letcrel
expansioar ritiin r [venilc radius of
eny riraort nrorly cud uscd by turbojet
or piiton.typc rircreft uust Eotify thc
eftected eiraort rnd thc Federd Avietioa
Adninistrttioo (FAA).

(c) ftc omer or opetetor uust plecc
thc demoustrrtlon la prngreph (r) in thc
opcnting rccord rld notif! 3he Stric
Dinctor thrt it hu bcca phced in thc .

operetia3 Ecord.

(d) For purposcs of this section:

(l) Aimort Ecrns public.usc airport
opcn to thc public rithout prior
pctmission end rithout nstrictions rithia
thc physicel capecities ol rveiteblc
fecilltics.

(2) Bird hezrrd nclns rn incrcrsc in
thc likclihmd ol bird/rircraft colllsions
thet mry clusc drrnrge to thc eircnll or
iqiury to its occuptnt$

2JJ Aoolicabillty

This requirencut applie to owners and
opcrators of MSWLFs locatcd witbin
10,000 fect of auy airpon rumray uscd by
rurbojet airsaft el yirhin 5,000 fcct of any
a!ryon runway uscd by only pistoD.rypc
aircraft as lory as thc airpon is open to
the pubtic without prior permission for rsc
and usc od evailablc facilities is nor
restristed If thc abovc conditions are
prescnt, tbc otrrDcr or opcrator must
demonstratc thet the MSWLF docs not
posc a bird hazard to aircraft urd notify
the Statc Director that the demoostration
has been placed in thc opcrating record.

If thc dcmonsuadon is not made, exrstiug
facilitics Eust be closcd in accordancl
wirh C25t.16.

The regulatioq bascd on Fedcral Aviatioa
Administradoa (FAA) Order 5200.5
(Appendix A), docs not prohibit the
disposd of solid *€stc within the specified
distances rrnlsss thc owucr or opirator is
uuable to makc thc required
dcmonstration showing that the landfill is

lgsiSneA and operated so its uot to pose
bird hazards ro aircraft Tbc regulition
defincs a 'danger zonc' within which
partiorlar care urust be takcn to eruiure
that no bird hazard ariscs..

Oraen or operaton proposing to site new
units or laterd uais within Evc milcs of
any qpon ruBway end must uoti& hth
&c afreetcd airpon and the FA.d This
requiremeut is bascd on tbe FAA,s
position that MSWLFs located within a
6ve milc radirs of any airpon runway end
and which atract or sr.rstain hazardous
bird movements across aircraft flight paths
and runways, will bc coruidcred
inconsistcnt with safe flight operations and' notiEcatioo to thc appropriate regional
FAA ofice will dlor FAA review of the
proposal

2J3 TcchFlctl Conddcntlons

A deaonsration that a NSWLF does not
posc a bird hazard to aircraft within
spccified distanccs of an airpon runway
should address at least threc clemcnts of
thc rcgulatioa:

. Is thc facility srithin the regulated
distancc;
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. k the runway pan of a public-usc
airport; and

. Docs or will thc existence of the
landfill increasc thc likclibood of
bird/aircraft collisions that may culsc
danage to tbe aircraft or injury to is
occupanls.

A negative respoDsc to any onc of rbcsc
elemeuts consdrutes ao adequate
dcmonstration

The frnt element can be addresscd using
existing maps showing rhc relationship o-f
existing rutrways at tbc airpon to the
existing or proposcd ncw unit or latcral
expansiou Topographic rmps (USGS 15.
minute scries) or state, regiona[ or local
govcmncot aten€y Eaps providing 5imits,
or bcttcr accuracy would allow dircct
scaling or Eeanuremcnt, of the closcst
distance from the eod of a rutrway to tbe
trearest MSttrLF unir Thc measuremenr
shguld- got be made between propcrty or
othcr boundaries ercept thc tnd of-the
runway and the oearest unit perirnetcr.

Thc sccond elcmenr should bc rcadily
determined by contactins the airpon
sdminis6ltion or the regiooal FAA oftcc.
This rulc docs not .pply !o privatc
airfrclds.

Thc MSWLF nnit dcsign fcatrucs and
operatiooel practiccs cra have a
significaat cficct ou thc litc[bood of
incrcascd bird/8ircraft collisions. Birds
Eay h anrasted to MS\tLFs to satisS a
oced for water, foo4 ncstins; or rrx)snn&
Scavcagcr birds such as sarlings, crows,
and gulls are Eost coamonly associated
witb opcrating landfiIls and thesc birds are
morc comnonly involved with aircraft

collisioos. Waste menagement techniques
to reduce the supply of food to tbese birds
includc:

o Frequcnt covering of wattes that
providc a source of food;

. Shrcdlln& miltin& or baling the food.
cooAining wastc; aad

o Etirrrinrting urastes from tbe landfill
that represcnt a food sourcc for birds
(by dteraativc waste trurnagsr.o,
techniques such as source scparadonand compostiog or wasre
minirnizaji6g).

Frequcnt correring of wastes that reprqscur
a food source for tbe birds efficdvclv
reduces the availability of rhe fmd supply.
Depending on sitc conditions suci'.s
,oJuT9 aad typcs of 'rastcg waste detivery
schcdulcs, and sizc of tbc working face,
covcr aay oeed to be applied severai

{r.t adzy to kcep the inactive ponion of
thc workiag face small relative to the area
accesible to birds. By maint"ining a
small working face, spreading and
compaction cquipmcnt arc also
concantrsEd in a small area which funher
disnrpts scavenging by thc birds.

Itilitrg or shredding of municipal solid
wastc tcnds o break up food waste into
smallcr psrd& sizcs .trd distributc thc
particlcs Oroufnorrt non-food wastes,
tbcrcby diluting food nasrcs to a lcvel that
Acqucgtll nales thc mixnre oo longer
a$rsctivc u e fmd supply for bkds.
Sinilsrly, beliry of nnnicipal solid waste
reduces thc surfacc area of nnste that may
be anilablc o scayengtng birds.

o,
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Various methods, such as visual dctenents
or soun4 have beeea uscd with mixed
success in an attempt to discourage birds
from food scavenging. Visud detenents
include redistic models (still or urimated)
of the bird's naturd predators (e.g., man'
owls, hawk, fdcons). Sounds that have
had limitcd succcs as deterreus includc
cannon, distress cdls of the scavcnger
birds, and sounds of its naturd predaton.
Use of physical barriers such as finc wiies
strung across or trear the working face
have also been successfu[y rscd in tbc
short tcrm (sce Figure 2-t). Labor
intensive efforts have included falconry
and firearms. All of thesc mcthods have
limited long+erm effect oo coatrolling
bird populations at landfills as the birds
adapt to thc environment in which they
fiod food.

Design and opcration can funher
eliminatc the landfill ar a source of watcr
by encouraging surfacc runoff and
preventing ponding of water.

Birds also may bc attracted to a landfill as

a nesting area. Usc of thc landfill sitc as
a roosting or ucs?ing area is rsudly
limitcd to ground roosting birds (e.9.,
grJlls). Roosting arcas arc usually free
from predaton. Opcrational landfills that
do not opcratc continuously often providc
a unique roostirt habitat due to elevated
ground tcnpcranues (due to wastc
dccompositioa within the landfill) and
frecdom &om disturbancc. Nesting can bc
preventcd, however, by an undentanding
of nesting pancrtrs and requiremens of
uadcsirable birds.

In additioo to design featurcs and
operational proccdures ro conuol bird
populadons, thc dcmonstration should
dso addres the likelihood that itre
MSWLF unir will increasc bird/airaaft
collisioos and result in dehage to thc
aircraft or injrrry to its occupanlr. One
approach to adresing this ponion of thc
arpon safety critcria is to evduare the
attrastioa of birds to the MSWLF unit
aod determine wbethcr this insreased
population would bc expected to result in
a discerneble increasc in bird/aircraft
collisioru. The evduation of bird
anraction can bc based otr field
observations at existing facilities whcrc
similar design fcatures and operational
procedures are uscd

I
All obscnrations, BeasurertreDts, &.,.,
cdcnlations and analyses, and evaluatioru
sbould bc docuncnted aod included in the
demoostratioo Thc demonstration must
be placed ia the operating record and the
Sute Director ruust be notified that it has
bcen placed in thc opcrating record. (See
Scction 3.11)

If an owncr or opcrator of an existing
MSWI-F uuit camot successfully
dcmonstratc compliance with $258. 10(a),
thcn the unit Eust bc closcd in
acordg4cc with 125t.60 and posr{losure
uffii frist bc coo&rtd in accordance
with !5t.61 (scc !25t.16). Closure must
occur sithin 5 years of tbe effective date
of ther critcria Thc Direaor of ao
apprwcd Statc can cncnd thc pcriod up
to 2 years if it is dcoonsuared that no
availablc dteraative disposd capaciry
exists and thc unit poccs no immediare
thrcat to human hedth urd the
ewironncut (sce Scction 2.E of this
oanud).
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If an owucr or opcrator is proposing to
locatc a ncw unit or lateral cxpansioo of
an existing MSWLF wirhitr 5 miles of thc
end of a public-usc airpon runway, thc
affeaed airpon and the regional FAA
officc musr be notified to provide an
oppornrnity to rcvicw and comncnt on the
site in accordance with FAA guidance.
Topographic maps (e.g., USGS t5-minutc
series) or othcr simils[y aecurate maps
showing the relatiorship of the airpon'
runway and the MSWLF unit will providc
a suitablc basis for dctermining whethcr
thc FAA should be notified.

2J FLOODPTAINS
4() cFT, $25t.ll

23.1 Stetctnent of Reguletlon

(r) Omcrs or operrson of Dgt
MSITLF units, edstiry MSIilLF units,
rnd lrteral cxpensions locetcd in lfi).ycer
0oodplains nust dcnonstrrtc thrt thc
unit will troa rcstrict thc 0or ol thc lfl).
yeer 0ood, rrducc thc tcnporrty rrter
stong! cepecity ol tbc [oodpleia, or
result in reshouS ol roUd rrstc so rs to
porc r brzrrd !o irur! hc.lth rad thc
environrnenL Ttc orlcr or opcrrtor nust
plecr tbc dcnonstntbt h ttc opcntiry
ncord rad notl$ tfG Slrt Dlnctor thrt
it hrs bccl plrccd h thc opcrrtlot ncord.

(b) For porDorcr of thk rcctlon:

(t) IloodDleln nctrr thc lodrld
rnd rcletivcly flrt rseer (folnil3 inhad
ead coestd rrtcrr, lncludh3 Oood.pronc
urelr of otfshore lsledr, thrt rrG
inundetcd bt thc lfil.ycer 0ooA

(2) lfl).vcr 0ood Ertnr r 0ood thet
hrs r t.lnncat or tna3cr chrnce of
ncurring h uy 3lven yelr or r ltood of
r uegnltudc cqurllcd or crcccdcd oncc in
100 ;crrs o! 3lG rvclrtc ovcr I
sfni[cemty loog Frto&

(3) Yhshont Eclrr thc crrrying
rrry ol rolid rrrtc by re3cn of thc brsc
[ood.

232 Aoolicebiltty

Thc criteria are applicable to all existing
aod aew MSWLFs and lateral expansioru
located within a lOGyear river floodplain"
Thc rulc does not prohibit locating a
MSWLF in a l0Gyear floodplain if the
orrrcr or opcrator can demonstrat{ that
the unit wiU cooply with the iflow
resUictioa, teEporary storage, and
washout provisions of the regulation. A
MSWLF 'rill affcct thc flow and
tempotary storage capacity of the
floodplaia which is acccptable, unlcss the
effcct is targe enougb to cause higler
flood levels and greatcr flood da.rrage
downsueam with potcntial hazard ro
human hcdtb and safcty. If a
dcoonstration that the landfrll will not
Pos€ unaccepUble thrcats c"n be made,
thc dcmoostration must h placed in the
opcratint rccord and thc Statc Dircctor
Bust bc'notificii that tli'i temonstration
was oadc and placed in thc record. If the
demonsuation cannot bc madc for an
cxistiry MSWLF unit, thca the MSWIJ
Eust bc closcd in 5 ycan in accordance
with t25E.60 and the o*ncr or opcrator
out conduct poot-closure activities in
accordaace with 158.61 (scc $258.16).
Thc cloorre dcadlirc Eay bc extcnded for
up to two yca$ by thc Direstor of an
approved Statc if the ormwcr or opcrator
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can dcoonsratc that no available
alteruativc disposat capacity exists and
there is no immcdiate thrcat to human
hedth and thc cnvironmcut (scc Scsdon
2.8 of this Manud).

Compliance with thc floodplain criteria
bcgins with a determination of wheser
the MSWLF is located in thc l0Gyear
0oodplain If the MSWLF is located in
the l0Gycar floodplain, tbcn the ormer or
operator mut demonstrate that the facility
will aot:

o Rcstrict the basc 0ood flow;

o Reducc temporary watcr storage (if
thc basc 0ood level would not be
raiscd by more than one foot tben it
would be an indication tbat thesc two
points are mct); and

o Rcsult in washout of solid waste tbat
Eay pose a hazard to huraan hedth
and the environncnt.

Guidancc for identifying 0ooc plairu and
dcmoastrating facility ompliance is
providcd bclry.

FM Pld! I&utdcrUor

River f,ooQhins arc rerdily idcutifirblc
as thc 0et ucrs adjacent to thc rirr/r
noraal chaoncl Thc lfiLycar 0o@lrin
which rcprescar thc scdimcnt8ry dcpotiu
fotmcd by floods thet havc I one pcrcGar
chaocc of occurrcnce in a lfl)-year pcrid
are ideotified in thc 0ood insutance rete
Eaps (FRIvlS) and f,ood bonndary and
f,mduray Eaps pnblishcd by thc Federd
Eme rge ncy Marrage me nt AgencT (FE lr{A ).

Guidance on rsing FIRMS is provided ia
'How to Read a Flood losurance Rate
trlap'published by FEMA, FEIvIA also
publishcs'Thc Natioosl Flood lnsurance
Prograo Comnuaity Statrs Book' tbat
lists communities that ue in the
Emcrgency or Regular programc iacluding
communitics that may aot be involved in
thc Natiooel Rood Insuraacc Program but

. which havc FIRMs or Floodrvay maps
pubtished" tlsps (scc Figure 2.2) urd
other FEI{A publications Eay bc
obtaincd from thc FEIVIA distribution
Ccnter (sce Appcndix B for address).
Areas trot correred by the FIRl,,{s or
Floodway Eap6 fray bc included in
f,oodplain roaps anailable throug! ltheAray Corps of Enginecrs, thc IJ.S.
Geologic Survcy, thc U.S. Soit
Conscrwation Scrvice, thc Burcau of Land
Managcacng thc Tcnnesscc Vdlcy
Authority, and Satc and local agencies.
Mauy of tbe river channels covered by
thesc Eap6 may have undergone
modiEcation for hydropower or flood
control projests and thc floodplain
boundaries reprcscnted rlay not be
accuratc or rcprescntative. comparison
of thc 0oodplain map scries to recent air
photogrrphs may bc uccessary to identi$
curcDt river chenncl uodificatioru and
laad usc rntprshcds that could affect
Boodplsin designation*

If 0oodplain Esp6 arc not available, urd
tbe frcility is locetcd erithin e f,oodplain,
tben r 6cld sody to delincatc the 10O,
year Boodplein nry bc required. A
f,oodplsh dclincatioa proiran would bc
bascd primerily on Ecteorological recor&
and physiographic informetion such as

existing and planned watcrshed land ue,
topography, soils and gcologic mapping
and air photo interpretation of
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geonorphotqic (land form) fcarures. The
United Satcs Watcr Resource Council
(L977), provides information for
determinint the poteutid for ftoods in a
given location by sueam gauge records.
Estimation of the peds discharge by thesc
methods also dlows 3a s5timag[on of thc
probability of excceding thc l00year
flood.

Erylnecring Consldentions

If the MSWLF unit is within the tOsyear
Aoodplain, it must be located so that the
MSWLF docs not significantly restrict thc
basc flood flow or signiEcantly reduce
tclrporary storagc capacity of tbc
floodplain Furrheruore, the MSWLF
must bc designed to prevcnt tbe washout
of solid waste during the expeaed flood
evenl The rulc requires thar floodplain
storage capaglty and flow restrictions that
occur as thc result of the MSWLF, do not
posc a hazard to hunan hcdth and tbc
environmenu

The demoustratioB that these
coruiderations are mct rcligs on estimates
of the f,ow velociry and volume of
Boodplain storate in thc vicinity of rhc
MSWI-F unit during thc basc 0ood. Thc
asscssmcnt should conridcr thc 0oodplain
storagc capcity end Ooodrrater velocitics
tbat would lilcly exist in abscnce of the
MSWLF. Ttc volumc occupicd by a
MSWLF ia e 0oodplain mey theoretically
dtcr (re&rce) thc sroragc capacity and
resuict f,or. Raisiry thc basc flood lcvel
by more than onc foot can bc aa indicaton
that the MSWLF may reduce and restrist
storage capacity flor. In some smallcr
iueas a grcatct tban one foot increasc in
the 0ood lcvel may bc acceptable.

The locatiou of the MSWLF relative ro
thc velocity distribution of floodrraten will
greatly influencc the susccptibiliry' to
washout This typc of asscsmcoi *iU
require a conscpativc esiimate of thc
shear stress on thc landfitt compoucots
cascd by rhc d.pO, velocity, and
duration of iopinging river warer:.
Dcpcnding on tbc aaount of inundatiorl
the landfill Eay act as a channel side
slopc or bant or it may be isolated as an
island qrithin tbc ovcrbanls river channel.
In both cascs an estimarc of lbe ri,.er
velocit! would bc pan of a proper
ils{tcssEcnL

The asscsmeat of 0ood water vclpciry
will rcquire that thc channcl cmss seltio;
bc kno*a above, aL and belowi the
land6ll. Friction factors on thc ovcrbank

ili*u1',1iffi;:r.ffn *H".'Hil: O,
hydrologic models may bc rscd to
simulate flow lcvels and estimare
velocities througb thesc river cross
sestions.

Thc Army Corps of Engincen (COE
19t2) has dcvelopcd scvcrd nnncrical
modcls to aid in thc prcdiction of 0ood
hydrofreph* 0ow pennctcrs, thc e6ect
of obcmrctionr oE f,ow lcrrclr, tbc
simdrtion o00oodpntrol stnrcult rDd
scdincat trruport Altbousb oc rll or
pcrhepo EooG, of thcsc ocrbodr ory bc
approprietc for r giveo sitrntioa. tbc
Eodcb, iocluditrt rhc folloviaj do
prwidc well tcrtcd sn lyticel rpproctcs:

HEC-I; Rood Hydrqraph h&jr;
HEG1 lVatcr Sur&cc ho6lcr;
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HEC-S, Simulation of Flood Control
and Conscrvation Systems;

HEC-6, Scour and Dcposition in Riven
and Reservoirs.

Thc HEC-2 modcl is not appropriate for
simulation of scdirnent.laden braided
stream s),stcEs or othcr intermittcnt /dry
sream systcrns that are subjca to flash
ftood events. Standard runoff urd pcdc.
flood hydrograph methods would bc morc
appropriatc for such conditions to prcdict
the effcas of scvere flooding.

Cost effective methods to adequately
protcct thc MSWLF unit from flood
damagc include cmbankment designs with
riprap and geotextiles to prevent scour.
Guidetines for design with thesc materids
may be found in Maynard (1978) and SCS
(19E3). Embankment design will require
an estiruatc of river flow velocitics, flow
proEles (deptb), and wave aaivity. Figure
2-3 providcs a dcsign example for an
embanlcurcnt protection from erosion by
flood watens and heig[t requirements to
control tbe effects of wave activity. Thc
usc of dternatc crosion conuol mcthods
such as gabions (eubic shapcd wire
structures frllcd with stonc), paving bricks,
and mas may bc considcrcd.

2.{ WEI.IAITIDS
{o,€FR lzst t2

2.4.1 Str&.nrcnt ol Rcarhtloa

(r) Ncr MSl['If udtr ead hacrrl
exprnsionr shell lot bG locetcd in
retlrndq, unlsr thc omcr or opcrrtor
cu uelc thc follortnj dcnonstrrtioor to
thc Dinctor of ra rpprovcd Steta

(f) ftc prrsumption 3f,rt prrcticeble
eltcruthc t,o tbc ptopor.d lendllll is
rvrihblc rtich docc not iavolvc rctlands
ls cleerty nebuttcd;

(2) ltc constructloa rad opention of
the MSIilLF uait rill not:

(t) Ceusc or contributc to vloletions
ol ray rppllcrblc Stete rrter qualiry
stl!drr4

(ll) Vbhtc lny rppllcrblc roxic
efllueat strnderd or prchibition under
Scctlon 307 ol thc Clcrn Vfrter Act,

(iii) Jcoperdbc thc contiDued
edstcncc ol cndengercd or lhrceteoed
spccicr or ncrult la thc destnrctipa or
rdranrc nodillcetlon of r criticel hlbitat,
protcctd uudcr thc Enden3sred Siecies
Act ol 1973, rad

(lv) Yiolrtr tny rcquirement under
thc Mrrlac Protcctlon, Reselrch, end
Sencturrics Act of 1972 tot the prorection
of r nrrinc sucturry;

(3) T[c MSIWLF unlt rtll troa cruse
or contrlbutc !o ripi[cut dcgrrdrtloa o[
rrfhads ltc oracr/opcntor Erfl
dCtnolgtntc rhc ltr&glty ol rhc MswLF
uall ud-lt'r rullty tt, ptorcct ccologicel
rttootllt' bf rddr:sslu3 tic fblbrint
frctorr:

(l) Erorbq tcrblllty, ead nljntion
potcnlld ol ar3tvc utftrld rllr, auds
rnd dcpod$ uscd to support rL MItltLF
ualt;

(il) Erostorr rtril[ty, ud r[ntioa
pottntltt of drt{Sd rnd 0ll ulcriels
urcd to support thc MSUYLF ulr;
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(iii) Thc voluurc rnd chcnicel nrturr
of the wrstc mearged in thc MSIilLF unit;

(iv) Inprcts on llsf,, rildtifg rnd
other rqurtic resounces end thcir hebitet
from rtleesc of the solid restc;

(v) Ttc potenthl cfiectr ol
catrstrophic rtlersc of rr$c to thc
rcthnd rnd thc rcsultiag lnpects otr thc
envirunment; end

(vi) Any rddiaioarl hctors, er
nGcesslry, to demonstrstc thlt ecologlcel
nesounces in thc rrtlaad rrc sulllciently
proSected.

(4) To thc ctretrt rtquired under
Scction M ol thc Clcrn Wrter Act or
appliceblc Statc netlend lrrs, steps hrvc
been trken to rttcnpt to rchievc uo EGt
loss of wethnds (es dcllncd by rcre4c
and functiotr) by llrst rvoiding impacts to
wrthnds to thc nrdnun extent
practicablc a! requircd by peregreph
(aXl) ol thir scctlon, thcn mininizing
unrvoideble imprcts to thc urximum
extent prrcricrblg rnd [arlly of?scttin3
rcntioing unevoidrblc rrtlend
imprcts throug[ rll rppmprlrtc rnd
pncticrblc coDpelsrtory nitigrtloo
rctiotrs (at" nsEorrtlo! o? cdstin3
dcArrded retleadr or cratiot ol nu.
nrdc rctleadr); rad ..

(5) SrfrclcDt lnloruetloa ls rvrihblc
to nrkc r rruoarbh dctcruinrtiotr with
Erpect 30 thcrc dcnonctntloas

(b) For putpoccr ol 3hls sccrlon,
Vethndc' nettrt thorc ltrltr thr3 ere
de0ncd lr {) CFR !2i}2J(r).

Thc wedand location restricions are
applicable to all ncw MSWLF units and
laterd ctpanqi6l5 and require owuers and
op€rators of sucb uuits to mcet thc
dcmonsuation rcquircments prior ro
construction" Tbe location restridions
allow exisring MSWLF unia located is
wetlau& to continue operatioos as long as
compliance with the othcr requirements of
Pan 25E caa bc mainained.-

Ia additiou ro the regulatioru listed in 40
CFR 025E.12(a)(2), orher federal
t.S*:g1nF may be appticabte in siring
a MSWLF in a wetland. 

- 
Thesc include:

o Scctions 401, 402, aod 404
c'w.t

o Rivcrs and Harbon Act of l9g9;. Executive Order 11990, protection of
Wcrlands;

o Natioual Envirouncntal pol.icy Act;. Migratory Bird Conscrvation Act;o Fish and Wildlife Coordination Act;. Coastal Tnae Managcment Act;o Wild aad Scenic Rivers Act; and theo National Historic Prcscrvation Act.

The usc of wetlands for corumlction of a
MSWLF facility will requirc a permit

ffi'*t.fl*mitr:ffiff::i
wetlands under authority of the EpA
COE pcrmis and involvement will likely
be requircd for wctlands impaas in excess
of ooc acrc. Statc pcrmitt *y also be
requircd

Omd or opcrator mrst bc able to
demonstratc that alteraative sites are not
amilable and tbu impact to wetlands is
tbcrefore unavoidablc whcn proposing to

off tle

DRAFT B-9 April 1992



usc a wedand to site a new facility or
laterd cxpnnsistl If it is demonstrated

. that impaas ro thc wetland are
unavoidable, theu dl efforu Eust bc madc
to minimize the impacts. Thc impacts

T,or Pc. compcDsared for by rcstoring
degradcd wctlands, enhancing or
prescrving cxisting wetlands, or crtating
ncw wetlands. The result of thesc
aaivitics should bc no nct los of
wetlands.

2.4.3 Technicd Considcrations

Wetlan4 referred to in 0ZS8.t2(b), is
dcfrncd in i232.2(r). However, the agency
is considering changes ro thc wetlands
prograo" A proposd to revise a technical
guidancc doqrment that implements thc
curent definition was published in the
Federd Register on Augrst 14, 1991 (56
IlR. 40445). A proposd to codi$ thesc
s[angGS was published in thc Federal
Registcr on December 19, lg91 (IB
65964).

Thc rule idcutifics sevcral key issues that
nced to be addrescd if an owuer or
opcrator propoccs to locatc a latcral
exparuiss or a nsry MSWLF in a wetland.
Tbesc isues include: (l) practicablc
dtcraatives, (2') cvzluatioa of wedand

16eagc aod funetioo, (3) nitigation of
impa.t, qryil (4) ofEctting -impacts.

Althougb EPA hrs an objcctivc of no net
los of wctlrodr in tcrus of acreage and
firnction, it rccojnizcs tbat regions-of thc
country exist nficre proponionally large
:ueas ate dominatcd by wctlands and
suita-ble acreage and typc of upland may
Dot bc prescnt to dlow constnrction of a
ncw MSWLF nnit or laterd cxpanri6s
without wetland impacts. Wctlauds

ey{ua1io3s may bccomc an integral pan
of both tbe sinn& dcsig4 peruriding urd
euvironnental monircring aspccts- 6f a
landfill (sce Figrue Z4). 

-

hrcttce bh Altctl rtlvct

EPA bcticves tbat locating new MSWLFs
or lateral erpaasions should bc done only
undcr vcry liraircd condidons. Wetlands
comprisc 

- 
large areas of the coun[y

ganiodarly in cerrain regions. Th;
lanning of ocw MSWLFa or lateral
expansions could causc scrious capacity
probleras and tead to ncgativc health and
eavironmcntd impacts. Thc flcxibility ofthe rule allows communities ro
dcmonstratc that thcre iue no altemltives
!o-^ _tg"urg or larcrally expahAng
MSWLFs in wetlands

Conpllelcc rlti Otbcr trrs

Irourg or latcrally expanding MSWLFs
in wetlands requires compli-urce wirh
othcr environncntd reguladons. The
owncr or operabr Eust show that
opcration or oonsmrction of thc landfiil
will not:

. Violetc asy applicablc State warer
gdiry suudardg;

. Causc or conuibutc to violatiou of
atry applicablc toxic ef,ucnt standard
or prchibition;

. Carrr or contributc to violadon of
any rcquirencnt for thc protection of
a oerinc saacnrer1l; or

. Jeopardizc the continued existcnce of

Hx3i"51;1.**"ncd 
specie' o' 

o
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Wethndr Dcarrdrtion

The MSWLF cannor causc or contribute
to significant degadation of wetlands.
The ownerf op,ratot must:

o Ensruc tbe integrity of thc MSWLF

o lvtinimizs impacts on fuL wildlifc urd
other aquatic resourccs and thcir
habitat from the release of solid
wastc; and

o Assure that ecological resources in the
wetlands are suiEciently protectcd.

Thesc factors were partially derived from
Section 4&(b)(l) of the Clean Water Acr
Tbese guidelines addres thc inegrity of
the MSWLF ability to protcct thc
ecological resources of the wetland.

Walands Mitigrtiotr

When a MSWLF is located or created in
a wetlan4 steps Eust bc tdrcn to anempt
to achieve no Det loss of wetlaads as
dcfrned by acreage and funaioa. The
ormer/operator Etrst try to avoid impacts
to thc wcdands and minimizc aoy impacts
as much as posriblc. Dcaradcd wcdands
m$t bc restore4 [pocsiblq, or rdditiond
maa-madc frctlands mrt bc creatcd.

Ihnoastrffu

Bccausc of tbc uniqnc naturc of wetlands
the owncr/opcrelor i! requircd to
demonsuatc that t[e landfll will aot cause
or cootributc to significaat degradatioo of
wctlands. Tbc dcmonstration must be
revicwed and approved ry thc Dircctor of
an approved State and placed in thc

facilitics opcrating record. This provisioo
effeaivcly lanc the sidug of DGw
MSWLFS or latcral cxpenqigns in
unapproved Sates.

Altcraedvr Sltcr

Pan 25t prcsunes rhat praaicable
dteroativcs arc availablc to locadng
landflls in wetlands bccansc landfilling ii
Bot a watcrdcpendcnt activity. In an
approvcd State, thc owucr or opcrator can
rebut the presumption that a practicable
alteruative to the proposed landfill or
lateral expansion is availablc. The term
"practicablc'pcnains to the economic and
socid feasibility of dternatives (F.&,
collection of wasrc at ransfer satiooshnd
tnrchrt to ao existing land6ll, otbcr
po*riblc land6il sites). The feasibility
evduation mey cnail 6nrncid, economic,
adninistrative, and pubtic acceptability
analyscs as well al eugineering
considerations. Furthermore, tbe
evaluations will gcaerally require
geacration and asscssneot of land usc,
gcologic, hydrologic, geographic,
dcmographig zonin& and uafEc maps,
and othcr relatcd information

To rebut thc presumption thar an
alteraative practicable sitc exits generally
will reqdrc,i&8t,e sitc scarch for aa
alteraativc location bc conductcd. There
is no standard mcthodoloryfor conduaing
a sitc scsrch dnc to th vrriebility of thc
numbcr aad hicrarchy 6f sg'ssning crircria
that msy bc applicd to e spccifrc casc.
Typical critcrie my includc:

. Distance &om wastc generation
sources;

o Minimum lssdfU size requireruents;
. SoiI conditions;

unit;
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. Proximity to ground-water users;
o Proximity to significant aquifen;. Exclusions from protected narural

:ueas:
. Difficult to remediate features; ando Sctbacks from roadways and

residences.

Wetlend Evrlurtions

The tena wctland iacludes swittrlps,
marshcs, bogs, and any areai that are
inundated or sanrated by ground-water
and surfacc water at a frequency and
duration suf6cient to suppon vegetation
adapted for life in saturated soil
conditions. Wetlands, therefore, may be
identified ou thc basis of soil conditions
(sauratcd \el. unsa$tratcd) the rypc of
vegetation prescnr (hydrophytic), and site
hydrolory. Thesc factors also determinc
the functional vdue of the wetland in
tenns of is rolc in supponing 6sh and
wildlife habitats; providing aesthctis
scenig aad recrcationd value; flood
storage; aquatic divenity; and its
relatioruhips to sutrounding nanual iueai
including nuuient retention and
productivity exponstioo (e.g relcasing
outrients to dosasueam area$ providing
liantporlsble food sources).

Ia most cascs, a wcthnds asscssment wi[
aecd to bc conducted ty a qualified and
experienced multidisciplinary team wirh a
soil scientist end a botarrist or biologist.
Thc asscssmcat should idcntig: (l) tbc
limis of thc wetland boundary bascd on
soil and plant rypcsi (2) thc typc and
reladve abundance of vcgeation including
tree$ (3) rare, endangere4 or othcrwisc
protectcd plans (if any), and (4) rarc aod
endangered species and tbcir habiats (if
any).

Crircria uscd iD wetlan& identification
have bccn devcloped in aEeemenr
betwecn the EPA Fish and Wildl.ife
Sericc, Soil Conscrvation Scricc, and
the U.S. Army Corps of Eagincers and are
prescnted in tbe Federal Manual For
Idcndging and Dclineating Jurisdiaional
wctlands (CoE t9g9). Tbis pubtication
also contains an extcnsive tist of literarure
availablc on identification urd prevalence
of plant species charactcrisUc of wetlands
througbout the Unitcd Statcs, hydric soil
classificatioq and related wctland ropics.
Additiooal published information rhar may
bc useful includes USGS topographit
maps, National Wetland lnventory (IV\U)
Ma?s, Soil Conscrvatioa Servici (SCS)
soil maps, and wetland inventory maps
prcpared locally. 

t
After completion of a wetland study, the
impaa oa the wctland and iu relationship
to adjaceat wetlands can bc morc
effectively assesscd. At some time in the
pcrmitting process, statc and federal
agencies with jurisdiction over wetlands
will ueed to bc contacted to schedule a
site visir It is usudly advantageous ro
cncouragc this collaboration as early as
posible in thc sitc etaluation process.
Regulations witl rary significantly from
starc to starc wirh regrrd to thc size and
typc of tic wetland which will triggcr starc
agency iavolvemcil Itr gened thc Army
Corps of Engineen wiU require
consultatioo on any proposcd impact of
auy wedand that is oyer an acrc in size;
regardlcs of tbc actud sizc of thc impact.

Othcr agencies nrch as the Fish and
Wildlife Scrvice and the Soil Conscryation
Servicc may aced to be conacted in some
statcs.
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Thc functioaal value of any given wetland
is depeodeat oa so[ plant, and hy&ologic
cbaracteristics, panicularly thc divenity,
prevdcncc and encai of wctland plant
species. The relationship bcnrccn thc
wetland and surrounding ercas (c.9.,
nutrient sinls and sources) aad thc ability
of thc wctland ro supporr animal habitaq
or panicularly rare or cndurgered spccies,
contributcs to thc eraluation of functional
value. Thc functional value iself; is a .

relative vdue asscsscd by comparing thc
wctland undcr study to other known
wctland areas in the imnediate
regioo state, or country as a whole.
funstional vdues nay bc rated as very
low, low, modcrate, high, urd very higb
relative to othcr knowu wetlands for
variou criteria Thc critcria may includc
plant divenity, prenalence of individual
rare or endangercd spccieg wildlife
habiat value, recreationd value, acstbetic
value, and uniqueness. For 6cld
metbodologies and inforuation on
prevdencc index dcterurinations, gencral
ilsscssErcnt, and impact evduadon
guidance plcasc refer to COE (1989).

Other wetland and relatcd asscssmetrt
mcthodologies includc thc Wctlend
Evaluation Techniquc (WET) and rhc
Habiut Ernluation Proedurc (HEP).
WET allorr comparison of rhc ralucr ud
functions of wctlands bcfore and dicr
consmrctio of 8 fecility, ocrcby
projcctiry tbc inpact a hcility ory brvc
6a 3 sgrlmd, WET wrs dcvelofd b, ric
Fedcrd Hitghny Adninistratioa lad
rcviscd by COE (Adsnus ct d- lgtA.
HEP 'ras dcvclopcd by tbc Fbt rod
Wildlifc Sclice to dctcruinc thc dity

and quandty of available babiur for
sclectcd spccics. HEP and WET may bc
wcd in conjuaction with each other ro
providc an integrated asscssmcat.

Iuprc{ Mltlgrtlol

U tbc ucw unit or latcrd expansion is to
bc located in a wcdaa4 the owncr or
opcrator Elrst dcnonstrate that the unit
will not carsc or contributc to significant
dcgradatioo of thc wetland. Erosion
porcntiel and stebility of wetland soils
should b€ idcatified as pan of the
wetlands evduation and any adversc
stability effests causcd by the MSWLF
should be resolvcd 

I
Appropriate stcps sbould bc tak& to
ninimizc potcntid efiects to the wetland.

are4
The

*ffir#:.r1ilu6r;',:xJr::!r
are site-specific and sbould be
incorporated into thc design and
opcratioa of the MSWLF. Placcmcnt of
ground-water barriers Eay bc required if
soil and shallow ground.water conditions
would causc dcwatering of the wetland
duc to thc existcncc of undcrdrain pipe
systeEs at thc facility. In many irurances,
horcvcr, wctleads arc formcd in responsc
to perchcd, acar.surfacc w8tcr ables over
geologic Errcrid of low hydraulic
coafuctivity aDd significant drawdown
inpacts Ery Eot occur.

It is pcriblc thu thc landfill will not
directly displrca wetlrnds; however,
advcrtc cficar Ety bc causcd by lcachatc
or runof[. Eryiaccrcd containmcnt
systctn! for both lcachete and ruuoff
should mitigstc thc potcntid for
inadvcncnt dischargc to wetlands.
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Additional actions and coruidcratiors
relevant to mitigating impacts &om rhc
dredging and placemeat of Ell material in
wetlands that Eay bc appropriarc for
MSWLF facilities are provideA in SuUpart
H (Aaions to Mininizc Adversc Etrisrr)of 40 CFR !230 (Guidctines foi
Specification of Disposal Sites for
Dredged or Fill Matcrial).

Wettend Ofisct

All unavoidable impacts must bc "oftet,
or compensated to ensure that the facility
has not caused any net los of wetland
acreagc of comparable functional value.
This compcDsatory mitigation may take
the form of upgrading cxisting marginal or
lower quality wetlands or by creating new
wetlands. Wetlands offsct studies arl site
specific.

A .orsory assessment of surrouoding
wetlands may be required to define their
functiond characteristics and inter-
reladonships to identi$poteatial sites that
Eay bc proposed for upgrade. An
upgradc. Eay crnsist of transplanting
appropriarc vegetation and imponing tow.
pcmeability soil materids that would be
conducive to forairy senuatcd rciI
conditioru. Excavatiotr U, foru opcn
water bodics or 3ndng[ fcsoration of selt
\Yatcr Esrshax by ofircn erpansioot o
promotc sel warcr inf,nr arG o6cr
examplce

Individud statcr may bavc o6ct ruior o
detcrminc how uuch acrcagc of I 3iveo
functional vdue is rcquired io replrcc tte
wetlands that wcre lost or impcted
Prescnation of lauds, such as drroug!
pcrpetual corscrvation cascmcnB, m3y bc

considercd as a viable offsct oprion. Stare
o$s.t rados may require that ior wetlands
of aa eguiraleut functional yalue, a larger
acreagc bc creatcd than was displaced.

Due to the erperineuul aarure of
6gSting or euhancing wetlands, a
monitoring progran to evaluate thc
progress of tbc efion should bc
considcrc4 The purposc of the
gonitonng progran is to veri$ that the
intendcd function of thc wctlrtrd becomes
56[f-ssrrining as thc wetland ages.

2-3 FAT'LT AREAS
{) cFn $tst.l3

2.5.1 Stetcncnt ol Rcruletion I
I

(r) Na MSIilIJ' unitr rad lrtcral
crBusloas shell rct bc locrtcd wtthin 2fi)
fecr (60 Ectcrr) of e feul3 thrt hes hsd
displeccuent h Holoceac tlnc unless the
orrcr or opcntor dcmoostntes to the
Dlrector of u rpprrved Stetc thet rn
eltcmrtlvc sctbrck distence of less than
200 fGG! (6() uctcn) wl[ preyetrt denege
to tfc ctrrctunl htcsrlty ol3f,c MSIilLF
ualt rad rilt bG pmtcctlvr ol hunan
hc.t3i rad t[c cnvlroancnl

(b\&r tS H$g*l oI !t{r $crlou
...i(l) Frulf EG.u r frectun or I zone

ol flrcturcr h ray Er3crhl rlory which
stnrar o! o[c rldc hrvc bccn dlsphcedrlti r:rpccf 3o tilt ol ttc orhcr slda

(2) Dtsolrcenrcnt DG.nr thc retetivc
Eovcrclt o? uy tro rldct of r leult
ncrsur:d h ray dlrccttou
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4L

(3) Iloloccnc EG.rl thc nost rrcetrt
epoch of tic Quetcmrry pcrlod, exteadlng
hom thc cnd ol thc Plelstoceae Epoch to
3hc prcscn3.

2JJ Aoollcability

The regulatrien lanc all new MSWLF units
or laterd cxpansions of existing units
within 2@ feet (60 EctG'.) of thc
outeruost boundary of a fault thit has '

experienced displacement during the
Holocene Epoch. A variance to thc 20O
foot sctback is provided if the owner or
opcrator can demonstrate that a shorter
distance wil prcvent damage to the
strucnrral integrity of thc MSWLF unit
and will bc protective of human hedth
and the environsrcnl Existing MSWLF
units are aeither required to closc nor to
retrofir if they are located in fault iuear.

2.53 Tcchnlcrl Consldentlonr

Seismologiss gencrdly believe that thc
structural integnty of an enginecred unit
cannot bc unconditionally guaranteed
wheo tbey are built witbin 2fl) feet of a
farlt along whicb EorrcEcnt is highly
likely to occur. Ia gcnera[ a 20O ioot
buffer zouc should be suficient to protect
enginccred strustur* frou scismic
da-ages.

The U.S. (icobicat Survcy (USGS) map
serics idcdfirytbc tocation of Holocene
fauls in tba Unitcd Satcs (Preliminary
Youag Feult M8p!, Mf9l6) should bc
uscd by owncr or operators of MSWLFs
to dercrminc thc location of such fault
zones and appropriatc sctbacls if oeeded.

Detcrmination tbat a fault has not had
differendal rnovcnctrt in Holocenc tirne
may be pcrformcd by rhc mc6ods below.
Disptaceneot of sur6cid dcposis (gacial)
ecross a fault Eay bc indicative that such
displacement has occurred in recent dmcs.
In addition, scismic epiccatcrs, recorded
in reccnt dncq Eey bc indicative of
receBt EoveBcnt or asti"ity dong
stnrcnues in t given iuea The
NAPP/NIIAP high altitude, high
resolutioo ared pbotogaphs with stereo
pvcrage are a uscful renotc scnsing aid
for dclineating fadt Eaces and structural
lineanents. This scries of areal
photography providcs coirage over most
of thc United Statcs and is available
throug! thc U.S. Geologic Sun ey, QROS
Data Ccnter (Appeudix B). i

An waer or opcnilor hes ur oppornrniry ^to dcnonstratc that an dtemate setback !of less than 2fi) fcet will prcvenr damage
to thc stnrcual integnty of thc MSWLF
and will bc protcctivs sf lrrman heaith
and thc environmenl Thc demoruuauon
for a aew MSWLF or laterd expaasron
requircs reviar and qpprovd of the
Dircctor of an approved Staa. tf the
dcmonstratiou is approvc4 it mrsr bc
placcd in thc facilitfs operatiag record.
Therc etc oo sct procedurcs f6i m.ldng
thc dcooastratioo. For areas wbcre
ErovcEGDt alo$ r Holoccac 0utt has
oceuned sinca lnt o*uen/ogcnrons
would nccd to conduet a 3colqrc
l36snndcsancc Of the sitc snd sungusdiry
arc8r. Fadt tnrcc! shotild bc orppcd ud
charastcrizcd to dctcrnirc whici Curlts
have had EoveEGBt durfurS thc Holoccnc
epoch. t!fu is6snnrisance dso rnry be
ncccssary for a dcmoostratiou Addiuonal
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requfuemcnts may nced to bc met before
a ncw unit or laterd expansion may be
approved. The option to have a setback
of less than 200 fcet from a Holocenc
fault is not available in unapproved Stares.

Site fault characterization is oecessary to
detcrminc whcthcr or nor a sirc is within
200 feet of a fault which has had
movement during thc Holoceac epoch.
An investigation would includc obtarning'
information on any lineaments that
suggest the prescnce of any fauls within a
3,000,foot radius of thc site and thc
abscnce of a fault or fauls that have had
displacement in the Holoccne within 200
fect of the unit. Thc information could bc
bascd on:

o A revicw of availablc maps, logr,
reports, ssicntific literanrre, or
insurance claim reports;

. An aerial reconnaissance of an :uea
within a five mile radirs of the site,
including acrid photo andysis;

. A reconnaisance bascd on walking
ponioru of the area within 3,000 feer
of thc unit

If the inforuation indicatcs a fault or
fauls within'-3ffi feet of tbe unit,
investiguiou should bG conducted to
dctermine tbc prescnce or abscnce of any
faults thar [evc had displaccment during
the Holoccnc within 2fi) feet of the sitc.
Suggestcd invcstigative tasls are:

. Subsurface eryloratioo including
driling and trenching to locate fault
zonqs and evidcncc of faulting;

. Trenching pcrpcndiolar to any fauit
or lincamcnts within 200 feer of the
uait;

. Dctcruinatioo of tbe age of an:/
displacemcnts; and

o Constnraion of supponing maps and
othcr uralyscs.

Thc repon should bc prepared by a
qualificd profesional uained in the
appropriate ficld.

2.6 SEISMIC IMPACT ZOhiES
.O CFR !25t.l4

I
2.6.1 Strtcrncnt ol Rcgrlation I

(r) Ncn MSIilLF uaits end lrteral
erpraslonr shdl not bc locrtcd in scismic
impect z00el, unlcr thc owner or
opcrrtor denonstrrtcs to thc Direcror of
en rpproved Strt! thrt dl contrinment
structurt3, lacluding linerr, leechate
collcctioa rystcnr, eld surfecc wtter
eo[tml systcnr, rre dcs$cd to rcslst the
nrdDrn horizoatd rcccleretlor in
Utht[Gd certh uelcrid for thc rila Thc
orlcr or o;rntor nust ptrcr the
&mlrtntbl lE thc opcnthl rrord
rnd mtlf! ltc lttrtc Dlrector ttrl lr hes
bccl plr&rf'li tLc opcrttlry rGGorA

(b) For thc purpocct of thlr rrtlon:

(l) llclsnlc lnorct zooc E ttr ln
rnla rlal I lc! pcttllt o? tnlrter
pmboblllty 3[rt tlc urdnun lortootal
rcc.lcndol h llthl[cd crnf trurirl,
crprurad rr r pcrc3lte33 of tie certh's
gnvltrdoad pull (t), rlll Grcc.d Ol0j in
2ll0 yters
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(2) Mrrdnunl horizonml rcceleration
in lithilled crrth netcrirl netns the
mrximum expected horizontd rcceleretion
depicted on r *lsnlc hrzerd mrp, with r
90 pcrcent or tneetcr pmbebility thrt thc
rccclemtion will not bc cxcccdcd i! 2g)
yclrlr, or tf,c urrdnun Gxpcctd
horizoatel rccclcretion bescd oa r rit+
spccillc scismlc rlsl rsscssncnt.

(3) Llthillcd crrth net:rlel ueens rll
roclg includiry rll netunlty occurring
rnd Er3unlly fotucd rtgrEgstc! or
mrsscs of minerals or snell penlctes of
older rpck thet fomed by crystallization
of nrgne or by lndurrtloa of loosc
scdirncnts. Ttls tct[ docr not includc
nrn.urdc nrtcrirls, such l3 llll,
Gomrrtg eld rsphdt, or uoconsolidrted
crnh nrteridr, soil, or rqolith lyiry et
or trcar ttc ani rurfrcc.

2.G2 Aooltcablltty

The regulation applies ro ncw MSWIf
units and laterd exparrsions located in a
seismic impaa zonc, which is deEned as
an afca haviDt a l0 percent or greater
probability that thc Esximun expeacd
borizoatal acccleratiou in thc tithifisd
earth materia[ eryrcsscd as a pcrceutage
of tbc eanh's gravite.tioorl pnll (g), will
excced 0.103 in 250ycrn :

Thc reguletion prohibis sitiug of new
units or lrtanl cryaasioas in a scismic
impact zooc unlcrs thc owucr or opcrator
catr demon*ntc thet thc smrctural
conponcnts (dc6ned in Scction 2.7.2) of.
thc unit are designcd to resist the
maximrua horizontd acceleration in the
lithified earth uaaterid for thc site.
Existing unis ate uot required to bc
reuofrtted. Ormcn or operators of ucw

units or latcrd expanrions mrxt noti.S the
Director of an approvcd Sate and place a
demonstration of compliancc itr the
opcrating record"

2.63 Tcchnlcrl Considcretionr

ormcn or opcraton of MSWLF u"its, at
3 minimum, should review thc scismic

!50-year intervd rnaps in U.S. Geological
Snn ey Open-File Repon t2- 1033, entirled
"Probabilistic Estimates of Maximum
Acccleration and Velocity ia Rock in thc
Cootiguors lJnited States,' (Algermisscu
and Pcrkins, 1982) ro determine rhe
maximum horizontal acceleration of thc
tithifisd eanh material for thc site. (sce
Figre 2-5). For arcas not cover{ by
Algermisscn and Perkins (1982), dSAS
Satc scisnicity Eeps may bc uscd to

:::n"fu"Jth.Hfl# J?ili","i"j O,
Informadons Center, located at the
Colorado Scbool of Mincs in GoldeD,
Colorado can providc scismicity maps of
dl 50 states. The center dso maintairu a
databasc of kno*a eanhquakes and fault
zoncs.

If the mexinum horizontd acceleration is
les tban or cqual to 0.19 tbcn the dcsign
of thc unit will Dot htvc to incorporarc aD
enluetion ofupismic cEccts under rhesc
rulca. For tbocc units located in an area
with rn cstimstcd maximun horizontal
accelcntion 3rc$cr then 0.1g aa
evelu,ation of scismic eficcts shoutd
coosider both foudation rcil sability urd
\rrastc stebility undcr scismic loading.
Cooditioas thet mey bc considcrcd for thc
oraluatioo, includc tbc constnrction phase
(naximun opco excavation dcpth of new
cell adjacent to atr cxisting unit), closure
aaivities (prior to. finel consolidation of

DRAFT B-17 April 1992



r
't::,

: .^=!.t':-\:-:
. - l'

-::i-
a'2!i
d.'i-:Z=.il*ll< i:.:(,
t.{ St

\.r

-
rF
2

ta=
^rt
rl
-:ll ----,a 

=v-
I-

-'a -_-'e
't

i;r- !
_l -- I--i

t-:l- -t

a,

Ir!



both waste aad subsoil), and post-closure
care (after End coruo[dation of borh
watte and foundation soil). For site
conditions with low strength foundation
soils, or foundation soils that have the
potentid for liqucfaaion, tbe facility
should be asscsscd for seismic aaivity
evcn if horizontd acceleradons arc les
than 0.1g. Rcfer to Scction 2.7 for detail
on unstable arcas.

If a MSWIf is located in a seismic impact
zone, thea a demonstratioo mut bc made
to the Director of an approved State, that
the design of the unit's structural
componeDts (e.9., liners, lcacbate
collection, Enal covers, run-on and ruuoff
systems) will resist the aaximum
horizontd accelcration in lithificd
matcrids at thc sitc. There iue no
stondard proccdures for dcsigning landfill
conpotrctrts for scismic cvetrts.tffinterkorn and Fang (1975) and
NAVTAC (1983) do, bowever, prcscnt a
review of eugincering evaluations which
consider thc influence of local soil
conditions on: (1) ground response and
shaking intensity; (2) rcil scttlcment; (3)
soil liquefaction; and (4) slopc instability
during earthqudrcs.

Inforuratioo on the location of canhqnalce
epiceutcrs and intcasitics, Ealr bc
avaitabfe througb Statc Gcologic Surveys
or the Earthgake Inforuation Centcr.
For inforuetioo coaccrning poteadal
eanhquakcc ia spccific are8s, thc Branch
of Geologic Rist Asscssncil oay bc of
assistancc. Othcr organizations that snr{
the effects of earthquakes on cngineered
structures includc the National
lnformatioo Sclice for Earthqualsc

Eogo::"tg, tbc Buildiag Scismic Safery
Cound rhc National Instirutc of Scienci
and Technolory and thc American
Iastitutc oJ Architcas.

Studies indicate that duriag eafibquakes,
superficid (shallow) slides and difrelential
displacemcnt tcnd to be produccd, rather
tban massive slope failues (NAVFAC,
l9t3). Scesses creatcd by supcrficial
failures co" a.ffcct liner and Enal cover
systemt and leachatc aad gas colleaion
and removal system performance.
Tensional stresses within thi tiner sysrem
can result in fracturing of thc soil [ner
and/or tearing of rhc flcxible mcmbrane
lincr.

Whca evaluating rciI cbaracteristics,iit is
oecessary to knry thc soil suength as'well
r\t tbc oagnitudc or intcnsity of tbe
eanbqudre ia terms of pcak acceleratioa
Othcr soil charasteristics including degree
of comlaction, soning aad degreJ of
sauration may nced to be considered
becausc of their potentid influsncs oo sire
conditions. For example, dcposits of loosc
granular soils may bc compaaed by rhe
grouad vibrations iaduced by an
earthqualre. Such volume reductions
could result i! larye uniform or
difierential scttlemeuts of thc ground
surface (WintErtora and Fang 1975).

lVcll conprcted cohesionless
enbanhocog or rcasonably 0at slopcs in
inscuritive cley, are lcss likcty to fail
uadcr nodcnte scisnic shocks (up ro
0.159 aad 0.209 acccleration).
Embaatucns nrdc up of inscnsitive
cohcsivc rcils foundcd on cohcsive soils or
rock may withstasd crren treater scismic
sbocks. For earthen cmbanknrenr in
scismic redons, designs with internal a
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drainage and core material most resistant
to fracilrhg should bc considered. Slopc
materids nrlaerablc to eanhquake shocks
iue ai follows (NATYTAC, 19ff1):

. Very steep slopes of wealc, fractured
and brinle rocts or unsarurarcd loes
are rnrlnerablc to llrnsisag shocks
caused by tensiond faulting.

. Locs and sanrrated sand may bc
liqucfied by scismic shocks causing
the suddcn collapsc of structures and
flow slidcs.

. Similar effects are possible in
scnsitive cohesive soils when nanral
moisrurc excceds the soil's liquid
limit.

. Dry cohesionles material on a slopc
at thc anglc of repose will respond to
scismic shock by shallow sloughing
and slight flattcning of thc slopc.

Geotechnical stability investigations
frequeatly incorporate thc usc of
comPutcr mcthods to reduce thc
compuational tisrc of well+stablished
uralyticd mcthods. Scvcrd conputcr
software packagcs arc available that
approximatc thc anticipatcd dynanic
forces of thc dcsigp cartbquake by
resolving thc forces into a static analysis of
loading oa dcsit! cross scctioos. A
conservative approach would incorporate
both venical and horizontal forces caused
by bedrock acccleration if it can be sho'*a
that thc types of materid of interest are
susceptiblc to thc vertical forcc
comPonent. Examplcs of comPutcr
modelq includc PC-Slope by Geoslopc

Programning (1986), aod FLUSH by the
University of C-alifornia FLUSH is a
nro-dimcnsiond finite elemcnt program
for scismic and rcil.stnrctue interacion.
Refcrcncc to tbesc programs does not
constinrtc an endorscmcDt for thcir usc iu
ruany othcr well esublished PC bascd
models arc availablc. The uc of ury
model however, should be bascd on a
thorough evduadon of the program's
limitations, assumptions, aod dgonthms.
Modeling and modcl validatiog should be
performed by a qualificd geotechnicd
engineer. For Eore information
concerning slopc stability, rcfer to Scaion
2.7, Unstable Areas.

Design modifications to accommodde an
earthquake Eay include shdlower ivaste
sideslopeg Eore conscrvative design of
dikes and nrnoff controh and additiond
cootingencies for leachate collection
should primary systeEu be disrupted.
Suengrhs of the landfrll componenr
should be able to withstand these
addidonal forces with an acceptable factor
of safety. Thc usc of profesionds
erpcriewd in scismic analysis is suongly
recommcndcd for dcsig of faeilities
locatcd in areas of higb scismic risls"

.l., T&ISf,ABT.E ANEASI
40 ctn !25&15

2.7.1 Strtqncnt ol Rceulrtion

(e) Onan or opcnton of Deu
MSIilLF ud$, cdstt4 MSIilLF units,
rad lrtcnl cryruloar locetcd ir ln
u!$rbh uta unrE dcnonstrrtc that
crylrccrlat DC$ureJ hrvc bccn
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incorloretcd hto thc MSttI"F unit,s
desigR to cnsutt thr3 3hG ilScgity of thc
stnrcturel conponents ol thc MsttIJ.
unit rill not bc dlsnrptcd. lhc omcr or
opcnior nust plrcr thc dcnolrtn3lot il
thc oFrrtiry rrcord rad notll) tf,c Strtr
Dlrrctor th.t it her bccl phcrd il tbc
opcrrti[t recor0 Tic oaur or opcntor
mr$ c:onsidcr thc lollch3 fgcton, at r
niainun, rhea dcrcrminiag rhcher u .

erre is uasteblc:

(l) On.site or locel soll conditlonr
thrt mey rcsult in sigaillcent difterential
se3tling;

(2) On.sitc or tocd geologc or
3conotphologic leeturcc; rnd

(3) On.sltc or locrl humrn.mrdc
feeturtr or evc[tr (bo3t surfecc ead
subsurfrcc).

(b) For pur?os6 ol3his scctiou

(l) Unsteblc erce Ec.trs r locrtloa
thrt lr turccptiblc to netunl or hunen.
induccd curnts or forccr crprblc ol
impeiria3 thc htcglty of ronc or rll olthc hndllll Jurcturd Goupotrcatr
rtsponsiblc for prwcatla3 nhescr froo r
leodtlll. Unstrbh rrc r cu lmludc por
founde3lon condltlou, ltltr rrrolptiblc to
nllr novrrelt$ ud lLnn lctrrtm.

(2) Sflrrctunl commacntr Eclrr
lincrr, lcecirtr collcctlol qnfcn$ llld
Gorar, tuo/nrr.otr syrtcut, rnd rny
oticr Gonpooclt ulcd h ttG conJtnrctlon
rld opcrrtloa ol 3hc MSTyLF rhrt b
Dcoesser-v lor protcctloa ol hunrn hcrlth
end tf,c cnvlmnnenL

(3) Poor ?oundrtlon conditions
nc8!t tLosc rrctr utcn lceturcs cxist;tici hdlcrtc Stet r lrturd or Eln.
iaduccd cr,G!3 ue7 rcsult h hedcqurte
lounde3bl rupport for ttc ctructurrl
Gonporcntr of ll MSIilLF unit

({) lrt lurcrptlblG to mrsr
novcncnt ECIII tiocc tr;rr ol ialluencc
(ic, rreer chrnctedzcd rr hrving an
rc{iw or rubrtenthl poribfltty ol mess
novencnt) rtcrt thc novcurcnt of erdh
DrtcrLl eT bocetL or rdJrenr to thc
MSltIf, unit, bcceusc of neturel or maa.
induccd cvca3s, csultr h rhc dorvnslopc
tnDsport of roil ud ruck Erterid by
netnr ol3nvltrtlond taOucaco Arls olnr$ novroc!3 lrcludc' but rrd not
linil6{ 3o, ledslldcq rvrhachcr, dtbris

:illfr.*l .lfrr' ttucrroa, brock 

O,
(5) Ihrgt tcrrrlnr Ecrnr lneas wherc

krrst topogrrphy, rlti itr cherecteristic
surfrcc rld subtcrtracea fetturts, is
dcvclopcd .r thc rrrutt ol dissotution of
llncstong dolonltg or othcr soluble rpck
Chenctcrlstlc pf,ystognpUc leeturcr
prrsclt ll krrt tctrrlu lncludc, but rtr
mt llnltcd to, rtdrholcA rtddry rtretns,
crvcqi lrrF ertlg, rnd blhd vdlcys.

2.7J Aoollcrblltrv

Thc regulation app[es to trcw units,
existiry nniq aad latcral cxpansioru that
arc locatcd oo sitcs ctasifiea as ao
unstablc arcr. Unsublc arcrs are areas
sttsccptible to oaturel 6i [urrun-induced
events or forccs tbat arc capablc of
impairiry or dcsuoyiug the inrcgriry of
some or dl of tbe stnrcturai componenrs.

[T#.fi.H1'S*:f,"il"j i:i,] o
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systcms, run-on and runoff cootrol
systeEs, and iury other comPone[t
necessary for proteaion of human hedth
and tbe environment.

MSWLFs are permitted to bc located in
unsurble areas, but the owncr or opcrator
must demoD,litratc the strucn[al iutegrity
of the MSV/LF. Thc demonsrarion must
show that engrneering measures have bceu
incorporated into the design of tbe uirit to
ensure that the integrity of thc stnrctrral
componcns of the unit wi[ not bc
disrupted. Existing MSWLF units that do
not mcet thc demoustration must bc
closed within 6ve years in accordance with
$258.60 and owucrs urd operaror Eust
undcrtake post{losure astivities in
accordance with 058.61. The director of
an approved Statc can gant t 2-year
extension to the closure requirement
under nvo conditions: (1) no disposd
dternative is available; and (2\ no
immediate threat is posed to human
hedth and the environmcnt.

2.73 Technicel Consldcrationr

A dctailcd geotechnical and geotogical
evduatioa should bc condnctcd to ilsscss
thc subsurfacr undcr naural and human-
induced conditionr. Ttc asscssment of
whether the subslrfics':caa support the
MSWLF unit adcquatcly witbout damagc
to thc stnrcural oonponcnts should bc
conductcd by gnliEcd professionals.
Unstablc .rsas includc:

. Poor foundation conditions cxist that
may result in inadcqrate suppon for
stnrcnral oomponcDts of thc MSWLF
nnit such as cxpansivc soils and soils
subject to rapid scttlcmeat;

r Arcas sr.rsceptible to Eass movemenr
whcre down slope movemcnt of soil,
roch (donc or mixed with warcr)
and/or dcbris can occur under the
influencc of graviry; or

o lGrst terraccs underlaia by soluble
bcdrock and may coutain exteruive
subterraaean drainage systctns and
relatively large subsurface voids that
can lead to sinlhole dcvelopment.

Thc desiga of a new unit or lateral
erpansion, or thc rervaluation of an
existiag MSWLF sbould include ao
assessmetrt of thc stability of the
foundation soils, adjaceBt matr-made and
natural embankmentg aad sl{pes;
espccially whcu umrable cooditionC are
supcacd. Thc purposc of t[c assessment
is to avoid or prevcot a destabilizing event
from inpairiry tbc euvironmental integri ry
of the landfill compouent systems. The
ilsricssmcut should consider the following
facton (USEPA 1988):

. Thc adequacy of the subsurface
exploradoo progran;

. Uquefactioo potential of the
embankmcnt, slopes and thc
foundation soils;

-'::: : !J
o Tbc expcctcd bchavior of thc

embaaknent, slopcs aod the
foundation rcilq when subjectcd to
scisnic a,ctivity (sce Scction 2.6,
Scismic lmpast Zoocs);

. Potcntid for scepage.induced failure;
and

o Difiercntid scttlements.
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Typcl ol Frllures

Failures occur whcn the driving forces
imposcd ou the soils or cngineered
structure exceed thc resistrng forccs of the
material. The ratio of rhc resisting force
to the driving force is considered rhc
factor of safety (FS). At a FS valuc les
thaa 1.0, failurc will. occur by definition
Therc is a hig! probability thaL duc to
narural variabiliry and the degrec of
accuracy ia ocasuremcnts, interpreted soil
conditions will not be preciscly
representative of the actud soil conditions.
Failurc, thcrefore, Eay Bot occur precisely
at the calcnlatcd vdue and factors of
safety trearer than one are required for
dcsigu For plastic soils such as clay,
rnovement or dcformation (creep) in tbc
soil may occur at a higber fastor of safety
prior to cilastrophic 0ailurc. Principal
modes of failure in soil or rock includc:

. Rotation oD a curved slip surface
approximated by a cirelar arc;

Translation on a planar surface whosc
length is large compared ro depth
bclorv grouad;

Displacement of a wedge.shapcd m"c
dong otre or rao:c planrcs of weelncs;

Topptint of rock stopes, wirI hlbr
block sli&r, and latcrd spreading

Earth and mrd 0orc in loocc clryy
and silty soilq aad

Dcbris flows in coarsc.graiaed rci}l.

-o
Tablcs 2-1 and 2-2 prwide cxamples of
and,rtical considerations for mode. of
railure asscssmens in both oaural and
maa-madc slopes. Failures ha-re ocqrned
at opcranng sites where excavadoos for
cxprnsisss adjaceut to 6lled iueas
reduccd the m*s of rcil at thc toc of
slopc, thcreby reducing the overall
strengh G*istiry force) of tbc foundadoo
soil. Dificrcotial scttlcmcat bencath a
landfill, borh in short-tera and long-teru1
should bc asscsscd ad compared to the
elongation, strengrh and 0crure propcnies
of thc liner aad leachatc collcction pipe
systen" Altbougb exccsivc differential
seqtlemcnt Eay not result in catastrophic
failure, it may icsult in liner and pipinc
failue, dirninishint tbc pcrformand oi
thc landfll leachatc conainmcnt systbms.

Dificrcatial scttlcment gcuerally occurs iu
re-spoasc to coasolidadon and dewatering
of thc foundadon soils during ana
following wastc loading. Diffeiendal
scttlement is also discuscd in Scstion 6.2.

Subsutfecr Exploretion Progrems

Foundatioo soil stability asscssmenr for
Borcatsstrophic failurc rcquire Eeld
investigrtioas to establish rcil strengtrs
and ot[cr rcil propcnies In situ freld
raae shcu tcsB are commonly conducted
in additioa to collcctiou of pistoa samples
for laboratory tcstiry of undraincd shear
streaghs Oisxid and Eiarial). Field
vancs tatcn wirh depth (intcrrd
dcpendcnt on rariability of soil suengb
and tyF) providc e profile of soil
stren$h" Thc mrmbcr of borings required
is higbly dcpcndcnt on thc variability of
thc soils, thc sitc sizc, and landfill

ml*:r1;d ?Hfl , to. ffl',,:ffi O
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design to identi$ segments of the facility
where critical coss sections are likely to
occur. Critical sections are wherc fastors
of safety are andcipated to bi lowest

Othcr material testing to propcrly
characterizp a given soil includes water
content, Atterberg liEitt, gfaln sizc
distributiog consolidatiou, effcctivc
porosity, and saturatcd hydraulic
conduaivity. Thc site hydrogeologic
conditions should be knowu to determine
if soils are in sanrrated or unqturated
hydraulic conditioru.

Catastrophic failure such as sink hole
collapsc in karst terrain or fault
displacemcut during an earthquake are
more diffisult to predict Subsurfacc kant
strucucs may have surface topographic
expresions such as cirorlar depresions
ovcr subsidiog solution caverus.
Subsurfacc boringp may providc the only
reliablc mcthod of idcntiSing thc
occurrence, depth and sizc of solution
cavities posing potential for catastrophic
collapse.

Mahods of Anelyslr

Depeading oo thc foundation soil of
couccrn, stability amlFis should includc
both shon-tcra and lory+crm conditiong..,.-.
as well as spccid conditions that may exist
during conltnffiion of an cqranrion (c.g.,
excavation) wtich may aficct thc stability
of an cxistiry unir Fector of safery
rationale aDd sclcction for different
coodirions are describcd by Huang (19t3)
and Terzaghi and Peck (1967). Table 2-3
lists recommcnded minimura factor of
safcty valucs for slopes. Many states may
provide their owtr Einimum factor of
safety requiremcnu.

There iue uumcrous octhods orready
available for pcrforming slopc subility
analyses. Metbod selcction should bc
bascd on thc soil propenies and tbe
anticipa:ed oode of failure. "Rationde for
sclcaing a specific method should be
jtstificd

The majority of the thesc metbods may be
categorized as'limit cquilibrium' methods
wbere thc cxistiag forces are determined
and compared" Thc basic assurnption of
the limit equilibrium approach is that thc
failure criterion is satisfred along an
assumcd failure surface. This surface may
be a straight [ine, cirsular arc, logarithmic
spiral, or other inegular plane. A &ee
body diagraru of thc forces actlng oqthc
slopc is constructed rsing assume{ or
knorm vdues of the forces. The shear
resistance of the soil necessary ro establish
cquilibriun is then calculated. This
calqrlatcd shcar rcsistance is thcn
comparcd to the estimatcd or availablc
shear sucngth of the soil to give atr
indication of tbc factor of safery
(Winterkoru and Fan& 1975).

Methods that considcr ouly the whole free
body s a singlc unit include the C\rlmann
mcthod and thc friction circle method.
Anothcr approach is to dividc the free
body into E8try vertical slices aad to
considcr thc eqdlibriurn of each slice.
Scverd verions of the slicc method are
aveileblc; thc bcst kno,*l are the Swcdish
Circlc octhod and thc Bishop mcthod
(WintcrLoru and Faag lnr. Funher
disorssioos of thcsc aad otbcr mctbods
Eay h found in thc Wintcrkora and Furg
(1975), I:nbe and Whitman (1969) and
NAVFAC (1et6).
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4 coEPutcr -softwarc package,
Geotechnical Analysis for Rcview of Dike
Stability (GARDS), has becn developed
by USEPA's Risk Reducrion Eagineeiing
laboratory (RREL) ro assisi pernii
writers urd designers in evaluatini eartb
dike stability. GARDS dstritc ttri Uasic
technical conceps and opcrational
procedures for thc andysis of site
hydraulic conditiong dikc slopc and
foundation subility, dike scttleoent, and -

liqucfaaion potcntid of dike and
fouudation soils. The program was
desigucd to meet the expressed need for a
geotcchnicd suppon tool to facilitate
evaluatioa of existing and proposcd canb
dike stnrcnues at municipal solid waste
landfill facilitics. The GARDS sofnyare
package may bc obtained from RREL and
may be supplemcnted by the Technical
Manual Geotcclnical,aru$sb for Ra'icnt
olDikt Stabi@ GARDS) (USEPA 1988).

Design for Slope Stebilizrtion

Methods for slope stalitirajien include
regrading the slopc pro6lc, scepage and
ground-water control and tbc usc of
retoillng structurc$ Flattcning aad/or
bcnching of thc slope, or adding-oaterial
at thc slopc's toc, ESysufficiently enhance
r-Ebility. Snrfacc control of drainage o
decreasc infiltration Esy reduce- tbc
potentid for mud and dcbris slides in
somc arcas lowcring tbe ground-
w-ater tab_b ney dso hevc aelili-int
effects. Wrtb or lerye diamcps pilins can
bc uscd o srabilizc slid6 of relatively
small dimcnsion or to ssrrin steep krc
slopes so thar failure will not encnd back
into a larger mass (NA\ryAC, 1986).

Other potcatial procedures for stabili:ing
narural and man.madc slopes include rsc
of geotenilcs and gcognds to provide
additional strengh" instaltation of *ick
and toc drains to re-lieve excess rrore
pressures, grouting and vasruru aod
wellpoint punpint to lower ground water.
T.Ph 24 groidcs a su-iary of slope
stabiliration mcthods. For moie deailid
informatioo regarding slope sabilization
9.tigq refcr to Wintcrkoru and Furg
(1975), NATtrAC (19E6), and Sowers
(1979). Richardsoa aad Koerncr (19g7)

-9. Koerner (1986) provide design
guidance for geoqmthetics in both tananU
and gcnerd applications.

Monltorln3

During . constnrctiou and operatiorl
monitoriug of slopc stability 

-may 
bc

appropriate as additional stresscs on
n3tural'and enginecred soil qrtems (e.g.,
slopcq foundations, dikes) are exposed by
excavating an( filting activities. posr-
closurc slopc monitoring rxuaily is not
necessary.

Itpo1taot monitoring paranreters may
include scttlcmcot, latcral movement urd
pore wstcr prcssurc. Monitoring for pore
t?!cr pressurc is rsudly accomplished
with piezoaeters screencd ii tbe
particularly scasitivc sr8ta l:teral
Eroveucnts Esy h dctccted on thc
surfacc by orvcyiry (horizontal and
vcnicel) movcncnr. Subsurface
oovcacnB Esy bc dctcstcd by usc of
slopc indinomctcn. Settlcmeni may be
oonitored by sunrey of monumcnts.
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Schemc Applicable Methods Commens

Rcaining

Drilled. cast- in-place ver.
dcal piles ued brk wirlr
baucred pilcs or a deadman.
Piles foundcd well below
slidc planc. Generally,
l2 to 30 rnchcs in diamcrcr
and u 4-o-8-fmt spacing.

4. Eanh and rock anchors and
rock bols.

5. Reinforced eanh.

Sprc closc enough so soil
will arch bctwen piles.
Pitss can bc dcd ogerher
wirh grade beam.

Can bc uscd for high
slopes, urd in very
rcsmctcd arcas. Coo.
scwadvc dcsign shorld I
bc uscd. espcidly for pcr- '
maneil suppon Usc may
bc csscntid for slopes in
rocks whcre joins dip to-
ward excavadon, and such
pins daylight in tltc slopc.

Usually crpensive.

4. otlrcr ff-tlrods. Sce TABLE 7, NA\trAC
DM.7.2, Chaper I

Sourcq Soil filEhJdcs NA\trAC Dcsign Manual7.0l.

TABLE 2.4
Methods of Stabilizing Excavation Slopes



Eaglrcerht Coosideretioos for lhrst
Terreinr

A demonstration that eugineering
measures have been incorporated into a
unit located in a karst rcrrain may include
both initial design and site modi6cations.
The principd coocem with kant terrains
is progresive and/or catastrophic failure
of subsurface condidons due to the
prescocc of sink holes, solution cairitics, '

and subtcrraneatr caverns.

The fust stage of a demonsuation is to
characterize the subsurface whicb may bc
aidcd by geophysicd techniques including:
glccusmagnetic conduaivity, scismic
refraction, ground pcnctrating radar,
gravity, and electrical resisrivity.
Interpreation and applicability of
different geophysical techniques should be
reviewed by . qudified geophysicist.
Often Eore than onc technique should be
employed to confirm and correlate
Endings and asemaliss. Subsurfacc
drilling may be appropriate to corroborate
results of geophysical investigatious.

Additiond inforuation on karst conditions
can come from rcmotc scasing tcchniqres
such as air photograph intcrprctatiou
Surface mappiry of kerst feetures can help
to providc an undcntrndiag of smrcnrral
pattcrtrs aod rclrtiooships in karst terrains.
An un&rseoding of local carbonarc
geolory rnd saatigraphy can aid in thc
interpreatba of botb renotc scnsing and
geophysical tcchniqucs.

Enginecring modification to a karst tcrrain
problcm may include both surface watcr
control and coweyaDca to mitigatc thc
ratc of disrclution wirhir knom uear.
surface carbonatc stnrsturcs (limestone).

Howevcr, it is more likely that structural
replacemeut or filting of karst voids would
provide bctter engineering rcsuls. Tkesc
modiEcatioos Eay include thc excavation
of loocc soils orrerlyiag limcstone, slurry
Fouting of cavities with cement or orhcr
marcria[ infitlint of sinlc holcs and
monitoring sinlchole collapsc rares, and
dcep dSmeaic or vibro-compaction of
loosc granular overburden soils.
Enginecriry facility componcnts to
withstasd additional scttlement strains
may includc constructioo techniques using
reinforced concretc mats as part of
foundatiou design [n most irutances it
wiU bc prcferablc to avoid construdion of
MSWLF facility conponcns oyer knou,a
karst conditions tbat have potenti{ for
uncoatrollable or causrophic failur|.

2T CII)ST'RE OF EXISTING
MT'MCIPAL SOLID WASTE
IANDFILT ['liITS
l() crR, t2s&16

2.&l Strtcmcnt of Rcfirlrtlon

(e) Edstlry MSlf,I.E units thrr
ctllot uelc tic dcuoastiltloo specilled
h C$ltS.l0(t), pcrtelnhj to rirporrs,
25t ll(r), pGrrrhlq tt, 0odphinq rnd
25t 15(r), pcrtrldaf to uasteblc lnerr,
uur3 cbra br'-'(hobai t, 19,!t5, in
rccordracc rlai lzgLfo ol thk perr rnd
colduct port.clorurc rctlviticr in
rccorducc rlti $l5t.6l ol tik pert

(b) ItG dcrdlhc for clorun rcquired
by prnjnpi (e) of lilr roctlo! mry bc
cr3cldcd up 30 tn pen It thc o*'ner or
opcngtr dcuolttrrtc3 3o tbc Dlrector of
u ryprovrd Strtc tiet:
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(l) Ttcre b ao rveileblc rlternrtivc
disposel crpeclty;

(2) Therr is no inncdtetc thrGrt to
hunen hedth end thc cavlronrncnL

2tJ Aoollceblllty

These requiremcnts are applicablc to all
MSWLF uniu that receive waste afte_r thc
effective date of Pan 25t and arc locatcd
within a certain distance of an airport, on
a floodplairu or in an unsurble area The
owncr or opcrator is required to
demonstrate that the facility will not:
(1) posc a bird hazard to aircraft under
$258.1(a), (2) causc washout of solid
waste, restrict floodplain storagc capacity,
or increasc floodrvatcr flow velocity
(thereby increasing flood hazard) in the
l0G,year floodplain under !58.11(a), and
3) be srsccptible to damage that results in
tailure of landfill structurd component
systens (e.9., linen, leachate collection,
and other enginccred systems) from
urstablc conditions under !5t.15(a). tf
these demonsuations cannot bc made, thc
landfll must closc by Octobcr 9, 1996.
la approved Satcs thc closurc deadline
Esy be cncndcd for up to two additiond
ycars if it can bc sho*a that dterantive
disposal capacity is Eot arnileblc
elscwherc and rhat thc I{SWLF unir docs
Bot posc ao immcdiatc thrcat to buora
hcdth ad thc ewirouncnt undcr thc
requircmcots of tbc airpo4 f,oodpLua rad
unrtable arca location criterir.

2JJ Technicel Considcrrtlonr

Thc engineering considerations rhar
should bc addresscd for l0Gyear
0oodplah encroachmcng unstable areas,
and land6ll opcratrng practiccs to reduce

bird hazards to afucra,ft are discusscd in
sections 23,2.7, zad2.2 of this documcnt.
Informatioa and cvaluations uecessary ior
thesc dcmonstrations are also prescntcd ia
the scctions. If applicable demonstrations
arc not madc by the owner or operarors,
thc landfill Eust bc closcd according to
the requirencns of scstion 0258.60 by
Octobcr 9, 1996.

For MSWLFs located in approved states,
this deadline can be extended if there is
no immediatc threat to human hedth and
the environment and no warte disposal
alternative is available. The
demonstration of no disposal alternativc
should considcr dl waste mamgeme$t
facilities, including landfills, inciner{ors,
and recycling facilities. Thc
demonstration for thc nro year extensioo
should considcr tbe impaca on human ll
healtb and the environmtnt. It

$!25t.17-25t.19 [RcscnedJ.
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2.9 FURTHER IIIFORMATION

2.9.1 Rcfercncrs
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2.9J Orrnhetlonr

Amcrican lnstitute of Architeas
Washingtoo. D.C.
(202) 626.7300

Aviation Safety tnstitutc (ASI)
Box 30{
Worthingtoq OH 43085
(614) tE54242

Building Scismic Safety Council
201 L Street, Northwest Suite 400
Washingon, D.C.20005
(2V2) 2Ee.7800

Bureau of knd Management
1849 C Sr N.W.
Washingon, D.C. 2V240
(2U2\ Y3-7220 (Iocator)
(2U2) 343-57 L7 (Inforrnation)

Fedcrd Emergeucy Management Agency
Flood Map Distribution Ccnter
6930 (A-F) San Tbomas Road
Bdtimore, Maryland 2l2tl 4m

Fedcral Emergency lvlanagement Ageocy
(800) 63t{620 Contincntd U.S. only, e,rcept Maryland
(E00) 492ffi Meryland ooly
(E00) 63t6831 Continentd U.S., Hawaii, Atasks, hrcro Rico,

Gnan .nd tllc _Viryin Islands

Note: f; toll frcc nrmbcr Eay bc uscd to obtain ary of thc urmcrors FEIIIA
Bpdgcrdoor such rs Thc Nationd Rood Innrrancc Progran Communiry Sunrs
Eaoll urhich is published bimonthly. To obnia Ftood Insurene Ratc Mrpr e o d

oth flood rtr pq th€ FEI{A Flood ltlap Distributbn Ccutsr should be coouned.
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Fedcrd Higb*ay Administration
400 7th st. s.w.
Washingon, D.C. 20590
(2V2) 3664000 (Locator)
(2V2) 366-0660 (Information)

Natioud Infonoation Scrvicc for Eanhquakc Engineeriog (MSSE)
Uoiversity of Californiq Bcrkclcy
404A Davis Hdl
Bcrkcley, CA%720
(415) 642-5113
(415) 643.5246 (FA,X)

National lrutirutcs of Science and Technolory
(address ourently being investigated)

Natiooal Oceanic and Atmospheric Adminisration
Of6ce of l-egislative Affain
1825 Coonectiort Avenuc Northwest
Room 627
WashingfoD, DC 2U235
(2U2) 208.-5717

Tennessce Valley Authority
412 First Street Southcast, 3rd Flr
Washingoq frc 20444
(2V2) 479412

U.S. Departmeut of Agricrilnrc
Soil Conscryation Scrvicc
P.O. Box 2890
Wasbingtoq DC 2(tr13-2t90
(Physical Location: 14t! aad Indcpcndcncc Ave. N.W.)
(2U2) u7-5t57

U.S. Depertncut of thc ArEy
U.S. ArEy Corps of Enginccn
Washingoo, DC 2031+10m
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U.S. Dcpartmeut of the Interior
Fisb and ltildlife Scrvice
1E49 C Suect Northwest
Washingon, DC 2m40
(2V2) 208-5634

U.S. Departmcut of Transportation
Federal Aviation Administration
8CI Independence Ave., S.W.
Washingon, D.C. 20591
(2U2) 267-308s

U.S. Geological Survey
l?201 Sunrisc Vdley Drivc
Reston, Virginia 220ff2
(E00) USA-lr,lAPS

U.S. Geologcal Survey
Branch of Geological Risk Asscssment
Stop 966 Box 25045
Denver, Colorado WZZi
(303) Z36r6Ze

U.S. Geologcal Suwey
EROS Data Center
Sior:x f'ellc, South Ddrota 57198

U.S. Geologcal Suwcy
National Earthquakc Information Center
Stop 967 Box 25fi5
Dcnver Fedcrd Ccntcr
Dcm,er, Colorado WZE
(303) 236rm
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2.9J_ trdoiek

Adamu, P.R., et d., (19s7). "wedand Evduation Technique (wETi); volumc II:
Methodologf; Opcrationd Draft Technical Repon Y-87; U.S. Army Enginecr Wateniays
Expcrimcnt Station; Viclsburg MS.

COE, (1982). IIEC'LI{EC.a HEC-S, HEC{ Computer plss'ams; Hvdrolocic Ensinecrinq
Qegqer (HEC); Li.S. Army Corps of Engineeu HydroloSc Engirieeriaf CeutEr; Dani
California

Lysemer, John et al., (1979). "FLUSH: A Computcr Program for Approximate 3-D
Andysis"; Uaivenity of Cdifornia at Bcrkelcy; March lng: (Mav be ob'tained rhrouch
the Nationd Information Scrvice for Eanhquhke Engineering'ar t6e address prondedin
subscction 2.9.2 of, this document.)

Geoslope Programming Ltd., (1986). PC.SLOPE, Version 2.0 (May); Calgary, Albcna,
Canada

United States Fish and Wildlife Scrice, (1980). "Habitat Evduation Procedures'. ESM
102; U. S. Fish and Wildlife Scrvice; Division of Ecological Scrvices; WashingoqD.C.

I
Notq Mention of tndc trlnrct or coumerciel products docc lot coutltutc cndorcdnent

or Ecomnendetion for usa
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3.I INTR,ODUCTION

Thc Solid rf,astc Dispostl Facility Criteria coaain e scrics of opcratint requiremens
pcrgining o-roq{13 pFrc_!{o_o Eaaetemcat, aad caviroaneatel aoairorin, at a muruopal
so,id waste ladfill (MSWLF). Thc opcraung requirencac pcnsi! to new MSWLFs,
e <isting MSWLFs, and lateral expansions of existi"g MSWLFg. 

-

The opcradng rcquireEetrE have bccu developed to e!$rsc tbc safe daily opcradon and
managcmcnt at MSWLFs. The opcradng requiremeats includc:

3.0
SUBPANT C

OPENATING CRITERH

o Facility tcoess;
o Rna-on/run ofr coauol systems;. Snrfacc setes requiremeau; I. Uquid resricrions; aad i
o Rccordkecping requiremens. '

The orrncr or opcrator of an existing MSWLF, latcrd expansioo or Dsrv MSWLF must
comply with tbe opcratint requiremeus on the effcetivc date of tbc rulc (Octobcr 9, 1993).

In spcciEc qtscs, thc operadng requirements requirc coapliance with other federal laws
(e.g., the Clean Watcr Act, Oean Air Aa). For exanplc, surfacc warcr discharges &om a
MSWLF into thc watcr of thc United Starcs ntsr bc in couforoance with applicable
scstions of thc Oan Watcr Act In addition, burnins of MSWLF is rcgulated under
applicablc scctioor of thc Oeaa Air Act

. Thc exclrsioo of hazardous waste;
o Daily cover;
. Diseasc vector control;
. Explosive gascs control;
. Air monitofug;

32 PROCEDT'RES FON,
ETCLUI'TNG THE RECEIPT OF
HAjZANDOUS WAS'IE lo CFN,

$zst20

3J.l Sltrt.rtrcit ol Rrulrtlo!

(r) Orucn or opGn3orr olrll MStl/LF
uaitr Dr$ lEplcEc!3 ! protnn r: thc
hciltty for dactlat rad prwcntia3 thc
dbporl of rquhtcd Lrzrrdour rrstcs rr
dc0lcd ll Put 251 ol lUr titlc rnd

po}cfbdartcd blp[crytr (FCB) rrstcs rr
dGE d lr Pril lcl d rur tlrls This
protrrr E:t3 hctldq rt I nldnun:

(l) Rrldor brpcctloar ol incourin3
lordt lrLa! tte oncr or opGntor trket
ott s *egr to corulr ttrs llcoain3 lords
do u Goltrlr rnuht d hrzrrdour x.str!
or PtCl tut s

(2) f,pdr ol rry hrpoctlons;
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(3) trlnln3 of lecility pcrloorct 00

rrcqlizc rqutetcd hrzrrdous rr$r rld
PCB restct; rad

(4) Norillcrtlo! ol Stetc Dlncror o?
rutiorlzd Stetcr uadcr Subelilc C ol
nCnA or tic EPA RtCloli ltnlnlstrr3or
il ll ra usru3iodzd Stetc lf r rcjuletcd
hrzrrdour trrtc or FCB llnc it
dlscovcrcd !t 3hc flcillt .

(b) For purposct ol tUt scctlo!,
rrlulrtcd brzerdour restc ECIII r rolld
rtstc atrt ir t hurrdour ?r$g lt
dciacd i! {() CIn 261J, thtt is not
cxcludcd hoo rcjuletloa u r hrzerdous
rr$G undcr 40 CfR 261.4(b) or trt !o3

3:lcrrtd by e coadllloaelly cxcupt rnell
qu.!3ity tGDGrrSor rr dc0acd h !25U of
3f,lt rlSlG

32J Aoollcrbilltv

This reguladon applics to cxisting
MSWLFs, latcrd exprnsion+ and new
MSWLF facilities that reccive wastcs on
or aftcr thc cffective datc of thc Critcria

The owacr or opcmtor mlst dcvelog a
progan to detect ud prevcnt disposal of
regulated hazerdorrs er$ca or PCB wastes

at tbc MSWLF. IlqXrdorwrst6 Eay bc
gesc$ liquid$ solidr, or rhdges that are
listcd or c*hibit tlc cberastcristics
dessibcd iEa0 CFR Pert 251. llazardous
w.sta3 tbrt ue crctudcd &oa Subtitle C
rcauletioa (c* botrctold hlzardou
wrltc, coaditioorlly cxcopt 3E ll quantiry
gcucmrcr 'rastc) arc rct coosidered
regularcd hazardors wrstci uuder thesc
MSWLF criteria; thcrefore, thesc willitcs
do oot nccd to bc dctcered or preveoted
&on disposd at a MSWLF unir

Thc baz,rrdou waste ex;lrsioo progam
should bc capsblc of dcrccting aad
prcveornS disposd of PCL wasrcs. 'PCB

westc3 Ey bc li$tids aoo.liquids
(sludges or solids) end arc rje6ncd ar 40
CFR Scctioo 761.60. PCB wutes do not
includc aErll cegrciorr fouud in
ftroresccat $bt bellesf whitc goods (e.g,
washcra drycrf refrficraton) or other
coosuncr clcctricel product (e.9., radio
and tclerrisioo rrais).

Elcoents of thc hazerdous waste exr.lusion
prograa out includc:

. Raadon inspectioos of incooing lcads
or othcr prerreatioa octhod; 

I
I. M8iatrinisS inspection rccord3;

. Facility pcnooacl trainiag; and

. Notificationtoappropriateauthont

1f,3 hlrrdots westc exdrsion program is

uot intcndcd to idcati$ whctber regulated
hazardous wastc or PCB wastc wiui

reccivcd .t thc lvtSlVLF prior to the
efiective detc of tbc Criteria.

32-l Trcialcd Conrldcntlonr

A-iolid wrstc ii i''ifuntetcd hazardous
wrsc if it ir: (1) &td i! SubFrt D of a0

CFR hrt 251 (wbcreby thc w.stc is then
tcracd e lirtcf wrstc), (2) erhibir a

hrzrrdru chrrrcrcrirtic .l dc6ncd in
Subp.n C of 40 CFR Prrt %1, ot (3) is a
EirturG cmuiniry I U$cd hazardous
wastc rod I noa.hrzrrdous rclid waste.

AppcDdL B of thir docllncot couuiru the

curent list of hrzerdoul wastes from

H*.J*l,Tffi'ff,J1ll

o
ies.
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defiacd in Subpart C of a0 CFR Part 261
include igniabifity, conosiviry, reactivity,
and roxicity cheraaeristics.. The toxicity
characteristic leachiry proccdrrre, ls
prescnted in Appcndix tr ro 40 CFR Part
261, was deviscd to ideatig thc mobility of
mctds aad sooc organic compounds
prescat h both tbe rclid and liquid phascs
of wastcs. Thc charaeteristics as de6ncd
in Subpan C of 40 CFR Part 261 aod tbc
toxicity charactcristic teaching procedurc
arc discusscd brie0y in Appeadix C.

Thc MSWLF Criteria exclude
conditiondly ercnPt smdl quantity
gcncrator wastc (as dc6acd i8 40 CFR
$2615) frotn thc dcEnidon of "regulated
hazardors wastcs". Thesc witstcs includc
tisted hazardors wattes or w:Ntcs that
exhibit a characteristic of a hazardous
waste, and are generated in quantidcs no

tleatcr than tffi kg/nontb, or for acute
hazardorrs wastc, I kg/nooth. Uodcr 40

CFR C2615 (fX3Xiv) asd (g)(3Xiv),
cooditionally cxcnpt smdl quantity
gcncrator hazardors wastcs raay bc
disposcd at facilities pcrminc( ticcnsc4
or regisrcred by a ttstc to menatc

municipd or iadnstriel solid waste.

Additional solftl rvestcs rre ercludcd froo
regulation lr . h.asdout wsltc under40
CFR 1251.4(b) .!d"'nry bc accepted for
dispocrl u r II{SWLF. Refcr to C261.4(b)
for a lirtia3 of tbesc tx.stcs.
PCBr rlc rcjuletcd under tbe Toxic
Subaeacg Cootrol Ast (TSCA), but PCB
couniuing wsstct ere cotuidered
hezardors waste! in rcoc sates. PCBs

typicelly are oot fouod in consumcr wastct
creept for 0uorcsccil bdlest and smdl
caprcitors ia whitc goodt and elearical
applirnccs. Thcsc soutoes
rcgulated undcr 40 CFR Part

tbcrefore, atc aot pert of the detcction
Progran required by t25t.20. Coonercid
or Mrstriel sourees of PCB nastes that
should bc addresscd by tie progrun
includc:

. Mincrd oil aad dielectric fluids
counining PCBs;

. Contaninrted rciL dredged materid,
scr"te sludgc, rags and othcr debris
&oa a relcesc of PCBg;

. Transformcn and otbcr eleoricd
equipacm 6s6t' inint die lcstric fluids ;

and

. Hydraulic mechincs. i

Tbc omcr or operstor is required to
irylcnc* 8 projr.E to detect utd
excludc regulatcd bazardorrs wastes aod
PCBs from dispocal in the landEll. This

PrograE anxt includc elcmcns for:

. Randomiaspcctioas of incoming loads
or otbcr prorention methods;

. M.iilainiry inspcction records;

o Frcility pcrsoucl uaining; and

o Notificetioa to sppropriatc authorities
if hezrrdous ltzstcs or PCB wirstes iue
dctcstcd.

E ch of tbcsc progao elemens is

discnsscd rcprrercly bclov.

iuc not
761 ur4
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Iuprcdou

A! inspcction is typically a visual
observarion of thc incarnini! wastc loads
by aa individud who i! trained and
qualifted to idcntiS rcgulated hazardors
or PCB srstes th3t 'rould not bc
acceptablc for dispocal at $G MSWLF.
Aa inspcction is considered satisfaaory if
the iaspcctor kno*r the uetruc .of dl
oercrids reccivcd in thc lord aod is ebtc'
to disccra whcthcr thc mercrids iue
poteutidly rcaulated hazardors wirstcs.

Whilc all loadt should bc screeae4 it is
gcncrdly uot practical to inspcct in dctail
dl incomiry lo.ds. Raadom inspcctions,
tbcrcforc c.a bc uscd to providc a
reasoosblc Ecrnr to adcquatcly conuol
thc rcccipt of inappropriate wastes.
Raodoo inspcctions are sinpty inspcaioos
ordc oo lcs thaa cvcry load"

The frcqncncy of random inspcctions may
bc bascd oB thc typc and quandry of
wast6 received dailn aad the accuracy
aad coafidcuce desircd i! coocltsioru
drawu from inspcction ohcnadons. Siace
staristicrl psraactcr! are Eot providcd in
thc regulation, a rersoBcd, knowledge.
blrcd approacb Ery bc trlcu A raodoa
inspcctioa pro3rrn ory tekc mesy foror
such lr inspcctry crcry iacorinj lord
oac dey ort o( cvet, ooatl or iarpcctia3
one or El lo& froor trrasponcn o(
wasri o[ uaideotifrrbh E nrc erc! dry.
If thcgc illpestioot indictr rb.s
uaeuthorizcd wrstcr uc bctng bro3lr ro
tbc MSWLF sitg $ca tbc rradoo
iaspcctioa prograE should bc modr6cd to
increasc the &equcocy of inspcctroos.

FP.{po &equency .lso era v.ry
lcpcodiry oo tlc nrnue of thc wilrte.
F or erraplc, wtttes rccdived
predooioeatty froa comncrcial or
industrirl rourees Eeey require Eore
frcqucot iaspcctioor tbea wrsteg
prcdooineatly &oo borrscholds. Prionry
also c-a bc 5ivca to inspccting haulcn
with ualnom scrice .rcls, ro toads
broqbt ul tb ficility in vehicles aor
typicelly uscd br dispoe.l of aunicipal
solid unstg ud lo.dl traasponed by
previous would-bc offcndcrs. For wastes
of uaidcatifiablc nsnuc received &oa
soutsss othcr tbr! houscholds (e.&,
indusuiel or coEocrciel establishmcns),
tbc ioiFstor shoild qucstiou the
trarsportcr ebort rhc conpositio{ of rbc
raatcriels. ,

m:ffi.Hrffiii:lfffrL
of tbc hsdEU to providc thc facility o$rucr
or opcrator tbc oppornuity to refusc or
acoept thc wrstcs. Ilspections can be
cooducted oo a tippiog 0oor of 4 6anrfgi
satioo bcfore trrasfcr of tbe wasre to the
dispoo.l hcility. Inspcctioos may also
occur at tbc dppiry f,oor locatcd ocar thc
facility scrlc bousc, insidc the site
cslrrDcc' or EG8r, or adjrccnt to, thc
workiry he of t[G leadfill

Flos cbrrc of r sroplc octhodology to
identif, rocept or refirc rclid wastc are
prwidcd ia Figure 3.l, 3.lB, aad 3-tC.

tosgccUou of rlrtcridt E8y bc
acconplirhcd Uy AOuiaf the vchicle
lo.d i! .D .rrel dcrtDed to couain
potcatielly hrzrrdow vrstcs that may be
reccived u tbc hcility. Ttc wastc should

rffi%*,ffi,"1,%TTl.T'L
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couiDEGoL Conainers with contcos that
art 'not crsily identifiable, such as

unmarked 55'Fllon dnrms" should bc
opeaed onl} bY propcrly Eaincd
personncl. UF,oa veri$ia3 tiat ,ie solid
wasrc is acceptable, it tn y then bG

transfcncd to tbc working facc for
disposat

Tesung typically would include TCLP and

otbcr Gsts for cbaracteristics of hazardous
wast$ including conosivity, igaitabitity'
aod reastivity. Wasrcs that are suspcctcd
of being bazardors should bc handled and
storcd as a hazardous wastc until Proveu
othenrisc.

If thc wastcs tcmporarily storcd at the sitc
iuc dctcroincd to bc hazardous, thc
ouruer or opcntor ir responsiblc for thc
Eanegcncat of the waste. If the wattcs
arc to bc transponcd &om tbe facility, the
wesrc Eust bc: (1) stored at tbe MSWLF
in accordance witb requiremcus of a

hazardous waste teucrarcr, (2) manifeste(
(3) transponcd by a licenscd transPoncr,
and (4) disposcd of at a pcrained
Treatmcnt, Storage, or Disposd (TSD)
facility. Tbcsc requiremcas are discttsscd
morc fully latcr i! thil scctiou

Altctaetlvr M.rtodt lor lleacctbl ud
hcvCntlol

\lrhilc tlc rcjrrlrtioos erplicirly refer to
inspcctioar tl .a eccepteblc mcaos of
dctectiag rc3tLtcd hrzardous wastcs and
PCB wrsrcq prcrcadnf tbc disposd of
thcsc wa$cs Esybc acconplisbcd tbrough
othcr mctbods. Thesc ncthods EaY

includc receipt of oolp

. Hor:schold wastes; aad

. Proccsscd (shrcddcd or baled) *"r,.O
tha are screcucd for tbc prescace of
thc ercludcd wastsi prior ro
proccsiry

Rordlrplry

A record should bc kept of each
inspcctioa tlrt is pcrfotucd. Thcsc
rccords sbould bc included aud
oeiatehcd io tbc fecilityopcrating record.
L:ryer frcilities thet tdcc large amounu of
indrstriel ead coomercid wastes rury uric

oorc dcailcd procednres thut smaller
facilitics tbet acccpt houschold wasres.

Iaspcction records Eay
followiry isfotuation:

o Thc dete ald timc
reccived for inspcctioo;

. Sorucc of tbc w"stcs;

include the

wastesl were
I

fr
o Vehicle aad driver idcutification; and

. All obscnatioos made ry the
inspcctor.

Tbc Direcror of aa approved State can

esteblish altcraetive recordkeeping
locetioag rnd requireocnts.

llddlt
Omcn ot opcrston Emst train pcnoancl
responriblc for oeorgiry rad coodttctiug
tbc dcactioa end g,rcucadoo pro|Fan"
Thcsc pcnooacl includc rupcrvisors'
dcsigartcd iaspectorl, cquipaent
opcrstora aad weryh statioa utcodras
who oey Gnsoustet hazardour ealtct.
Docnocatetioa of trsittins tbottld be

placcd in tbc opcrating rccord for tbe

facility in rccordracc with t25t-39. o
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f!3 s;aining proglas should emphasizc
methods to idcoti$ couaincrs urd labcls
rypical of bazardous wasrc and PCB wartc.
Treiling should also addres hazardou
wasre haadling procedures, safety
precautions, and recordkeeping
requiremens. Rclevant iofotuatioo
should be consultcd whca preparing utd
developing a raining ProSrar!, inclultng
40 CFR $260 through !n0, 29 CFR

$1910, and relatcd guidancc doctmcos
which discuss such topics ils: general

hazardous wastc Eatrageroent;
idendficatioo of hazardous wastes;

transPonatioB of bazardou wastes;

sundards for hazardous wattc [eatmcnt'
storage and disPosd facilides; and

hazar?ous wastc worker hcdth urd safety

lsEining aad monitoring requirements.

Norllcrtion to AuthoriSlcs rnd hopcr
MrurtcEGDt ol Wl3l3t

If regulated quantitics of hazardouti wistes

or PCB wiuttcs are found at tbc landfill'
thc owncr or op€rator Eust notiS the

propcr audorities. Propcr authorides are

tirher thc Direaor of a Sutc authorized
to opcrarc a hazardous wastc Program
undei Subtitle C of RCRA or thc EPA
Rcgional Adoioistl.tor in au
uaau$orized satc.

If thc owuer or oPcrator discovers

regulatcd qnemitics of bazardou wastc or
PCB w.stc whilc it is still itr thc
poscsionof thc traasPoncr, thc o\vtrcr or
operator cta refusc to acoePt the-waste at

tie MSWLF, aod the wastc will remain

tbe responsibility of tbc trarsPoner. tt
howcvci, thc waste is discovcred later, the

owncr or oPcrator Bl$l ensule tbat fie
wastc is maaaged in accordancc witb all

applicabte fcdcrd aad srare reguladors.

If the MSWLF is locatcd in ao authorizcd

statc, tic ot*'ncr or oPcrator should

coosult state regulatioos.

Opcraton of MSWLFs sbould bc
prtpared to handlc bazerdous wastes that
are inadvenently received at the MSWLF.
This oey iacludc bariry containers such
as 551rlloo dnrms availablc oo-site and
reainiag r list of nanes aad telephone
nunbcn of tbc Bcarest haulen licerucd to
fiaerPon hazardou wastc.

Hazardons u€ste Esy bc stored at the

MSWLF for 90 days, provided that the
procedures required by 40 CFR $262.34,
or applicable statc requiremens, iue
follored:

. Tbe wastc i! placcd
cooniners.

. The datc of recciPt of the waste is

clcarly markcd and visible on the
-conainer;

The conaincr is clearly marked *'ith
the words "Hazardou Waste.'

An enploycc is designated as the

elncrgcoc, coordinator who is

responsibtc for coordinating dl
eEsryGnc' resPonsc Eeasures.

. The name and telePhonc number of
thc eaergencY coordinator and the

numbcr of thc 6re dePartment is

pocted EGxt !o tbc fecilitY Phooe.

Extcosions to store tbc waste beyond 90

days mey bc apprwed Punuart to 40 CFR

26234.

in ttrks or
I
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If tbc otr|ocr or- oPcrator ransports the
wilrtcs oCsitc, tbc omcr or opcntor Eust
cornply witb 40 CFR Pan 262 or the
analogor,rs satc requircacats. The ormcr
or opcrator is required to:

. Obtai! aa EPA idcntiEcetioa nunber
(EPA fora t700-12 oey bc uscd to
apply for atr EPA idcntification
number);

Package tbc waste in accordance with
Department of Transportadon (DOT)
regulatious undcr 49 CFR Parts 173,

17t, and 179. The contaiacr must bc
labele4 markc( urd display a placard
in accordaace with DOT regulatioru oo
hazardous wastc materids under 49
CFR Part L72; and

Propcrly manifc3l tbe wastc designating
a pctained frcility to ceet, store, or
disposc of the hazardor:s waste.

If the owncr or opcrator dccidcs ro rreaq
store, or disposc of tbc hazardous wastc
on sitc, he or sbe mrst coaply with rhe
applicablc surtc or fcdcral requircmcnts
for hazardons wastc treatncat, storagc,
and disposal hciliticr.

PCB wastes dctcced u r MSWLF orst
be rtored .od dispccd 6f 43sjrling to 40
CFR Put 761. Th owocr or opcraror is
requircd o:

. Obtd! .o EPA rcB idcatificadoo
au.obcc

Propcrly store tbc PCB nastc;

Mark containcn or itcns *ith the
words'caudou conains PCBs."; aad

. [,Ieaifest thc pCB rrastc for shipme"p
to perai$cd iacincnior, chcuical
nestc hnrtfiil, or h[! eEcicucy boiler
(dcpcadiry oa thc osrute of the pCB
w.stc) for dispocal

3J COYER MATnIAL
REQUInEMETYIS
{0 ctB !2st 2l

3J.l Strtcrctt ol Rlrulrtlor

(r) Excrpt rr provldcd h prra3rrpD
(b) olSUr *cttoq t[c mcrr or opcnton
of dl MSWIf ul3r auit GovGr disposcd
rolld nnt ilrt rlr lrcbcs ol crrrhcn
or3crlrl rt 3lc cnd of ceci ogcret[t drl,
or rt Eorl trquclt h3.ildr llnc{rury,
o collrol dlrrer vutor, 0rtrrtodon,
blilllf Uttct, ud svc.C"3

(b) Altcantlvr ortcrlrlt of .t
d3cildtr tUclaer (oticr tirl rt lcrsr
slr lrcter of artLcl Erifild) ney bc
rpprcvcd b, 3tc Dlrcctor of u rpprrved
Str3a ll tia ot!.r or opcrrtor
dcoor$rr36 tira ttc dtctletlvc ortcrirl
ud 3ilckr cothd dls.trc vccton,
fil:q odor, Uorlaj llttcr, ud revenging
ilttorr pnrcollry I tinr3 to hunra
t .lll ud ltr ar{ronoclg

(c) fir Hrso: ol u rpgruvcd
SttL rrt Err3 r 3roDorrry lrlvc toa
th rrqrlnlelt o( prngnpl (r) rad (b)
of tUr tdor f tta orl r or opcntor
dorGrrr tLr Sr.[r tl! GiTGEG
rorrrl cllrrdc coldltlou tlrt url:
Ecr3llt rlcl nqplrwr3r Luprrcticrl.
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@
Thc regulation applies to existing
MSWLFs, trew MSWLFs, aad laterd
exparuioru. Thc rcgulatioo requires
MSWLF owncni urd opcrator to cover
wartes wirh a nominal 6-inch layer of
eanhen materid at thc ead of eacb
operating day. More frequeat applicadon
of soil may bc required if the soil correr

does not courol:

. Discasc vecton (e.g; bir&, fies and
other iruects, rodcuts);

. Fires;

o Odors;

. Blowing litter; and

o Scavengiat.

The Direaor of aa aPProved State may

allow atr owncr or oPcrator to use

alternadve cover matcrid of an dteruative
thicknes or grant a tenPorary waiver of
this requiremenl An dternadve matcrial
musr trot prescut a threat to buoan hcdth
and thc environmcaq and oust continue
to conuol discasc vccaors, Eres, odors,

blowing littcr, a[d lc.vea$n& The
regulation docs not providc for dtcraadve
thickncsg of e soil leyer. Tbc ooly basis

for a tcryonty waivcr froo $e
requireacnt ttl covcr at the end of each

opcratio3 dry would bc whcre exrelae
scasoud clinetic cooditioru make
,compliancc iEpr.sticd

333 Tcchnicrl Considcretlonr

Omcn and opcraton of ncw MSWI-FI
existing MSWl.Fs, and latcrd cxpenqislu

are required to cover solid waste at the
ead of cach opcrating day with six inches
of eanheu aatcrial This covcr matenal
requirenent is trot relatcd to the find
cover required uader C25t.60.

Tbe placeocnt of six inches of cover
controls discasc vcctor (bkds, inseds, or
rodess that represcnt thc principd
transmission pa6way of a human discase)
by preventiag cgress &om the wastc and
by prcventing access to breeding
envirooncats or food sources. Covenng
also reduccg erposute of combustible
materids to ignidon sourccs and may
reducc the spread of fue if thc disposed
wastc burag Odon ald bloring litter are
reduccd by etiminatiry the direst contact
of wind and disposcd waste. Sipilarly,
scaventint is redrrced by removfng the

wastc fron obscration" Sbould thesc

unwanted cffects of inadequate cover
persist, tic ovucr and oPerator may

increasc tbc rrnount of soil rsed or aPPly

it more &cquently.

Any soil tyF catr Eeet thc requiremens
of tbc regulatioo whcn Placed in a

uoaiaal sir-incb layer.

Approved Satcr lrsy grant temPorar-v

waivcn of tbc covet requiremcat to allow

deoonstratioos of dtettative designs.

Thc rulc docs Eot sPcot thc dme &ame

for tbc wtiver, unrelly tbc Starcs decide.

A period of six nonths should bc ampte

tinc for tbc omcr or oPcretor to make

thc dcnoustretioo. Tberc iue no

nnoerical requireocas for tbe dternative
covcr.

Dcoousaatiou cra bc conduaed in a

variety of wap. Sooe srggestcd mcthods

for demonstratio3 dtcraetive covers are:
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1) Sid€ by sidc (sir inchcs of ear ten' 
oatcrids and altcrtadve cover) :3t

pa&.

2) Full scdc denonsurrioa

3) Shon tcru full rcelc tc*s.

Nteraetives to roil covct E y includc:

. Pgtnr;

o Pollocr.boaded PsPcr applied i! .
slurry/spny fotu;

r Reoovablc aad rerrsablc aeotextiles;

. Terps;

. Wood chiF;

. Coopoctcd lcrrr3e slud3e; or

o Aoeadcd rcils.

Thcsc dtcmetives Ely bc uscd prondcd
that tbcy cr[ coottol dircrsc vccton, 6tes,
odort bloni{ litat, .!d scaveoginS
witbout prescatia3 r thret to huoea
bedth rod tlc cwirooncal .!d iacreasinS
coaplrins &oo ocrrty rcridcatr.

Thc tcoporrql dit d."--ir.r of tbc
covcr rcqu[.@Er b milrblc oaly to
omctr c oFstsot! in rpgrovcd Satcs.
TLe Strtr Dtrrcror Ery Far r *rivcr if
tic wtcr fi oFilos dcoooruercr tlat
occri"t tb. rcqrrirccno would b€
irn'"rcticrl dnc to crctcoc gctsonrl

cL ;tic cooditioor. Activitier tiet oay bc
atsssted biy acteEc scrsonrl clioauc
conditioor indudc:

. Qlt-inint coyer rcil froor a bonow
Piri

o tnlaleott"l cover rcil o thc working
frcr; or

. Sgrerdiaj rad coaprstiry tlc soil ro
.chiGvc thc rcquircd fuactioos.

Enreocly cold cooditioot tr y prevent the
eGEcicot crcavrtioo of rcil &on a bonow
pir or thc sprerdia3 ud cooprstion of the
soil oE tbc rr$G. Enrcacly \vet
couditioor (e.5; proloryed rainfail.
loodil$ Ety ptcrcot triEsponing cover
: ril to tbc workia3 frcc es wcll as meke it
inprrsricrl to Grcrvrtc or spread ard
coEp.ct Tbc duntioo of ,veivcn Fey bc
1r lton .r oB dry for ,raus,At nia
isorll1 os .r lory u scverd ooatbr for
crreE3 t rrmrl cliortic cooditioas. 

O ,

t.a DtsEAsE ltEcton,
cotrt?ot
40 ct? 125&22

3.11 $rt@
(r) Orrt 03 oFfrurn o( rlt

MSWL rrl3t rlr Dnilret or coltrcl ol.
ilr poOrlrttou of dlrrl vuorr urln3
trfrtqr eppmnaltta br lt Prolctloo
o( f.au leeltl ard 3h rvlrooacot

O) Fc aupog oa tUt l:tloa,
dlru coir trlrtt rry rodentr, olcr,
mqrttr+ or orlr rdllr' hludln3
lrrll crpbL ol trruclttbj dl*u to

irrur
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3.4J Aoollcrbllltl

The regulatioa applies ro existing
MSWLFs, laterd exparuioru, atrd new
MSWLFs. The owncr or opcrator is
required to prevent or conrol on sitc
discasc vccor populations of rodeas,0ies,
mosquitocs, or otbci mirndc, including
othcr insccts. The techqiqucs rhsr Eay bG

uscd in fu[filling this requircacor mrst bc
appropriatc for tbe protection of human
health and thc euvironneat

3.4J Tcchnical Considcretlonr

Discasc vcctor such as rodens, birdr
0ies, and mosquitoes iue rypicdly
atuacted by putresccnt wilrtc utd sturding
watcr, which act as a food source aad
breeding ground. hruesceat waste is solid
wastc thar cooains organic matter (such
ils food westc) capablc of bcing
decomposcd by micro-organisos. A
MSWLF typically accepts putrescent
wil,stes.

Applicadoo of covcr at &c eud of each
operadng day geacrdly is sufEcient to
conuol diseasc vcctor; however, other
vefior coutrol dtcmatives Eay bc
requircd Tbcsc dtertetivcs could
includc: reduciry &c gizc of the working
facc; other opcrariooel raodificadons (c.g,
increasin3 covcr &iclocsq changing cover
type, dcnriry, plecemcut &equcacy, urd
grading); repellcnts, inscaicidcs or
rodenticidcsi cotEpostiat or processing of
organic w.stcr prior to disposd; and
predatory or reproductive conuol of
ioscca bir4 aad urioal populations.
Additional methodr to conuol birds are
discusscd in Scaioo 2 (Airpon Safery).

Mosquitoc+ for eremplc, are atuaced to
MSWLF facilities by suadiag water, whicb
can prwidc r porcntid breediag gound
after ooly thrcc or aore days. Warer
geuerdly collects in surface dcpresioru,
opcn coutainers, c.xposcd tfues, ponds
resulring froa rcil cxcavadon, leachate
stora3c poads and siltatioo ba.siru.
Lardfill Opcrations tbat minimire standing
warcr aad usc an inscaicide spraylng
progran, whca uecdc4 iue ordinarily
e6eCive i! con69ilint aosquitocs.

Vectors may reach &s hsdfill not only
from areas adjacem ro the landfill, bur
tbrougb other nodes that are in contact
witb areas cooducive to harboragc urd
breeding of discasc vectons. Suc[ ueas
raay includc residential and comftercial
routc collcctioa vehiclcs aad tiansfer
sutions. Thcsc transpon modes and areas
sbould .l$ bc inclndcd in tbe diseasc
vedor coouol prograo if discase vecors
at $c land6ll bccoac a problem.
Keepiry thc collccrion vehicles and
transfer sadoos covered; empryrng and
clcaairy thc collcaion vehicles and
transfcr stadoos; using repellenrs,
ioscaicideq or rodcnticides; and
reprodrctive conuo[ are dl measures
availeblc to rcduce discasc vefiors in
rhcsc arcas.

3J EXPTOSTVE GASES CONTROL
lo cIB, l25t 1l

3J.l Strrcrcot ol R:anlerlon

(r) Onert or oDcntorl ol ell
MSWIf ultt EurS c!$rc tirt:
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(l) Tt sorGlntrrdo! ol Dcthroc iil
3:ncnrcd by tic frclttg do.r rct cxcced
25 pcrccnt olttc locrr irpto.ir. Unll for
uctielc ll frcilt crrrciu!, (rrctudlng
ttr cot3rol or rGcoy.r, ryrtcE
coEPo!c!3s); rtrd

(2) ltc corccntntlol of ualrlc trr
dat aot cxccd ttc tEt br raiuc rr
thc lrlllSy prop.fir. boundrry.

(b) Omcn or opnriorr ol dl MSWIf
ualtr uusE lnplcncat r toutlac EGtLrlc
nod3orln3 prosrrE 30 crrurt thrt thc
steaderdr of grrryreph (t) of 3hir scctlo!
afc DGL

(1) lto t,". ead fr:qucncT ol
noai3orlnj uurt bc dCcrnincd btscd ot
t[e follorh3 frsorr:

(t) SoU coadl3lou;

(U) Tho hydro6olojh condltloar
sunouadln3 thc fectllty;

(iit) Thc hydnullc conditionr
sutroundl,nt thc frclltty; rad

(lv) The locllbr of hclllty $nrctut'lr
rld propcrty booadrrlcr

(c) Illr3iur 3rr lerdr ercccdln3 thc
llnltr rpd!.d ll prn3npl (e) of tf,ir
r.ctlor lrl daid.4 tt orrcr or
opCn3or nurG

(t) Inacdlrtcly irb ltl ncslrsrry
nCpr 3o clrun prorcctbr ol hunrn
hcdt[ rad aotif 3tc Stt3. Dlrcctoc

(2) lVttUl t rvr;! dryr ol da:crloo,
plrcr lr ttc opc6Strt rurd 3!c uaheac
3u lcodr dcocrd rad I de*rtpttoo o?
3te $.pr 3&r! fo prtc3 huora [celth;
rd

(2) Th. nlonfi.'-ijr.oc7. ot .'* T"?t$il;
nonttortnj rirll br qlJrsly. rc$lt ir*{lc rnd crylcioor tbat can

(3) WLflrr $ dryr ol dactb$
lnplcncu e rrrcdlrrbr pht lot thc
urtirn ff rdelrc+ plrcr I copy ol thc
plrr h 3h opcrdq run{ ud mttt!
tt tltrt lXrgor ilr3 th ptu [rr bccl
lnplcultcd. ltr ptu ridl dcrcribc thc
!ilurr ud cCcu o? tlc problcu rnd thc
pmpord rcacdy.

(4) It Dtnctor olrn rpprovcd S3rrc
nry cirbllil rltctlrtlvc scicdulcs lor
dcuorrlrt3ll3 colpllrlcG I rirLpurgnpir (2) ud (3). !

(d) Foc prt?os oltUr r:ctloo,&!Er:
crologht ltnlt (LEt) rctru tic loresrJ
p.rca3 bt rolune ol r airtur: ol -
c4brlur ;rrcr la rE tirt rlll prcp.ttrc
l 0rm il 2SC ud rtuosphcric
prttssrc

3JJ Aoollcrbllttf

Tbc regulation applics to exisdng
IISWI& Ltcrrl erprnsiou$ and ncw

codrnscr enployccc, u!cr! of tbc disposd
sitc, ad occlrFss of acrrby stllcrrues, or
c.utc droryc to lrotrll coatainmeot
3mrcnu€. Thclc h.zrsdr rre prcvcaable
tbro4! oonitoriry ud throt3h corective
actioo sborld octbroc arr levels exceed
spccified tinig in thc hcility strlrctLrres
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(excludiry tas coauol or recovery sysrcm
coopoocu!! or at &c facility prop€ny
boundary. MSWLF owrrcrs aad opcraton
musr coaply with thc fo[owing
requiremens:

. Moniror quarterly;

. ffis immediate srcp6 to prorcc human
hedth ia tbc evenr of- mcthanc gas
lcvels cxceeding ZSVo of, thc loier
explosive limij (LEL), such as
evacuaring rhc buildi"g;

o NotS the Statc Director if mcthane
levels cxcecd 25 Vo of, the LEL in
faciliry stnrcures or exceeds tbe LEL at
the facility propcrty boundary;

o tffithin 7 days of detectio& place in thc
operadng record docuoentation that
mcthaoe gas conceorations exceeded
thc critcria, dong wirh a description of
imrnediate actions takeu to protect
huruan hedth; urd

. Wirhin 60 days of dcteaioq implement
a remediation plan for the mctbane gas
relcascs, noti$ thc Sate Direaor. urd
placc a copy of thc rcacdiation plrn ia
tbc opcrating record.

Tbc complieacc scbcdulc for moniroriag
aod respoodiry to acrheac levclr tbei
exceed thc critcril qf thir regulrdoo can
bc cheajad by tbc Direaor of ln
approved Strtc.

3.53 Tcchnlcd Conrldcntlonr

To implcmcnr aa appropriatc rouunc
Ectbaoc aonitoring progrlE ro
dcnoostrate coopliaoce witb 

-allowable

methurc conccnEadoa* thc cbaraae ru dcs

of laadEll gas (of whicb oerhane is one
co.nsutueat) productiog fare, and
luFauoa u a site sbould bc rradentood.
krd6ll $ssi are thc result of microbial
dccoapocition of rclid waste. Gascs
produccd includc octbanc (CH.), carbon
dioxidc (COr, aod lesscr .oiliui., of
oucr gascs (e.&, hydrogeo (H), volariie
coapoocotr of wasre and rrs
dccompositioa productr (e.g., volarile
grganic acids asd houscbold.rcIveuts), and
hygggcg sulfide (HrS). Mcthaac gas, rhe
pnacrpal coEpoEcot of oatural gas, isgcaerdly thc prinary concei in
evahnting lrnrtf,il tes teucradoa bccausc
1! is odorlcs and hiShly combusrible.
Typically, hydrogeu gas is prcscnt at much
towcr coaccauadons and ir appearurce is
raosicm at dccoupocirioa :progreses

&oo rhc acid producrion pbasc l-to the
me&aarcgcaic pbasc. While bydrbgen is
lrplosivc ard is occariooally Otrca1a in
laodfill $!, it readily reasc ro for.ra
tu:$taq or hydrogcg srrtfids. Hydrogen

:{n-A:_ is an asphgiant and is-reaiily
identified by irs 'roneu egg" smell ar a
thresbold coaccaradon ncar 5 ppb.

I$dfitl tss i! r nixnrc of tbesc gaics.
Gar coopocition rnay rnry sparially rtrhiu
a laodEll .s . rcsult oi poclets of
microbid activity, but duc 

- to panial
pressure gradienq difiercnces in gar
corapocitioo are reduccd rs tbc gilres co.
nirylc yirhin aad ousidc thc- landfrll.
Nthoryb mcthrac grs is ligbrcr than air
o"d carbon dioridc is hcavier, thesc gases
iuc concutrea:lyproduccd at tbc microbial
lcvel .d wiU oot scp.rarc by thcu
iadividud dcarity. Tbc arscs will remarn
Eircd .Dd yi[ ni3mc according to rhc
deasity grrdicns bcnrcco tbc landfill gas
and thc sunoradia3 5rsca (i.e., a murure
of octhenc and carboo dioxide in a
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laadfill or i! surrounding rcil will not
scparatc by rising and sinlciry respectively,
but will migntc as l Ea$ in accordaacc
with the dcosity of thc aixnre rad othcr
gradienrs such as tenrpcraturc end partid
presurc).

Wben uadcryorng vforors nicrobid
productioc ter Psclstuet ou thc ordcr of
i to 3 incbcg of w$cr rcletive to-
aturospbcric prcssurc etc comnon at
laadfills with much hithcr pressurca

occasionally reponed A baroacuic
pressure cbange of 2 inchcs of acrctry is
equivdent to n2 incbcs of watcr.
Rclativc trute pressures at a paniodar
laadfill or ponion of landEII, tbe ability of
sitc conditioos to contain laad6ll 8as,
brronctric pres$re rrarietions, aad thc
nicrobid gas productioa ratc control
pressure-induced landfill gns migratioo
Negative ta! prcsurca ate comnoaly
obscrved and arc beliorcd to occur as a
result of thc dclaycd r$ponsc rvithin tr
finrlf,ll to thc appcaranca of a baroaetric
high. Baromcric hitbs wil teod to
inuoducc armospberic oryteu into surfacc
soils in shallow ponioas of thc l.ld6ll
which Esy dtcr oicrobid astivity,
partiodarly octbrac productiou end js
conpositioo.

'{:,'
Migntioa of leffi jrr is c.r!.d by
concenurtion 3redicnts, pra3rurc
gradicntl rnd dcosig grrdicac Tb.
direstion i! wticb lrodfl 3rr will a[nr
is controllcd by tbc &ivir3 gradicotr rod
gas pcrocabitity of tlc potout olcnd
throqb whicb it is oifntiaf; Gcorrrlly,
laDdEU gas will oigretc th:ougb thc path
of least resistucc.

Coane, porots soils nrcb as sand aad
gavel will dlor trestcr letcrzl mfratioo
or ErDspon of grscr tbrn Eacrlrained
soils. Gcocrdly, rcsistencc o ludfill gas

florr increrscs dfltly rs aoisture coorcat
iacreescg, ead aa cEectivc brrricr ro gas

f,or ir cscltcd uadcr serunted conditioos.
Tbng rcrdily ds.ircd rcil coaditioos, such
as seads rnd gnvels rbove the water
t8blc, ory providc e prcfered 0ou,pa*1
btrt ualcs Eacrtnincd soils iue
saturetc4 lrsdfiU t sGS will oot exclusively
f,ov iD thc a.sd .Dd gravel deposit
Figure 3-2 ilhsaetcs tbc potcntid effecrs
of surroundiry gcologr oE tas migratiou

While Fwidiss resistsne rc lan{fill gas

afntion, geoocnbr.nes dq not
slirnimtc lt3dfill3rs nfntion, but mrch
of tbc lradfiU grr in aa MSWLF will tend

LT$:*fififl.'f;Y:H,jp
intcrior sidc slopcs of tbc lerdfiU do not
coutaia aa cficctive ges barrier such as

oey erist with a coapositc iniluarioa
laycr. [atcrd 8.s mfradon is more
connoninoldcr facilities that lack clay or
gcoocnbreac ryrtco!. Thc degrec of
larcrd ofntioa ia oldcr facilities may
dro dcpcad oa tbc qgc of aaturd soils
*ry"q"S tbc hcility.

ri-ri_---i+'

Strtt!.d vcftrtoa ory bc iadicative of
grr ufntiou r'nrl6ll i1l prescBt in $e
soil eooephcrc tGEd3 ul oeke the soil
aarcrobic eithcr by dispLcios the orygeu
i! tL roil or co[srniry thc oxygen,
tbcreby uptrdr&ry thc roos of plutts.
Gc!ffrlly, t[c hfhcr thc conccnuadon of
cooburtible 3lr ud/or cerbon dioxide
asd tbc lowcr ttrc aoorat of oxygen the

tre$cr tbc crtcnt gf drmatG to vegetatroo
(Rowerr ct rL IYTT). O
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Ger Mod3orlnt

Thc owner or opcrarcr of a MSWLF mrst
iruplcment a routine methanc monitoring
prograut to coopty wirh thc lorer '

explosive limit (LEL) requircaears for
mctheae. Metbanc is erplosive wbco
prescot ia thc raotc of 5 to 15 percent by
volnme in air. Whca prcscnr in air rt
coDccEtratioEs trc8ter ths! 15 pcrceuq
thc mixnue will aot cxplode. Thi! 15'
pcrcctrt threshold is tbc Llpper Explosive
r imii or UEL The UEL is thc BaxiEuE
coaccauatioa of a tas or vaPor above
which thc subsrance will not burtr when
expoccd to e source of ignidon Tbc
cxplosive bazard range is bctween the
LEL aad thc UEL Monitoring may
include: (t) sanpliog gascs &oo probcs
vithin ils taDdEU or froa within the
lcachate collcctioo systcn; (2) sampling
gascs &oa monitoring probcs instdlcd in
soil bctwcen tbc laadfill and the propeny
bouadary or stnrcur$ whcre gas

migration Eey posc a danger; and/or (3)
sampling air within facility stnrcrures
whcre tas Eey acctmulate and in rcil at
the propcny bouadary. Thc third
monitoriry scbcmq fasility stnrctues and
propcrty bouadery, uat bc uscd to
deoonsuatc conpliaacc with tbc criteria
Typical gas oonitoriry probc installations
are depictcd in Figurc 3-3.

Althoqh ot reryircd by tbe regulations,
collcction o( d.t8 nrcb rs gas probc
prcssurc, aobicut tcEpcranuc, barooetric
pressure, aad tic ocautctrce of
precipiution durins sanpting provides
uscful iaformatiou in asscssing monitonng
resulg. For cxanple, falling barometnc

pressure tray qrus€ increated subsurface

Gar) 'prcssurcs asd conespondiog
incrcascd octhaae contcot as tas nore
readily afntes froa thc lsodfll. Gas
probc pres$rrq caa bc mcrsucd rsing a
portablaga,ryc ceprble of ncasuring borh
vacuuft rnd presgure in tbc rante of zero
to 6vc iaches of watcr prcssutc (or o$cr
suitrblc rartc for presrrrc coaditioru) urd
should bc ncasnred prior to purging tbc
gas probc.

A rcprcscotetive saople of foraadon
(subcurfacc) Fscs is obaincd by purging
the gascs in thc probc beforc sampte
collcctioa. Purgiog is usually
accooplished by usc of an aspirator or
porablc vacuun punp. Altbough the
volunc of 8ar puryed prior to $ople
collcctioo can bc estrmared &om probc
coostnrsdoo dctdls, noaitoriag of the
extractcd grs coopositioa uutil relatively
coEstsst BcasuremcEts are obtarned is a
practical asd cEective method of
obainiry I represciladve saruple. A
uatcr trap is recommcaded ro prorect
insuuncnatioo thst i! conncstcd directly
to thc ars probc. Aftcr Ecasuremcnr iue
obairc4 thc ars probc should bc capped
to redrcc tbc cficas of venunt or
brrooctric prssurc varietioor oo gas

coapcition in thc vicinity of &e probc.

Thc freqrcncy of nonitoriry $ould bc
sn6cicnt to dctcct lrodfiU grr orSndoo
bascd oo sbcurfroe conditioot utd
cb.$!S lradfill coaditioas sucb u p$ud
or cooplctc crppiry lradf[ cprosion,
grs nfntion control syctcn opcnuon or
failure, cotrsulrctioa of ocu or
replaceacnt sttucturq aod cbra3es in
laadscaping or leod rrsc prarnccr" Tbe
rate of lesdfiU 3rs nigratiotr tt . retult of
6cse anticipetcd cherycs and ritc rpcofrc
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Srnd urd Gravel Soil
(High Pcrnrcabiliry)

EXTENSNTE LATERAL MIGRATION

Oay c Synthctic Liner
Permcaliliry)

Sours E6cod.l98l.'

Sand and Gravel Cap
(Hrth Perurability)

rITGL?E 3.2
Potential Eflects of

Surrounding Geolo&y oo Ges Mlgratloo
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couditioot Providq tbc basis for
establishio3 mouitoring frequcacy.
Mootoring should bc conducted no les
frequcntly tbaa qtancrly.

Tbe numbcr aad locatioo of gas probcs is
also sitc spcciEc aad bighly dcpcodcat oo
subsurface conditioo* laad us., aad
Iocatioo and design of facility stnrctura.
Monitoring for grs migratioa should bc
yithin tbc Eore pcrmeable straul
Multiple or ncstcd probcs are rrscful in
dsfinint the venical confrguration of thc
aigradon pathway. Stnrctures with
bascments or crawl spaccs are more
srsccptible to landfill gas infil1piie11.
Elcvated strucnues are typically not at
risL

Measuremcnts are rsudly madc in the
Ecld with a ponable methanc tDcter,
explosineter, or organic vapor aaalyzer.
Gas samplcs drc Eay bc collcctcd in glass

or metd container: for laboratory andysis.
Irumrmcor with scales of measure in
"pcrcent of LEL" can bc calibrated urd
uscd to dctcct tbc prescncc of methane.
Instruncns of thc hot-wire Wheastoac
bridgc typc (i.e" catdyuc comhstioo)
directly Ecasure conhstibility of thc ges

Eimrc witbdnrm Eoo tlc probc. Tbc
tbcrmal cooducrivity tyoc Ectcr is
srrsccptiblc to intcrfdfc*i'"i tbc reladve
gas coryocitioe .!d thcrcforc tbc
thcranl mCuc*ity chrager. Ficld
insmncas 3lorld bc calibntcd prior to
Bea$rcEGaE .Dd rbold bc recbcckcd
aftcr that de/r oonitoriog activity.

I:boratory Dcasureocntr SG organic
vapor aaalpcn or 3lr chromatographs,
should bc uscd to confira thc idcotiry and
cooentradoos of gls.

In additioo to accsrrriag 3rs conposidoq
otbcr iadicatioos of gns oiSration tray bc
obscryed" Thesc iaclu& odor (gcocrally
dcscribed as .'swecf or rottca eg3 (HtS)
odor), vcaetetioo dror3e, scpoc rcil urd
adiblc ot vitn l vcntiog of gas€s

especirlly in standiry warcr. Expocure to
totnc 3lscs ca! crrc hcadacbes and
Ellr3€t

If actheac coneeDretioos erc in exces of
25 pcrcent of tbc LEL itr hcility strucnrres
or crcccd thc LEL at thc propcry
boundsry tbc deryer of explosion is
immincsl tnncdietd action mrst bc
tdceu to protect hunao hcdth from
poteutidly erylocive condidonsr Nl
pcnonncl sbould bc cvacueted So thc
aree inmcdiatcly. Vcuting tle building
upon exit (e.g; leaviry thc door opcu) f-
desirablc but shorld not reela!
evacnrtiou procedures.

Sithin 60 days of cxcccding thc methanc
level e reocdiation plas must bc
prepared and impleacuted. Thc
rencdiation plen sbould describc the
Dsnre and cncnt of tbc mctbanc problem
as wcll as . propoccd rencdy.

To coryly witl thb 60dey schcdule, an
iwcst[rtion of srborfrcc conditions may
bc tr cdcd i! t[c yidlity of thc monitoriag
probr cfroto tls cdarioo rr?s cxcccdcd.
Ttc obFcdea of tlis iwestfadoo should
bc o dc*ribc tlc frcqrcocy aad lrtcral
aDd vcrtiol crteot of crccssive mctbanc
tri3luioo (tlrr which crcecds thc
criterion). Sucb aa investfation may also

obtaia additioorl chrrrstcrizatioo of
urssn[stcd soil stratt virhin tbe uea of
cooeet!. Tbc irycstfedon should .lE .
considcr pciblc c.llscti of tbc inaeascJ
8as conceatratioos nrcb as laodEII-
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op€radoEd Proccdurcs, gas conuol systeE
failure or upsct, climadc conditioos, or
closure aaivity. Based on tbc encnt urd
narurc of thc exccsive mcrhanc migradon,
a remedial astion should bc dcscribc4 if
thc exccedancc is persistcut, that can be
impleareuted yithin thc prescribed
schedule. Tbe sixty day scbedulc docs not
addres tbe protection of human hcalth
aod the cwironacat The owucr or
oPcrator still anst tdsc dl steps Bcccssary
to cnsure protcctioo of hunan health
including intcrim Beasurcs.

Lradfll Grr Contrcl Systcns

I'ndfill gas taey vetrt naturally or be
purposcly veatcd to thc armosphere by
venical ud/or laterd migration controb.
Systcms rrscd to conuol or prevenr gas
migration are catctorizcd as either passive
or activc systcms. Pasivc systcrrs providc
prcfcreudal f,owpaths by mean. of naoral
pressure, conccBtration, and densiry
gradients. Passive systcEs are primarily
effectivc in controlling coovective flow and
havc linitcd succes conuolling diffusive
florr. Astivc systeus iue effestive in
ssngslling both typcs of tlow. Active
systeor usc mecbanical equipmenr to
dircd or control laodfiU 3as ry providing
uegarive or positivc psessurc gradicnu.
Suiability of thc systcEs rrc bascd on tbc
design rad agc of tbc Lldfll, aod on $e
soil, bydrogcologic, aod bydraulic
conditionr of tbc facility and surtounding
environmcal Bccaus€ of tbcse variablcs,
both systcos havc had v.rying degrees of
succcss.

Passive systcns Esy bc uscd in
conjunctioo with activc systems. An
exanplc of this aey bc thc rsc of a low-

permcability passivc systca for thc closc.
ponioo of z taadfill (for remedid
purposcs) aad tbc instdlatioo of ur aaive
systcE in thc ecrive ponion of rhc land6ll
(for futrue usc).

Scleaion of construcdon materials for
either typc of gtlr conuol system should
considcr the elcvated temperarure
conditioas within a landfill compared to
thc aobieor air or rcil conditions in whicb
gas coatrol syttca coopoucnrs iue
coostnrctcd" Sincc anbicat conditioru are
typically coolcr, uarcr 6s6ta ini ng conos ive
and posibly toxic wasrc constiruens may
bc expectcd to condensc. This condensare
sbould bG considcred h seleaing
consmrctioo materids. Provisioru for
rnanagiry thb condeasate str{rtO bc
incorporatcd to prcveur accumulalioa urd
posiblc failurc of tbe collection sysrem
Tbc condcosatc caa bc returacd to rl
laod6ll if tbc landEll is dcsigned wrth -
coopositc lincr and leachate collecrioa
systen pcr l25t.40(a)(2). Sce Chaprer 4
for iuforoetiou regarding dcsigu. See
Scction 3.10 of rhis Ctapter for
inforoatioo regarding liquids in landfills.

Passivc Ststcrnr

Passivc lar costrol systems rely on narural
prcssurG aad cowcctioa acchanisElr ro
veOt ltrdfrn'"tg t6''tEe' atmosphere.
Passivc syttcns typically usc "high-
pcrucability' or "low-permeabiliry"
rccbni$rcr, eithcr sinjululy or in
coabinetioo lt . sitc. Hfb.pcrueabiliry
systcor usc coaduiB nrch as ditcbes,
treacbcs, vent wclls, or pcrforated veot
pipca surroundcd by cornc soil to vent
landfill 3as to thc surfacc aod tbc
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arnosphctc. low-pcrmcability systcEs
block laterd mftration ttroug! barricrs
sucb as syatietic membrzacs and h[!
ooistureroataining Eac.gnincd soilr.

Passivc systcns raay bc incorporatcd into
a laadEU dcsfa or mry bc rrscd for
remcdial or correcive purpocca at botl
closcd aad active lssdfilb. They Esy bc
instdlcd rvithin e lasdE[ doag rhe
pcrincrcr, or bcnvcca thc landfill aod thc
disposd facility propcrty boundary. A
dctailcd diseussioa of passive systcms for
reacdid or cotrective purpos€s may bc
fouad i! USEPA (19t5).

A passive systca may bc iacorporated iato
thc End covcr systco of a landfill closurc
design and may coosist of pcrforated gas
collecrion pipc* h[! peracabiliry soils, or
higb traosrrrisiviry geosyurbctics located
jrrst bclor tbe lor.pemcability &s aad
hydraulic barricr ej infilg4i6a laycr in the
cover systcn Thcsc pip6 Er8y bc
conncsted to vent pipcs tbat veat gas
througb thc cover systcn or ate conncstcd
to hcadcr pipcs locatcd dong rhc
periocrcr of tbc hadfilt. Figure 34
illuuates a passivc syttcn Thc taadfill
gas collestion systcE Ery also bc
cooncsted witb thc lachetc collection
systca to veat 3rscr'in thc bcadspace of
leachatc collcction pipcL

Sone problcor brvc bccn essociatcd witb
passive sy4ltcEr. For crrrnplc, snow urd
dirt rnry acarntrl8tc iE vcnr pipcs
prerreatint gas froo ventiry Vcut pipes
at thc surfacc arc sltsccptible rc cloggiag
by vandalism. Biological clogging rf rhe
sysrcE is also Bore coEnoo in passive
systeEs.

Active Svstcms

Active irs coffrol systcas nsc acchanical
ECr't. to rcoove LsdElt 3lr eEd consist
of eithcr pocitive pressurJ(& injection)
9-r ocgftive prcs$rre (extraction) systems.
Ncaetiyc pressuse syr3tcEs Gxtr3d gat toa
alendfill by rrtint r blorer to pull gas our
of tbc Lsdfilt Positivc prcssrtre systems
iaducc . prcs$rrc trearcr thaa the
pressure of thc Etfariss gas and drive
tbc gas out of thc rcil ud/ot landfill in a
cOnUOllCd mrnncr.

Negative pressure systeEs are more
comnonly uscd bccausc they are more
effcctivc ald oficr Eorc f,exibiliry i!
6eg6elting 3rr n[ntiou The guffi bc
discbaryed direstly u, tbc atnoiphcre,
recovercd for encrgl coavenion, treate{1
or conbustcd iD e Srrc sy4ltco Typi{
coryoncas of r f,rrc syttcE ate sho,r'n ia-
Figure 3-5. Nejrtive prcstue sysrens
Ery bc uscd .t cithcr pcrimctcr gas
coarol systeot or intcrior gas
cotlcctioa/recovcry syttcEs. For more
inforoatioa regrrdint negative pressurc

t.r coatsol ryctcE* refcr ro USEPA
(19&i).

A! rctivc art ertrrstioowell is depicted in
Frtusc t{. Gri ens.ctioo wtf[ Eay be
illtdlcd witbin tfu IradGU *tst=or in the
ntrouaiaf roilr u depicted in Figure 3.
7. Ooc pocrDlc configuratioo of an
inurior grr collcctiou/rccovety sptem is
illutratcd i! FiSrsc 3.t Thc pcrforuance
of acivc syl3tco3 ig oot as scnsidve to
frec.ir3 or setuntioa of cwer soils as

passive systcnt Altboug! acrive ga.r

systeEl .rG Eore eEectivc in wi$drawrng
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gas froi tic landfill, capita4 opcratiort
and mainteotncc cosg of sucb systems will
bc higber. atd thesc coss coatinuc
througbout t[c postdonrre pcriod At
sonc funrle drac, owucrs and openton3
may wish ro convert active gas cootrols
into passive systeos wbco gas produetion
rtiminis[6. The converioc optioo and is
eavironneatd eEgct (i.e., gas relcasc

€using odors and hcdth and safetY-

conceros) should bc addresscd in thc

origind dcsign

There iue Eany bcnefis to recovering
landfill gas. kndfill gas recovcty systcms

caa rcduce landfill gas odor urd
migratioo reduce thc danger of explosion
and 6re, and aay bc rsed as a source of
revenuc which may help to reduce tbe cost

of closrrre. tandfiU 8as cen bc rscd with
3 minimd anount Of treatmeOt Or Can be
up3ndcd to pipcliae standard (GRCDA
19t5). A! upgraded gas has hed thc
carbon dioxide aad othcr noncombrxtible
constitueots removed.

Raw landEll gas Bay bc rrscd for hcating
soall facilitics aad watcr, and may requirc
reooral of ouly wucs and peniculates for
this applicatiou A slishtly ugradcd gas

caa bc uscd for bot! trrrtcr aad sPscc
hcating at wcll .t llShdry elccrical
geacradon, cogcncretioq.!d rs a fucl for
iadusuiel boilcr+buracrs. L:ad6ll gas

may also br prdcesr0 to pipeliac quality
to be soE o utility conpaics aad cveo
uscd to fucl convcatioarl vehiclcs. Thc
anouot of upiradiry aad usc of lanrlfill
gas is dcpcndent oB tbc LsdEll size
(GRCDA 1965). 

.r

3.' AIR CRXTERH
40 ctn $ga2A

3.61 Strlancat o? Rcrulrtloa

(r) (h!.rt or og.nton ol dl
MlIlVIfr rli eotur: tirl ttc ualr do
lot vlohtr ray rppucrbh nqulr:ocltr
drvdopod udcr r Strte luplcocatrtioo
Plrr (SIP) rpprotrd or grcaultrtd by
tic AdnldrtnSor purrulat to scctloo 110

ol tic ocu xr A.t, rl rncodcd.

(b) Opra butala3 ol solld wrstq
crccpt for th lnfrcqucnt bumiry ol
rgrtcultunl rr$.q sllvlculturel wrstu,
lead+lcettlt dcbrts, discescd tttc!, or
dcbrb fton Grcrtcncy cltl.up
opcndona b proUbitcd rt eU lttSlil-F
ualtr

3.6.2 Aoallcrbllltr

Thc regulatiou applies to exxiuDg

MSWLFs' laprd crprntigls to exlstlng
MSt#Ifs, and ncw MSWLFs. Routinc
opca butniog of muaicipd sotid wastc is
prohibiad" lnfrequcnt buroiog of
aSdcrdtural aod silviorlturd uastes,

disc.scd EGc$ ot dcbris froo tutd
clc.dry or eoctgcocT clcaa.up opcndoos
b dlourGd whca in cooplieacc wrtb anY

applicrblc requireacos develogcd uodcr
a Stete lophocnntioo Plea (SP) of the

Ocro Air A.t Agiailtursl *lm docs

Dot itrdudc cEPty pesticidc cootancn or
wrsts pcsticidcr.

3.6-l Tccialcd Conddcnthar

Air pollution cootrol requireocou iue

devclopcd nndcr an SIPwhicb u rpproved

U,l' ffiffi:'*"t#.#'3l'l
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MSWIJ sbould coosult tbe state or local
agency respoosible for air pollurion
control to asccnain that thc brirairy of
wastes complies wirh applicablc
requiremeats developed under thc SIP.
Thc SIP may iucludc variauces, pcraits, or
exemptions for buraing agglcuhrd wasrcq
silvierrlmrd wastes, land*learing dcbrig
discascd Eccs, or dcbris &om emergenry
clean up opcrations. Roudnc burury of
wastss is baoaed is all qlrcs, aad'thc SIP
Eay limit burdry of wastc such as
agriarltural wastes to cenain houn of the
day; days of tbc year; dcsignatcd burn
areas; spccific typcs of inciaerators;
atmospheric conditions; aad distance from
working face, public thoroughfares,
buildings and residcnccs.

Rcquiremens uader thc SIP dso may
include ootifying applicablc state or local
agencies whosc pcrmis oay: (1) resrict
tines whca limiisd brlrniut of waste may
occur; (2) spccE pcriods wheo suiEeient
fue protcction is decmcd to be availablc;
or (3) limil luain3 to cenain iueas.

Opcn buminS is dcfiaed under C25t.2 u
thc combutiooof solidwastc: (1) without
conuol of conhstiou air 6 63istrin
adcquate tcnpcranuc for cfficicnt
coobustioq (2) withqrt containmcnt of
the coohstiou rerctioa ia an encloscd
device to providc suficicnt residence tirnc
and oiriag for cooplctc coobrstion; urd
(3) witbous tlc coatrol of tbc emisioa of
thc coohrstiou producs. Treach or pir
burncrq asd ah crrmi! dcsmrctors, are
considcred opcn burriEs bccausc tbc
paniculate cmirsions ere similar to
particulete emissioEt &on opcn burning
aad tbcsc dcviccs do not control the
eaissioo of conbrrstion products.

3.7 ACCESS REQUInEIIENT
{o cTI, ,2sl2s

3.7.1 Strtqncnt ol Rcrutrtlon

orncn or opcn3orr oldl MS\ilLF unitr
Eurt Gottrol publlc toccrr rad prwent
ulruttorlzd vchlculrr tnEc rnd illcad
duuplry ol ;rrrcr b, urb3 rnittciel
brrrlcrr, lt3lrd burlcr:, or both, .r
rpprogrlrL to protcct hunea hcrlth rnd
3br cavlrolDcl3.

3.72 Aoollceblllrl

Thc rcgulation applics ro existing
MSWLFT latcral expansions, atrd new
MSWLFs. Thc ormer or operator is
required to prcvenr public acce$ ro the
laadfill, except uader conuolled cdnditioru
during boun whcn wasres iue being
received

3.73 Tcchnlcrl Conrldcntlonr

Omcn urd operaton arc required ro
conuol pubtic acccss to prcvent illegal
dumprn& public expostues to hazards at
MSWLF$ and nnautborizcd vehicular
traffic. Frequeatly, rrnautborizcd penoru
are unfrnilirr wirb thc bsz.rds associated
witb LodElt hciliticq and conscquences of
nncontrollcd ascess oey include injury and
evea dcath. Potcntiel hezards are relared
to inebility of equipnctrt operatons to sce

uaauthorized individud! during operadon
of equipncn and barl vehicles; direct
crposurc to w.stc (c.f; sharp objects urd
pethqcas); inedvcncat or dcliberate fires;
and earth-trtrill astivitics.
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Acccoablc Ecasures r:sed to lirnit acces
of nnautborizcd persons from entering the
disposal fscility include gatcs and feacc$
Eees, hcdge* bcnrg ditches, aad
embanlmeuts. Ctak' tintq barbcd wire
addcd to chain linlq 6od opcu fara-typc
fencing are crenptcs of feaciry tbat may
bc uscd Acccs to f.ciliths sbould bc
cootrollcd through &tes whicb can bc
lockcd whcn ttre sirc is unsupcrviscd.
Gates may prwidc thc ooly additiond'
mcasure nccded at rcootc facilitics.

3A nuNoN/Rt N-OFT'
coNm,oL sf,sTEMS
40 crn 925t:6

31.1 Strtcmcnt ol Rcluletioa

(e) Oncn or opcn3on ol rll MSIilLF
uaitr E[$ dcrfq co!$ruct, rnd
mriileln:

(l) A trtr{! control Jytttn to PtwCot
llor onto thc rctlvc portlo! ol thc lendllll
durtag tbc pcrk dlrhr4t fion r 2S-yerr
storEi

(2) A nrlo[ colhol tfstn ton thc
rctlw portlor oltbe lrld0tl So collcct rnd
costrol $ lcr$ tf,c tr3cr tuluc nrultla3
tou r 2*hour, 2t yeu ttotr.

(b) Rrro0 tol tte rctlvr porrlot ol
tf,e ludfi !l[ nut b. brndlcd il
eccorducr tltl lzSt 27(r) of tUl Put

3!J Aoollcrbllltr

Tbe regulation applies to exisdng
MSWI-Fs, latcrd €rprntissq and oew
MSWIJs. Thc owuct ot oPcrator is
rcquired to preycot tu&on onto tbe active

o
ponioo of thc landfill aad to collect and
conuol nraoEfroa tbc asivc ponion for
a 24-hour, ZS.yat 3toru lvlanagemenr of
ruaoE Eust cooply with tbc poiu and
noa-point sourcs dbchrsc requireaeos
of the Ocea Wetcr Act

3u T:chllcd Coarldcrettoar

Thc purpocc of r ruo+a coatrol s,rstcm is

to cotlcct and redirect snrface wate6 to
nininizc tbc anotrot of srrrface water
emcriag tbc laoffll facility within solid
wastc uait borrndaries. Rua-off control
systcurs are dcsigncd to collea and control
run oE froa thc active'ponioo of tbe
land6ll which oey bave contacted wastc
marcrid!. Witb scquential closurp of a
laad6ll hcility, uatcrs rtuniry otr d& 6nal
cover syssca of closcd arcas oiy not
require Eestncot aad can bc combinGd^-.
with nrno[ w8tcr!. Rua-on urd run-oe
Eust bc oaaa3cd io accordaace with the -
requirencuc of thc Ocan Water Act
includiry but uot linitcd to, thc Nationd
Pollutaor Discbarge Eliminadon System
(MDES). Sce Scstion 3.9 for tunher
inforoetiou on conpliance witb thc C'lean
Watcr Act

Rua-on ud ruaoE coauol systcms must

bG dsiIDGd b.$d on e 2tl-hout, ZS'year
storu. Iofo ntioo on thc 24.hour, 25'
yers rcc{rria3 stota cu bc obained from
Technicel Prper $ teinfill Frcquency
Atls of thc Unitcd Sntcs for Durations
frorn 30 Mimrtcr lo U Honn and Rcrura
Periodr fron I to lm Yc.trt', prepared by

tbc lVculcr Bureeu undcr thc
Dcputncnt of Conncrcc. Nteraadvely,
local octeorological data cal bc utdyzed
to estinetc thc criterioo stortD. To
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esdoatc rutr-on, the loc.l watcEbcd
should bc ideatified aad evduated to
docu.oeat thc basis for run.oa design
flotys.

Thc Soil Conscrvadon Scrvicc Mcthod
(SCS) zad/ot tbc Ratiooal Mcrbod are
generally adequate for csn'uatint storu
flows for desiFiry ruD.oE aad/or runoff
coatrol systcns. The SCS mcthod
estiEatcs run-off volunc fron
accunulated rainfdl and thca applies the
rua-off volunc to a simplified uiangular
rrnii hydrogaph for pedc discharge
cstinration aad rctd run off hydrograph.
A disoJssioo of the developnent aod usc
of this mcthod is availablc from the U. S.

Departacat of Agriculture, Soil
Cooscnadon Scrvice (1985).

Thc Ratiooal Mcthod approximates rhe
najority of surfacc watcr dischargc is
supplied by thc watersbed upueaar from
thc facility. A disctlssion of thc Radond
Method roay bc found in USEPA (19tt).

Rua-on/run ofi coarol stnrcnrres, botb
tenporsry aud pcraascot, tray bc
incorporated into thc sysrco design" The
smrcnuca Bost frcqrcudy nscd for run-
on/nrno6 cootrol are prcscuted in Tablc
3-l aad includc dilcr aod bcrus, cbaancls,
watcffiryB, tcrtaoel asd bcEche$ cbutes,
downpipct, secpstc ditchcs and
bascocntt scdincuutioa basinr levees
and f,ood srll& USEPA (19t5) prondcs
aa ia-dcptb di*nssion for cacb of tbe
smrcurcs fqtd in Trblc &1. Rclcasc of
rua-oo and ovcrlaad Bow froo closcd
ponions of thc laadfill should avoid higb-
encrry aad po$ribty cnvironmentally
disrugtive coofi guratioas.

TA8I.E 3.1
SURFACE WATER DIVERSION A}$D
CONTNNMENT STRUCTLTRES

3' SI'Rtr'ACE WAIER
REQUTREDTENTS
{0 cER lzst 27

3J.l Strtqncnt ol Rcgulrtlon

MSWII cdlr rlrll !oas.

(r) Celr I dbcirq: ol pollutrnts
llto nrrrt of O. Urltd Strt r' iacluding
rttl.rdq fuf dohtcr rly nqulrcnen3s
oltle Clcrl lfitcr Ac$ lacludlag but not
llEt3d tq O. Nrtlond Pollutrnt
Dlrcirry Ellallulor Syrtcn (F{PDES)
rcqulnucotr, Elrr[rnt io rcctloo 402.

STR,UCTURE

Ditcs aad Bcros

Chaoncls

Weenrays

Tcrtzccr, Bcnchcr

Ctutcs

Dompipet

Sccpage ditches,
basins

&rlimentatiOg
basios

DURATION

Temporary

Tcmporary

Pc nanent

Temporary,
Penaancnt

Permanent

Temporafy

Temporary

Temporary
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(b) Crlr tbc dlscher3r o( r noapolat
souncc of pollutlo! to rrtcrr olthc Uritd
Strtcs, iacludlry rrrtud* tir3 vlolr3cr
eay rcqulrenc!3 of u rree.ddr or Stet+
rl& rrtcr quelity ErlrttEcnt plu tirt
hrr bcca rpgrovcd uadcr rcctb! 2O or
319 ol tf,c Clcu fts.r Acq u rncldcd.

3.92 Aoollcebllltv

Thc regulatioa applics to existing
MSWLFs, larcrd expancions, and ncw
MSWLFs. Thc owncr or oPcrarcr il
required to comply with the Oeaa Water
Act for any dischartet to surface water or
wctlands.

3.ci Tcchnlcrl Consldcrrtlonr

The oe'Bcr or opcrator of a MSWLF
should dcteraine if thc facility is in
conformance with applicablc requireaents
of water quelity plans do'elopcd undcr
Scctioru 206 and 319 of the Oean Watcr
Act, urd tbe Nadond Pollutant Discharge
Elimination System (NPDES)
requirements under Scstioo 402 of the
Clcan \tarcr Act The EPA and approved
Statcs bavc jurisdictioa for discharge of
pollutants (otber thra dredge and EU
materids) ia waters of tbc United Statcs
includiry wetlaads. MSWLF unis
dischargiry polluteatr or dispociry of Ell
matcrid irc rrucn of tic Unitcd Starcs
requirc e !$cctioa 4{2 (NPDES) pcrmil
Discha4c of drcfie ud Ell oaterid into
watcn of th UtriEd Stucr is under thc
jruisdiaion of tbc U.S. ArEy Corps of
Eagincen.

A MSWLF facility tbat requircs a point
sourcc dischargc Bust hsvc a NPDES
pcrait. Point sourcs discharges for
laadElls isclude, but arc ssi limilsd to:

(1) thc releasc of leachatc froo a leachate
collcctioo or on-sitc treatnctrt systeoo into
thc w.tcr! of tbc Unitcd Starcs; (2)
disposd of rclid wrstc inro watcn of thc
I,Iaited Stetes; or (3) rdtcrsc of surface
wrtct ruaofi which is directed by a run-
ofi coauol systca ino thc w.tcr3 of tbc
Uaited Stetcs. Lcrchatc that i,s pipcd or
mrckcd ofi*itc u, l treatucut facility is
oot regrdcd as a poist rcurce dischuge.

Thc Ocea Watcr Act (C'WA) provides
clerifications of tcrus such as point
source, w8tcn of tbc Uaited Stares,
potlutaatt aad dischargc of pollunns.

3.10 LTQUTDS RESTRTCTIONS i
40 cln !2sus 'I

3.10.1 lltrtqrcat ol R:plrtloo

(r) Bult or lolcoatelncr{zed liquid
rr$. ury Dot bc plrccd h MSIilLF units
udclr:

(l) Ti. rrlEr b hourhold wtstc
oticr tiu rplc n$ci or

(2) ltr nrtr lr lcrcirtc or trt
cold:nre3r d.drcd too lic MS$rLF unit
ud ttr Mswlr rllt, rtcthcr it is ro
cdtdlt or rt !!tr' lt dcri3ncd rith I
corgorltl lls ud h*irr collcctioo
r,ls.r u dc*rlDd h !25t 40 (rX2) of
3Ut Datt ltr oru or oD.trtor nust
plr fi dml$ndo! l! t[c opcrrtlng
ruri ud mtltl sle tttrtt Dlr:ctor thrt
It irr bcr plrccd lr ltc opcntll3 ttcord.

(b) Coltrlacn toldlry ltqutd wastc

ffiLf br Plrcd h r MSIrLF ,b
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(l) Ti. coladlcr lr r rnrll coatriacr
sinilrr h rlz: to 3f,rt rcnnrlly fould ln
hourhold lluttr

(2) ftc cootriacr lr da[rcd to hold
llquids for urc othcr thu rton3;; or

(3) It rr$G h hourchold rrrra

(c) For por?o$r of tUr rccdoal

(l) Llould ;rar DCut r!, trttt
Ertcrld tilt b dctctdlcd !o cootrll
'fte llquldf rr dc0rcd b, Mcrhod 909t
(Pdnt Fllt:r Uqddr Tctt), u dcrcrtbcd -

in Tcrt Maiodr for Evdurtla3 SoUd
lYutc+ Phyrlcel/Ctcnlcd Mahodr'
(EPA PUL No SYY{46).

(2) Ger coadcnnrc EGIIr tDc Uquld
C3acn3cd u r nrdt ol trr EcovGt,
prccsr(g) rt the MS$ILF udt

3.102 Aoollcrblllty

Thc regulation applic to ncw MSWLFT
cxi$inS MSWIfi, .rd lrrcr.l qp.ssions
of eristinj IIISIYLFI Thc ow!ff or
operetor is prohibitcd froo plrcing bulk
or non containcrird Uquid w?stc, or
cootaincrizcd Uquid wrsrc iato thc
MSWLF uait Uqui& hon bouscbolds
arc crsEpG Tr8k trucb of wrstcs are Bot
cxcEPL

3.103 Tchkel Coarldcntbnr

Tbc restrictioo of bulk or conainerizcd
liquidr is intcndcd to oontrol r uuce of
liquidr thst mry bccooc . rource of
leachea. Uquid westc refcrs to euy wastc
m.tcri.l tbrt ig dctcmincd to coatein frcc
tiqrr& u dcfincd by SW{16 Mctbod 9095
- Peint Filtcr Uryids Tcst Thc paint

Eltcr test is perforacd by pleciat a lgu
miuitil3j senplc of wrstc oo a cotrical, 400
microa pdnt Elpr. TLc wilsrc is
considcred e tiquid if it prsscs tbrougb tbc
Elter witti' 6vc aiaurcs. Apperarus uscd
for pcrformia3 tbc p.int 6ltcr tesr is
illuuatcd ia F[ruc 3.9.

U tbc wlstc is coosidercd a liquid, ir caa
bc trercd yiti ahorbeut material ro
readcr a 'solid' oatcrial (i.e.,
,rrstc/rbrorbcat Eixnuc tbat no longer
fails tbe prin Elrcr lignids test).

Onc coEnoo *.astc rtrean tbat miry
6sstrin r significant quantity of tiquid is
sludgc. Slu$e ig e Eimre of water and
sotidr tbrt hrr bccn concentra{d frort
and produccd dudtr& watir and
westcv.tct trestoctrL Sludges may bc
produced
Eusicipd

tl a result of proridi'
scwiccs (e.3; pouble war

supply, ssryrtc Ecstneut, stonn &ai!
meint3sen6) or coonercid or indnstrid
opcrations. Sam3e slu$c is a mimre of
oryrnic aad inoryrnic rctids urd warer,
rcaoved froa vastcfltcr containing
do@Jdc rc'rr3c. Sludge disposd is
accepteblc providcd thc sludge passcs tbe
peint Eltcr tcst

Omcn rod opcrrton of MSWLFs may
rctuta lcrchuc rad grl coodcosare
geacratcd hoo thc t s rccovery process
prwidcd thc LTSWLF hrs becn designcd
aad construccd witl a conposite liaer
ald lcrcbrts collectioo system i!
oryliracc witb 40 CFR !256.4(a)(2).

Rcnrrairy grs coodeosltc to tbe landfill
Ery rcpseru r rersooeblc long-term
solutioo for relrtivcly taell volumes of
coodcogttc.
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l.eacbatc Esy bc rccirarletcd to a
MSWLF udt rs I rc6porary ocasure for
nanagiry lerchetc oi as a Ec.trl of
couuolling trq{ meufnt liquid ead solid
wastc decompositiou -Io gculret lcrchetc
E rcrurucd to thc lendfill to cucounte
aad acccleratc t[c rstc of oryeaic
degradadou

3.II RECORDIGEPING
REQUINEMENTS

'O Ctrn !2St 2,

3.t l.l Stetcrncnt o? Rcorletlon

(r) Tt orlcr or opcn3or of u
MSWIJ'uall nurt ncord rad reteh lcrr
tle lrclllty i.l u oFntht rrcord, or il
u dtemeilvr loc$lor epprovcd b, the
Dlrutor o( lr qprovrd tt$., ttr
follodlj bloruetba rr ls bccoucr
rvrihblcr

( l) Alt locrtlor r:rrrlcrlot
dcuolctrrtlol r:quind uldcr Subperr B
of tUr put;

(2) trrpocttor lutd+ rrdltlt
proccdur* ud d[crtbt procrducr
trqrind b !25e20 oa tllr Pur;

(3) Grr nrlrorllll rrnlrr
nodroriq erd try ti:dledot
rcqulnd tt 125123 o( 3Ur purf

(4) Ary ltlffiLf rdr dert1r
docunotedot br plrmt o( lcler
o? t1r coodeurr h r MllWI.l :rX rr
nqulrrd udcr !2S&2t (eX2) otrUr Prrr;

(t Ary dcooartndor' csrifcrtioq
qrdll3 uodtor{l3 trrtl,lj or rutyrlcrl
drtr nglnd bt Sibprri E ol tUr irrrr;

(O Cloorr td port<hrurr cur
ptur -u9 rry udtorh3 tcrda3 or
u.tytlcrl drrr u rrqulr:d by l|2Sl.CO
ud 2l$.5l ol tur Prrt ud

(7) Ary cort cldDrtcr rld 0arncielrrrlnn dcrlcltdol rrquind by
SuDpuf G ol tUr Prrr.

Ql Ao, htbrurrba dcaoastrerta3
colpllucr rltl rlrll co--uaiti
rmnpdor u nqulnd bt !25el(0(2).

(b) tl. oncr/opcnior Eurr. lotifyti. tllL Dkaor rtc! $c doclocatrtol prrrynpf (r) ol rilr r:cttol lrvr
brr pLc.d or rddrd io rL opcnrtry
rur4 rd dt hbruetb! coarrild t
3ir opcnttry rurd Ertt bG fumlshcr.
upor ttqE n b fh tletc Dlr:ctor or bc
nrd: rnllrbh u dl nerooebh rlncr for
lupclot b, tt llrrr. Dlr:ctor.

(c) rlr Dhworof u rpprovcd Strrcclr I dtrtrrlh rctcdula lor
recordlrplr3 ud !otlncr3lo!ruplrutr lr gp.ct0.i lr pmgnphr
(r) ud O), trrDt 0: tL rDoat0crrloo
r.q.lrererr h l2tl,l0(b) rad
lzsrss@(rxm).

3.lll AnollcrHltnr

Th. rqulrtioo rpplie to cxisting
tfSfVlft, lrrrll Grp.slioor of existing
USWT B eod rw !{tlWLFs. Thc
recordkccpiry requireacou erc ineudcd
to bc rlf-inpleacotin3 so tbat
omcn/opcrrqrE f-i coEply witbout
Sterc rod EPA imoheEGEL Spccific sclf.

tor
phl'
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ioolcocatia3 rcquireucas should bc eas;y

foiiil omcr/opcrator to intcrpret and

sidzcns to caforce througb citizcn suits'

The owacr or oPcrator is required to
maintain records of demoosrationg
iaspcctioru mooitoring rcsult$ dcsiin
documentq plans opentional proccdure*
notices, cost estioerc* and finaacial
assurancc documcutadoa

3.113 Tcchnicel Considcntloar

Tbc opcrating rccord should bG

mainnincd ia a singlc location- Thc
tocadon mey bc at the facility' or at

corporatc hcadquaner o! city hdl but

strould bc ncal tbc facility. Records

sbould bc mainaincd througbout tbc life
of tbc facility, including the post'closure
care pcriod UPon cooplction of each

doorment required iE the oPcradng
recor4 thc Satc Director should bG

notiEcd of iu placencat in tbc opcradng
rccord. Thc Direcror of an approved

State may establish alteruativc
requircmcnts for recordkeePiry

Recordkceping at thc tandEll sbould

includc the folloriag

(a) Location rcstrictioo
dcnonsrationr: Dcoongtradonr lrc
r-quired for .Ey locioo rerrictioar
undcr SubPrtt B. Thc loetioo rertrictioag
apply m

o nirportU

. Floodplaias;

o Farlrcd ercas;

o Uostablc areas.

o (b) Inspcctioa rccords. trainint
:

Iaspection rccor& sbould include:

o E)etc aod tioc wastcs were received
durins thc isPcction;

o Naocs of tbc EansPoncr ud the
drivcr;

o Sourcc of thc wastes; aod

. Vchide idcntification oumbcrs;

o All obccrvuions nadc by thc
inspcctor. 

I

Traiaiag
procdurei
haeardous
recognidou

Notification to EPA statc' and locd
agcncics should bc doqrnented.

(c) Gas nonitorint resuls and anv

rcmcdietion Elrns: If trs lcvcls exceed 25

pcrceat of thc LEL for mctbanc 11 any

IaciUty ttrucnucs or cxcced tbc LEL for
oc6roc il tbc fasilitY boundarY, tbe

olvuat or oPcntor oust placc in the

opcrrdq rccor( witlin ssven dayt thc

dcrtroc- 3rr lsvcb dctcctc4 utd iL

dcscriptioo of tbc stcps tekca- to Protect
hunri hcdtL Witbis 60 daYs of
dctacrioq tbo omcr or oPcrator muit
plrcc . cogf of tb rcocdietioo plao uscd

ior jrr releascs, in thc opcrating record'

rccords should Inctude
uscd to treia pcrsooncl oo
rrestc aad PCB *^O
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(d) MSWLF unit dcs,iSn
docunrenation for olacemcnt of leachate
or gr condensatc-in a MSWLF: If
leachatc ud/ot 8as coodcnsate erc
recirculated into thc MSWLF,
doorncaadoo of a compositc [incr aud a
lcrchae collcctioo systca capablc of
miffaining t meximun of 30 cn of
lcachate head in thc MSWLF Eust h
pt ced ia thc opcratint rceord.

(e) Dcnonsnation ccnification-
monitorinT rcstin& or andrtical findint
reqFircd bI thc Sround-watcr critcrit
Doctncns to be ptaccd in tbc opcradng
record includc:

Docrulentatiou of design, instdladou,
dcvelopacat, aud decoamission of any
monitoring wclls, piezomcters, and
o6cr Ecasurencot, sanpting and
andfical dcvices;

Ccrtificatioo by a qudified grorrnd-
watcr scieotist of tbc numbcr, spaciag
and dcptbs of thc monitoring systcras;

Doctuucnation of sanpliag asd
aa8lFir pro3rror and sndstical
proccdures;

Noticc of fildiry . satistically
sfnificut iurcrrc ovc,r brsk5rorrad for
oE3 08 Drc of tbc constinrcns tisrcd
in Appcodir I (or dtcraetive tist in
aeprorcd Stetcs) .t.sy ooaitoring well
at tlc vrrta Eale3eocst unit boundary
(rrnap,provcd Strtcs) or tbc relevant
poirt of cooplirncc (apprwed Statcs);

Ccrtificatiotr by e qrdificd gror.rnd-
wstcr scicutigr tnat an error in
sropliaj aErlFir, st8tirtical cvduadon,
or o.tus.l vrrietion ia groud-watcr

caurcd rn increesc (hlsc posirive) or
AppcDdir I coustiarcat$ or that a
sourcr otbcr rhln tlc MSWLF unit
ceuscd tbc cootrniaetiou (if
approprierc);

A noticc idcati$iry .sy Appcudir II
coostinrcnB tirt hevc bcea dcteaed
ia grouad-water aud their
coaeauetioor;

A rcticc ideatifyiry tbc Appcndir U
courtinrcatg &rt hevc cxcceded the
ground-vater protcction standard ;

A ccrtificetioo by e quelificd grouod.
uatct ricntirt tbet e routce other
theu MSWLF causeH the
contaoiretioa or aa .hot i!
saoplia3, analysis, statistical
etrhtttioo, or ortnnl ground-nate,
verirtioo crtrscd thc suristical
siinificent increasc (fdsc posuive) ru
Appcadi: tI coastituents (if
applicabtc);

Tbc reocdics sclcsted to remediate
gr$Ed-erter cootrni!8tioo; rnd

o Cenificetion of retncdiatioo
coqlctiou

($ Clmrc rnd gGtdffitrc glans
rod rqf'moiortn$ tcstin$ or en'lnical
drrr rsrocirtcd with thcrc ahr: Thc
Lsd6ll ourr or opcntor ir rcquired to
plrcc r cop, o( tbo dcrn plrq post
dorc plrq lod r ooticr o( iarnt to
cla. tbc hci[ty i! t[G opcruioj record.
Mooitoriry tcadtj or rndyocd data
.$ocirrcd witl dqrrc rad poudosure
infooetioa 3ecntcd froo gorrod'watcr
aud lradfiU gs oaioriry ost bc Placed
in tbc opcndry rccord" A cogy of tl
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trotatioa on tbc dced to thc MSWLF
facility propcrry, ili required fotlowing
closure doa3 with ccniEcarion and
verifrcation that closure and post<losue
activities have bcen completed is
accordance wirh thcir respccrive plant
also ErJst bc ptaccd in lhc opcrarint
record.

(g) Btimates and Enancial assurance .

doctmentadon required: The following
doqrneur Bust bc placcd i! thc
opcratint record:

r An esdnarc of the cost of hiring a third
party to closc thc largest iuea of dl
MSWLF unia ever requiring final
colrcc

o Justificatioo for thc rcduaion of thc
closurc cost csdnate and thc amount of
Emncial assuraocc (if appropriate);

o A cost csti.oate cost of hiring a third
pary to conduct post<losure care;

o The jutificatiou for thc redustion of
tbc postdosure cost estimate aad
Enancid assuraacc (if appropriate);

o An estinate and Enancial assuance for
tbc cost of e third p.rty to conduct
correctivc rctioo:

. A trurt ltBlcacal:

o A cop, of tlc aurcty boo&

. A copy of the [cttcr of credit:

o A copy of thc iasr.reacc policy: utd

o A copy of tbe 5ussaatcc.
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3.U FTJRTHER INrORMATION

3.Lll.l R,cfcrrnccr

FIOWER, ct d., (19t2). "Vegeadon Kills h hndEll Esviroos'; FraDklig B. Flower, lda
.lu koae, Edward F. GilE tr rad Joha J. Arthur; Cook Collcge, Ruqcn Uaiveniry; New
Bruasyiclq Ncw Jency 0t903.

GRCDA (19tS). 'A Coapilr,tion of L.ldfU Grs hbor.tory rnd Field hactices urd
Procedurcs'; GRCDA ktrdfiU Gas Cpnnrittcc; Octobct, 1965.

U.S. Departacnt of Agiorlrure Soil Conscradou Scwice, (19t6). 'tJrbra Hydrologr for
Sodl Warrsbeds'; PBtT- 1015t0.

U.S. EPA (19t2). Test Mcthods for Eveluatint Solid Wrstcs: Physical/Cbenical
Mctbods'; SW€46. U.S. EPA OEcc of Solid Wrstc aad Emergency Rbspoasc;
Washingou, D.C. 2fi60.

U.S. EPA (19t5). Tlaodbook - Rcacdid Actioa at l[utc Disp6.l Sitcs'; EPA/6ZS|I
E5/006; U.S. EPA Officc of Rescarch aad Dcvclopocnt; Cincinne4 Ohio a5266.

U.S. EPA (19tt). "Guidc to Tecbnical Rcsoruccs for thc Desi5a of I'ltd Disposd
Facilitics"; E?Al62s/6tt/0lt; U.S. EPA Risk Rcdnctioa Eaginccria3 l:boratory urd
Ccurcr for Eavironneotd Rescarch lnforaatioo; Cincinaen' Ohio 4526t,.

3.U12 Addrsrcr

Goreraneotd Rcfusc Colleetioo and Disposel Associetiou (GRCDA)/SWANA
P.O. Bq 7S'*''.
Silver Spriof, MD AB10
(301) 5t$2t9t
(too) 45&1't8
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4.0
SUBPART D

DESIGN CRIIERH

4.I INIS,ODUCTION

New municipd solid waste rraits and lateral erpansioos.of.existiry gnis mrst comply witheither a desiF standard or performance standard. Thc desigu sdd.r-o ir ..omposite linercompriscd of tvo feet of soil with a hydraulic cooductivity? L ior-i]*c overlaia bya flexiblc acmbranc tincr (FMLI ana a.leachate collection ryrt.* 
-li. 

performance
staadard is availablg gnly to MSWLFs locatcd in apprwed Stetcs. The pcrform.nce
standard wiu bc available to MSWLFS in uuapprov_ed'States u gitooei not promulgare
procedures aad requiremcnts for state approral by Octobcr 9, ttt. e p.tf"rrL.o-UiiJ
alteraativc. design Bust dcmoosuati' the- cipability ,i 

-;"i"-t"i;j-"t 
contasrioantconceutrations bclorr Esrilrun contaminaot levcls (MCik) er thtiscitiyl relevast poitrrof compliaace. Thc alteruative A::ig, has been esaUtistcC'o afo*-Ooif iooor",ion urdconsideration of sitc.specific conditions 

I
The rcchnical consideratioos are intcnd.g p idcuti$ thc kcy dcsign featues -dlryrt.,coEPoncnts for thc compositc liner and lcachatc bUcctioi ryttli ruro"ro., aad thc
{tcraadvg pcrformance standard. Thc technical considerationi incruJc aesign conceps,
design calculations, physical propcnics, and coutnrction mcthods for tbc following:

1) Alternative designs (Subscaiod 4.2)

. l.eachate characcrizatiou and asscssnent; aod

o Relcvaat poiot of compliaace asscssncnt

2) compositc lincr and rcachatc collcction systcn (snbccctioo a3)

' Soil tincr coryoocat (rcit propenies, coostnrction, agd qrratity assurancc/qualiry
cootrol tcsdn$; r

o Flcriblc mcmbranc liners. (Flfl propcnicq iastatlation, and qualiry
asnmocc/qu.lity conuol resting);

o l.cachatc collcctioa systeos (suengh and ompetibility, Sredint aod draiaage, and
6lnadon);

. Leachate rcmoval systcms (pumps, sumps and staadpipcs); aoo

o Inspeaions (6eld obscrvations and frcld and laboratory testing).
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This chaptcr is organized to addres rhcsc topics in tbc above scqucncc, which resuis tO
some reguletioas not appcaring in nuncrical s€quetrce. Thcsc topics rcPrcscnt thc minirnal

reguiatory rcquiremens th.r should bc addresscd duling dcsign, coostnrctioq aud opcratiou
of- MSWLFs to function and pcrform in a manaer protective of human bcdth and

euvironncot Additiond feetures or procednrcs nay bc ttscd to dcnonsuate confotuancc
with thc reguladons or to @ntrol lcachatc rclcasc aad nrbccqucur cffcr-.-- lot cranplc,
during constnrction of a new MSWLF, or e latcral cxpansioo of en lxistinf USWLF, qualiw

control aod quelity assumncre proccdures and doctmentadon oay bc uscd to establish tha:

both matcrid propcnics and constnrstioo EGGI the dcsfn spccificagions rhat arc intended

to providc thc e.:rpccted level of coapoocot systcn pcrforoaacc. For altcraetive designs

thii chaptcr also prescnr mcthods to as$css warcr +ntity at thc rclcvant point of

4J ALTERNATTVE DESIGN
40 ct.R !2st.40

4J.l Strtcncnt ol Rcmletlon

(r) Nc nffIWLF unir rnd lelcrrl
cryradolr rhdl bc colrtnctcd:

(1) In rccorducc rltl I dcrfn
epprovcd b, thG Dlr:ctor ol u rpprovcd
:tetc or rr rpccitrcd i! $25t.40(c) for
unrpprovcd Stetcs ltc dcslg Eusl
etrsure Shtt 3hG cooccntrrtloo vrlucr listcd
il Trblc f til mt bc cNcccdcd itr lhc
uppctuost rqulfer rt tic rekvut poiat ol
conpllucc u rpccl0cd b, ttc Dltrtor ol
ea rpprovcd Strl lrd:r perejSrph (d) of
thlr rcctloa, or

(2) (Soc Tatu&al Cotsidcttariotts h
seaion 13 ,t 4,tbrlrlrats ol uifonn
notd ileafrc U;rl,t

@ (Sce Tahfunl Cottsideniorc in
saion 1,3 lo? rrytqnots Ptainin$ to
compositc lina od lwlac collmion
systczn)

(c) Whcl rpprovla3 r dcsigl thet
conpllcr rltl p.n3rrpb (rXf) ol thir
tctloo, 3ic DlrGctor ol ea rpprovcd Strtc
sbell couldcr r3 lcrrt thc lollovln3

( l) Ttc tydro6sobgk chenctcristicr
of tf,c llclllty ud rstrouldla3 lend; 

O
(2) Thc cllnetlc fectorr of thc rrer;

rnd

(3) Tht volunc rnd PhYsical rnd
chcnlcd' chrnctcrlstlcs of thc leachrte.

(d) (Sec Tccluical Cottsidcratiorc in

scrlticrt 11 p dfuruss&rr oa dctqmhation
ol nbot poira ol cottrplialtca)

l
I
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TABT.8 r

Chcnlcrl MqL(nr r

Arrcaic
Bertun
Bcazcnc
Crdniuu

0.005
0.01

0.05
1.0

Crrton 3dncUorldc 0.00s
Ctmnlun (hcrrvehat) 0.0S .

2r+Dhlloropicnoxy
rcUlc rcld 0.1

l,+DlcUorubcnzcac 0.0?s
lJ.DlcUomctienc 0.005
l,l.DlcLloructbylcac 0.0ff1
Eadrh 0.(XXla
Fluorldc 4. 0
Uldenc 0.00{
lad 0.0S
Mcrcury 0.002
Mcthoxychlor 0.1
Mtretc 10.0
Sclcniuu 0.01
Silvcr 0.0S
TonpLclc 0.005
1,1,1-15.trloructhrnc OJ
TrlchloroAiyhrc 0.005
2r4r$Trlciloroptcmry
Gh rld

n!fl Ctlortdc
0.01
0.0G1

4r, Appllcrbfin

Thc Dircoc of aa approrcd Statc may
approrc e sitc*pccific dcsip for ncw
MSWLF unir .Dd lranl eryansions of
cxistiry uair (rc Scctioa 432). This
design c'n bc .! rltcraativc to rhc
unifora dcsfn sanderd of a cooposirc
linerwith a lcacbetc collcctioa syrtca that
is rcquired in uaapprovcd States.

Tbc dteraetivc dcsfn docs oot have ro
rncludc cithcr a cooposltc linei- or a
leacharc co[ectioo sysien Tbe design
Eust cEsurc, horevcr, thet the madnun
couceatrarioo lcvels (MCI.S) listed iD
Tablc 1 rrc not erccedcd ia jrouad warer
il thc relaant point of coaptiaace. The
relctant poirt of compliaicc may be
located et tbc wastc mana3emenr unit
bouadary or, if approved by rhc Director
of an agprorrcd Satc, up to a maxisuln of
150 octcn &oa thc wastc mrnagemeu!
unit boundrry. proccdureJ aad
requircmcnB for.ground-warcr monitonng
are dcscribed in Scaioa 5, and $e
relcrrail point of comptiancc is described
ia Subscctioo 4.4.

Apprornl of thc alrcmadve dcsign sfould
considcr u lcast three faaors: ll the
hydrqeologic characteristics of the f..ility
aad surronading land; 2) thc climate of
tbe areg aad 3) thc volumc and the
pbysrcal and chemical composirioo of the
lcachate gcuerated by the MSWLF.

{33 Tcchnlcrl Consldcretlonr

Ihuolrtntlor rcqulnucatr

For appronl of dcsigEs oot conforaing to
tbc uniforn dcstl st-ndard of a
coopocitc lincr sy6tco aud leachate
collcctioa ryltca ({0 CIR C2SE.a0(aX2)),
tbc o*acr or opcsetor of the proposcd
IvISWLF Eusr dcooostrae to the Diicqor
of an approved Stetc thu thc design wiil
trot dloe thc coopouadr lisrcd in Table I
to cxcecd thc MCIs io ground-water ar
thc relcnu point of coapliancc. Tbe
dcmoartntioo should consider ao
a$cssEcnt of lcrcbetc qnelity urd
queatity, lcechrtc tc&3c to thc
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subsnrfacc, rad sutxurface EaDspon to the It is possible tbat e MSY/LF unit aay bc
relevant point of compliancc. Thesc desigued aad located io a climatic zone
factors are govetaed by thc sitc such thet, in gencral, leacbate would oot
hydrogeolory aad climatic factors. bc produced &oo souroes of werr otbcr

tban tbet cxisrins y[rhin thc wastc at rhc
Thc nantre of thc deoonstration is tinc of disposal. An omcr or olrcrator
csscatidly an asscssnent of thc potcntid may dcmonsuetc that lcachate would oot
for leacbate production and ledrage froo bc produced. Thc dcmoostradoo should
tbc landfill to ground-watcr and the be supponed witb an historic eraluation of
anticiparcd fate and traasport of precipiation cvcuts and the likelihood for
constituens listcd in Table 1 to thc floodins of thc nnit througb hcavy rains,
proposcd relevant point of compliaace at surfacc runoq or hith warcr tables. [t
thc facility. lnhercot to this r]rpc of Eay bc possible, throqh operational
approach is the necd to evaluate whether controls, to avoid erposing wil*e ro
leachatc wiU be produced with precipiution or infiltradon of water from
conceotration rralucs in exces of thosc overlying matcrids. Evcn if lcachate
listcd in Tablc 1. If it will, then therc is a production would not bc orpccted, rhc
oeed to obtain sufEcieat site-specific data Director, whea approving! the
to adcquately characterizc the existing deaoastration, should coasidei the
ground-watcr qualiry and thc exisdng hydrogcologiccharacteristicsofthcfacility
ground-water. tlov regime. (e.9., 

-. 
tlow and thc uroundiry areE iD addition 11|

direaioa,horizontdandvenicalgradicnts, thc volunc of lcae.harc and climaddJ
hy&aulic conductivity, stratigraphy and factors.
aquifer thickaes)

Assuming leachate is produced, the
The assesoent should bc made of thc denonstration should evaluate whether
effect MSWLF constnrction will have on corutitueus listcd in Table 1 can be

site hydrogeolory. Thc asscssmcnt sbould expeacd to bc produccd in concentradons
foos on tbc reduccd infiltration over thc trcatcr than tbc MCLS. It is plausible
landfll area and dtcrcd surface water thet lcrcbatc fron houscbold wastes may
nrn ofi pencrtr$ Redrction of recharge not cxceed thc values, penioilarly if the

and charyes i! $rfrcc wrtcr panerru arer $wGd by tbc unit hes an cffcctivc
rgulrint frorn leadfll coostnrction Eay w$tc prcvcatioo rad rcgrcartion prograsr
affcct ugrrrd 3rorod'lrtcr gradicots in thu prcvents tbc dispoo.t of consumcr
sonc crsc. rnd rcsdt in chra3er in latcral good! coouiniry dgnificut quantitics of
floy dircaim in otbcrr thc pcrtkidcs, hcrbicklcs, rclvens, and

raciero o'rccrrziror ; + ['#-ffi" ". Hlii - iiTiri
addrcsr h&ofcolofie"cbrnstcristics of

kachatc characQllfr5Sg ifrdn ,, qtiEli*=-"GtrydisS land to
aa ffitiffia-"

at the

asscssEcnt
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Whca lcrchatc constitucnts caa bc
expcacd to cxceed MCIs, thca thc
demonsuation should foqrs oo dcveloping
a pro6lc of lcachetc qnatity 

-ana

production rarcs (volumc) sufficicut to bc
uscd in evduating is fatc aad traaspon
froo rhc point of relcasc rc tbc relcvant
point of compliancc

lf lcachatc composition data tbar are
reprcscntativc of tbe proposcd facility are
not available, tbcn leachate data with a
sioil8r expected compoeition should bc
prescated" I:rtdfII leachate composition
is iaflueuced by:

(l) Thc annud prccipitatiss in6l63d6s
aad ratc of l46hin$

(2) The type and relativc amouns of
marcrids in thc $rstc 56sam; aod

(3) The age aod rhc biological marurity
of thc landfill that may affea r.vpes
of organic and inorganic acids
gencrated, oxidation/reducrion
potcntid (Eh), aad pH couditioos

An cxistiry lendfill in rlc regoq witb a
similar wastc strero, Esy h able ro
providc inforoetion tlu will allor thc
owDcr or opcrslor !o rrticipstc lcecbtrc
conpoeitionof ffiAa.-reviev of tcchicel litcrlnffi or;lbo bc -
required E 8rcst rnticipued lerctlc
corapocitioo if ..ilrl drrr rreoenilrblc
(sce USEPA 19t7b). A rffi n4r of
lcacbatc conccntretiool rrc reponcd ia
thc litcrarurc wirh hiSlcr ooEoeDtr.tioor of
specifc constitucnc Apic{leponcd for
tbc initid lcrcber ft.g hbonory o5
6cld cryerimcnrd tcat 6lb or telr cc[s.
Thesc tstch' oac{ey lsrdfilb do uot
account for thc long-rcra eunatie and

meteorologicel inf,ucaccs of a full.scalc
l--94! .op"radoo and lcachat. g.o.r.,io*
Such h[[ iridrt cooccornddns are not
tlpjc.l of fultscelc opcratioos rbat are
rubjcct ul thc dilution effecr of iocidcut
reidalt oo unnscd ponionr of thc unil

Voluoctric production rates of leachate
are inporaat in evduadng the fatc aad
transpon of tbc constitueus tistcd ia
Tablc 1. kechrtc productioa depcnds ou
ninf.ll incidcat to thc nniq nraon' run-oE cvrpomsspiratioa, water table
elcnation relative to thc bottom of the
lan4hll and plevention of tiquid disposal
at thc sitc. Run on, ru!.otr, and watcr
table facron cra be eliminated
traditiouetly tbroug! dcsign I rnd
opcratiooel cootroh The 

- 
Clitcria

prohibit bull or coaaincrizcd tiquid
dispoEet. lncidcnt precipitation ina
enporanspiratioo cla be cvduared uing
the HELP modcl or other more site
spcciEc octbods of estinuting leachatc
productioo It is rcasonable to expect that
lcachatc produaion Eay assume scasonal
crdic.l chrracteristics of low and higb
Bo*r.

qc. bec.hetc onpocition and produaion
bsa beca cstiErrc4 it is posiblc ro
predict qp. hrc .!d tnuspon of
@ ia Tabtc I {t the
rcl dfEiilirncc. Altcrnatety,
t[c dcoonstrrdon *6uld talc the
followiry rpprorch (CvitrS appropriate
coosidcr.tioo to hydrogeologic
chrnstcrirtb.od tlc htc .sd renrpofi
of chrnaeristics, ofrortinrcos iisred rn

- -d- '?F'ti:1) Ure tb M(I- couarratiou at rhc
gl$l}fghc of -cooplieacc,
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2) Back-catanlate point of lcakage (e.g.'

tbe landfill lincr), and

3) Projcc the appropriate coobinatiou
of conccntration eod leachatc
volumcs that, if not exccedc4 would
nor causc the Tablc 1 conccatratioo
vducs to bc exceeded at thc relqaat
point of compliaace

This laner approach should providc. tbc
ptanncr vith inforuration ncedcd to dcfinc
the pcrformancc su[dard of an dteruatc
design for the active tife of the unit. Once

the 
-MSWLF unit is close4 lcachate

volume and concentration can bc expcaed
to dccreasc over tinc. Thcrefore, thc
coobinatiou of lcachate volunc and
lcachatc ooncenttetioa coatrolling thc
asscssmcot can bc expccted to occur

durinS thc activc life of &e uair

Lal4e Alscssucnt

An asscsmeat of lcakage, the volumetric
relcasc of lcachatc froin thc proposed

dtemativc desigu sbould bc based on
andytical approachcs suPPoned bY

empirical data frou other existi't
opcrational facilitics of similar dcsign,
particularty thocc thet hrve lcrl dctcction
mooitoring (scc USEPA 19$). lo licu
of thc existcnce or evrilrbility of nrch,sffilr#ffiTrt
esrimatc udcfired terh$ rates.

:*
Thc trloport of f,td&- .Dd urn
constitucats thror4! 3coreobrucs diicn

diffusiou Difrrsioo occun in responsc ,o|
a cooocatration gradicat and is gwerucd
by a relatioaship knoru rs Fick's 6rst law.
Diftsioa retcs ia ncabr:acs erc vcry lilw
in cooprisoa to bydnnlic 8ov ratcs in
soil liacq includiry coopactcd clays. Itr
syothctic lincrq tbe factor that most

influences lincr pcrformance is
pcactntioo of thc lincr, including
impcrfect scans or pinholes which can
dlow lcrchetc to Pass tbrough the
oembraac (USEPA 19t9a).

J[3 dgminant modc of leachate transpon
throug! thc lincr comPoncnts is flow
througb holes and pcncuations of thc
geomeobranc and Darciaa 0ow througb
soil conpoocos. Syathctic bcntooitc
Eets, which heve bcen uscd succcss$llf in
composite lincr desigu should prQbably

be considcrcd to mssPort 0uids prinarily
through diftrsioo dnc to thcir loY
hydrautic cosduetiviticq i.c. I x i0e
cn/scc repotted by maaufacturers.

Scveral rcscarcbcrs havc studicd the flow
of 0uids tbrougb impcrfcctions in single
geomcmbrurc and comPosite liner
systcms. Furthcr discnssion of leakage

actioo retcs crn bc fonnd on Page D'24.
For cqliricel dete and utdYticd
ncth&logics t[c rerdcr is refened to

titcnnrc by Jeyrwictnar et al. (1988)'

BoETGtt (1939 (PtG Ernd tr))' and

Girqd ili rt(tl$i; Iat{c .ssessmens
abo"ory be- codual bY nsc of the

HELP ooOcfruWlq- 19$r). Vcnioo
3.0 of tbc

), f{axo et al.

@iroud and

and wiil
to ilssess

rdccat rescarch
tf &ora urd

in prinsiplc from trrospon;lroqb ril
tincr materids. '."nq*t: thttttjb
geomcmbrancl whcre ,le.ftt1q Ur

,ry4''data_
Boa$rtcr

impcrfccnons.
iwotve4 it

'')r sclD

DRAFT

.:OPinrtcd

D{
-. :-'..;tf.-?! .. April 1992



Lcrchrtc llllntbl h ihc Subtutfrcc

Lcachatc thst bafs from a lsndfiU wiU
odgrate tbrough the subsurfrcc. Flow aad
transpon in the sukurfacc typicelly occur:3
through thc unsaruratcd zonc, o thc tyetcr
tabtc and ino thc saturarcd ?rinc.
Horever, in somc instaaccs, tbc watcr
ublc may bc located bctor thc landfill, so
that only sanratcd 0qr and transpon
away froo tbc teodfiU uccd to bc
considcred $imilarly, lcachatc migation
may occur ooly in thc vadosc zonc where
ground watcr is locatcd wcll bclorr tbc
landfill. Oncc bcloy thc water ablc, thc
leachatc constinlcng are transponed
througb thc sanrrated zoue to a point of
discharge (1e., a punpiry we[ a strGrn,
a ldre, etc.).

Thc migration of lcachatc and lcachate
constinreaB in the subsnrface dcpeods oo
factors such as the volumc of tbc tiquid
conponcnt of thc wastc, the chcmical and
physical propcnics of thc leachatc
constiilenu, thc loading ratc, the clirlare,
and thc chcmical and physicat propcnies
of thc suborfaoe (sauretcd and
unsetur.Ed zoncs). A nrmbcr of physicat,
chcmicel, aDd bioloicrl proesscs
influcnce uigratioa Bcceusc of complcx
intcrastions bctwcca tbctc proccsrcsr
specific cootaninentr ory bc rrnsponed
throqb tbc $bnrhoc rt dificrcnt rarcs.
Cenaia proccracs result iD thc aneauation
and dcarrAtioa of coateminrns. The
dcjrcc o(ucuntioa is dcpcodcnr on thc
timc thu tf,c conteninrat is in coutact
with thc suborrfeoc mercrirl thc physical
aEd chcmicel characrcristics of thc
subnrfecc metcriel thc distancc which
thc conteminent hrs tnvclc4 aad the
volume aad charactcristig of thc leachate.
Somc of thc key proccsscs affccting

lcachatc EigEtioa are inuoduced briefly
hcre. Thc iaforaatioa is telen &oor a

lugE ry in Travcn rad SberpHaascn
(1991), wbo in trrm relied larfcli oo Aller
et d. (19(/), Kcely (19tr/), Keely (19t9),
ll ct e[ (19&5), aad U.S. EPA (19tE).

Phyrlcrl hocarcr Coarrullto3
Subrurfecr Ttusport

Pbcicrl prcaesscs that conrol rhe
Earsport of eontsninaos itr tbc
subsurfrce includc advectioq dispenioo
and difhrsion, nixiry aad diludon,
Eltratioa, phficel adsorption, dcnsiry
stretificatioq immiccible phasc flow, and
fracture f,w. Thcsc process€s, in nrrq
arc aficctcd by hydrqcotogic proprties,
such u hydraulic conduaivity, pdcity,
aad aoisnrrc ooat€nq urd by chemical
propcnics

Advecrion is thc proaess by wbich solute
contaniunts arc transponed by rhe
ovcrdl motion of 0oring ground warer.
A non-rerstive solutc will bc uan<prcncd
u tbc satDc rarc and in thc sane direoron
as tbc averate linerr velocity (Freezc urd
G.try, 1y79). Advective trarspon is
chic0y . function of tbc subcurface
hy&ulic conduaivity distriburion,
poKrdty, .ad tbc Lydreulic aradicau.

Hydrodnenic dispcnion is a noo.rteedy,
incycrsiblc trridnS process by wbrch a

coateniaent spreadr rs it is uusponed
t[rcuSh th nrbortcc. Dispenion resulrs
&oo thc efiecrr of two crloponcnrs
opcntiry u tbc aicrccopic level:
occheaicel dispcnioo and aolcorlar
difrsioo Mecheaicrl dispcnioo dcnves
froa vrrirtioor in pore velocido uthrn
thc rcil or aquifcr and dominer! over
oolccnlrr difhrsioa in csvironnc s s * h c r e
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thc f,or F$Gt .re oodcratc to high.
Moleorlar diffusion is causcd by z
contaminant conccuuatioo gradient.

Chemicals Eote &om higb oonccntratioo
to low conoeotratioo. At YGty slow
velocitics, sucb as through clays aad silt*
difrrsion can bc an importaat transPort
mechanism.

o[ thc Aeologic foruation carsc gotud'
wster f,orr velocities to vary spatidly in
thc subsurfacc. Thc rariations in thc ratc
of advection result in plume spreading
which can be confuscd with dispcrsion"
Thc chrnges in aquifcr propcnics that
lced to this rariability are threc
dimcosioaal. U tbc gcologic mcdiuru is

retatively homogeucors it EaY bG

ap,propriatc to assunc that the aquifcr
propenies dso are hoaogeacou.

Physical sorDtion is a funetion of Van dcr
Waals forces, hydrodYlanic, and
elcctrokinctic propenies of soil particles.
Physical sorption is important in tbc
removd of basteria and vitllscs, but is

rxudly uninportant for tracc contaminant
anenuauon relativc o othcr Proccsscs.

Mcchanical filtrrtion rcEoves
cootaminsns thrt rre leryer than thc pore

speoes of thc rciL Thtt' thc effects of
racchaaicel Eltntioa increasc with
decrcrsiry pcc sizc withi! a mcdium.
Nooetbch* Eltretioo epplia to a wide

ratrtc of prddc aizct Ttc rctcntion of
targcr pertidcs nry efiecively reducc the
pcnncability of tbc soil or aquifer.

Multiphasc flow occun becausc many

rclvcntr rad oils uc higbly iasoluble in
watcr and Ery bc relcascd to the

srborrfrcc as 8 scPesate liquid Phasc. If

thc viscosity rnd dcosity of fluid O,U.rO
froo that of watcr, $c f,uid oay have a
difiercnt 0ov rarc and dircction the" thc
wrtcr. If thc finid it Eorc dcnsc than
uratcr it nry rceb tlc bonoa of the
aqrrifcr rod dtcr ir 0ov direction to
couforu to thc ahlpc and slopc of thc
aquiurd srlrfacc.

Thc nenrc end cxteat of thc geologic
matcrid rrndcrtyiry e fasility affea the
fatc .Ed truryon of lcechatc in the
subnrrfrcc. Ground watcs f,ows from
rcchargc zoucs to discharge zones in
rcsponsc to the hydranlic gradicnt at any
gven poitrt In tum, tbc hydraulic
gradicnt b influcoccd by aquifer
charactcristicr boudary conditions, aod
oaturd or oen induccd rccbarg{ and

discharyc (USEPA lgtt). For aqteous
sotutioor, inforurtioa about the hydrailic

ffi.?ff"'ffi:f 'ffiffi:lo
lcachatc dcnsity cxist, hovevcr, the

hydrurlic gradicnt mrtst bc obtained from
watcs Prcssurc contouts.

Hvdraulic conduaivity dcpends oa both
0uid propcrtics and aquifer propcnics.
lbcly (19fD PoinE out thst difiercnccs tn
dcosity rod visoity of 0uids prerot in
th rquifcr cra curc e widc rea3c of

bt&rdic conductivity vrlucs. Hc repora
tlet Ocrc ir r dirnrdi dowuwud lUlt in
loel f,ow di:ac'tions ocrr pluocr thet

herre u littlc as l ooa Pcrccot incrcg ta

dcasity rclrtivc !o urcoanrni!.tcd rrrcr.
Such dcarity ooilslsu frcgcatly ecut lt
lsDdfrllt rnd rnstc inporndmeas. Kcely
(1939) tcPott3 thrt lendfill lcrbur rs

oftca so lsden with dissohcd cont,m,rurrts
thrt itr dcositY aP,Proaches tbrt of
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U tbe hydmilic cooductivity h .n aquifer
varies vith dircaioo, the aquifer is said to
bc anisouopie Aaisotropy in hydraulic
conductivity distributions i3 causcd by
smrctrrd uends of the aquifcr marcrid.
tu anisotropic media f,oy is aot at rigbt
angles to tbc equipotcntid q)ntouii.
Instea4 0w is at oblique asdes witb rhc
dcgree of dcviation proportional to the
anount of anisouopy (I(cety, 19E7).

Sccondar.v porosiv Eay bc canscd by thc
dissolutioa of roclg regional &acturiry or
in soils, by drying cracks or fusures.
Frasnues or Eacroporcs respond quickly
to rainfdl evear aad other fluid inputs
aod can transmit weter rapidly doog
pathways that do not coincidc with
cxpestatioos. Sccondary porosity can
result in localizcd high conccntradoos of
conunrioslr at sigaificaat distanccs from
the facility. The relative imponance
of sccondary porosity to the hy&aulic
condustivity in ttc subaurface depends on
the ratio of &ac'ture hydrailic conduaivity
to intcrgranular hydraulic cooduaivity
(Kircaid et d.n 19$e). Oucc fractures
dsminris f,ow, tbc rcletionship uscd to
dcscribc porou 0ow (Deq/r L:w) do aot
apPty.

Ctcotcrl Plocsrcr Cortrollhj
Submrfrcr ftureon

Chemical proccsscl inportant in
cootrollin3 $beirfre tr.osport include
prccpindoo/dirrolutioo, rcrptio+ redor
reactions, hydrctFi$ ion crchengc, 3trd
complexation In &ncrel thcsc proccsscs,
cxccpt for hydrolysis, arc rcver:ible. The
reversiblc proGesscs tcnd to rctard
mnsPoG but do not pcruancatly
sliminags a coutani[ant &Om thc systen

Sorption rnd precipiatioo rre generally
$s 6l6minrnt retsrdint ncchenisas in rhi
saturarcd zonc.

Precipitation/dissolution reactions qltr
conuol cooccntration lacb. Thc
solubility of . solid conuoh tbe
equilibriun satc of a chemical. Whcu rhc
solublc coacentration of a coutaminant in
leachetc il h[[cr tbea that of tbc
equilibrfun ltrrc, precipiation occurs.
Whcn thc solublc concanuation is lower
tban tbc cquilibriun vduc urd rclids exist
in thc rystcq dissolutioo occun. The
precipitation of a dissolved substancc may
bc initiercd by cbanges in pressure,
teEpcren[e, pE conccnuation, or redox
potcntid (Allcr ct d., 19t7). hecigitadon
caa cansc plugdry of an aquifir and
result in r dccreesc in aquifer porosiry.
Prccipitetioa rnd dissolution ue espccially
importam prrccssca for Eacc metal
migratioa in rcils.

Adsorption/dcsorption is thc ruost
comnoo Ecchuism affc6i ng conaminant
nigruion in soils. Solutes becomc
att chcd o thc rclid phasc by mcans of
adsorptiou. Ukc prccipitation/
dissohrtio!, adsorptioo/dcsorption is a
rcversiUc proccst Horevcr, adsorptioo
dcsorptioa oosur! at r reletivcly rapid rate
cooprtcd o prccipiatioa reastions.

Thc doninrnt occhraisn of organic
sorptioa i! thc bydropbobic anraction
bctwe,co e chcoicd rod neturd organic
Erncr rsrcciucd with aquifcrs. The
orgraic cubon contcnt of the porous
mcdfuq dont witb thc rclubility of the
cootraioast, ir u iuportent fastor for
thir rypc of sorptiou Extremc differences
arc obcclcd i! thc rdsorptioo of different
orgaais.
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Tbcre is a direct relationship benreea thc
quandty of 3 substance sorbcd on a
panicle surfacc and thc quantity of thc
substance suspcnded in solutioo.
hediaions about thc sorptioa of
conurninans ofteu make usc of sorption
ircthcrms, which rclatc thc amount of
conami!.nt ia rclutioo to tbc :rnount
associatcd with tbc rclids. For orgaaic
6strt-minants, thesc isothems are rrsudly
assumed to bc lincar and thc reactibn is
assumed to bc instantancors and
reversiblc. Thc lincar cquilibriun
approach to sorptioa is not adequate for
all situations.

Ion exchangc originatcs primarily from
exchauge sites on trryercd silicate clays utd
organic Eattcr, tbat have a pcroanent
negative charge. Cation cxchange arises
froa a uccd o bdaocc the uegative
charge in ordcr to oaintain neutrality.
Thc capacity of soils to exchange cadors
is called the cation excbange capacity
(CEC). CEC is affcccd by the type and
quantity of clay mincrar prcscnt, thc
anount of organic msttcr prescnt, and the
pH of the soil. lvlajor cations in lcachatc
(Ca M& K Na) uselly dominate thc
CEC sitcs, rcsult''t h litth anemration in
soils of nacc mctds i! tbc lcrcbate.

Thcre is a suellcr ioa ucbrnge efrcc for
anions associetcd with hydrous oxides.
Sincc soils ty$celly heve more negativcly
charged dry prtidcs than poeitively
cbarged hytor oxidca, tbc transpon of
catioas i! attcilratcd Eore than $c
traDspon of anioos.

Oxidation and rcduction (rcdox) reactions
inrolve thc transfcr of elcctrons and occur
whcn tbc rcdor potcatid in lcachate is

differeut from that of thc rcil or aquifer

cwiroamcat
-t

Rcdor reactions iue
importeat processcr for ioorganic
coopoundr aad 6gtqllis elcmens.
Tqctbcr dth ptt, redor reectioos affect
thc rchrbility, conplcxiry capacity, aad
rcrptive bchevior of coostitueats, aad thrs
conuol tbc prcscucc and nobility of many
suhtroes in uatcr. Micrmrganisms iue
responsiblc for r lergc proponion of redox
reastions $st ocqu in ground watcr. Tbe
redor satc of aa aquifcr, as well as tbc
idcotity .sd quantity of redox-active
reacurts, b diffiolt to dctctrninc.

Hvdrolysis is the chemical breakdown of
carboa bon& in orgenic substances by
wetcr aad is ionic spccics H' and OH'.
Hydrolpis ir dependetrt on pH afd Eh
and is oost cEcctive at hfb temperlnres,
l* ptl, aod low rcdox potentid. For

ffiLrr?looiro'lioti,' .'""JiT, i I " 
o','0

biodegrrdatiou

Compleration involves reactions of metd
ions with inorgraic anions or orgaruc
hgends The mctd and thc tigand bind
to3ctbcr to forn I nGry solublc spccies
c.llcd e complcr Cooplexation qtn
eitbcr incrcasc thc oonesntration of a

conrtitrcnt in rclutioo by forming soluble
cooplcr ioar or dccrcase tbe
conccnuetien fqnirs . soluble ion
complcr with e rclid" [o oarurc, it is
diEodt !o distiosui$ among sorpdon,
rcli&liquid corylcntio* and ion
cxctrop ro tlcrc proocascs are rsuaily

Sforpcd togctbcr rs orc nechanism.
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Bbhdcd Eoccrr:r Coatrofltat
Subcur{rcr fhrnrmrt

Biodegradatioo results froru tbc en4mc.
catdped uansformatioa of organic
compounds by microbcs" Coatamilrans
caa bc dcgradcd to harmlcss byproducts
or rc Eorc aobilc atd/or toric products
througb on9 or Eore of scvcral biologcal
process€s. Biodcgradatiou of e conpound
depcnds on ewirooncnal hcton such as
redox potcutid, dissolved oxyteo
concetrtradoo, pH, tcnpcrarurc, -tbe

prescuoe of othcr compounds and
nuuiems,, sdinity, the dcpth bclow land
sufacc, compctitiou ilnoot diffcrent typcs
of orgaaiso+ aad thc concentradoos- of
compounds and organisms. Thc exact
traasforuetioos that wiU occur in e
subsrrface systcn erc difficult to predia
bccausc of tbc complcxity of tbc chcnical
and biological reactioas that occur.
Quantitative predictions of thc farc of
biologically reactive substances are nor
advanccd aad littlc information is
available oa biodcgradatioa ratcs in soil
systcms or gound wilcr. First-order
decay coostaoB are oftca uscd.

Thc opcretion of Subtitlc D hcilities can
introducc brctcrir rad virulcr into rhc
subnrfacc. Tbc f.tc .Dd uanspon of
basterie aod viruscs is ttc nrbsurface it
an iryortrd couciderstioo i! thc
evduatioa oa tbc cfiecs of MSWIJs oa
lumrn hcall rod tha ewiroamcnl A
largc ounbcr of bioloficel ciemical, and
phfical proc*lc3 ue tDowo to inlluencc
virus asd b.6tcrid $rvivd rnd uanspon
in thc suborrfeoe. Unfortuaately, the
prcscst knowlc{e of the proccsscs aad
thc avzihblc detr arc insufEcicnr ro
dcvelop nodclr which can simulatc a wide
varicty of sitc*pccific cooditioas.

Lcrcirn M[ntbr Modd,

After dcfiaia3 
- 
$e. bydrogcologic

cbrractcristics of thc ritc, itc ultur.1f
lcrtage, aod lcechate cooceaaadoas, it
E y. bc . approprietc to dcvelop a
matbcoetical aodcl to dcscribc urd
sinnlate tb9 cxpected fatc aad traaspon
of thc coastitucots tisted in Tablc I totbc
unit's relcrnnt point of compliance.S"!q maspon asd gouai.*arer
oodcliag efiorr sbould bc cooduaed by a
queliEcd gonad-*ztcr scicadsr Ir' is
trc-ccsFry !o address EsEy facon whea
sclcctia3 rnd applyiry e dodcl to a site.
Travcn aad Sbsrpffenscn (l9gl) prwide
a tiororgh rcvicw of thcsc issues. itc rcn
proddcd bclor is ererpted fomiOcir
rcPort

Ouvlcr of th Modc[ry proc.rr

A aunbcr of facorr c.r inlluence
lcachatc migntioo froo MSWLFs. Thcsc
includc, but are not limitcd to, clirnadc
e-Eccrs, tbc hydrogeological sctting urd
thc nanrre of the dispoecd wasrc. Eacb
hcility is difiereat, aod no one gcncric
Eodcl will bc rpproprietc ia alt sinrations.

To &Yclop 8 Eodct for I site, thc
nodclins ncc& rnd rhc objcctives of thc
stndy shdd bc dcaruircd Ersr NerL it
wilt bG lccasrry u, collecr data for
chenctcrizia3 thc bdrological, geological
cbcaicel ead biolqicel cooditions prescnt
in thc rylrt E Tbcsc drn are rscd to
asdst ia thc dcrclopocnt of s conceprual
modcl of thc ay6rq indudiot spatiai aud
tempord cberactcristicr aaa Uounaary
coaditionr. Thc coaccptud model and
den ere tbcn uscd to sclcct a
mathcortiel Eodcl tbrt accurately
rcprc$nB tbc cqnceptnel nodcl. Thc
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model scleaed should bavc bcen tested

urd evduated by qualiEed iuvestigators,
should adcquately simulate thc significant
processcs PrcscBt in &c acnrd systenl urd
should be coruistcnt with thc complcxity
of thc study area, amount of available
data and objcctives of tbc study.

Threc basic decisioos arc required wbcs
sclccting a oodcl for rcil and ground' .

water coataminatioo (Bourwell et al.,

1985). Firsq thc occcsity for a model
should bc detetained (Figure +1). Not
all snrdies require thc usc of a

matheoatical modcl. This decision sbould
bc madc a: thc bcginning of the study

since modctiry requires a subsnntial
anouat of rcsources aad cffort. NelG thc
level of modcling required for a spcciEc

study should bc dctermincd (Figure +2).
Boutwell et a[ (1986) classQ modcls into
Lcvel I (simplc/andnical) and l-evel II
(complex/uunerical) nodels. A flow
chan for dcteraining thc level of
modcling required is shorm in Figure a'3.

Findly, thc modcl capabilitics which will
bc uccesary for represcndng a panrorlar
systcn should be considcred (Figure 44).
Scveral nodcls E8y bc cqudly suitable for
a paniculer snrdy: conrcr:cly, a suitable
modcl Eay oot bc eveileblc to simul,atc a
given systcr In rcoc c.tc$ it maY bc
oecE$ery to link or coryle two or more
computcr @dcs u, .ca,trttcly rcprescnt
thc prre rs th sitc. to thc sestion
which folbra ryccific issue which should
bc considcrcd whcn dcvelopiry a scenario
and sctcctiry r nodcl or sct of models
will bc dcscribcd"

Bccausc all models arc a simptified
reprcscnEtioo of rhc real systc4 oo
model wil evcr reproducc thc exact

charactcristics of t sitc. Errors are

inuoduced becausc of 1) rsnmptions and
simpliEcation$ 2) e leck of date and 3) a
poor undcnuadiry of sooc process€s

inf,ucacia3 thc 0rtc .trd trrsspon of
6ggraminenB. TherefOtC, OOdel resuls
sbould duayc bc intcrprctcd as estimates
of ground-wrter flow aad contarninant
mDsport Bood.!d Hwang (19tt)
recooncad tiat nodcls bc r:scd for
comperiry vuious cascs or scenarios,
siacc dl cucr3 arc subjcct to thc same
lirni6iie63 rad simptificagons.

Tbe rydity of nodcl results can depend
to a large encil on tbc expcrience aad
judgcmcot of thc modctcr, aod on the
quality of thc dete uscd to develop model
iuput Thc proccs of applnry thc podel
mey dclincstc dst8 dcficiencies whi6h may
require additionrl dgt collectioo Tbe

ffi,1?tl,t#":,#ff;':*.t
After that, thc ac$tacy of the resuls
which are obtaincd froo tbc aathematical
oodcl sbould be ralidated. Model
validatioo, whicb is the comparison of
modcl resuls with numcrical data

indcpeodcatly dcrived from experimens
or obecnntiong of thc environruent, is a
critic.l.sFct of nodcl applicatio+ and is

p.rtiqderly inportut for sitc'specific
shdica.

Scverd ttocil rcporr Psescnt deuiled
disorssioar of thc isstlcg surrouuding
aodel sclectioo, epplicadon and
vrlidetioo Donid.E ud Rao ( 1990)

addrcsr erch of tbcsc issucq aod present

scrrcrd coasidcntioor for dcrreloping a

generdized francwork for model
validatiou EPAs Eryosurc Assessment

Group has dcvelopcd suggested definitiors

il:,1ffi:"xY3r$:T"TTeo
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National Resource Council (19t9)
discusscs tbe issues related to model
applicadon and validation, and providcs
rccommendatioru for the propcr rrse of
ground-water models. Weavcr et al.
(19E9) discnss coruiderations for selcctiou
and field validation of mathematical
models.

Model Sclectloa

Ground-water 0ow and solutc traosport
models range from simple, ualytlcal
calculations to sophisticated computer
prograrDs that provide a aumcricd
solution to otherwise innaoable solutions
to tbe mathcmatical equations describing
flow and tra$pon. A sophisticated model
may not yield a definitive estimate of
water qudity at the relevant point of
compliance for a given sct of sitc
conditiors, but it may dlor ur estimate of
tbe effects of complcx physical urd
chemical processcs. On the othcr han{
depending ou the complcxity of the site
conditions and the ability ro make
simph$ing 355umptions as part of data
inpul e hirly sophisticared numerical
model Eay bc thc only way to adequately
estimatc watcr qualiry at thc relevant
poiat of compliance.

Spccific considcrations to bc addresscd
whcn sclccting a modcl arc discnssed
bclow.

Aaelptcd Vcrsur Numcrlcrl Models -
Mathemadcal models usc eittcr analytical,
scmi-analytica[ or urmerical solutions.
Each rcchniquc has advantages and
aisaOvaatages. Amlyticsl solutioas iuc
coEputatiooelly more efficicut than
uumerical simulations and are more

conducive to nncertainty analysis (i.e.,
Montc Carlo tcchniques| Typicatty, iapui
data for aulytical models ue simple and
do not require deailed famitiarity with the
codc or cxtcasivc modcliirg expcrience.
Analytical rclutions are rypically the most
efficieat dteraative when data nccessary
for characrerization of the system iue
sparsc (Jarandcl ct al., 1934). The timited
data availablc ia most field siruatioru may
not justi$ thc usc of a dcailed numerical
model; in somc c.scq results from simple
analytical modcls Eay bc just ils
aeaaingful (Huyakorn et al., 19g6).
Howglea andytical models require
sinplifying s5srrmprtioEs about the system;
tbesc simplifying assumptioru iu9 not
uecessary for numerical models. I n.
simplifrcations result in a modell that
includes relatively few processcs and a
timited numlpi of parametcrs that are
often rcguired to bc constant in space and
time (van der Heijde aad Beljin, 1988).

I! scmi.uralpicat modeb, complex
analytical solutions are approximared by
numerical tecbaiques (vur der Herjde and
BcU,n, 19tE). Scni.andytical merhods
allow for morc complcx site condirroru
than thocc that can bc simulated yirh a
purety a!8lytic8t solution" Scmi-analyrical
rclution ncthods can consider mulriple
souroes or recharging and dischugng
wclls. Horrcvcr, thcy still requrre
simplifying assumptions abour the
dimcnsionelity ud homogcneity of rhe
syttcE Furthcnnore, semi.urelnical
modcls geacrally do oot includc the
effccts of dispcnion and drfrsron
(Jatandcl et d, 19t4)

Numerical modcls arc ablc ro hurdle
Eorc coaplcr sitc conditions then erther
analyticrt or scmi-enalyticel models.
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Numerical modcls provide thc uscr a large
anount of 0exibility, since irregular
boundarics as wcll as spatial ant tempord
variatioru in thc system can bc simulatcd
ln some cascs, thc analytical solutioo that
is available for a problcrn is so complex
that thc numerical calculation of is vdues
requires hr more efron than the direct
use of a nuncrical model (dc Manily,
1985). Horever, numcrical models
require significantly rror€ data than
andyticat modcls, and are q,pically Eore
compuutionally intcnsive. Usc of t
numerical model often requires an
expcricnced modeler, and can involve a

Iarger anount of computer time thur
simulations using an andyticd or semi-
analytical mcthod

In sctecting z oodeL the database
available for thc dcvelopment of the
model of the system should bc corsidcrcd.
If data arc insufficient, a highly
sophisticated and complex model should
uot bc considered. In some sinrations, it
may bc bcacficid to usc an analyticd or
scmi-analytical model irl ? 'screening
level' modcl which would dlor a us€r to
obtain an undcntanding of thc system,
and to usc a nrmcrical modcl whcn thcre
is sufEcicnt daur and ncccssity to jttstiS
thc usc of a morc complcr nodel.

A highly €rylcr hfdrqcological system
caa oot bc reqmtcly represcnted with a

simple esdydcrt nodcl Hetcrogcucous
or anisotrop,ic aquifcr propcnie* multipte
aquifcn aod cooplicetcd boundary
conditions can bc simulaad rsing most
nunerical modcls. In addition, somc
sc:histicated nrmcrical models can
su.:nliatc Pr(rccsscs, such as flow itr
fracucs and cbemical reastions, which
caa hevc I significant effect on thc

COnCCntratiOO Of @Ot2min.n6 at a Site.
Since cech sirc is uniquc, the modelcr
should dctcrminc which cooditions aud
procressc3 arc important et e spccific site,
and to sclcct a suitable aodel.

Sp*id Cterectcristics of tf,c Syrtcu -
Although actual landfills and
hydrogcologic systcos arc tbree-
dimcnsioneL it is often dcsirable to reduce
thc nunbcr of dimensions simulatcd in a
mathematical model to onc or two. Two
aad thrcedimcnsional models iue
getrerally Bore complex and
computationally expcnsive than otre-
dimcnsional models and therefore require
morc data In somc instances, a lone-
dimensional modcl may adeq{uely
reprcscnt thc systeo" Furtheroore, the
availablc date any not warratrt the usc of .-.
a multidimcnsioial modcl. Ho*erer, !
modeliag a truly threcdimcnsiond systen
uing z two-dimcnsional model may
produce resrls without adequate spariai
deail. Threedimensional effects are often
very significant in dcscribing proccsscs

such as conteninant plumc migradon.
Thc choicc of thc urmbcr of dimcnrions
in thc oodcl should be made for a spccr6c
sitq bascd on thc conditions prescot at
tbat sitc. Thc informadou which is

dcsired from thc modcl output sbould ebo
bc conridcred.

Str.dy-Strlr Vcnur Trelsleat Moddt -
Models can simulate eithcr steady-rurc or
transient 0ow condition$ Soc iround-
wetcr Bow sy*cms are in a,n appnonrn te
"stcady-stetc,'ia which thc watcr eorcnng
thc 0ry syctcn is bdanc*: by tbc vltcr
tcaviry thc systco. Thcre s no sfnr6cant
tempord rrariation in thc systco The

DRAFT D.14 Apnl 1992



ilssunptioo of stcady-statc conditions in a
modcl generally simplifies the
mathcmatical equatioru rscd to describc
flow proccsscg and reduces thc amount of
input data since no information about
tempord variability is necessary.

However, ass,rrnin g steady*ute conditions
is a systcn which exhibits uansient
bebavior may produce inacorrate resuls. .

For exanplc, climatic variable$ such as
precipitadoq vary in dme and may have
stroag scasonal components. h such
scttiag5, the assunption of
recharge of thc ground-water systcn
incorrect Steady-state models are also
iaappropriate whca the simulation
includcs chemicals which sorb or
6anrfs16 significantly (Mulkey et d.,
19E9). Thc choice of simulating steady-
state or transicnt conditions sbould bc
dctcrmined bascd on tbe degree of
temporal variability in the system

Boundery end Initid Condltlons -
The solutioa of the differential equatioru
describing flow and transport proccsscs
requires that initid and boundary
coaditions bc spccified. Thc isirial
conditioa dcscribcs tbc conditions prescnt
in thc systen at thc bcgipnipg of thc
simulation lo maay gronnd-natcr 0ov
and transpon modcls, thcsc conditions are
related to thc initid hydrauli6 hcad
distribution ia tbc aquifcr aad thc initid
concentration of contaninants. Boundary
conditions de6ne thc conditions prescnt
on the borden of thc systcq which may
bc steady-state or tcmpordly variable.
The initid and boundary conditions
chosea to represcnt a specific freld

situatiou cao simificantly afica thc results
of thc simulation, espccially siuce they
oftcn affect represcutation of rhe
contaminatrt source.

One of thc borurdary crnditions for a
solutc trarspon model comoronly relatcs
to tbc introduetiou of a conteminant to
thc systcm" A source of gouad.warer
ssstzminrX[66 should be dcscribcd in
terEs of iE spatial, chcmical, and physical
charastcristicq aod its tcmpord behavior.
Spatially, a sourse Eey be classified as a
point sourcr, linc source, a distributed
sourcc of limited ared or three-
dimensional exteEt, or as a non-point
source of unlimited cxrcnt (van der Hjeide
et d, 198t). Tlpically, temporal
dcscriptions of the source term bouf,dary
couditions for models with andytical
solutions are consEat, constant pulse,
atd/or expooentid dccay (Mulkey er al.,
19E9). Numcrical models typically handlc
a much widcr rangc of source boundary
conditioru, allowing an infinite possibiliry
of contaninant loadingp.

Hono3cncous Versus Hctcrogeneous
Aquife/Soil Plropcrtlcs -
Thc cxtcnt of thc spatial rrariability of the
propcnics of cach aquiferwill significantly
affect thc sclection of a mathematicd
model IvIary modcls assune uniform
aquifer propcnicq which simptifres the
goreraing equations and irnproves
aoEput8tional cEcicncy. For example,
onc vduc of hydraulic conductivity may be
assuocd at evety point in the aquifer.
Horever, this assumptioo ignores the
heterogeneity in the natural hydrogeologc
systcn Bond aad Huang (19EE) presenr
guidelincs for dctcrmining whcther rhe
assnnption of unifora aquifcr propenies

constant
vstcm is
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is jusdfied at a paniorlar sitc. They state
that the eror associatcd with uing ,an
average. vduc versus a spatial distribrrtion
is sitc-specific and extremely'difiict,Jt to
dcrermine

Whcn sitc-specific data ss limip( i1 ig
conmoa to ilssune homogencou and
isonopic aquifcr propeftieso and to
develop a \rorst-casc' scenario for
contaninant migration in thc subsurface.
However, as Auerbach (19E4) poins out,
the assumption of homogencou and
isotropic aquifen ofteu will not providc a
\rorst casc' sccnario. For example, a
coutinuous ?.one of higber hydraulic
conductivity in the direstion of ground-
water flow can result in much higher rates
of contaminant Boyenent than would bc
prediaed in a completely homogencou
aquifer. Thcrefore, in ordcr to dcvelop a
true \rorst-GrsG' model, information on
thc probablc hetcrogeneity and anisotropy
at the site should bc cotlccted. This is
important for all flow and transport
models which are ucd as a representation
of thc conditions at a spccific site.

Thc nunber of a4dfers in
hydrogeological systcn wi[ affea
selection of a oathematical modcl. Somc
systcns includc only I si"Cc uncoofincd
or confacd aquifer, whic.h is bydraulically
isolated from &c nrnorading layen. Some
matheoetical oodclg erd ia partiolar
thosc witb .D.t!/ticsl solutions, can
simulatc oaf sirylc layen [o other c:uics,

thc upper aquifcr lnay bc hydraulically
conncctcd to scverd other undcrlying
ao,uifcn.

TL MSWLF C;, ,rrig spco$ that MCIs
not bc exccedcd at the rclannt point of
compliancc within tbc uppcruost aquifer.

Thc uppcrmost aquifer iactudcs not only
thc aquifer that is ncarcst the natural
ground stufacc, but also dl lorrer aquifen
which arc hydrulically cooncctcd to the
uppcruost aquifer vithin the facriiry
propcrty bouadary. Thfu is expcaed to
raisc scverd issucs related to detcrmining
tbc dcgrec of hydranlic connection
benveca aquifcn. Modcl scleaion will
dso bc affectcd sincc a rnore sophisticated
model will bc rcoessary to simulate
multiple aquifcr sy4stcms.

Aveilebillty ol Detr -
AJthough computer modelscaa bc uscd to
make predictions about leachate
gcneration and oigration, tlese
predictions are highly depcndcnt od thc
quantity and qudity of the available data
Unfornrnatcly, onc of thc Eost scvere
limi6jis63 to modclirlg is insufficient data
Uncenainty in modcl predictions results
&om the inability to charactedze z site in
terms of thc bonadary couditions or the
key paranrctcn describing the imponant
flow and transpon pro€esscs (National
Resourcc Council, 1990). The applicatiou
of a ma&ematical modcl to a site rypicdly
requircs e largc anouot of data
lncrycricnccd modelcrs Eay attempt to
apply e modcl whca tbc lack of site-
spcg$c dsta cau$a tlic modcl resuls to
bc'-Ei$ly spcsulrtivc. It must bc
emphasizcd thrt a rnathcmadcal model
shonld og{rcr bc uscd as a $thti$E for
dat&

To obtain sscurstc modcl resulu, it is

esscntid to obtein data that are specific to
the particular site bciug modeled. Modcls
tbat includc gcncric parancters, bascd on
averate vduer for simiiar sitcs, can bc
uscd to providc initid guidance and

the
the
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general information about the bchavior of
a syster& but it is very dangerors to apply
gencric paramctenr to a specific
hydrogeologic systera A grcat ded of
literature exiss which describes data
colleoion and parameter estimation. Ar
excellent suEEary of the data which arc
necessary to model thc processes of
sarurated and unsanrratcd flow, surface
water 0ow, geochemisuy aad solute
tra,nspon is prescntcd in Mercer ct al.
(1983). This repon provides defrnitions
and possible ranges of values for equation
parameten, source terms, dcpcndent
variables, boundary conditioos and initid
conditioru.

Summrry ol Aveileblc Models -
Several detailed model reviews iue
available in the literarure. A aumber of
glound-water modcb, including sanuated,
variably sarurate4 solute traruport, heat
transpo4 hydrochemicd, fractured roch
and multiphase modcls, are susunarized in
van der Heijdc ct al. (1988). van der
Heijde and Bcljin (19tt) provide detailed
dcscriptions of. & ground.water flow and
solutc jpnspofl modcls that were sclcctcd
for usc in dercrminingwcllbead protcction
iueas. A revicw of ground.water 0ow and
transport modcls for thc unsanrated zose
is prescnted in Ostcr (19t2). A large
numbcr of grorud-rater flow and
ttiulspon dcls 33s ssmrnarizcd in Bond
and Hurary (lgtt). Finally, Travers and
SharpHanscn (1991) ssmmarizs models
that may be applicable to problerns of
lcachate generation and migration from
MSWLFs. (Sce References supptied in
Sectiou 4.6.)

Tables +1a, b, aad g taken &om Traven
aad SharpHanscn (1991), contaio a few
of tbc Eany modcls that can be used to
predia contaminaat Eansporr Thc
factors considered when sclecting models
to prcsctri in tbc tables included
availability, attainability, documenution,
uaiquencrq and the sizc of the user
community. Tbc models in Tablcs 4-lq b,
and c ate subdividcd by solution
techniques uscd to solve tbe equations
which dcscribc 0ow and 6antporr. Table
4-1a contains aaalytical and scmi-
uralytical models, and Tables 4-lb and 4-
lc coutain nuncrical models that iue
solved by the frnitedifierencc and finite-
element method respectively. I

I
I-cachatc migration modcls sirhulate
contami[ant 6ansport in the subsurface
from the bottom of the landfill to a
dowugradicnt point of compliance. Mos:
models focus on the saturared zone.
Some also includc unsaturared flow
and/or transporE which is necessary if the
water table is significantly below rhe
bottom of the land6ll. Information about
the sourcc qf conteminetion is usually
supplicd as an input paramcter and can be
estimatcd by a leachatc gcrcrarion model.
Tbc complexity of the available lcachare
migration modcls rantes from simplc
equations to highly sophisticared
nnmcrical modcls.

Advection aad dispenion are handled by
most solutc transpon codes sincc they arc
typically bascd on the adveaive.dispersive
equatiou. Many models simulatc
adsorption urd degradatiou (decay), which
decreasc contaminant concentradons in
the ground watcr. Modcls tbat do not
considcr thesc prooesscs should be
considcrcd Vorst-casc' scenarios, and will
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probably Prcdict higber conceotrations of
ioutasrinants than those that will acnrdly
be observcd in thc systera In additioo'
sone models simulate other Processcs that
cao effect contaminant conccntrationi
including chemicd rcactions, dithrsion
and rctardatioo (which includcs sorption).
In gencral, however, current available

modcls do not incorporate the catire sct

of chemical Processcs knowa to aficct
rates of contaminant migratioo In
addition, Bany models :rsunc tbat the

chemical systcms are at equilibrium' since

this allows considerablc simplification of
the equations rscd to describe thc

Processcs.

Some models simulate the influcuce of
discharging or recharging wells on ground'
watcr flow and solutc trarsPon. This
capability to simulatc wells can be

important sincc an estimated 45 percent of
all-MSWLFs are located vithin one mile
of a public or private well that provides

drinking \yater (Templc, Barker and

Sloane,- tgEt). Although most of the

modcls simulatc raosport of a single

chemical spccies, some modcls are

capablc of simulating multispccics fatc
and traasporr Multispccies models are

rypically solved by numcrical methods

becansc of thc additionrl complexity
involved.

Most of tbs gurod-watcr 0ow and solute

transpott Eodeb are deteruinistic.
Howiver, thc nsc of stochastic models,

whicb allow for cbaracterization of spatial

aad tcmporal variability in systems, is

increasing. A few of the modcls includc a

Montc€arlo capability for characterizing
utrcertainty related to Palancter
variability.

In many igncous and metamorPhic rock,
flow occurs prinarily througb fractures in
the rocls. Scdimcatary rocls, such as

saadstonc, Eay @nuin joirt+ fat'ls and

othcr fractrrres as well. Flow in frastured
rocks Eey bc simulated cither by assuming

atr cquiralcut porous medium and
ntcigning represcatative aquifer propenies
to thc oediun, or estinating the

hydraulics of 0or i! the individual
frasturcs (Frcczc and Cheny, 1979).

Kccly (19fl) Botes tbc uecesitY for
continucd resca.rch in tbe area of fracnrre
flow and raosport, since thcre is a great

likelihood of fractruc 0m, at sites uscd for
waste disposal. Fracnrre-flow and EiulsPo rt
modeting is a subjca of qureot rescarcb.
Howevei, very few modeb for mod|ling
flon, and tra$pon in fraaured media'exist
at this tine and thosc that do exist have

Bot bccn widely uscd.

An cstimated four Pcrceot of dl MS\ILFs
are located in karst terrain, which is

dominatcd by enlarged fractures, conduiLs,

and caverns or caves (Temple, Barkcr and

Sloanc, 1988). Tbc Bost coomon
mcthods for snrdying 0ow and ranspon tn
karst aquifcrs involvc aqucous
geochemittry or tracing Bccausc of the

iomplcxity of karst 0ow syarems, widcly'
acccpted- mathcmatical models which

could bc applied to e vzriety of krrst
terrain sccnarioc havc oot yet been

dcveloped.

Most Srotrad.watcr 0ow and rolute
transpon modclg conridcr cootrnr.ornts
that 

-are 
miscible witb water, rnd that

thcreforc, bave tnusPon Processcs
domi:etcd by advection and dispcntoo
Horcver, ia Eary c:lscs ground'wlter
eontamiaation oosun due to a polluant
which is immissills with wller.
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knnisciblc 0uids Eay bc eithcr Eore or
less densc than thc native ground water.
Multiphasc oodcls Eay h-appl.icable rc
simulation of lcachatc migration from
MSWIJs. In recetrt ycars, scveral
investigators bave focnscd oa thc problem
sf sinulating multiphasc 0ow. scveral of
thesc multiphasc flow models arc
surnnarizcd in Tablc 4-1. Multiphasc
models typically are numerieal, since thc
equations developed for multiphasc 0ow .

are nonlinear, and cannot bc solved easily
using andytical solution techaiqucs (Farxt
et d., 19E9).

ThG EPA Muttincdlr Exposure
Arrcrcncat Modcl (Mt LTIMED)

EPA has developcd a modcling package
to Ecct the needs of a largc pcrcentage of
MSWLF owncrs aad opcraton wno will
require fate and Eansport modeling aspart of thc alternativc design
demonsuation Tbis modcl is called tbe
Multimedia Eryosure Asscsment Modcl
(MIJLTIMED) and is intended for usc at
sites where certain simplifying assumptiotls
can bc made to qualiS this modcl's
sclection MLTLTIMED can bc uscd in
conjunctionwith e scp8ratc source modcl,
such as HEIJ (Schrocdcr er d, 19E4), to
dcmonstratc that cithcr r landfill desig4
or thc specifrc hydrogcologic conditions
prescnt at e sitc' will adcquetely preveat
gostrrnimnt ooncentratiotrs in ground
water froo cxcccding conccntratiors tisted
in Tablc I of !5t.40. A dcsaiption of
MULTIMED follon with guidance for
dctcrmining if is usc is appropriate for a
given site.

Ovetvlcr ol tlc Modcl

Thc MLTLTIMED model consists. of
modulcs g3i s5timatc relcascs to eitber
air or rctl, including the unsarurared and
thc saturated zoncs, as well as posiblc
interccption of &e subaurfacc contaminaot
plume by a surfacc stream. Whco
pplyrnE MIJLTIMED to a MSWLF, onlyflow aad transpon through thi
unsaturatcd a)w and trusport i!
saturatcd uw can be considered.
Gcueral infotuatioo about tbc model andis thcory is prwidcd in Salhotra et al.
(1990). Additiooally, a manual for tbe
application of MULTIMED to MSWLFs
was dcvelopcd ry SharpHaasen et al.
(1990) and thc matcrial G prescntedrhcre.
In MULTIMED, a steidy-sarr. ion..
dimcnsional, scmi.analytiial midule
simulatcs 0ow in tbc unsaturated zone.
The output from this modulc, warer
sanradotr as a function of depth, is used
as inpui to thc unsailrated zone uansporr
module. The lancr simulates transient,
one-di.mcnsional (vcnical) uansport in the
unsaruratcd zone and iacludcs the effeas
of longitudinal dispersion, linear
adsorption, and 6rst ordcr decay. The
ursaturatcd zonc traaspon module
calculatcs stcady-surte or transicnt
coatanineu concenuations. Ouput from
both unsaorated zonc modules is uscd to
couglg thc uns8nrraed zone Eanrpon
modulc with thc steady-sarc or traluient,
scod.aaalytical saturatcd zone transpon
module. Thc lattcr includes one-
dimcnsioael rlnrforu flow, rhree-
dimcnsional dispcnioo, lincar adsorpdon
6rt ordcr dccay, aDd dilution due to
direct infiltradon into thc groundwater
plumc. In addition, MLJLIMED has the
capability to aaalpc the impact of
uncenainty and variabitity in thi model
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inputs oB the modcl outPuts
(concentratioos at specifred points in the
multimcdia emrironncnt), using the Monte
Carlo simulatiou technique.

Thc simplifying assumptions required to
obtain thc andytical solutions limit thc
complexity of the sy4stems tbat can be

represcated by MULTIMED. Thc modcl
docs not acq)unt for sitc.spccific spatial
variability, thc shapc of thc land disposd
facility, site-specific boundary couditions,
or multiplc aquifcn and pumping wells.
Nor can MULTIMED simulatc Processes,
such as flow in fracttres and chemicd
reactions between contaminants, which
can havc a significant effest on thc
cooccntration of coilsminanu at a site.
In Eorc complcx systens, it may be

beneficid to usc MULTIMED as a
"g6trgsnint level'oodcl to dlow a uscr lo
obtain an understanding of the system. A
numerical model could tbeu bc uscd if
thcre are su6cieot data and it is necessary

to use a more complex model.

Applicetion ol MULflMED to MSltLFs

Procedurcs have bccn dcveloped for the
application of MULTIMED to thc desigu
of MS\[[.Fs. Thcy are crylaincd i!
SbarpHanscn et d. (1990) aad are briefly
summarizcd here. Thc proccdures are:

. Collcct sitc*pccific hydrogeologic
daa;

o Dctcruinc thc contaminant to be

simulatcd and tbc active modules in
MULTIMED ad thc point of
compliaacc;

. Propoec . laadfiU dcsign *d a
dctcraiac thc corresponding
infil63ji9g ratc; thcn

, o ' Run MLJLTIMED aod calorlatc the
dilutioa rttcuuation frctor (i.c., tbe
fac'tor by which thc conceatration is

erpcctcd o dccreasc betweeu tbe
landfill and tbe poltrt of compliance);

. Bascd on tbc resulting dilution
anemration fastor, dctersrine if thc
dcsigD is acccptablc.

Only thc nn(atur?ted and/or saturated
zotrca can bc modeled becausc tbe other
options have uot bccn sufficicntly tcsted at
tbis timc. In additioq only steady-state
transport sirmlations are allowed. J No
decay of thc souroc tcrm is pcrmitted; the
coBcgntretioa of contaminrnts cntering the
aquifer systcE mrst bc coosurnt in time.
Thc contaminant pulsc is assumed
continuors and coostant for thc duration
of thc simul,ation- Thc receptor must be
locatcd direaly downgradicnt 'of 

the
facility, so that it intercepts the center of
thc contamimnt plume, illd the
contanissnt aouotnttBtioo mutt bc
calculatcd et tbc op of aquifer.

Thc uscr sbould bcer h miud that
MLTLTIMED E y not bc an appropriatc
modcl for applicatiou to somc sites. Somc
of tbc issucs vhich should bc considered
bcfore modeliry efiorts proceed tuc
summarizcd in Tablc +L As stated
abovc MLTLTIMED utilizcs analytical and

scni-anetytical rclution techniques to
solve thc mathcmetical equations
dcscribing flov and traDsPort As a result,

the represcntadon of a system simulated
by thc model is simple, and littlc or no
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lnadal or tcmporal variabiliry is allowed
f9r the paranrrcrs iu tbc sysiea Ttnrs, a
highly complex hydrogcological sysrem
cannot be acorrately represcnted with
MULTIMED.

Thc spatid characteristics assumed in
MULTIMED should be considcred whcn
appl,'rng MULTIMED to a sitc. Thc
assumpdon of venical, onc-dinensional
unsarurated flow aay be valid for facilitics .

which receive uniforur areal recharge.
However, the assumption oay not bc valid
ia facilitics where surfacc soils (co"en or
daily bacldll) or surfacc slopes result in
an increasc of runofr ia certain areas of
the facility, and ponding of precipitation in
others. In addition, the simulation of onc-
dimcnsioaal, borizontal flow in the
saturated zoue rcquircs several
assumptions. The sa$rated zone is
treated .r s singlc, horizoatal aquifcr with
uniform propcnies. Thc iffeas of
pumpiug or discharging welh on the
ground-water flow system c:tnnot be
considered.

Tbc MULTIMED modcl assumcs steady-
state flow in all applications. Sonic
gound-watcr flor systeurs iuc in aD
approxinate 'steady.satc', in which thc
yatcr entcring thc 0orr systcn is balanced
by the watet leaving thc systcm. However,
assu-i'lt stcedy-satc cooditioru iu a
systcn urhict erhibis uansient behavior
may pro&re iuccuratc results.

MULTIMED Eay bc nrn in either a
dcterministic oi iL Montc Carlo
francwork. The Montc Carlo method
providcs a Eeaas of estimating the
uncenainty in tbc resuls of a modeL if the
uncenaioty of the input variablcs is kno.rrl
or catr !6 g5timalg{ Howevcr, it is

TAITI }'
tssuEs lro lE coNStDERED

! TONE AP?LYTNG MUL1IMED
(i.or StrrltLrr.. A d. US)

Obldvcl of tlc Stldv

oh r'tcr:celoj lcvcl,
epproprlrtr?

ofureddlryrtrorrt.crrc
rogObh?

rpprorcL

r:ledo.

thc
tfc

Tluroort

r Ds MULIIMED dlutrrr .lltlrl[cert D"lEEt.r Grrrtlt ra
rL.?

o tr tlc Golrrrlmrl olublc h rrfcr ttd
of tl: rer d:urq u nra? i

Accur ud Anlbbllltv ottlc thtr

o Jlrrc rrillchri dttr b..r collcctcd to
ottd. rllLH. rrctnl?

. lilLrt b 3lG kild of rncrtrehty rsrairtcdrltl tlc drtr?
o Woeld r Motr Cerlo rloulrtloo bc

uc.{hl? tl ro, .n ifc cuaubdve
prolrblllty dlrtrlbrtlorr for rbc
prruA.rt dll ucrtdr nlncr bon?

Cadtdtr d tic lldraddc Swtco

o An lL ffdnCotolt D.ogst , of 6c
rr!0r ullan?

. lr tl: 0c tr tic egl&r ioifotr udrtrff
o Ir tr dlr g:octry ttfrLt?
o Ds tr rclcr bor.drry coldldoo

rldll r tlll Llt r *rrdy*trtc
rddc?
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difEorlt to dctcruine the omulative
probability distributiou for a gveo
paramcter. Assuming a parametcr
probability distributioq *hco thc
distribution is ualno,m, docs not hclp
reduce unccnainty. Funhcrmore, ia ordcr
to obtain a valid estimate of thc
uncertainty in the output, thc model mrst
bc nur nunerous times (qpically at least
several hundrcd timcs) which can be
computatioually cxpcnsive. Thcse issues

should be coosidered before utilizing thc
Montc-Carlo techniquc.

43 COMPOSITE LINER ANI)
LEACI{ATE COLLECTION
SYSTEM
40 Ctn 025t.{0

43.1 Stetcment ol Rcqulrtlon

(r) Ncn MSII'IJ' units rnd lrteral
expensions shrll bc coustructedr

(1) See Sbseabn a.2 for alternate
lircr rcEtiremerus

(2) WItf, r couporiSc lincr, rs
dc0lcd h purynpf (b) ol thlr $ctloo
rnd r lcrchrtc collcctbn JytEcr thrt ir
dcr[ncd end conctrrctcd !o nelntrin lcsr
thel r 30{E dcpth ol lc*ietc over thc
llncr,

(b) For pc4orcr ol 3Lh rction,
coumsltc llmrEc.lr r ry*cu consistln3
ol tro Goupolcr3$ thc [ppas coupolctrt
DrtC cotrrirt olr rrlnhns6 3Gntl 0crdblc
ucnbrenc lincr (FIltL), eld thc lorrr
oonpooctrt must conslst ol rt lcrst r tuo-
fmt hycr ol eonprctd soll wlah t
hydnullc conductlvity of no EoFt then I
x 10' cn/scc. fML conponcots

coasistla3 ol Ugi dcrslty polyethylenc
(HDPE) shell bc rt lc.rE 60.Eil thick
Ttc Fl}tL GoEpotrcrt Eurt bc hstdlcd'il
dlnst ud unlfotu Gortrct wi3h thc
coupectrl roll ;oaporcn3 .

43-2 Aoollcrblllty

New MSWLF facilities and expansions of
existiDg MSWLF facilities must bc
constnrcted with a compositc liner urd a
leachetc collection systeur /I-CS) that is
dcsigned to maintain les than 3$cm (12
in.) deptb of leachatc above the liner. A
compositc lincr consists of z flexible
membranc lincr (FML) installed on top
of, and in direct aad uniform contact with,
two-fect of compacted soil. The $,{L
mtst bc at lcast 3OEil thick unlesslthe
FML is madc of HDPE, which muit bc
6GEil thick The compactcd soil liner
Eust bc at least nro feet thick and must
have a hydraulic conductivity of oo more
than l xi0'cm/sec.

olmcn and operaton of MSWLFs located
in approved States have thc option of
proposiry an dteraativc design provided
cenain criteria can bc met (see Scoiou
4.22).

{.33 Tcchnlcel Conddcntlons

This scctioa prwidcs information on the
compoocns of compositc liner systems
includiry soils, geomcmbrancs, and

leachatc collection systcms.

Strdrrd Couporttc Uncr Systcms

Thc composite liner system is an r .trve

hydraulic berricr bccarsc it comb the

complimentary propcnics of two o rent

materids into onc systen: 1) con:pac'led

o
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soil with lw hydrarlic conductiviry; and 2)
an FML (FMIs are also refcrred ro ils
geomcmbrancs). Geomcmbrancs may
contain dcfccts including holcs, inproperly
bonded scanrs, and pinholcs. Itr the
abscncc of an underlylng low-pemreabitity
soil liner, flow through a defect in a
geomembraac is escutially uruesuained.
Thc prcscncc of a low.perrocability soil
lincr undcr a defest in the geooembranc
reduces leakage by limiting tbc flow rare -

through thc dcfecr

Flow througb rhe soil componcnt of thc
liner is coutrolled by the sizc of the area
benveen the two liners into which leachate
can flow, the hydraulic conductivity of the
soil component, and thc hydraulic head.
Fluid flow through soil lincn is controllcd
by Darc/s law, where discharge (O) is
proportiond to the head loss rbrougb the
soil (dh/dl) for a gvcn cros-sectional flow
area (A) and hydraulic conductiviry (K)
whcrc:

Q = I(A(dh/dl)

I*drage through a geonembranc without
dcfccts is controllcd by Fick's Erst law,
which dcscribcs thc proccss of liquid
diffision througb thc lincr mcmbranc.
The diffusion proces is sirnilar ro flow
gorrerucd by Dssgys hw for soil lincrs
except thst difhrsion is driven by
concentretfuro gradicnts and trot by
hydraulic hd Although diffision rates
in geomcmbre[B arc scveral orders of
oagnitudc lovcr thaa cooparablc
hydrarlic floy rates in lor.pcrmcability
soil linerq a gcomcmbranc is not
complctely impcrmeablc. Tbc factor rhar
tnost strongly influences geomcmbranc
pcrformance is thc prescoce of
impcrfcctions, including improperly

boodcd scaas, puncures and pinholcs. A
dcuilcd discussion of lcakage rhroug!
geomembraoes aod coapoeitc lincrs .caa

bc found in Giroud and Bonaparte (19E9
(Pan I and Part tr)). A geomembranc
irutdled with exccllcut control over
dcfests may yicld the cquivdcnt of a one.
centinctcrdiamcter holc per acre of iiner
installcd (Giroud and Bonaparte, t9E9
(Part I and Pan ID). If thc geomembrane
wcre to be placcd over san( this srze
imperfection uader oue foot of corstant
hydraulic head could be erpcaed ro
account for as much as 3,300 gal/dav/aere
(31,000 liters/hecare/day) of leakage. In
thc prescucc of a compositc system with
good soil/geomcmbranc contad, the
teakage could bc expcctcd to be refluced
to less than onc gzl/day/zcre (U$Epa"
1990a and 1990b). '

Based upon Eeasuremctrs of acnral
leakage throug! top linen at facil:ries rhat
have been built undcr rigorous conrrol,
Bonapane and Gros (1990) have
suggested an action ledrage rate, under
onc foot of constant head, of ?W
liters/hcctue/dry or about Zl
gallons/acr e I day for landfills.

Thc uniformity of tbc contasr bcveen the
geomcmbrane aad tbe soil liner is
enremely important in controlling thc
effective 0or area of leachate rhroug! the
soil lincr. Porors material, such as
drainagc san4 Eltcr fabric. or orher
geofabric, should not be placed bctween
thc geomcmbranc and thc low
pcrmcability rcil liner. Porors materids
will crearc a layer of highcr hydraulic
couductivity which wiU increasc the.
anount of lcakage below an imperfeaion
in thc geomembraoc. U a geosynthctic
matcrid is neatcd to a point wbere it has
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a hydraulic conductivity i kl0Tcm/scc it
should bc acceptablc. The geosyntbctic
clay lincrs (c.9. claymax) now are opcning
the top tcntilc and putting clai on top to
provide tbe intimate coutacl Consmrction
practiccs during the instdlation of thc soil
and thc geomcmbranc affea tbe
uniformity of thc geoacmbrane/soil
interface, and suongly inlluence thc
performancc of the composite lincr
systetD-

Soll Uncr

lhe following subscctions discuss soil liner
constnlction praaices including thickness
requiremeuts, lift placcment, bonding of
Ufts, test methods, prerequisite soil
propcnicq quality conuol and quality
assurance astivities.

Ttlclocrt -
Tr c feet of soil is generdly considcred
tht. ninimum thickncs needed to obtain
adcquate compaction to lDeet the
hydraulic conductivity requirement. This
thic:<uess is considered necerssary to
Erin-mizc the anqrnt of ctzcls or
imperfections through thc entire liner
thicknes which could dlor lcachatc flow.
Both laterd and vcnical impcrfcctions
may exist in a compactcd rcil, and the
nro-fmt ninimrm thiclncss is believed
sufEcent to inhibit hydraulic shon.
cirqddry of thc cntirc laycr.

Lifl Thichcrr

Soil lincn should bc corutmcted in a

scrics of compactcd lifts. Dctermination
of appropriatc lift thiciaes is depcndent
otr the soil charactcristicq compactioo
equipmcnt, and tbe aaticipated compactive

effon ncedcd to achicve the required scil
hydrarlic conductivity. Soil lincr tifu
should !3 rhin cnougb to dlor adequirc
compactivc cfion to reech the lowcr
ponions of thc lift" Thirner tifts also
provi& trcster assurao.cc that sufficieat
compaction can bc achievcd to providc
good, honogcocor:s bonding bctweeu
nrbscqueut lifts. Adequatc compaction of
lift thiclncss bctwceu Eve and teo inches
is posiblc if hcary enougb coopaction
equipmcnt is uscd (USEPA 1988a).
Ninc-inch loosc lift thickuesscs that will
yield a 6inch rcil laycr have dso been
rccommcnded prior to compactioo
(USEPA 1990a).

Soil lincn are usudly designed to S of
uniforu thicloes witb smooth slopcsbrver
thc entirc facility. Thicker areas may bc
considcred whcrsver recesscd areas for
leachate collection pipcs or colleaion
sump6 are locatcd. Btra thickncss and
compactive efforg ncar edges of thc side
slopes may enhance bonding bctwcen tbc
side slopes and the bottom liner. In
5mallsv facilities, a soil lincr may bc

dcsigucd for instdlatioo over thc entire
area, but in larger or multi<ell fasilities,
lincrs Esy bc dcsigncd in scgncns. If
this ir tbc casc, thc dcsfn should address

hos &c old aod ncw lincr scgments will
bc boudcd ogcthcr (USEPA lgtEa).

Bondl4 Bcerrcr lJflt -
It is not po*liblc to oonstnrct soil linen
without sone microscopic udlor
macroccopic zoncs of higbcr and lower
hvdraulic conductivity. Within individual
lifts, the rrefercntid pathways for fluid
migratior; rre trluncated by thc bonded
zonc bctwcen tbc lifts If good bonding
bctweeu rhe lifts is not achicved dunng

o
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constructioq the vertical pathways may
become connected by horizootal pathways
at lift interfaces and &e hydraulic barricr
pcrforrrance would bc diminfuhed.

Two methods may be employed to cnsue
prop€r bonding benrecn lifu. trfueading
or blending a thinner, ncw lift with thc
previorsly compacted lift may bc achicved
by usrng a footed roller with loog feer that
fully pcnetrate a loosc lift of soil. If the '
protnrding rods or feet of a sheepsfoot
rollcr are sufEcicnt in length to penctrarc
the top lift and knead thc previous ltft,
good bonding may bc achicved. Another
method inctudes scarifying (rougbening),
urd possibly wetting the top inch or so of
the last lift placcd with a disc harrow or
other sinrilar equipmcot bcfore placing thc
next lift.

Plecenent on Slopc -
The octbod to place the soil liner on side
slopcs is dependent on the angle and
lengrh of the slopc. Gradud inclines from
tbc toc of the slopc enable condnuous
placcmcat of thc lifu up thc slopcs and
providcs better continuity bctwecn thc
bonom and sidewalls of thc soil liacr.
When steep sloper arc encountcre4
however, lifts may havc to bc placed and
compaaed horizontdly duc to tbc
difEculticc of opcrating bcary cooFctioa
equipmcre on stceper slopcs. Wbca
sidewallr &r conpsctcd horizontelly, il ir
important o tic in the edScs vith tb.
bonom of tbc soil lincr o reducr tbc
probability of sccpagc ptanes (USEPA
1988a).

Hydreulic Cooductivity -
Achieving the hydraulic conduaivity
standard dcpends oo thc dcgec of
compaction, compaction metbo4 rcil
moisturc aontcot, and density of the soil
duriry liner constnrctioa The hydraulic
coaductiviry is tbc key dcsign parameter
wbcn evaluating thc acccpubiliry of $e
coustnrctcd rcil lincr. The hydraulic
conductivity of e rcil is dcpcndcnt on thc
viscosity and dcnsity of the permeant
tiquid" Most MSWLF lcachatcs have
physical propcrties similar to thosc of
water aa4 therefore, water.is appropriate
as a fluid in such testing of tbc compacted
soil liner and source materids. Thc
cffcctive porosity of thc soil is a fuq6tion
of sizc, shapc, and area of tbc coriluis
througb whith the liquid florc. Thuin the
hydraulic couductivity of a partidly
sanrated soil will bc les than the
hy&aulic conductivity of thc same soil
when saturated due to a redustion of flow
area from air entrapmcnt. Hydraulic
conductivity testing shoul4 therefore, be
conductcd on samplcs that are fully
sanratcd.

EPA has promulgatcd Mcthod 9100 in
publication SW{46 @
Evaluatint Solid Wastc) to measure
hydrailic conducrivity of soil samples.
Othcr mctbods arc U.S. ArBy Corps of
Eagineen Enginccriry Manud 111&2-
1906 (COB 1910) and the newly
publishcd'Illcasuremcnt of Hydraulic
Coafuctivity of Saturatcd Porous
lvlatcrids UsiDS . Flcxible wdl
Perucanctcr' (ASTM D5084). To verify
full saturation of tbc sanple, this latter
mcthod E8y bc pcrformed witb back
pressurc sanrratioB and elcctronic pore

Prssurc EsaslrremSDt
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Soil hopertics -
Soils typically posscss ccrtain ruges of
physicd cbaracteristics including gradation
aad plasticity which affect their ability to
achieve a hydraulic conductivity of I x 1O'
cm/scc. Tcsting methods rsed to
charactcrizc proposcd liner soils should
includc grain sizc distributioa (ASTM D-
422), Anerberg limi6 (ASTM D-{31t),
and compaction curves depicting moisture
and density relationships using the
standard or modified Proctor (ASTM D-
59t or ASTM D-1557), whichever is
appropriate for the compaction equipment
used.

Liner soils uudly have at least 20 percent
frnes (Enc silt-and clay-sizcd particles).
Somc rcils with lcs than 20 percent ftrcs
Eray bc workcd to obt3ia hydraulic
condustivitics bclorr hl0' cm/scg but
thcsc soils require greater control of
constnrstiou practices aad conditions.

Soil ptasticity index (PI), which is
dctcrsriacd from thc Anerberg limi6
(dcEned by the liquid linit minu tbe
ptastic limii), should generally bc geater
than 10 percent. Soils with very higb PI,
(greater than 30 to 40 pcrcent), arc very
cohesive and sticky aod bcomc difFqrlt
to work with i! tbc 6el4 Whcn hiSb PI
soils are too dry duriry placement, tbcy
tend to foro brrd clunps (dods) thrt rrc
di6cnlt !o hLt dom duriry comprrooa
Preferential f,ow puhr E y h crcud
around tbc clods eltoring leacbetc cra
migntc at a rclativcly rapid ntc.

partic":s or roc.r. lagEc: hould &,
....., tha,[ three inchcs in dia.. rtet so i]rt
Bot to affcct thc werdl hydraulic
pcrforuancc of the soil (USEPA 1989a).

The maximum density of soil will occur. at
the optimum water content, but thic poior
generally docs not conespond to tbc point
at which minimum hydrarlic cooductivity
is achicved. Depcnding on tbc specific
soil charzcteristics, compaction cquipmeut,
aad compactivc eEoG thc bydraulic
conductivity critcrion E y be achicved at
moisture values of I to 7 pcrccut wet of
(above) optimum moisttue coutent.

Althougb thc rcil may contain dl the
correct propcrtics for successful
coostruction of a liner, the soil liner may
trot mcct thc hydrautic conductivity
criterion, if thc coostnlction practicelare
rct appropriatc and carefully controllld.

Ancndcd Sollr -
Soil additives, srch as bentonite or other
clay materialq may be ued to dccreasc
the hydraulic conductivity of native soils
(usEPA lertb).

Bcatonite E8y bc obtaincd itr dry,
pwdcred forms and arc relatively eisy to
blcnd witb oa-site rcils, Bentonite is a
clay oincrd (sodium-montmorillonite)
which, upoo addition of water (bydration),
crpas& by ebsorbiry watcr within the
Eircrd IDstriL This propcrty dlows
relatively smell emounc (5 to 10 pcrccnt)
to bc eddcd to r ooncohcsivc soil (sand)
to melc it Eore cohcsivc (USEPA
l98tb). Thorory! EirdnS of additives to
cohcsivc soils (ctey) is difiqrlt and may
lead to incousistent rc$lts in complying
with t\E hydraulic conductivity critcrion.
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Thc most common additive uscd to amend
soils is sodium bentonire. One drawback
with using sodium bcntonite is is
mlncrability to attack by chcmicds and
waste leachates (USEPA 19t9a).

Cdcium bentonite, although morc
permeable than sodium bentonitc, dso has
been uscd for soil blends. Approximately
nrice as much calcium bcnronitc typically
is ueeded to achicve e hydrarlic
conductiyity comparablc to that of sodium '

bentonitc.

Soil/bcntonite mixures generally requirc
central plant mixing by means of a
pugmill, ccnent mixer, or other mixing
equipmeut where water can be added
during the process. Water, beutonite
cotrtent, and panicle sizc distribution must
bc controlled during mixing and
placement, which is casier to attain u a
cenual plant. Spreading of the
soil/bentouite mixturc Eay be
accomplished in the same manner as
natural soil liners by using scrapcrs,
graders, dozcrs, or a conthuou asphdt
paviry machine (USEPA lgEEa).

Matcrials other than bcntonite, including
lime, cemeaq urd othcr clay minerals such
as aupulgite, may bc nscd as soil additives
(USEPA 19t9a). For morc information
conceruing soil admixtrcs, tbc reader is
referrcd u, thc Echnical resourcr
doomeat m tbc design and constructioo
of clay &Er (USEPA 19tt8).

Tcstln3

Prior to construction of a rcil liner, the
rclatiouship aEory watcr conteot, dcruity,
and hydraulic conductivity for that
panicular soil should be established.

Figure rt-5 sbows the influencc of molding
watcr contctrt (moisture contcnt of the rcil
at thc timc of compaction) on hydraulic
conductivity of the rcil. Thc lowcr half of
the diagram is a compaction curve and
shows thc relationship bctween dry uuit
weryhq or dry dcruity of the soil, and
water cootcut of thc soil. A water contcnt
callcd thc optimum moisture contcnt of
tbc soil is rclarcd to a ped< vduc of dry
density knom as Eaxinum dry densiry.
Maximum dcnsity is achicved at thc
optimum moistue content.

The lowest hydraulic conduaivity of
compacted clay soil rsudly occurs when
thc soil is compacted at ? moisture
contcnt slig[tty hiE;her than the optimuttr
moisnrc contenq generally in thc i"'lge of
1 to 7 pcrcenr (USEPA 1989a). fi/hen
comPactltrg clay, water coutent aad
compactive effon are tbe two factors that
should bG coatrolled to meet the
maximum hydraulic conductivity cn te rion

It is imprastical to spcci$ and corutruct a
clay lincr to a spccific moisrure conrenr
and a spccific compaaion (c.9., 5 pcrceat
wet of optimum and 95 pcrcent olodified
hoctor). Moisture Gontcnt c.n bc
difficnlt to control in thc 6eld during
aonstnrstioo asd it rtr8y bc more
approprietc to spcc-tfy s rasgc of moisture
Gontcnts and concspondint soil dcositics
(percent compactioo) that are coaridcred
approprietc to achicvc tbc required
hydraulic conductivity. Daniel and &ason
(USEPA 1990) propooc watcr coorcat rnd
dcnsity critcria for thc constrrctioo of clay
lincrs in whic.h tbc moisnredcasiry
criteria range arc established bucd on
hydruilic conduetivity tcst resultr This
typc of approach is recommcodcd bcceusc
of thc f,cribility aad guidaacc it prorndcs
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to the construction contractor during soil
placcmeat This approach is exemplificd
in Figure 4-6. The anount of soil testing
to define thcsc constnrctiou paramctcrs is
dependent on the degree of natural
variability of the sourcc matcrid.

Quality assurancc and qudity control of
soil lincr matcrids involve both laboratory
and field tcsting. Quality conuol tesrs ate
performcd to asccrtain compaction
requiremcnts and moisture contents of '

materid dclivercd to the sitc. Field tests
for quality ilssurance provide an
opporrunity to check representative areas
of thc liner for conformance to
compaction specifi cations including deruiry
and moisnre contcnt. Qudity assurance
laboratory tcsting is usually conducted on
6cld samples for determination of
hydraulic conductivity of the in-place liner.
l:boratory tcsting dlows full saturation of
thc soil samples with the ability to
sinulate the effeas of largc overburdcn
stress on the soil which qannot bc donc
conveniently in thc fietd (USEPA 1989a).

Diffcreaccs benvecn laboratory and 6eld
conditions (e.9, uniformity of material,
control of watct oontcot, compactive
efforq compection equipocnt) may oatc
it unlikely that mininrum hrydraulic
conductivity vduel mcasurcd in thc
laboratory on remoldcd, pre.constnrction
borrow souroa samplcs arc thc sanc as
thc valucr rAicrrcd during actual liner
constructim, I:boratory rcsting docs not
account fa operational problcms which
may result in dcsiccatioq crackiag poor
bonding of lifu, aad incoosistenr dcgree of
compastion on sidewdls (USEPA 19ttb).

Somc relatiouship bcnvecn field and
laboratory hydraulic conductivity tcstiag
have becn investigated by USEiA usin!
6eld casc studies (USEPA 1990c).

Iu $tU or Ecld, hydraulic cooductivity
testPt opcratcs oE rhc assunptiou that by
testing larger marscs of soil in rhe freld
ODC CaA gltrin mgre jgalirds resul6.
There are astually four kinds of in siru
hydraulic cooductivity tes6: borehole
tests, porcus probes, infiluometcr tests,
aod undcrdrain tests. To conduct a
borehole tcst oac simply drills a hole in
the soil, Ells thc bole with warer, and
Ecasures thc ratc at which warer
percolatcs into thc borehole.

Tbc sccood type of test involves drivipg or
pushing a porous probe into the soii and
pouring watcr tfuougb thc probc into thc
soil Witb this Ecthoq horvever, thc
advantagc of testing directly in the field is
somewhat offsct by thc limitatioru of
tcsting iuch a sraall volume of soil.

A third method of tcstiag involves a
dcvicc called an infiltrometer. This device
is cmbcdded into thc surface of the soil
lincr srch thet tbc rate of f,ow of a liquid
ino tbc lincr c-n bc mcasured. Tbe wo
typcs of infiltromctcn popularly rscd are
opcn aod scalcd Open rings are les
dcsirablc bccausc with condustivity of 107
cm/scq it is diffiorlt to scparate a 0.002
inchcs pcr dsy drop in wster lcvcl of thc
pood from crrporation aad other losscs.

ltith scaled rirys, however, very low ratcs
of f,ow caa bc mcasued. Singlc-ring
infi1696313n dlorr latcrd flor beneath
thc ring complicating the intcrpreution of
tcst resilts. Singlc riq! iue also
susceptiblc to thc cfieet of temperarure
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variatioo; as thc water hcas up, the whole
systen crp.nds and as it cools dowq the
whole sysrem conrecs. This siruation
could lead to eroneous measuremcnr
wbeu rhc ratc of flow is small.

Thc scaled double-ring infiltromcter has
proveo thc most succcsfirl and is tbc ooc
rscd qrrrcntly. Thc outcr riag forces the
infiltration &om thc inner irnglo be more
or les onc dimcnsional. Correring the
inner ring with uatcr insulaies it'
substantially from tempcrature variation

Underdrains, rhc founh typc of in sinr
test, iue the Eost accurate in situ
permcabilirl testing dcvicc bccarse they
measure exaaly what migrates from tbc
bottom of the lincr. Underdrains are slow
in generating good data for low
pcrmcability lincn bccarse of the lengrh
of time required to acctmulite
mcasurable flor. Also, underdraias must
be installed during courtruction, so tbere
are fewer in opcration than there are
othcr kinds of tcsting dcvices.

Soil Uncr Constttctlon -
Standard compaction proccdures are
rsudly employed whcn coostnrcting soil
liners. Thc follwiry frcton influence thc
degec and quality of compecrioo:

. Uft rhickncs;

. FUII nlc or sctncnted placemcnt;

. Numbcr of equipocnt passcs;

. Scarification betwccn lifts; and

o Soil watcr coatent.

Thc mctbod r.rscd to compad the soil is ar
importaat factor in achiariry thc required
minimun hydrarlic conductivity. fiigtrc,
degrecs of compactivc cffort increasc'soil
density and lryer tbc soil hydraulic
conductivity for a giveu w:atcr iontent.
laboratory compaction test merhods do
not ucccssarily prwide a direc correlation
to thc anount of compaction that can bc
achicved duriry construcion

E "rt pnpaction equipocut (greater
than 25,ffi lbc or t lJ(I) kg) is typicatty
nscd whcs building tbc rcil liner to
maximizc compactive efion (USEPA
19E9a). The prefencd 6cld compaction
equipmcnt is a roller with long fCet that
fully pcaetrarc a loosc lift of soil aod
qrovide highcr compaction, while fmfuing
the clay paniclcs togcther. Thc shape and
depth of thc fcct arc important; trarrow,
rod-likc feet witb 3 minimula lengrh of
about scvcn inchcs provide thJ best
resulr. A progresivc chaage from the
rod-like fect to a broader foot may be
nccessary in somc soils aftcr initial
compactioD, to allorfl the roller to walk out
of thc compactcd soil. Tbc sbcepsfoot
feet dso aid in brcdcing up dry ctoOs (Sce
'Soil Propenics'). Mcchanical road
reclaimcrs, thc equipncnt uscd to strip
and rc-pevc rsphalq cea bc exuemely
efiectivc in rcduciog soil clod size prior to
compastion, end in scarifying rcil surfaces
bctvccn lift* Othcr eguipmcnt that bave
bcen uscd ttl ooopact rcil iucludc discs
and rototillcn.

To achicvc adcqrntc compaction, rhc tift
thickncss (rsually 6ve to ninc inches) may
be dccreasc4 or tbc nrmber of passcs
over thc lift may bc increascd. Gcnerally,
compectiou equipmeDt Eust pass over thc
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soil liner Eve to twenry dmcs to atuin the
compaction needed to comply with thc
mrnirnum hydraulic conductivity critcrion
(USEPA 1989a).

Effcns made to reduce clod sizc during
excavation and placemcnt of thc soil for
the liucr should improve chances for
achicving low hydraulic conductivity in
severd ways. Keeping clods to smallar
sizcs in the soil liner matcrial will
facilitatc a Eore uaiform water coutent.
Macropores benveeu clod remnants catr
result in unacceptably high ficld hydraulic
conduaivity.

Opinions diffcr oa acceptable clod sizes in
thc uncompacted soil. Some sugtest a

maxinun of one to threc inches in
diametcr, or no larger than one-half the
tift thickncss. Tbe oain objective is to
remold all ctods ia tbc compactioo process
to kecp hy&aulic conducrivity vdues
consistent throug[out thc soil liner
(USEPA 1988a).

Geomenbrtnet

Geomembrancs are relatively thin shces
of flexiblc thermoplastic or thermosct
polymeric matcrids that are manufacnrred
and prefabricated at I factory and
ransported to the sitc. Bccasc of their
inhereat impermcability, usc of
geomembreacs in laodfiU constnrctiou has
increascd. Thc dcsign of thc sidc slopc
(friaion bctwcca natural soils and
geoqnthctics) b vcry critical and rcquires
carefuI review.

Meterld Iypcr end Ttickncsses

Geooembranes arc oade of onc or rnore
polymcn alont with a varicty of other
ingredients such as carbou blach
pigmcnts, Ellcrq plasticizcrs, procesing
aids, croslinlsing chcmicals, aod-
degadants, and biocidcs. The polymen
rsed to manufacture geomembranes
includc a widc range of rubbcn and
plastics ditrering in propenics such as
cbemical resistaacc, and basic composition
(USEPA l98ii and USEPA 198&). Thc
polymcric materids raay bc categorized as

follows:

o Thermoplastics such ar polyvinyl
chloridc (PVC); 

t
o Crystallinc thennoplastics suclr as

high density polyethylenc (HDPE),
very low density polyethylenc
(VLDPE), and lincar low densir_v
polyethylene (LLDPE); and

o Thermoplastic elastomers such as

cblorinated polyethylcne (CPE) and
chlorosulfonated polyethylene
(csPE).

Thc polyoeric matcrids uscd most
frequcntly as tsonembrancs are PVC,
CSPB CPE, and HDPE Thc thicknes of
geomembrancs rantcs &om 20 to 120 mils
(USEPA 19t3 and USEPA 198tc). Thc
recoomcndcd rninimum thicknes for all
geoocmbranes is 30 Eils, with the
exceptioa of HDPE, whicb Eust bc at
least 60 Eils to dlor propcr scam
weldiry Somc geomembranes can bc
manufactrucd ry a calendaring process
with fabric rcinforccmcnt callcd sctim to
provide additional tcnsile strengb and
dimensional stability.
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Chcnicd ud Phystcel Strcss Resistracc

Tbe design of tbe landfrll should coruider
stresscs imposcd ou the liner by thc design
configuratiou These stresses includc tbe
following:

o Differential scrtlenenr in tbe
foundation soils;

o SEain requiremeats at the anchor
trench; and

. Strain requirements over long, steep
side slopes.

Extcnsive literature has bcen developcd by
manufacturers aad indepcndeni
rescarcher: on thc physicd propcnies of
linen. Geosynthetic design equatioos are
p_rescnted in scveral publications iocluding
Kastman (1984), Kocruer (1986), anO
USEPA (1e8&).

Tbe chemical resistance of z
geomembrirne to lcachate has traditionally
bcen coosidered a critical issue fo;
Subtitlc C (Hazardons lVasrc) facilities
where highly concentratcd rclvents Eay h
cncountcrcd" Chemical rcsistance rcsting
of geomcrubreae Ety oot bc required for
strictly municipd rctid wastc bccausc
EPAs data b& h8s sbwo rhat MSWLF
leachate is lot aggressivc to thcsc rypes of
matcrids. Testing for chemical resistancc
may bc werrratcd coosidering tbe waste
tlpc, voluncs, charactcristicq and amouns
of small qnantity tencr8tor wasrc or other
industrial wrstc pr€scDt in rhe waste
streao The follwing guidurce is
providcd in the event such tcsting is of
intcrest rc thc owacr or opcrator.

EPA's Met[od 9090 in SW-646 is
estabtishcd rest procednre rsed
evaluatc lcachatc degradation
geomembraacs whea cxposcd
hazardors wasrc leachatc. In
procedure, the gcomcmbraae is immencd
in the site.spccific chemical environmenr
for at lcast 120 days ar two different
teEpcratucs. Pbysical and mcchanical
propcnies of tbc tested material are then
compared to thosc of the original material
cveg pj5ty dap. A software system
entitlcd Flexiblc Liner Evaluation ttpcn
(FLEX), which is designcd to assist in thc
hazardous wastc pernittiag proces$ may
ald lD interpreting EpA Mcthod 9090 test
daa (USEPA 1989a). A detailed
discussion of both Method 909e urd
FLEX is arailable &om EpA I

It is impcrative that a geomembrane liner
T'intain its inregrity dnring exposure ro
shon-tera and long-tcra mechanical
strcsscli. Shon.term mechanical stresses
iacludc equipmcnt tra6c during the
instdlation of a liner systeln, as well as
tbcrmal e,ryansion aad shrinkage of the
geomcmbranc during thc construction and
operuioa of thc MSWLF. long-term
mccheaical strgses result from thc
pleccmcnt of nrrstc oo top of the liner
syltcn end from subacqnent differential
scttleocnr of. thc nrbgradc (USEP.\
196ts).

Long-tcra sucssss of thc liner requires
a4cquarc hction benreca thc componens
of e lincr sysrcq partiorlarly the soil
subgradc and thc gcomembrane, so rhat
slippryc or slorghiag docs uot occut on
the slopes of tbe unir Spccifically, thc
foundation slopcs and the subgrade
tratcrids Eust bc considered in design
equations to enaluarc:

tbe
to
of
to

the
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o The ability of a geomembranc to
suppon is owu weight on the side

slopes;

o The ability of a geomcmbranc to
withsnnd dowudragging during utd
aftcr waste placemcnt;

o The best anchorage configrration for
the geomembrane; and

. The stabiliry of a rcil cover on top of
a geomcmbrane.

Thesc requiremcns Eay affect thc choice
of gcomembrane material, including
polyrner typc, fabric reinforcemcnt,"
thickness and texue (e.9., smooth or
texaued for HDPE) (USEPA 1988a).

Design specificatioos should indicate thc
typc of raw polyner rnd maaufasnrred
sheet to bc used as well as the
requireocns for dclivery storage,
instdlation, and sanrpting of the
geomembranc. Material propcrtics can bc
obtained from mao'rufacturers supplied
average physical ProPer.r/ values publishcd
in Geotechnical Fabrics RcPoG which is
updatcd annudly. Tensilc propertics of
the geomembraac Eust be sttfficicnt to
satisg the stresscs anticipatcd during the
scrice life of the gconeobrane. Specific
raw polyucr .Dd araufrctured sbcct
specificatioal and tcst proccdures includc
(USEPA 196te rnd Koencr, 1990):

Raw Pollmcr S!rccificatiolts

r Density (ASTM D'1506)
o Mclt indcx (ASTV D'123t)

o Carbon bl8ck (ASTM D1603)
o Thcrmognvimctric analysis GGA)

or diffcrcntial scanning
calorimctry (DSC)

Manufactured Sbeet Sgccifrcatioru

o Thiclness (ASTM D1593)
o Teasilc propcnics (ASTM D{3E)
o Tear resisuacc (ASTM D-1004)
o Carbon black cotrtctrt (ASTM D-

1603)
o C:rbon black dispcnioo (ASTM

D.30rs)
o Dimcnsiond stability (ASTM D-

Lao/)
o Stres crack resistance (ASTM D-r6e3) i

Geomcmbrans madc from different
polymcn aDd by dificrcot -^nufacturen
have difierent physical characteristics that
can affcc the dcsigu of a lincr s)ttem.
The manufacturett' literatue sbould bc
coupled with thc loowlcdgc that each

manufacnrrer Eay usc more than ooe
potymcr or rcsin typc for eacb grade of
geomcmbranc and tbat the materid
spccifications Eay bG gcncralizcd to
reprcscat scvcrd gradcs of matcrid.
liletcrid speciEcetions sbotld speo$ the
pcrcentrlc of rcccpteblc oon'virgin resins

uscd i! thR. m'r{ihchtring of thc
gcoocmbraac.

Ingellrrbr

Instdlaciou specifications should cover

instdletion procedures spccific to the

propertics of thc lincr instdlcd. The- 
:efficicnt of thcrmel exputsion of the

g,eoEcBbr"nc shcct caD affest its

instdlatioo urd is sclict pcrformance.
The geooembranc should lic flat on thc
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underlying soil depending on thc ambient
temp€rature. However, shrinkage and
expansioo of the sheetin& due to sfienges
in temperature during installatioq may
result in excesive nrrir*ling or tension in
the geomembrurc. Wrinkles on $c
geomembranc surfacc will affect thc
uniformity of thc soil.gcomcmbranc
interfacc and lcakage through
impcrfeaions. Exccsivc tautness of the .

geomcmbratrc may affcst its ability to
resist rupnue from localizcd stresscs on
3!s 5srms or at thc toe of slopes where
bridgrng over thc subgrade may ocorr
during instdlation. In addition to therural
expansion and contraction of the
geomcmbranc, rcsidual suesscs &om
manufacture rcmain ia some
geomembranes and c-n causc non-unifora
expansion and contractiou during
coDstnrctiou" The geomembrane sclectiou
and instdlatiou may require provision of
slack in the specifications to-account for
utticipated dimensiond s[angcS lssulting
from thcrrnal exparuion aad contraoion
(USEPA leE8a).

Technical specifications for geomcmbraocs
should also indudc informatioo for
protcction of the Eetcrid duritrg shippta&
storage and handliry qudity coauol
certificarioos requircd from thc
manufacturcr or fabricaor (if parb rre
coostnrctcd), ard quality cootrol t6uaj ry
the coutrrstor, installer, or r coostrusrioo
quality .lrurarcc (CQA) rlcor.
kutallation procednrcs ad&csscd Uy tlc
tccbnical spccifications includc I
geomcmbraoc layout plan, deplryocar of
the gcomembranc at thc constnlctioo titc'
sc.'n prcparation, scsE ing mctbods,
sarning tenpcratlrre consuains, aD'd
sealing of thc geomembraae
aPPuncnanceq both adjoining

penetrating the liucr. Thc pcrformance of
inspeaion activities, incluiing botb non.
destructive and dcsmrstive qGlty control
6eld tcstint of the shces aoil sciutrs

{,ring insullation of thc geomcmbrurc,
should b€ addresscd in -the 

technical
spccifications. Constnrction quality
assurancc is addresed i! an EpA
gurdancc documcut (USEPA l9gga).

!9 Scomcmbraac shecting is shippcd io
rolls -or panels &oo the suj Uers,
oanufasturert or fabricaton io rhc
custnlction sitc. Each roll or panel may
bc labcled according to is |osition on the
geomembranc layout plan to facilitate
instdladoa Damage that has ocqured
dnriry shipprng can bc ideutifret bv
inspection upon dclivcry (USEPA
19t8a).

Ptopor llorage of the rolts or panels prior
to instdlation is important io the 

-final

pcrforaaace of thc gcomembrane. Somc
geomcmbranc matcrids may be seruitive
to ultraviolct exposure and sbould oot bc
storcd in direqt 5untitht prior ro
instdlatiou Othcn sucb as CSpg ana
CPE arc scusitivc to aoistruc and heat
and can penielly crosslink or block (stick
tqcthcr) undcr inpropcr storagc
conditions before installatiou Adhesives
or wclding materidg which are ucd to
join gcomcmbrrne psnel$ also should be
stored appropriatcly (USEPA l9EEa).

Visud inspectiou and acctptance of the
soil lincr subgradc should be conduacd
prior o pleont thc geomcrubranc. The
srlrfacc of thc nrfurade should meer
dcsign spccificatioas with regard to a lack
of protnrdiry objcctq gradcr and
thiclocss. Oocc thcsc inspcctions iue
conducted aud complete, rhe

to
and
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teomenbranc rnay bc installed on top of
the soil Liser. If necesary, mcans to
protccr thc subgrade from precipitation
and erosioq and to prevent dcsiccation,
moistruc loss, and erosion from thc soil
liner prior to. geomembrane placcment
shouki bc employcd. Such mcthods may
include placing a ptastic tarp on top of
completed portions of thc: soil lincr
(USEPA 19t8a).

Deployment, or placcment, of thc
geomembranc pancls or rolls should bc
describcd in the geomembranc layout
plan. Rolls of shecting such as IIDPE,
generally can bc deployed by placing a

shaft through thc core of the roll which is

supponed and dcployed by hcavY

equipment such as a &ont+nd loader or a
winch. Pancls composcd of exuemcly
flexible liner such as PVC are usually
folded on pdlets and require workers to
manually unfold and place the
geomembrane. Placenent of thc
geomcmbranc goes hand-in-hand with the
seaming process; only the amount of
sheeting that can bc scamed during a sbift
or work day should bc dcployed at any
on: dmc (USEPA 19tta). Pancls should
bc weighted with saod bags if wind uPlift
of the mcmbranc or cxccssive movencnt
from thermal crprnciss is a potcutid
problem. *.

Oncc dcployucat J " ,..tion of thc
gcooembrrrc is completc and each

scction hrs bcca visually inspeaed for
imperfcctiou rnd testcd to ensurc
spccified thiclaes$ scaning of the
geomcmbranc Eay bctitr QualitY
control/quality assurancc monitoring of
the seamiug process should be
implcmented to detcct infcrior scars.
$samc Eay be Eagtrfasnrred both in thc

faaory and thc Eeld. Faaory s€iuns iue O
made ia a coutrollcd enviroonetrt urd are
geierally of hig! quality, but thc entire

rtan tcngth (100 pcrccnt) should still bc
testcd (USEPA 19tta).

Consistcnt quality in fabricating Eeld
scams is important, aod conditions that
may affect scaming should bc monitored
and controllcd during instrllation.
Irupection in accordance with a

constructioa quality a$urancc plan can be
rrscd o documcat tbe intcgrity of freld
scrmr. The facton afiecting the seaming
process include thc (USEPA 19t8a):

. Ambicnt tempcrature at which the
scams are made;

. Rclative humidity;

. Control of pancl tift up by wind;

Efrect that clouds have on the
geomcmbrane tempcrature;

Water content of the subsurface
bcueath tbe gcomembranc;

Sup,poniry surface on which the
scsrdns is bondcd;

Skill of thc scaming crew;

audity and cousistency of the

chcmical or wclding matcrid;

I
I

o

o

. hopcr preprntion of the lincr
surf.ccs !o bc joincd; aad

o Ocanlincss of the scan interface
(e.g; the anount of airborae dut
aod debris prescBt).
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Several bonding systems are available
depcading on the typc of geomembrurc
for the construcdon of both factory and
field seams. Bonding methods includc
solven6, heat scds, heat guru, dielcstric
56amin& extrusion welding and bot wedge
techniques. To ensure the integrity of the
scams, a given geomembrane should be
scamed using tbc boading sysren
recommeuded by the manufacturer.
(USEPA 1988a). EPA has dcveloped a
ficld sseming manual for dl typcs of
geomcmbranes (U.S. EPA 1991).

Thermd mcthods of seaming require
cleanliness of the bonding surfaces, heat,
pressure, and 6rell time to produce higb
qudity scrmr. The requiremeuts for
adhesivc systems are the same as thermd
systeEs, ercept that the adhcsivc tales the
place of thc hear Seding the
geomcmbrane to aPPurte0ances and
penetrating srructures should be
performcd in accordancc with detailed
drawings includcd in thc design plars and
approved specifi cations.

.{n anchor uench alory the pcrimeter of
the cell is gcncrdly uscd to scctre the
mcmbranc during constnrdion (to prevcnt
sloughing or slipping dom thc inrcrior
sidc slopcs). Run- q+ calorlations
(Kocraer, 1986) are avaiLablc to
determinc thc dcpth of burid at the
uench ocerc.ry to bold a speciEed lcngh
of Eenbraae, or combinatioo of
membranc aod geofabric or gcotextilc.
Thc force holding thc mcmbranc should
not exceed thc tcnsilc strcagh of thc
raatcrid. Aftcr the geomcmbranc is in
sclicc, it is prcferablc to dlow thc
mcmbranc to slip or givc in rhc trencb,
rathcr than tear if forces larger than tbc
tensile strength of thc mcmbrane ate

inadvertendy developed. During
consuuction, the gcomembrane should bc
anchorcd according ro the detailed
drawings provided in thc desfn plans urd
specifications (USEPA t9E&).

Geomcmbraocs that are subjea to
damagc &oo eryosure to weather and
work astivities should bc covered with a
layer of soil as soon as posible after
qu8lity assuranoe activities associated witb
geomembr3a3 i6ting are completcd. Soil
should bc placcd without driviag
conshrction vehicles directly on thc
geomembrana Ught gound pressure
bulldozcrs m8y be rscd to pnsh material
out in &oat over the liner, bug thc
opcrator Eust not anempt to prsh dlarge
pilc of soil forvard in a contiiuous
mrnner over thc membraue. Such
mctbods crn causc localiz€d urrinkles to
develop and overnrrn ia the direaroo of
Eovelnent" Overnrrued rriakles crearc
sharp creases and localizcd stresscs in rhe
geomcmbrane which could tead ro
preEsture failure. Instca4 tbc operator
should continudly placc smaller aruounrs
of soil or drainagc matcrid working
oufwiud over tbc toc of thc previously
placed oatcrial Altcraatively, lergc
brr.khocs crn bc rxcd o placc rcil out
orir tbc geonenbrqfc wUil caa letcr bc
sprcrd with a buf dozcr or sinilar
equipmcnt Althorgl such metbodr may
soqnd tcdiorf.rnd*slow, in thc lorg run
thcy will be fe*ciiud Eorc cost cEcctive
then plasiry too much materid to fast
and hEvinS to rcoobilizc tbc lincr iaruller
t{GrQsir d€llId scctionr o( the
gcoocmbranc. Thc C'Ql activitia duriag
coostructiotr. shOuld also include,
nonioring tbc contracto/s actinoet on
top of thc lincr to avoid dranjc to
installcd and acccptcd geomcmbrr.El
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Lcrchetc Collcc{ion Systenr

I-cachate refcrs to liquid that has passcd

through or cmcrted &om solid waste and
contains dissolved, suspcndeci, oI
imcriscible materials tcErovGrj &om ihe
solid waste. At MSWLF$ lerchate is

typically aqueons with limi6{ il -r,
immiscible 0uids or dissolved sotvens.
The prinary function of the leachatc
collection systcn is to collcct and convey '

lcachatc out of the landfill and to conuol
thc height of thc lcachate above thc lincr.
The lcachate collection systen (LCS)
should bc designed to meet the rcgulatory
performance standard o; 6siqtaining les
than 30 cm (12 inches) of leachatc, or
'hea4" above the lincr. Flow of leachate
througb imperfcctions in thc liner systen
increases with an increasc in lcachate
head above the liner. lvlaintaining a low
leacbatc level above thc lincr belps to
improve thc performance of thc composite
liner.

I-eachate is gencrdly collccted from the
landfill throug! sand drainage layers,
synthctic drainagc nct$ or granular
drainagc taycn with pcrforatcd plastic
collection pipcq aad remorred througb
sunps or jravity drain carricr pipcs. Each
IJCS consiss of thc foltoring conponcns
(USEPA l9tta):"a-.r.

A lorpcnrcability basc (in this gasc

a conpoeitc lincr);

A higb-pcrmcability dniaagc laycr
constnrcted of eithcr uetural granular
materials (saad and gravel) or
synthctic drainagc materid (e.8.,

geooct). Tbe drainagc laycr is

placcd direaly oo tbe flexible
membrane liner, or ou protective
bcdding layer (e.8, geofabi,ic)
dircfil]: werlying thc liner;

. Perfomrcd leacbate collection pipcs
virhin tbc hig!-perocability drainage
laycr to collcct lcachate and carry it
rapidly to a sump or collcction
hcadcr pipc;

A protective filter material
snrrounding tbo p,poq if necessary,
to prevent pbysical clogging of rhe
pipcs or perforations;

A protectivc 6ltcr layer over thc high
pcrmcability drainage materid {hich
prcvens phrical clogging ofi the
matcrid by finc graincd matcrid;
and

. Leashate collection sunps or header
prpc systcm whcre leachatc can be
removed.

The design, constnrction, and operation of
- thc I€S should Eaistain a maximum

hcight of leachatc above thc composite
lincr of 30 cn (12 in). SW{69 (USEPA
1962) providcs dcsitp guidance for
celculstins thc neximrm lcachatc dcpth
over r lincr for greadsr drsinage systcms
E8tcrid$ Thc lcachatc bead in the layer
is a function of thc liquid impingemcnt
ratG, bottoo slopc plpc spacinS, and
drdn4e lrycr fdnulic conductivity. The
inpingeucnt retc is estinated using a

cooplcr liqttid roting proccdure. If thc
maximm lcachrtc dcpth cxcceds 30 cut

for thc systcq cxccpt for short'term
oqsurenccs, thc design should be

,:.
?
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modiEed to improve its cfficiency by
increasing grade, dccreasing pipc spacing
or increasrnt thc hydraulic .conduaivity
(transmissivity) of the layer (USEPA
1986a).

Gredtng ol [or.Pctacebillty Berc

Thc typical bottom liner slopc is two
pcrccnt at dl poiats in each systeu, A
slope is uecessary for effcctive gayity
6painte through tbe entire opcrating and
post-closrue pcriod. Scttlement cstinates
of tbe fouadation soils should set this two-
pcrcent grade as a post-scttlemcnt design
objectivc (USEPA lgtte).

Hfi.Pcrueebility Drrinry: lrycr

The high-pcrmeability drainage layer is
ptaced directly ovcr thc lincr or is
protcctivc bcdding layer at a slopc of at
least two pcrccnt (the sanc slope
uecessary for the compocitc lincr). Ofteu
thc sclection of a drainagc materid is
bascd oo thc on-site aailability of nanrral
granular materids. In somc rcgions of thc
country, hading costs Eay bc vcry high for
saad and gravc! or appropriatc matcrids
Eay bc unavailablc and thc dcsigncr may
clcet to nsc geosynthctic draiaage uets
(gcones) or syathetic dreinegc matcrids
as atr dtemetivc. Frcqrcatly, geoais are
subatitutcd for grroulrr E3tcri.ls oa stccp
sideualls siu Esint8iniry send on tbe
slopc durin3 constnrction aad operation of
tbe landfill is Eore difficurlt (USEPA
19tta).

Soil DnlmgG trfrt
If the drainage layer of the leachatc
collcction systcn is consnreted of
granular rcil matcrialq (e.& saad and
gravcl), thcu it should be dcmonstrared
that this graaular &ainage layer has
sufficicn beariry strcngth ro support
expectcd loads. This dcmonstradon will
bc very sinilar to that required for the
fouodations ard rcil lincr (USEPA
19tta).

If thc landfiU is designed on modcrately ro
stceply (lS%o) sloprng grades, the landfill
design should include calculations
demoastratins that thc sclectcd granular
drainage oatcrids will bc srablc of tle
Eo6t critical (e.&, usratly tbe steipest
slope) in thc dcsign Tbc calculations and
arrumptions should bc shor*o, espccidly
thc friction aagle between the
gcomcnbraac and rcil, aod if possible,
supportcd by laboratory and/or Eeld
tesn"g (USEPA 19tta).

Gcncrally, gravel soil with a goup
dcsignation of GW or GP ou thc Unified
Soils Clsssification Ch8rt can bc expectcd
o have a hydraulic conductivity of greater
tb'n 0.01cn/scc whilc sands identified as

SIV or SP crn be crycacd to have a
coc6cieat of- pcrncability greatcr than
0.m1 cm/scc. Thc regulrted pcrformance
drahs wilcr that enten the drainage layer
to prwcnt 30 cm (12 in) or more
aconuletion on top of tbe lincr over the
astivc lifc of thc MSWLF uait LCS. Thc
dcsign of aa LCS typically uscs a drainage
oatcrid witb a hydnulic conductivity of I
x 1O! co/scc. eltcraatircly, if a geoact is
nsc( thc dcaiSn il bascd on the
trassldssivity of thc geoact.
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If a 6lter laycr (soil or geos)rnthetic) is
coilitructcd on top of a drainage layer to
protect it from clogging and.the rcS is
designcd and operated to avoid drastic
changes in the oxidation rcduction
potentid of the leachate (tbereby avoiding
formation of prccipitatcs within the [,CS),
then thcre is uo coucepnnl basis to
anticipate that conduaivity will decreasc
over time. Where conduaivity is expccted
to decreasc over timc, thc change in
impingemcnt rate should also be evduated
over tbe samc timc pcriod sincc reduced
impingement rate and conduaivity may
still comply with thc 30 cm criteriou

Unless dternative provisions are made to
conuol incidcnt precipitation and resulting
surface runoff, thc impingemcat rate
during the operating perid of thc
MSWLF unit is nsudly at lcast an order
of magnitude greater than the
impingemeot rate after 6nd closure. The
critical design condition for mceting the
30 cm (12 in) criterion can therefore bc
expected during the operating life. The
designer may evduate thc scnsitivity of a
dcsign to lncct the 30 cm (12 in) criterioa
as a result of changes in impingement
rates, hydraulic conductivity, pipc spacing
and gradcs. Such scnsitivity rnalysis roey
indicate which clcmcat of thc deqn
should bc enphasizcd duriry consmrcioo
quality oonioring or wbcthcr the dcr[n
can bc alt$Gd to Borc cost+Eccrrcly
comply wil! tbc 30 cm (12 in) critcnoa,

Thc soil Eltcrid uscd for the drunrj:
layer sbould bc invcstigatcd at thc boros
pit prior to usc at the landfll. Tygrcel
borror pit charactcrization testing would
include laboratory hy&aulic conductirnty
and gain sizc distributiou If grain srzc
disuibutioo inforuatiou from tbe borow

pit cbaracterizadoa prograE carr bc
correlated to thc hydraulic conduoiyity
data thea tbe graia siz, tcSt, whicb can be
conducted in a shon tinrc in rhc Eel4 aay
be a uscful oonsrnrctico qudity conuol
par:rmcter. Compliancc with this
paranctcr would theu be indicative that
the hydradic conductivity design criterion
was achieved in thc coostructcd drainage
layer. This inforoation could be
incorporated into constnrstioa doqrmeus
after the borow pit has been
characterizcd" If a correlation cannot be
made between hydraulic conductiviry and
grain sizc disuibutiog thc'n construction
documens may rely on direct field or
laboratory Ecasuremeuts to demorsgate
th1 rhc hydrarlic couductivity dfsign
criterioo was Ect in tbe draiaage layLr.

Granular materids are generdly placed
using conveDtional earthmoving
equipment, including tnrclcq scrapers,
bulldozcrs, and front-cud loaders. [f the
materials are being ptaced over a
gcomembranc or geotextile, fien they
should be placed without driving vehiclcs
directly over thc geosyathetic marerid
(USEPA lgtta).

Cosnc grasuLr drainagc msterials, unlikc
lw-pcrmcebility rils, caa bc placed dry
aod Ed lot bc bcavily compaacd" To
nininizc scttlcmcnt foltoring materiali
placemcng thc jranilar matcrial Eay b€
compactcd with r vibreory rollcr. Tbc
fiml $islap3; of tbc drainagc layer should
bc chcckcd by optical survey
Eeasurencots or by direst test pit
Eca$rcncns (USEPA 19E8a).

idlv.
,?clDll

-5'
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Gcosplhetlc Dreln4e Nas

Geosynthctic drainage nets (gconca) may
bc substituted for the granular layen of
thc LCRs on the bottom aod sidewalls of
thc landfill cells. Geones require less
spacc thaa perforated pipc or gravel and
also promotc rapid transmissioa of liquids.
They do, howevcr, require geotcxtile
filters above thcm and can experieucc
problems witb creep and intnrsiou [ong '

term opcrating and performance
expcrience of geonets is limited becansc
thc material and ir applicatioo arc
relatively ncw (USEPA 1989a).

If a geonet is used in place of a granular
drainage layer, it mnst providc thc same
levcl of perfonnancc (maintaining less
than 30 cm of leachate head abovc tbe
lincr). An explanation of thc calctrlation
uscd to complrrc the capacity of a geonct
may be found in USEPA (19t7a). The
trarumissivity of a geouct can be reduced
entirely by iutnsion of tbe soil. A
protective geotextile betwecn thc soil and
geonct will help dleviate this conceru" If
laboratory transmissivity tests are
performed, they should bc donc undcr
conditions, loads, and configuations that
closcly replicarc the actud ficld
conditions. It is inportant that the
transmi^sivity ralue uscd in thc leacbatc
collcctiou syctcn d6ign calorlations bc
sclcaed b.!cd upon thosc loaded
conditior (USEPA 19tt8).

The flow ratc or traasmissivity of geones
may be evaluatcd by ASTM D4716. This
flow rate Eay then bG compared to
dcsign-by-function eqnations prescnted in

USEPA (1989a). In tbe ASru D-47t6
flow tcsg the proposcd collector cross
scctiou should bc modelcd as closclj, as
poesiblc to acilal 6cld conditioru.
(USEPA 19t9a)

Figure 4-7 shows thc flow ratc 'signarures"
of a geonct benreeu two geomembranes
(upper currrcs) and thc same geonet
betwceu a layer of clay soil and a
geomembrane (lower anrves). Trc
difiercnccs bctween the nro ses of cun'es
reprcscnt intrusiou of rhc geotextile/clay
into the apcrturcs of the gconct. The
cupes are tscd 16 gltein a Bow rate for
the partiorlar teoncl bciry designcd
(USEPA 19t9a). Equatioru to dcterurae
the dcsign 0oy ratc or trursnisivif ue
also prcscnted in USEPA (1989a), diroud
(19E2), Carroll (19E7), Kocrner (1990),
and FtIlVA (19t7).

Geucrdln geone6 perform well and result
in hith factors of safety or pcrformance
design ratios, ,nlss creep becomes a
problem or if adjaceot matcrids intrude
into apcrnucs (USEPA 1989a). For
gconct$ &c most critical specificarions are
conccrncd wit[ thc ability to rrarumit
0uids undcr lo8d. Thc spccifrcations
should indudc a Finimum transmissivity
undcr erpected landfill opcraring
(dyoanic) or,-conpletioo (satic) loads.
Thc specifications for thiclncss urd typc
of mrtcrid should bc idcndfied on thc
dmwin$ or in thc matcrids scction of thc
spccificationq and should bc consistent
with thc dcsigp calcnlations (USEPA
lgtte).

GeoncB rrc often nscd on the sidewdls of
landfills bccausc of their stability and casc
of insallatioo Thcy should be placed
with tbe top cnds in a scctre anchor
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trench with the stroagcst longirudinal
len$h extcading dowa thc slope. They
should bc instdled with ao scams on the
sidc slopcs. tf s3arnr are uscd on the side
slopcs, they should bc evaluated by the
ASTM D4716 tesr Eethod for bydradic
flow capability. The geonets aeed not bc
scamcd to each other on thc slopes, only
tied at thc edges, butted, or orerlappcd.
Thcy should bc placed in a loosc
condition, not suetched or placed in a
configuration where thcy are bearing their
own weight in tension" The constructioa
spccifications should conain appropriate
instdlation requiremens describcd above
or by tbe requirements of the geonet
manufacturer. AII geoaes need to bc
protectcd by a 6lter laycr or geotextile to
prevetrt cloggint pSEPA 198Ea).

Thc frietioo factors against slidiug for
geotextiles, tcoocts, and gcomembranes
often can bc demonstratcd using
manufacturers data bccausc these
materids do aot erhibit the range of
characteristics as scea in soil materials.
However, it is important that the designcr
pcrfora thc acnnl tcsr rsing sitc
materids and that thc sliding stability
calolations acoratcly rcprsscut tbe actrd
dcsign configuratioq sitc conditions, and
thc spccificd oatcriel charasteristics
(usEPA 19t&). ' .o

Lcechetc ColloCbn Ptpcr

All componcns of thc leachate collcctiou
system Elrst havc suEcicat strengtb to
suppon the weight of thc o,erlying waste,

covcr systeq and post<losur. 1s3dingr, as
well as stress€s from opcnting equipmeur
Thc coopoEcut thst is mostv'ulaerablc to

sqengh failurc is thc drainage layer
piping. Lcachatc collcction system pip.ing
can fail by exccssive def,ection which may
lead to buckling or collapsc (USEPA
19t8a). Pipe strengrh calculadons should
include resistancc to wall cnrshing pipe
deflestion, and critical buckling pressure.
Design equations for most pipe typcs and
dcsign infotuatioo can bc obaincd from
most major plpc maaufactruers. For more
information regarding pipc strucnrral
sucugth, refcr to USEPA (1988a).

Pcrforated drainage pipcs have been
doqrmcnted to provide good long-term
pcrformancc. Thcse havc bccn showu to
uansmit 0uids rapidly and sraintain good
sericc lives. They do, hovcver, reqr{re a
ninimum venical diraension of i the
&ainage layer and Eay bc srsceptible to
particuLatc clogging biological clogging
and creep (deflectioa). Proper
maintsnancc and design of pipe s)6tems
can mitigate tbesc effccts and provide
systeEs that function properly.
Acceptable pipc dcflcstions should be
evduated for tbe pipc matcrid to bc used
(USEPA l9t9a).

Thc dcsign of pcrforatcd collcstion pipes
should consider thc folloring factors:

. Thc - required 0ow uing knono
pcrcolation lnplnpmcat rates and
pipc spaciag;

. Pipc sizc trint required flow aad
E rinun slopc; and

. Thc structral strength of tbc pipe.
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Thc pipc spacing rnay bc dcterrrined by
the Mound Model. [n thc Mcund Modcl
(see Fignre &t), the maximun height of
flurd benreen two pardlcl pcrforated
drainage pipes is equd ro (USEPA
19t9a):

h,o. . S ftt,.J r)/2)+t . ((tu r)/O (tia2 r;+cfnl
2

where c = Vk
k = pcrncability
Q = inflow rate
a = slopc

The nvo unknor+as in the equation are:

L = distance bctween thc pipes;
c = anount of leachate.

Usrng a maximum dlowable bea4 h..r, of
30 cm (12 in), thc equation is rsually
solved for'L' (USEPA 1989a).

One method for determining the vdue of
"c" is by using tbe Water Bdance Merhod
described i! USEPA (1989a). Tbc
computer progran Hydrologic Evduarioa
kndEU Performancc ([CI.P) Modcl can
dso bc uscd to estinttc'c." Thc HEIJ
Modcl is a quasi-nro-dimensio-al
hydrologic modcl of watcr E(xreme rr
acrors, intq through, rod out of landfiLs.
Thc modcl uscs climeoloic rcil, ur4
[udfill dcdtn dsts end inorporates a
solution tcctaiquc thet accouns for the
effects oC $trfaoc storatg run-oft,
infil63fsq percoletioa, soil-moisture
storage, evapotraaspiratiotr, and lateral
drainage. The program estimatcs run-off
drainage and leachatc that are expected to
result from a widc variety of landfill
conditions, including opeq partially opcq
and closcd tan&ll cclls. The model also

may be uscd ro estimarc the dcpth of
lcachatc above thc bottom liner of thc
land6ll" The results Eay bc uscd ro
coEPare dcsifr or to aid in tbe dcsign of
leacharc collection systens (USEPA
lgEEa).

Oncc thc pcroolation and pipc spacing are
knouq tbc dcs4n 0oy rarc can be
obtaincd usiry thc ctrve in Figure 4-9.
The amouat of leachatc percolation at the
paniculrr sitc is locatcd on the x.axis.
Thc requircd 0ow ratc I the point at
which thir valuc intenccts with the pipe
spacingraluc determincd from the Mound
Model Usiry rhir ralue of flow ratc aod
thc bonom dopc of thc sitc, the reqlired
diamcter for thc plpc can be deters$ned
(scc Figure +10). Finally, the grapts iu
Figurcs 4-11 and rl-12 show two ways ro
dctcruinc whcthcr the suength of the
pipc is adcquatc for landfill design" In
Figure 4-ll the venical soil presure is
located on the y.axis. The dcnsity of the
bacldll materid around the pipc is not
governcd by suengt!, so it will deforrr
uadcr prcssure rathcr than breals Ten
pcrceil is thc abcolutc tiniriry dcflcaion
mlue for plastic plpc. Using Figure 4-11,
thc applicd prssurc on thc plpc is located
ed tned u, thc trcncb geometry, and
thca thc pipc dc8cction raluc is checked
for iE adcquacy (USEPA 1989a).

Thc LCS spccifications should include the
(USEPA l9tta):

. Type of pipiag materid;

. Dianctcr aDd wall thicknes;

o Sizc 8trd distribution of slos and
perforations;
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. Type of coatings (if any) uscd in the
pipc raanufacnrring; and

. Type of pipc bedding matcrial uscd
to support thc pipes.

The construction drawings and
spccifications should clearly indicate thc
typc of bcdding to bc uscd undcr the
pipes and tbe dimensions of ury trenches.

The spccifrcatiors should indicate how the
pipe lengrbs are joined. Thc drawings
should show how the pipcs are placed with
respcct to thc perforations. To maintain
the lowest possible lcachate head, thcre
should bc perforations ocar thc PiPc
inve4 but not directty at thc invert. The
pipe invert itsclf should bc sotid to allow
for effrsient pipc flow at low volumes
(USEPA 1988a).

When drainage piPc systems iue
embcddcd in 6lter and drainage layers, no

unplugged ends should bc allowed. The
6lter matcrials in contact with the pipes

should be appropriately sizcd to prevent
migration of the materid into the pipc.

The filter mcdia Jrainage layer, and pipc
acnvork specifieu should be compatible
and rcprescnt an intcgntcd design

hotcctioa ol Lcrchelc Qlhctlol Ptpcr

The long tcro perfotusocc of thc I,CS it
depeudent oo dcsign to Protect pipo &otn
physical cloSSiry (scdimenation) by thc
granular dnin4c Eatcrids. Ur o( e

graded materid or a Eltcr fabric t.v!t3o
uonnd the PiPes is most effcctivc il
accompanied W ProPGr sizing of pipc
pcrforations. Thc ArmY CorPc of
Engincen (CCA C" poratiou, 19&3) bas

esurblishcd design criteria, using graded

6lters, to prevcnt pbysical clogging of

leachate drainage layers and piping by soil
sedimeat deposis. Clogging of the ptpcs

and drainage layen of thc leachate
collestion systca can occur throug!
scveral otber mcchanisms, including
chemical and biological fouling (USEPA
lgtta). [.CS should bc dcsigned with
cleanout acccss capablc for reaching all
paru of thc collectioa s.\Gtem witb
standard pipc clcaning equipment.

Whcn geotertiles (Elter fabrics) are uscd
in placc of graded 6lters, the protective
filter may be only about onc millimeter in
thicknes. Holes, tea$, or taps in thc
fabric should Bot be acceptcd in the
constructed L.CS. Gcoteniles wrapped
direaly aronnd pcrforated pipe mut be

carefully designcd to Protect lgains{lesg
tcra clotting. Most curent desigrs avoid
direct pipc nrrapptng by the geotextilc.
Saod or grawl is placed arouud the pipe,
then an envelopc of a geotextile filter is

ptaced around the sand or gravcl. The
advanuges to using geotextilcs in place of
granular frlten are uniformity, increase in
r:seable tandfrll volumc, ease of
instdlation, and posibly, cost Geotextiles
are often compctitivc witb graded filtcrs,
given thc costs of graded aggegate and is
instdletiou Ooc of thc most imponant
advantages to gco3cxtilcs is quditv conuol
during coostrucfto." =thc propcnies of
geotcxtiles will remaia practicatly constu,
(indepeudcnt of constnrcdgn practices)'
whcreas gaded 6lter: can bccome
segregetcd duri* placement (USEPA
19Et8).

Cbemical clogging €n occut whcn

dj ed spccics in thc leachate
pi ratc in tbe PiPiry Clogging can bc

mL iur;dtry' pcriodically 0rshing pipes or

by proddiry a sufficieatly stcep slope in
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$e systcm to allow for hig! flow velocitics
for self<lerncisg. TbeJc velocities are
depeodent on the diameter of the
precipitare particlcs and on their spccific
graviry. ASCE (1969) disctrsscs- these
rclationships. Gencrally, flow vclocities
should be in thc range of ooc or nro feet
per sccond to allorr for self-cleansing of
thc piping (USEPA 19t8a).

Biologicat clogging due ro algae and.
pactgrid growth can be a seriorx problem
in MSWLF landfills. There iue no
universally effective methods of preventing
such biological grounh. Since organii
matcrids wil bc presenr in the landfill,
there will bc a potcntial for biological
clogging The s-vstcm design should
include feanrres which alloy for pipe
system stsanint!. The componens of tlc
cleaning sysrcn should inctude (USEPA
196Ea):

. A minimum of six-inch diameter
pipcs to facilitate clcarting;

o Acces locatcd at major pipc
interscstions or bends to allorr for
inspcctions an6 slsaning; and

. Valves, ports, or othcr apputenances
to inuoduce biocidcs and/or cleaning
solutions.

In is disctssion of drainage layer
protection, thc folloriag scction includes
fu nhcr iaforuation conceruing protection
of pipes usiry Eltcr layen

Pnolcctloa ol 3f,c Hlji.pcracebiliry
Dnin4c trycr

The. o{nings iD drainage materials,
whethcr holes io pipcq voids in gavel, or
apcfres- in geoiits, Eust bc [rotectea
against clogging by acormulation of fine
(silt.sizcd) matcrials. An intcrmcdiate
material, benreea tbe waste and drainage
laye1, baving smallcr opcning5 than those
of tbc drainege E8terial, can Ue used as

llter, Saad nay bc uscd as filrer material,
but has thc disadyaaagc of raking up
venical spacc (USEPA t9t9a).

Thc rxc of geotextiles as Eltcrs avoids

9:t problcms. The opcn spaces in thefabric allow tiquid flow .!,hile
simultaaeously preventing upsuea{r 6oe
p_aniclcs from fouling tbe Urain
Gcotcrtilcs save vcrtical tp..., iue easy to
instdl, and have tbe addid advuuage o{
remaining stationary undcr load. es *irl
sand filteq however, clogging cao occur.
Geotcxtiles also can be usca ar orsbioning
materials above ztd/ or beiow
geomembrancs (USEpA 1989a).

Soll Flltcr Ltycrr

Thcle arc three parts to an analysis of a
sand 6lter that will bc placed above
drainqe Eserial Tbc-Erst dctermincs
whether or Eot thc 6ltcr allorrs adequate
f,ow of liqui& througb ir 'llc sctond
ctaluatcs whctbcr the void spaces iue
snall caough !o prsyeil rctids from being
lost from thc npstreem materials. Ttra
thitd p.rt esti'natcs thc long.term clogging
bchavior of thc 6ltcr (USEpA 1989a).
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The panicle-size distribution of the
drainage systcm and the particle'sizc
distribution of thc invading (or upsuearu)
sorls are required in the design of granular
soil (sand 6lter) matcrids. The 6ltcr
material should have is large and small
sizr panicles intcrmediate between thc
two extrenes. Rclationships for adequate
0ow and retcntion are:

o Adcquatc Flow:
do, , (3 to 5)d*.

o Adcquatc Retcntion:
drr. (3 to 5)do,.r.

There arc Do quantitadve methods to
asscss soil 6lter clogging dthough
empirical guidclines are found in
geotechnical eugineering refercnces.

The specifications for granular frlter layen
surrouoding perforated piPes and
proteaing the drainage layer from
clogging are based oo t welldeftted
panicle sizc distribution The orientation
and confrguration of filtcr layers relative
to othcr LCS compoucnts should bc
showu on dl drawin$ ud dcscribe( with
ranges of particle sizcs, in the materids
sestion of the specifications (USEPA
19t8a).

Tbickncsr L an ioPortsnt placement
critcrion fos granular 6ltcr materid.
Generdly, 6e graauh 6ltcr matcrids will
bc placcd rroud pcrforatcd pipes by
han4 foroiry ea 'cuvclope.' The
dimensions of thc cnvelope should bc
ctearly stated on the drawings or in thc
spccifications. This ewelopc can be

placed at tbc sanc tinc as the granular
drainage layer, but it is important that tbe
Eltcr cnvelope protect dl areas of 'rhe

pipc wbere the clotging potcntiai exiss.
Thc plans aad spccifications should
indicatc the entcut of thc envclops. Thc
clEsmrctiou quslity control Progam
should doc-u.mcut that tbc cuvelopc was

instdled according to tbc plans and
spccifications (USEPA 19t8a).

A granular Elter layer is gencrdly placed
llsisg tbc sanc carthmoving equipment as

the granular draimge layer. The final
thicknes should bc checked by opticd
survcy or direst test pit measurement
(USEPA 1988e). 

I

This filter layer is tbe uppermost taler in
the leachatc collestion sy$eo A landEll
dcsign option indudcs a buffcr layer, t2
inches Oick (30 cm) or Eore, to protect
the filter layer and drainage layer from
damage due to traffic. This frtrd layer can

be general Ell" as long as it is no 6ner
than the soil uscd in the filtcr laver
(USEPA lgEEa). However, if the laver

has a low pcrmeability, it will affea
lcachatc recirorlatiotr anemPts.

Gcotctrllh Flltcr tryen -
Gcotcrtilc Eltcr dcsign pardlels sand fi lter
dcsign with somc modificadons (USEPA
19t98). Adcquatc 0or is asscsrd bY

coaparing thc uatcrid (dlonbtc)
pcrniaivity to thc dcsiga imPosed
permittivity. Pcraittivity is mcrsurcd by

ASru D.4491 rcst method. Thc dcsrgn

pcrninivity utilizcs an adapted fonn of
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9qeft q*, Thc resuldng comparisoo

ryelds a 
-design ratio, or factor of safety,

that is the focus of the dcsign (USEP{
1989a):

DR - o,w/orqa

whcre:
orrw = pcrmittivity from ASTM

D4491
or.qo - q/z L

h
q/a = iano*Tate per unit area
h -, - 12 inches

Thc sccond pan of the geotextilc filter
design is deteruainiog rha opening sizc
trecessary for rer-iniat the upstreaur soil
or partiorlatcs in the leacbati. [t is well
establishcd that the gSVo ogewng size is
relatcd to panicles to bc ritaineA in the
following type of relationship (USEpA
1989a).

Oes < fct (d- CU, DR)

where:
Oei - 95Vo ogewng size of geotenile
dn 1 SWo sizc of upctrean-panicles
CU . Uniformity of thc

uPsueaE particlc sizc
DR . Rclativc dcnsity of the

upsacam pertidcs'

The Oe, dz. of a geotextile in the
equation is tf,c opcung sizc at which 5
pcrcenr of a given valuc sbould bc les
than the paniclc sizc characterisdcs of tbe
iryadtlrg matcrids. Ia tbc tcst for the Oo
size of the gcotextile, a sicvc with a very
coa$c mesh ia tbc bottom is ucd as a

tPpon It S9ot9,,61c is placcd on rop
of thc mesh and is bonded tb tre inside so

that tbe glass bcads uscd h the resrqunot.:scap! around tbc cdges of thegeotextile Elter. Tbc pinicte-size
distributioo o; prain6d gasr bcads is
compared to the dlowablc value using any
of a-oumber gf cxisting foraulas (USEp.{'
1989a).

The third coosideration i! geotextile
OalSu 

-is- long+erm clogging. -Tho 
tert

n9-&od that Esy bc aaopteO Uy ASTM is
called thc Gradicat Ratio Tcir. In the
test, thc hydraulic gradient of I inch of
soil ph:s the undlrfing geotextile is
compared with the hy&aulic gradient of 2
iaches of soil If thc gradlent ratio is
greatcr tban 3, the geotenilc will probably
clog. Aa altcruativl rc rhis proce'dutc is i
long-rcrm flow test that is aiso perfdrmcO
in a laboratory. Tbe test modcls a soil.to-
fabric systcn at &c anticipared bydraulic
gradicnr Tbc flor rai tfuough the
system is monitored. A long-term flow
rate will gr{I4y dccreasc undl it stops
dtogetbcr (USEPA t9g9a).

The primary function of a geotextilc is to
prevent tbe migradoo of fincs into the
lachatc-pipes whilc alorring the passageof lcacharc. Tbe mosi imponant
spccifications arc thosc of hydrautic
cooductivity and rctcution Tbc hydrautic
couductivity *ec teotcxtilc gincrally
should be at least ten timcs thc-soil it is
s3rrinin& An evaluation of the rctention
ability-for loosc rcils is bascd on the
averatc pertide sizc of thc rcil and the
apparcnt opctrrlt sizc (AOS) of thc
geotcnilc. Thc oeximnn apparenr
opcuing sizc, rcoctiucs callcd equivalent
gpenrlg rizc, is dctcraincd by th; size of
thc soil tiat will bc rcained; a geotextile
is then sclcaed to Ecct that spcciEcatioa
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The materid specifications should contain
a raoge of AOS values for thc geotextile,
and these AOS vdues should match thosc
uscd in thc design calculatiors (USEPA
1988a).

One of thc arlvantages of geotextiles is

their tight weight and easc of placement
The gcotcxtilcs arc brought to the site,
uruolle4 and held dorm with sandbagp
until they are covercd with a prorcLtve
layer. They are often overlapped, not
searucd; however, on slopes or in other
configurations, they may bc sewn
(USEPA 1988a).

As in granular filter layen, it is important
that the design drawings be very clcar in
tbcir designatioo of geotextile placemcnt
so tbat uo potcntid route of PtPe or
6jrinagG layer clogting is lcft unprotected.
If geotextiles are uscd on a slopc, they
should bc sccured in an anchor trench
similar to thosc for geomembranes or
geonets (USEPA 1988a).

Lerchete Renovrl Systen

low-volumc sump$ located in a reces at
the lor poin(s) within the leachate
collcctien &einage laycr, prwidc one
Eca! for leachate removel from thc
MSWLF unit In thc. prr$r lov volumc
sunps have bcen constnrctcd srctcssfully
from rcinfotccd coocetc ptpc on a

concretc foodrs and supponcd above thc
geomembrrrc on a stccl platc to protcct
thc geomcmbmnc froa puoctnre. More
recently, prefabricated polyethylcnc
stnlcucs havc bccooc availablc. Tbesc
Suuctlxresrrtray bG suitablc to replacc the
coacrctcconponcnB of the sumP ud also
have thc advurtage of a significant
reduaion in we ;;t

Thesc sunps typically horrsc a submeniur. 
O

pump which is poeitioned closc to the
sump 0oor to pump &c leachate and'to
maintain a 30 cm (12 iD) Eeximun
leachate depth. [lv-vslrrmg sunps,
however, cao prescnt operational
problems. Sincc they Eay run dry
frcqucntly, thcre is ar iocreascd
rrobability of thc submeniblc pumps
5utritrg out" For thit ss66s, some landEll
opcrator prefer to bave sump6 placed at
depths bctwecn 1.0 and lJ metcrs irutcad
of 30 cm, cvGD thougb the lcachate level
in a higb volurnc sump will bc greater
than 30 cm (USEPA, 1989a).
AJternatively, thc sunp m:iy bc designed
wirh 0oat valves and a backup pump to
control initiatioo and shut-off of thc
pumpiry s€queacc aad to trave I the
capability of altcruatint bctween the'two
pumps. Thc sccond pnnp dso may bc
uscd in conjunction with the primary
purnp during pcriods of hig! flow (e.g.,

following storn events) and as a backup if
the primary punp fails to funaiou A
visibtc darur waruing tigbt, to indicate
pump failure to the opcrator, may aiso be

instailed.

Pumps uscd to renove lcachatc from the
sunps should be sizcd to ensure removal
of lcacietc 8t thc cxpeaed rate of
gencration Thcsc PIIEPA dso should
have a suficient operating hcad to lift the
lcachatc to tbc requircd beigbt from the
suBp to tbc acocss port Portablc vaclum
punps can be nscd" Thcy can bc moved
in scgucnce fron onc leachatc sumP to
aaother. Thc typc of pump specified and

thc leachatc sllnp ircoes PiPGs should be
compatible and should consider
pcrformancc nccds under operating and

closrc conditions. (USEPA 198Ea).
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Altcmative mcthods of lcachate removal
include internal standpipes and ptpc
penetrations througb thc geomcmbranc
that allow leachate removd by graviry flow
to either a leachate pond or extcrior pump
statioo If a leachate remoral standpipc is
rsc4 it should be extendcd throug! thc
entire laod6ll from liner to cover and then
througb the cover isclf. [t should bc
maintaincd for the entire post<losure catc.
pcrid of 30 years or longer (USEPA
1989a). If a gravity drainage pipe that
requires geomembranc penctration is
usc4 a high dcgree of care should bc
excrciscd in both thc design and
constnrction of thc pcnetration. The
p€neradon should bc dcsigned and
constnrcted in a Eanncr that dloua
nondestructive quality control testing of
100 perccnt of thc scd between thc pipe
and the geomcmbranc. If not propcrly
coDstructcd and fabricated, geomembrure
pcnctrations caa become a soutcc of
leakage throug[ the geomembranc.

Othcr Dcsign Considcrrtloar

The stability of thc individual leachatc
collcction systcn aonponents placed on
geomcmbrane covcrcd slopcs should bc
considered. A metbod for calculaury tbc
factor of safety (FS) agsitrsr slidirry for
soils placed on a sliSed teoocobna
surface ir providcd in Kocmcr (1990).
Thc mcthod coasiden thc forccs earnj oo
the systcn, iocluding thc slope leagh, $c
slopc aaglc, ad thc frictioo rajlc
betwccn thc geomcmbraac and io covGr
soil. Generdly, thc slopc aryle is fntr!
and is specifred on thc dcsign drawiajr A
minimum FS is thea sclected. From the
slopc angle and thc FS, a rninimuttr
allowablc friction anglc is detcrminc4 and
the varions conponcnts of tbc liner systcm

are sclected bascd oo this minimum
friaioa urgle. U the design evaluatioo
resuls in an unaccepte.bly lor FS, rhea
either thc sideuall slope or thc materials
should bc changed to- produce aD
adequatc dcsrgR (USEP. A lgESa). For
shon dopes in a landEII, the FS can be as
low as 1.1 to Q rt the slopc will bc
unsupponed (i.c., no waste will be filled
against it) for only a sbon dmc, and if any
failures that do occur can be repaired

f.itty easily. [onger slopcs may rtquire
higbcr facton of safety due to thc
poteutid of slidurg material to tear thc
geomembrane along tbc slope or ncar the
toc of slope.

Addltload Coasldcntloar

The following section discusses
qudity/assurancc aad quality conuol
considerations for composite lincr and
leachate eollcction systen clmponenc.

Soil Urcr Qudtty Assureacc/Quality
Control

A qulity assurancc/quality control
program has trvo priucipd componcns.
Thc 6rst is thc Constructioo Materials
Qnlity Cootrol, which is designed ro
ascenein thst oatcrials nscd mcet
spcdfications. Thc sccond compooent is
tbc Constuction Quatity Assurance
hogzm, which is dcsigned to ascenain
that thc Goutructcd facility mcets the
requiremcaa described in the plaru and
spccificationr.

Qudity control testing performcd on
matcrials nscd in constnrction of rhe
landfill includcs souroe tcsting and
coDstnrction tcsting Source testing
dcfincs matcrid properties that govern

t
I
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Eatcrial placement. Source testing
comnonly iacludes moisnue couteut, soil
deruiry, Anerbcrg limi6, grain size, and
laboratory hydraulic conductivity.
Constnrction testing eDsures that landfill
cotritructior has been pcrformed in
accordancc with tbe plars and technical
specifications. Construction 16ting
generally includes soil moisture contcnt,
deruity tess, lift rhickncs tcsts, and
hydraulic conductivity tcsts.

Thc method of dctermining compliancc
with the maximum hydraulic coaductivity
criterion should bc spccified in thc
Qa/OC ptan. Somc methods have
included use of thc citcrion as a
maxirrun value that neyer should be
exceeded, while other metbods have uscd
statistical tcchniqucs to estimate thc true
mean. Tbe samplc colleaioo prog:rm
should bc designcd to work with thc
Bethod compliance determination.
Selcaion of sample collection poio6
should bc made on a random basis.

Thin wdl sampling rubcs generally are
used to collcct compacted clay sanples for
laboratory hydraulic couductivity testing.
It is important to mininizc disturbance of
the sanplc being collccted" Tubcs prxhcd
into the soil ry a barlhoc nay yield
disnubcd samplcs., A rccoomcnded
procedre for samplc collcction is rc nsc
the backhoc buclct as a setionsry suppon
and thca posh the tubc into thc clay with
a jack pocitiorcd bcnvccn thc clay and thc
tube. Thc samplc holc should be 6lled
with bcntonitc, or . bentonite clay
mimre, and compacted using sbon lifu of
materid.

U nuclcar acthods are uscd for moisrure
aqd deusity Ecasuremcots, it is
recommcaded tbat altcruadve mcthods
also bc uscd les frcquently to veri$ &e
accnracy of tbc futcr nuclear acthods.
Additioael informatioa' otr testing
procedurcs can bG fonnd iE USEPA
(19ttb) rnd USEPA (19e0a).

Qudity assurene igsting for soil linen
iocludcs thc samc testing requiremenrc iri
spccified abovc for control testing.
Gcnerally, thc tests are pcrformcd less
&equcntly and are performcd by an
individud or entity indepcadent of tbe
coutractor. Activities of tbe constructioa
quality assuranss (CQA) officer are
esscntid to doqrment qualiry of
construcdon Thc CQA offccr's
responsibilitieg and that of thc CQA's
strff mcmbcrs, Eey includc:

. Communicating with the contraooq O

o lnterpretint and clariffing projea
drawings and specificatiors with the
dcsigncr, owtrer, and contractor;

o Rccommcnding acceprancc or
rejcction by thc wner/opcrator of
work complcted by the consm.lcdon
ooDtrSctor;

. Subminiry blind samplcs (e.9.,

dnplicetcs and blanls) for analysis by
tbc cootrastor's tcniry staff or one
or EorG indcpcndcut laboratories, as

applicablc;

. NotiSing omcr or opcrator of
coEstnrcion quelity problems not
resolvc r-sitc in a timcly tBanner;
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o Obscrviry the testing equipmeng
pcnonncl and procedures used by
the construction contrador to cheik
for detrimcntdly significant changes
over tisre;

. Rcvicwing the cotrstruction
contracto/s qudity contlol recordin&
maintenance, summary and
interpretatioas of rest data for
accuracy and appropriatencs; and

o Reponing to the ormcr/operaror on
monitoring resuls.

Soil Lincr Ptlot Construction (Tcst Filt)

A pilot coostruction or test Ell is a small-
scale test pad which can bc ucd to verify
that the soil, eqnipmcnt, and constnrction
proccdures .can produce a liner that
performs according to the construcion
drawings and specificatioos. An owuer or
opcrator Eay waat to corsidcr the opdoo
of corstructing a Test Fill prioi to
construction of tbe liner. A test pad is
uscful not only in teaching pcople how to
build a soil lincr, it also can function as a
constnrction quality assureocc tool. If the
variablcs uscd to build a rcat pad that
achieves a lrl07 co/scc iydraulic
coaductiviry are folloycd cxrctly, then thc
completcd full sblfur rborld Ecet rhe
regulatory rcqrireacns (U.S. EpA
19E9a). A tcrt 6ll nay be a cost.cffective
mctbod for &c contrastor to evaluatc the
coastnrctioa octhods aod bonoy source.
S pe cific factors that can be
examined/tcsrcd duriry coastruction of a
tcst fill includc (USEPA tgttb):

. Preparation and compactioa of
fonndation materid to the required
bcariag strcngth;

Methods ef sog66[int uniformiry of
the rcil materid;

Compactive effort (e.g., number of
passcs) to achieve required soil
dcnsity and hydraulic conductivity;

Uft thickncss and placement
proccdures to achicve uniformiry of
deasity throug[out a lift and the
abccncc of rpparent boundary effects
bcnrccn lifts or bctween placements
in thc sauc lift;

Proccdures for protecting agairut
dcsiccariou cracking or oihei site.and season.specific failure
uc6lanit65 for the frnished liryr or
intcmediate lifts; i

. Measuring tbe hydrurlic coaductivity
on the test fiIl in thc field and
collecting samples of Eeld-co mpaoe d
soil for laboratory testing;

. Test procedures for controlling rhe
qualiry of constnrction;

o Ability of differcnr typcs of rcil ro
mcct bydraulic conductiviry
rcquiremena iD thc 6eld; urd

. SkiU ad"''eiapctcnce o( rhe
coEstruction teeE including
cquipncnt opcraton and qu.liry
control specidists.

Gcoucubnac Qurtlty Assunacr/
Qorttty Coatrol Tcltllt

As in the constnrction of sorl liocn,
instdlation of 3eonacabranc lincn rhould
be is conforuancc with . qurliry
assrancc/quality control plen Tess
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perforrrcd to evduate the integrity of
geomembranc scams aire generdly
considered to bc eithcr 'destructive' or
"uondestructive.'

Dcstructi';e Testing

fuality conuol tcstin8 of geomembrirnes
generdly includcs pccl and shcar tcstint
of scrap tcst weld scctions prior to
commcncing scaning aaivities and at
periodic intcrvals throughout thc day.
Additiondly, destructive pcel and shear
Eeld tests are pcrformed on samples from
tbc installed seams.

Quality ilssurance tcsting generdly
requires tbat an independent laboratory
perform pccl and sbear tcsts of samplcs
from instdled scams. Thc samples may be
collected randomly or in areas of suspcct
quality. HDPE seams ate geaerdly
tested at intervds equivdcnt to one
sample pcr every 300 to 400 feet of
irutalled scam for extnrsion welds, tDd
every 500 fect for fusion weldcd seams.
Extrusion scamt on IIDPE require
gnnding prior to welding which can greatly
dininish parcnt materid strengrhs if
exccsive grrndlns c)GCUt!. Dcailed
discussioo of polycthylenc welding
protocol can bc found in USEPA (1989b).
For dud hot wedge scamrin HDPE both
the inncr aod tn$or scan Eay bc
subjccted trl dcstnrctive shcer tcsts at the
indepcndcu lrboraory. Destnrctive
samples of iastallcd scan welds iue
generdly crrt into scvcrd pieccs and
distributcd for thc folloving PutPoscs to:

o The 'ostdlcr to perform constnrction
quaiity conuol 6cld testing;

. The owuer/operator to retaia -oO
appropriately catdog or archive; and

. An indepcndent laboratory for pcel
and sbcar tcstiD&

If the tcst rcsults for a scrm samplc do
not pass the acceptar,ce/rcjection criteria,
theu samplcs arc ctt &om the samc 6eld
sGaE on both sidcs of tbc rejcaed sample
location" Samples arc collccted and tcsted
until thc arcal limits of tbe low qudiry
s€2m arc dcEncd Corrective Eeasures
are occessary to repair tbc lcngth of seam
that has oot passed the
acccptsace/rcjcction criteria In many
cascs, this involvss sgrming a cap over the
length of thc rejectcd scam or reseaning
the aficcted area (USEPA l9tEa)f In
situations whcrc the spaming &ews
contioudly fail testing they may have to
bc retraincd"

Nondcstnrctlvc Tcrth3

Noo-destructive tcst mcthods are
conducted in the Ecld on an in place
gcomcmbrane. Thesc test mcthods
dcterminc thc integrity of the
gcorrcobranc Ecld scaos. Non-
desrructivc tcst mcthods includc thc probc
tcsq rfu leacc, vrcuun bor ulrasonic
prdsc ccho-ultr.rosic impcOencr plane,
eleerical sFrk tcsq pressurizcd dud
scam, clcctrical rcsistivity, and hydrostatic
tcsts. Detailed discttssion of thesc test
mcthodr Ety bG found i! USEPA
(l$gb). Scu scctions that fail
apProPristc, ooadcstnrctivc tests must bc
carefully dcliocrtc4 prtcbed or rese,mc4
and retcstcd. krgc patcbes or rescamed
arcas should bc subjectcd to desmraive
test procedures for qnlity assurance
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purposcs. Tbc spccificadons should
clearly dcscribe the degrce ro wbich non-
destnrctive and dcstnrctivc test methods
will b€ uscd in evaluating failed ponions
of non-dcstructive scam rcsts.

Gconernbreae Coastructlon euelity
Assunncc Actlvitics

Thc respoosibilities of the constnrctioa
qualiry assurance (CaA) penonnelfor the
installadou of the geomembrane are
generdly the samc as the responsibilitics
for the coustnrction of a soil liner with thc
following additioos:

. Obscrvation of liner storage area and
liners in storage, and handtiag of the
liner as the panels are positiooed in
thc ccll;

Obscrvatiou of scarn overlap, scem
preparation prior to seamin& and
matcrial underlying thc liner;

Obscrvation of dcstnrctive testing
conduqtcd on scrap test welds prioi
to scamiag;

Obscrvation of dcstnrctive sean
sa'npling; submission of the samplcs
to an indcpendcnt testing labontbry
and rcview of rcsults for
couforoencc o ryccifications;

Obccnntioa of dl scams urd pancls
for dcfcsts duc to manufacnrring
zil/ot hsndtins and placemcot;

Obscrvation of dl plpc pcnctratioo
boots and welds in thc liner;

. heparadon of repons indicadng
unptiag 

- 
conductcd aad sanpfin!

rcsults, locations of destruaivi
samplcs, locatioos of patches,
locatioos gf 5grrnr constnrac4 and
any problems eacountered; and,

. Prcparatioo of rccord drawings of the
lincr instdlation, ia some .a,ies.

The last responsibility is frequently
assigned to the contractor, the owner,i
rePresc8uftive, Or the cngtnccr.

kechetc Collcctloa Systcu
Coostnrctloa euettty Assurence

[c nurposc of leachate collcction system
CQA is to docnmcut that the Ertcm
constructioa is in accordance wft.i the
dcsign spccificatioas. prior to
construGion, all materials should be
inspected to confirm tbat they meet the
constnrcdou plans and specificatioru.
Thcsc include (USEPA 1986a):

. Geones;

. Gcotcntilcs;

. Pipc sizc, Esterials, and pcrforations;

o Grauutar matcrid gradation and
prefabricated shrctues (sumps,
menhstsg, sj6.).

o Mechaaical, elcctrical, aod
monitoriag equipoent; urd

. Concrerc forus and reinforccmcnt.
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The lcachate collcction s)ttcm foundatioo
(geomembranc or low permeability soil
liner) should be inspcaed and surveyed

upotr is complctiou to ensure that it has
proper gading and is free of debris and
liquids (USEPA 198Ea).

During constnlction, thc following
activities, at appropriate, should bc
obsewed and documentcd (USEPA
1988a):

. PipG bcdding placemcnt including
quality, thickness, and areal
coverage;

. Granular 6lter laYer Placemeut
including matcrial quatity and
thicknes;

. Pipc instdlation including location'
configuratiou grades, joins' filter
layer placeneut, and 6nd flushing;

Granular drainage layer placement
including protection of underlying
lincrs, thickncs, overlap with filter
fabrics and geoneu if appticable, aod
weather conditions;

Gcooct placcmcnt including layout,
overlap, and protection from clqgin3
by granular Eatcriel canicd by wiDd

or nrnoE during: constructiou

Geotcrtile/geofabric plrccncot
inchrdiry oovcrstc and werlrP;

Sumps and stnrcturc iastdlatioal rad

Mechanical and electrical equipeut
installatiou including testiry

In addition rc 6eld observations, actuai
field urd taboratory rcsting nay bc
performed to document that thc materids
meet thc design spccifications. Thcsc
astivitics should bc documcnted and
should inctudc thc fotlowing (USEPA
19EEa):

. Gconet and geotextile sampling and
tcstr.g;

. Graonlar draimgc and filter layer
sanpling and testing for grain size

distributioo; and

. Testiag of pipcs for leaks,
obstnraionq and alignmens.

Upon complction of constnraion, jeach
conponcil should bc inspccted to idQnti$
any damstG that may have occurred
dnrins is instdlatioE, or during
constnrction of aaothcr comPonent (e.9.,

'plpc cmshing duriry placemcnt of
granular drainage layer). Any damage
that docs occur should be repaire4 aad

thcsc correetive Ecasures should be

doctmenrcd in tbc CQA records (USEPA
198ta).

44 NEITVAII POINT OF
COMPIJANCE
lo GR 125t,{0(d)

4.4.1 Strtcnctrt ol Rrruhtl.q!

(d) tl. rdcvus Pobt olcouPliencc
rpcct[cd b, tic Dlnctor ol u ePProvcd

Strtc rtdl bc m mlc tiel 1$ Ectcrl
hon tia tr$c Erartellcnl unit
boundrry ud shell bG hcrtcd oa lend

o

a
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owrd by thc orrcr of thc MSITLF unit
In deteruiaing thc rclevu3 point ol
compliencg tf,c Strtc Dlrcctor shrll
considcr rt lcest thc foltoriai fectom:

( l) Thc hydrqeologc cherecterisrics
of t[c fecility rad sutrounditt lend;

(2) Ttc voluoc rnd physicel rad
chenicd chrncteristics ol tf,c lcrchetci

(3) ltc quentlty, quelity, rnd
dlnctiotr ol [or of ground ril.r;

(A) ltc prodnlty rnd rithdrawrl
rrtc of thc ground.rrsGr us.E;

(O Ttc rvrllebllity ol rlternrtivc
drinkia3 rrter supplies;

(O Itc cdstir3 qudity of rhc arculdwltcr, lacludla3 othcr lourrocs of
contrmiartlon rnd thclr cumuh3ive
inprctr oa thc arouad rrtcr rnd whAhcr
thc guund nter ls currrntly uscd or
rcrsonebly cxpGctd to bc uscd for
drinkiry xrter;

(7) hbllc hcrlti,3rfcty, rnd welfrrr
eficcts; rnd

(t) hrctlcrbh cePrHllty of thc
orucr or opcfrSor.. ; ii

4.4J Anollcrbtlltv

Tbc provisioa for a relcvant point of
compliancc il to assist ea owuer or
opcrator in designing and monitoriag tbe
effectiveness of a dtcmetc liner design
under !25t.+(a)(l). Thc owncr or
opcrator of a MSWLF in an approved
State can locate thc relerraat point of

compliaace a Eaxirrum of 150 merers
from tie waste mrnagcm€ot unit
boundary. Thc proposed location rnusr be
oD propcrty omed by tbc MSWLF uoit
owncr or oPcrator.

In unapproved States, the waste
managerDegj rrnig bouadary is thc relevantpoiil of compliance. Thc wasre
mrnateEtegi rrnig boundary is defined as
the venical snrfacc located at thc
hydrarlically dowugradicat timir of the
unir This vertical surfacc exteuds dorm
into and througtr the entire thickness of
thc uppermost aquifer.

4.43 Tcchalcel Consldcrrtlons

The Direaor should coruider at teast figlt
factors in esablishing tbe altcrnitive
bo-undary. Thc factorc providc
information necded to determine if the
alteraative boundary is sufEciently
protective of hnman bedth aad thc
environmcnt aad if thc relevant point of
compliaocc is adequatc to mcasure the
pcrformancc of thc disposd unit.

Slt! Hydropologr

Thc 6rst fastor to be considcred when
detcraining thc rclernnt point of
sgnFli'ncc, ir,sitc,hydrogeologr. Knowu
charactcristics of site hydrogeologr can be
identiEed to dcteruinc what othcr
inforaation Ely aeed to be collectcd to
set the relcvaat point of coupliance. The
sitc data should bc su6cieat to dctcrminc
both tbc wcll and thc lateral spacing
required to dctccr lcakagc to the
upperust aquifcr. This information
sbould bc su6cicnt to cstinatc thc width
and dcpth of a plumc that may migrate
from the MSWLF unir Tbc asscsmenr of
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thc fate and transport of coustiruens from
the landfiIl was discussed previorrsly in
Seaion 4.2. Hydrogeologic information
required for a site is prescnted in greater

dctail in Scaion 5.53.

kechetc Yolumc rnd Physicd
Chencterlstlcs

l.cachate volunc and qudity are necded
to make z dctcrmination of the
"detectability' of lcdrage from the facility
at the relevant point of compliance. Thc
net concentration at any gven point
during the transPolt of solutes utd
imsriscible liquids from the unit by ground
water is a function of constinrent t!'PG,

initial constituent coocentration and

leakage rate. Thc asscssnent of fate and

traosport was disotsscd in Scstion 4.3.

l.eachate volumc asscsncnt was discttsscd
in Scetions 4.2 asd 43.

Quetity, Quentlty end Dlrectlon of
Groundrrtcr Flor

The hydrogeologic data collected sbould
provide inforuration to ilsscss thc flow
direaion and thc volume of flow.
Background ground.water quality data
should bc uscd to dctcrminc basclinc
concentrations of thc monioring
constinreng. ltis inforoetion will be
required ar inprt'to dctctuinc whctber
contaninrnn from thc lssd6U will bc
detectabh rt,thc proposcd rclevant point
of compliaocc.

Gnoundrntcr L'rcB

The god of thc relcvant Point of
compliance is to cnsuc early dctection of
coatamination of thc uppcrmost aquifer.
Thc distancc dso should dlow 5uffigi331

timc for conective Ecirsures to bc
impleaeutcd prior to the spread of
contamination to primte or public water
supply wells. Thc Director of an approved
Starc sbould considcr thc praaicable
capability of thc olrtrcr or operator of tbe
unit to respond to a problen that might
causc pnblic or environncatal harm.

Existing uscrs of ground.water
immcdirrrcly dormgradieat from the
facility should bc idcntified on a map.
Uscrs located vithin a distance where
constitucnts nigbt bc expeaed to migrate
during thc active tife and postdosure care
pcrid of the facility should bc identifrcd.

Altcraetivc DrfaHry lfrter Supplies
t

Thc State Director should considcl thc
avaihbility of dtetaatc drinldlg warcr

::ffi *i:J;,:'J',1,f; "J#H::O
aquifcr is thc sole water supply source

availablc, dl reasooable efrorts shouid be

made to locate thc relevant point of
compliance as closc as possible to the

actual wastc Eanag,ement unit bouodary.

Edstl4 Grcund-Yfr3cr Qur[ty

Tbc cxistiry ground.watcr qudity, both
upgradient and domgradieat of thc

MSWLF, sbould bc dcternined Prbr to

estabtishing thc rclcvaat point of
coopliancc.

Tbc rcsorcc vduc of groundrnar rbould
bc coagidcred wbcn dcterminia3 lrodfill
design, Sroundwatcr oronitoriai rnd
corrective ection reqniremcnts. Tbc rule
dlorc approrcd Starcs to agProrc less

stringcnt l8ndfiU designs bascd oo the

gfound-watcr qudity, in conjrrnctioo witb
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othcr factors. Thc performatrce standard
for landfill dcsign requires thil landfiils 6p
designcd to Ereet drir*ing watcr st"ndards
at a relcvant point of compliance. points
for approvcd States ro- coosider are
whether the ground-water is aureatly
usc4 or reasonably expeacd to bc uscd,
as a drinking water source when sctring a
relevant poinr of compliancc. If the
grouad-water is not reasoaably expected to
be used for drinlcing warer, the State Eay
wish to esablish the relevant point of
compliancc fanher from the landfiil and
as a result, employ a less stringent landfilt
dcsign. To asscss potential effecc for
both the relevant poiat of compliance and
down-gradient ground-water, the Director
should coruider dl aspeas of ground.
water quatiry.

PubUc Hcrlth, Wclfert, Srfety

Thc Direaor will consider tbe potential
overall effect ou public hcalt\ wclfare,
and safety of the proposed relevant point
of compliance. Corsidcratioa should
include:

. Distance to the ncarest ground.water
user or potentidly affected surface
water;

. Thc responsc timc (in rclation to thc
proposcd relcvant point of
cooplieoce) rcquired to idcoti$ and
rencdhtc or otbcnyisc contain
groud-watcr that Eay bccome
inpacted aod potentidly affea
domgradicat water supplics; urd

. Risk that detcction Eay Dot bc
represcutativc of worst case
coodition of thc ground tyatcr.

Prrctlcrbh Cepeblllty of thc orrler or
Opcretor

As the location of thc rclcvant point of
compliance Eoves farther &oo the wasre
mrnagetDcnt rrnit boundary, the volurnc of
wetcr rcquiring Eestm€nt should the
ground-water bc cont2'ninate( wiU
increasc. Ooc or Eorc of the following
conditioos that could affect thc owuer,s oi
opcratot's practicable capability (technical
and finarciel) to rcdve thc problem may
bc:

o lacreascd area of impacq increasing
rcmedial costs, scope of remedialiuvestigatioo, aad sitecharacterization; 

i
o lacreascd respoEsc timc due to

higher coss and increascd technical
scopc of scleacd remedid method;

. A reduction of treatme nr
technologies removal efEciency ; and

. locreascd di6culty in grorurd warer
cxtractioa si 5ptrtainment if these
tcchnologi* are chosen

Thc Dircctor Eay require sone indicadon
of finencid capability of tbc owuer or
opcretor !o Eaiatrin a longcr and more
coetly remcdid progr"E duc to tbc longer
dctcctioa tiEG fra& asocirated with a
rclerznt point of compliancc locatcd away
from thc rastc ursnagcmenr unit
boundsry. Additionrl inforrration on
reocdial actions for ground warer is
prwidcd in thc guidance for Subpan E.
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4.S PETMON PR,OCESS
,O CIf,' !25t.{(e)

4.5.1 Strtcment of Rruletlon

(c) If EPA docs not prouufrtc r
tulc csteblls[ing tlc proccduru rnd
rcquireuca3r lor Stetc coaBllercc ritL
RCRA Scctlon {X)S(cXf)G) by October 9,

1993, orlcrr end opcntors h ulrpprcvcd
Stetes Ery utlllrG e desfn neetini thc
perforuencc atudrrd h !25t.40(eXl) if
thc followitrg condltlons rr: net:

(1) The Stetc deteruines the desfn
neets the pcrfornencc standard in
$25t.40(rXl);

(2) Thc Strtc pctitioru EPA to rwiry
its dctctnhetloo; end

(3) EPA rppnovel thc Stetc
determination or docs not disapprove thc
detcnninetion vithh 30 dey*

[Note to Subprrt D! {0 C[n Pert 239 is
rcsctred to estrblkh tbc pmcedures rnd
requircmcrts for S3rtc compllence with
RCRA Scetba,1(X)5(cXtXB).1

4S.1 Aoollcebillty

U EPA docs oot prooulgrrc procedures
and requircncos for stetc approval by
October 9, 1993, owucts and opcrators of
MSWLFs loc.tcd in unapprwed Statcs
Eay usc aa dtcraative design under
ccnain ciroustaoccs.

olmcn rr opcraton of IyISWLF units
should lurct thc municipd solid waste

regulatc .r dcpartment iD their state to
dcterminc if thcir satc is approved by thc
USEPA"
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s.0
SI,IBPART E

GR,OUIYD.WATER MOMTORING
AT{D CORRECTTVE ACTION

5.1 INTR,ODUCTION

The Criteria establish ground.water monitoring and coresdve action requiremcnts for all
existing and new MSWIJs except *.here the Direaor of an approved State suspends the
requirements bccaus€ there is no poteutid for migratiou of leachate constitueos from rhe
facility. The Criteria includc requirements for location, design, and instdlation of ground-
water monitoring systems and set standards for ground-water sampling and uralysis.
Furthermore, speciEc statistical methods and decision critcria are provided for identifying
a significant change in ground-water quality. If a significant change in ground-water qualiry
occurs, the Critcria require ao a$essmcut of the uature and extent of contasrination
followed by an evduation and implementation of remcdid Eeasures. The ground-parer
monitoring and corrective action requiremcnc are discusscd in thc sections that follirw.

32 APPLICABILITY
t() CFR $25E.5() (a) & (b)

5J.1 Ststement of Rcfllatioo

(e) Thc rtquiremcuts h this Prrt rpply
to MS\#[.F unllq cscGpt rs providcd ia
peregnph (b) ol tLir !cctlo!.

(b) Grou!d.rr(.Qf,,. noli3orlr3
rcquirencn3r undcr !25tJl tirortl
$25t.55 of tUr Prrt ney bc suspcadcd bt
tbc DirccSor ol u eppnovcd Stt3. ?or r
MSH/LF udt if tf,c orrcr or opcrrsor cr.
dcmonstn3c tfrt tbcnt ls no potcltld bf
migretion ol hrzrrdour comtltucotr bon
thrt MSWIJ' uni3 tr, thc uppGtuota
rquifcr (es dc0ncd h !25tJ) durlaj thc
rctivc lifc oltic ualS rad thc Dost{lotutr
cerr pcriod. ltb dcno[stnrtlm must bc

ccrti0cd by r quellllcd ground.water
scicltlst rnd rpprovd by thc Director of
ea epprovcd Stetg rnd uust be based
upo[3

(1) Sitc.speciflc fleld collected
EcrsurcmcnSs, nnpllng end enrlysis ol
physlcrl, chcuicd, rnd biological
pmccttcr rtrcctht sortrnhrnt frte end
treaspon, rnd

(2) Coltrqtnrnt litc end trrtrsport
prrdlclonr ttrt .orinlzc eontsminsnt
n[ntlon rnd coosldcr inprcts on
huuel hcelth end cnvlronncDt.
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SJJ Aoollcebllitl

The ground-watcr monitoring
requiremens iue applicablc to all existing
MSWIfs, lateral cxpansiepq and osty
MSWLFs that receive wastc after Octobcr
9, L993. The requirements for gror.rnd-
water monitoring rnay be suspcnde(
provided the owuer or opcraror catr
successfully demonstrate either:

1) That thc MSWLF unit quatiscs for the
exemption for smdl landfills under 40
cFR C258.1 (0;-0r

2) That no potentid exists for migration
of hazardous constituents from the
MSWLF unit to the uppermost aquifer
during the active life of the uniq
including closure or post-closure
periods.

The no-migration demonstration must bc
bascd upon site specific information
relevant to the fate and transport of any
hazardous constinrenls which Eay be
expccted to be releascd from the unit.
Thc prediaions of fate and transpon rnusr
identiff thc maximum anticipated
concentrations of constitucats migrating to
ground water so tbat a Protedivc
asscssnent of potcntial cfiects to hnnan
hedth and thc cm'ironncnt can be madc.
Thc dcmonstratioo would excnpt the
MSWLF unit from reqrircments of
0S258Jl thoush 25t55 whicb include
installation of groud-watcr moniroring
systems, and sampling and andysis for
both deteaion and asscssnent monitoring
constitucuts.

SJJ Tcchnlcd Consideretlons

All MSWLF uais rhat receive waste after
thc effegtive datc of Pan 25t Eusr corDply
with fhc ground-watcr " monitoriug
requireaents. Thcre are two exemptions
from the requircnctrts:

1) Thc small land6lt exemption (sce
Scction A); or

2) The "no potentid for migradon"
exemption"

Snell r endill Ercnption

Tcchnical considcrations for determining
the applicability of the small la4d6ll
exemption is prescnted in Chaptei t.0
(Subpart A) of thir docuurcat.

Excuprlon fron Ground.rtter O,Monitoda3 Rcqulrcncnts

For MSWLFs tbat do not qualify for the
smdl landfill exemptioq a susperuiou of
the ground-watcr monitoring requiremens
of ,t0 CFR !Z5t5t ttuougb 025E.55 is
urailablc only in approvcd States. To
receive this exemption, the owncr or
opcrator Elrst dcBonstratc that there is
no porcntial foi hrru'dors constinrent
migratiou to ',tc uppcruost aquifer
throughort thc opcratiry closure, and
poctdonue pcriods of &e unir Tbe
dcnonsuation Bust bc certiEed I a

rydificd gronnd-wetcr scicntist and bc
bsscd on sitc-spcciEc 6cld Ecasurencns
and sanpling and aaalyscs of thc physical,
chcmical ad biological processcs
afiecting hazardous constinrent fate and
transport The demonstration Eust be
supported by site*pccific data and
predictions that maximizc conaminant
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migration Sitc-speciEc informadon must
includc at a minimum, information
relevant to evduate or interprct thc
influence of thc fotlowing processcs which
may affea contaminant transpon:

Physical Processcs:

. Aquifcr Characteristicr includiag
hydraulic conductivities, bydraulic
gradients, effective porosity, aquifcr .

tbicknes, identification of saturated
and unsaturated conditions,
stratigraphy, degfec of fracnrring and
sccoudary porosity of soils urd
bcdroch spatid variability of aquifcr
paramcters, gtround-w?ter discharge
aad ground-water recharge areas;

. Waste Characteristics including
quantity, typc, and origin (c.9.,
commersial, indnstrial, smdl quantity
gctreraton of unregulated hazardous
wastcs);

Climatic Conditions including annud
precipitatio+ leachate geaeration
estimates, and effects on leachate
quality;

l-cachate Charactcristics including
leacbatc compoeition, dcnsity, the
prescncc of immisciblc coastituents,
Eh, and pH;

Enfnccred CooOoO iacluding lins15,

coyer systcms, and aryifer dteratioru
(e.&, lowering watcr table) may be
evaluated under dcsign and failure
conditious to estimate long-term
residual performance and asy resulting
enhancemcat of natnrd conditions.

Ctrcmical Proceses:

. Attenuadon sf sgstrrninants in thc
subsurftcc iacluding
adsorption/dcrcrption reactions, ion
exchaage, (orguric content of soil and
soil watcr p[I), and coruideration of
posiblc reactions causing chcmical
uarsforuation or chelation;

Biological Proccsscs:

. MicrobioloFcal Dcgradation which
may attenuate Brgct compounds or
Gausc Eansformations of compounds
during substratc utiliradoq forming
Eore toxic chemical species.

Thc rule was wrinen for owuqrs or
operators who do not quali$ for thCsmall
community excmptiou A discussion on
&esc and otbcr processcs whicb affect
contaminatrt fatc and solute uansport is
prescnted in the dternativc design se(ron
of Chapter 5.0.

When owners or opcraton prep:ue a ''no-

migration' dcmonstration thcy musr use
predictions that naximize contamrnant
migratioo both from thc unit and througb
thc nrborbcc mcdia Assumpdoru about
mriablcs atrccting transport sbould be
biascd tomrd orrer+stimatiry traatpon
aod anticipetcd coxunations. Oo the
wholg nrch biascd assumptioos sbould be
coosistcat witb kaom site cooditions and
should represcut a j3rliriic cordidon.
Assumptions and site specific deu thar
are uscd iD thc fatc and rrnspon
predictions should conform wi$ rurspon
principlcs and pKrcesscs iocluding
adhcrcncc to mass-bdancc and chcmical
cquilibrie limiations. Witbi" these
physicocbcmical limiaiissg assurnptioru
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should b€ biascd toward the objective of
assessing thc maximnm potcntid impact
on human health and the environrnenl
Evaluation of site-specific- data and
assumptions to consider Eay include some
of the following aPproaches:

. Use of thc uPpcr bound of knorn
aquifcr patameters and conditions
which wiU maximize contaninant
transpon (e.g., hydraulic conductivity, '

effective PorositY, borizontd and
venical gradients) rather than average

values;

. Use of thc lower range of knoum
aquifcr couditions and Parirmeters
which tcnd to a[enuatc or retard
contaminant transPort (e.9.'
dispcrsivities, decay coe6sients, catioo
exchange caPaciticq organic carbou
couteos, and recharge conditions)
rather than avcrage vdues; and

o Consideration of cumulative impacts to
watcr quality including both existing
water quatity daa and cumulative
hcalth risls poscd bV bazardous
constitucnts tikely to migrate from thc
MSWLF unit and otbcr Poteutid or
knorm sourc6. .

Guidancc o! sclcction and usc of
mathematicel approac.bcs for evduating
contaninsil or solutc transPort is

provided in Chaptcr 5.0 uader discttssion
of alteraedve dcsign aod relcrnnt point of
compliancc asscssncul

53 COMPLIANCE SCIIEDT'LE I
lo Ctn ! 25tJ) (c)

53.1 lttrtcnca: o? Rrulrtloa

(c) Oncn rnd opcntorr ol MSIilI.F'
uaits ourt conp$ dtf, thc ground.rrter
nontbrtry r:qulnncnts ol thlt Pril
eccordlryto thc tollodry schedulc unless

rn rltcraetlvc tchcdulc lr spccilled under
prntnph (d):

(f) Edrtltr3 MSIilLF unlts rnd lrtenl
exprnslons lcs thel onc uile ftom r
drhH4 rrtcr h3rl! (surfrce or
subaurfrc.) nuct bt h conplirnce with
th grouad-trtcrnotrltorlry rcquirenents
spcclficd t! l!25t.5t - 25tJS by Octobcr
i, tgxi 

i
(2) Edsth3 MSIilLF unitr rnd lstcrel

ffi*r'ffiHI-.'l;H;lifiO
irtrk!'(surfrcc or subsurfrcc) nust be in
conpllrncc rtti thc gtound'water
uonitorln3 nquirencats specilled in
lt2SSJl - 25tSS by ftobcr 9, 1995;

(3) Erdsth3 M$il|LF unltc ud leterrl
cqudoot tF.tGr rhrl tro niles hom r
drhHry rrtcr tilr}: (curfece or
mbcurtcc) uust bc h conplhnce with
Sic ;fouad-r[tcr nonlSor{a3rcquirencnts
rycdncd h !!2SSSI . 2St SS by October
9,1lyti

({) Nlt ItfflWtF unltt nust b. in
congllucc tltl ttc gound'rrter
nodtorlry rrqulnucntl spcci6cd in
E!2SS.SI . 2St tS bcforr trstc crn bc

plrccd h thc udL
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53J AppllcrbllltY

The rule establisbcs a sclf-implemeutirg
schedule for orrucns or opcraton in
unapprovcd States. This schcdulc is
depcndent on tbc distancc of tbe MSWLF
unit &om drinkiry water sources. Bciag
in compliance with this schedulc requires
that u appropriatc uunbcr of aonitoriug
wells havc bccn instdlcd at propcr
locatioru (CXt.51) aad thc detcctioo .

monitoring progran bas bcen iaidatcd
(!!25tJ3 and 25t54) prior to thc
specified dcadlines. Approved States may
spesrry an alteroative scbedule under
S258.50 (d) which is discttsscd in Scction
5.4.

Existing unis and laterd cxpancies5 1.r.
than onc milc from a drinldng watcr
intake oust bc in compliance with thc
ground-water monitoring requiremcns by
Octobcr 9, 1994. If tbc unic are greater
than one milc but les than two miles
from a drinlcing watcr intdcc they must bc
in compliance by Octobcr 9, 1995. Thosc
unis locatcd oore tban two milcs from a
drinlcing water intalc Bust bc itr
compliance by Octobcr 9, 1996. A
driEldry watcr intetc includcs wetcr
supplicd to a uscr fron cithcr a nrrfae
water or ground-weter lorrirc.

New MSWLF udt$ de6lcd as units that
have not rcccived w"stc prior to Oaobcr
9, 1993, mt bc in coopliance with thesc,
requircocnts bcforc recciving wasrc
regardlcss of tbe proximity to a water
supply intdcc.

533 Tcchalcrl Consldcrrtlour

For most fasilitics, tbcsc rcguiremens will
bccooc applicable tbrec to 6ve years
aftcr thc eEcetivc date of thc rule. This
period should providc suficicnt timc for
tbc owncr or opcrator to condust site
invcstfation and characterizatiou studies
to cooply with thc requircmcns of 40
CFR !25tJl througb !Xt55. For those
facilitics cloccst to drinking water inukes,
the period prorridcs tvo to threc years to
collcct gound.wztcr qrdity informarion
to ilrscss scasonel trariations. This period
should b€ sufficicnt to establish a
databasc on which to cvaluatc seasond
variatioru for most sites except for thosc
whcre thc ground-warer flow rate.is very
slov. I

5.' ALI'ERNATTVE
COMPTIANCE SCTIEDUTES

'O CtR 2StJ0 (dXc) & C)

5.4.1 Strtcmcnt ol Rcluletlon

(d) Thc Dlnctor ol u rppnovcd Strte
nry gp.cl$ u rltcnrtlvc rhcdulc for
tlG oru! or ogcn3on ol cdsttn3
MSWIf ultr ud lltcnl crprnsloos to
corpl, iltl tlc Sould.;ttcr uonitorln3
nqulnucllr rFcltrcd lr !l25t.Sl
2tS.S5, tttr'rctirldc nurt cnrur: thrt
50 Dcrrlna of dl cdrtlns MS\ilLF unir
er: b coogllrre b, OctoDGr 9, 194 ead
dt Giltht MlttYLF ualtr rtr in
conpllrre b, OctoDcr rrUlt6. Il rtttn3
tlc corpllrre rclcdrh, tic Dlrector ol
.r rpgrorrd !l3t3a uurt coosider
potcotld rlrb pond b, tlc unit to
[uu Ldtl ud tta cnv{ronnctrt. TtG
lbllorllt tcSorr $odd bc couldcrcd in
dctctuldat Eoftodrl drfB
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(1) Prorlrlty ol huuen rad
envirpnucntd rccrpor;

(2) Ihrlgn of tlc MSttIf udt;

(3) Ar of thc MSTYLF unli;

({) Thc slzc ol thc MSIilLF uatr;

(O lyDct rad quutltlc! of rr$cr
dlrposcd lncludlry lcrrG rlud3e; ud

(O Rrrourcc vrluc ol tf,c undcrlyln3
rquller, lncludlng

(i) Currcnt end fEtur: uscr;

(U) Prodntty rnd rlthdrerel retc ol
uscr:; rnd

(lll) Gnound.rrtcr qurllty r.nd queatity.

(c) oncccstrbushcd 13 r MsltLF rEit,
troud.r.tcr uonitorlrg shell bG

conductcd Shroryiout tLc rctlve life rnd
post.clorurc e.rc pcrl'od of thrt MSIffLF
unlt rr spccificd h l2Se6L

0 (Jcsztuts.Spdut*zlgiloe
dt gdlW,tt ol c gwnd-w
siclgd,*)

(j) Tte l)lrsor ol u rDprorcd Strs.
Ery cltrblLl rbcnrthr $icdd.r bi
dcnoartrrth3 colpllucr rlrl
!2$Jf (OGD, Ftrldlt s, mrmcrdo. oa
plrccnd of crrd[crtbr lr optulrj
rutd; I 2S&S{cXf), npcetrtr| to
rctl[cstlol ttrt *roltcrtty dtrl6crrr
lrcnerc (SSD lodcc lr lr oD.rrtlrt
rwrd; ! 25tSa(cX2) ud (3)r pcnrbiat
!o ar lrrarut mrltotLt pto1rra;
! 2S&l5O), pcltrlrbl 30 3.Dpllnj rad
udydU Appadtr II Golrtlauctrr;

$25tJ5(d)(l), pcrtehht io pt.clncat ot
rc3lc! (Apfldlr II cooctltucltr dacctcd)
ll rurd ud rctl[crtb! of lorld h
rurd; I 25ut(dx2), parrldry to
upllry lor Appcndh I ud II; ,
| 2![.S5(d), f:nrlUf to mtl[crrloo
(ud plrcrnmt oltolh.la ru:ord) oISSI
rbotr jroeld.tr3cr protcctloa strndrd;
| 251ss0(l)(h) ud I 2$Je(r),
pcnrttry b urcrrucat of corrGctivc
rc.rarcg t 21S57(r), pcrtriniry ro
rdoctbl ol nucdy rnd rcttllcrtloo of
plrccucatllrurd;!25tJt(c)(4),
pcrtrlnln3 to rctl[cetloa olphceEetrt itr
ncord (el3crutlvc comcctlvr rctlo!
ucesurer); rld l2$JftD, pcrreiniag ro
notllcrtbn ol pbccncnt h gecord
(ccnlficrtlol ol rrucdy couplacdi

5.4J Aoollcrbllltf

Altcraativc schedules for conpli*.. *rO
thc grornd-watcr monitoring requiremcnts
apply to cxistins units and lateral
clprrxisss in approrred States only. Atr
dteraatc schcdulc may bc granted by the
Director of an approvcd State. To gaat
dtcruative oooitoring compliance
scbcdulcs, ghc Director of an approved
Stetc Eust evelurtc sitc.specific
inforaetioo on e crsc.by.casc basis. Each
crsc rbodd bc anlurtcd rch,tive to other
sitcc to ergure thrt.fifty pesoent of dl
cxiltitrS L{IIWLF unitr rrc in compliance
by Octobcr 9, 1994 rod thet dl r:nis are
ia coopliucc by Octobcr 9, 1996.

Sitc*pocific inforantion, tlet tbe olmer
or opcntor dlst $bnit to thc Direaor
of aa rpprorcd Stetc for consideradon,
wiU bc uscd to e$css thc relative risks
poscd by difiercat wrstc Eanagement

lx,:,"# J ".'3il'#:l'?il*!O
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spccific infotuatioa should euable tbc
Director to ass€ss poteutial risk (proxinity
to receptors, proximity and. withdrawal
rate of ground-watcr uscrg wastc guantity,
typc, conairuncnt desigu and age) to thc
uppetmost aquifer. Thc resource vduc of
the aquifer to bc aonitored (ground-
watcr quality urd quurtity, preseur and
funre uses, and withdrawal rarc of
grouod-water users) must dso. bc
Ionsidered. Thc lcvel of use of a
paniorlar aquifer (e.9., public watcr supply
well fields venus singlc family domcstic
users) ruay inflgssss the ratc and
direaion of flow v[thin thc aquifer.

Oncc ground-water monitoring has bcca
initiatc4 it mut continuc throughout the
active life, closure, and post-closure care
periods. The post-closurc pcriod may last
up to thirty yeal! or Eore after thc
MSWLF unit has reccived Enal cover.

In addition to estabtishing altcrnative
schedules for compliancc with ground-
water monitoring rcquircmcntq thc
Direaor may also cstablisb dtcrnativc
schedules for cenain sanptiry aod analysis
requiremcas of !!5t54 aad 25855, as
well as corrcctive action requircmens of
9025t.56, 25t57, .Ed 25tit.

5.43 Tehnlcd CoeddFntlonr

The rulc dbrr approved Satcs flexibility
in establirhiry dtctaetc scbcdulcs. In
56iring aa altcmative schcdulc, tbe State
will considcr potcatial inpacts to human
hedth and the cwiroamcnt Additiondly,
thc flexibility will dlw tbc Sute to
establish lowcr priorities for smdl
communities. Apprwed Statcs have thc
optioo to addres imncdiately MSWLFS
that have cwironmcntd problcms.

To establish dtcroative scbedules for
initiatiry grorrod-nratcr monitoring ar
existing MSWLF unir$ the Direaor dTay

cOnSidCr infOrantiOg 3rrmrnaridng the age
and dcsiga of existing facilities. The
environncntd perfotuance of thesc
facilities nay also bc depcadcnt upon the
rock aod rcil typcs undcrlying the landfill
uais. Bascd oo design urd age, in
conjunction with t knovledge of the
wastes disposc( the Director should be
ablc to qnliutively asscss or rar*
facilitics b.scd oE their risk ro local
grouad-water resources. Duc to possible
tinitations in regional availability of
eagineering aud scicutific profcssionah,
aad companies spccializing h well
instdlatioq soEG areas in the cpunrry
Eay not have adequate resour{es to
pcrfonu tbc site investigatioDs trecessary
to instdl wells at dl MSWLF locations
within thc compliancc schcdule. Thc
Director, thcrefore, Eay approve
dtcraative schedules for some facilities so

long as dl existing facilities iue in
comptiancc within 6ve year: from the
publicatioa date of Pan 25t.

sJ QuAtrncaTroNs
40 cFR 2trJ0 (0

SJ.l lltrtcocrt of Raulrtlotr

(0 For tlc putloscr of thlr Subpert, r
ordlllcd aound.rrtcr dcntlrt is t
dcrittt or crylrccr rto hu rwived r
brccdlrr:llc or polt{ndurtc de3rcc ia
tlc utlnl rclacct or caglnccria3 rnd
iu ru6chna tnhh3 ead cxpcricocc in
grould-ttt:r iydrolo3r rad releted llelds
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Coopllucr Schcdulc for Erirtu3 Unltr ud trtcnl Exprarlorr

DlJtucG Froo VYr3cr
Sopply latrh '

One milc or less

Morc tben onc oilc but
les tbao two milcs

Morc thrn two miles

nD. !o Corpty
Fror Octobrr )r lllri

3 Ycan

4 Ycerr

5 Yean

Stunrry ol Notltlcrllol R.qulnoc!3t

14 dry notificedon Pcriod rftcr wcll
insullrtion ceniicuion by GWS'

l2st.5l(dx2)

14 dry noofcrtion Pcriod rftr Ending
of serisdcd incrtetc fito brkground
of &rcction prnttrtc(s)

$25t.54(c)( l)

90 dry friod for iaplcrrnrin3 rsscss.

cnr rmniuin3 rfan fudin3 of *etis'
ticrl ircrcrsc (scc rbovc)

!25t.54(cX2)

14 dey rtotific.sioo Pcriod rfEr dctcc.
don of Appcndir Il coordnrml

90 dry pctiod o initiu cqrtctivc arr'
suru3 lsscsst*ns afltE itdhlo(,,.
excccduce of Agpcndir [I GSPS"

ta dey notiicuioa Fiod rft:r rlcc.
tion of coflrctivc crgrtt
t4 dey notiicedo Fiod Pb o
inpleurndn3 dctlrtivc Gsllll3
14 dey nocificuioo Pcriod rftsr rtocdy
hrs boen complctcd rd catifcd bY

GWS
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Ir Ery bt dcuonstretcd by Strtc
rqistretloo, pttlcssloarl ccril[cltlolr, or
conpletioa ol rccrtditcd unlvcnlty
progrrms thet carblc thrt hdlvtdud ul
oekc sound prolcssiood Jud3cncatr
rcaerdlng ground-rrtcr noaitorln3
coutrninrnt fetc rad tnnsport, rad
cortective rctiou

5.5.2 ApplicabilitY

The qualifications of a tround.watcr
scicndst are defrncd to ensurc tbat
professionals of appropriate caPability and
judgement are consultcd whcn required by
tbc Criteria Tbc ground'watcr scicntist
must posscs the fundamentd education
and expcrieacc rcccssary to esduate
ground-watcr flow, ground'water
monitoring systcms, and gronnd'water
monitoring techniques and mcthods. A
ground-water scientist Eust rrndentand
and bc ablc to appty mcthods to solve
solutc raDsport problems and evaluatc
ground-watcr remcdid tcchnologies.
Education may include undcrgaduate or
graduate studics in hydrqeolory, ground'
water hydrolory, eaginccring hydrolory,
warcr rcrouros cryirccring gcotcchnical
cnginceriry geologl, ground.watcr
modcliug/grould-v.tcr coErPuter
modeliry and
scienccs. Thc

of thc nanrel

bc throqh u inrtinrtion
supportcd by other ousidc cettifrcations
unlcss rcqited .t tbc Satc lcvel. Somc
Statcs oey hrvc ccrtificetion plogarnr fej
ground-natcr scicntistq bowarcr, there are

nonc natiooally recognizcd

SJJ Tcchnlcd Coasldcrrtlonr

A qudified ground-watcr scieutist must
certi$ work pcrformed puruant to the
following provisioas of thc grouod-water
monitoring and correctivc action
requiremcns:

. No piiiential for migration
dcmorutradon ( 025t.5(b)) ;

. Numbcr, spacing and depths of
monitoriag systens (CZ5E.5 1(d));

. Detcrminadon that coptanination was

causcd by another sourcc or that
statistically significant inqeasc resulted
from rn error in sampling audTsis or
eraluation (tt25t.54 (cX3) andi258.55
(e)(2));

e Dctcrnin*B that compliance with a

remcdy requiremeot is oot technrcally
practicable ($25t5t(c)(1)); and

. Comgletion of remedy (C258.58(0).

Ccrtifications atc required in both
apprwcd and unapprored statcs. In the

casc of ulappsoved statcq tbc owner or
oPcmu)r Eust dctcrainc that the

--professional quelificatioas of tbe ground'
in gprdancc with thc

In gencrd, a
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Cenificatioos by gorurd.watcr ricntiss arc required for thc folloriry Eve provlrioar of ,0. O
ground-water monitonug and corrective actioo requireocns:

Provirioa Sccdoa

t) No potentrd rur5ratroo dcmn-
strztron

!25t.50(b)

2) Nrrober. dcprh rnd sPrcin3 of
nnnitrtng tystco

l25t.5 t(d)

3) Dercrainegoa thu gg6.+rai q1gq11

whicb lcd to r sutisticd inctersc
in detcctioo oonircrin3 wrs
causcd by cnu or uothcr sourse

lUt.5a(c)
125t.55(rX2)

4) Dcrcclnrqon thu cotopliucc
carutot bc rhicved

l25t.5t(cX t)

$ Cooplcaon of r rcacdy txt.5r(0

monitoring wclls werc instdled according
to acceptablc practiccs and sundards at
locations urd deptis appropriatc for a
gvetr facility). Thc certificatioa must be
placed in tbc operatiry records of tbc
facility aad tbc Statc Direcror anst be
uotified thet tbc dcooogtsttion hg bcco
madc. Spccific dctrilt of thcsc
ccrtificatioos will bc d&c$cd ia thc
ordcr i! u,tich tlcy tpperr i! thit
pidancc dooocat

Most Stelc. cnviroancarrl rqulatory
agcocics brsc grou!&*r'tcr ricatists on
stafi. The omcr ff opcsttot of .
MSWLF is rct occcs$rily rcquired to
obain ccrtificetion froo ra indepcadcnt
(e.& coosultiaj) ground-wrtcr scieotist
aod oey, if ajrccd to by thc Director it
aa apprwed Stetc, obreia eppronl by the
Director io lieu of cartificetioo by aD

ousidc itrdividud.

5.' GROUNI}IVATER
MONIT1ORING Sf,STEMS
{0 cIfR t25tJ1 (rXbXd)

t (l Strtlncat ol Rcmletloa

(t) A 3forrd-tetcr Dodlottry systcE
rrl t lrlrlhd tha coldctr of r
rrildrll rrlrbcr of db' bctdlcd rl
rmroflln lo3brr ud &gtht, to Ylcld
goofarr ruphr tor ltc uppctuost
eqpfr (lr d.O!.d lrl25a2) tirt,

(f) Ergnrer3 31. qlrlltY of
Uf3rorrA Frd til.t 3iil Ler aot
bs rhd l, h.fr3r fiol r udt A
dcrnlrrtbe oahfltord gudlty ury
lmhdr nnpllry ol dlt tLrt rn not
hydnnllcdty upSndhet oi tit trstc
urq3rclt rra ttaltt
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(i) Hydro3eolo$c coldltlonr do mt
ellor thc owncr oparttor io dctcrffic
rhrt rclls erc hydreullcrlly upgndlcat;
or

(ii) Senplin3 .3 othcr rtlh ritl pmvldc
ra indlcetlon olbeckgrcund ground ntcr
qudity thet ir rr ttpttscntrtlve or oorc'
rcpn$Gntstive 3hu thet provldcd b, tic
upgndient wcll$ rad

(2) Rcprescnt thc quellty of 3round
rlacr pesrlng thc rrlcvrat poirt ol
conpllencc spccillcd by t[c Dlrector ol u
rppruved Stete undcr 025t.4()(d) or rt thc
rrstc nsnrgcmcDl uni3 boundery i!
unepprovcd Stralr. ltc do*r3ndlcat
nonitorin3 sysscn nust bc hs;trllcd tt
thc rclevana polna o?conpllencc spccillcd
by the Dircctor ol ra epprovcd Stetc
under $256.40(d) or rt thc rrstr
mlD.gement unl3 boundery la unrpprcved
strt6 that ensurc dacctloa of grund-
rrtcr coottuiattloa h thc uppctuost
rquifcr. Wbcl piyrlcrl obctrclcr prccludc
instellrtlol ol 3rould-trtcr uodtorla3
rrclk rt rhc nlcvur Doh3 ol conpllrrcc
r3 cdsttnj udt$ tL donlndlcl3
nonitorinS syJttE Ert ba httrllcd 13 3t
closcst pncttcrbh dbtucr tydndtcelty
do*l.grrdhal hon tle rrtcvrnl Eoll oa

conplhncr or rpccl[cd bt tic Dtrtot ot
l! epgrwrd Stetc udcr !254{C tll
G[t[rG drtcctlol ol trould.trStr
contenrlnrtloa h ttc uppctuotl qrlfr?.

(b) The Dlr:ctor ol u ryprovcd Sutc
ary rpprcvc r nultl-ud3 3rould-rtlcr
uodtorlry cy$cn bttttd ol *Arntc
trouad.rrtcr mal3orlaj syrtcus ?or cech
M$m.f onil rtca 3tc hcltlSy hu scucnl

ultt, provldcd tlc uultl.udt ground.

'la.r mdtorlry sy$cP EGCtr thc
rrquinncnt of $lStJl(r) ud rill bc rs
prcCcttrt ol lnura bc.lth rad thc
cnvlrolncut rr ladlvldud uonitorin3
rytEcrlrt for c*i M$ffi,f' uni3, bescd oo
tic lolloilry hcton:

(f) Nunbcr, rprchg ud orlcntrtion of
t[c MSlf,LF uaits;

(2) Hydroteologlc rttlry;

(3) Sltr Uetorn

(a) Eadrccrln3 desfn of thc n4Sm,f
ualtr; ud

(O TyD. ol rrstc rGccptcd 13 thc
milil.t odtr

(c) (SaSddt S.T p tahnial ginow
on moaitoring wcll design and
olcludn)
(d) ltc arubcr, rprcla3, rnd depths of

oodiorlry sy*.ulr rtdl bc:

(l) Dcctulrcd E tcd ugoo rltesiccinc
tccillcd hfbtuetlo! tirt uust includc
tiorougi chulctcrlatloo oG

(l) A{plttt tilclrcrq grouad-retcr llox
rr3e, 3rolld-rrtcr tlot dlttction
lncludlr3 rcrroul ud lcnporel
[uctudorr h grould-trtcr [ow; end

(ll) Srtuntcd ead r!3rturrtcd
jolojlc rrltr ud ill urtcrldr ovcrlying
tic uppctuort rqulfcr, nltcrirlr
coupttrl4 tlc rpparort rquifer, tnd
n*crlrlr couprlrt4 lic coallaln3 unit
dcfila3 3[G lonr Doudrry of thc
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uppermost rquifcq includh3 but lot
ItEiaGd to: tilchcrss, rtnt[nphy,
llthologr, hydnullc coaductlvttlcl,
porori3lcs rnd eficctlvr ponorltlcr

(2) Ccrtl0cd by r quellflcd gound.vrrcr
scicntlst or rpprovcd ry thc Dlrcctor olra
rpprovcd Sarts Wllf,la l4 drys ol tUr
ctrti[crtion, thc orrcr or opcntor oust
notlf| rhc sotc Dlrccsor rirt rhc
certiflcrtioo her bccn pleccd ln tic
opcmtint rtcord.

5.G2 Aoollcebillty

Tbc requircmens for estabtishing a
ground-watcr aonitoring sptcm pursuant
to C25651 are applicablc ro dl new
faciliticg c*isting fecilities, and latcrd
cxpantisns of cxisti"t facilities according
to the schcdulcs idcotified in 40 CFR
1258.50. A ground.water monitoriag
systera consiss of monitoring wells located
both hydraulically upgradicat and
dowugradicnt of tbc MSWLF unir Thc
wclls Eust bc instdlcd to providc
represcnurtive grouod.watcr samplcs fr on
the uppcraoot aquifcr. Tbc gound-warer
monioring ncnrork u$t bc capablc of
cbaraaerizin3 cberycs in thc qudity of
ground-rratcr prsiry thc rcledant point of
coEpliaroa A $6cicat mrmbcr of
monitorin3 wcllr Erst bc located
downgradicc of tlc nair rad bc screened
at dcptbs iE thc uppcromt aquifer to
ensurc conterdnaDt dctcctioo Gencrdly,
upgradient wells are uscd to detcrmrae
background grouod-watcr qudity.

Thc domgradicnt wells must bc located
at thc relcnant point of compliance
specificd by tbc Dircctor of aa approved
Statc, or at tbe r*zstc Eaoagcncnt unit
boundary ia unapprwed Stetcs. If existing

physicd structurcs obstruct well
placeaent, thc domgradignt monitoring
systcE sbould bs placed as clocc to thai
bouadery as possibte. Tbc usc of aa
dtetretivc boundery for tbc point of
coapliance is discusscd ia Chapter 4.0.
Wclls locetcd u tic relcvaat poiut of
coraplirncc aust bc capable of dcteaing
coataminrtiou in thc uppernost aquifer.

In apprwed States, cacb individual wasre
Easatemcnt unit is oot required to have
a s€paratc arouad.watcr moaitoring
systco A mrlti-unit ground.watcr
monitoriry sy43tcn Eay bc installed,at the
facility rs long as the nunbcr and *pths
of wclb .re rppropriate for tha site
coaditions. MSWTF rrnis in unapproved^
Sates mrst havc a noaitoring sysrcn foO
each unit

A ryalified gronnd-water scientist murt
certi$ tbat thc uunbcr, spacin& aod
dcpths of the monitoring wells iue
appropriarc for tbe MSWLF. This
certificatioo mrs' r placed in rhe
opGntint recr ihc State Director
Bust bc aotifie,- ,rlrhin l{ days that thc
ccrtificetioa wrr plrccd in thc opcrating
rccord.

5.6-l Tchlcll Coartdcr*loar

Tbc objetivc of . ground-watcr
uonitoriry systca is o oerimizc the
litclihood of intcrccpdtrt Foutrd water
th.t hsr bccn conteainatcd by lcacharc
fron tbc tttSWtF. Esdy cootaminant
dctcction is inportaat o dlov sufficieut
tioc for r renediel respoosc Ecasure to^
bc dcrelopcd rnO inftencnted _befqO
scnsitive rcceptor! are sigificantly-
affcctcd. To rccooplish this objective, thc
moaioriry wells shonld bc located to
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samplc Eround-watcr &otn tie uppcrmost
aquifer at tbe closcsr practicable distance
to the wastc managemeut ',nit bonndary.
An dternative distancr, which is
protcctivc of hunan hslth aDd thc
environneng bc granted by thc
Director ofDirector of au approved Statc.
Informatiotr oo sctdnt thc relevant point.
of corapliancc for grouud-water
monitoriag is providcd in Ctspter 4.0
(Dcsign Critcria). Since thc oonitoring
program is intendcd to operate tbrough
tbc post-closure perio4 thc location,
desig4 and installation of nonitoring wells
should addres both existing couditions
and anticipated facility dcvelopment urd
changcs in the ground-water flor regime.

Uppcnnost Aquilcr

Monitoring well placement tnust bc
adequatc to providc represcntative
saurples from thc uppcrnost aquifer. Thc
uppcrmost aquifer is dcfincd in S25t.2 as

'the geologic foraadoo trcercst to tbc
nanrrd ground surface thst is an aquifer,
as well aS lorcr rryifcn tbat arc
hydraulically intcrconncctcd with this
aquifer ufihin thc hcility propcrty
boundary.' Thcsc lower rquifcn may bc
scparatcd phtsicaltf '&oa thc uppcr
aquifer by h$ pcrocablc strata (having
a lovcr hy&etilic conduaivity) which are
generelly tcsocd aquiterdr. An aquitard
is a les pctucablc acolqic unit or scries
of closcly layered unis (e.f silt, clay, or
shale) which in itsclf wilt oot yield
significant quantitics of watcr, but will
trassnit wstcr throuth it! thicknes.
Aquiterds E.y includc thicker
suatigraphic scqucnocr of clayc, shdes and
dcnsc, unfrastue4 crystdline rocls
(Frcezc and Chcny, Lnr.

To bc considered pan of tbc uppcrmost
aquifcr, r lorer zooc of saturadoo must
bc hydrautically connccted ro the
uppemrost aquifer within the facility
propcrty bouadary. Crcncrdly, thc degree
of coonunication betwcen aquifen is
erraluarcd by grouad.warcr pumping tests.

Dcrctullrltor ol Bectgrould Grpund.
lYtlcr Qurltt,

The goal of monitoring wcll placemcnt is
to prwidc represcntative samples of water
quality both upgradicut and downgradient
of tbc landfiU. tn this manncr, changes in
thc quelity of ground-watcr passinj under
tbc landfll can bc determincd.l The
natural chcmical composition of Eound
watcr esscutidly is controUed by thc
mincral compoeition of thc geologc unit
comprising thc aquifer. As ground warer
Bovcs from ouc geologic unit to another,
its cbcmical compositioa changes. To
reducc tbe probability of dereaing
nanually ocouring diffcreuces rn ground-
watcs qudity bctwccu upgradient urd
domgrrdieat locatioas, watcr qudity
shorild only bc compared bctween
geolojic unis of rimils' compositioo.

Corylcr hydrqeoloSt can bc diffi6uh 1q

dcscribc. As a result, thc rulc dlorr the
owacr or opcsilor tteribility in
dctcnniniq whcrc o locetc welb tirt will
bc nlcd to cst blbb backgould u/ater
quslity.

If the hcility is nry, grurnd-water
saoplcs collcctcd prior to diryo.l of
tnstc clA detCroilc basclir watcr
qudity for botb upjradient end
domgradicnt locations. Tbc r,mphng

Eay
an
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should bc conduaed to account for both
scasonal and spatid variability in grouad.
water quality.

Detcrainiry background ground-watcr
qtrality by saopling wells thar arc not
hy&aulically upgradient Eay bc oecessary
whcrc hydrogeologic conditious do not
dlow thc owncr or opcrator to detcrmine
which wells are hydraulieatly upgradiear
Additiondly, background grornd-water
qualiry may bc detcrmined by sampling at
wells tbat caa bc established to providc
gound rratcr as rcprcscutative or Borc
represcnadvc than that prwidcd by
upgradieat wells. Thcsc coaditions
iaclude the folloring:

The facility is locatcd above an aquifer
in whicb ground-water 0ov dircctions
cbange scasonally;

The facility is locatcd aear productiou
wells;

Upgradient grouud-watcr quality is
affectcd by a nucc of contaminatiou;

Thc propoccd or Gdrtin3 landfill
ovcrlics a groun&wucr dividc or local
sourcc of recheric;

Stratr prc$Et .t dowagradient
locatior .sc rbccat st upgradicnt
locatioor;

Karst tcrraia or feult zon6 nodi&
flow;

NcarUy surhce w.tcs :j,ucnces
grourd-watcr flow directiouo .,.9., river
0oodptains);

o \taste mrnrgencnt areas are locaied
clocc to 3 propcrty boundary thar is
upgradieat to tIe facility; and

o Warte E Dlgemcut hcilities conrrin
significant anounts of conta.ninarts
witb dcasitics grcater than water.

MdU.Udl Modsorl4 Syrtcrns

For frcilitics thet heve Eore than one
MSWLF nnit, thc rule gives the owncr or
operator thc optioa of usiag oulti-unit
monioring systcEs. A multi.unit
monioriry sy4stcE docs aot have welh at
hdividu8l MSWIf bouudaries. Irttea4
3a imainrrJr linc ir dnwa aroundlaU of
thc unis at thc fecility. This line would

fiHf;Ht ti.,iHrL i,iill,o'jo
multi-unit monitoring sy4stca is restncted
rc facilities locatcd in approvcd States. A
multi-unit systcn mnst be approvcd by the
Dircctor of an approved State after
cousideration has bcca given to the:

o Nuobcr, spach& and oricntation of
thc LMWLF usis;

. Hydqcologic scniat;

r Sitc hirtorn

. Eryinccriry dcaiSp of the MSWLF
unig; rad

. Typc of rrnstcs acccptcd at thc faciliry.

Thc prrpco of e mtlti-rrnit system is to
rcduce tbc ovcrlep of nonitoring wellsH frffi,#'friJ.:l;e)
systcn shotdd onsidcr thc use and

Eansgpncut of thc fecility with respca to
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urticipated unit locations. By reducing
dupiiciry, monitoring costs can bc reduced
from saarpling and andysis. ln rcnc cilscs
it may be possible to jutify a reductioa in
thc number of wclls if thc wasre
Eanagcncnt units are digncd dong thc
same flov path i! thc ground-watcr
system.

The multi-unit mooitoring system Eust
providc a level of protectiveness to bunan
hedth and tbc cavironmcat that is
comparable ro a separate unit monitoring
systcn. The multi-nnit systcn sbould
allow an adequatc responsc dme after
detcctioo of contaminatioo in ordcr to
dcvelop and implencnt corrective action
beforc scnsitive reccptons are significantly
impacred.

Hydrqeologicel Invcst$tlonr

Adequate well placement is dependetrt on
colleaing and cvduannS hydrological
information that can bc uscd to form a
cooccptud modcl Thc goal of iL

hydrogcological iwestfetiou is to acquire
site-spccific dan coocerning:

o The latcrd and venicel cxtcot of the
uppermost aryifcr. -

. Thc letcrel end venicel ertent of thc
uppct rd lorrcr 6pnfining units/layers;

. The gcolog at tbc ormcr/opcrato/s
facility (c.g strstigspry, [tholory,
smrctural sctting); eld

r Tbc cbemical propetties of the
uPPcrnost aquifer rod is cPnfinint
laycn relativc to locel ground.water
chemisuy and nrstcs managed at the
facility.

Gronnd-watcr tlow data including:

Thc vertical and horizontd directioru
of ground-watcr 0ow in the upp€rmost
aquifcr;

The vertical and horizontal
coEponcns of tbc hydraulic gradient
ia tbc uppermoil and lower aquifer;

. Thc hydnrlic conduaivitics of rhe
ruaterids that comprisc tbc uppermost
aquifer urd is 6pn6nilg unis/layers;
and

o Tbe averagc lincar horizontd vplociry
of gound-watcr flor in tbe upp{rmost
aquifcr.

Prior to initi8tins a 6etd investigatios the
o\mer or opcrator should revicw all
available inforuation oa the site. Ths
prcliminary iavestigation must include a

review of tbc following information, as

avaibble:

. Wste rnsoatcncnt history of thc site,
including

- Chronologicel history
includiry desgriptions
ernegcd on*itc;

- gurnmrry of doormeotcd relcascs;

- Suucnml integrty of thc MSWLF
unit ud phrErcd controls oo wilste
mitfrtiou

. A litcnorc rcvicw, including:

- Rcscerch rcport perforaed in the
arce of thc sitc;

of the site
of wastes
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. Journal anicles;

- Studies and reports &om local,
regiond, and State offices (geology
surveys, weler boards, cnvironncntd
agencics, etc.);

- Studies &om Federd offices such as

USGS or USEPA"

o Information &om Ele scarcbe$
including:

- Rcpors of previors investigations at
thc site;

- Geological and cnviroumeotal
illrsctrsEcat data fron State and
Federal project reports.

Thc aforemendoned doormcutation is by
tro Eeans a complctc listing of daa
neccssary to conduct a preliminary
investigation Tbcre arc many other
sourccs of doomcnurtion that may bc
availablc for rcvicwduring tbc prelininery
investigation"

The gcolory of tbc sitc is cbaraaerizcd
aftcr complctioo of tb Prelimin'l,
investigatioo

Borchoh llo3ren

All hydrogcological invcstfations irludc
a borehole proirsE A borcholc Progun
is necessary to dcfinc sitc fidro3cologr
an; thc soall-scalc geoloSt of thc erea
bc:":ath thc sitc. The program rsudly
rcquircr Borc rhen gas itcretion" Thc
objcctive of thc iaitisl borcholes is to
furthcr dc6ac the concrepmd model
derived from rcscarch deta.

Thc boreholc progran should bc designed
as follqrt:

. Thc initid nnmbcr of boringp and their
spaciry is bascd on tbc informatioo
obtaincd durins tbc prcliminary
iuvestfatioo;

o Additionrl borin$ mlst bc instdled u
nccdcd o proddc Eore information
about thc sitc; rad

. Samglcs mrst bc collccted at changes
in litholc >oreboles that will be
coapleteo -r .::Joitoriag wells, lt least
onc sanple rmrl !6 collectcd frdm the
intcrrz,l that will bc thc screcned
intenal o

Gcophpical tcchniques, either surface or
domholc, can bc nscd to plan and
supplcmcnt thc subnrface borehole
progrem. Dqmholc techniqnes include
elcaric logiry sooic loqging and nuclcar
logiry Surfacc geopbysical techniques
inchrdc scismic pro6lin& clectrooagnctic
profiling rnd resistivity pro6ling.

Tbc den obuircd froo thc borehole
progu shotrld coeblc tbc. omcr or
opcntor to idcati!:

o UtboloSr, soil tlpe* aad stradgraphy;

. 7arrl of potcatielly hig! hydrautic
confustivity;

o Thc prcactrss of N confining
foraatioa(s) or leyer(s);

. Unpredictcd Scologic fcaturcs su.r, .f
fault zolcs, crocs'c-ttttiry strusrures,
pinch out zoocq, crc.;



o Continuiry of pcuographic features
such as soning grah sizc disuibutioo,
ccmcntation, etc.; and

o Potentiomctric surfacc or uarcr tablc.

Upou completion of the initial boreholc
prog,erl tbc daa is interprcted and data
gaps identified. Thc daa is rscd ro
PrcParc:

o Structrral and stratigraphic maps and
cros scstions;

r Potcatiomctric surface and water able
@Ps;

o Topogaphic maps; and

o Grouad.watcr quality maps.

In additioo to map6, a hydrogeological
report is prepared. Thc repon should
66p3ain, at a mininum:

o A description of 6cld activities;

o Drillint atd/ot wcll constructioo logs;

. A disctsgion aari iirtcrprctation of the
datr; rod

. Rccooncadetions to address data
taPS.

Thc final output of rhe site
charactcrizatioo phasc of the
hydrogcologcel iuvcstfiedoa is a
conccpnnl oodel. Tbc coocepual model
is thc iatcgnad picnrc of the
hydrogcolqic sycrcn and the wasrc
manateEent scairy. The finel conceptud

model mut bc a sirc.speciEc descripiioa
of thc vadosc zoae, thc uppcnnosr
aquifcr, and its conEniry uaiii. The
modcl should ontain all of thc
inforuution nccessary to design a ground-
water monitoring systen-

Moaltottu3 Wcll lastrltettou

The plecemeat and sceeoing of wells in a
monitoring octwork is bascd oa the resuls
of the sire characterization Tlgically, rhe
monircriag wells insalled initially will notbc suffieicnt for acbicving the
performeocc objcctives of a dJteaioo
monitoring network t

Since there is no required ,oili.rt
nunbcr of monitoring wells at a faciliry, ir
Ey be Bccessary to instatt additional
monitoring wclls. Thcsc wells will be
located to providc additional informatiou
necessery for charaacrizing ground- water
coatanrination and/or to meet the
regulatory requircmear.

Hot{zoltrl Plrccucnt

Tbc cp.cins of uonitoriry wcll locations
nca& to bc qr6cicnt to dctect releases
fron tbc trnlf,lt:' For hcilities located
alorc I 'icte[idty uniform aquifer
(hooogencou and isouopic), the well
spacing crn bc brscd on gcocral aquifer
chrraacristics rnd potcntiel contarainant
far aad trrnspon charactcristics. As
aquifer .bctcro3cncity increascg thc
distributibn .d nruber of prefcreotial
f,ow pethr ney dso incrcasg resulting in
thc well pleccncu rad locrtions of tbc
screcucd intcnnl bcttS dctcruined by thc
locetioa asd typc of arnrd and man.
oade pethrrryr oi cooteninant migradon.
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Figurc 5.1 illutrates scverd examples of
morc complex sratigraphy which would
require multiple vcnical monitoring
intervds.

Thc number of nonitoriry wells needed
to adequately monitor thc uppernost
aquifer doragradicnt of tbe MSWLF is
depeadcnt oo tbc geologr aad waste
constinrents at thc sitc. Bescd on thesc
considerations, d prefcrentid f,ow paths

should bc idcntifred and monitored. Tbe
upgradient wells should bc sufEcicnt in
nurnber to monitor tbc corresponding
geologic units located and monitored
downgradienr

Ia srrraurary, laterd spaciry of oonitoring
welh is conuolled by site-spccific
characteristics such as thosc dcscribcd
above. If thc facility coyen a large arca,
raore monitoring wclls will bG needed. [n
generaf thc more samplcs collecte4 thc
more accuratc thc estimatc of tbc Eean
and variance of grouod-wltGr quality will
bc.

Additiond inforaation oo nonioring well
placcment, watct qudity, end 6sslloring
casc hisorieg E y bc fuird in USEPA
(19fD .Ed USEPA (tgtt) .od USEPA-
Sw-t46, (1900), .Dd USEPA (1991).

Wdl Sgrrcd lalcrvrtr ud Vcttlcrl
Plrccncnt ol Scrcar

Thc objective of a oonitoring well is to
sanplc discrep_-f,or zoBs3 in an aquifer.
The thickrcss-of each str.ntn as well as

tbe overdl thiclncs of dl tbc strza that
comprisc the uppctact aquifer are
important in craluating the dcpth intcryal

at which to iut ll tbe monitoring well
screca. Thick aquifcrs with scveral Ughiy
pcruceblc prefereutid 0or paths may
rcqrire scrrerd screcned intcrvals or
oultiplc wclls .t ooc location (well
clustcr). In tbc site cheracterization
proc6$ thcsc prcfcreatid 0ow paths,
includiry fracnred zones and fauls, need
to bc idcntified for propcr screened
intewd sclccriou Tbe screencd interval
is nsudly Eot lcat thaa 5 fcet and iu
gencrd should uot exceed t0 feet in
leagrh (USEPA-SW-846, 1990). A
screened interva,l of excesive leugh,could
lead to cont8ninaat dilution withh the
well by unconuninated watcr 'from
aaotber zooc. Dilutioo effcsts will not
only aficct tbc satistical enalysis of
ground-watcr mooitoring data but may
also lced to oondcrcction of constrruens
that othcwisc would have bccu deteaed.
It is undly oot oecessery to screen the
entire aquifer thickness. Thc screen
placcmcnt requirements can be

deterurincd by asscsing the waste

charasteristics and the hydrogeolory (e.8.,

strat[rrpby, litbolop and venical
coopoocnt of thc aradicn$.

Thc ctrnctcristics of thc leachatcs to bc
dctcctcd sbqttd bc enticipatcd btcd on
westc dispoe.l rnd operationd prrr.tces.
It ir porriblc, prniorlarly at oldcr holiues
thrt rcceivcd coaocrcid or iadnrmal
wrstc$ tf,et e noo-aqucous clBPoBat rn

thc lcec.brtc Etybc rclcescd io dctccr,ble
quaotitics to thc aquifer. Monircnnj for
densc non squcolts phesc tiqurd (D'
NAPLs) thodd occtr jrst $ovc the

borud.ry with less pcracablc traa
(aquitsrdt or coofiain3 lrycrs).
Mooitoriry for tigbt ooo.equcottt pha-e

tiqui& (LNAPts) shoutd occur
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along thc water surfacc/capillary zonc
interface. At cxisting sites, thc exisancc
of D- or L-NAPIS shculd be addresscd in
seleaing srata to bc aoniored"

Ycnlcrl Plrccncnt

The propcr sclcction of thc venical
sampling intcrvd is necesary to cnsurc
that- the- monitoring system is capablc of
dcteaing a relcase from the MSWLF unir
The vertical posidon and lenghs of wcll
intakcs are functions of:

r Hydrogeologic facton that dctcrainc
thc distribution o[ and 0uid/mPor
phasc 6ancporl sirhin, Potentid
pathways of coaearinaat migntioo o
lsd virhin thc uppernoot aquifcc and

o The chemical and physical
characteristics of contaminants that
control their transport and distribution
in thc subsurface.

Sboner screcns Esybe necessary to dctect
contaminanr couoeatrstcd at parti$lar
dcpths. A coot Ein.nt E8y bc
oouGentrarcd at e Prrdcuhr dcpth bcaulc
of its phpicd/chcnicd propenics rad/or
bccausc of hydroto$a progcrtics.
Hetero3emr forortioor require shoncr
well screcat b dlor senpling of discrerc
ponions o( tlc forortiou

Wbcn urore than onc susPccted zonc of
conanination exists u a single locatioq a
well chstcr should bc iastdled. Multiple
wells (chster) arc neecssary for a single
location whcn:

r A siryle wcll c.nnot adcquately
intcrccpt end aonitor thc venical
extcnt of I porcndd pathway of
cont8ninsoon; or

o Thcre is Eorc tben oue potentid
pathrrey of coutaninant migradou in
Oc suborfacc; or

o Thcre is a thick saturated zone and
imnifiblg @nraminents afc, Of may
be prescur

If tbc ground-rrztcr tablc has a higb
dcaree of scesonrl fluctuation, either a

lon3er scrcencd intcrval is reqnied or
scplrstc, discrcct intervds Eey be iscd at
a siryle well locetion.

oocc the ground-water table surfa.. nJJ
bcen idcntified over tbe site (either by
wells or piczomcten) the water table
elcrntioos Bay bc contoued witb respca
to a tnrc datnm (mcaa sca level) to
produce 8 Esp sboriry tbe equipotentid
liDcs (lincs of c' hcad) at thc site.
Ground-wetcr 0w wrll bc approximately
nororl to thc cgtipoteatial lines. A
niniurn ofttr* srtcr lcrvcl clevatioos
erc rcqdrcd&i dc6!e 8ov dircetioa An
rrnpL'c$ripotcofrhl orp shoring flow
dircctioa is provided ia F[ue 5'2. A
disrsiou of thc brsic priacigles of flow
Ect ooo$nrctioo is providcd in Freezc and

Cbcny (1979). Ttc wetcr lcvcl elcvation
mep shorld be contoucd at inenrals that
dlow 8a sccurstc and detailcd
reprcscntetiou of gourd-water oow
dircetionr. For rcoc sitcs with relatively
0rt wetcr tsblc$ thc iatcnm,l may bc as

little as 0.1 feet, whilc at other siies, tt!
intcrval Ery bc as laryc as 2 feet.

t\t!t a rFlF ErO A ^il l OO')
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5,7 GR,OUNI}.WATEN, MOMTORING
WELL DESIGN AIII'
coNslnucTroN
40 CFR C2StJl (c)

5.7.1 Statemcnt ol Rceulrtlon

(c) Mooitorin3 rclts uust bc crscd h I
nlnner thrt arhteins th: htr1rity of thc
nonitoring rcll bore hola 1tlc crdlt
Eusl bG scrccncd or pcrfore3cd rad
peclrcd with grevel or srnd, utcrc
ncGess.rr, to enrblc collcctlon oi 3rcuad.
rrrlcr srmplc* Ttc ealuler 3Pecc (lr,
thc sprcc berrrcn thc borc hoh ead nll
cesiry) rbovc thc senplln3 dcpth nust bc
scdcd to prwca3 coatrnlnrtlon of
senplcs rad thc jrould trtcr.

(1) Ttc omcr or oFnSor uust lotlty
thc Strtc Dircctor tirt 3lG dcsfn,
instrllrtion, dcvclopuclt, tnd
dcconmission ol rny nodtorbt rtlb,
piczometerr rnd othcr EcttuFlmcnt,
semplin3, rnd raelytlcrl dcvlccr
documeo3rtinn hes bccl pleccd i! 3hc

opcrrtint ncrrtd; rnd

(2) Thc nonitodaf ;dl+ plczouctct!'
rnd othcr Ecrrurclb rupllag rnd
eartytlcel dcvlccs ott Dc opcrrtd rnd
nrhtdrcd to tlrt Sict D.rtotu to dcsign
spccl[crrlorr tiroojlout tic lllc ol thc
nonitorh3 Dm3rtn.

$25tJ2 [R:rarcdl.

5.72 AoollceblliE

Thc requiremcnts for monitoring well
design, instdlatioru and maintcnaacc lue
applicabtc to all wells instdlcd at cxisting
units, laterd expansions, and new MSWLF
nnis. Tbc dcsigrr, instdlatioq urd

decommisioning of any monitoring well
urst bc documcatcd in "thc opcradng
record of thc facility aad ccnified by a
qualified ground-water scicotist.
Documentation is required for
piczoocten, sanpling dcvices, and water
level oeasuenctrt instnrmcnts rscd in
tbe aooitoring progiu"r- Direaon in
approred Statcs mnst be aotified withia
14 dap thet thc cenificatioa has beeo
placcd in thc opcrating rccord.

The monitoring wells mut bc cased to
protcc thc integrity of tbe boreholc. Thc
dcsiga and constnrctioo of thq well
directly affccts tbe qudity i aad
rcpresctrtativcuess of thc sabples

*iH:f "#;*,.ril[ff i,oI'.o
eatratrce of watcr ino thc well casing. -
Thc annular spacc bctween thc well
casing and the foraation wdl must bc
packed with a granular rnaterid to inhibit
migration of formation material into the
well. Tbc wcll scrccn Eust have opeoings
sizcd accojdint -to tbc packiry matcrial
uscd" Thc intcrval above and below thc
6ltcr pack oust bc scded to providc a
discrete saopliry iatcnra,l.

Nl nooioriry wcll$ piczomctcrs,
sampling and anrlytical do'ices mut bc
maintsiscd in e oeancr that ensues thcir
cootinucd pcrforoeoce according to
dcaifD spccificatioos ovcr thc life of the

monitoriry progran"

S.73 Tcchnlcd Consldcntlonr

Tbe desfn instdlation, and maintenance^
of nonioriry 

- 
wells will affect 1hq,

consistcacy aod accuracy of samples -
collcstcd" The dcsfn must bc bascd oo

site-spccific infotuatioa Thc formadon
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Eatcrid (litholory and 8rain sizc
distribution) will detcrminc thc sclection
of propcr packiry mrterids aad tbc
strarigraphy wiU dcterminc thc screcncd
length for thc intervd to bc monitored.
Instdlation practices should bc spccificd
and ovcrseeo, to ensurc that thc
monitoring wcll is instdlcd as designed
and will pcrform as intcnded This scctioa .

will providc a discussion of thc hcton thar
must bc coruidcred whcu desigaing
aooitoring wells. Hqverrcr, il shoutd bc
notcd that there are no "qpical'
moaitoring wcll designs bccausc each well
Erust bc tailored to suir thc
hydrogcological scttiry thc contaminants
to bc oonitore4 aod otbcr site.spccific
factors.

Closc attenrion to propcr sclcction of
packing matcrids and well dcvelopmcnr
procedures for wells instdled in tigbt soils
(e.g., clays and silty gacid rills) is
imponant to miniraizc samplc rurbidity
from suspcnded and colloidal geologic
solids.

Monltorlng Wdt DGd;l

Wcll Crslnr

Thc Eonitoriry rcll cuiry provides
acsess frE tlc srrfrcc to the zouc to bc
moaitorcGi_Ttc crsir& associatcd scds,
and grc pootcct rbc intcgity of the
borehole ad nininizc tbc hydraulic
comnunication bcnreetr zoocs.

Cbooeing thc propcr casing oaterid for
ground-watcr oonioria3 wclls Eusr bc
donc with grcu carc. IUletcrids that arc
not coopatiblc with rubeirfacc condidons

c-n qrJs€ fdsc or rirlsadint dctectigns
or non{ctectioos of aoelytcs. Sclccting
thc propcr *cll crsiry iiterials is
depcndcnt on &c following factors:

1) Thc geologic environnrcnt;

2) The oeturd geochemical environmenr;

3) AaticipaEd wcll depth;

a) Typcs and concentrations of suspeaed
conunioaor; aad

5) Thc dcsign life of tbe well.

Tbe Eost frequcntly .r.f u"t.d
cbarastcristics of casing materials are
strcngth aud chemical
resistencc/intcrfereoce. Thc casing mrrst
bc nadc of a matcrid strong enough to
last for thc lifc of thc well.

Tensile strengh is nceded pnmanly
durins wetl installation when rhe casing is
lwcred into tbc holc. Thc joiar suength
will dactminc how loq of a scctioa cilo
bc sus*Ddcd froa thc-nrfacc in en air-
6Ued borcholc.

Co[.psc strcqth is thc sccoad inponant
frsoi td bc coniidcrcd, Co[.psc rrcngh
is thc €p.biliti of r'cesin3 to resist
collrpcc by euy rDd dl encrarl lordr rc
whic.b it is nbjccrcd botb duri{ ud rfter
iostdhtioo A cr$nt is mogt nuccpriblc
o collepec duriry insdlsrioo bcfore
plrccrcd of thc frltcr pacl c uaular
scd ortcrids uor3d tlc cesi"3 Ooce a
cesilS i! iastrllcftod nrppotrc4 coUepse
is scldon r coaccra Scverd scpr that
cao be tdrta to mid airS collrgcc are:

1) Dritliss r suafhg cteea borchole;
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oaterids at a slow, eveu ratc; and :

:

3) Avoiding usc of quick.scning (hiSh
tc mpe rature ) ce Ec Dts f or
thcrmoplasric casings instdladoa

Compressive strengh of thc casing is the '

greatcst compresive strcss that 8
substancc can bcar without dcformation
Casing failure duc to a compressivc
streagh limitation gencrally is not atr
imponant iactor in a properly instdled
well. This type of failure resuls from soil
fiction on unsupponcd casing.

Thc cbemical resistaace/interfcrence
characteristics mnst bc erduated bcfore
sclecting monitoring well materids.
Mctallic casing matcrids are Eore subjec
to corrosion, wbilc thcrrooplastic casing
matcrials are morc suceptible to cbemical
degradatioa The geochcmistry of thc
formation water influcnces thc degrce to
which thcsc proccsscs occur. If ground-
watcr chcmisuy afiects thc structurd
integrity of the cadn& then thc samplcs
tdscu &om thc wcll rre like! to be
afrecrcd.

Matcriels uscd for mooioiirg wcll casing
Bust oot crhibit e tcadeasy to sorb or
lcach chcnft:l coastitucng &oq or into,
wetcr seoplcd fron thc wcll If a casing
matcrid rcrbc conrtinrcnt froo ground-
uratcr, thosc coostiurcnts ney either not
bc prcscnt (fdsc negrtivc) or bc prescnt
at a rcduccd lcvcl Ctenical coostituents
aho ...Jr bc lcechcd fron thc casing
rostcnJs by aggrcsivc aqucolrs rclutions.
Ttcsc constituents nay bc detcctcd ia
saurplcs takcn froa thc wcll. Thc resuls
may indicate contamilatioo (f& positivc )
tbat is duc to tbc casiry rathcr than the

formetioa wilcr. C.siry oaterids must
bc rlcctcd with cere rc avoid de3radadoo
of thc wcll aod to evoid crroocous resuls.

Tbcre 11,e many difierent rypcs of joins
uscd to hold scctions of casing together.
Thc ooet connoo typcs of joins for
t[ermoplastic casiry are occhanical joins
(thrcadcd) or joins thet require solvenr
cemcntiry In ground-watcr monitoring
well$ rcchssical joining by threaded
conacctioos should dr.rays be uscd.
Solveut oeBGnB should ncvcr be ucd to
join casinf ia ground-water monitoring
wclls. Te*s heve sbowa tbat plveut
oeEGnB cen conteninste groun{-warcr
samplcs for longcr than nro year: after
instdlatioa

Casing naterids for ground-water
monitoring wells can bc divided into three
categories:

1) Fluropolyoer materids such ils
polytctrafluroethelyne (PTFE),
tcuaf,uroctbylenc (TFE), etc;

2) ystqllis natcrids including carbon
stccl grlvrnizcd stccl, and stainles
sacl; rod

3) Tbcruoplrstic oeterids such as

polyviaylchloridc (PVC) aod
acryloaitrilc butedicnc sryreac
(A8S).

Each metcrid oey have propcnics wbich
limit ig urc nndcr spccific conditioru.
Ihtaitcd discttssion of natcrid propcnies
of thcsc products with r4rrd to suitabiliry-
for usc in nonitoring wclls constnrction f
pro'idcd in Chapter Elaren of SW'&16-
(usEPA leeo).

hf) I rF



The diameter of the well casiag is
geocrdly seleaed to accoonodar
doryuhole equipmcnt. Additioo.l ...rt
criteria includc:

o Drilliag or well insallation mcttod
used;

r fuidcipated dcpth of the welt and
associated streagrh requiremens;

o Anticipated method of well
developmcnt;

o Volume of weter to be purged prior to
sampling;

o Ratc of recovery of tic well after
puging; and

. Anticipated aquifer testiry

Filtcr Prck DcslB

Thc primary Eltcr pack aaterial should bc
a chemically incn oetcriel, wcll roundc4
and witb . high cocEcicat of naiforuity.
Filter pack materid $drld be conpoccd
of high punty silice srsds (c4; indnstriel
gradc quaru s8!d) or gles bee&. Tbc
usc of otbcr trttcridt nrcb es local,
nenrally oeuniry dcra s.rd is
discour4cd nnlcsr it crn bc showa that
thc metcrid ir imrt (c.g low catioa
excbau3e crpacity), corrsc-grained,
permcablc, and unifora in Fio sizc. Thc
6lrcr pack should €xtcd er leut two feer
aborre tbc screcacd intcrnl,in rhe well.

$thoug! design rcchniqucs for sclccting
Eltcr pack sizc rnry, dl usc the 6ltcr pacl
ratio to csublisb sizc dificrentid bctween
,forugtion nrterids aod filter peck
mercrials. Geacrally, thir 63i6 rcfers to

eitber pc avera3c (50 perceat ret"incd)
grein sizc of thc foroetibn oaterial or to
the 70 pesoeil reteincd sizc of thc
foruatiou rnetcriel. Barcelona er al.
rccon'mcnd- uiry a unifota 6lter pack
gain sizc that is threc to fivc timeJ the
sizc of tbc 50 pcroeat retaiacd size of thc
foraatioa metcrial (USEPA t99O).

Wcll Scnca llcrlgr

Tbc screcned interyal, through which
watcr flow: ino thc monitoring well,
sbould bc sclcetcd with consideralon ro
scasoaal 0uctuetions in water ablc
elaretion in thc uppernost aquifqr and
idcntiEcetioo of the interyal tlit rdqutues
monitoriry latenal sclection and ieiated
topics rre discusscd in previors guidance
ou sclcctiry well locatioas.

Thc scrccn sizc should bc sclecred
according to tbc SIeiB sizc and gradation
of thc prinary 6ltcr pack and the
foruatiou to bc monitored. The well
scrccn dot sizc should bc dcsigncd to
ercludc 60 pcroeot of the formation
Ertcrid! a[d rct-in fron &i perceur ro
!_Q-?oroont of tlc prinery 6ltcr pack
(USEPA 1990). Thc wcll screcn must bc
a hctgqnrnrhetrrrcd produa to ensure
adcqura Goatrol ovGr slot sizcs and
metcrid ruca3tL Ficld sloncd screens
arc rct rcccpteblc. Ualcss DNAPIs are
erycctcd u, bc cncouatcrc4 thc well may
coatdo e rbon rdditioorl lcugth of casing
bclow tbc lcreca to act rs I sunp to rrap
33dinrcgt ia thc wcll

.-
Wcll ctrstcrA fi Btq should bc installed
wbcn Eore tbrn ooc zooc oeeds to bc
senplcd et .ry or loetiou If multiple
well scrccnr r,re iastdlcd in onc well, the
ercas bcrwccn thc rcrccncd iatervds musr
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be sealed to avoid hydraulic
comnunicatioa bctweco two zoocs in thc'
aquifer. Venical cross connection
bctween diffcrent zon6 or differeat
aquifers intcrfcre with tbc qpdity of thc
collected samples aad providcs a pathway
for venical transpon of contaminaos:

Annulrr Scahnt

Proper paling of thc wcll uurulus is

required to prevent couaminatiou of
samples and ground-watcr. Thc materids
rscd for ssaling mtst bc chemically inen
with thc higbcst urticipatcd coacentradon
of chcmicat constitucns orpeccd in
gound-watcr at tbc facility. Whcn tbc
screeued intcrval is in the saturated zooc,

3 minimun of two fect of certiEcd sodium
bcntonite pcllcs should be Placed
imncdiatcly ovcr the 6lter pack Pelles
are preferred in a sanrrated zooc, because
they will penetrate thc watcr column to
crcate an cffcctive ral Pcllcts also will
mt hydratc and bri$c as easily as coarsc
grit bentonitc. A ssEGEt bcntonite gout
should bc uscd rs tbc .lgrler scdent
above thc bcmonitc .d bclow the &ot
linc. Whcn tbc turlrr rd mrst bc
instdlcd in thc un$ffircd zooc' rrr
ceEcot or sbrinkrye.coqcusatcd nc8t

ccErcnt Eimrg shCIild bc tttcd-

Bcmonitc il Dt recooncndcd rr ra
annuler scdsst ia thc u[ssnultcd zor
becausc thc ooisttuc snilablc it
insuf6cient to fully hydr*c bcntoortc.

Surfrcc Comolalol

Monitoring wells conmonly are comple ted

either as abore.ground completions or as

Orsh-to-ground completioos. Tbc PurPosc
of both t)?ca is to prcvcal infilgslion of

snrface r,rnoEino thc wcll annulrs urd to
Prqvent occidentd damagc or vaaddisuL
Complctog a oonitoring well involves
instdting thc folloving componcnts:

o Surface scd;

o Protcctive casiag;

r Veatilation holc;

o Drain hole;

o Cap aad lock; and

o Guerd posg.

;i,lfffi :"1 tr#":*ti,? ;J Ht
well annulu to tbe land surface. To
protect against frost heavc, the seal should
extcnd at least onc foot below the frost
[inc. Thc compositioo of thc surface sed
should alt*zys bc ncat csEeDL ln an

above grorrod-cornplction tbe surfacc scd
sbould fotu at lcrst e nro-foot widc, four'
inch thick spron.

A lockin& procctivc c.siag must bc
ir$dtcd.sqlDd tbc wcll crsirt rc ensure

thet tbc wcll cra bc maintainsd

throqbort &c'lifc of tbc moaitoring
pro3ran Tbc crsiDS shottld bc anchored
at lcrgt ooc foot bclow tic &oet tine in
fu Jurfrca scll A ooc qu.Ftcr inch bole

sbould bc iD$rllcd in thc c.sinS to dlow
thc e$rPG of aEY 3rsca that maY

accunuLtc ':t tbc r*Inf* A drain hole

should bc iosBllcd in tbeprotcctive casing

to pr-cvcat wrpr toffinutry! *^!
pGribty eccdnS rroirid the castng

Lp -r.t bc Pleccd on thc Protective
cairng rod e locL nust bc insalled on thc

cap to providc rority.

I
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To guard agairrtl acsidcntd danage to the
well from facility traffic, concrertor stccl
guards should be irutdlcd oa thc edge of
thc apron-

Figure 5-3 depias the componcas of a
ty?icd monitoring well instdlatiou
Additiond information on weU desigu and .

instdlatiou Eay bc found in Drisco[
(19t7) and USEPA (1991).

5.l GR,OT,'ND.WATER,
SA}TPLING AIID AT{ALYSIS
REQUIREMENTS

'O CFR !25tJ3

5.t.1 Stetcment ol Rcfllrtlon

(e) ltc 8routrd.rrtcr noaitorin3
pro3rrn oust hcludc coaristcnt rrnplla3
end rnelysis prcccdur$ thrt rn dcsljncd
30 ctrsurr nonitorin3 rcsults tf,rt providc
8D rGcuntc ltprcrmtrlloa of glrund.
rr3cr qurttty rt ttc br[round ud
dorl3redlca3 rcllr hrtellcd h
coupllercc rl3l ]lgtsl(t) of 3ur PrrL
TLc orrcr or oD.ruor rr$ lotlty tlc
$rtr Dktctot firr tto sropllry ud
eerlydr prlg*Cperrcalrtlo! bu bcct
plrcrd h 3h ogcndrj rrcord rad th
ploirrD uI hcludo proccdures ud
tehdqr.r S1:

(1) Srnple collccdol;

(2, Srnph prrlcrvr3ba ud
rhipncnt;

(3) Alrtytlcrlproccdurcr;

(a) Ctrh ol cutody coatrol; rad

(O Qerttty lrunts! rad quelity
GolaroL

(b) Tl gooad.trtcr uonitoring
protrrr EIr3 lrcludc renplin3 rnd
udyttcet mttodr tir3 rrc rppnoprirrc
for 3mud.trlcr rrnplla3 rnd thrt
rccurrtcly lClrErc hrzrrdo us
coru3l3ucltr ud oticr nonitoriag
prrenctcr! h 3rouad.rrtcr slnplcs.
Grouad.ntcr srnplcs rhrll Eot bG tleld.
Oltcrcd prior io hborrtory rnelysir.

(c) 1!. renpllnt ptoccdur:| rod
hcqlcrct uurt bc Drotcctivc of huurn
hc.ltb ud ttc clvlroancat.

(d) Grcuad.rr3cr clcvrtions must bc
ncerund h crci;pll lnrnrsdletely prior
ao pu4lag crch tlnc arouad wr3er is
seuplcd. Ttc orucr or oFrrtor Eust
dctcrolrc tbc rr3c rnd dircction of
gouad.trScr 0orceci tlnc gound rr3Gr
lr lenplcd. Grould.rrtcr clo,rtlons ln
dlr dlcf mdulr tt rlnc rrJtG
Dl!a!3DG!3 lt3l Eett bC ucrrurtd
ilaflr r pcrlod ol dre rhort cmuji to
rtlld ScrEolrl vrrlrtlou h ground-rrtcr
b lrtlcl- corl0 pnctudc rccuntc
dactalutlol ol gouad.trtcr 0or retc
ud dlrcctbu

(c) TLr o'rlcr or oDcr3or Eurt cs3rblish
b*fjrcud loord.?rtcr qudlty ia r
frdnrllcdl, rp;ndlclS or b.ckgound
;rNl(r) fu cl o( ri. noniloring
prrrurcecr! or colrdtrclr r:qulnd h thc
prrttcutrr 3rcud.rr3cr uodtorin3
pro;rrr firr ryplhr to tlc MSIilLF unil,
rt dcictdnd. urdcr l2St3(r), or
!25u5(r) ol tf,lr Prtt Beckground
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grround.wrtcr qurlity E.y bG eilebllshcd
rt trclk thet rrc uT tn1la hydnutlcdly
upjndient thrn thc MSIilLF unlt lf i
ECCtr thc rcquinnctrts of !2StSl(rXl).

(0 Thc nunbcr o? sempla coltcc{cd !o
erteblish ground.trtcr quelity detr nust
bG conslstcnt rlti tf,c eppmpdrtc.
strtistlcrl proccdurer dctcrniacd
pur:urtrt to prr{rrph (O of tils rcctloL
fhc srmpll4 proccdurrr shell bc ttocc
spcclllcd under !2StJ4(b) for detccrlol
nonitoriag !25tj5(b) rnd (d) for
Ittcssncnt noaitoring rnd C25tJ6(b) of
corrcctivc rction

StJ Aoolicabilttv

The requiremeuts for sarnpling urd
analysis apply to all facilities required to
c-onduct ground.water monitoring
throughout thc active [ife, closure, and
post-closure periods of operatiou The
monitoring progran Eust establish
ssnsislsng and appropriatc mctbods for
sample collcction, chain of clrstody,
prescnation, and analysis to ensurc tbat
results are rcprcscatetivc of the water
quality and will bc conparablc over timc.
fuality assurance .Dd gatity coatrol
mcasures for both .ficld.fmpling and
samplc alrtFfu Busr bc impleaented.
The mctto6 rnd procedures constituting
the progrro Eust bc placcd in thi
opcratiry record of thc hcility.

For thc sampling and aoalysis program ro
bc tcchaically soun( thc sampling
proccdures and analytical mcthods rscd
should proddc adeqratc accuracy,
prccisioa and dctcctioa limis for the
aoalyte dcterminatioog Samplc analyses
Bust h conductcd gs nnfit13ied samples.
Prior to samplin& thc satic ground.water

elevations ia the wells mrst bc mcasured
to allor dctcraination of direction of
ground-watcr f,ow and estinates of rate off,orr. Thc timc intcrval bcween
BcasurcEcuts at difiereat wells must be
rninimized so that temporal changes in the
ground-watcr tablc do not causc ao
incorrect dctcrmination of ground-water
flov directiou

Background gound.water quality must bc
established at all upgradient or
backgrouad wells. The baCkground watcr
quality Eay bc detennincd from wells that
are not upgradicat of the MSWLF. unit,
provided that the wells lietO
reprcscEUrtive gronnd.watcr sanplei.

The sampling program Bust bc designed
in accordance with the satistical method
closcn by thc owacr or opcrator. The
daa objectivcs of tbc monitoring progam,
in tcrus of the nrmber oi 

- 
samples

collcctcd and thc &equcncy of collection,
sbould be appropriate for the satistical
method sclccted for data comparison.

S.ti Tcchnlcd Consldcntlons

Thc prrpooc of a gronad-rratcr sanpling
and rn.lFb progrec.is.-to cstablisb i
protocol that can bc followcd throughout
thc moaitoriry pcrid of the site
(opcratiry, closruc, and post-closurc).
Tbc protoool is neessary rc thar dan
acquird can bc coopercd orrcr time and
acoretely reprcscnts ground.water
ryality. Sanplc collcction, preservatiou
shipmcnt, storatg aad anelyscs should
duayc bc dooc in a consistctrt manner,
even as oonitoring stafi change during the
monitoring pcriod
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The owuer/operator's ground-water
monitoring progam should include t
description of procedures for thc
following:

o Sample collection;

o Samplc preservation and shipmcnt;

o Analyticd Procedures;

. Ctrain of orstodY control; and

. QuatityAssurance and Qudity Control.

The ground-water monitoring Program
should be documentcd in the operating
record of the facility.

The objectives of thc monitoring Progam
should clearly deEne thc qudity of the
data required to detcct significant changes

in ground-water shgmicuy due to the

operation of the solid wastc disposal
facility. These data qudity objectives
inciude:

o Acanracy and precision of methods
used h thc anelysb of samPleq

including Ecld measrcncnts;

. Quality cootrol and quality ilssurulce
procedura uscd to dctcrmine the
validity of the results (e.& usc of blank
sanplcs, record kccPing and data

vdidation);

o Numbcr and frequencY of samPles

requircd to reach a certain degree of
statisticel confrdcncc; and

o l-ocation and number of monitoring
wells uscd.

In gencra4 tbc degrec of statisticd
confidcncc increascs with larger sample
populrtions whcn dcscribing the mean
vdue for a partiailar corutituent and
whcn (g6ning scasooal and longcr tern
trcnds. Thus, a certain EitriElE numbcr

. of samplcs mst bc collcctcd to neet a

specificd dcgrce of confidcuce in the
streugth of the stetistical approach. In
addition, thc ac$ra€y (cxactuess) and
prccision (rcproducibility) of a partiorlu
Eeaiurencnt Eay cfrect thc degree of
confidcnce in thc actud discrete
concentration vduc rsed in thc stadsticd
comparison Thcsc data quality topi$ will
be discusscd along with thc geheral
guidance that follorrs

Srnph Collcctloa

Frcoucncr

The frequency of sample collestion under
detection mouitoring should be evaluated
for cach sitc bascd on hydrogeologic
cooditioos and landfill dcsign At a
minimum, tbc sanpling frcquency should
bc scmi.annual Thc backgound
charactcrization should include four
indepcndeat samglql at each monitoring
tocation durins tbc. Erst scmi'annual
arent. More frequent samPling maY be

sclectcd For e.:ramplc, quanerly sampting
Eay bc conducted to ernluate seasonal

effccts oa ground-water qualitY.

o,

Tbc frcquencT of sanplc collectioo during
asscsncnt monitoring act'rities wil
dcpcod on the sitc.spccific hydrogeologic
and lasdfill dcsig coaditions bcing
ernluatcd" Thc frequcncy of sanpling is

intcndcd to obteia a data sct that is

indepcndcnt of thc prwiots scr



Guidance to estimate this minimum time
to obtain indepcndent samples is provided
in 'Statisticat Andysis of Gronnd.w8tcr
Monircring Daa at RCRA Facilitics -
Iuterim Finel Guidance' (USEPA t9t9).

Mcerurunentr

The ground-watcr monitoring progran
mrst includc provisioas for mcastuenctrt
of static watcr lcvel elcrations in each well
prior to purgry tbc well for samprli'lg.
Static water lcvcl daa is ucedcd for
interpretation of changes in thc hydraulic
conditions at the sitc. nnalysis of thc
water levels are necessary to determinc
whethcr horizontd or vcrtical corapouents
of the hydrailic gradicnt have changed
since initid site characterization"

Field measurements Eay include the
following:

. Height of protcctivc casing above
ground srufacc (a quality control
Ecasurcncnt to check oo venical
displacemcnt of tbo crsi"g);

o Dcpth from protcctivc casiry to well
riscr (to chcck oB relrtivc
displaccmcnt);

::. DcptE:E stendiry wetcr froo tq of
riscr (gtic vstcr lcvel);

. Total dcpth of wcll from top o[ riscr
(to verify coaditiou of well); rnd

. Detcction of immiccibfu tayerl U
prcicnL

Measurcmcnt! of thc satic watcr level
and thc depth to tbc well bottom can be
madc with a stccl tapc or aa clectronic

warcr level mctcr. Acccpted standard
opcratiog procedures call for thc static
u/atcr lcvel to bc accurately mcasured to
s{thin 0.01 fmt (USEPA 19t6e). Some
prcssurc trusduccrs ate bclieved to
prorride reproduciblc measurenens on
thc ordcr of 0.001 ft of water presure. In
gcneral, stccl tapes equipped with
electronic scnsor arc considered acqtrate
to tbe Ecarcst 0.01 fmr Measurcmcnts of
tbe ground.water clcratioos are rscd for
dcteraining horizontd and verticd
ground-rvatcr gradieuts for esdrnation of
flw ratcs and direstioa Thesc
EcasurenctrE should bG madc at all
monitoring wells and well clusterl in a
tine framc that avoids changes thdt may
ocqrr as a resnrlt of barometric pressure
changes, siFificaut infiluation eveuts, or
aquifcr pumplry

The difierencc in the totd depth of the
well aad the satic water level is the
hcigbt of staading water in tbe wcll riscr.
Thcsc Earsurcncnts arc nccded to
estinatc the aEorDt of watcr to bc
enctetcd (purycd) &om thc well prior to
samplc collection

Thc grouod-*atcr monitoring program
shotld inclu& ptwirions for detecting
immiscibft fui& (Lc, LNAPfu or
'floatcn' and D-NAPIs or 'sinkers"), if
tbc facility reccives this typc of waste. L-
NAPIJ arc thocc relrtivcly imruiscible
liquids whicb rrt lcsr dcnsc tban the
gfoud wstcr tbf sprcad across thc water
tablc surfie. E).NAPI,s arc thosc
relatively immisciblc liqui& which are
Eore dcnsc than thc ground urater and
tcnd to dSrstc venically towards
undcrlying coafiniry laycrs Thc dctestion
of aa innisciblc hyer Eay require
spccidizcd cqdpocnt and sbould bc done
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before the well is evaqrated for
coaventiond sampLint. The ground.water
monitoring program should speci$ how
the D-NAPIT and L-NAPIT wiU bc
detcccd. The progranr also should
include iL contingcncy plan dcscribing
procedures for sampting and andysis of
thesc fluids. Guidance for dctecting the
prescncc of immisci![s layers cirn be
found in 'RCRA Ground-water
Monitoring Technical Enforcement
Guidance Doolneut", USEPA (1986a)
and SW-&45 Chaptcr Elcven (USEPA
19e0).

Wcll Evrcurtlon

The water standing in a well prior to
sanpling Eay not bc reprcscntative of in-
sinr ground-water quality. The chemistry
of water stored ia the well casing can bc
unrepresentative of the water in the
aquifer due to atmospheric gas transfer
and reactions within thc well casing.
Therefore, the standing water in the well
Eust be removed prior to sampling to
cnsure that &esh fomation watcr can bc
sampled. Thc gronnd-rrater monitoring
program should docnmcnt botb the step
by-stcp proccdures aod criteria for
evanrating wclls as wcll as &c cquipmeat
used to cvacuatc thc wells.

Thc evasuation procedure should replace
dl stagnant wiatcr witb fresh formation
water. Gcncrdly, the standing warer is
removed from a point abovc thc screen in
tbc upperuost part of the watcr column to
ensure fresb formation water will move
uErard aad displacc the sanding watcr.
Standard wcll evacrration practice involves
.ysgusting a spccified mrmbcr of well
volumcs (thc volumc of standing water

insidc thc well casing and Eltcr pack) until
ficld EcssurcBeuts (e.t., pH,
tempcraturc, and sp,ecific ccaductance) of
the purgc rvarcr stabilizcs. The numbcr of
well volumes to bc removed from a
monitoring weil prio: to the collection of
a water sample mrlst bc tailored ro thc
hydraulic propcnies of the zooc being
monitored and rc the hydraulic
pcrformance of the well. Thcre is no ser
nnraber of wcll volunes to be cvacuated
howcver, threc to tctr wcll volunrcs usually
arc sufficient The wcll Bust bc purged
until ficld Eeasurernents verify
stabilization of thc water in thc casing.

I
If a wcll is pnrged to dryues, samflUng
tnust bc pcrformed as sooo as a sufEcient
volume of water has entered the well to
enable collcstion of the samples.

Dissolved oxygen cotrtent and rurbidity
Eust h monitored during purging and
preceding and subscquent to sampling.
Additionally, pH, tcmpcrarure, and
spccific conductance must h monitored at
regular intertels during eyacuation.
Stabilization of tbese paranctcni indicatcs
that thc wetcr bcitrt collectcd is
represcBtativc of thc formation water.

Thc purgiag program depends oB the
hydrarlic yield charactcristics of thc well.
Oncc sucb chenctcristics have bcen
detcrminc4 thc follwing gcncrdized
purgiry activities Ety bc followcd:

t) Calolatc thc volume of water in the
wcll (volume in litcn cquds 0.154
timcs thc square of thc inside diagrcter

:l H: Hl,f?ffl;,'i,.'*', 
rhe heisht j
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2) If thc well screen is very largc, r"aking
pumping from tbc top impractical thc
inlct of the purging apparatus should
bc lorered to thc approximatc mid-
point of thc scrccned ponion of tbe
wcll.

3) tf tbc well is situatcd in formations
with tow hydraulic conductivities, such '

as tills, clay, or unfractured roch the
puglng of tbe well should bc
pcrformcd from ncar thc top of thc
well scrcen Puryng at this lcvel until
1 to 3 volumes bave bcen purged will
facilitate remonal of standing water
without creating a large anifisial
gradient in thc well. Such a gradient
Bay dter tbc oxidatiou-reduction
potentid of thc aquifer near the well
and may draw water &om areas beyond
the seasonal intewal.

4) Monitor the in-sinr parameters
(dissolved oxygen contcnt, turbidity,
pH, tenperaturc, and specific
conductance) and Ecasure tbc volumc
of ground-watcr bcins cvacuated
Purgiry of thc staading wercr is
coruidcred complctc wben 3 minimum
of tbrcc well vohrncs bave bccn
purged .Dd tbc Ecld measured
paraoctos stabilizc, or whcn the well
h hg-.fotr.d dry.

lVells shld rtwayc bc purged at ratcs
bclor thosc nscd to devclop tbe well.
Iaw pnrge ratcs reduce thc possibility of:

o Strippint VOCa &om thc uater;

o Mobilizing solids that are inmobile
undcr nanral 0w conditions; and

e Distrubing acarmulated corrosion' or
rcastioa products in the wcil.

Flcld Andysls

Scvcrd constitucuts or paraneters that
loay bc indudcd i! iL ground-water
moaitoring program Eay bc physicdly or
chcmically rrnc13!13 and should bc tcsted
aftcr wcll prrryinS aad bcforc collection.
Eramplcs of nnstable pulrnctcrs iuclude
ptl, rcdox (oridation-reduction) potential,
chlorinc, dissohed oxyte& carbon dioxide,
tcEnPcrature, and specific condustance. If
probcs (e.g, pH elcc'trode, specific ion
elcctrodc, spccific couductlnce,
thcraisor) are uscd to mcasure ahy of
thc aborrc propcnic it is importani tlat
thcy be uscd on watcr samples taken after
wcll craoration and after any samples for
chemical aaalysis have been collected, to
reduce the potcatid for thc probc(s) to
coataninatc a samplc designated for
laboratory anatysis.

Mouitoring probcs Er$t not bc placed in
shipping containcr conuiniag ground-
vatcr saaplcs for laboratory analysis.

AEy in-liu ficld oonitoriag cquipocnt or
Eeld-tcst p,tobcr and kits sborld bc
calibratcd u thc bcdndng of crch rse,
according to thc manufrcnrrers'
spccifications and onsistent wit! ctbods
iD Sw{46 (USEPA 19t6b).

Senolc lTlthdwrl end Coll*thr

Thc techniquc uscd to withdrav r jround-
watcr sarylc &on e wcll mrst bc rlcaed
bascd on coosidcration of thc p.nmctens
to bc en Wn in thc sarnplc. To crcure
tbc sroplc is represcntativc of ground.
wetcr in thc formation, it is inportent to
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keep physical or chemical dterations of
the sample and its environnent to a
minimum. Seleaion of sampling materids
and equipment is imponant to prescrving
samplc integrity. The sampliug equipaent
must be constnlctcd of an inen matcrid
that will not dter andyte concentrations
or rcact with, sorb, or desorb thc analRes. .

Fluorocarbon resin (e.9., 
"irgn 

tcflon) or
stainless stecl sanpting devices which can
bc easily disasscmbled for thorougb
decontamination are widely uscd.
Commonly, sampling equipmcnt is

dcdicated to each monitoring well. The
following devices are sonc of the types
cornmonly uscd for sampling grouud-
water:

o Positive displacemcut punps (bladder
punps, hclical rotor pumps, etc.);

. Suction lift pumps (e.g. peristdtic
pumps); and

o Grab samplcn (bailcn and synnte
devices).

Ia geueral, bailers should oot be uscd to
samplc ground-wucr thatwill bc analped
for volatilc organic conponnds (VOCs)
unless it is thc only evail$lc octhod for
sampling NAPI& A significant loss of
volatilcs a8y occur whcn using bailers to
sample ground-watcr.

Equipmcnt with ncoprcnc Ettinp, tygon
tubing silicon rubbcr bladden Beoprene
impcllcrr polyethylenc, and viton should
not bc uscd"

Bailcn should be raiscd and lowered on
non-reastive, non-sorbing cable (e.9.
fluorocarbou resin coated wire, single
strand stainles stcel wire). Matcrids and

equipmeut for rariou ground.water
monitoring applications arc dcscribcd in
thc "Grcnnd.Water Hasdbook' (USEPA
t9g7). Equipmcnt and proccdures should
bc uscd to kcep samplc agitation urd
contact with the atmosphere ro a
minimurn dgring SanplC apnsf63.

Whea collccting samples where volatile
constitucns or gas$ are of interest using
a positive gas displacenctrt bladder pump,
pumping ratcs should not exceed 100
mitlilip6/minutc. Higher ratcs may
increasc the loss of volatilc constirucuts
and cao cause fluctuatioo in pH anf nH.
scnsitive analytcs. i

Once appropriate sampling cquipment has
bcen sclected aad opcrating procedures
establishe4 samplcs sbould bc collected
and containerized in thc order of the
volatilization scnsitivity of the p:uirme te r.

A preferred collcaion order for some
comnon ground-water parameters follows
(USEPAl9t6a):

1) Volatile Organics Compounds (VOCs);

2) Scni-volatilc Ot3ania Compounds
(SVOCT); :i *:

3) Mctds;

4) Cyanide;

5) Sulfate and Chloridc;

6) Turbidity;

7) Nitratc and Ammonia; and

8) Radionuclcides.

nf| . rF I _ - ! ! 
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As an exanple, thc f,ow cbart showa in
Figure 54 dcpica a priority ordcr for a
geueralircd sample collcction efiort
C\rrrent acceptcd sample colleetioa
procedures call for saurples to bc collectcd
and containcrized according to tbc
voladlity of rhc target andytes.

The fotlowing stcps should bc followcd by
the samplen to obtain represcnurtive
samples:

. Dccontaminate dl sampliug equipmcnt
that will cone in contact with tbe well
casing and well uratcr prior to

o Ensure that sampling equipmeot that
has bccn decont2minated is not placcd
directly oo the grouod or othcr
potentidly conr.minatcd surfaces prior
to inscnion into thc well;

. Opcrate pncumatic btadder pumps in a
continuous manncr so that thcy do not
produce sanplcs that arc acratcd in
the renuu tubc or upon discharge;

. Ensure that cbccl ralves are designed
and inspcctcd to avoid fouling
problcms which can rcsilt in acration
of the samplc;

. Iowcr sqtiry equipmcnt (espccidly
baitcnlrbvly o gvoid dcgassing of tbe
warcsqm inpecq rnd

. Contcnts of a sanpling da,ice should
bc transfencd to a saryle containcr in
a way that will nininizc ryiation urd
acratiou

The gronnd-watcr monitoring program
docnmcatntion should includc cxplicit
proccdurcs for disassembly aad

decontamination of rmpliry equipment
bcfore each usc. If nondcdicatcd
cquipocnt is usc{ thc decontanination
procedures must bc followed scnrpulously.
r,npropcrly dccoot2mipated equipmeut

Fn afigct sanplcs in scvcral ways.
Residud 6pqtrmination from the previous
wcll may igmrin on equipmenu Riruing
Eay Dot rcEilrvc dl of thc detergens or
solvenB uscd duriry dcconnminatiou
Spccific guidaace is available in technical
lileratrue (e.g., USEPA l9t6a, Chapter
Eleveu). To kccp semple cross.
conta'ination to 3 minimum, sampliag
should proceed from upgradieni
backgrouad locations to domg4dicnt
locations which contain higher
coBccEtrations of conuudneDts. ' As
contardnant concentretions increasc, or
NAPIJ are eucountcred, then more
rigorous decoutamiostion procedures may
bc required. The sampling equipmcnt
should bc dlorred to dry in a dust.free
eavironmcnt bcforc nsc.

Senph Coatdncrr

To avoid dtenng samplc gudiry, thc
samplcs shonld bc aansfcrred &om the
sanpliry equpment dircctly into a
prepared conaincr. hopcr sample
coaEincrs for esch constinrcat or
common sct of coostitucns arc identified
in SW{45 (USEPA 19t6b). Sanples
sbould Esvcr bc conpocitcd in a common
conaincr in thc 6cld .rd tben splir
Sanplc coatainers should bc spccially
clcrocd for thc coostitucuts ro b€
aoal!'zed.

Samplc containcn should bc cleaned
bascd on thc anelyte of interest Cleaning
procedurcs arc proddcd by USEPA
(19t6b). Seapte containcrs tbat have
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becn clcancd according to these
procedures can bc prooued commercially.
Veadors prwidc a ccrtifrcation of
clcanliness fOr a SurchargC.

Senplc Preseirrtloa ud Shlprncat

The proccdurcs for prescnring and
handling samplcs arc nearly as important
for ensuing the intcgrity of the samples as
thc collection dcvicc itsclf. Chaptcr Two
of SW{45, Third Edition provides -

guidance oa sample preservatiotr
proccdures (USEPA19E6b). Detailcd
procedues for srmple prescrvation must
be provided in the QAPjP,

hescrvr:ioa

During grouud-watcr sampting every
attcnpt should bc made to minimizg
changes in tbc sf,smicty of the samples.
To assist in maintaining the naturd
chemistry of thc samples, it is ncccsary to
prescrve the samplc. Mctbods of sample
prescnratioo are rclatively limited and are
iatendcd to retard chcmical reacions such
u hydrolysis or oxidation and to reduce
thc cffeets of sorptioa Prescration
methods arc gencrdly limitcd to pH
control chcmical additiou, refigeration,
and protcction from lighu

Holding ti-as Eust bc coosidcred along
with thc prc$muion octbods. Holding
timc refcr trtthc pcriod that bcgirs whea
the sanpla L oollcctcd froo thc well and
euds with ia crtnctioa or analysis.
Data &om serylcr not analyzcd within
thc recomncndcdholding timcs should be
considered suspccl

The onmer or operabr sbould identiS the
prescration mcthods, procedures, atrd
techniqucs that will bG r:scd for
transferrinS tbc samples to a laborarory.
Thc owuer or opcrator sbould refer ro
SW-t45 (USEPA 1965b) for tbe spccific
prescrvationmcthod and holding times for
each of thc constituctrts i! thc saruples.

Senolc Stontc rnd Shioment

Storagc and Eansport couditiors of
ground-watcr samples are imponanr
clemenr of tbe sampting protocol to
mainssia samplc quatity. Samples should
bc cooled to 4oC as soon as posible after
they are collcctcd. Tbesc cosditions
should bc maintaincd until samples are
reccived at thc laboratory. Sqpple
contaiaers are geacrdly packed in picnic
coolers or spccid containers for shiphenr
Polystyrene fsam, vcrmioilitc, and tubblc
pack' are &cqucntly uscd to pack sample
bottles ughtly so tbat oo motion is
posiblc, tbcreby preventing breakage. Ice
is usudly placcd in double seded plastic
bags aad added to thc cooler. It should
bc noted that cold pacls (tlue ice') dso
are acceptablc. All relatcd paperwork is
scdcd in e plastic bag and tapcd to the
insidc op of thc coolcr. Thc coolcr top is
thcn tapcd shur ftstody scds may bc
atac.hcd to tbc individuat sample
containcrs and are dr,vays attached on the
ousidc of &c coolcr.

Traosportation arrasgeaents should be
oadc that Erintai! propcr storage
conditionr ard prwidc for effedive
samplc picl-up ard receipt at the
laboraoty. Saryliry plans should be
coordinstcd with thc laboratory so that
samplc reccrpq storatc, analysis, and
ostody aransgacnB can bc provided.
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Most andyscs Eust bc donc within a

spccificd pcriod (holding tine) froa
samplc collection. Somc holdiry timcs for
Agpendix I corutituctrts arc as shon as 7
days. To prwidc thc laboratory with
opcrational 0exibility iu mcetiag thesc
holding timcs, samplcs are nsudly shippcd
via overaight courier- I:boratory caPaciry

or opcrating houn may inllueacc sampting '

schedulcs. Coordination with laboratory
staff during ptanrdng urd samPling
activities is imponant in maintaining
sample and andysis qualitY.

Documcatation that accompaaies samples
during shipmeat to thc laboratory usudly
includes chain of<ustody (including ?
listing of dl sample container), aaalytical
requcst schedulc, and full idcutification of
the origin of samplcs (including contact
nancs, phone ou.mbcrs, and addresscs).
Copics of dl documcnts shippcd with the
sanples should be retained by thc sampler
for confiraatioa that receipt of samples
was complete. Such verification should
occur upon receipt of samples at tbe
laboratory and upoo reccipt of thc rePon
of anatysis (ROA) fron thc laboratory.
Docrmcntation is describcd furthcr in
subsestiou 5.t3.6.

Amly,tlcrl ProcGdtint

Thc requircocas of 40 CFR Part 25t
includc dctcstion aad asscssnent
monitoring activities. Undcr the dcteetion
monitoriag astivity, constitucng listed in
40 CFR Part 25t, Appcodix I are to bc
aoalyzcd" Thil list includcs voladle
organics and sclectcd inorganic
coastinrcnB. No spccific analytical
mcthods are cited ia thc regulatioo+ but
there b ^ 

requiremcut (40 CFR
!25t.53(h)(5)) that any practical

quaatitatioo limil (PQt l uscd . in
subccqucnt stadstical eoelFis tc the
lowcst coaceatratioa lwel that can bc
retiabty achieved within specificd limi6 qf
precisioa and .canracy duriry roudnc
laboraory opcntint conditions that are
arnilablc to thc fecility.' Suggested test
mctbods are listcd in Appcodix II of Part
Ztt for inforortional purposes only.
Mcthod 32lO (3rt chromatography witb
packed column; rnass spcctromcry) and
Method t260 (cagillary column) are
rypical scamins mctbods rscd for all
Appcndix I VOC$ Thc inorganic metds
analy:cs ca! bc pcrforuacd using
inductively couplcd plasme atomic
enissiou spcctroccopy 0C") Metbo{ 60 1 0.

Thcsc olcthods rrc pr$cntcd in SW-846
(usEPA 1et6).

Sincc weraigbt delivery of samptes ,o *rO
laboratory iD the contineatal Unrted
States is geacrally anailable to most
facilitica, the mcthods prescated b-v thc
USEPA (19t5) are believed to bc readrly

arrailablc. Thcsc mcthods rypicdly
prwide PQIs in tbc I to 50 yg/l rznge.
Thc around-watcr monitoring plan mtst
spccrfy thc ana$nicd octbod to bc rrscd.

To prwidc hctust inforoetioo on
asslytic8l perforaaace, octbod bhnll
narh ryitca, rod leboratory duplicates
arc frequently iaduded doq wi$ 6eld
sanples. Surrqrtc recovcricr iue
qrpcdly rcporrcd for roletilc rarlyscs,
and thc steadrrd addition teciaiquc may

bc uscd u, eryrlnetc thc .cclrn6, of
iaorgaaic analy:cs. Spccific lebontory
aulytical pcrformencc crianr were

dcvelopcd by USEPA for itr Cooract

ffir:n? "013H. T"f;r*;:ffilD
analydcal perforoaacc critcrir to dcfine
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acceptablc qudity of laboratory resuls.
E_sl4lishing data qP"lity objeaives
(USEPA 1986b) is au important element
of thc Eound-water monitoring program.

Chrh ol Cusrody Rtcord

To cstabtish thc documeuation nece-ssary
to trace samplc posscsion &om time of
collcction, a chainof-ostody record
should be 6llcd out and should
acconpany every sample. The record
should contain the following t)?es of
inforuratiou:

o Sample numbcr;

. Signatrue of collector;

Date and time of collection;

Media samplcd (e.g., gronndrrater);

Sample typc (conpositc or grab);

Ideutificatioo of saupliag
location/well;

Number of conaircrr;

Paramctcn requcstcd for analysis;

Signamrc of persou isvolved in the
chain of pocrcssion rnd timcs;

Ioclnsivc detcs of posscsion with timc
in 24 hour notetion"

lnteroal tcnperaturc of shipping
contaiaer whcu sanplcs were scded
into thc conaincr for shipping;

Iateraal tcnpcranrc of coutainer when
opened at thc laboratoq4 and

. Reoarls scction to idcatis potential
hezard! or to relay other information
to thc laboratory.

Aa adcquete cheinof.custody prograru
should dlow foi' tracing tbc poscsioo
aad for ths hrnrllint of individud samples
from the timc of 6cld coltcction through
complction of leboratory aaalysis. An
otyncr or opcratofs chain of-orstody
progran should includc:

. Saople labels tb prevenr
misidcntification of sanples;

. Sarnple scals to prescrve tnc int{griry
of thc sanple from the time 'it is
collcctcd until it is opencd in thc
laboratory;

o Field notcs to record information
about each samplc collectcd during the
grouDdlratcr mouitorint program;

o Chainof<'ustody record to establish
tbc doctncntcd sanplc poscssions
from tbc timc of collcstios to andysis;

o hboretory $or.tc srd andysis
rccordg, thet arc orintaincd at thc
laboratory aod which record penincnt
inforuetion about thc sample.

SarylF l$cb

Semplc identiEcation should bc markcd
clerrly in uatcrprmf int on cach sample
conaincr. To aid in labeling the
infoturtion should bc wrincn on each
coutaincr prior to EllitrS witb a sample.

a

a
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To privent misidcntiSing samples, tegiblc
labcls should be afExed to each sanplc
container. Thc labcls should bc
sufEciently durablc to remain legible even
whenwet and should contain thc following
typcs of informadon:

o Sample identifrcation nunbcr;

o Namc and signanre of the sampler;

. Date and time of collection;

o Sample location; and

. Parametcrsrequested.

SenDlc Custodv Scd

In cases wbere thcre is concern about
samplc tampcring t scd should be
provided on the shiPPrng containcr or
individud sample bottle ia 3 manner that
breals the scal if the sample is tampered.

Semolc AaeEsis RGoUGlt Shcct

A sanple analysis requdt sheet should
accompauy the samplc(s) on delivery to
the laboratory and ctcarly idcnti$ which
samplc containcrs harre"bcen dcsignated
for each reqncstcd Pemnctcr and thc
prescnatioo octhods uscd. Tbc record
should indudc thc follwing tyPcs of
inforuatioo:

. Name of person recciving the samPle;

o l:boratory samplc numbcr (if different
from 6eld numbcr);

. Date of sample receipt;

o Analpcs to bc pcrformed (including
dcsircd anelyucal mcthod and PQL);
and

. Information tbat Eay bc r:seful to the
laboratory (e.g typc and quantity of
Preservativcs added, unusual
conditions).

Flcld LSDoof

To provide a facnral basis for evaluating
thc posribility of sample. cootaminatiou
duriry sampling activitics, dl sampling
activities, Beasuremcnts, and obscrvations
should bc notcd iD iL Eeldf log.
Informatioa should includc Hsual
appcarancc (c.8., color, turbidity,

f;:ffi y"f,olf'S:''ffi:O'
Eca$rrencns and calibration res

Anbient conditions (temperature,
!'midigr, win4 precipiution) and PutFng
astivitics should dso bc recorded as atr

aid in evaluating samplc andysis rcsuls.
Sanples of dccontaoination solutions and

sanpliry equipocnt riasc watcr (sampling

equipmcnt blaok) Eay bc uscful in
documcntiry thc eficetivcnes of sampling
cquipment dccoutamination procedures.

Ficlii notca gencrilty'' docuncnt thc

following information:

. Idcntification of wcll;

o lllell dcpth aud other well
Beasuremcnts;

. Static wetcr levcl and Eeaiurement
tcchniquc;

. Prescnce and thickncs of itnmisciblO
laycrs and dctection mcthod;
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. Wcll yield (high or low) aud well
recovery after purging (slow or fast);

Well purglng procedrue/ equipment;

hrge volume and punping rate;

Time well was purged;

Collcction mcthod for immiscible
layers;

Sample withdrawal procedure/
equipmeut;

Datc and timc of collcction;

Wcll sampling scquencc;

Typcs of samplc containcrs used and
samplc ideatification oumbers;

Sample prescrvation mctbod;

Parameters reqtrcsted for analysis;

. Iotcroal tcnpcreturc of Ecld aud
shipping containen;

Field obscwations of senpling event;

Name of samplcc and

and instrumeotd methods should bc
idcntified in thc laborarory records.
Exceptional conditioas (i.e., variances
&om prescribed procednres) such as the
usc of spcciEc reagctrts (e.g., solvens,
acids), tcnpcratureq rcactioo tinrcs, and
instruocnt scniryf should be noted. Tbe
results of the anelFis and identity of all
qualiry control samplcs should be
specificrlly idcntificd for each batch of
groundwatcr samplcs enalyzed.
l:boratory norci should inctude thc tirne,
date, and nrnrc of thc person who
performcd each proccssing step.

Qudlty Asrunacr/Quellty Contml i

Onc of thc fnndamcatal rcsponsibilities of
thc omcr or opsr"tor is the establishment
of continuing programs to ensule the
reliability and ,alidity of freld and
analytical laboratory daa gathered as pan
of thc orerall goundrratcr monitoring
progran" The omer or opcrator muit
erylicitly dcscribc tbc QA/QC program
tbat will bc uscd in thc laboratory. Most
flvtrcr or opcraton will usa Goamercid
labomOrics u, coaduct analyscs of
gfounOmtcr samplc* Iio tbcsc cascs, it is
thc owucr or opcnilofs responsibility to
easucdhrt tb laboruocy of choice is
exercising a! appropriarc QA/OC
PrograE"

The owacr or opcntor should providc for
thc usc of standerds, laboratory blurls,
dnplietcs, aad spitcd sanples for
calibratioa and idcatiEcatioa of potendd
EstrL iatcrfercaccq cspcdally for metd
detcrninents Thc owacr or opcrator
should usc adequatc ststistical procedures
(e.&, OC charr) to monitor and
doorncnt perforaance and to implemcnt
an efrectivc program to rerclve testing

o Oimetic coaditions
tcEPGrBnre.

hbonton Rccordr

alr

Oncc thc sample has beea received in thc
laboraory thc samplc qstodian and/or
laboraory pcrsonncl should clearly
doctmcat thc proccssing stcps that are
applied to thc samplc. AII sample
preparatioo tcchoiques (c.t; extraction)
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problcms (e.g., instnrment meinteuance,
operator training). Daa &om aC
samples (e.9., blads, spiked samples)
should be uscd as a Ecasure. of
pcrformance or as an indicator of
potcntid sources of cros-contaminatiorl
but sbould oot bG rrsed by the laboratory
to dter or corect analytical data Thcsc
data should b€ submincd with the
groundrvatcr monitoring sample results.

Field Ouelitv Assurancer/Ouellty Control

To veri$ the precision of sampling and
andytical procedures, two typcs of QC
blanks, trip blanls urd equipment blanls,
should be collested. The blanb should be
collccted at a &equency of 1 in 10 to 20
samplcs.

Each time a group of bottles is prepared
for usc in thc Ecl4 one bottle of each
typc (e.9., glass, fluorocarbon resin,
polyethyleae) sbould bc sclccted from the
batch and filled with Typc II reagent
gradc deioaizcd watcr. Thesc bottlcs
should bc transportcd o thc sampl.ing
location and reouacd o thc laboratory in
a menncr identical to thc handling
procedurc nscd for thq sanplcs. Thesc
trip blanks sbould be snbjectcd to the
sane anslpi! as tbc ground watcr.

Equipmcnt rinsatc blaEls arc collected to
evaluatc thc eEcctivencs of the
decontamination procednres. The sample
is colleclp4 aftcr a plccc of sampling
equipmeqlerbas bcen decontasrinatcd.
Type tr ref,flsnt gradc dcionizcd water is
poured into (or on) the samplin. lcvice
and is collcctcd in a samplc crn;amer.

v,1

Thc samplc should bt handlcd in a
manner idcntical to dl obcr samples.
Tbc equipmcnt rinsate btanls undergo fte
sanc anelpcs as ground water.

Thc following blarks should bc prepared
and znzlyzed for dt of thc required
monitoring paranctcrs :

. Trip Blaak. [n the laboratory, fill one
of each tpc of sample bottle with
Type tr reagert grade waier, transport
tbc bottles to the sitc, handle like a
sample, and retura to the laboratory
for aratysis. Onc trip blank! pcr
sampting evenr is recomnended. I

' ffiffi::1ffiJ*?H;,Ii :ff: O,
has bcea cffectively dccontaminated
(in the laboratory or Eeld), fill the
dcvice with Type II reagent grade
water or pump Type tr reagetrr grade
water througb the devicc, transfer to
sample bottle(s), and reruru to the
laboratoty for analysis. I minimum sf
onc cquipmcot blank for each day that
ground-watcr monitoring wells are
sanplcd is rccommcnded.

Any contaminans found in the blanl$
could bc attributed to l) inreraaion
bctwcea thc samplc and thc containcr, 2)
cont.miqetcd rinsc watcr, or 3) a handling
or laboratory proccdurc tbat dten the
sanplc alalysis resulg. Thc concentration
Ievels of any contaninans found in the
trip blank should not bc subtraoed from
tbe gound-watcr deta Thc coutaminant
levels sbould bc note4 and if tbe levels
ars vithin an ordgr of maglinrde when
compared to tbc field sample resuls, the
owtrer or opcrstor sborld resanple the
ground wrtcr. Tbc analytical resuls of



the blanls should oot b€ subrraacd from
thc ground-watcr data If contaminails
are found in the blanks, tbc souce of thc
conta.mination should be identified and
corrective adion, including resarnprlin&

All 6eld equipment that the owucr or .

opcrator will usc should be calibrated
prior to field nsc and recalibrated in thc
6cld before measuring eacb sanple.
Othcr OA/QC practiccs, such as sampling
equipmcnt decontamination procedures
and chain-of<nstody procedures, should
also be describcd.

Velidetlon

The dctection and rcporting of leachate
constituents by a laboratory docs not
nccessarily mean the prcscnce of the
constituent is acqrrate or represcntative of
watcr quality at thc monitoring well. For
examplc, acetone, tolueue, 2-butanonc,
aDd mctbylcnc chloride arc common
sampling or laboratory contaninarts
(USEPA 19tte) and arc &equently but
not always dctccted in mcthod blatrh.
Typically, thc laboratory results do uot
evduatc gs qignificancc of -constinrents
fouod iu quality condol srmplcs colleaed
in thc Ecld (c.f tnp blank$ 6eld
duplicatcs, senpliag equipment rinsate
blanlc$ filtretion blsot$ prcscwative
blanls). Thc lrboraory repon rsually
annotetcs constitucaB tbet wcre also
dctccted in qu8lity control saarples (e.g.,

mcthod blanls) prcpared end analyzcd by
thc laboratory. Tbe laboratory rcport may
or E8y Dot wahlatc whctber a reported
result acaratcly represcnB tbc gound-
watcr quslity at tbc sitc.

Occasionally, tbc laboratory reporr
includcs results tbat do not comply with
gmd leboratory practice or spccific
analytical pcrforEaBcc criteria
reqnirements (c.& tbc USEPA Contract
Laboratory Program Requiremens). A
compariron of laboratoty pcrforrrance to
thc requirenents identificd in the ground.
watcr nonitoring program sbould be
conducrcd to cstablish thc qualiry of thc
reponed result

To craluatc tbc qudity of laboratory
resulg, tbe USEPA has .devetoped
functional guidelincs (USEPA. 19E6a and
b) for nsc witb is CLP. Thesc guid{ines
prwide critcriawhicb are rscd to evdluate
alalyticet instnrmenation, procedure, and
reponing pcrformance rc well as to detect
constitucnts in quality couuol samplcs.

In addition to the above data quality
vdidatioa considcrations, tbe coruistency
of thc validated result witb other
information conccrning tbat and other
samples (i.e, QA/QC) and sitc conditions
u tbc tinc of saopling sbould also bc
cousidcred Thcsc considcrations should
bc addrcsscd itr tbc ground.water
monioriry progran" The dctection of a
coustitucot in a sample docs not mean it
is rcpr*cntativc of thc grouod-water
quality sanplcd. Tbc result should bc
evalutcd with respcct to is appcarance
in bac$round and otbcr domgndient
loc$ions, consistcnt with hydrogeologic
cooditions, principlcs of chcmical
mlsport and fatc, ad t8ndfill design urd
opcrations.

Thc validetion proccdures should bc
clcarly ststcd iB tbc ground-water
mouitoring progren Thesc procedures
should dso includc doctmcnation The
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result of rhc validation procidure should
be T acccptablc , or unacceptable
classification of a spccific result regarding
its aacuracy aad represctrurtiveaes.
Occasiondly, therc is insufficient
information to malse such a classificarion
and the result may bc considered. of
provisional quality regarding whethcr it'
acorately represcnts gound-water qudity.
Classification of an acccptablc or
uuacceptable result should bc equdly
defensible. Classification of a result as
provisiond should providc for spccific
Erea,sures to establish its vdidity, if
possible, and demonstratc how thc result
wiU bc rscd i! subccquent statistical
analyses and cvaluation of the monitoring
results.

Ihcunentation

Tbe ground-water oonitoring program
required by $25850 through C258.55 relics
on documcntation to dcmonstrate
compliance. Thc opcrating record of thc
MSWLF should indudc t completc
description of thc progran as well as
periodic implcmentadotr reportl3.

At a EiniEuE, thc dcscriptioo of the
gronnd-watcr Eonitoriry program should
includc:

Sanp[ng aad AnalFfu plao that
dstrilc; saoplc psrancters, sampling
frequency, samplc collectiou,
prcscrvation, and aselytical methods to
bc usc4 shipping :rocedures, 8nd
chain of<ustody proccdures;

o A audity Assurance Projcct Plan
(aAPjP);

Mooitoring wcll oetwork of
background and dowagradieat
locations;

DcsiSA iastallation, developmenq and
ds6pmrnisios of monitoring wells,
piezomctcr$ and othcr Eeasurement,
sanpling and analytical dcviccs;

Ccrtificd hydrogeologic dcscription of
site;

Satistical mcthods ro be uscd ro
eraluate ground.watcr monitoring data
and demonstrated compliance wifh the
performance standard; :

Approved dcmoastration that
monitoring requircments rue suspended
(if applicable);

Boring logl of sampling location for
thc groundrratcr monitoring progam;

Piczomcrcr and wcll installation logs
for thc goundwatcr monitoring
PrograE

5.} STATISMGAT-ANALYSE
lo ctrR g5ts3 (o.(l)

SJ.l lltrtcncat ol Rcollrtlon

(3) Itc omcr or opcrttrr rust spccity
i! th opcntlry rrcord orc of thc
folhilry ttrtktlcrl ncthodr !o bc uscd in
errlurtht gtoundrn3cr uoaltorin3 datr
for *L horrdoss conrtltucnt. The
strtldc.l tcrE ctoccl shdl bc coaducted
scpen3cty for cecL hrzerdour constiSuent
in crci rtll
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(l) A perencirlc eaelyrk ol vuleacc
(ANOVA) follorcd by nultlplc
conperlsoas procrduner 30 tAcairy
strtlsticdly significrnt wldcncc ol
sotrtrnlnrtioL Thc ncthod nu$ hdu&
crtlnttlo! ud tcstln3 ol thc Gottru3!
bcfirocr cecL conpltrncc rrllrl DG.tr rad .

thc brc$round ncl! lcvch lor ceci
coastltucnL

(2) An raelyrlr of verlrlcc (AI{OVA)
bucd otr rr*t ?ollmrd by uultiplc
conperlsoas proccdurrs to idcatlf!
stetlsticelly sfni0cent cvldcacc ol
Goutsnitrrtloa. Thc ncthod nust lncludc
cstlEetioa rnd tcstin3 ol thc Go[tnilt
bctrcen crch conpllencc ttll'r ncdlea
ead thc brctground ncdlea lcvelr for
cech constitucnl

(3) A tolcreacc or pndlctloa intcrrrl
prccedurc ia rtich rn lntcwrl lor eech
constituent is estebllshcd hon thc
dlstrlbutiot ol thc brckground detr, rad
thc lcvcl of crch coustltucnt b *t
conplhncc rrll b coupend io ihc rppcr
tohnrcc or prcdlctlor llnlt.

(4) A coauul cbut eppmc[ rhrr dvrt
contrul lldtt lor c*l coutttucat

(O Amai.r ttrtl$tcrl tcil ualod tLr
Ecctr 3i. pcrlornelcc atrldl[t il
!25tJ3(t). ltc otrGr or opcnur trt
plrcc r jurElficetb! br tUr rltcnrrhr lr
thc opcretiry ncord ud mtlty tL sart
Dlnctor of thc urc of tUr dtctlrthr rcrt
Th Ju$llcetlon nurt dcuomtrle rlrt
thc rltcrletlve EGIU DGGtr tic
pcrfotueacc srrnd.dr of !25tJ3(b).

(t) Ary *$btlc.l Ecrhod choscn
udcr l2$.3f6 shdl couply rirh rhc
follorla3 pcrfoturacc strndrrds, lr
epprcprleta

(l) ThG ttrtlrricrl Dcrhod uscd ro
svrlurtc jrouadrrtcr noaltorln3 drtr
rhrll bc epproprtr3c lor tf,c dlstributiotr
ol cicralcel prnDcicrlr or hrzudouc
constltuca3s Ir 3tG dtstrlbutlon of thc
chculcd plrrnclrn or irzerdous
coutltucnts ls rhe[ ry thc o$aer or
opcrrSor io bc lnrpprogrlrtc lor r nomel
tbcory tcrs, thcr thc drtr thould bc
trrDJtbmcd or r dlstrtbutloo.fttc fio.y
tcrt rtoutd br urcd. It rhc dlctribdtions
for ttc coactltucatr dlfier, Dotr 3hel onc
strtl$lcrl natod uey bc Dcldcd"

(2t Il ra ladividud rrll comperison
proccdun b uscd tO Gouprtt an
lndMdurl complhnce rrll oonstltuent
colccttrttlon riih brck3round
colrtltucnl co[ccltrallonr or I
jtuuadtrtcr prctGctloa rteodrrd, thc test
shrll bc dore rt r $ac I ctrur lcvcl no
htr ttrr 0.01 tbr c*L tcstla3 pcriod. If
I nddph couperlsoar prucrdurc ls used,
tic l),EC I cqcrloctt rfuG Grflrr retc for
at tcrda3 pGrlod ridl bc lo lcsr thea
0.03; torw:r, t[c TyDc I ctror of rc less
3hrn 0.01lor ladlvldurl rcll conprrisonr
nut bc Drhtrlncd" Itlr pcrforutncr
*eldrd docr loa epplt to tolenncc
htcrrrh, prrdlcdol latcrvdr, or contrcl
cfrrtr

(3) Ilr coatrul chert tppmech ir used
0o crlurlc 3rouldrntcr uoaltorin3 detr,
ttc rpcdfic t]G of coltrul chert rnd its
uroclrtcd prrrnctGr nlucr shrll bc
prDtGsthc of hrnel hcdti ead thc
cavlrolocal Thc pu:urctct! shrtl bc



determincd rftcr coosidcria3 thc rumbcr
of srnples in thc beckgrourd rietr besq
thc drtr distributioa,lad thc rugr olthc
concctr.mtiou vrlug lor ach corstitucnt
of conccta"

(4) Il r tolenncc intcwrl or t
pr:dicttond intcrvrl ls uscd !o cvrluric
groundreter nonitorilg detr, thc leveh of
confidcncc rnd, for tohmncc lntervrls, thc
perceDtsgc of thc populrtloa thrt thc
iniewrl nust contein, shell bc prutcctlvc
ol hunen hcdth rnd thc eavironnent
Ttcsc p.rsneten shr[ bc detetuincd
eftcr considcriry 3hc nunbcr ol senplcr
in thc brckgtouod detr bes., thc drtr
dhEributlon, rnd thc rrrSc ol thc
cooGlntrrtlon velucr for cech coostitucuS
of conccm.

(O ftc atrtlsticsl ncthod shell
rccouDs lor detr belor thc limit o(
detcction with onc or Dorr 3trtkticd
procedurcs thet u! protectivc ol hurnrn
hcelth end 3hc cavlronocnl Aly
prrcticd quutitrtioa llnit (PQt) thet ir
uscd in thc strtlstlctl Dcthod shdl bc tLc
lorrst Gorsmtntlol lctrul 3f,rt crn bG

rcllebly rchlcvcd ttthll spcci[cd llmits ol
prrcision ead rccuncy dudry routlnc
leboretory opcretlry condldolr tf,rt rrc
eveilebh to tic hclllty'

(O Itpnry' 3tG ilr3ktlcel n*hod
shdl lretu& proccdurcr !o coatrcl or
cotrGct lor rcesold ud rprlld vrtirbitity
er rtll es tenponl coneletlon in thc
detr.

(t) Thc otrcr or oPcntor
dcicrntre thcthcr or rc3 3f,cn
strtlstlcdly sl8li0celt lrcrcr$
brck3round velucr lor crcL P$rnctcr or
coartltucnt rcquirtd itr tf,c prrtlculer

gtundneter uonitoring prolnn that
rpplla io thG MSWLF unit, lt
dctcruhcd uadcr !!25t.5a(e) or
25tJ5(e) ol tur prrt.

(l) Il dctcrulnln3 rhcthcr I
$rttstlcdly rlgnl[crnt lacrersc has

occunc4 tf,c oncr or oPCnSor must
conp.rG thc guun&rrtcr quellty of each
plrrncter or comtltucnt rt eech
uonltotfu3 nll dcrlgnrtd pursutnt to

!25tj1(r)(2) to thc beckground value of
thrt constitucnt, eccording to the
$rtlJtlcd pmccdurcr rnd pcrforutncc
studrrdr spccltrcd under p.rlirrphs O
ead (h) ol thlr scctlon 

i
(2) Wltht! r nesonrblc pcriod of tinc

nust
irl
ovcr

dlcr coaplcttlt renplln3 ead rnelysis, ^-.
thc omcr or opcretor Eust detenrine I)
rytcthcr thcr: her bcen t statisticall! -
slgni{lcrnt lncr:rsc over beckground at
erch nonitoria3 rcll.

SJJ Spltcebillty

Thc satistical analysis requircmetrs .ue
applicablc to dl existing units, ncw units,
and latcrd eryansions of existing unis
that arc required to cooduct ground'water
monitoriag: Thc usc of statistical
proccdurcs to evaluatc monitoring data is
to bc uscd for thc dnratioo of thc
monioriry progan inclusivc of the post'
clonrc cere pcriod

The o*lct or oPc&rtor Eust indicate in
tbe opcrating record thc satistical method
that witlbe uscd in thc snalysis of gound'
watcr monitoring rmrlts. The data

objectivcs of thc nooitoring in terms of
tbe numbcr of samplcs collected and the

frequency of collcctioo, must bc consistent

with tbc statistic.l method scleoed.
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Several optioru for andysis of ground-
water data are providcd in thc critcria
Other methods iue not exdudcd if tbcy
can be shown to meet thc performaace
standards. Thc approved methods include
both paramctric and non parametric
proccdurcs which 'differ prinarily in
constrains placcd by thc statistical
distribution of thc data Conuol charq
tolerurcc intcrval, and prediction intewal
approaches Eay dso b€ applied.

The owner or opcrator must coaduct thc
statistical comparisons benrecs upgradient
and dowugradicnt wells after completion
of each sampling eyent and receipt of
vdidated data The statistical procedure
must conforu to thc performance strndard
of a Type I error level of no les than 0.01
for intcr.well comparisoru. Control chart,
tolerance intcrval and prediaion intervd
approaches must incorporatc dccision
values wbich iue protective of human
health and the environncnr Gcuerally,
this is Eeatrt to includc a siFi6cance level
of a least 0.05. Proccdnres to trear daul
bclor anelytical mcthod dctcction lcvels
and scasonality cffccts must be
incorporatcd prior to yds:cat andysis.

5.93 Techntcd Congldcntbnr

Thc rulc rcquires facilitics to evduate
ground-untcr monitoring data using a
stadstical mcthod proddcd in !258.53(g)
that meets thc perforaance standard of
!25t53(h). C25t53(g) conains a
provision allowitt for aD alteruative
statistical mcthod as long as thc
pcrformance standards of C25t.53(h) are
ECt

The requirencots of !25t.53(g) spccf
onc of 6ve statisdcal octhodi for
gaalrnting Eound-water monitoring daa
One method should bc spccified for each
constituear While dificrenr mcrhods may
be sclcacd for ech constiruent ar new
facilities, usc of a method musr be
substandated by demonsuadng tbat the
distribution of results obtained for that
coustituent is appropriate for that mcthod
(SZ5t53(h)). Sclcction of a specific
method is describcd in the USEPA
"Statistical Aoelysis of Ground-water
Monitoring Data at RCRA Facitities -
lnterim Final Guidancc' (USEPA lpEg).
The methods include the fotlowiag: i

o Paranrctric analysis of variance
(ANOVA);

. RanI( based (noo-paramctric) A\iOVA
with multiplc comparisoru;

o Tolcrance prediction interval;

. Cootrol chart; and

. An dtcruative suilistical mcthod

If aa dtcraative mcthod is usc4 thcn the
Stato.Dircclor u$r.tc notified rod a
jutificatioa for its usc Elrst bc pleced in
thc operating record.

Tbc satistical analysis metbodr cboccn
Errst mect pcrformancc frodrrds
specificd under t25t53(h) irdudinf rhe
folloring

1) Applicebility to actud distribtruoa of
thc dete;

2) Individual well comparisoru ro
background gronud.water quelry or a

ht) a rlF | __! .6na



ground-water protcctioo strndard shdl
bc done at a Type I error larcl oo les
than 0.01 or, if thc mutdp[s
conparisons procedure is rse4 thc
expcrimcnt-wisc error ratc for each
pcrid sball bc no les than 0.05;

3) If a control chan is use4 the tlgc of
chart and associatcd parameter mlues
shall be protective of huoan hedth
and thc enviroa.mcat;

a) The level ofconfidcnce andpcrcentage
of the population contained in aB
intcrval shdl bc protective of buman
hedth and Oe cnvironment;

5) Acconnt for data below ils limil sf
detection (les than PCIL) iu a manncr
that is protective of human hedth and
the envirotrEent; an4 if necrssary,

6) Account for seasond and spatial
variability and temporal corrcladon of
the data

These statistical analysis mcthods arc to
bc uscd to deterainc whcthcr a significant
incrcasc over backgrouad bas occurred. A
statistical analFir of fibnitoring dan urst
occur aftcr rcccivingvalidatcd resulu froo
each samplinl and anelFb cvcnL

Thc statistical pcrforoencc sil$rdr
providc a EGeDs to linit thc possitility o(
making fdsc conclrsions froa thc
monitoring data Thc specified enot letel
of 0.01 for individud well comparisoos for
probability of Typc I error (indicatioo of
contamination when it is uot prescnt, or
fdsc positivc) esscntidly EcaDs tbat the
analysis is predicting with 99 perceut
coofidcucc that no significant increase in
contaninant lcvels is evidcnt Tbc

corollary to thir is that tbe &ere is oaly a
I pcrccnt chancc that E Typc tr error
(failure to detcct a sfnificant increasc in
constitucut coDccnEatioD, or falsc
aegative) has ocsurred. Non<etcsted
results ulst bc ueatcd in an appiopriate
Eastrcr or thcir inftucncc on thc statisricd
method Ery invelidatc the statisticd
conchsioa Further discnssion of non-
dctected resuls is found latcr in this
scction In addition to thc statistical
guidance providcd by USEPA (1989), the
folloring refercnccs Eay bc. rscful for
sctccting othcr mcthods (Dixon urd
Masscy, 1959; Gibbonq 1916; Aitd'ison
and Browu, 1957; and Gilbcrt, 19t7).

Mdtlph Wdl Couperfuoor

Thc god of monitoring well placement is
to prorridc represcntative samplcs of water
quAity both upgradicnt and dotmgradieat
of thc landfill. In this Banner, changes in
thc quality of ground-water passitrg under
thc landfill can bc dctcrmincd. If more
than two wells (upgradient and
dwagrsdicat combincd) are screened in
thc saEG saatigraphic unit thcn the
appropriatc comparison method is a
nultiplc wcll cooparison uslng analysis of
vari.o€ or AIIOVA. Thc analysis of
variaace tcst oonpsrcs thc average
conceatration eEoDtwclls to determinc if
thcy arc &om thG sanc continuou
distribnrtiou The ANOVA tcst includes
both penoctric eld nonparamctric
proccdurcs. Cbemical data from ground-
uraer tcd to follow a log normal
distributioa (USEPA19t9) and such data
usudly nced to bc transforucd prior to
applying a parametric ANOVA procedure.
By tdcing a log transfotuatiog such data
will gcucrdly bc convened to a normd
distribution By applying a chi'squared

(D,
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procedure, probabiliry plots or other
normaliry res6 on _the residuals (enon)
from the AIIOVA procedure the
nomality of the Eansformcd data can be
determined. In additioo, the variancc of
data from eacb well in the comparisoa' mlxit be approxinatcly equivalenq this .

condition can be chccked rsing Bartlctt's
test. Both Bartlett's test and four
normdity tcsts arc prcscutcd in USEPA
(1e8e).

If the ilenefsrm3d test data do trot
conform to thc normdity assumptiorl a
nonparanetric ATIOVA procedure should
be uscd. The nouparametric statisticd
procedures are not dependent on the
mathemadcal propcrties of a specified
distribution. The nou.parametric
equivalcat to the parametric AI{OVA is
called the Knrskall-Wallis test which rses
ranking methods to conpare the data

If the data display scasondity (coosistent
timc depeadeut increascs or dccreascs in
pammetcr valucs), a tw&way AIIOVA
procedurc should bc nscd. If thc
scasondity can bc correcte4 a one way
AI\IOVA proccdnre Esy still b€
appropriate. Methodi'to uiat scasonality
are describcd h USEPA (19t9).

AI{OVA p,rocedures detcrminc whether
different wclls have rignificantly different
concentrations of hazardous corutiruents.
Contrasts are uscd to investigate whcre
difrcrences occur. ANOVA procedures
are followed by multiple comparisoru
proccdures that are uscd to discriminate
beween wells showing significant
differeaccs. This procedurc must test tbc
contrast betwccn thc mcan vdue of each
monitoring paramctcr for the background
to the compliance well. Thrs tbc Type I

expcrimcat widc eror of the AI.{OVA test
mst be at a sifificancc tcvel of no less
than 0.05 with a signiEcancc lcvel of 0.01
for individud well comparisons. For
limiaiiess on multiplc comparison tess
whea Borc &an Eve coopliancc wells are
rrsc4 refer to USEPA (19E9).

If daa shor, litrlc %riabiliry between
upgradieut aad domgradient wells, orher
mcthods, indudiry olerancc intetrals and
prediaiou intcnrals, Eay ba uscd in place
of analysis of variance. Thesc meihods
may bc especidly appropriatc where the
site geologr is very homogeneors. lBoth
mcthods iue simil3s and consiit of
constnrcting confrdence intcrvds about
the mcan of thc background well data
The confidenct iuteryal should be one.
sided since the objective of monitoring is
to detect significant changes that .ue
greater than the backgronnd mcan. The
coufidence lcvel should sct to 95 pcrcent.
Thcsc methods are discusscd dso in
USEPA (lere).

Indlvldod Wctl Conprrlsonr

Sitcs with complcr geolory may have
stratfraphic unig whicb are monitored by
only one background and onc
domgradieut well. Under these
conditions thc ANOVA procedure, which
reqtircs tr rninimunr of threc wclls, may
Bot h nscd" lo tbcsc instances, other
statistical mcthods would bc required to
oonpare backgrouad and compliance
data

A numbcr of satistical procedures can be
fouad in any basic statistic reference, for
the comparison of meaas whcre variances
are equal or whcre variarces are unequai.
Thc distribution assumptions of the



Eetbod ielectcd Eust bc satisfied by thc
distribution of the dat+ and thc
confidcnce level should be no lcss thaa 95
p€rcent for a Typc I eror. Mcthods
sclc6ed ;es 5ingle well comparisoas mut
bc recorded and justifrcd in thc facility
operating records.

Intre.nell Conperlsonr

Intra-well comparisons, whcre data of ooe
well is evduated over tinc, are r:scful in
evaluating trends in individud wells and

for idcntiffing scasonal cffects in the data
The intra-well comparison methods do not
constitutc compliancc witb evduating
background daa to compliance data
Some existing faeilitics Eay aot have valid
background data lntra.well comparisons
may rePrescnt the only valid comparison
available. For erample, a facility
constructed on a hilltop with radial
groundwatcr flow around the facility, may
Bot have au upgradicnt wcll. If tbc
geolory is not similar ncarby, it may not
be ablc to clcarly establish background
grouud-watcr qudity. from adjaccnt wells.
A significant pocitivc trcnd in the data
from a downgradicut oonitoring well may
providc su6cbut cvi&ug to conclude
that thc Lndf[ uait is afiecting thc well.
Such trcndr $odd bc widcut in scvcrd
parancter dncc conteminant migration
from a ladfiIl wiU re$ilt in an influn 6f
multiplc constinrcng into tbc groundwater
flow system. DurirS initid rounds of
gtroundrrater monitoring scasond efreas
should not bc misconstnrcd for either
positive or ncgative trcnds. In the
abscucc of a tnrc background well, sevcral
monitoring wGnE Eay h required to
dcrcrminc ueads and scasonal f,uctuations
in groundrratcr qudity.

Control ch8ru Bay be uscd for inua-well
comparisoos b,ut are only appropriate for
rracontaminatcd wells. If a well !s

interceptint a releasc, then it is dready in
an out-of-control sate which violates the
priocipd assunption undcrlying conrol
chart proccdures. T[mc scries andysis
(ploninf @necBtBtioos over timc) is

extremcly nscful for idcnti$ing uends io
monitoring data Such data may be
adjusted for scasonality efieas to aid in
asscsing thc degree of cbange over time.
Guidancc for intra-well comparisoo
techniqucs and limilalis6' ef the
techniqucs are providcd itr USFPA
(19t9). I

TtrlSncil ol Noa-Ilctetlons

Thc treatncnt of data bcloy tbc deteaion
limit of thc analytical method uscd is

dependcnt upon thc number or
pcrcentage of non-detections (l'{Ds) and
ino ra6&t- method employed. If a

largc proportion (grcatcr tban 50Vo) ue
prcscnt, a profesiooal statistician sbould

bc conndtcd. USEPA (19t9) prwrdes
geucrd nridancc ai thic opic wbich is

bric8y.pTI3'1j hcre.

If tbc anount of dare bclor dctcction is

les thaa 15 pcrcent, thcsc dau orY bc

substinrtcd with values of l/2 o( tbc
rcportcd ncthod dctcction linit (MDL/2)
ot l/2 tbc ncthodr prrctical grotintion
linit (PQL/2). If morc tban U pcrcat of
thc date arc Nds thca noapefircmc test

proccdures ale recommcsdcd for
-valuating the oonitoring dru. Thc

nonparznctric mcthodswill trert tbc l{Ds
valucs I ties; this proccdurc lt less

scnsitivc to cror thaa equrnlent
paramctric mcthods. For I\rB Yhich

ieprescnt grcatcr thas 50 Pcrccot of the
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data, the tcst of proportions should be
nscd. Thc test of proponions is uscd to
identi$ what nunber of dctcctions in a
compliance well, relative ro &c
background well, is an indication of a
statisticdly significaat increase. Thesc and
other methods of handling nondeEction.
data are discusscd in USEPA (19E9).

Conperisoru to R{ulrtory llnlts

If gound-water data m$t be evaluatcd to
dctermine whethcr a para.Betcr has
exceeded . rcgulatory limil (e.9. an
MCL), a confidence interyd approach
based on the distribution of rhe
compliance well data should be used.
Thc confidcnce intend is dcsigned to
contain thc tme mean of the daa witb a
spccifred level of confidence (gencrally 99
percent at the lower limit). The lower
limit is thcn compared to the regulatory
value and if thc lowcr limil i5 larger, it is
considered significant evidence that tbe
regulatory levcl has bcen excecdcd

Thc daa or log traasformetions of thc raw
data mrst mcet noroality assumptions if
thc sildcnt tdisributioccir nscd. If
nonparanetric oethods ssc enploye( a
midmun of ssyca indcpcndent daa
vdues uat bc avrilsblc from a sampling
event tnst b not eficctcd by scasondity.
Otber distributions Esy bc uscd to creare
the confdence intcnal so long as the data
follow the assuncd distribution For
furtber guidaace rcfcr to USEPA (1989).

5.10 DEIECITON
MOI\rINORING PR,OGRAM
40 Crn !2S&5.

5.10.1 Sfeicncnt o? Rcgtlatlon

(r) Dctcctbl uooltorla3 ls required
rt MSWIf ultr rt rll 3rcundwaternorl3orh3 rclk dcflaed under
C!2$Jf(eXl) ead (eX2) olrUr pur. Ar
I ulduuu, I dctcctloa uonitoring
progrru uust hclude thc uonitoring for
tic colrtltuc!3r llrtcd ln Appcndix I o(
thl! put

I
l) ItG Dtrcctorolrn rppruvcd Snle mry

ddcrG ray o( rhc Appeadir I
@rl3ortry prrrndcrt for r MS\ilLF
ud3 lf 13 crn bc sho*l that the
renoved cotttltucalr rrc not
raronebly cxpcctcd to bc ln or derived
hon thc rr$c contelncd ln the unit.

2) ftc Dlnctorolu rpprcvcd Strte mry
ctSrbllri tr rl3crDrslvG list of
lmltrdc hdlotor p.rurcters for r
MtlltLF udg h llcu ol roDG or rll ot
tf: tary uadr (coutltucnE l.l5 i!
Appodlr l), ll ttc rltemrtivc
prnEcl.r! prWldc I rtlieblc
lndlqtlol ol lmrgulc rdcrscs from
th l,IllWIf udt !o thc alound wtter.
h dacruldq rltcmrtlrc plmmerers,
fiG Dkutor rtrll colsidcr thc
follorht bCor$

(l) TIo typcr, qrutitlcr, rnd
colccatntbu oi coastitucnts in
rutcr Erlrscd 13 thc MSltr/LF unir;

F'! TF



(ii) Thc nobillty, rrtbillty, rld
persisteuce of restc colrtlt[rlts or
their rcrctlctr productr ln thc
unsetuntcd ztorr)- bcnceth thc
MSIilLF uni$

(iii) Thc deectrbitlty ol hdtcror.
pfnneteBr trstc cotrStltucnts, end
rcrctioa Products ia thc gmund
wrter; r[d

(iv) Tbc conccntrrliotr or vrlues rnd
coelllcients of verietion of nonitorlag
prmmeters or Gotrstituents ilr thc
grcund-weter beckgruund.

(b) ftc monitortq hcqucncY for rll
constitucntr listcd h Appcndir I, or thc
eltcmetive list epproved h rccordrncc
rith prrrgfrph (eX2), shell bc rt lcest
scnirnnud duriry thc rctlrc llfc ol thc
fecillty (tncludht closure) end thc post.
closur: pcriod. A ninlnun of four
independent senphr fioo cech lell
(beckground end dorryndlcu3) nust bc

collected rnd rndyzed lor thc Appendir I
cotrltitucnts, or tla elSctletlvc lbt
rpproved ln rccorducc l|tt pengnph
(rX2), durlry tic Oril rcnhlauel
semplln3 cvlnt Al h.tt ore rrnplc hon
cech ucll (D*kfround rad doratndlcnt)
nust bG collcCcxl rnd urtyzcd durin3
subscqucat rculealurl reuplla3 svcDtg
Thc Dlnctor ol u rpProrcd Strtc nrY
spccdy l! ePproprhtc rltctaetivc
frcquencl lor repcetcd senplln3 rnd
rndysi -rr Appcndk I colctltuents' or
tLG u ,rnttlvc llrt epprovcd in
rccorde. r riti peregrrDh (e)(2)' dunng
thc rctlvc lifc (lncludln3 clorur:) ud thc
posttlosurc crrG pcriod. Ttc dtctaetivc
tlequcnc1 durtry thc rctlvc lifc (iacluding
closure) rhell bc no hrr thtl rnnuel.

Thc dtcta ttvc tequcncT shell bG brscd
ol conrldcrrtlot ol3f,c lolloria3 ?rctorr:

1) Lithologr ol thc rquifcr rad
unrrtuntd zo[c;

2) Hydnullc conductlvlSy ol thc rquifer
rnd unsrtunScd zotrc;

3) Ground-trta [or ntes;

4) Mlntuun dlrteacc bctncen upgredient
d$ ol thG MSII'LF ' unit rnd
dw4ndlcnt oonitorinS rcll ;cr€cr
(nldnun dlstucc ol tnvel); eld

5) Rcsourcc vduc ol tic rquifen

(c) Il tic oncr or opcntor deieruin.r!
purruils 30 !25tJ3(O ol tUr pert, thrt
thcre lr r strtlrtlcelly slgi[cent incrcese
ovrr brctgtound for olc or norc of the
co[Jtlsrcatt llt8d ta Appcndlx I or the
dtcrmtlyc lkE epprovcd ir lccordlnce
rltl prrrygrph (eX2)' 13 ely nodtoring
rtll rt thc boundery rpeci0ed under

!25u1(t)(2), tic o*rcr or oPcrrton

(r) .Mull, rlitl! t{ deyr ol thic
[ldll3 plre e"dt*lcc ll tbc oPerrting
rurd hdlcr3hs ttlch costtltuctrts hrvc
rion $rtlillcdlY r$i[clnt chrn3Ps

tor b*[roud lctrb, eld notif] thc
SsrlG lrlrr tol tirt t[tt DotlcG *rs pleced

i! tic oDcn3lry rrcordi rnd

Ql Murt €trbUth l! rsscssment
nonltorln3 Pro3rrn ncctlnt thc
rrqulrcncnts ol l2StSS o[ thir psrt
titht! 90 drf, Grclpt rs provided for if
prngnpt (3) bchr.



(3) Thc orucr/opGrttor Ery
dcnoostntc thrt r louns! othcr thra r
MSmf unit cruscd thc contenlnetloa or
thrt thc $rst$icdly silnificelt lncnesc
sultcd hon ctrur h renpllng enrlystt,
strtlltlcrl cvrlurtloq or netunl verletloo
in goundrrtcr qudlty. A rrport
docuncntiag thls dcnoastrrtloa murt bc '

ccrtificd by I quell[cd guundrrrtcr
rlcntlst or rpproved ry thc Dlnctor of rn
eppmvcd Stetc rnd bc pleccd h tic
opcrrtirg rtcord. If I successfirl
dcuronstretlol ls nrdc rnd docuueotcd,
thc oruer or opcrrtor Ery contlauc
dctectlon noaltorin3 er spscillcd h tUr
*ction. If eftcr 90 dryr, r succcssflrl
denoastrrtion is not nrdc, thc ormer or
opcrrtor oust lritirtc l! rrsc3sneal
nonitoring progrrn lr required i!
!25t-55.

5.102 AoolicabillE,

Except for the sraall landfill exemptioa
and thc no migration dcmonsuatioo,
detection monitoring is rcquired at
cxisting MSWLF nnitq latcrd expansions,
and ncw MSWLF unitg Monitoring must
occur at least gmirnnurtV at bOth
backgrouad wells and ddilimgradienr well
location$ Monitotiry psnmcters mur
includc dl Appeadix I constitucns unlcss
an dterartivc list bas bccn established by
thc Dircercr of aa agproved State.

The fit:1 ssmiannual moaitoring event
mst includc four indepcndcnr samples
which are analyzed for dl coostitucns in
thc Appendix I or dtcmative [isr Each
subccqucat 3gmiannual evcnt Eust
includc, tr13 minimurq thc collection and

andycis of ooc sanple from all wells.
Tbc Director of atr approvcd Statc may
spccrfy an dtcraative sampUlng frequency.
The monitoring reqriremeut coutinues
tbrougbout tbc active life of thc landfil
and tbe post.closurc care period.

If an owncr or opcrator dctermincs that a
statistically 3itnif,6ag increasc over
backgrouad has occtrred for ooe or more
Appcndix I constituenr (or constiilents
on an altcrnative list), a notice Eust be
placcd in the facility operating record.
Tbc omct or opcrator must noti$ the
Statc Direetor yirhin 14 days of the
Endin& Within 90 dan thc owulr or
opcrator mut cstablish an ilsscssneur
moaitoring program in conformance to
the requircrucnc of !258.55.

U evidence exists tbat
significant increasc is
unrelatcd to tbc unig

statistically
to factors
owner or

opcrator may malcc a demorutration to
thit sffs6 to thc Director of an approved
Statc or pla.s. r certificd dcmonstration in
thc operating rccord Tbe potendal
reasons for an apperent statistical increasc
may includc:

A sourcc orhaf ttaattc land6ll;

A scasonal 0uctuation in tbc data;

An amlytical error;

A stuistical crroc or

A sanpting eror.

Thc dcoonstration that onc of these
reasons is responsiblc for thc sratisticdly
significant incrcasc from background must
bc certified by a qudified groundwater

a
duc
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scientist or approvcd by the Dtrector of an
approved State. If a succcsful
dcmoostratiou is made and doanmented,
thc owuer or op€rator may continue
detection monitoring

If a succesful demonstration is not madc
vithin 90 daR thc owncr or opcrator
mrst initiatc an asscssncnt monitoring
progran A flor chart for detection
monitoring progran is proddcd in Figure
5-5.

5.103 Tcchnicel Coasldcretlonr

If there is a statistically signifrcant inseasc
ovcr background during detection
monitoring for one or Bore constinrents
Iisted in Appcndix t of Pan 25t, the orrucr
or opcrator is required to begn
ilsscssEent monitoring This "trigger' for
Pbasc tr monitoring is bascd on Appeadix
I constituents only. The trigger will not
changc even if tbc Director of
approved Statc dlors tbc usc
gcochcmical peramctcts in lieu of somc or
dl of tbc hcavy mctds. In thc situation
whcrc an owtrcr or opcr8tor suspecrs tbat
iL satistically significant incrcasc iB ?
geochemical psranctcr il caucd by
tempord or ryetial vlrirliUty, the owucr
or opcrator will have to dcnonstrate that
thc increrrc wrs duc to oanral variadon
to avoid proccding to isscssnent
monitoring

Altcraete Ust

Thcrc arc situations whcre an dteruate
tist of inorganic parametens Eay be
cstablishcd. tn thcsc cascs, thc inorganic
peranctcrs would bc uscd in place of
soEG or all of thc hcavy metals
(Paramctcrs 1 through 15) in Appendix I.

Thesc dtcruate parancters mut provide
a rcliable iadication of inorganic releases
from thc MSWLF unit to gound-water.

Thc typcs, quantitics, aad conccntrations
of wastes mrnsge{ ar the MSWI-F unit
play an ioportant role in dctermining
wbcthcr ot not a[ dteroative tist of
paranercrs would bc appropriate. If an
owncr or operator hrs dcEnitc knowledge
of tbc Eenue of wastcs acceptcd, then an
dteraative list Eay bc acccptable.
Usudly a wastc would have to be
homogcueons for this typc of knowledge.
A demonsuation could bc submined that
documents &c prescnce or absend of
dificrent constitucng

A potentid problen in substituting
geochemical paranctcr for metals on the
alternate tist is that mml of the dternate
inorganic parametcrs are naturally
ocorring. As a result, tbere is a
possibility that relying on these
paranctcr nay fdscly indicate releases.

Howcvcr, elcmted lcvels of these
pamncter havc bccn shom to indicatc
relcascs &om MSWLFT Using dtemate
inorgraic parancten is reasonable in
cascs whcrc uatural br.}grornd lcvels are
ss1 hith enougb to Eesk thc dctestion of
a st8tisticslly significaat increasc. Using
dtcraetc psrenctesr ryould also bc
acceptablc whcn thcrc is nininal nanrral
spatid aad tcmpord wriability in the
backgouod p8r.sctcrs

Tbc dtcraatc tist nay only bc granted by

an approvcd Statc on a sitc-spccific basis,

bccausc ground-water chcmisuy utay vary
from sitc to sitc. The dtcroative list may

contain both mctak and geochemicd
parancter. Completc rcplacement of
metds witb gcochemical Paraneters may

an
of
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Frnr scmiannuai monuonnEl-
Foru indepcndent samples irom each
well (backgound and downgradient)

. Subscqucnt scmiannual monitonng -
One siruple from each well
(background and downgradient)

Subsequent significant
mcrease over

background for
one or more Appendix I

consririuent?

. Within 14 deys nodfy State director
that notice placed in record
- ilJ:.ai r.: -;;. Widdn 90 days esublish assessment
moniuing progr.rt

. May deoonstrate odrr tource
responsible or an sror rn samplinl
uralysiV*atisticr
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not bc protcctive iE all cascs. The optioo
of establ.ishing an dteraate list applics
only to Parameters 1 through 15 ofj
Appcndix I. Tbe dternate list docs noti
allow removd of the volatile organic'
compounds (Appeadix I, Parameten 16

througb 62).

Altemrtive Frcqueacy

Io approvcd States, 40 CFR 0 258.54(b)
dlows thc Direaor to spcciry an
altcraative frcquency for ground-water
monitoring. Thc dternative frequency is
applicable dnriry thc active [ife, including
closruc, and the postdosure period. The
altcraative frequency can be no les than
annud.

Tbc option to have an dteruative
&equency was based on the variability of
geologic sening5 etrcoutrtered nationdly.
For examplc, for MSWLFs located in an
area with low ground-water f,ow rates, it
may bc necessary to monitor ground-water
les frcqucntly. The 0orr rate is
dcpcudent on tbc lithologr and hydraulic
condustivitics of thc aquifer. An aquifcr
with a higb clay oontcat has a lower
hydraulic odnctivity then a sand and
gravel aqrifcr. tn thi! casc a reduced
frcquency nry bc appropriatc.

Conternimnt tnosPqrt ratcs can bG

signiEcant in tbc unssturatcd zoac as well.
Rclcascs in thc unsaturatcd zone follo*,
prcfercntial f,ow patbs. Thc relcascs tnay
bc furtbcr mobilizcd by wetting eveuts,
thus pro'kting recbargc to the aquifer.

Thc nccd to vary monitoring frcqucncy
rorrst bc cvduated on a site-spccific basis.
Thc sampling &cqucncy choscn must be
sufficient to protect hnman bcalth and the

environmcnt Dcpcading on tbc grouud-
watcr 0ow ratc, rnd thc resourcc vdue of
thc aqnifcr, le$ &equeut mooitoring may
be allomble or more frequent monitoring
Eay bc rceess8ry. Bccausc of thesc
reasong an approvcd Sate ney specify an
dteraativc frcqrcucy for repcated
sanpliag ald analysis of Appcndix I
constitucnts bascd ou:

1) Uthologr of thc aquifcr and the
uratunated zoue;

2) Hydraulic conductivity of the aquifer
aod the vadosc zonc;

3) Ground-water flow ratcs;
t
I

o' Xffi*, .frfri'*.Yffi;} JI: O
aad tbe domgradient well screen; and

5) The resource vdue of the aquifer.

Approvcd Satcs dso can sct alternative
&eqrcncies for monitoring during post
cloorre bascd on thc ssnc fa,eton. This
dtcroativc frequcncy for ground-water
moaioring Eust bc craluated on a site-
spccific basia, , 'r

Notl[crtb!

Thc notificetion requiremcnt under 40

CFR | 25t5a(c) requires ao owner or
opcrator o placc a notice in the opcrating
record that indicatcs which constiruens
have shom statistically signrficaot
increascs and to Bodry &c Sate Direaor
that thc noticc wes placed in the

operating rccord. Thc constitucnts can bc

from cithcr Appcadix I or from ao

alternatc list
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Ilemonstretloos ol Othcr Rcironr
For Stetlsticel Incrcrsc

An owner or operator is dlowed 90 days
to demonsuate that thc statisticaliy
signifrcant increasc uas qruscd by enon
or by a source other than thc [asrlfill. ffus
dcmonstrztion dlowed in $ 258.5a(c)(3) '

may includc:

1) A dcmoostration tbat the increasc
results &om an alternatc source;

2) An cvaluation that geologic material
caucd thc increase (i.e., Eltered versus
unfil13;sd resuls);

3) A comprehensive audit of sampling
laboratory, aud evaluation procedures;
and

4) Resampling and analysis to verify tbe
prescnce and concenratioo of the
constinrents that churged.

A dcmonstration, that the changc is the
result of a sourcc othcr thaa thc MSWLF,
sbould includc:

o Existencc of ao dtcruatc sqrce;

. Existcre of a hydrogcologic transpon
flor Fth 8!d regime from the
altcrnetive $ruroe to thc well wirh thc
significant changc;

. Prescnce of thc constitucnt(s) (or
Precursor constituenB) ard other
posiblc compounds at thc dternatc
sourca or dong thc transport flow path
prior to possiblc relcasc from the
MSWLF;

Rcletive oonocntratioo and disuibution
of constituents in thc zonc of
conteni!8tion should bc more strongly
Iintcd to th€ dternatc sourcc than to
tbc MSWLF when thc fate and
traaspon characteristis of tbe
constituents are considered;

The conceouation observed in
groundrztcr could oot have resulted
from the MSWLF given the waste
constinreus and concenuatioru in the
MSWLF leachate and wastes, and site
hydrogeologic coaditioru ;

Historic consisrcncy of altemate slurce
with hydrogeologic conditionsl and
Eadingp of thc monitoring program.

The demonstration must be doormcnted,
ccrtiEcd by . qualiEed goundwarer
scientist, and placed in tbe opcraung
rccord of the facility.

Dcuourtn3lons ol Othcr Sourcg ol
Etrur

A succcssful dcmonstration thar the
satistically significant change is tbc result
of aa crro.r iq sarytin&-aulysi!, or data
ralidrition nay includb tbc follomry:

o Clcar iadication of transcriguoo or
calcrletion cror from analyris:

o Clcar indication of a systcmrtic cnor
iD alslycis or data rcductioo;

. Rcsanptiry anslysis, and ardueuon
resula; aod



. Taking corrective Ecasures to prevent
the recurreuce of thc eror arrd
incorporating these Bcasures into thc
groundwater monitoriry p1ogranr

If resampting is necesary, thc samplc
tahen Eust be indcpcndent of tbe prevfors
sample. More than one samplc may bc
required to sub,stantiratc thc cootentioa
that thc origind sample was aot
represcntative of thc groundwater quality
in the affected well(s).

5.TT ASSESSMENT
MOMTORING PR,OGRAM
40 CFR C25tJ5(e)-(0

5.ll.l Staternent of Rcqtlatlon

(e) Assessnrcnt nonitoring ls rcquired
whenever l strtkticrlly signitrceat
incrcese over brckground hrr bccn
dctected for ooc or Dot: of thc
constitucnB llsted la Appcldlx I or h 3iG
rltcmete llst eppnoved ln eccordencr rltt
S 25t.3{(rX2).

(b) Wttht! 90 dryr gt 3rlj33rlrS u
lsrcssncrt Eoaitorhi pmgren, .d
eaaudly tfcr:lflcr, thc mcr or og.rrtoi
nust senplc ud urlyzc tic ttlrrfrt.'
for dl coudtua3r ldcltlficd ll fpeodtr
II ol3[Ir perL A Ellltrr! of om uplr
Oun cech dotagndlcnS xtll nrl br
collccted end rnelpcd durlag cl
senplin3 cvcnt. For rny lct cotrttltrcil
dctcctcd in thc domgndieat rellr u r
rcault ol thc couplac Appcndh II
endyslr, e uldnun ol lour hdcpcldcnl
senplcs ton cech rell (brckgound rnd
do*ugndlent) uurt bG collcctcd rad
eaelyrcd 30 cstrbllsh beekground for thc
[sr croDstltuctrt$ ltc Dlrcctor ol ra

lppro"cd SSrsc Ety rpccify rn
epproldrtc rubla olGllc !o bc nnplcd
end errtyzcd lorAppcadk II constliucnts
drrlrf rrccrrucrt nonitorl4; Ttc
Dlrector ol u rpgrovcd Sutc ury delete
rly ol ttc Appcad[ II uonitoring
prnEcAcrr lor r MSIilLF rlit lf lt cen bc
shoru 3het thc rrnovcd coutltucntr rrl
lot ltttooebly cnpcctd 30 bc conteined
in or dcrlvcd hon thc mstc contrined in
tbc udL

(c) TDc Dlnctor of en epprrved State
Ery rpccily lt rpprogrirtc eltetrate
tequcacy tor r:pcetcd srnpliry f end
rnelyslr for thc full scr ol fppcndh II
colstltrcnE rcqulnd by $25tJ5(b) olthis

3#i#,ff#*J[i]1'#ilT O
cousidcrln3 thc lollonh3 fectors:

(1) Uthologr of t[c rquifer end
unsrtuntcd zoDC;

(2) Hydreullc conductlvlty of thc
equifcr rnd unseturetcd zotrc;

(3) Groua&rrtcr 0or ntcs;
.d-

({) Mhlouu dlrtrncc bctreen
u6ndhnt dF of tlc MSWLF unit rnd
don3ndhat Eolttorln3 rrll scrGeo
(nldnun dk3ucc of trevcl);

(O Rcrourcc nlrc ol tic rquifer; end

(O Nuur: (?rtc ud tnnspor3) of rny
coartltucnB dAcctcd h rcrponsc to this
sccfbn

(d) AnGr obtrlnlry tic rrsultr tot tfr. O
htttd or subrcqucnt renpllng cvenis
rcquk:d h prngnpt (b) oltf,ls rction,
thc omcr or optntor nus3:



(1) Withh l4 deys, plecc r lorlcr h
thc operrtilE rccord idcntifliry thc
Appeadix II constituents tbrt hevc bcca
detected rnd noti$ thc Strtc Dir:ctor thet
this noiicc hru beca pleccd i! tic
opcratitrt rtcord;

(2) Within 90 drys, rnd ou rt lcrst r
scnirnnugl besis therceftcr, resenph dl
nalls spccind by l25tJf(r) conduct
endyses for ell coostituents io Appcadh
I to this Prrt or in thc rlterartivc Ust
epproved in rccordlncc rith
$25t.9{(e)(2), end for t[osc coostitucnt!
h Appendlx II thrt rrc detccted i!
rcsponsc to prngrrph (b) o( this scctioo
end ncord thclr concentntlons ln thc
frciltty opcntiry ncord. Al lcert onc
srnplc hon eech uell (brc$round end
dowryrrdient) Eust bc collectcd rnd
enelped duriry thcsc nnpllry cvcots.
Thc Director ol rn rpgnoved Strtc mry
spccify lo rlteruetlve nonitoria3
fFequency duriq thc rctlvc llfc (iacludin3
closurr) rnd thc post closurc pcrlod for
thc constlluenr nlenrd to i! thir
pengnph. TLc dtcnetlvr tlequcncy lor
Appcndir I constltucnE or thc rltctaetc
list eppmved h rccordence rith
$25tj4(r)(2) dutuf tic rctiv,c lifc
(includl{ cbnrc) shdl bc oo lcsr then
rnnull Th dtcnietlvc tcquencT shrll
bG br$d or consldetetloo of thc frctors
spccificd h pen3rrph (c) olthis tcctiooi

(3) Estrbllrh brck3roudd
cotrcrntnSiont lor t[y cooltitucot!
dacctd pururtrt to prregrrpht (b) or
(dX2) ol thir scctlon; end

(4) Estebllsh groundretcr protcctiotr
strndrds for ell constitucnts detected
pursuent to prngrrph (b) or (dX2) of
thlJ scctlon. Itc ground-rrtcr protectioo

stradrrdr ridl b. caeblishcd il
rccordrne rilf, prngnphl (h) or (i) of
thls gstlo!"

(c) lf tf,c conccntntioas of rll Appendix
II constitucn3s rrs rhorm to bc rt or
bclot beckgrould vduct, usin3 ihc
strtkSlcrl proccdur:r t! l2StJ3(9, for
txo couacutlvc rrnpllag evcnts, 3hc

orrcr or opcntor nust lotlly 3hc stste
Dlnctor of tib 0adia3 end nry rctum to
detcctlor nonltorlag

(0 IlShGGorGlatrrtioos of rny Appcndix
II comtltuc!3s lrG rbove beckgtound
vrlucq but ell corccntrrtlons rrc hbt
thc gouadrr3cr protcctioo stradrrd
csteb[shcd undcr prngrphr (h) or (i) of
thfu rctlon, urh3 tic strtisticrl
proccdurcr h !25tJ3(d), thc owner or
opcrr3or uugt coutlnuc rsscssment
nonitorfug in rccordancc with this
scction.

5.112 Aoollceblllty

Asscsmcnt monitoring is required at ail
existiry unit$ latcrd cxpansions, and new
facilities wbengver auy of thc constiruens
listcd in Appendir I are detected at a
conceatration whic,h is a statistically
significant increasc over background. A
flw chart pcnaining to appticability
requiremcns is prescnted as Figure 5-6.

Within 90 days of beginning assessment
monitoring; thc omcr or oPcrator must
resaoplc all domgradicnt wells utd
aazlyzc thc samples for dl Appendix II
constitucnts. If asy rcry APP€ndix tI
constitucnB are.idcutificd in this process,

four indcpeudcnt samples must be

collected &om all upgradient and

do,mgtradicntwells and uralyzed for those



Ftgure 5 - 6
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new coruititueats to establish background.
The Appeodix tI corutinrenu mrxt be
monitorcd in each well annudly for thc
duration of iLslrcssment monitoring
program In aa approved State, tha
Director Eay reduce thc number of
Appcndix II constitucnts to bc analyzcd if .

it can be reasonably shom Oat thosc
constituents are not prescnt in thc wastes
aod thc leachates derived from the wastcs.

Tbe Director of an approved State may
spccrry an dtcraate frequeucy for repeated
sanpling and andysis of Appendix tr
constinreats. This frequcncy Eay bc
decreascd or increascd pendiag
consideratiou of the factors in
$25E55(c)(1)-(6).

After initid iuscssment sampling the
owucr or opcrator Bust place the resuls
in thc opcrating record and uoti$ the
Statc Direstor that thir s61isg has beea
placcd in the opcrating record. Within 90
days of receiving thcsc initial resuls thc
owtrcr or opcrator Eust resamplc dl wells
for alt Appeudix I aad Appendix II
coostirucns. Thi! conbincd list of
constinrcnts Eust b saoplcd at least
scmiannudly thcreafter aod tbc list mnst
be updatcd to includc auy narly dcteacd
Appeudix I[ constinrcuts aonudly.

\fliihin thc 90 day pcrio4 the owner or
opcrator mst cstablis[ ba*gound vdues
and groundrratcr protcctiou standards
(GWPS) for dI Appcodix II coostitueos
detcsted" Thc regriremcnts for
dctcrmining GWPS arc prwided in
!25t56(h). If thc concentntions of all
Appcndix tr constitucnr arc below the
backgrouud values aftcr two independent,
consccutive sanpling events, thc owucr or
opcrator Eey rcturB to dcteaion

monitoriry after aotificatioo bas been
made to thc Satc Dircctor." U after these
two sampting evenr, aoy detcaed

4ppcndix II constinreut is stadstically
abovc backgroun( thc asscssment
monitoring progruu Eust bc coutinued.

5.113 Tcchnlcd Conrtdcretions

The purposc of asscssmcnt monitoring isto qnluetc whctber spccific wasre
constituents, in addition to thosc
ideatificd during dctection moqitoring are
prescut at statistically significant levels
abwc baclcgound to establish GWS for
cach onstitucut &at is detected, ahd to
enluatc if thc GWPS is excecdcd. If a
GWPS critcrion is cxcecde4 the State and
do*agradicnt land otmcns are notified,
tbc naturc aad extent of the release
charactcrizc4 aad corrective measures in
accordancc with 40 CFR !258.56 are
asscsed. Tbe asscssncnt monitoring
progran is phascd. The 6nt phasc
asscsscr tbc prcrencc of additional
asscssncnt oonitoriag constiruenrs
(Ap,pcndir II or ea alternate list
dcsignetcd by an approved State) in all
domgradicut wells. If concentrations of
all Appcndix II constitucnts are ar or
bclqr backgroud uing the statistical
procedures in t25t53(g) for rwo
conscc'ntivc senpling friods, then the
(NvBcr or opcralor ct! rcturD to detecrion
monioring

Folloring notification of a statistically
significaat increasc of auy Appendix t
constihreat abovc backgroun4 tbe owner
or opcrstor bes 90 days to dcvelop and
implemcnt thc asscssmcnt monitoring
progran Implemcntation of the prograrn
involvcs sanpling mooitoring wells for
gourdtratcr passing thc rclcvant poinr of

6-.-



comp.liance for the unit (i.e., the
managemcnt unit boundary or altr:rnative
boundary spccified by an approvcd Statc).
Dowugradient wells are identified ia
$Z5EJ1(aX2). laitiation uf asscsment
monitoring does aot end the dctectioa
monitoring Program. t25t55(b) spccifies
that thc Appcndix I constinretrts Bust
continuc to bc analpcd for at' lcast'
semiannudly. lVithin the 90 day pcriod
the owncr oropcrator Eust collect at lcast
one sample from cach dormgradient well
and andyze thc samples for the Appcndix
II paramctcrs. If a downgradient well
shows dctestablc quantities of a new
Appendix tr constituent, four independcnt
samples Eust bc collcaed &om all
background and dowugradient wells to
ssgHish background for thc oew
constitueat(s). The datc, well locations,
paraneters detectcd, and their
coucentrations Bllst be docnmcnted in tbe
opcrating record of tbe facility, and tbc
Statc Director Eust bc notified within 14

days of the initial detectioo of fupcndix tr
piuamcten. Oo ? scmiannud basis
thereafter, both background aad
downgradicnt wells Elst bc sampled for
all Appcndix II constitnents

Altcraetc Urt i:-

ln an approvcd Statc, thc Director may
delete Appcadin tr paramctcn that thc
owncr or opcraun con dcnonstrate would
oot bc anticipeted 8t thc facility. A
dcmonstratioo would bG bascd on a
characterizztion of thc wastcs contained in
the unit and an asscssEcnt of tbe leachate
constitucns. Additioual information on
the dtcraatc list cau bc found in Scaion
5.103.

Altemrtc Frlqucaq

Tbe Directot of aa autborizcd Satc may
spcci! an dtcroete sa.mpling frequeucy,
OthCr thrn g6miannually, for both the
activc and poetdosurc pcriods of the
facilig,. A cbange in thc monitoring
frequeocy mut takc into account thc fate
and trassport of constitucns io
groundrratcr, including the ratc of
transport and the distance (or dme) from
thc upgradieat side of the landfill to the
closcst monitoring well. Spccifically these
factors include:

1) Lithology of thc aquifer I and
unsa$ratcd zone; 'l

,) Hf$ffiSf;;? or the aeuirerj

3) Groundrratcr flow rates;

a) Minimum distance of uavel (bctween
tbe MSWLFunit edge to downgradient
monitoring wclls); and

5) Nature of thc dctceted consti$ents.

Thc monitorin3 frequency Bust be
snfEcicnt to dlow carly detcstion of
Sround-wttct contamioation. If
contsnination i! dctected early, the
volume of ground-water actually
contaminstcd aod thc requircd remedid
rcsponsc will bc srnrllcj. Thc frequency
of monitoria3 E8y, aftcr e successful
demonstration, bc rcduced in groundrrater
systenl with relativcly slow flow rates
(ctaR tills). Additional inforoation on

utlfTil:.u'o** can be found'"o
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If a facility is conducting an asscssncut
monitoring progam, it Eay reurD to
dctection monitoring if it caa bc shoqm
that dctested asscsmcut corstinrents iue
statistically below backgrourd. Thc
statistical procedures Eust bc is
accordance with S25t53(g). If thc .

cotrcentrations of any Appcodix II
constituctrt is above cstablisbcd
background, but bclow tbe ground-water
protection standard for that paramctcr,
thc owncr or opcrator must continue
asscssme nt monitoring.

5.U ASSESSMENT
MONITORING PR,OGRAM
.o CFL $2S8SS(8)

5.12.1 Staternent of Rc?uletlon

(g) If onc or nort Appcadix II
constituents rtt dctccted rt strtisticdly
silEilklai levels ebovc tf,c groundrretcr
protectior stendrrd cr8ebllshcd undcr
pengnphr (h) or (l) of lUr rcctb! lr
eny senpllnt cryttrL lhc orlcr or opcnlor
uurt, rithh 14 deyt oltilr [adhg phcc
r notlcc it thc oncEttllt ncord
idcntltlq thc Appcndh II coastirucots
thrt hevr ercccdcd tic guundretcr
prcrcctlor ttrrdrrd ea4 mtto tf,c sSrtG
Dlnctor ead rlt rpproprletc locd
govcrrncrt ofrcldr tirt thc mtlcc hrs
bccn pleccd la thc opcntllt rrcord. Ttc
ortrcr of opcrrtor dgol

(f) (l) Must chenctctlze thc neturc rnd
crtcrt ol thc rehuc by hstellln3
rddltlonel nonltorlng trllr r rcccssrry;

0i) MusE hlErll rt hest oaG
rdditlotd nodtorla3 rcll il 3he hciliry
bouaduy h ttc dtrectbo olcootlninsrt
ul3redol ud nnph thh rrU il
eccordncc rltt !25tJ5(dX2);

(lll) Murt mtlly rll pcrsols who onu
ttc lrld or nrldc oa t[c hnd rhsr
dlrcctty overllct rly prrt ol tic plune of
coUenlletbl It GoltrEhrrts hrvc
u[ntcd o[.cltt lf lndlcrtcd by sampling
olrrlk h eccordencc vith !2St.SS(O(i);
ud

(lv) Murt tnitlrtc l! .r*rrr.{, o,
cornctht Dc.lurtr lt rquircd by
C255S6 ol thk prn dthh 90 drys; or

(2) Mry dcuon$rrtc thrt r slurce
ottcr thel r M$m,F unit caused the
contrnlnetlon, or thrt thc strtistically
slgnillcut lncrcrsc rcsultcd hon error in
srnpllng eldyslr, strtlstlcd evrlultion,
or artunl vuletbl h guuadwrter
qudlty. A rtport docuncntlry this
dmartrrtbl DrJ3 bc ccrtillcd by I
qurll[cd jnoundrrrtcr scicntlst or
rppmrrd b, thc Dlrcctor ol rn rpproved
Strtc rnd plrccd h t[G opcntlry rrcord.
I?r succcrrftst dcuoostrrtlol lr nedc thc
otlcr or opcntor uurt contlnuc
uodtorlry lD rccordracc with thc
ttt 3tDCEt nodtorht pro3rrn pursutnt
to !25&SS, rnd ury r:ium to detcctioo
noat3ot{aj It thc Appcadh II cotrstituents
rlc b.lot bckjrouad u lpccilled in
!25t.55(c). Uatll I succcssful
dcnoastntlol b Erdq thc onmer or
opcntor Eu$ GoEply dti !25tS5(g)
lacludla3 tdtlrtlry ra lsscssment of
cor:c'tlvr ECIlIrta



S.UIJ Aoollcebility

This requircmcnt applies to fasilities in
itsscssnent monitoring and is appticabte
during the artivc li[e, closure and post'

closure care.

5.U!3 Tcchnlcrl Coasidcntlonr

If an Appeudix tr constinrcat(s) cxggeds a

groundiyatcr protection standard (GWPS)

the o'rmcr or oPcrator must notiff the

State Director within 14 days and place a
ootice of tbcse frndings in the operating
record of the MSWLF facilitY. tn
addition, thc owner or oPerator must:

1) Ctaracterizc thc lateral and venical
extent of thc rcleasc or Plume bY

installing and sampling an appropriate
numbcr of additional monitoring wells;

2) Install at least oac additional wcll
downgradient at thc facility ProPcny
boundary in thc Patb of the

contaminant pltrme and sanple tbat
wcll for dl APPcndix tr comPouuds

initidly, and thcrcaftcr in conformance
with the frcqncncy of the monitoring
prot3am;

3) Noti& all Propcrty owncrt wbosc land

overlics tb srspected plunc if the

samptinj of asy ProPcrty boundary
well(s) indicatcs thlt 6sstamis3116
havc migratcd ofi*itc;

4) tnitiatc an asscssncnt of corrective

Eeasures as required by t25856 within
90 days.

In asscssment monitoriry thc owtrer or

opcrator may dcmonstratc that a source

o-thcr than thc MSWLF cased the

contamination or that tbc statistically

significant increasc 'ras tbc result of an

enor i! sanpliry, aralFi$ statistical
evduatioo, or Eatursl variation in ground'
warcr qualiry. Frctors that may influen:e
excceding . GW'PS arc AYeo at

C25E55(gX2). Thc demonstration must

bc ccrtified h a opaliEed groundwater

scieutist or apprwed by the Director of an
approved Statc. Uatil e successful
dcoonstmtiou is oadc, thc owuer or
opcrator Eust oomply with C258.55(g) utd
initiate asscsnent of correstive Ecasures.
If thc dcmonstration is succcsful, thc
monitoring rairy renrrn to thc detestion
progran provided tbat no Appcn{ix tr
coostituent is at or above backgrourld for
two oonsccttive sampling Pcrids. More

1:ff"#"y?:#i-ffi#'lilLio,
Delineation in Scstion 5.I12

Rclcerc Investfrtlon

If tbc GWPS is exccede4 a serics of
astions mtst bc takcu Thcsc astions are

des.ribcd in thc ncrt scrrcrd paragraphs.

Tbc o*ucr or oPGBtor Eilrst investigate
thc cncnt of,.tho relcasc by iutdling
additionel oonioriry w€lls and obuining
additional gronndmtcr sanplcs. The
iuvestigatioa should idcnti$ plume

Sconctsy both letcrdly and venically.
Prior to sre,h 6etd astivitics, records of
sitc operatiou and maintcnance activities

sboda be rcvicwed o idcati$ possible

relcar locations within the tandfill and

whetber such relcascs are cxPccted to be

uaosicot (e.g; onc timc rcleasc due to

repaircd lincr) or long'tcru. Due.to the

H:rffi"tffiX,il"girff':tHO
ponssiuo, cbloridc, sulfatc, and car-bonate
'q,picatty associatcd with MSWLF
tiiclatcq geophysical techniqucs such as



rcsistivity and terraio conductivity Eay h
rscful in defining thc plumc. The tranue
of the releasc should describc the rate aad
dircaion of migratioq the chcmical and
physicat charactcristics, aad to the encnt
availablc, thc causc of thc releasc.

hopcrty Boundery Monitorla3 Well

At least onc nonitoring wcll orust bc
instdled at thc facility boundary in the
direstion of cotrtaninant migration.
Additiond wells may bG required to
dcliaeatc the plume. Thc oonitoring well
at the facility boundary Eust bc screened
to monitor dl suatigraphic units which
could be prefercntial f,ow pa$s for
coorrminant tr'ansport in thc uppcnaost
aquifer. Thi$ in soEG cascs, may require
installation of ncstcd wells or individud
wells screcned in scveral discrete intervds.
The boundary well Eust bc samplcd
semiannually, or at an dtcruate frequency
determincd by the Director of an
approvcd Sarc. Thc samplcs mnst bc
analyzed for dl Appcadir II constitucos
that havc bcen dctectcd in the wclls
locatcd at thc unit or dtcrnatc boundary.

Notillcettoa of A{pldq Rrsldcnr ud
Ptopcrty O*rcn

If ground-*etcr monitoriag indicarcr tbu
contaniartioo hes morrcd off.sitc, tic
owncr or opcrator rmt^ct notiry proFny
owncr or residcnts wbosc land srficc
overlics any part of the contaminear
plumc. Whilc thc requirencnt docs not
describc thc contens of tbc noticc, ir is
expcctcd tbrt thc noticc could includc the
folloring:

. Date of dctectcd rclcasc;

. Chemical compositioo of releasc;

. Refcrencc to the coastituent, reported
coDecBtratioq and thc GWPS;

o Peoplc at thc MSWLF with whom to
discnss thc Ending inctuding telephone
rumbcrs;

. Pl8Ds asd schcdules for future
activities; and

o Intcrim rccouncndations or remedies
to protcct huEatr hedth. and tbe
enviroaneat

I
Itcuonstntlots ol Otbcr Sourccs od
Ettor

Thc omcr or opcrator Eay dcmorutrate
that thc souroe gf 6gatrminatiou was not
thc MSWLF. Consideratioru .ue
dissnsscd in Scction 5.103.

R:lutl !o lhtcctlon Moaltorla3

A fecility conducting assessmetrt
monitoring Esy reuxra to detection
noaitoriry if thc coooentntions of all
.tppeadix tr constituens ete at or bclow
brckground, using thc-, staristical
proccdurcs io $5t53(g) for two
consccltive sampliry pcriods. Tbe
rcquiremcnt for two conscctrtive sampling
cvea8 will reducc thc pcsibility of false
ucgstives. Falsc uegatives occur when
oonitoriry fiait 1s detcct contamination
or aa incrcasc in a conccntration of a
hazardqs constinrcnt By requiring a

speciEc timc pcrio( thc sclf implementing
stnrcturc of tbc rulc is protidcd.
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S.r3 ASSESSMEhIT
MOMI1ORING PR,OGRAM
40 crT, !2srJs(r).(J)

lJl3.l Strrcmcnt of Rqufrtlo!

(h) Thc oxlcr or opcrrSor ouct
csteblkl I 3roundwrtcr prcScctloo

stenderd lor cech Appcndk II coastltucnt
dacctcd h ihc guundrrrtcn ltc
grcundne3cr protcctloa stender{ shrll bc:

(l) For constltuents lor rhich I
BrdDuE conteninent level (MCL) hru
bccl prcrnufated uader Scctlon l4U! of
thc S.fc DrinHry V[rtcr Act (codified)
undcr 40 Ct.R Put 141, thc MCL for thet
coiltlEcDt;

(2) For coostitucnts for ufrlch MCI.I
hrtr mt Dccl promu$ted, thc
beckground coacentretlon lor thc
coastltueas estrbUthd fron nclls lD

rccordene xrith !25tJ1(rXl); or

(3) For eonstltucDts for rilch thc
brekgoond levcl k higicr then thc MCL
idcntllcd undcr subpngnpi (l) rbovc
or hcdtl b.!Gd tcrcb idcttl0cd undcr
!25t.SS(l)(t), tiG brcl3round
cooccntretbu

(l) ltG ltfrlgurr ol rn rpprovcd Stetc
Ery clt8blbl rr dtctletlrc 3ruuadtTrter
protccttor nudrd tor coutltucnts lor
rilch MCt lrrr mt bGG! cilrbllshcd.

ltcrc groundrrtcr protc.tbn stendrtdc
shell bc rpproprietc hcllth bsscd levcls
thrt setls$ thc lollovlnj crltcrle:

(l) ltc lcvel lr dcrlvcd h t oenner
consiltc!3 rith A3elcy 3uldelhes for
rrserrlnj tLc iceltl rlskr of
elrtroancntel pollutratr (51 tT, 339n,
34006, 3{Cf{' 34/ff2/l)i

(2) ltc lc!,rl lr borcd oa rlcntiOcelly
vrlld rtudhl conductcd la eccordencc
rltl ttc Todc Snbrtuccr Contrpl Act
Good trbontory hrctlcc Steaderdr (40

CFn, Plrt 7!I2l ot cqulvrlcnt;

(3) For crrclno3ear, thc level
rGprtscDtt t GooG!trtntloa rssocisted with
l! crslg llfctlEc clrGar rlsk lcuel (due to
couthuous lllctlnc cryosure) rtth thc I r
104 to I r l0'ru3e; end i

(4) For ryrtcntc todcrat$ thc lcvel
r:gr:rcatr r colccrtnilol to which thc
hunu poguhtloo (lncludlnt sensitive
subgoups) could bc crporcd to oa r daily
brstr tL$ ir llltcly 30 bc without
rpprcctrbh rirl of dclctcrious eflects
durta3 r lifetima For putposes of this
subprrt ry$Gnlc todcrtrtt includc toxic
ctcnlcdr tirt ceucc cficctr other then
cuGlr or nutetloa.

(J) h crttbllshlnt 3roundwrter
protGcdor rtudrrdt undcr pengnph (i),
thc DlrtcSor ol u rppmvcd Strtc may

coasldcr tic fbllorlag

(1) Mnlttplc con3eulnrnts in thc
groundntcr;

(2) f.ryocln thnets to seositive
clttourcntel nccpoq ud

(3) ()thcr rltc.rPcct[c qPosurc or
potcntld G[Po3rrC !o 3rouadwrter.
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5.13J Aoollcrbltltv

The critcria are applicabte to all facilities
conducting assesment monitoring whcre
any Appcndix tr constitucfts have bccn
detected. The omcr or opcrator Erust
estabkh a GWPS for each dctcctcd
Appendix II constituent

If the constituent has a promulgated
maximum concentration limit (MCL), Ocn
the GWPS is the MCL If no MCL has
been published for a given Appendix tr
constirucnt, the background concentradon
of thc constituent becomes the GWPS. In
ciuies where the background concenuation
is higher tban a promulgatcd MCI. the
GWPS is sct at the background level.

In approved States, the Director may
establish an alteruatc GWPS for
corutituents for which MCIJ have not
been established. Any dternativc GWPS
should incorporate healrh based data urd
consider thc factors in !Z5EJ50).

5.13J Tcchnlcd Conrldcntions

For each asscssncnt constituent deteetcd
above beckgoun4 a. GWPS Eust bc
establishcd" The GWPS rrc inteaded to
represcot thc achicvablc constitucnt
conceottetio8 aftcr rcmcdiation and are
the god of thc corectivc action" The
GWPS is to bc sct at either thc MCL or
background. Whcrc tbc background
conccntradon is higbcr than tbe MCI-
tben thc GWPS is established ar
background.

Direstor of apprwed Statcs have the
option of cstablishing altcraate GWPS for
constitueus witbout an MCL This

alteruatc GWPS Eust bc an appropriare
hcdth bascd lcvel bascd on speoEc
criteria Thesc levels Eust:

. Bc consisteucywith USEPA health risk
asscssncot guidance;

. Bc bascd ou scieutifically valid studies;

o Bc withi! a risk iantG of lx10{ to
k1O7 for carcinogens;-and

. For a non carcinogeB or tron-Eutagen,
bc equal to a @trcentratidn to *[ich
thc huoan population coul$ bc
expoacd on a daily basis *{thout
appreciable risk of deleterious effects
during a lifeti'ne.

Thc hedth bascd GWPS may be
established considering thc presence of
Eorc than ooc constituenq seruirive
cnvirouncutd receptors, and other site
specific exposurc pathways. Risk
asscssncBs to establish the GWPS mr.rst
considcr orulativc cffccts of
multiplc pathnnys to recepton and
omulativc effeets on risk cxposure of the
prcscucc of nultiplc couteminans.
GsifrEce ard'procdua' for csubtishing
a hcdt[ bescd risk asscssmenr mey be
found in'Guidaoce oa Remedid Actiors
for Contaminetcd Groundrnrcr ar
Superfuad Sites,' USEPA (19tS);'RCRA
Groundwatcr Monitoriag Tecbnrcal
Enforccmcnt Guidancc Doolaenr,"
USEPA (19t6e); and 'Test Mcrhods for
Evduating Solid Wastcs, SW{46.' Third
Edition, USEPA ( 19t6b).



o
5.r{ ASSESSMENT OF

CORRECTTVE MEASTIRES
40 cFn s2sts6

5.14.1 Strtcnrent ol Regutetloa

(r) Wlthia 90 drys of 0ndh3 thrr ray
ol tf,e constltucnSt listcd h Appcadtx Ii .

hrvc bccn dctcctcd rt r strtlstlcrlly
si3nlflcent lcvcl ercecdlng 3ha
3roundweter prctection stendetds de0led
uader !25tj5(h) end (i) of rhls parr, rhc
orrcr or opcntor nust initietc ll
rslctsncnt of cotrrctlvg ncesurts. Suchr[ trscsrncnt nust bc conpletcd rithiD
e neesoneble pcriod of tlna

(b) ltc orrcr or opcreior nusl
con3huc to noai3or ln rccordemc rlth
thc esscssmetrt nonitorial pno3rrn rr
spcciled i! !2SSSS.

(c) ltc rsscsslucot rh.ll inctude lr
enelysis of thc eflectlvencss of potcnthl
corrcctiyc ECrJurcr la mcaiag rll ol thc
rcquirenentt rad obJccftvcr of thc neucdy
rs dcscribcd nndcr !2SSJ7, eddrtrsta3 u
lcest $G fotlorhg

- 
(1)- Itcpcrfomslcg rtllrbl[ty, cer ot

inplcmentetloq ud porcldd lnipsr of
epproprletc poten3ld rrucdlc!, ilcLdhl
srfcty fnprt+ cro*ucdlr lnpecrr, ud
coltrul of aporur: io elf rrrldul
corltmiDrtb!;

(2) Itc tlnc rcqutnd !o b{lr lrd
conplctc thc rencdy;

- -a;

(3) Ttx cortr ol rencdy
inplcmcnt$lon; end

(4) Ttchctltutlonel*qulr:ocatr suchrr Stetc or locrl FrEIt rcquiremcrtr or
othcr eevlrcancltel or publlc hcrlth
rcqulrcncaB af,rt uey rubstrattrlly rficct
lnplencatrtloa of tf,c EDGdy(r). 

-

(d) TLcomcroropcntornust discuss
thc rttultr ol tic contctlvc EclsuFes
rsscssrncag pdor to $c rclcctlon ofrrucdy, h I pubUc nccttn3 with
intcrtstcd rnd rtrectcd plrtlcs.

3.14J Aoollcebllttv

Aa asscssncnt of conective. Eeasures
rDllst bc conductcd whencver ! anv
Appcndix tr constituens are deteaJd aitt"q!{ry tiTrf,s6 lcvels greatcr than
thc GWPS. Thc asscssneut 6f correctivc
Ercesures mtst bc initiated withia 90 days.
During thc initiatiou of an,asscssment of
correctivc meaiures, dctcction and
asscssurcut monitoring Eust be continued.

Thc asscsncat of corrective Eeaiures
Errst considcr both timc and cost aspecc
as well as perforaance considcratioru of
concctive options. Thc asscsmcnt should
enluatc horr cffectively an optioa might

f,ffi#.+hH:kreliatiilityffi ' ffitt' iiEE'i6i blion wiu
qus€ incidcnd impacS and hbw these
iopacs asc to bc conuolled (e.&, impaas
associatcd wirh trcetacai -inclriding

traasfcr of contanineas to other medii
nrcb as air or surecc netcr). If the
implemenation witl require additional
slatc-or local pcrnit$ nrih requiremenr
should bc identificd" Firially, the
propoccd corrective Ecasures mrxt be
discnsscd in e public Ecer'ng with
intcrested and aficctcd parties.
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5.143 Technicrl Consideretlons

An assesment of corrective measures is
site.specific and wil vary significantly
dcpending on thc agc of thc facility, is
design thc qrrality of the facilit/s
historical records, thc nenue of rhe
contasrinans found in the groundwatcr,
the complexity of the sitc bydrogeolory,
and location with respcct to scnsitive
receptors. Cotrective Ecaiures may
generdly bc approached from two
direstions: 1) idcntifyiog urd remediating
the source of contamination and 2)
idcntiffing and remediating the knowa
contamination. Siace each casc wiU bc
different in terms 9f timing and scope, the
olmer or op€rator should be prepared to
document that, to the bcst of his technical
and financial abilities, a diligent effort has
bccn made to complete thc asscsmcnt in
the shortest timc praaicablc. The fastors
listed in $258.56(c)(1) are to b€
considered ia assessing corective
measures. These gencral factors are
discuscd bclow i! tcrus of sourcc
evduation, plume dclineation, and
ueatErent options.

Sourtc Evduetlon .i:i:

As part of the asscnsncnt of correctivc
Ecasures, tbc owlcr or opcrator will uecd
to dcteruinc thc nanue of the source of
thc releasc. Thc 6rst step in this
detcrmination is to review available site
informatiou For new facilities, whcre
wastc reccipt records and accuratc design
inforaatiou ir'availablc, thir may bc a
relatively simplc task At somc older
facilitics where dctailed records of waste
received -6 dstrilc of dcsign or phases of
operation in thc facilities history may not
bc as well documentc4 sourcc definition

may become a les prccisc usk Desigrr,
6limai6l6gical, ard wastc type informatioB
should bc uscd to evduate the druation of
the relcasc, potentid scasond effects duc
to precipiation (increascd in6l6sjisn and
leachatc geueration and potcntid contact
bctwecu grouadnatcr and the lowest
elention of nraste disposal), aad possible
constiocnt @occtrrations. U thc facility
sourcc evrluatioo is able to identify a
repairablc enginccring coudition (e.g.,
unlincd storage pods, failed oover sysrem,
leaky lcachate transpon prpcs, past
cooditions of contaminatcd stomtr
overflow) that likely contributed to the
cau$ of contamination, such infonrftioo
should bc brought to light as part cif thc
ilsscssnctrt of corrective Eocasures.

Thc cxistiry inforuation on the site
geolory and bydrogcolory, ground-water
monitoring rcsults, as well as topographic
and qiltural information nced to be
clearly and accurately documented. This
information may include soil boring log5,
tcst pit asd monitoring well logr,
gcophysical data, water lcvel elevation
datq asd otbcr inforoatioo colleaed
duriry f.cility dcsrgn or opcration" The
inforuation should bc crpressed ia ?
Eanner 6at wflt aid interprctation of
data Such data may include isopach
Eap6 of the thickncs of &c upper aquifer
and inportant strat4 isoconceutradon
mapc of conumioants, 0or ncts, cross-
sections, and contour Eaps" Additional
guidancc on data which may be uscful ia
a sourcc cvrluation E8y bc found in the
folloviry scrics oo RCRA Facility
lnvestigatioo Guideace: Volumc I of tV -

'Developocnt of An RFI lVork Plan and
Gencrd Considcrations for RCRA
Facility lwestigations,' (USEPA 1989a)
Volunc w of IV - 'Casc Study
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Examplcs,' (USEPA 1989d) and'practical
Guidc For Assesing_ and Remediad"g
Contaminated Sites' (USEPA 19E9). 

e

Ground.Vltrter At$3gnert

Identifrcation of correctivc mcasures for
groundratcr conranination requires- the
following corc information:

o plumc definifisa (includes thc qrpc(s),
concentration, and spatid distribution
of the contaminants);

o Thc amenability of ft6 s6staminan6 gs

specific rreatncnt and poteatial for
contaminant to interfere with
ueatability;

. Fatc of the coEt.minants (whether
chemicd u,ansforuations havc, are or
Eay occur and degrce to which the
spccies arc adsorbcd or absorbed to
the geologic matrix);

. Suatigaphy aad hydrurlic propcrtics of
the aquifer;

o Treatmcnt concentration goals and
objectives; aad

o Immedietc Ecasurcs to limit furthcr
plumc ofntioa (e.g, oouurinncnr
options) G Ect$res to minimire
furtbcr inttoductioa of contamiaans to
groundwater.

The proces by which a remedial action is
undcrtdccn will gencrdly includc the
following scquence of iwcstigatioas:

o Hydrogeologic im,estigation which may
includc additional well installationi
dcailcd venical and lateral sampling to

charactcrizc thc plunc, aad core
sampliry to deteraine adsorption of
constinrcog on geologic roarix;

Rist asscssmcnt to determine inpaa
ou scnsitive rcccptor which r"y
indude ideatificatiou of the ueatmenr
contanilant conoeBtration goals other
then groundnatcr protectioo standards
(GwPS);

Uteraturc and tcchnical review of
trcatncnt tcchnologies which may be
considcrcd for furthcr study orimpleaentation; 

I

Cost cstimatc of differeut ueatrlenr
options;

Time cstiuatc for
remcdiation nndcr
trcetEcut options;

completion of Of
the differeot

Bcnch scalc reatability srudies
coaducted to asscss potcntial
effectivencs of options;

Scleetion of tcchnologr or technologies
and propcal preparation for regulerory
aad public revicw and comrneaq

Full scele pilot study for vcrificadoo of
treatability and optirnizing tbc rlccrcd
tcchnolog6

Iaitieting full scalc rreltacor
technolory; rcview cEcctiveur rod
makiry adjrstmcats as ncccsrery ud

o Q6lrimint corcctivc actioo uorrl
trestmcnt goals arc establishc4
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Contaarlnent Plumc Dellrcrtiou

To effectively asscss correctivc Eeasure
optiotrs, thc lateral and venical enent of
conulninatioo mrst bc knora. Upoo
.lsgsrling a GWPS in tbc Asscsmcnt
Monitoring ptog:am, it may bc nccessery
to instdl additional welh to characroiizc
the plume. At lcast onc additiond well
Eust bc addcd at thc property boundary
in the direaion of contaminant migration
to allow tirnely notificatiou to potentidly
affected parties if any contamination
migrates off-sitc. !25t55(d)(2) dloun the
Director of an approved Statc to
determinc an appropriate subsct of wells
to bc oonitore4 horever this one
additiond well mrst dways bc included.
This well, located at the unit boundary,
must be sanplcd semiannually or ar aa
dtematc frequency, dctermined by the
Director of an approved State. The
gound-water samples &om this well must
bc analyzcd for thc Appcndix tr
corutitueuts that have becn fonnd ia wells
located at the unit or thc dteraatc
boundary.

Circumstances tha may requirc additional
monitoring io.lod..t

. Facilitics tbat have not dctermined thc
horizonal and venical ertcut of the
plunc;

o locations with hcterogeneous or
traasient ground-watcr f,or regimes;
and

. Mounding associatcd with MSWLF
unis.

Since tbc requiremeus for additional
monitoriry are sitc*pccific thc rule docs
oot speciS reqniremcar for cascs where
additional wells are Dcoessary uor for thc
numlpi of additional wells that must bc
installed.

The purposc of tbc additional monitoring
wells is to delincate the contaminanr
plumc boundary aad to deoonstrate tbe
efrcctivenes of thc corrective action in
meeting thc GWPS. Wclls installed for
thL purposc arc not subject ro the
:Lssessnent monitoring requircmens for
Appcudir tr analysis

I
hriry thir proces$ the owner or ofrator
is aot rclierred fron cootinuing thc normal
detcstion and asscsncot monitoring.

The rate of plume advance and the
change in couteminatrt coacenuatioru with
timc rnust bc monitored to allow
predictioa of the cxtent and timing of
impact to scnsitive receprors. The
rcoeptors Esy include both uscrs of
grouad-*zter and surfacc water bodies
whcrc conumioated ground-water may be
discharged" In rcmc cascs, trarsfer of
volctilc conpounds fron ground-warer to
tbc rcil and to thc a& hay providc an
additionel rceptor pathrray. Information
regarding thc aquifer chsr?cteristics (e.g.,
hydrailic conductivity, $oragc cocfEcie ns,
aad cEcctivc porocity) nced to bc
developed for modeling of the
coataminant tr"lsport if su6cicnt data is
not prcscatly arailablc. Anisotropy and
variability of aquifcr charactcristics need
to bc estimatc4 as well as magnitude and
duration of sorucc inputr! to help explain
prcscnt and prcdicted p lu me
configuratiou
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Most ueatmcnt options for ground.water
contasrination at MSWLFs will involve
pump and treat or in-sinr biological
technologies (bio-remcdiation). The cost
and duration of treatmsnt will dcpcod on
thc siz*, of the plume, the pumping
chuacteristics of the aquiferiand chemical
6ansport phenomena Source and ground- -

water control E€asures to reduce tbe rate
of gsataminan: mig3ation should bc
includcd in the costs of any remedial
activity undcrtakcu Ground-water
modcling of thc plumc roay bc initiated to
establish thc following:

. The locations and punping rates for
with&awal and/or injection wells;

. Predictions of cootamioaBt
concentratioos at exposure points;

. l,ocatioos of additiond monitoring
wells;

Thc effec source conuol options may
have on groundwatcr rcmcdiation; and

The eficcts of advectionaod dispcnion,
retardadon, adsorption and othcr
attenuatio. ploc!3frot the plume
dimcnsions and contaminaut
conoentretioEr.

Any Eod.liry cfiort Eust tdcc into
considcratioa that simdstions of remedid
rcsponsc EJasures and ggsramiqtrll
traDsport are bascd on Eany necessary
simplifying assunptions which affca the
accurac7 of thc model Thcsc assuruptions
includc bouadary conditioos, dcgree urd
spatial variability of- anisotropy,
dispenivity, cffcctive porosity, stratigraphy,
aod thc algorithrrq uscd to solve
contaminant transport equations. Model

sclcction should bc appropriate for the
aEount of dea avzilable aod the technical
unccrtainty of thc modcl resuls oust bc
docuncntcd by a scnsitivity analysis ou
thc input psrancten. A scnsitivity
analfis is gencrally accomplished after
modcl calibration by varying one input
Paramctcr at a tinc over a ssrlisfi6 range
aad tbcn evduating changes in model
outpuL For additional information on
modcling, refcr to the Further
Information Scction of Chapter 5.0 and
the 'RCRA FaciUty Investigation
Guidance," Volune tr of '[V - 'Soil"
Groundrratcr and Subsurface . Gas
Rcleascs'(USEPA 19t9b). i

Cortcctlvc Mcrsuru Arrcssnent

For dificrent treatnent optiors to b.O
comparcd, substantial amounts of
technical inforuation may nced to bc
asscmbled and asscsscd. The objectivc of
this inforaation gathering task is to
conceptually identify for each ueatment
technologr:

o Thc expectcd performance of
individud approachcs;

. Tbc d; fraoc whcn individual
approaches ceo realistically be
implcmcntcd;

o Thc tcchnical fcasibility of thc
rcmcdiation to bc nrcccsful, including
treuv a8d innoativc technologies,
performancc, reliability and easc of
implcoeaatiog safety and ctoss E€c tr

impacts;

. Thc auticipated timc frame ,"t o,O
remcdiation should bc complete;
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Thc anticipated cost of tbc remcdiation
including capitd expenditures, design,
on-going enginccring moaitoring of
results;

Technical 6d financial capability of
the onmcr/opcrator to' succesfully
completc thc remediation;

Disposd requirements for treatment
residuals; and

Other regulatory or institutiond
requiremeats including Statc and local
pcrmis, prohibitions, or envirott mcual
rcsuictions that Eay effect thc
implcmeutation of the proposed
remedial activity.

The performancc objectives of tbe
corrective Eearures should be considered
in terms of sourcc reduction, cleanup
goals, and deaaup time franc. Source
reduction would includc Eeasurcs to
reducc or stop further releascs and may
includc repair of existiry facility
componcnts (liner systen$ leachatc
storate poDd tincrq plptng syst Es, oover
systcns) upgrading of coopoacats (liners
and cover systcms), u prensturc closure
itr cxtrcoc casei. Thc technolory
proposcd rr e dcamrp Ecasure should be
tbe best anileblc tce,hnolory lvithin gven
finengial COAStrainB.

Thc tcchnologics idcntificd should
reliablc from hisoriol. pcrspcstives
their ap,plication elscwhere. New
innovative tccbnologies are not
discouraged if thcy can bc shourq with a
reasonablc degree of coufrdcnce, to bc
potcntidly reliable.

SiDcc Eqrt Ecetrncnt proaesssr, including
bio-rcstoration, potcntidly produce
b,yproducts or relcasc conram;aaots
different medie (e.&, air stnpping
volatilc oonr[,ounds), thc impaas of such
potcntial rclcascs Eust bc evaluatid.
Rcleascs to air may constirutc a safcry
couceru and mr.rst bc addrcsscd as pan of
tbc dteroatives ilsscssnent process.
Othcr cross mcdia impacts, including
transfcr of coutaminans from soils to
ground-water, surfacc watcr, or air should
bc asscsscd and addrescd in the
asscssncnt of corrective actious.
Guidancc for addresing aii an{ soil
transpon and cootamination are prqlided
i! USEPA (19t9b and 1989c).

Analyscs should bc conducted on
treatEcnt options to dctcrminc wbether
or not they are protcctivc af [umsn hedth
and the cavironnenl Environsrental
monitoring of cxposrue rourcs (air urd
warcr) Eay nccassitate hedth moairoriug
for pcrsonncl involved in treaulent
astivitics if unacccptablc levels of
exposure are posiblc. Oo a case-tmilsc
b8st$ impleocnation plans may require
both foros of monitoriry

'l.ia f"- ' -'riitIt:-'

The conceptud dcvclopmcat of individual
corective Eeasurcs requires an
undcrstandiry of thc physio<ucmicd
relationrhips and intcrfcrences bcnreen

thc constituents aad thc scquence of
treatnent scgncnE. thet must be
implcmcoted" Propcr scqucncrng of
treatncnt ncthods to-produce a feasible
remcdial prog8n urst bc crraluated to
avoid iatcrfercncc bcnrccn the prescnce
of somc constitucuB aad thc effective
removd of tbe E&ted compouod. In

to
of

bc
of
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addition, sclsening and desigl psraEeters
of potcntid treaGent optiins should bc
eqaluated ia thc 3ly sulcs of conccptual
dev-elopmeat and planning; to .liri*,.
lechnicalty unsuitablc trea6ent r.tloAr.
lu gcnera[ sclection o_f- an appiopriatc
ireautrent merhod will rc{riire thc
experience of a qualiEcd prbfessional .
(environmental" chimical oi hazardous
waste cngincer or scientisr) and will
necessitate a literatue review of the bcst
available trcametrt technologics.

Nunerors c:rsc studics and published
papen &om scieatific and crrgineering
tcchnical jouraals exist on t eatiUitity oI
specific compounds and groupc of related
compounds. Dcvelopmcit of new
techaologics and refinemcnts have beenppiA. A compendi,m of available
literaturc which includes Eearnenr
technologies for -organic and inorganic
conaminants technologl sclestion,- and
:ther sources of inforaation (literature
search daa bascs pertiacnt to ground-
water cxtrafiion, trcltEeil aad responscs)

I3;_8.o. prepared in dreft fdrur by
USEPA iB tbc rPrastical Guide for
$.1*g_4 Rcmcdiatiry Contaminated
Sites'(USEPA l9E9c).

T,re gencrrl approach to remediatioo
typically wi[ t& oac of tbrce forras:

. Activc rcstoration;

. Qg6t^inment; Of

o Natur{;pcnuatioa

The-flcctioi'of a partiorlar approach or
combination of appioachcs nuif Uc bascd
on thc cotrestive action objecrives. Thesc
generd approachcs arc ourlincd in Table

5-1. It should bc eaphasizcd that
ultimatcly, tbc objeaive of a t i"tm.ot
program should bc to restore 8round-
:Btr to -pre+xisting conditions or rolevcr bclow applicable MCIJ while
slmulaucorsly r*tricting further re leascssf ssstrminanr o groindrrater. Once
tr:auDcnt objectives are Ect, thc cbance
s1 ss.6satminrtion should bc aitigatedto thc cxtcut prasticable &om atr
enginccring staadpoint

Actlve Rcrtonttol

Active restoration geoerally igstgdes
grouadratcr extractiol folorcO brl oo.sitc or off-sitc traatnenl Of,.rit.tr€eruclt T8y indudc scndiag thc

:HffiJ:#:'L:l "01ffi*f :lr,I o,facility. designed to treat those
contarninrnts. Trealgd ground-water may
bc 

-re.injected or disch'arged to-. to."t
body of surface water, depe-nding oi l*"1,
State, and Fcderal rcquiremeatsl iypicattreatEeil pracrices that ,.i be
upteocntcd indudc coaguladou urd
precipitetion for sonc uca[ and organic
conpouds, cbcEical oxidation for tle
dcsttuctioa of a nnmber of organic
conpounds, air sippitrg to ,ero".
,.ol"ti! oqrnic cotrpoi,idr and biological
dcgradrtion

Thc ratc of contaminam rcmoval from
gouad-*etcr will bc dcpcndcut on the
ratg of grouad-*ater rcmovzl, the catioa
exchangc capscity of thc soil, and
panition coc6cicnr of the consdtu.nrs
sorbed to tbc soil (USEPA, tgtS). As the
couccntnrtion of coataninens in the
ground-uater is rcducc4 the ratc at which
constitueng bccome partitioacd from the
soil to aqucolrs phasc Eay also be
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reduced. Thc amount of flushing of tbc
aquifer material required to redovc thc
conraminants to an acceptable level will
geaerdly determinc the timc framc
required for restoration The time &ame
is site-spccific and may last iodefinitcly.

ln-situ mcthods Eay be appropriatc for
some sitcs, partiarlarly whcre puop and '

treat technologies 6eate scrious adversc
effccts or whcre it may be frnaacidl-y
unattractivc. ln-situ methods may include
biological restoration requiring pH
conuol, addition of specific micro-
organisms, or addition of nutricnts and
subsuate to augnent and cocourage
degradatiou by natiye microbial
populadons. Bio-remcdiation will require
laboratory treatabiliry studies urd pilot
freld studics ro dcterminc thc feasibility
and thc reliability of treatmcnt
implemeuted on a full scale. It uust be
demonstrated that the treatment
lsshniqucs will not inadvencntly carsc
degradation of a target chcmical to
anothcr compound that has unacccptablc
health risls and which is not amcnable to
furthcr degradatioa. Altcraative in situ
methods may also be designcd to increasc
thc effcaivcnes of dcsorption or removd
of contaninans frbo tbc aquifcr oatrir
Such mctbodologes oay ioctndc stcan
stripping loil 0ushin& t apor extraction
and solvrnt yash and cxtraction for
rcmovd of strongly sorbcd organic
compounds. Moct of tbesc mcthods also
Eay be uscd in uns.turatcd zoncs whcre
rcsidud csstaminants Eay tr sorbed to
thc gcologic matrix during periodic
flustuations of thc watcr tablc. pstritr sf
in-situ methods Eey be fonnd in several
sourccs (USEPA l9t6; USEPA t9E5; and
Eckcnfclder, 1989).

PtunC QoatrlnnCnf

Mctbods to contain thc plume movemenr
includc passive hydraulic barricrs, such as

Sfout crrrtains and slUrry walls, and afii.re
gradient control systens involving
purpirg wells aad french drains. Tha
puposc of plume courainnent is to limit
th3 spread of thc conanimnts. The type
of aquifer critcria tbat favor plume
sggrrinmcAt includC:

. Watcr naturally unsuited for
consumption;

. Contaminants present in I low
conccntration witb low mobility; :

'ffiffi,i3,tffi:ffi*liO,
exPosure; and

. Aquifer has low uansmissivity aod low
funrre user demand.

Oftcq it ritay bc advantageous for the
owncr or opcrator to consider
implementing gfound-wetcr controls to
inhibit furthcr oonurniratioo or spread of
coatsrnin tion If ground-warer pumping
!o capture thc LedinS.. cdge of the
conurni!8tion plumc, is considered, thc
cootaninatcd warcr Eust bc managed in
confornancc with all applicable Federal
and Satc requiremcns. Under mosr
cooditioo* it is ncccssary to consult with
tbc regulaory agcocics prior to iniuaring
an intcrim remc{i1l actions.
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Source Control

Source conuol mcasures should
evaluated to [imit thc migratioa of
plume. Thc rulc docs sei limig
definition of source conuol to crdude aay
specifrc type of remediatioa Remedics
must control thc souroe so as to rcducc or '
gliminap futthcr rclcascs by identiSing
and locating thc causc of the rcleasc (e.g.,

tom geonembrute, excesivc head due to
blocked leachate colleEtion systcq ledcing
leachate collection well or pipe). Source
conuol Ecasures may include:

r ModifyinS the operationd procedures
(e.g., ban on specifrc wastes or lowering
the head over the leachate collectioa
systcE through Eore frequeot leachate
removal);

o Undertaking more extensive and
effcctive maintcnancc activities (e.g,
excavatc waste to repair a lincr failure
or iL clogged leachate collection
system); and

. Preveoting additional leachate
generation that Ey reach z lincr
irilnrc (c.9, 'us"'t I ponablc or
tcmporuy rain shclter duriug
operrdoq capping landfiU arcas that
conuihtc to lcachatc migrating &om
idcutiEcd lrilure areas).

Whcrc thc risk to buman hedth and
environmcnt is sitnifieaq and othcr
dtcraativcs are not considcred effective,
cxcavation of dcpositcd wastes for
trcatmcnt and/or oE sitc disposal Eay bc
considcred"

Publlc Prrtlclprtba

Tbe wncr or opcrator is required rc hold
a public Eccrint to discnss the
groundrrater contaninatioa problcm and
idcntify propoccd rcmedies. Notifi cations,
such as contastiry local public agencies,
totlu tovcmEcnB, st8tc govemEeuts, and
postitrt a noticc in prominent local papen
are eficctivc. Thc public mecting should
providc a dcuiled discussion of how the
ormcr or operator has addresscd the
fastors at !25t56(c)( lXl).

5.15 SEI.ECIION OF REMEDY
40 Cln $5u7 (r).(b)

5.lS.l Strtcncnt ol Rruletlon

(r) Brrcd o! thc rtsults of the
cortcctlve ECrsuF! lsscssnetrt con d ucted
unde !25tS6 thc orucr or opcntor
uuc3 tchcl r rtucdy thrt, et r miaioum,
EG.tt 3ic !0rldrrdr llrtcd h perrynph
(b) bchil. ltc olrer or opcrrloi aust
DodO ttc Strtc Dlr:ctor, rirhi! lrf dryr
of dcctlnj ( rtrcdy, thrS r Gport
dcrc8lbilt tlc sdcctcd r:ucdy bu bcen
plrcrd h 3iG oFntht ncord ud lo; it
Edr 3tG ttudirds ll pengnpl (b) of
thlr rccdou

O) R:ucdb uurt:

(f) Bc pmtcctlvc olLunu hcrlrl rnd
tic avlrolDcrq

(2) Afrlr tlc arcuad-rrtcr prorecrlon
Jterdrd rt spcct[cd prrturt to

l!2s&55(t) or (l);

bc
the
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(3) Control thc sourcc(s) of ,delscs so
rs to redues ei s[rnlnstc, t{, tf,c urdnun
ext?nt Pnctlcrblg furthcr relcrsct of
Appcndix II coastltucnts into thc
environment thet nry !p!G r threla 3o
humen hcrlth or thc cnvirumcat; end

(4) Conply rltt studrrdc for
Erntgenent of rr$Gr l! spccillcd ia
!25t-st(d).

5.15J Aoslicability

These provisions apply to facilities that
havc becn required to initiatc and srstain
an asscssrtrctrt of corregtive measures.
Thc sclcction of a remcdy is closcly
related to thc asscsnmcnt process and
catrnot b€ accomplished unless a
sufficiently thorough evduation of
alternatives has bcen accomplishcd. The
process of documenting the seleaed
remedy requires that a repon be placed in
the facility opcratlng record which clearly
dcfincs thc corrective action objeaives
and demonstrates why thc sclcctcd remedy
is aoticipatcd to Bcet tbosc objcctives.
Thc Satc Direstor m$t bc notified vithin
14 days of thc placemcnt of the repon iE
the operating records of tbc hcility. Tbc
shdy Bust idcntify how it will bc
protective of hnmaa hcdth ard tbc
em,ironmcac, anain tbc GWPS (ci6cr
backgroun{ lvt€IJ or, i! approved Suc..
hcalth brscd':randar& if applicrblc[
aaain souroe control objcctivcr rd
comply with wastc manetencat stradrrdr
(!25E58(d)) whieh rcquirc comglirncc
witb ar-licablc Fedcrd regulatioos for
waste c posd undcr remedial or interi.o
resPonsc Ecssurcs.

5.1!3 Tcchalcel Constdcretlons

Thc find Bctbod sclectcd for
implemcntation must cvzluatc the faaon
at !5t57(b)(1X4). The sclection
procedure is tbe docrrmenation process
dsi.ilint how gandards are met

Thc repon docunenting tbc capability of
thc sclected mcthod to Eeet the factors at
t25t57(bxlX4) should include such
iaformation as:

Thcoretical calculations; 
.

Comparisou to existing studieq and
results of sinilar Eeauuenr i*.
historics; and

o Bcnch scale or pilot scale ueatabilityO
test results.

The deoorutration prescnted in the
report Eust documcnt tbe alternativc
option sclection process.

s.t6 SELECTION OF REI1IEDY
{0 CIn !2511J7 (c)

S.lGl Sltrtflrcrr gf klnletlon

(c) h doctla3 r nocdy thet nccts thc
ilrldrdt of $15&570), thc ortrcr or
opctl&rr rhrll comldcr 3bc lollowing
cvrlurtloa lbCorr:

(1) Ttc lon3. rnd short'tcrm
c&cttv:ocsr ud prctcctlvctrerr ol thc
potcrstd uncdy(r), don3rlti thc dc3rcc
ol ccrtrhty tirS tic nucdy wlll provc ^
sucesrful t$Gd on coasldcntlon ot tfcf
tollwlag
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(i) Mrgitudc of rcduction of cdsttn3
risks;

(ii) MrFitudc of ttsldud rtsks i!
terur ol likcllhood of futthcr rclcescs duc
to rlrtc rcrrinil3 lollorlo3
inplcncatetion ol r rcncdy;

(iii) ltc 6Ac ed dcanc o[ loog3eru
nenr3cncnt rcqulrcd, lncludln3
nonitoting opcntlo!, end uelntetrencGi

(iv) Shor3.teru riskr thet nl8ht bc
poscd 30 3hc conruunity, rortlt!, or thc
clvlronnent duriq funplcnentrtloE ot
such r rtmedy, includtng potcotiel thrertt
to hunea hcdth rnd thc environment
essocletcd rlth crcrvilloq tnlsportr3lo!,
rad rtdisposd or contriuncut;

(v) finc untll full protcctlotr ls achieved;

(vi) Potentlel lor cxposurt ol huurns
rnd environncntel trclptorr to rcnrinin3
rr$ct, conslderlnt thc potcrtld thEet to
hunen hcdti rnd thc cnvtonmcnS
rs$cletcd wtti crcemtlo!, Srueortrtio!,
rcdlsporeln or cortrlanc!3;

(vit) ton$cro nhblUty of lhc
enghccttry rld bstltutlold controls; end

(vlii) Poa.!3td rccd lor rcplrceneat ol
thc cncdy.

(2) Thc cficctlvcncr ol thc rcncdy in
coatrollht thc rourtc !o rtducc futthcr
relcrscr b$Gd ol colddcrrtlon ol 3hc

folbdry fectors:

0) ltc trtgtrt 30 tttlch coolrinncnt
pnctlcct rlll nducc furthcr releescs;

(ii) Ttc cr3cat io trttct trcrameDi
tcchnolojlcr uey bc urcd.

(3) Thc Grtc or dlfllculty ol
lnplcncatht r Dotcntlel reucdy(s) besed
on coaridcrrtlo! of 3hc lollowiag types ol
frctotrs

(l) Dcgtc ol dll[culty rssocieted with
corutnrctl,rt ttc 3cchnolog6

(ll) ExpGctd opcrrtlonrl reliability of
the tcchaohgicr;

(llt) Nc.d to coordlnete with end {btein
ncclttrry rpprovrtr rad pcrrnitslfroo
othcr r3encies;

(lv) AvdleHllty'ofacccssrry equipment
rnd spccldlstsi ud

(v) Avrihblc cepecity rad locrtioo ol
uccdcd tnrtnctrt, saorrgB rnd disposrl
scrviccg

(4) Ptrctlcrbh ceprbillty of thc orncr
or opqrSor, iacludh3 r coasldcntion of
3hc tcchalcrt ud ccoaonlc cepebility.

(O Tta dqEi io rtlch connunity
GorGlrlr en rddrrrlcd by r potcntiel
rtocdy(r).

5.16.2 Aoollcrbllltv

Tbe provisions apply to facilities that have

complctcd thc sclcction of a remedy for
cotrcstive action Thc rulc prescnts the
considcrations and facton the owucr or
operator mlst evslustc whcn addresing
thc perforuance staadards of a sclccted
corrective Eeasure.



5.163 Technlcel Conslderetl9ng

Thc owner or opcrator Eilst considcr
specGc topics to satirfy thc p<rrforurance
critcria under sclection of $e find
conective Ecasure. Thesc topics Eust bc
addresscd in the report 6o.u1116sting the
selection of a pardodar concctivc action
Thc generd topic ateas which must bc
considcred include:

. The anticipated effectiveness of the
correetive action both in thc long and
short terms;

. The anticipated effectivenes of sourcc
reduction cffors to rcduce funhcr
releascs to grouad-water;

. The ability to iurplemeat the corrective
Eeasure;

o Tbe capability of thc owncr or operator
in financid and technical iueai to
ensure complction of thc corrective
mcasure; and

. Thc dcgrcc to which tbc sclected
remedy will addrcs oonccros raiscd by
thc coomunity.

::r rir ilt {i :-G l

Etrccthcose of Corrccttvr Actlon

In sclcctia3 thc rencdial astioq the
anticipatcd efiectivcncss should be
evduatcd in tcrns of both long-rcrm and
short-tcrm anticipatcd rcnrls as well as

thc probability of $re€ess or degree of
technical uncertainty ln the technolory.
Revicw of casc studics whcrc similar
tcchnologies have been applicd.providc
thc bcst Ecasures to judgc tcchnical
uncertaiaty, especially whcn relativc ly uew
tecbnologies arc applicd. Thc long-tcru,

post<leanup, effectiveacss Eey be judged
on thc ability of tbe proposcd remcdy to
mitigatc further releascs sf cssrrmin3nts
to thc ewironncil ils wd[ as to thc
feasibility of mceti'g or cxceeding thc
grouad-watcr protcction staodiuds as the
remedial objcctivc. Thc owuer or
opcretor mrt makc a reasonable effort to
estimatc and quentify risfs based on
exposurc pathways and estimates of
exposurc lcvels aad durations. Thesc
estimates include risks for both ground-
water and cros.mcdia 5gstaminafi6q.

The sonrcc control Ecasures that will be
implemcntcd, including excavatiorl
transportation, redisposal !and
containncnt, should be evaluated lwith
respcct to potentid erposure and risk to

l"ffi l'"3#,n'#.:ffi :iXlT;.*:O)
as ar integral conponeat of tbe overall
corrective actioa Hcdth coruideratrons
must addres monitoring risk to workers
and tbc gencrd public and provide
cootingeacy plass should an unantiopated
exposure occur. Potentid exposure sbould
considcr both long and shon tern cascs

bcforg dudry aad after implemeoudon
of coccctive actions.

Thc timc to conplcte thc remcdid
activity must bc estimarcd as it wrll bave
direct Emnciel inpasts on tbc projea
Eaasgcncnt nccds and fiarocial
capebility of the (nvacr or opcnrct to
Ecct thc ls66rlial objcctivcs. Tbc long-
tern cogts-of thc remcdial dtcraedves
and thc long-tcra Erasciel cooditioa of
the qmcr or opcntor should bc rcvlared
carcfully. Thc implerneutatioo rlrdule

:l'Hrffi';,ffig f;"[:' #:;f: o
BCaSUTC.
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Thc operationd reliability of thc
corredivc Elcasures should bc considered.
The irutirutional controls and managemctrt
practices developcd to assess the reliability

Sourct Contnol Eficctlvencss

Source coatrol Ecasures idcntified iD
previous scctions should bc discussed in
terns of their cxpccted efiectivencss. U
source coutrol wiU bc removal and re-
disposd of wastes, thc residud materids,
such as soatrminapd soils above the
water tablc, should bc quantificd and thcir
potentid to causc further contamination
bc evaluatcd. Engineering controls
inteudcd to upgadc or repair dcficicnt
conditions in landfill component systems,
inctuding cover s)6tem$ should bc
quantifrcd in auticipatcd cffcctivencs
considering curent aad funrc conditions.
This :lsscssmcnt Eay indicate to what
extetrt it is technically and financially
pracicable to make usc of existint
technologics. Thc dccision against using
a certain technologt Eay bc based on
health coosidcrations aod potcntid for
umccepu$le cxposurc(s) to both workcrs
and the public.

Implcnoledon ol Rcncdlel Actlon

The easc of implemcating tbe proposcd
remedid action will inpast thc scbcdule
and surrt-up success of thc remcdid
action" Key facton !o bc asscsscd are:

o The availabilityof technical expcnise;

o Constnrction of equipment or
technolory;

o Tbc ability to properly uanagc and
disposc of wastcs gencrared by
treatmcnt; and

o Thc likclihood sf e[trining local
pcraits aad public suppon for the
proposcd projecr

Technical considcrations, including pH
control, grouod.water extraction
feasibility, or rhe abi[ty to injea uuricns,
may need to bc considered depending on
the proposcd treatmeut mcthod Potenrial
itpa"ts nrch as potential cross media
contamination occd to bc revicwed asjpan
of tbc overdl feasibility of thc projett

The schcdule of remedid aaivities shorld
identi$ thc statt and end poins of the
following:

o Permitting phase;

Constnrstion and suut-up p€riod at
whicb initid implemcatation success
wilt bc evaluatc{ including tiruc to
cotrcct atry uDcxpccted problems;

TiEc wbcn full scale trcaunent will be
initiatcd and duation of Eeatment
pcriod;

o Implcmenation and complction of
sourcs control Ecasures, including time
frarc for solviry problcms associated
witb istcri6 mrnate6Gnt and disposd
of wastc Estcrials or ueatment
residnds.

Long lead timc items should be idcntified
early in thc proccs and thocc trsls should
bc iaitiatcd early to ensure tbat the
implcmcntatioa is brought on line in the

shottcst practicablc pcrid.



Comnunity Coaccms

The pubtic meetinE held duriog
assessment of dtcrnative measures are
intendcd to elicit public commenr and
responsc. Thc owner or opcrator must, by
Elcanr of meeting minutcs and record of
written conments, idcnti$ which public
concerDs have been exprescd and
addresscd by corrective measurc options.

Precticd Cepebility

The owner or opcrator Erust be technically
and financially capablc of implemeudng
the choscu remedial alteruative and seeing
thc project througi to completion,
including provisions for future changes to
the remedial plan after progre$ is
reviewed. If either technical or fiaancid
capability is inadcquate for a paniarlar
alternative, thcn othcr dtcruatives with
similar levels of protectiveness should be
considered for implementation

5.I7 SETECNON OF REMEDY
l() cFR !2srs7 (d)

5.17.1 Stetcmcnt ol R4ulrtlon

(d) ltc oru or opcntor shrtl spccif!
l3 put o( tf. rchccd renedy I
schedule(s) tbr hltletlry rd conpletlag
rcmedlel ectlvltlco Suci e rhcdulc nust
rcquir: thc laltletlol olnucdhl rctivities
rlthh r rcesonrblc pcrlod oltlnc trking
into consldentlol thc hcton
sct forth in pengrphr (d) (l{).
orlcr or oPcn3or uusS consider
follorlry fecton h dcicralnin3
schcdulc ol rcncdld ectMthr:

(1) Ertc!3 rld !rturG of
coilx;drrtloE;

(2) Prrctlcrt crpebilitlcs of rencdiel
tcchrolotlc! la ecUevl4 conpliencc with
groundrr3cr proicctlo! rtrtrdsrd3
cstebllsbcd undcr !f2StS5(0 or (h) rnd
othcr obJcctlvct of tbc rcncdy;

(3) Avdlrblllty ol trGrtnetr3 or
dbpod cepeclty for rtster nrnrged
duria3 irnplenentetlon ol thc rcmedy;

(4) Ihinbilttyofutillzingtcchnologier
th.t rrr Dot cutrlrtly eveileblc, but r{hich
nry oficr 3lSnlficrnt tdvrntrger lorer
rtrcrdy rvrllrHc tcchnolqtes h terur of

;ffiltr*#fi1'fftHff' or eb,itY O,
(t Potcntlel rlskr o hunrn heelth

end thc cnvlronment hou erposune to
cootrniartlou prlor to couplction of the
rcncdy;

(O Rrsourcc vrluc ol thc rquifer
lncludlng

(l) Cunent ud fbturr uscr;

(li) Prodnlty end rlthdnrel rrte of
utcr3;

(ltl) Groundnercr qurDtlty rnd quelity;

(tv) Ttc potcrtld denejs to wildlife
crop$ vcscttslo!, end pf,ysicel 3tnrctutt3
ceuscd by cryorun 30 rrstc coustltuent;

Tte
thc
thc ,[',ffiJ'ffi#;r',ffi;::T 

st ic o r 3
(vi) Groundrrtcr rcuovrl rnd

tFlrtDCDt cost$ rnd
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(vii) Thc cott rnd rvrilebiltty ot
rltcraetive rr3cr suppllcr.

(7) Precticeblc cepebllity ol Shc oruer
or oPCmSor.

(t) Othcr rckveat hctota

5.172 Aootlcrblltty

Thc rcquiremcnts of !5E57(d) aPPly to
owuers or opcraton of dl neq cxistin&
and laterally expanded facilities and
should be complied prior to implcmeating
correstive Eeasurss. The owtrer or
operator mrst spcci$ thc schcdulc for
rcmcdid astivitics bascd uPon thc
following considcrations :

. Tbe sizc and nature of the
cootaminated area at tbc time the
corrective measurc is to be
implemcnted;

. The practicable capabilities of the
remcdid technolory sclcctcd;

o Alternative intcrim dispossl capacit,,;

o Potentid rrsc of dtemetc tcchnologies
not oureutly availrblc;

. Potcutiel bcdth risb existitrg prior to
cooplction of thc renedT; aad

. Rcsource raluc of thc aquifer.

5.173 Technlcel Considcntlonr

The time schedulc for implcmenting and
complcting thc rcmcdid estivity wil bc
influenced by Egsy fastorr that should be
considcred by tbc ovvncr or oPcrator. Thc
Eost €ritical of thc facon is the naille

and extcnt of the 6estrminrtion which will
dctctaine thc ultimatc Ecstncot rate.
Thc scalc of the treetmcot facility aad thc
ratcs of ground-*atcr crtractiou or
injeaion should bc balasced for systcn
optimizatiog capitsl resoutces, and
rcmcdial tinc frane objcctives.

. Depcnding oB tbc trcatmcnt scleae4
trcatEsut retcntion timcs will vary. Ttre
neturc of tbe conulnitrstioo will influence
thc dcgcc to whicb tbc aquifer rnust bc
flrshed to remoye adsorbed spccics.
Thesc fastorl which in part dcEnc tbc
practicablc capability of the dternative
(treatmcnt efficicacy, treatnent rate and
replenisbment of coutaminants by na;ural
proccsscs), should bc considered *hen
sclccting thc remedy.

In additioq the ratc at whicb ueatlncnt
Esy occur Esy be restrietcd by thc
availability or capacity to handle
treatnent residucs and bandle the normd
flor of wastcs to tbc facility :ts

remediation occun. Alteraative residue
treatncnt or dispoeal capacity should bc
identificd as psrt of tbc inplcmentatiou
plan schcdtrlc.

If cootanrinant migration is slow duc to
lw ,urnryot'p:qc*ics of thc aquifer,
additionrl tiEG E y bc atnrilablc to
evduetc thc valuc of cmcrging and
promising tcchnologies. Tbe rsc of such

tcchnologics is not crcludcd as Part of the

rcquirencat to ioplcmcnt a remcdial
actioo as sooo as it is prrcticable. By

dchyiry implcmcnation to allow new

techoologics to ooEG to nerhet, the merit
of nrch tcc.hnologies rrnrl !3 craluated in
teros of ultimuc Gt considcrations,
additional ewironmcntd impacr and
poteotid for incrcascd risk to sensitive

rccreptoF. [f a new technologt clearly is
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superi_or to existirg options in attaining
cUfS, it may F. appigpriate to deh!
implcmcntatioo if the additional risls cai
bc m-naged, quantificd, and mitigated or
connollcd.

In scning thc inplcmentation schcdule,
the ormcr or opcrator should malse an
ilsscssment of risk of exposure to hunaa
hedth and thc environment within thc
timc framc of reaching Eeauucnt
objcctives. If thc risk is unacceptable
&om hedth based asscssmeu6 of exposure
paths and exposurc limits, the
implemeatation time scalc should bc
acceleratcd or the sclected remedy alteredto provide a higher dcgree of
protcctiveacss.

Thc schedule rray also need to consider
the resource value of the aquifer, as it
may pertain to current and future usc,
proximity to user, quality and quantity of
groundwater, agriorltnral value and uscs
(irrigation watcr source or impact on
adjaccnt agrisultrlral lands), and thc
availability of altcraatc supplies of water
of similar quantity and quality. Bascd on
thcsc faaort a relative assssuent of thc
aqrifen rcsotrcc veluc to tbe local
comnunity can bc establisbed lmpacrs to
the resorucc rad thc dcgrec of Eaancial or
hcdth relatcd distrcss by uscn sbould be
considcred Thc implcocatatiou time
frane sbould atteEpt ts minimizg thc
amount of logs of value of thc resource to
urtcn prior to treatncat objcaives bcing
attaincd nc possibility tbat altcrnarivi
wetcr su; .x will bavc to bc dcveloped
as part of -, ig6grlial activitics may need
to bc consrscred.

s.IE SEI.ECNOiI Or R.EMEDY' 0 Ctn !2StJ7 (c)

S.lt.i Strtcnrcnr ol Rqutetlon

(c) Ttc Dlnctor ol u rpproved Strtc
ury dcccnnhc tf,rt rcacdletioo ol r
t:lcesc of u Appedlx II constituent
fron r MSttIJ'rd3 b rot Dccessery if
ttc orrcr or opcntor dcnonstrrtes to the
s$lsfrctlol ol thc Dlrrector ol etr
epprovcd Strtc firas

(l) frc ground.nEr ir rdditionally
cortrtnhrtd by rubrtetrccs thrt hrvc
orlglutcd fton I rouns! othcr thfl r
MSII,LF udt ud thorc substenccs srr
prr!c!3 ll conccntntlonr such thet

:tf,'"'-'ir' fl?f. 
*": \x,m o r

rtductlon in rtsk to tctud or potential
nlGCptons; or

(2) Itc coastitucnt(s) ls pncscnr in
gound.ntcr thel:

(l) Ir lot cureatly or rtrsonably
crycctcd to DG I potcnllel souncG of
drtrHaj;etcr; ead

(U) k not hydnullcdly Gorrcctd wirh
rrtcrl 30 rllcl thc hrzrrdous
corttlsocrtt rr! El3rrtlry or u! lilrcly to
nitretc la r coaccntntlon(r) thet rould
crccad 3b trcr[d.rrtcr prctcction
3t$drrdr cstebuchcd uldcr l2StJS(h) or
(l); or

(3) Rancdletlon ol thc rcleese(s) is
tcchlcrlly lnpnctlcrHc; or

(4) R,cncdldtloa rcrulrr
unrcccptebh crorr.ncdh lnpects.

FF.F

inO



(0 A dctctuiletbu by tic Dlrcctor of en
rpprovcd Stetc purturllt 30 prntrrpt (c)
ebovc sbell not rficct thc ruthorlty ol thc
Sttr3c 3o rcqulrc thc otucr or opGntor io
undcrtdrc tourc! contro[ Dcrlutr! or
o3hcr Dcrtuns Shrt ney bc ncccuery to
cllninrtc or nllinbc futttcr rchercr to
tic jrould-eltGrr to ptwGlt Gryosutt 3o 

-

thc gould.FltGlr or 3o rtmcdletc tf,e
gfroundrrrter to Gols3[3retloac thrt rrC
tcchnicdly pnctlcrblc ud rfni0cratty
rcducc thrcrtr 3,o hunen hcdth or thc
clrrlronncnL

S.ltj AoollcebiltE

The criteria undcr $25E.57(e) apply in
approvcd Satcs only. Remcdiation of an
Appendix tr coostitueut Eay bc nccessary
if: t) a sourcc othcr than thc MSWLF is
panly responsiblc for the ground-water
contaminatioo or 2) under cirqrostances
where the rercurcc vduc of tbe aquifer is

crtremcly limited clcaoup will not bc
required or 3) cleauup is not technically
feasiblc or 4) cleanup will rcsult in cros-
media iopacts of taryer conosru thaa thc
exisdry problem. Thc Direaor tnay oahc
a determinetion thet reocdiatioo ir oot
require{ howcver, a Satc it not
prohibitcd &on rcqdriag lource coorol.

S.lti Tccinlcd Comldcntloor

There are thrcc rinratious wbctt tn
approved Statc may not require clcrnrp of
hazardors constitucn8 rcleascd to ground-
watcr &om an MSWLF. If su6cieat
evidencc cxiss to doctment thet $c
ground-watcr is contaminatcd by muldple
soursB othcr thrn thc MSWLF, the
Director of an approted State may grarlt
awaiver froo impleocnting sooc or all of
the corrective rocature rcquirements. Thc

owucr or operatol'Eust dcmonsuate that
cleaanp of a rclcasc &om a MSWLF
would providc ss sigrifiqril reduction in
risk to rcccptors duc to conceoration of
coastitucuB from thc other source. If the
MSWIf owucr! or opcrators were to
remediatc coilsrninans for which the
MSWLF unit was responsiblc, there would
bc no nct rcduction of threat to seruitive
reoeptor and ao oct beneEt &om coss
incuned

A uraiver &om corrective measurcs dso
Eay bc grantcd if Oe contaminated
ground-water is not a cureut or potcntial
futurc drinldry vatcr souroe, and it fs not
hydraulically conncctcd to a ground-water
systcB that rg or Eay i! thc funue bc, a
source of drinliry watet. The owner or
oPerator Elrst dcmonsuarc tbat thc
uppcrmost aquifcr ir oot hydraulically
conncstcd with a lwer aquifer. The
olmer or opcnlor Eay scek an exenption
if it caa bc dcmonstrated that attcuuatioo,
advectioo/dispenion, or otbcr nahrd
prooesscg cer rcEove thc tbreat to
intercooncctcd aquifers Thc owner or
opcrator ney scek tbe laner excmption if
thc conteninatcd zouc is not a drinking
watcr

The Direcror of an apprwed State may
waivc clcan up rcguiremens if
rcmedietioa is not technically fcasible, or
would result in cross mcdia
coutanination. A successful
denoostrrtim Eust idcatify that the
contaninatcd groundratcr caoDot be
remcdietcd dtrc to unecccptable responscs

to -EcetEcBL Feasibility problems may
di pcnain to a croitioo of an
unacccptablc_risk that crocs-media impaas
would occur ls r rcsult of corrcoive
astioo If thc owncr or oPcrator can
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dcmoruuate that cross.mcdia impacts are
uncontrollable (e.g., Boycncnt in
responsc to groundrrarcr puEping) under
a given remedid option and so cross-
mcdia impacts would rcsult from a no
aetion option, then thc Director of an
approvcd State may dctermine that
remediation is not neoessary.

A waiver of remedid obligation docs not
releasc the owner or opcrator from thc
responsibility of conducting sourcc coatrol
Bcasures. Sourcc conuol mulit bc
implemcntcd to the maxinum extetrt
practicablc to minimi,e future risk of
exposurc of contaminants to ground-watcr.

5.I' IMPLEMENTAflON OF
THE CORNECTTYE
ACIION PROGRAM
,l{) CFn !25tJt (e)

5.19.1 Stetement of Reguletlon

(e) Bercd or 3hc schcduh estrbllshcd
undcr t25u7(d) for idtlrtlon rnd
conplctlol ol rcncdld rctMtlcr thc
racr/opcrrtor Eu$s

(l) Btrbllrl 'eed lnplcrent r
corrcctlyc Gbl groudretrr nonitortng
prc3nn rlrr:

0) et r uhluun, ECGr thc
rrquircncilt of rD trrc3tucDt nonitorin3
pro3ru! undcr !25&55;

(lI) Ildhetcr thc cficctlvencss of thc
corrcctlvr rctbD rcuedr; rd .

(itl) Ilsnonstn3cr conplhncc with
3muudretcr pmtcctlo[ rtudrrd punuint
to prntrrph (c) ol tllr rcctlo!.

(2) Iuplcucnl thc cotrrctive rctiou
reocdy sclcctcd uadcr !2501-7; rad

(3) I'rk! lly itrtcrtE, rlelsuret
neccsrry !o clrur! tic protcctlon of
h-rrrn bcrlth ud thc cnvlrooment.
Iatcric Dc.turcr rhoul4 to tf,c grstest
cr3ca3 pncttcrblq bc conrlctcnt with the
o[fcctlwr ol ud coatrlbutc to thc
pcrfottucc ol uy nencdy tLrt o8y bG

rcquircd punrrnt to $lStJ7. The
follorh3 frdon oust br consldered by
t[ otncr or opcrrSor h dcteruining
whcthcr iaterin [clsurtlr rnc Eccessrty:

(l) Tlnc nqutnd !o dcvelop t ud
lnplcrncat e [nel nncdy; !

(it) A.trd or po0cotld cxposurc ol ^r.lcrrty populetlont or cavironmentsl |J
Ecrptor! to hrzerdous coastltuents;

(Ut) Actud or potctrtlel cootaminstion
of dr{nldng rrtcr supplles or sensitive
ccosrtcnr;

(lg Furthcr dcandrtlon ol the
grouldntcr tirt nry oGcur if rrmedial
rctbr b mt htdrtcd cxpcdltlously;

(v) Wc{icr coldltlou thet nry crusc
hrzrrdonr GonJtltucntr to nl3retc or bc
rchescdS

(vt) Rltkt of [n or cxplosioa, or
pottldd 3ot cryourG 3o hrzerdous
coartltrentr lr r nrult ol rn eccldent or
fellur: o?r cootrlncr or hudltnt system;
rnd

(vll) ()tbcr tltu$lonr tf,il nsy pos€

thrcrtt 30 huuu hc.ltb rnd the
cnvir.ouucnL
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5.192 Aoollcrbllltv

The provisions appty to facilitics that are
required to initiate aad conduct corrective
actioas.

Whilc initiating cotrective actions, the
owncr or opcrator is rcquired to cominue
ass€ssment monitoring to otaluatc thc
effectivenes of remedial actions and to
dctect any Bcw cpnstitueats which oay
require remediation The ground-water
monitoriug program necds to bc su6cient
to enablc the owner or opcrator to
dcterminc that tbc remcdial objectives
have bccn anaincd at completion.

While conducting rcmedid activiticq the
owtrer or opcrator Eust takc any intcrim
astions, including source rcduction
mea,sures, to augment thc objcctives of the
remcdid program. Tbc interim Beailres
must conribute to reducing the spread of
contamination and bc consisteat with the
objcctivc of thc is6srlial actioa progra&

5.193 Tcchnlcrl Consldcrtlons

Implemenation of the corredive measure
eocompasscs dl activitie*inccesary to
initiati aod contiduc rcn#[iatioo. 

'The

owtrer oE opcrator Eust condnue
ilsscssncat maitoriry rc that if interim
Eeasurca uc ncoess3ry tbcy can be
anticipatcd and conductcd to protect
human hcdtb and thc environment and to
enablc tbc corrcctive action to meet its
statcd objcaives.

Moaltorln3 Actlvltlcr

Durhg thc implemcnation pcrio4
ground-watcr oouitoring Eust be
conductcd. If the remcdial action is not

eficctively crutailfurt furthcr degradation
or tbc spread of tbc conaminant plume,
it may bc uccessary to insrdl additiond
monitoring wells. Tbc improvement rate
of the coudition of thc aquifer must bc
moaitored and comparcd to thc clean-up
objectivcs. If problcms are encountered
during tbe remedial action, the
perforoencc objcctivcs of thc corrective
Eeasure mut bc rcvicwed. If it bccomes
apparcut thst tbc GWPS will nor be
achienble technically, in a 1galis1i6 sitrts
franc, then replacement of the system
with a! dteroative Eeaiure may bc
narranted. 

I

Additionally, tbc ormer/opera,o, !.*,
monitor tbc potcutid exposure pathways
which Eey b aficsted as a result of
sourcc control activities. This r.vpe of
monitoring includes air monitonng
explosioa potentid monitoring hedth
monitoring of perrcnnel undenaking
remorral activitics, and mooitonng of
surface watcn potcntidly affected by
source control actions.

Intcrln Mcuurcr

If monioring astiyities indicatc that
uneeptablc risls to humen bcd$ and
thc ewiroanent Eay cxist prior to
impleacnatioo of tbc corrective rctiort
thc ormcr or opcrator is requircd to
asscss aod coodnct intcrim Ecrrilrrcs to
protcct rcccptors. lotcrim Ee.surGr may
rcquirc conainmcnt or gradicut cootrol of
ground-wrter nigratiou. If the
cootamination migratcs ofi-sitc tbc orner
or opcrstor mat noti$ dl rfiected
propcrty orncnt Ofi-sitc o[nuon,
interim Ecasurel may includc prwtding
an dtcraativc watcr supply for crthcr
hnman, livestoch or irrigation occds.



lnterim mcasures dso pcnairi to source
control activities which Eay be
implcmented as part of the ovcrali
corrective action . lnterim Eearures
should bc developcd with coasidcration to
maintaining conformity to the objeaives of
the frnd corectivc action

520 IMPLEMENTATION OF
TTIE CORRECrIVE
ACTION PN,OGRAM
lo cIT, !25tst (b) - (d)

520.1 Stetement of Rcslatlon

(b) Ar orlcr or opcrrtor Ery
dctcrning brscd o! lnformrtlon
dcvctopcd eftcr inplcrcntrtion ol thc
rcncdy hes bcgun or other inforurtlon,
thrt complirncc wtth requirenentr ol
!25t.57(b) m not beiry rchhvcd 3hrougi
thc rcmedy selected. Ia such clscs, thc
orucr or opcmtor nugt inplenent othcr
ncthods or t€chdqucr 3f,r3 could
prrcticsbly rcbievc conpllencc riti thc
rcquirencats, unlcsr th ortrcr or
opcrrtor nekcs thc dctctdretlon urdcr
$25tJt(c).

(c) Il t[c oncr or oDcntor dactrlro
thrt conpltrc rlti rcqulr:ocnu .rd.r
C25tS7(b) erllol bc prectlcelly rllard
with rny cutrr&i:y rvdLrblc octbodt 3I
omcr or oPcnurr nugt:

(l) Obtein ccrtillcellol ol r qull[cd
groundwetcr specldlst or rpprovd by tlc
Dlrcctor ol l! eppmvcd Stetc titt
couplleacc rith nquireucnts uadcr
C25u7(b) clnrot bc prrctlcelty rchlcved
with my cunrntly eveilebh ncthodc;

(2, Inplcncnt dtcrantc Ecssutts t0
contro! crposur! ol hrnur or ihc
cnvlronncut O rcsldud cootanlnrtlon, rs
trcsltr.ry 30 protact huurn beelth rnd
thc clvirronncnl; rad

(3) Inplcucnt dteruetc nclsures lor
control ol ttc to[r3!3 ol contenitrltioE,
or lor nnovd or dcconteniaetion of
equipucnt, udts, dcvlccq or stnrcturcs
thet rrs

0) Tcchalcrlty precttcebli; end

(li) Cotrlstcnt rith thc ov;rrll
obJcctlvc of thc rcncdy. !

({) Notl{y ttc Stetc Dlrector withitr 14

dryr thl r rrport Justifliry the
rltcrlrtlvc EClrurcJ prior to
lnplcucntlry thc dtcmetlve mersuFes
hes bcca pleccd h thG opcrrtlng rccord.

(d) All solld rrstcs thrl rrr meneged
punuent to r rcncdy rcquirtd under
!25t-Sr, or l! iltcriln ncrsun rcquired
undcr !25ut(r)(3), cir[ bc nearysd in
I Et!ru!

(fF {ltit b pmtcctlvr olLurnen herlth
ene fitlvtronncn$ ud

Qt Tir3 coupllcr rlti rppllceble
RCTA rrqulnucotr

5202 Anollcrbllttl

The requiremcns are applicable wheu it
becoocs appsrent that the remedY

sclcetcd will not achiorc the GWPS or
othcr significant objcctives (e.9.,
protection of scnsitive rcccptors) of the
remcdid progran" ln detcraining that
thc sclectcd correstive actioo approach
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will not achieve desired resrlts, tbc o*uer
or operator rDust implcment alteraate
correcdve mcirsures to achieve thc GWpS.
If it bccomcs evident thsr thc cleanup
gods are not tcchnically obtainable by
existing practicable technologr, the ormcr
or operator must ihplemcut actioos. to .

protcct scnsitive receptor! from residual
contaminatioa Noti6cation must bc givcn
to thc Director of an approved Sute
ryithin 14 dayc jrstifying thc dtcruative
meesures. AII wastes that are managed by
thc MSWLF during corrcctive astion,
including those wastcs generated from the
remedial processc$ rtrust bc managcd
according to applicable RCRA
requiremen6 in a manncr that is
protective of human hedth and the
environnent.

5203 Tcchnicel Consldcratlons

AD owner or operator is required to
continue thc asscssmcnt monitoring
progran duriry thc remedid action
Through monitoriry tbe short and long
tern succes of tbc renedid action can bc
gauged against erpectcd progress. During
thc remedid astion it may bc neccsary to
irutdl additional grornd-r*etcr monitoring
wells or puEpiES or injection wells, to
adjut to couditions that vary from iaitial
asscssncutt rbout thc ground-water flow
systcn As rcucdietioa progresscs urd
data is compilcd, it oey bccome evidcnt
that initid trcatability assumptions iue uot
bcing attained. Thc reasons for
unsatisfactory results may include:

. Refractory compounds that are not
aurenablc to remoal or destnrction
(de-toxification);

. Thc prescnoe of compounds that
interfere with trcarmcnt methods
identificd for target compounds;

. Inappropriately agplied technolory;

. Failure of sourcc control Beariures to
achiwe desired results;

. Failurc of ground.watcr conrol
systens to achicv.e adequate
containnent or removal of
cootarniDated gouad.water;

. Rcsidual conceutratioos above d*t
cannot bc effectively reduced fuither,
given that ueatment efficiencies are
too low; and

. Transforoation or dcgradation of
targct compounds to differcnt forms
which arc not amenable ro funher
treatEcBt by prescnt or dternative
technologics.

The omcr or opentor Bust re<vduate
additional trcstncnt assumptions and
coEp.tc thco to cxisting conditions to
detcrminc if tbcy wcrc implcmented
propcrly. If implcmcntstion occurred as

dcsignc{ thc omcr or opcrator should
ancnpt to modi$ or upgrade existing
remediel tcchaolo3y to optimize
perforoencc and to imprwe treatmcnt
efiectivcocss. If thc €ristint tcchnolory
caotrot bc nadc O perforu, thc owucr or
opcrator Ettst csehnte dternative
approachcs whilc cootiruing the prescnt
rcmcdietioo. Durilg this rc-cvaluation



pcriod thc owncr or opcraror riay srspend
treatmeut only if condnuation of the
implemcnted technologr clcarly increascs
the risk to scnsitive recepton or to cross.
media contaminatiou

5J1 IMPLEMENTATION OF
TTIE CORNECTWE
ACTION PR,OGRA}T
40 cFn !2stst (c). (r)

321.1 Stetement ol Rcgulrtion

(c) Renedlcs selccted pursuant to
$25tS7 shdl bG considcnd conpletc
nhcn:

(l) ftc omcr or opcntor conplier
with thc gruundweter protcctioa stenderdl
cstrb[shcd under C!25tJ5(h) or (t) rr ru
points wlthitr 3hc plunc ol contenlnetion
thra lic bcyond thc groundrater
uoultoring rell systcn catrbllshcd uader
S25tJl(e).

(2) Conpllencc rltl t[G jrcundnrrer
ptoEccslo! s3rtrd.dr Grtlulrtcd under
!l2StSS(h) or (l) frr bcr *Ucvcd by
dcuonstntlnj 3i.t , Iorctllntionr ol
Appcndh It corrdtrcotr hrvc not
GrcGCdd th jrouldrrrtcr prctcctioa
stendrrd(r) 6r r pcrlod ol rhrcc
consccutlrr F.tr ulry tt *rtlstlcrl
proccdunr rnd pcrfoturncr rtenderds ia
!25&.!ltG) rad (L). lto Dtuutor of ro
rpprovcd Strtc nry spcdlt u dtcmrtivc
hryti ol tinc durlry rilci ttc oruer or
opcnSor nusS dcnonrtrrtc tiel
cocotrrttoat of A6ldh II coa rtltucnts
hevc mt cxcrcdcd t[c guundrrrter
protcctlo[ strndrrd(s) teklry into
considcntlon:

(l) ErlcEt ud coacentretloo ol th€
relcerc(r);

(U) Bcirvlor cirrectcristtcr ol
hrzrrdour colltltucnts in

3hc
rhc

groudtetcr;

(ili) Accuncy of uodiorlag or modeling
tchrlqrc* hddh3 eny scrsonal,
Ectcorolodcrl, or otf,cr cnvlmnmental
verhbllltlcr ahrt nry eficct thc rccumcy;
rad

(iv) Ctenctcrl$lcr of thc giundwrter.

(3) All mtbu rcquircd to conptJ tne
rcncdy bevr bccl srtlsflcd.

(Q Upol conplalon o( thc remedy, rhe
orrcr or opcrrtor nust rcitfy the Stete
Dirrctor rlthi! 14 deys thri I
ccrtl[crllor tirt 3hc r:nedy hrs bcen
couplacd h conpllencc rvirh the
rtqulrcncntr ol !2StJt(c) her bcto
plrccd h thc opcnths rrcord Tbe
ccrtltrc$lo! Eutt bc sfncd ry ti. o?DGr
or opcntor rad by I qull0cd
goundntcr rpcclel&t or epprovcd b, thc
Dhutor ol u ryprottd Strta

1._a ,

(j) Wtcq Epo! conplctlol oa thc
sfl[cetba, tbc orrcr or og.rttor
&tcruts Strt ttc GotrGcttv!. rlloo
rencd, ts bcct conplctcd h pr{racc
rltl 3i. ilU&rDG!3r udcr prrqnph
(c) of tUl rctbq tbc orrcr o? oFt3or
shdl Dc rrlcercd frou ttc rtqulncats
lor [mrlrt rlturrlGs for Gorrrrtlvc
rctlol un&r !25&73.

!25tS, [R:r:nt:dl.

o

a ^;l ! noa



5.213 Anollcrbtllty

Thcsc criteria apply to faeilities
conductiag colrectivc action [n order to
discontinuc corrective action$ thc ground-
watcr quality mst bc remcdiated to
achicvc tbc GWpS for each cout4miEirnt
within the plumc boundary. Compliancc
will bc established wbc& aftcr three
conscqrtive years of monitoriry thc
results show significant statistical evideace
that constinrent vducs iue below the
GWPS.

5213 Technicel Considcretlons

The minimum pcriod of compliance is

tbrec consccttive ycas at dl poin15 vithin
the coutaninant plume. An dternate
p€riod Eay bc established by thc Director
of an approved State. Compliance is

achieved when the concentratioos of
Appendix II constituens do not exceed
thc GWPS. Statistical procedures in
$25853 Eust bc uscd to demonstrate
compliancc with thc GWPS.

Thc preferrcd statistical mctbod for
comparison is to coosmrct a 99 pcrcent
confrdcnce intcrval aroud thc mcan of
thc last thrcc yean of dare and compare
the uppcr limit of thc coofidcnce intcrvd
to thc GWP!i If tbc confidcnce upper
intcrval is lcss thm thc GWPS, it would
bc considcrcd significaat cvidcncc that the
standard is no longcr bciDt erctedcd.
Thc confidcnce interrra,l mtst bc bascd ou
the approprintc oodcl dcscribing thc
disuibution of thc data

After dctcrmining thet tbc ground'water
quatity is in compliance with thc GWPS at
dl poins v[thin thc contarniaant plumc, a

notice to this efiect mtst bc placed within

the operating rccord aod the State
Direcror uotificd yithin t4"days. Thc
certificatiou Eust be siged by the owner
or opcrator and a qudified ground-water
scientist or approvcd by tbc Director of ur
approved Sarc. Upon completion of the

remedid astioq thc owuer or opcrator is
releascd from thc finatrcial assurance
reguircmcns pcraiaing to corrective
actions.

Thc Director of an approved State may
require an dteraate time period (olher
tlan tnrcc ycars) to prwe cimptianiet n
deteroining an altcruate p€rid the
Dircctor nust considcr the following:

. Thc extent and conoentration of the
releasc(s);

. Thc bchavior characteristics (fate and
transPort) of the bazardous
constitucns in thc ground-water;

. Accunsy of aonioring or modeling
techniques, iududing ery seasonal,

mcteorologcal, or othcr environrncntal
rrariabilitics th.t Esy affest the
acsuracy; and

. Tbc charactcristics of thc groundwater.

Coasidcration of tbcsc facton may result
in an extcasion of thc timc rcquired to

show complieoce with remediation
objcstives
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6.0
SUBPART F

CI,oSURE AND POST{I.oSUNE

6.I ININ,ODUCTION

The criteria for landfll ctosure focuscs oo two central thcmcs: thc necd to establish low.
maintcnance colrcr systems and thc need to design a final cover tbat minimizes the
infrltration of precipitation into the. wastc. L:ndfill closure tecbnologr, desig4 and
maintenance procedures condnue to cvolve as Bcw geosyatbetic materials beiomc aiailable,
performance rcquiremcnts become more specific, and limipd performancc history becomes
available for thc rclativcly few number of landfills that have bcca closcd rsing currenr
proccdures and materids. Critical technical issues tbat must be faced by the designer
include thc:

o Dcgrec and rate of post-closure scttlemcnt and stresscs imposed on soil linercomPonen6; : 
I. [oag-term durability and survivability of cover systen; !. [ong.term waste dccomposition and managemcat of landfill lcachate and gases; ando Environmcntd pcrformance of thc combincd bonom liner and 6aal covei systen

Full closure and post-closure ciue requiremeuts apply to all MSWLF unis that receive
wastes otr or aftcr October 9, 1993. For MSWLF uuis that stop receiving wistes prior ro
Octobcr 9, 1993, only the 6nal cover requiremcns of $258.60(a) apply.

62 FINAT COVEN, DESIGN
{0 CtR !25t 60 (r)

6J.l Stetcncnt ol Rctqhtloa

(t) Olu or oFretor of dl
MSlltLF urllr nust h$dl I fiarl Go;tr
sYsteu fti h dctttDcd to nhtrl.t
hfiltretbt ud crusbn Ttc lhd coulr
systcn nurt bc conprfucd ol u clldot
lelcr underllh D, ra ln[ltntlon hyrr u
lollom:

(l) Thc la6ltretlon hyer must be
couprlccd sl1 mlnlnun ol lt tnchcs of
c.rthcr ue3cdd the3 [tt r pcrueebility
lcu tiu or cqurl !o tic pcrueebilify of
ray bottou. lhcr tlstcu or uerural
subtdfi= pr:bat, or i- -petueebiliry 

no
grcrtcr 3hu I r ld cu/SEC, whlchever
ts hs$ rld

(2) Ilh. crorbl leyer must
coarhE ol 5 lrehcl ol clrthcl mrtcrial
thrt L crprblc ol sustdDht mtlyc plant
sroilL

F-rDRAFT April 1992



The final c@er system required to closc a
MSWLF uaig whcthcr ibc unit is an
existing unit, a new unig or a lateral
expansion of an existing uniq must bc
comprised of an infiltration layer that is aminirnum of 18 in5hes thich'overiaio by
an erosion layer that is a mininurn of 6
inches rhick

Tbe infiltration layer should minimize,
over tbc long ter4 tiquid infit61ji6s ials
the waste. The infiitration layer must
have-a hydraulic conductivity less thr:n or
equal to any bottom tinei or na.ural
subsoils prescnt to prevetrt a 'bathnrb'
effect. [n uo casc can-the infiltration layer
have a hy$aulic conductivity grearer thanI x 10- cm/rc regardlcs of the
pcrmcability of rrndcrlying liners or
naural subsoils. If a sptbetic membranc
is in thc bottom linei rhere mrut bc a
flexible membranc liner (FML) in the
final ggygl.

This cover system applies to all MSWLF
unis required to closc in accordance with
Pan 25t. The final qrvcr requiremenc
includc MSWLF unis that rcccire wa,stcs
aftcr October 9, 199! but stop receiving
yast!! prior to Octobcr 

- 9, 1993:
l6trlladon of thc finrL.corrcr rnust be
complctcd wirhin iix moaths of the last
receipt of wrrtcs. Unis that fail to
completc tb ovcr sy4iten installation will
be subjccr ul .ll part 25t requirements.
ln apprwcd States, an altcriate cover
systeo_Eay bc apprwcd by thc Direstor
(sce subsection 63).

*,ig, crircria for a finet seygr sysrertr
should bc sclectcd to:

o Miuioizc infiltratiou of
precipiatioo into the waste;

. Proootc good surfacc drainage;

. Rcsist erosion;

o Resuict landfill gas migration or
eahance recovcry;

. Separate was.te from vectors (e.g.,
anirnalc and inScAS);

. lmprove acsthetics;
I
I

tr r* long.term maintenan..,O,

Othenrisc proted husran healrh
and thc enyironrnent.

T\ Ent t!r.. poinls are direaly related
to thc regulatory requiremenr. The other
portrrs typicallyare considered in desigrung
cover sysrcns for landfrlls

Reduetion of infiltration in a well
designcd Enel co-vcr systcn is acheived
tnrgWh food surhcc Orainagc and runoff
with minimal ermioO, traispiradon of
water by plans in thc vegeativi cover and
root zoEG, and restrictioo of pcrcolarion
througb cartbcn Eatcrial The cover
systco sbonld bc deigncd to prornde rhe
dcsircd level of longljgrE pirforr*..
with minimal maintenaace. S'urface warer
ru;off should bc properly controlled ro
prcveat excesive crosion ud soil loss. ^Tbc vegcative covcr should not conrar. ,
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deeply rmlcd plants that could damagc
the undcrlying infil61de6 layer. In
addition, thc cover system sbould be stable
geotcchnically to prcvent failure, such as
sliding that ruay occur bcnreen thc
erosion and infiltration layers, wi&in thesc
layers, or within the wastc. Figure Gl
illusuates thc two components required
for thc frnal covcr system.

G23.I INFILTRATION TAYEN,

Thc infiIuation layer must bc at lcast lE
inches thick urd consist of earthen
material that has a hydraulic conductivity
(coefEcient of permcability) less thao or
equd to tbe hydraulic coaductivity of any
bottom lincr systcn or natural subsoils.
Units that have a compositc liner wirh an
FML likely will rcquire a gcomembrane in
the find covcr to Ecct thc performance
standards. MSWLF uuis with poor or
non+xistant bottom linen poscsing
hydraulic conductivitics of less than
1 x 105 cru/sec must have an infiitration
layer which Eeets tbe 1 x 10{ cm/sec
minimun requircmeul

Thc earthca matcrid uscd for thc
infiltration tayer should bc frec of rocks,
clods, dcbnq cobblc* nrbb&h, and roos
that E8y increasc thc hydraulic
conductivity by promtiry preferential
flow pub, To hcilitra ruaoff whilc
minimUnj crosioq the surface of thc
compaOcd"roil should havc a minirnum
slope of 2 percart and a EaxiBuE slope
of 5 pcroent aftcr allowance for
scttlcmcnL Mcmbranc and clay layen
should bc placed bclw the maximun
depth of frost pcnctration avoid freeze-
thaw effcctt (USEPA 19t9b). [u some
arcas of Oc country thc crosioo layer will
nced to bc thickcr than the minimum

requircmcut of six ioches. Figure &2
dcpicts thc naximnsr rcgioual dlpths of
frost pcnctradoo Freezc.-thaw effccts tnay
includc detelopmeat of micro&actures or
redignmcot of iuerstitid 6ncs which can
incrcasc thc hydraulic cooductiviry of clays
by as much ile an order of magnirudc
(USEPA 1990). Infiluztion layen may be
subject to desiccation depending on the
climatc and soil warcr retention in tbe
erosion layer. Fracturing and volumetric
shrinking of tbe clay due !o watcr los may
increasc thc hydraulic conductiviry of the
infiltration layer.

Tbe infilgsli6s layer is designed and
construded in a manncr similar to that
uscd for rcil lincn (USEPA 1988) with
the fotloring dificrences: i

. Sincc thc cwer is geuerdly not
subject to largc overburdeu loads, rhe
issue of comprcsive suesses is less

critical unles post-closure land use
will exert large loads.

The soil cover is subject to loadings
&om scttlcoent of underlyrng
metcrids. Thc cxtent of sctrlcment
aaticipated should bc eraluarcd and a
ctoore and posrdosure maiatcnance
plen designcd to compcnsarc for the
eficcts of scttlcmcnt

Direct shear tess pcrformcd
coostnrction materids sbould
conducted at lowcr shcar sucsra rhan
thqc uscd for liner system dclgru.

Thc dcsfn of a finrl covcr is utc*pcofic
and thc relative performancc of cover
design options Eay h comprred urd
evduated by thc HELP (Hydrologc
Evaluation of kodfiU Performence)

on
be
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modcl. HELP was developed ry the U.S.
Army CorPc of Et g''"een for the USEPA
and is widcly tscd for evduatint expeaed
hydraulic perfoniance of landfill
cover/lincr systcms (USEPA 198E).

Thc HEIJ progrim calculates d"ily,
averagc, aad pcak estimarcs of water
movement across, into, throug[ and out
of landfills. Tbe input pantnctcrs fqr the
modcl include soil propcrtiel precipiation
and othcr climatological dat4 vcgctation
t1pc, ard lendfiU dcsrgn infrruadon
Default climatologic and soil data are
availablc but should bc verified as
reasonablc for thc site modcled. Orpus
from thc model includc prccipiutiou
runoff, pcrcolation througb the base of
each cover layer subprofilc, evapo-
transpiration, and laterd drainage from
each profrlc. Thc modcl dso cdculates
tbc maximum hcad on the barrier soil
layer of each subpro6lc and thc maximu.o
and minimum soil moisture content of the
evaporativc zone. Data from the model
iue prescnted in a tabular report foruat
aad include thc input paraoreters rsed and
a suuunary of the simulation results.

within the landfill. For thc model to bc
ucd properly, tbc HELP Modcl Uscr,s
Guide aod docuneotation should' bc
consultcd.

6232 GEOMEMBNAIYES

If a teoncrtrbrane is uscd as an
infi luation layer, thc geomcmbranc should
bc at lcast 20 Eils (05 mm) in thickness,
dtbough somc geomcmbrane materids
Eay rcquire a trcatcr thickness.
locreascd thickncss and rcnsile strengths
may be nccessary to prcvent failure under
strcsses causcd by construstion aod waste
scttlemcnt during thc post-closure ciue
pcriod. Tbe strengrh, resistance to sliding
hydraulic pcrformance, trDd ptud
thickncss of HDPE shccts should be
carcfully enaluatcd. The qudity and

Thc HELP nodcl nryfF nscd to
estimatc tbc hydraulic perforuance of thc
cover systcn dcsigne{fgi a MSWLF unir
UscE@rmation effiEP would bc
surface nrnoff, duratida4d quantity of
water storage within thc ei&ionlayer, and
asl infiluation thrc,:gh the correr systcn to
evduate whethcr lcacbate will accnmulatc

pcrforoancc of somc texaued sheets rt8y ^-.
Lc Oimc,rtt to cvatuate due to variabil,C 

,

of thc tcxtured surfacc.

5JJ3 EROSION TAYER,

A vegeatcd cover not only improves the
appcarancc of the site, but also controls
crosion of thc final cover aad may require
only ninimal mainrcnancc. Thc
vegetetion compoDeot of thc erosioo layer
should have the folloring specificrdons
and cbarastcristic (USEPA 1989b):

Ircally adapted pcrennid plurs
whicb arc resistaat to drou3lt and
tcEPcranlrc cnrcBcs;

Roos tbat will Dot disrupt tbc low-
pcrmcability layec

Thc ability to tbrive in lor-nutnent
soil with minimum nutricut rddruon;

EOn
pcds -{E?lE-'#'.cs for virior--sinuladon
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o Sufficicat plail density to minimize
cover rcil erosiou; and

. The ability to survive and function
with littlc or no maintcuancc (c.g,
self-supponivc).

The uc of dceprootcd shnrbs and trees is
geuerally iaappropriatc bccausc thc root
systeEs Eay peactrate jlg infil6ation
layer aad create prefercntial pathwiys of '

percolatioa A largc aumbcr of suitablc
plant species such as grir.sscs aod low.
growing plurs are available for various
climates. Tbs timilg of seeding (spring or
fdl in Eost climatcs) is critical to
succcsful germination and establishment
of tbe vegctative cover (USEPA 1989b).
Temporary wiatcr covcrs may be groum
from fast growing seed stock such as
wintcr rye.

Selecting the soil for the vegctative cover
(erosiou layer) should considcr soil t1pe,
nutrient levels and pH levels; climatc;
spccics of tbc vegitation selected;
mulching; and sceding tiure. [4am, a
bdanced mixnre of clay, sill urd satr4 is
gencrally prefcrred becarrsc it is rclatively
easy to Eaiilain in good condition, it
provides a conducive cnvironmcnt for sced
germinatioq and it is easily peneuated by
rooB (USEE 19tt1.' 4' '' L.-.

Erosioo cu dctcrioratc tbe performance
of the 6nd covcr of a MSWLF unit by
inpairiry yctctstivc grourth or causing
rills which require maintsssllss and
repair. Extremc crosion may lcad to the
exposure of the infil63iiea laycr, initiatc
or contributc to sliding failures, or expose
the wastc. Anticipated erosion due to
surfacc watcr runoff for given design

cri,rcria may bc approximated using thc
USDA Univenal Soil Los Equidon
(USEPA 19E9a). By evaluadng ero$ion
los, tbc design may bc optimizcd ro
reduce meintenance througb scleoion of
thc best available soil mitcrials or by
dlorving excesr soil to increasc the time
rcquired bcfore maintenance is needed.
Paramcters in thc equatioa include the
following:

X - RKSLCP

whcrcX-Soilloss
R . Rainfall erosioo index
K . Soil crodibiliry index
S - Slopc gradient fastor
L - Crop managcneur facto5
P - Erosion conuol practicel

Values for thc Univcnd Soil loss
Equatioa pariancten may bc obtained
from tbe U. S. Soil Conscration Service
(SCS) Technical Guidance Document
availablc at local SCS offices located
througbout the United States. The soil-
los ratio Eay also bc determined
gaphically (Figurc 6.3) as a tunction of
thc slopc lcugth and the slope. This ratio
is thca uscd in tbc folloving equation to
approximatc'soil loss from water erosion
(USEPA 1989a): " 

'
.](''r rrcu\P

where )C . Annual wind erosion
f - Field roughncs factor
K . Soil erodibility index
C . Oimate factor
L' . Field length factor
Y . Vegetative cover factor
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o
i Thc croeioa layer also must

constnrdcd of eartbcu matcrids.
requiremcut prohibits the usc of pavemcnt
or other oatcrid that is noi capable of
sustaining uative plam grounh" Thc
oppornrnity for dternate designs is
available to o$/trens or operators itr
approved States.

623.4 ADDITIONAI,. COVEN,
SYSTEM REQUIREMENTS

Maximum rcduction of poat-closure
leachatc volumc generation Eay bc
achieved with a composite cover
compriscd of a geomembranc and a soil
componcat with low hydraulic
cooducrivity. Tbe hydraulic propenies of
thesc compoocnts are disorsscd in Seaion
a.0 (Subpan D).

Otber conponents that may be uscd in thc
finrl cover systen includc t drainage
layer, a gas vcnt layer, and a biotic barrier
layer. Thcse conponens are discnsscd in
the following scctions and are shown in
Figure 6-a.

ALIERNATilE FINAT COVER
DESIGN
lo crn !2sr.6rlc)_

:_t'

(b) 1I Dlncor ol u ol epprovcd
strtc Ery rpPmvt rn rlttmetlvc finel
covcr dsltt tlrt lrcluds:

(1) A! lafltretlol hycr t[r3
rchlcrcr l! cqulvrhnt rcductiol h
hiltnltlo! r tic iniltntloa leyer
spcclfcd ll (r)(f) of thlr scctba, ud

(2) Alerosion hycrthet provldo
equivdcnt protcctlon frou rhd rad rrtcr
crorlol u thc croclon lrycr rpccilled h
(eX2) ol SUr rctloo.

6-!2 Aeollcebillt,

Thc oppornrnity to have an alteruate final
qlver syttem is availablc to owners or
opcrator in approved Sutes only. Tbe
rule allo*s Direstor of an approved State
to approve dteraatc final qevss systcms
that caa achieve equivdent pcrformance
as tbc rninimun designs specificd itr
!25t.60(a). This provides an oppornrniry
to iucorporate tecbnology, or
improvements into cmrer designs and to
ad&es sitc-spccific conditions. Th| rsc
of ameodcd soil as well as thc desiin of
thc infiltratioo [aycr Eust be approved by
thc Direstor of atr approved Statc.

6-33 Tcchnlcel Consldcntlons

An dternative rnatcrid atd/or atr
dteraativc thickncs Eay bc uscd for an
inf,lg2iiss layer as long as tbe infiltration
requirement spccified in C25E.6O(a)(1) is

EGL

An aruorcd srfacc can bc used as an
dtcraetc to thc sir-inch layer that can
srsain plsof Sfo4113[. An aruored surface,
or banlcncd cap, is gencrally rrscd in arid
regions or oa stccp slopcs whcre the
establishmeat aud meintenance of
ycgctatior Eay bc hindcred by lack of soil
or exccssivc runofr.

An aruored srfacc (compriscd of cobblc.
rich rcils or soils rich in wcathcred rock
fragmcas) is rscd to prevcut erosion.

bc
This

6.3

DRAFT F-6 April 1992



'(.,L

,- 5 h 5u e
=

$u E
 i 

E
i 

P

gsri f isi 
z

iA
-,E

i 6 iA
d 

;

- t30
.-

.0
,ttElL'o

cO€uE
1 E

-t Ll 
.-

Ja|'lr
vxIUrrE

(:J
---- L-oIc)
*

()l

tslE
I

&o

I

I

II

IJ= ,Ld(\a



Thc charrcteristics of thc materids uscd
for an rtuored surfacc typically arc
(usEPA r9r9b):

o Capable sf jsqainint in placc and
minimizing erosion of the armored
layer and thc underlyiry i!filtratiou
layer dnring enrcnc wcather evcnts
of rainfdl and/or wind; :

o CapableofaccommodatirigscttlemOat .

of the nnderlying mstcrid without
conpromisrry thc componeot;

o Designed with a surface slopc
approximatcly the samc as the
underlying soil (at least 2 pcrceut
slope); and

. Are capable of controlling thc ratc of
soil crosion

Thc erqsiou layer may be madc of asphalt
or concretc. Thesc matcrids promote
nrnoff with aegligible crosioa However,
asphalt aad concrete deteriorate due to
thermal Cxpansiss 3tt6 defOrmation ca,scd
by subsidcncc. Crushed rock may bc
sprcad ovcr thc lsndfiU covcr in areas
where weatbcr oaditiors nrch as wi!4
hcary rai4 bt tcEpcraturc extrcmcs
commonly calac dctcrioration of
vcSetedvc oovcr! (USEPA l9t9b).

G4 Othcr corddcrrddar ''"

64.1 prrfircg IAYEn,

A pcracablc drainagc layer, oooruucrd
of soil or gcosyatbctic dninage mrcnrL
Eay bc oonstnrctcd bctwecn thc erqioo
layer and the underlying infil631i6s leycr.
Thc drainage layer in a final cover system

renoves pcrcolatint warcr tbat has
infilglsd throug! thc erosion layer after
surfacc runoE aad evrpotranspiration
losscs. By removing water in contact with
the lov.pcrmcability laycr, the potcutial
for lcachatc generation b rliminisfugd.

Omen or opcraton should coruider
mctbods to minimizc Phrical clogging of
the drainage layer by root sysrcms. A
6ltcr layer, composcd of either a low
ouuicnt soil or geoslnthetic materiaf may
bc placed bctwceu tbc drainagc layer and
tbc Gorrer rcil to help minimize root
pcnetration

Tpically, if granular drainagc layer
materid is usc( the 6lter layer is at.lcast
L2 in (30 .-) thick with a hydfaulc
conductivity in qc 3angG of I xi 1O2
cm/scc to I x 10'cm/scc. The layer is
slopcd at lcast 2 perccnt but no greater
than 5 pcrccot aftcr scttlcment. Granular
drainage materid will vary from site to
site depcnding on tbc typc of material rhat
is locally available aad cconornical to usc.
Typrcalty, thc matcrid should bc no
coarscr than 3/t inch (0.95 cm), classified
accordiag to thc Universal Soil
Clrssificetion Systen (USCS) as rypc SP,
smooth aad roundc4 aod frcc of debris
that could damage a! undcrlying
geomcmbrenc (U.SEPA 19t9b). Crushed
stonc t?ncrdly ii_qot rgprogriate bccauc
of tbc starpncss of tbc peniclcs. If the
arailablc drainagc Etterial is of poor
quality, it may bc nccessary to increasc the
thickncar rnd/or slopc of thc drainage
laycr to meitrtsin adcquatc drainage. The
HELP nodcl, which was discnsscd in
Scction a.0 (Subpart D) caa be uscd as au
anatyticat tml to qmluatc the relativc
erycctcd pcrformaacc of dtcraative final
@ver dcaips.
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If geosyothetic Eaterials are lrsed as a
drainage layer, the fully sanuated effective
transmissivity sbould be the equivalent of1 foot of soil (30 car) with i hydraulic
conductiviq raogc of I x 102-cm/scc to Ix lu-. cmlscc. Transnisivity can bccdorlated as the- hydraulic cooductivity
multiplied by tbc drainage layer thicknes.A frltcr layer (prcfcraUty.i nou_*o"eu
ncedlc punch fabric) st6utO bc placcd
aloye the geosyathetic material to
minimizc intrusion urd clogging Ulroors
or soil matcrid &om &e top taler.

6.42 GAS r'ENr IAYER,

kndfiU gas collection systems serve to
inhibit gas migr:tiou The gas collection
pf!.oT tlpicatJf iue instalted direaly
bcneatb the infittration layer. ft;
fuaaioa of a gas vent layer is to collea
coubustible gascs (methane) and othcr
po.tentially haruful tascs (hydrogen
sulfide) gencrated by ncthanoicnic anA
other anaerobic micro-organisiu Auring
biol.oglcal dccay of pitrefactive or
urndhued organic wilstcs, and to diven
lh::e gases via a pipc systen through thc
infiltration layer. 

- A Eore aeiaiteO
olscusslon concerning lardfiU gas is
providcd in Section g.6 (SuUpan Cj.

Po.g.r v.ey laygr is usuelly t2 i!. (30 cm)
thick and should bc locatcd bcnreeu the

injltr$gu taye3 aoi thc ,*.rt. 
-layer.

Materials ulcd,fi coostruction of the gas
vent laycr sloild bc ucdiuru to *.rr.-
gralod porotrc aatcrialr nrch as tbosc
uscd in thc drainage laycr. Geosrathetic
matcrids rnay bc suUstitutcO foi-fianutar
materids in the veat layer if e{uivalent
performance can bc- demonstrated.
Yon,ioq ro il! cxtcrior collectioa-point to,
disposd or treauDent should Ue iroviOeA

by Ec'ni such as horizonnl pipcs
patterncd laterally tbroughout thc gas ventlayer, which channel i.s., to 'venicaf
risers cr lateral hcaden] If renicat riscrsiuc usc4 their number should beM,ryj'r{. (as - thcy arc &equentty
vandalircd) and located at hig! poiots inthe cros.scction - (USEp.i 'tqggu),
Condcnsates will foru within ,i. gils
collecdon pipcs and somc Eeans should
T . 

ncorporated into the design rordrainage of condeusate to-- ir.r.n,
!l*Fg. by acounulation in low'poins.
Condera.te may bc returned direlly to
the landfill.

The most obvious potential problem with
gas collectiotr syst.ms- i, gir. vent pipe
peneuadoru- placed throulh the cfver
systcn Settlement within ttrl tanOOU hrayqilrsc concenEated sEesscs at thc
perctrations resulting in infiltration layer
9r pipc failure. If a geomembrane is used
in tbc infiltration layer, adequatc ne*iUitiru
and slack material should 6c proriOia ai
thesc connections. Alternatively, if an
active gas conuol system is iianneo,penetratiory pay bc carried out rhrough
tae sides of the covcr directly above the
Iiner anchor trenchcs wheri effeas of
scttlemcu would bc les pronounced. The
8as collection system- also may be
connected iato thc lcachatc colliction
l6t:E ro veil &sc$that may form iruide
tne tcachate collectioa pipcs as well as ro
rcmovc ges condcnset* that form wrrhin
the gas collcctions pipcs. Iandfill gas
sy,stcns arc also disorsscd in Seaion J 0
(Subpan C).
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6.43 SETTLEMENT AND
SIIBSIDENCE

Excessive scttlcmcnt and subsidence,
caused by decompositioo and
consolidation of the wastcs, can impair the
iotcgrrty of thc 6nd oover s)6rem.
Specifically, scttlemcat can contribute to:

. Ponding of surface watcr on the gap;

. Disruption of gas collection pipe
systetns;

. Fracnrring of low permcability
infilg3fiss layen; and

o Failure of geomcmbranes.

The degrec and rate of senlement can be
estimated. Good records regarding the
typc, quantity and locatiou of waste
materids disposcd will improve rhe
estinatc. Scttlement is caused by the
dcterioration urd defomration of the
wastc layen and by consolidation of the
wastc. Scttlcaent due to coruolidation
may bc minirnire6l by compacting the
wastc dufiry daily operation of thc lurdfill
or by landfiUiry blhd w"stc. Organic
wastcs will contiauc to dcgradc and
deteriorate afte"r qlg6gge_g{ lhc landfill.

-."4i - .i r 10DI10i-..,i {
Scverd mdclr havc b&n doreloped to
aoalyzc -F proccsg of differentid
scttlcncaG, Moct cquatc the layered cover
to a baao or oolunn undergoing
dcf,cctioa duc to nriors loading
coaditions. lVhilc tbcsc oodcls are uscful
to designcn rq uadcntanding thc
qualiativc relationship bcnrcea variou

land disposd unit characteristics and in
ideutiSing thc cousuainiry fadors,
accurate quantitative asalytical mctbods
bavc oot bcen dcvelopcd (USEPA 19Bt).

If thc anount of scttlcacnt can bc
estimate4 eithcr from an analytical
approach or empirical relationships froa
daa cullcstcd during tbe opcrating life of
thc facility, thc designcr should attempt to
csti'natc tbc potentid suain imposcd on
thc wer sy,sten components. Duc to the
unccrtainties inhercnt in tbc settlemenr
analysis, a biaxial strain calctlation should
!6 srrffisicst to estimarc tbc streses which
may bc imposcd on the cover system. The
amount of strain a liner is capable of
enduring may bG as low as scrreral plrcent
and 6ve to twelve percenr for
geomembratres (USEPA, 1990).
Geomembranc testing may be included as
pan of tbc design process to estimate
safery factors against cover system failure.

The cover systen Eay be designed witb a
greater thicknes and/or siope to
compcusatc for scttlencut aftcr closure.
However, evea if scttlemcnt and
subsidcncc arc considcred ia the design of
the final covcr, ponding may sdll occur
after cloorc and can be corrected dunng
poctdo$re mniatgtr3agg.

6.d4 st,iiiixcixsrrrrrrr
Thc slopc angle, slopc lcqrh and
werlying rcil load limit tbc ubiliry of
comPoncot interfaccs (geomcabrroc witb
rcil, teotcxtile, and teotcxtilc/loil). Soil
watcr porc prcsure darclopcd dong
intcrfaces can also dranaticrlly reduce
surbifity. If thc dcsigB slopc B lceper
than thc efiective friction arylcr bcrweeu
the material, sliding insubrliry will
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generdly occur. Sudden sliding has the
potential to causc tears in geomimbrancs
that require considerabl-e time and
expclsc to repair. Unstablc slopes may
require remedial. meiuiures to iraprore
stabiliry as a mcans of offsctting potiutial
long.tcrm mainteuance costs. 

- 5

The frictioo angles bcnreen various media
are bcsr dctermiied by laborarory direa
shear tcsr that ripiescnt thc' dcsign .
loadFg conditions. Mcthods to inprove
stability iuclude designs with flatter siopcs,

Flng texnrred material, constru.iing
beachcs in thc cover systen, or reinforcin!
thc cover soil above the membrane with
geogrid or geotextilc to trlinimi,s thc
drivitrg forcc on the intcrface of concern.Lt.{"t for applying tbese design fearures
can be found in USEpA (19g9), USEPA
(1990), and Richardson and Koeruer
(1e87).

6.5 CI.oSURE PIAIY
40 CFR C2SS.0(c).(d)

5J.l Stetement ol Requlation

(c) frc orucr or opcntor Eustprrp.lc r rrlttcn clocurr plen thrt
fgf{F rhc srcpr lccrcer, rro ctor dl
MS!ilILF urltr rt rlry poti3 durlaj lrr
rctlvc llfG h *corienor rftt lhc cotrr
dcsfn nqrlrrncrrr h !21tt.60(r) or (b),rr rpplhetlr. Itc clomre pleq I rmlnlnlq rli lrcludc thJ follillrt
inforuetbu

(1) A dcscrlptlon of tf,c ltnel corrr,
dcslpcd ia rccordencc rri !2SS.aO(r)ud ,r.c Dcthodr ead pri, rduns ro br
u!c6 s.,., la$rtl thc covcr;

(zl A! clrtnrtc of thc terjert .p
of the MSITLF unit cver Equirini r 0nel
c-over es nquind undcr !2St 6.0(r) il.eny
tine durin3 thc r.:tivc lifc;

(3) Aa cstinrtc of 3he nrrdnuu
laveneory ol rrs&x 6rGr o!.ritc ovcr 3bc
.ctlvc lifc of 3hc lrnddl fecility; ead

(4) A rc[edulc for conpleting ell
sctiviti$ rcccssrry to n3tsly tic ctosure
criterir i! 125&60.

(d) Thc mter or op€rstor must
notif! thc Statc Dirrctor thet r closurc
plan has beca prcpercd rnd pleced ia thc
opereting ncord ro letci .thaa thc
effectivc drtc ol3Ur pert, or bfl the initial
rcceipt of rrstg rilchcver is ieter. I
6.52 Aootlcebllltv

o,An owucr or operator of any MSWLF unit
that reccives wastes oD or aitcr Oaober 9,
1991 mrst prepare a closuc plan, and
pl....tbe plaa iu the opcrating record.
The plan must describe siecific ireps and
aaivirics tbat will bc followed to closc rhe
unit at any timc after it first receives wasre
througb thc tinc it reachcs is wastc
disposd capaciry.

The closurc plan must iacludc at lcast the
followiag informatioo:

. A dcscription of thc finat cover and
thc mcthods aud procedures to be
uscd to iDstdl thc covcn

. An cstimarc of tbe largcst area which
will havc to be covcred (rypically this
is thc arca that will edsi- when the
final full capaciry is attained); and
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. A schedule for completing closure.

The area requiring covcr should be
estimatcd for thc opcrating pcriod from
iaitid receipt of waste througb closure. A
covcr system desigg or a dcsign repo4 is
no! an cscnrid part of a closrue plan
although either Eay be incorporated as
pan of the plan

The closure plan must bc prcpare4 urd
placed in thc operating recor4 prior to
October 9, 1993 or by tbc initid receipt of
wastc whichever is later. The owncr or
operator mut notify thc State Director
when thc plan has becn completed and
placed in the opcrating record.

6.53 Tcchnlcel Consldcntlons

The closure plan is a critical document
that describcs thc steps that an owuer or
opcrator will take to ensurc that dl unia
will be closed in a mnnner that is
protective of human health and the
environneut. Closure plans provide the
basis for cost estimates tbat in ilrD
establish the amount of Enancid
responsibility that must h demonstrated.

Thc closure plan mnst accouDt for all
areas of the MSWLF that are subject to
Part 25t regulrr$ons ag$_are aot closcd in
accordaoce witb t25t.f[ Ponions of the
landfiIl thet bevc a daily cover, but not a
final covGt, Elst bc included in the
estimatc. Tbc area to bc covered at any
point durins thc activc life of the
operating unit can bc detcrurined by
examining design and planned operarion
procedues and comparing them with
consmrctioo records, opcration records,
aod 6cld obscrvations. Unia are
frequently opcratcd in phascs, with somc

phases conducted oD top of prenously
depositcd waste. If the owuer oi operaror
loutinely closcs laad6ll cells as tiey are
6lle4 thc plan should indicate the greatest
aumbcr of cetls opcn ar one dmc. Figrue
6,5 dcpicts simpliEcd cxamples of
increasiry arcas througbout the active life
of a unir

Thc 6timals Eust account for the
maximun a.EouDt of wastc on-site that
may oced to bc dispoccd in tbc MSWLF
over thc lifc of thc fasility (this includcs
atrywaste on site yct to be disposcd). Thc
maximum volumc of wastc ever on-site
can bc estimatcd &oru thc .maximum
capacity of each unit and any operational
procedures that may involve uansfcr of
wastes to off.site facilides. Wtcre
irsufficicnt design, construction, aad
operational records are foun4 areas and
volumes may bc cstimated from
topograpbic maps aad/or aerial
photographs.

Steps that may be included in the closure
plan are as follows:

o Notifying Statc Director of intenr to
initiatc closure !25t.60(e);

. Developing closure schedule;

. Preprring constnrction contract
doqtmcnts and scc[rc @Btrador:

IIsyitrS ao indcpcndeat registered
profcssional engiocer to observe
clonrrc activitics and provrde
certification;
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o Sccrriry bonor oaterid;

. Coosmrcting rhc cmrer systctru

. Obtaining signed certifrcatc and place
in opcrating record;

. NotiSing State Direcor rhat
ccrtificate was placed in opcrating
record; and

. Rccording notatioo in dccd to land or
othCr similar insttUmcat

Thc closurc plan should include a
description of thc final ssy6s system and
thc mcthods and proccdrues that will bc
r:scd to iDstdl thc cwer.

Thc descriptioo of tbc methodq
proccdures and processcs may include
design documents; coustructioa
spccificatioos for tbc 6nal cover s)6req
iasluding erosion conuol measures; qudity
conrol testing procedures for the
constructioa naterids; aad quality
irssurance procedures for constructioo. A
geucrd disassion of the methods and
proccdnrcs for @vcr instdlation ars
prcscntcd ia Scctioa 4.0.

6.5 CLoST'NE CruTERIA
40 CFn E$.Je (t). (l)

6.6.1 Sfefrm ol Rrrulrtbl

(c) Prlos to bcjlulry cbrur: ol
?.cl MSIf,Itr rrL tr rDCiOd b
!25&0(0, r! oru or oDqr3or Eu$
mtlt 3tc St tC DL6ot 3lr3 e aothc of
tic htcnt to cbr tio unlt hu bcca
ptrccd lr thc opcrrtht rrcord.

(0 frc oncr or oFn3or uust
bcgln clorurs rcttvltL! of ceci MSWIf,
uaft no har tiu 30 drf rflcr ttc detc
or rtlcD thc MIIWIf ult rudvcr tic
horn fud rrcclpt ol rutcr or, if thc
M$ilLF ulla hrr p6rlntni crpecity rad
tf,cn lr r nrroatblc lllcllhood ttrr 3hc
M$flf udt rllt rudvc rddlttonel
r.$cq rc hfcr 3trl oac pu r0cr thc
Eost rrCC!3 rrcdpt of rrrtcr. Ertensions
bcyond tt 6as:ycrr dcedliac lor
bGCrtrht cbrun Ery h gurd by thc
Dlrcctorolu rpprovcd Ste3c ilthc owner
or opcntor dcuoortntcr 3hrt thr
MSIilLF unit hu thc crprcity to rtceivc
rddltload rutc. eld tf,G ortrcr or
opcn3or her Ulm rad rlll coEtltruc io
trlt dl rtcpr ncclrrrry io prwca3 thrcrtt
to hunrl hcrltl ud thc eldrofiicnt
frou tf,c uacloccd MSYYLF uait :

(3) ltc omcr or opcntor ol rll
MSWLF unltr nurt conple& closurt
rctlvitlg o? eech Mslmf unit in
rccordrncr witf, thc ctosune pha within
ItO dryr follorlry thc bcgirnnir3 of
clorut: u spcctficd h pm3raph (0.
Encnrlonr ol ttc clorure pcrlod mey bc

3rrntcd by 3i. Dlrrtor ol u rpproved
Soa ll thc orlcr or opGnior
dcuonstntg tLr3 ctosun will, of
nccculty, teb lo4:r tlrl 1t0 deyr end
hc irr Srtra ud dll cottLruc to 3rk! rll
rScpr 30 prcwn3 alrar 3o Luuu hcrlth
ud She cnvfuoancn3 ftllr tLc uncloscd
MSYYIf ult.

(i) Folloda3 clorurr ol eech
MSWII nr& tto oru or opcrrtor Eust
notlly 3t tltrac DlEcor rhrr I
ccrtlocrtbq s[ncd by u hdcpcadent
rcalrtcnd prclcubnd caglrccr or
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rpprovd by Dlr:ctor of ea epproved
Stetg verllfln3 thrt closurt hes been
conrpleted lr rccordeacc rith 3hc closure
phn, les boca plrccd itr thc opcntitrg
rtcotd.

(lxl) Followia3 closure ol d!
MSttIJ' unlts, thc omcr or opcrrtor
nust ncord r notrtlon on ttc dccd to thc
lendtlll frcility prcpcrry, or lonc othcr
insttucnt Shrt lr .noruelly cxrnircd
duttry tltlc scerch, rnd notily tf,c StsSc
Dlrector thrt thc notrtlon her been
rccorded rnd r copy hes becn pleced in
thc operrtlry rccord.

(2) Thc notrtlon on ihc deed must
itr pcrpctuity Dotily rtry potctrtisl
purchrscr ofthc propcrty thrt:

(i) rfc hnd hes bcen used es r
hadfll fecillty; rnd

(U) Itr usc is restrictcd under
$2St.5l(cX3).

0) Ttc ortrcr or opcmtor mry
rcquest permission fron thc Director ol
rn rpprovcd Stetc 30 t:novc thc notrtion
fron thc dccd It dl restcr rrc rtnoved
fron tic fecillty.

6.G2 Apolicrbilltv

Thc closure requiremcnts arc applicable
to dl MSWLF unis that receive wastes
after Octobcr 9, 1993. The owucr or
opcrator is required to:

o Noti& thc Satc Director of the intent
to closc;

Begn closure yithin 30 days of thel
last reccipt of waste (or 1 year if-
there is remaining capacity and it is
likely that it may bc wd);

Complete closurc $'ithin 180 days
following thc bcginning of closure;

Obtain . certification, by an
indepcndcnt registcred profesiooal
euginecr, tbat closure was completed
in accordancc with tbc closure plan;

Place thc cenificate in opcraring
rccord urd noti$ the Sate Director;
and

. Note on a deed (or some other
instrumcnt) that the land was uspd as
a landfill and that is usc is restrfcted.

Sbould dl wastcs bc removed from the

&'#"n#":il:x iffi:""ffi',ff o,
Director to removc the ootc on the deed.
In approved Statcs, tbc period of time to
begn or complete closure may be
encnded W the Director.

6.63 Technlcel Considcretlons

Closure aaivities Eust bcgin within 30
days of tbc last receipt of rrnste and must
bc complctcd within 1E0 days. Some
MSWLF units, srei as tbosc in seasonal
population arcas may have remaining
capaciry but will not rcccive thc nen load
of wastc for a lcugthy pcriod of time.
Thcsc MSWLF ,rni13 51lst receive waste
within ouc ycar or they mrst closc.
Ertcnsions to both tbc l.year and 18&day
requiremen8 are available to olmeni or
opcrator of MSWLF units in approved
Statcs" An cxtcntion Eay bc ganted if
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thc omcr or op€rator qrn dcmonsuate
tbat tberc i! s3maining capaciry or
additional tiae is ueeded to complcte
closure. Thc orracr or opcrator must
talcc, and cootiauc to tdrc, alt step6
trccessary to preveat threar to huraan
hcdth aad tbc cuvirooment from thc
uncloscd MSWLF unir [a geocra[ this
requirement should bc rcadily cstablishcd
for a nnit ia compliance with thc
rcquiremcots of Pan 25t. Thc ormcr or
opcrator may uced to dcmoosratc how
access to thc nncloscd unit will bG
controlled prior to closure or receipt of
waste and how tbe variou cnvironnentd
connol and monitoring systems (e.9.,
surface runo& surface run.on, leachate
colleaion, gas conuol system, and ground
water and gas monitoriag) wiU bc
operated and maintained whilc the unit
igmainc UnClOSCd.

Following closure oi each MSWLF unig
the ourncr or opcrator must have a
certificatioo signed by an indepcndent
registcred profesional snginccr, verifying
closue. Ia approvcd Stateg the Director
can aPProve the certificatiou Thc
certificatc should vcrify thet closrue was
completcd in accordracc with tbc ctosruc
plao This ccrtification sh@ld be bascd
on knorled3c of thc dcure plaq
obccrations mtdc duriry ctoore, and
doqrmentetion of dmue aaivitics
prwidcd b1l tbc owDcs or operator. Thc
signcd cccdlerdos anrst bc placed in thc
opcratinj icord rad thc Starc Director
Eust bc ffiificd tt t tbc ccrtification was
complcrcd and placed in thc rccord.

Aftcr clonue of dl units at a MSWLF
facility, tbc ormcr or opcrator Eust record
a trourtion in thc dccd or rccords typically
examincd during a titlc scsrctl that the

propcny r+ns uscd as a MSWLF and that
its usc is restriacd uadcr 40 CFR
$25E.61(c)(3). C25t.61(c)(3) sutcs:

'... Post+loorre rrsc of &c property shall
not distrub thc integrity of thc 6ml cover,
liner(s), or ary othcr coopoocnts of thc
coaaiancnt sy4stcEs or tbc funetioa of $c
ooaitoring systens rrnl3gg Dccessiuy to
comply with tbc requiremeas of Pan 258.'
and;

'Thc Direetor of aD apprtred State may
approve any othcr disturbance if the
ormcr or operator demonsuates that
disturbancc of tbc 6nel corrcr, lincr, ot
other componeat of tbc containmcut
systcq including any remorral.of qastc,
will aot incrcasc the potcntial threh to
human hedth or tbc environnenl' '

Thesc resuictions are dcscribed funber in
subacstioo 5.t (Post-Closure Plao) of this
docrmear

Thc owner or opcrator trrzy requcst
pcrmission from thc Director of an
appro,cd Satc to rcnove tbe notation to
a dced Thc request should documeor
thss all rrzstcs are rensrcd from thc
facility. Such doqrmcilatiou may include
photogrrphg Found wilcr end soil testing
in thc area whcre rastcs were dcpositcd,
and rcports of wastc remoral aaivity.
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6.7 POST.CIOSURE CAnE
REQUIREMENTS
4() cFn !2st.6l

6.7.1 Stetement of Regulrtlon

(e) Followiry closure of eech
MSIilLF uait, thc ottrcr or opcm3or must
coaduct post{lorun cma -post<losurr

clre nust bc colducted for 30 yeetr,
e-rccpt rs provldcd uader perryreph (b) of
thts prrr, md consist 6f eI [asi itc-
folloriag:

(t) Mainteiaing thc integriry rnd
e(?cctivencss ol ray llail cover, inctuding
naHa3 repeirs to thc coyer as nccessryto cotlcct thc cllects of scttlemenq
subsldercg cmsion, or otier cvents, rndprwcnaht nm{[ rad nra.ofi hom
erodiry or othcrdsc deneging the ttnel
covcr;

_ (2) Melateinin3 rnd opcrrring rhe
Ierchatc collcction system ia-eccordence
with thc requireuents ia c25t.40. The
Dir:ctor of en rpproved Stite may rllow
thc owner or operetor to stop rnanaEng
leechrtc if tlc ortrcr or operetor
denonstrrtcr thrt lcecietc no longer
por6 r tlrtrt to hunt! hcetti rnd the
eav{rooncut;

(3) Modtotlry tic gound wrter
in eccorducc rith tlc n{ukcnents of
Subprrt E ud urtatrlalaj ttrc gmund.
w.tcr noallodat syttcn, if rpplicablc;
rad

(4) Melntelain3 rnd operatlng rhc
grs nonitorin3 systcn la rccordance with
3hc rcquiremcnb o? l2StJ3.

(b) Itc hryfh ot rtc *r,*,orutocerc period nry bc:

(l) Ilercascd by ttc Dlnctor otrr rpprcvcd Stetc if ttc orocr oropcrltor dcnoustrrtcr tf,r3 tbc Educcdperiod h rufllclcat 0o protect huura
heelti rad ttc covlroanent rad tils
denonstntloa ir rpprovcd by thc Dtnctor
ol rn rpprovcd Ste3c; or

(2) Iacrcescd by thc Dlrector of rn
apprcved SOtc if t[c Dh,cctor of ra
rpprcvcd St$G dacrmlncr thrt the
lenghened pcriod is acccssery 3,o protect
humen health ead thc enriroi..ni.

5.72 Aoollcebillrv
I

Post-closure care requiremeoo .pfty ,o
MSWLF uEits that stop receiving *.st.
aftcr Octobcr 9, 1993. itcy also ipply to
unis- rhat stop receiving wute biueen
Uctobcr 9, 1991 aad Octobcr 9, 1993 andf4 ,o completc closure withia iix months

9f t. final receipt of wastc. Tbc lengrh
of the post-closure que pcriod may i.
increascd or dccreascd by the Director of
an approvcd Statc.

Postdosure carc requireaens iue
focusscd on oplating 6j mainafuiag 6s
propcr functioning of four systcms 

-that

preyent or monitor rclcascs from the
MSWLF unit:

. Cover systcB;

. l,cachatc collcaion systcn;

. Grouad watcr moaitoring system; and

. Gas monitoring syster
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Ormcn or oPcr.tor! Ellst comply with
thesc rcquiremcots for a pcriod of 30
years folloviry cloqrc. In approvcd
Statcq thc poet-cloore care pcriod may
bc shortened if tbc tnyuer or opcrarcr
dcmonstrates to tbc satis&ction of tbe
Dircctor that butnen hcslth and the
ewironncnt arc protected; Cowerscly,
thc Dircctor Eay dctcruinc ther a pcrid
longer thao 30 ycrn is nccessary. Thc
requirement to opcrate aod mainain the
leachate collcction systcn rruy bc
sliminated by thc Dircctor of an approved
Statc if thc oxlaer or opcrator
dcmonsuates that lcachatc docs not posc
a threet to huEaa hcdth and thc
ewirouncnt

673 Tcchnlcrl Conrldcretlons

Wheu thc finrl cwer is instdle4 repain
and meintenaDce Ery bc ncccssary for the
oover to contiuue fuactioning propcrly.
Maintenancc Eay indudc inspcction,
testing 3ad slglning of lcachatc colledion
and removal systeo pipcs, repain of final
cover, aad repain of trs and gound-watcr
aonitoring ncnrorlr.

Inspcctionr rhould bc Edc on a rcutinc
bssi$ Asctrcdnlc ahould bc dcvclopcd o
chcck th.s rotinc inlpectior Ire
coopletcd Rccor& of irsFcdool
d6t-ilint o[*rvr.tionr shottd bc kcp in r
log book' to thrt cb.DSct iD ra, o(
MSWLF i;p@ cu bc uainrd rad
charyer hpgadmrc crrc pcrsml rill
not.ficct portdcue crrc drc u, lrd oa
fnovlc{c of rqrtinc rctiviticr Th.
astivitics aad frequency of inspcctiou rrc
subjcct to Staa rcvicw to cosurc thrt unis
arc moniorcd and orinaincd for rs long
as is ncccssary to protcct hun D hcdth
and thc csvironmcnl

Inspccting thc 6nrl ooyer E8y bc
pcrformcd on tbc gonnd rnd throug!
acrial photograpby. Inspcctioas
pcrformcd shoild bc coEduccd et
appropriac intcnnls and thc coodition of
tbc facility should bc rccordcd witb oorcs,
Eeps, aod photqraphs. Tbc inspcctor
should td<c noticc of croded ba*$
patc.hes of dcsd vcgetation, anind
burros, subsidcncc, aod cracts dong thc
crrver. Thc inspector sborld also norc thc
coadition of concretc stnrcnrres (e.g,
manholcs), lcacherc colledioa and
remorrl pipes, gas aonitoring systcms and
monitoring wells.

For largcr facilitic, annrid acrial
photography Ersy bc z nscfol wqy ro
documcnt thc ertcnt of vegctative {tres
and scttlemcnt if eithcr of thcsc bas beca
obscrcd" It is iryortant o coordinate
thc photography with thc site lyalkover'
to verify interpreations madc from aerial
photographs. A.rial photograpby should
not bc nscd iu placc of a site walkover but
in coujunction with the site rvdkover.
USEPA ( 19t7) providcs further
inforaation on rsing acrid pbotograpby
for inspectiry a landfill facility.

Optic8l opqraphic $lncy! of thc laadfill
Esy be uscd to dctcruinc whcther
scttleocnt has occtned. Thcsc should be
repc8rcd cvcry fcr ycen uatil scttlemeat
behavbr is cat blishcd. If scttlemcnt
pleta rre usc4 thcy should bc pcrmancot
ald protcacd &on vardslisn and
accidcanl disorbraoc (USEPA 19t7).
Dcpresrior csrrlcd by scalcnent may
lced to pondiry 8Dd shodd be 6lled in
with soil Excessive scnlemcat may
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warTant rcconstructing or adding toponions of the infiltratiin layer. O"ir"g.
causgd by scttlcacnt such as tcnsioncrack and t:ars in the slrthetic
membrane should be repaired.

lover.systems tbat have arcas whcre theslopc is greatcr than 5 _p.r..oi may besusceptible to erosioa iarge anA smattrills (crevices) may forn ablug Gi .or.,
where water has irodcd thc c-o".i. n ismay lead ro cxposure of tbe s].rb;l;
geomcmbraue an4 i! scvcre ciltes,
depending 

-o1 the cover s)tten irutalled,
erposure of the warte. Eiosion may leadto increased infiltration of surface water
into the landfill. Areas Jo*i"i-rig,s of
erosion should bc rcpaired. c --

Vcgetation esablisbed oB the cover
sbould be mowed at least nrice a yeru ro
suppress wecd and bnsh grounh. Mowing
9f 9. vegetative cover typicafty o"*r,d*inq tbc warmcr, early 

"ii taio'rurrrn.,months in temperate climates.
Fenilization may be oo..ii* ro
encourage and sustain desirable vegetadvegrourth. Iasccticides Eay Uc ,is.O roelimiaate inscct populatibns ,l.i iue
detrimeutal to thc. vtgetatiou Animal
bt11ro*g if prescnt, sioufa 

-* 
nU.O inwtu sou as a dcterrent

Lcachate collcction and removal systems

:l-1t{9_t i'p::"g to oc* trr;fi..;;
wornng propcrly. l.cachate collcctioa andremoval pp. E y bc 0rsbcd and
pressurc clcsrcd on a regular schedule
(annually) to rcducc Oo 

"i*rui.tiln or
sedimeat and prccipiation -O Uioilgot
fouling.

Gas colleaion systcnrs should b" i*p.o.p
ii{i''il"t1fl.11T.il"1ffir"",H};
llc.not clogged by forcign ,"nii such asrocks. If not worting.prop.rfy, m gascollestiou.systes snouti U. a,iit.o *opressure clcancd

At soac laadfiIs, leacbate coaccnttations

leurudly may bccomc low eaougir nor ro
PosC a threat j6 lunran healtf, or thcenvironoeal In aa .pt";;d s-lato, ,t.Direstor rnay a{ow 

"" &roi or-Jp.r.,o,
lo- 

.:... managing lcachate if the owneror opcrator can dcmonstrate that theleachate uo longer poscs ? threat tohuman health ani' the'enviio*,1i,. Thedemonstration should .dd;;;" direct
exposurc of lcachatc releases to gduni-
watcr, surfacc water, or scep6. f"dir;;effeas such as acqrnulated leachate
adv.erscly affecting Uc cncmrcaf. fiand stnrctual couainsrent sysrem
prevenr leachate releasc *; ,n"Jolll 

O
addrescd in the demonsuatiil --

The. threat poscd by direct exposures roleacnarc relcascd to ground.warer. !o
surfacc 

,watcrs, or -throuih ,.Ai rnay ueasscsscd *ry healrh:bascd *r.rl..rocsc critcria asd methodq available
Fo,ryt C._ _tnrcgratcd Risk i;f..rarion

ififfi|ffI&**.sG main6ined bv

Guidaaii (usEpt 
Fm,1;:t'*l

Asscssmcnt Guidance for" Superfund
IU|FPA _leted), aad ooci 

-Lsrpn
Gurdancc Doormcntq includc MCIs from
the Safc Drinfing lVaicra.f *O 

"",ui.n,watcr quslity critcria &oo the Clean
\ryater Act Thcsc critcga aad assessmenr
procedurcs are describcd in Secion _s 0
(Subpan E) of this docnmcol-
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Conceatntbnr at &c points of cryoeure,
and rathcr thrn 6ps6gouations in tbc
lcachatc in thc collcctioo sycteq oftea
Esy h uscd wbcu asscssing threas.

6.7 POST{IOSI'RE PIAII
40 Cln !25&Jr(c).(d)

6J.1 Strtcncnt ol Rcguhtion

(c) ltc omcr or opcrrSor ol ell
MSWI.F ultt EslE prcprrG I rrittcl
potS{lorurt plra thrt lncludeg rt I
EidEuE, 3hc lollouin3 hforuetiou

(l) Adctcrlpdol olthc nonitorln3
ud ueln3crrrcc .ctlvlSlc! rcquircd ln
l2llt Sl(r) lor crsl MSWI.['unit, rnd 3hc
heqococy 13 ttlcL thcrc rctlvitics rill b.
pctfonucd;

(2) NrnC rddresg ead telephoac
nunbcr of thc pcno[ or ollcr to coo3rct
ebout tbc hclllty durlng thc post.closun
period; ud

(3) A dccriptba ol thc pleaacd
uscr ol ttc propcrty dlrlry lhc port.
cbrure DCrloA Port+hmn nrc ol tbc
progcqf rtdl aot dlttut 3tc htcjrity ol
if,3 ind Gorttr llp(r), or ray othcr
conponcilr o(tt: cortrlrnot ryJtcu, or
thc tbxdot of 3h nrllorl4 sy$cnr
uhtt {Fsft b orpl, rlth thc
rrqdnrrath hn 15. ltc Dlrcctor ol
u lPDmqil'Sri. qt rDpovG r y othcr
dlrtutlp r tla orr.s of oPcrrtor
dmrrrnrcr OrS dlrturtooc olthc 0!d
Goutr, llrcr or ottcs GoEDoBlt of 3bc
coilrhDcr3 JyJ3cr, lreludb3 uy
renovrl of truSG, rlll lot hcrcerc thc
Dotcrtlrl tin$ !o huuu hcelth or thc
urrhoarent.

(d) Itrc oru ol opcntor uu*
mtl{y thc Stetc Dlncor ttrt r gnrE.
clorur: plu Lu b.al pnprnd ud
plrccd h ttc oFnsllt rurd m htcr
ttrr ttc cficctvc drlc ol tUr prfi, or b,
tic hltld rElpt of nrtc, ttichcvcr lr
Itt:r.

(c) Follodry couplalon of rhc
pott{bmrt cerc pcrlod lor clctr MSI,VLF
udq Oc onlcr or opcnEor Eu$ roally
ti. Scrtc lllroor tlrt r cutillcrtion,
rfnd bt ll ldcpcndcnt rtjlsrertd
prcfclrlond cnglnccr or rpprorcd by thc
Dlnctor ol u epprorcd S3rtq veriffln3
thrt post.clorure crn hrr bccn conpletcd
h rccordracc rltt thc portdgrurc phn,
her bccl plrccd h tic ogcnthg rrcord.

6J-2 AonllcrbllltI

Gmcn and operaOn of cxisting aew,
and lrrcrd eryansions of existing MSWLF
units tbat stop receiving wasre after
Octobcr 9, 1993 are rcquired to provide a
post-closurG phn MSWLF unis rhat
reccived thc 6nrl uastc shipmeot beueen
Octobcr 9, 1991 and Oetobcr 9, 1993 but
hilcd o complctc instdlr,tioo of r 6nal
cover sFtco wi&in sir noatbs of rhc 6aal
rccctPt of nrrgtc elso uc requircd to
provi& r pootdmue pleo

Tbc poetdcurc plea dcscriba the
noaioriry activiticr tbet wil bc
conduacd tfroughout thc 3Gyeer Friod.
Tbc plro dso csteblishcs:

o Thc sc,hcduic or frequcncy u rfrich
thcsc activitics arc ondnacd:

. Namc, addrcsq andtelephooc ouabcr
of a pcrsoo to contact $out rhe

facility;

I
I
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o A dcscriptioa of planned use that
docs not disnub thc final cover; aad

o Thc procedure for verify_int that post-
closure care was prdriacd' iE
accordance with the phl

In approved Statcs only, the oumer or
opcrator Eay requcst the Director to
approve a usc that disturbs thc final cover
based oa a demonstration tbat thc ,rr" *iU
not- incrcasc potential threat to huruan
ncalrh and rhe envirouneot

6JJ Technlcel Consideretions

The State Direcor must be notified that apost.closure plan describing the
ruautetrance aaivities required for each
MSWLF unit has becn'placed in the

".p.T$"g 
record. Ttc poitdosurc plan

sbould provide a schedule for routinc
maiateaance of the MSWLF unit systerns.
These systens include tbe Enal' coversysteq thc leachate collestion and
removd systctrl, urd the landfill gas and
ground-water monitoring systems.

The plan mtst include the Bame, address,
aoi telcphooc nunbcr of the person or
office to contact rcgading tlic f..ifiry
thrgyehout thc post*toirrc ,.rioO.
Additionally, thc pta.".l ,5., ff 15cprop*ty dudry &c aoordorure xriodmst bc providcd in thc plan" The* ,rrcr
tnay not dirorb thc integrity of the 6nrl
cover systcq thc lincr systeq and uy

other oomponcns of thc @nt^inrreat ormonitonlg- systcEs .uol.s Dccessiuy to
c.omply with tbc rcquiremeats of part ZSA.
An exaorplc of aa icceptablc Aisn rU*ce
may includc reaedial actioa Deces.siuy toniainizc tbc thrcat to hurnan bealth urd
the environrncal Any other OistuiUar,..,
lo any of thc MSWLF componens musrbc apprgyed by thc pirl,aoi of an
approved State.

Following complction of the post.closure
care_period, thc Satc Directbr must bc
notified that an indcpeadent registered
professional enginecr- Uas. verifiIJ ana
cenUled that post.closure care has been
completed in accordance with itre oost-
closure plan and that this cenificatiop has

!:.o placcd iD tbe op.r.tiof iobra
Alteruatively, the Direaor of aa-appio"ed
:t"t:_ ,?y ap-prove thc ccnihcatiou
.Lcntlcauoa of postdosure care should
Dc submined for each MSWLF unit.

ril

{ "!;? :': !t.
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6.' FTIRTTIER INFORMATION

6.9.1 R,cferenccr

Girou4 J.P., BoTpertc, R., Beecb, J.F, and Grocs, B-A- Dcst! of Soil [:yer .
Geoqathctic Systcms Ovcrlyrng Voids'. Jouraal of Gcotcxtilcs and Gcomcmbianes,
Vol.9, No. 1, 1990, pp. 11.50.

Richardsou, G.N. aad R.M. Kocrner, (19t4. "Gcosyatbetic Desfn Guidance for
llazardou Wastc kndfll C;ells and Surfaoc trnpoundmcnts'; Hazardors Waste
Eaginceriry-Research l:boratory; _USEPA O6cc of Rescarch and Dcvelopment;
Cincinmti, Ohio; Contract No. 6E{7-333E.

U.S. EPA (1987). 'Design, Coosmraiou aad Meintcnance of Cover Sy:tems. for
Hazardors Wastc: An Eng'lcering Guidancc Doctmcnr'; PBS7.l9l56; */.tfrtZ-
87 /039; U.S. Dcpartmcnt of Commerce, Natiooal Tcchnical Inforaation Scrvicc; U.S.
ArEy Engineering Watcruays F.:geriment Statioa; Vicfsburg; Mississippi.

U.S._EPA (198t). 'Guidc to Techaical Resources for thc D6igD of L:Dd Disposal
Facilities'; EPA/6U16.'Et/018; U.S. EPA Risk Rcduction Engin-ering l:boratory and
Ceutcr for Environncntd Rcsearch Informatiou; Office of Rescarch and Dcvelopment;
CiDcinnati, Ohio 4526t.

U.S. EPA (19t9a). "scminar hrblicatiou - Requiremcng for tlazardors Waste I ^ndfill
Dcsig4 Constnrstioo aad Closure'; EPAl6?5lq,{iglAZ;; U.S. EpA Ccntcr for
EwironmcntdRcscarch Information; Officc of Rcscarch aadDcvclopncnt; Cincinnati
Ohio 4526t.

U.S. EPA (19t9b} 'Tcctnicsl Guidance Documcnr Finsl Coven oa tlazardou Waste
kslfillr and Surhcc Impoundmeats'; EPA/53(NW-t9r047; U.S. EPA; O6ce of Solid
Wastc ud Enerjcacy Rcsponsc; Washingtoq D.C. 2016/0,

U.S. EPA (l9t9c). 'Int rin Final RCRA Facility luvestfation GFD Guidancc'; EPn
530/$}{g.(Bl; US. EPA; \Yaste Maaagemcat Divicion; OEce of Solid Wastc; U.S.
Euviroancatel hotcctioo Ageocy; Volumcs LIV; ltey 19t9.

U.S. EPA (19t9d). 'Intcrin Final: Risk Asscsmcut Guidancc For Supcrfund; Human
Hcslth Evduation lvlaaual Part A'; OS-230; U.S. EPA Solid WastC and Emergency
Responsc; July 19t9.

DRAFT F.20 Apnl 1993



U.S. EPA (1990). -scminan - Design and Construaion of RCRA/CERCLA Final Covers";
CERI9G50; U.S. EP.4$ Office of Rescarch and Devetopment; Washingon, D.C. 20460:

6.9J Orqrnlzations

U.S. Dcpanment of Agriorlture
Soil Conscpation Scwicc (SCS)
P.O. Box 2890
Washingon, D.C. 20013-2t90
(Physical location: 14th and Independence Ave. N.W.)
(2U2) u7-5157

Note: This is the address to the SCS headquartcn. To obtain tbe SCS Technical
Guidance Document, SCS regional otEces located throughout the United States
should be coatacted.

6.93 Modek I
I

Schroeder, ct d., (1988). The Hydrologic Evaluation of tandfrll Performance (HELp)

$i!i[!'?[lhY ibfr, 
Engineer waterways Expcriment Station; vicksburs *t O
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This document is provided for informational

lndlana
of f tci

Department of
al Sollrl and Ha

tlltl Waste F?c1,, u7

purposes. It is not an enforceable
guidance document.

! !larPEr,L l\rtt rrs;rvr

2At
Reglstrat t

Date '. I Time County

Facility Permit Yes , No

Location lnspected By

rype or Operation:
Sanitary Landfill ConstnJction/Demolition Processing Facility lncinerator

Restricted waste Site Type- Collection Container Other

OPERAT!ONAL REOUIREMEN,TS-LAND DISPOSAL
L ACCESS CoNTRoL,2-14-t . :. 14. CoVER-RWS TypE |,2-14-t4x
2. oN-S|TE ROADS, 2-14-2 . . 1s.-COVER-RWS IYPE il t,2-14- t5 *
3. STGNS, 2-14-3 16. COVER-CoNST/DE|1o SITES, 2-t4-16 x
4. SANITATION,2.I4-4 I7. DISPERSAL CONTROL,2-14-17
5. SCAVENGII.IG, 2- I4-5 I8. GRADING & SOIL STAts|LIZATION, 2. i 4- I8
6. SALVAGING,2-I4-6 I9. FINAL COVER,2-14-19
7. SAFETY REOUIREI1ENTS,2-14-7 20. EXPLOSIVE GASES, 2-14-20
8. RECORDS , 2- I 4-8 2 I. LEACHATE ON SITE, 2- I 4-21
9. opEN BURNING, 2- I 4-9 x 22. LEACHATE OFF StrE, 2- I 4-21 x

IO. WASTE DEPOSIT AND COMPACTION, 2-14-IO 23..LEACHATE COLLECTION, 2-14-22 X

I I. DIVERSION OF SURFACE WATER, 2-14-I I 24. LEACHATE DISPOSAL,2-14.23 X

I2. COVER-GENERAL PROVISIONS,2-14-12X 25. GROUNDWATER I1ONITORING WELLS, 2-14-241
I3. COVER-SANITARY LANDFILLS 26. PERHIT DEVIATION/MODIFICATION,2-8-II Xt

& RWS TYPE t,2-14-13 x

PROCESSIN6 FACILITIES INCINERATORS
27 F ACILITY ACCESS & ROADS, 2-19-I
28 PUBLIC HEALTH & SAFETY, 2-19-2
29. FACILITY SANITATION, 2- I9-3 X

30. USE OF CONTINGENCY PLAN, 2-19-4
3 I. SPECIAL WASTE, 2- I9-5
32. RECORDS & REPORTS,2-I9.6
33. PERHIT DEVIATION/NODIFICATION, 2.8.I I*

34. OPERATIONAL REOUIREI1ENTS, 2-20-3
35. ADDITIONAL OPERATIONAL REOUIRE}1ENTS

& INFECTIOUS WASTE, 2-20-4

SPEC IAL WASTE
36. SPECIAL WASTE DISPOSAL, 2-21-15 X

Circled asterisk items identify majorviolation(s) ot 329lAC 2 or lC l3-7 and shall becorrected tmmediately

C om m ents:

RECEIVED BY:

DISTRIBUrlON: While-Ollice; Pink-Facility; Canay-lnspector state Forn 34505 (R/3-91)



OPEN DUTP INSPECTION REPORT
St.t. Form 120(l (r2€A

orprrttnmt ol EnylrcnmeatlT-ffi
Olllcc ol Solld and Haeardous Wastc Manag.mcnt

Solld Wartr Manaoemgnt Branch

lnrp.Glion Tyg.

E tntttet (trl) o, E Fo,os.uo tFoL)

ncglltrantNumbar 

-

Orta Ttma Qunty County Qedr

I Soutn
Slt. Loc.tion

Ownor't namo

ffi
City

lIilSPECTlON Fllrl DINOS

to thc lrlt qualtlon, plaala axptrln:

ARE COMBUSTIBLE WASTES PRESENT?

IS THERE EVIOENCE OF BUHNING ON SITE?

ARE WASTES BEING DEPOSITED IN WATER?

Approximaie Slzqof Sllc: E Lsce then % Acrc EMorc p1jn '/. Acrc

DltTll]mo't Whlt. Cogry - FIt., yrilou Cogy. lntp.cto., ptnt Copy - Hcrgonttblo puty
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:,s.r
This document is provided for informrtional
purposes. It is not an enforceable
guidance document.

lnstructions: This applicetion shall be used lo apply for renewal of solkl waste facility permits.
Pursuant to 32!, nC- 2-&9, this applicatlon must be received by the Commissioner
of the lndlana Department ol Environmontal Management at lesst 120 days prior to the
erpiration date ol the permit. Permit fees br renilal shall be assessed equal to 1/2
the inatial permit fee. Upon completbn, retum this applirxtbn and any additional
matefiab b the bllowirq address:

lndlena DeDartment of Enui
f,oollcatlon for BENEIUf,L of Solir

Olllcr ol Solld tnd
lndlrnr Dopertmont
105 South llorldlrn
lndlenrpollr, lil

Hrzrrdour Wmtr llrnrgcmrnf
ol Envlronmonlrl llrnrgcmcnt
Slrrt, P. O. Bor 6015

a6206.601 5

Scctlon A. lcan lntormatlon

lon B. ! nlormatlon
Itlm

ileiling Addn ., Stt t crr Stra Zip Code

AC - Telophonr Numbrr

12t88



Section C. Facllity lnformatlon

I

' ilJtt?:"iTi,fr::n 
(dellned bv 32s tAc 2'2'1(bx3o)) or the racititv tocation, inctudins

2' A topographic *t P]T €Gcurelely identifying the bflowing tnbrmadon to a scate asrequired by 329 tAC 2.11.3(a)i
A. areas of final coyer, gracllng and seeding;
B. filled areas rad<ing finar coiver, grading and seedrng;c. currenr ar?gs of operation - inc-ruding &pth ii fir; andD. projectecl fill areag on a per year basis br the next five years.

3. A copy of the fee fansmittal form and check.

"f ccrtlfy undcr prndty ol lew thrl thlr documcnt md ell rlhchmonrt wcrcprcprrcd undcr my dlllctlon or ruprwirlon in rccordrncc with r lyrtcmdcrlgncd to [rutr thrt-qurlltl.d e;;;n;i propeay gethrrod rnd cvrturrcd theinlormrtlon lrbmrttrd. Birod on-m, rnqurry othr p.?.on! who mrnrgcd thcty'tcm' or tttclo p.Eonr dlroclly rrponj,ruio tor grthorlng th. lnformrlon,thr lnlormetloa rubmlttrd lr, to tio a.li or-iy knorlrdgo, truo, rccurrrc, andcomplctr' t lm .u.t ti.t tho?. rn. rlgnlttcrnt ponrlt-r- for rubmlfilngfrlro lnformrilon, rncrudrng thr poorruttf or flnr end rmprrronmont forknowlng vlolrtlont. I furthor cortlty tnrf t rm ruthorlzod lo rubmlt information.,.

Mailing
Facitity
County

Contact Person and TElephone #
and General Location_

Sanitary Landtifl
ConstructiorVDemolition Rest/rcted wasre sire TYPE I

R€stricted Waste Sire TypE il
R$tric.ted Waste Site TypE ilt
Solid WaSe Processing Facitity

lncinorator - t0 tongday il greater
lnfectious Wasle lncinerator - 7 tonyday or greater

Number o-f acres permitted for lanclfilling
Number of acres compl€ted
Remaining tife of facility years

Y:H3: *:,T:Iged tubic vare eet dav,or 

- 
rons per day

Appllonl Slgntturc



INDIANA DEPARTMENT OF BNVIRONMENTAL MANAGE MENT
SOIJD WASTE FACITITY PERMIT APPUCATION

FEE TRANSMITTAL FORM

Cashier, Room 140

lf $ f " " 
D e_p_aft men t of E nvi ro nme n ta I Man a gemen t

105 South Meridian Street
P. O. Bor 7060
Indianapolis, IN 4620G?0G0

(NOTE: A COPY of xour check and a COPY of this fee transrnittal form must be atrached toyour permit application).

Instruction:

This fom shall be used to transmit fees for all solid w_altelqqnagement facility perrnits (NEW
P9I39Sr E-ENEIILII! of permits, MAJOR MODIFICATIONSa oip""-its aad ANNUALOPERATING FF,ns) pulsyaat to g!9IAc 2-8, and istoar.;;;";i-"1p"y-*t". il,I;k.
check or money order payqbleJo the T'rdiana Departpent of Enviil;"Ef M;;;;-""t.
Upon completion, ttturrl this form and appropriate fees to the following addre;i

I
I

SectionA. Applicant(s)Information

Nane:

MailingAddress: Street City

State Sds ZioCode
. !ffirr'i6.'B''*

AC-Telephone Nunber:

Facility Name and Couaty:

ll}l^ot Yl9ifr..f.So.n" meaSg apy change in a permitted solid waste facility which w,uld
rncnease toe lacllitys;tgnnitte{ 9ap!qi!y to process or dispose of solid wasta. (Per 329 IAC2-2-l as amended oL february fg, iggri.



Pagc 2

Section B. Solid lVaste Permit Fee Schedule

1. Noo-Government Entities

Th.e following.fees are to accompany new permit applications and major modifications toeristing perrrits.

2. Government Enffdee

Pemit Application forffi@
Sanitary Landfill

> 500 tons/day
250-499 tonVday
100-249 tondday
< 100 tondday

hocessing Facilities (non-incineration)

Incinerators
> 500 tondday
6-o-ngg tondday
100-249 tondday
10-99 tondday

Infectious Waste Incinerator ( > 7 tonJday)

Restricted Waste Site lype I
Restricted Waste Site Type tr

Restricted Waste Site Type m

Construction/I)emolition Site

Wast€ fire Cutting Facility

tf
trI
trlE
trI

EE
Ef
trI

tl
fI
E
E
trl
trl

$20,000
$20,000
$20,000
$20,000

s 5,000

$20,000
$20,000
$20,000
$20,000

$ 4,000

$14,000

i a,ooo

$ 2,000

$ 1,000

$ 100

Sanitary Landfrll
hocessing Faci lity (non-incineration )
Incinerator ( > 10 tonJdav)
Infectious WGtc Incingrat6r ( > ? tonvday)
Restrict€d Waste Site TvDe I -
Restrict€d Wast€ Site tiirc U
Restricted lryaat€ Site fiire m
Con stmcti onfl)emo li ti oii Si tc

trIEEEE
trI
trI
trI

$ 1,000
$ 500
$ 1,000
$ 1,000
E 1,000
$ 1,000
s 500
$ 500

Et 500
fl t 250
r:t 500
fl I 500
Et 500
tf t 500
Et 250
trl s 250
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This document is provided for informational
purposes. It is trot an enforceable
guidance document.

DISTRICT SOLID WASTE PLAN REVIEW FORMAT

This guidance document was developed by IDEM staff with input
from the public. lt is intended to provide a consistent framework for
review ol the District Solid Waste Management Plans by the lndiana
Department of Environmenta! Management (tDEM). This document
consists of a list of review criteria that will be used by IDEM statf in
reviewing District Plans. Districts may use this document as lurther
guidance in linalizing their District Solid Waste Plan.

As the District Plan review process proceeds, this document ,"y b"
subject to updates as experience dictates and new statutes are enacted.
THIS FINAL DHAFT ISSUED APRTL 27, 1992 SUPERSEDES ALL OTHER
CRITERIA ISSUED.



REVIEW CRITERIA OF DISTRICT SOLID WASTE MANAGEMENT PI-ANS

The lollowing criteria are to be considered during review of each District Solid Waste Management Plan (hereafter

relerred to as the Plan). These criteria have been developed to maintain consistenry in review ol the Plans and to
provide the Districts with guidelines and considerations lor development ol their Plans.

These criteria may not be an exhaustive list ol every issue that must be addressed in the Plan. lf an lndiana

Department of Environmental Management (IDEM) Planner determines during a Plan review that an issue or special

situalion, not common with all the Districts, must be addressed, the Planner will indicale these issues either verbally

or in wriling to the District

h is imperative that each District complete all sections ol the Plan, as indicaled in th6 District Solid Waste

Management Plan Format (Volume ll ol the lndiana Solid Waste Management Plan). After evaluating a section, the

IDEM planner should circle either Y (yes, the section is complete), N (no, the sEction has not been addressed), or I

(the section has incomplete information). lf inlormation is missing, the Plan must include an explanalion and
justification lor th€ omissions. lf there is no explanation, or the IDEM PlannEr determines that the omission requires

ansntion, this shall be indicated either verbally or in writing to the District 
t
I

These criteria are arranged into the ma,jor parts (indicated by underscoring) ol the District Solid Waste Management

Plan Format (hereafter relerred to as the Formal). Additionally, within each major part, crileria are grouped according

to the subp'arts which also match the Format.

Executlve Summary

Y N I 1. Does the Plan have an Executrve Summary? Does it include the major poinls ol the Plan?

Y N I 2. Does the Plan have a complete and detailed Table of Contenls, List ol Tables and List of Figures?

COMMENTS:

Part 1. Admlnlsttatlvc lnlormatlon

Y N I 1. Do€slhePlanincludealloltheintormationandsignaturesrequiredinpails 1.1-r.ToltheFormat? lf
informalion ir missing, please list deficiencies.

. COMMENTS:

Y N I 2. ls a copy ol the ordinance, il any, forming the District attached as an appendix?

ll plan is submitted lrom a joint district, is a copy ol the ioint operating agreement attached?

COMMENTS:



Pert 2. Demoaraohic lnlormation/Facilities lnventorv

2.1 Populatlon

Y N I 1A. Are population projections provided lor each county in the districl tor each year of the twenty year

planning period?

Y N I 18. What is the source/method of these pro,jeclions?

COMMENTS:

2.2 Residenttat /Commercial Waste Generation

Y N I 1A. Which method does the Plan use for determining residential/commercial wasle generation?

Y N I 1B. ls the generatron rate reported in Tons Per Year (TPY)?

Y N l1C. To the extent determinable, are all the calculations accurale for residentiaUcommercial generalion i
rates ?

Y N I 1D. Are tires, household hazardous waste, used oil, while goods, vegetative matler resulting lrom

landscaping maintenance and land clearing projects (yard wastes) and other wastE discussed in the Stats

Plan (batteries, construction and demolition debris, and conditionally exempt hazardous waste) listed?

Y N I 1E. Are yard wastes, which will not be accepted at a sanitary landlill atter September 30, 1994, listed?

Y N l1F. Are other wastes ( such as types of recyclables) which will be managed, lisled?

Y N I 2A. Was the most recent U.S. E.P.A. study used for the district waste g€neration figures?

Y N l28. What are thE methods used to calculate generation of solid waste not included in the U.S. E.P.A. Study

(The study p€nains to munbipal solid waste only. )

Y N I 3A. Wa r waslc characterization study done on lhe district's waste?

COMMEN7S:

Y N I 38. When was it conducled? List date:

Y N l3C. How many samples wers taken?

O Y N t 3D. ls the localion (s)of the waste characterization study listed?



Y N I 38. Were waste samples conducted in each season ol the year?

Y N I 4A. Was a wastE characterization study lrom anothsr locality selecled for the generation lQures lor this

plan? List characterization study (ies;.

Y N t 48. Are the waste composition siuOy or other study done recently, within the lasl three years?

Y N I 4C. ls lhe geographical area of the other study similar (economic base, rural vs. urban, elc.) to the

District?

COMMENTS:

Y N I 4D. Was the waste in study sampled during each season ol the year?

Y N I 4E. How many samples were laken for the study?

lndustrlal Waste Generation

Y N I 5A. Did the district send oul a survey to all industries in the district?

Y N I 58. Does the Plan include a copy oi the industrial solid waste generation survey instrument in the

appendix?

Y N I 5C. Does the survey report the total number ol industries in th€ Districl? (Check against Harris Directory)

Y N I 50. To how many industries was the survey sent?

Y N I 58. What was the response rate to the survey?

COTTMENTS:

Y N t 5F. Does lhe response rate represent at least 70h ol the employees ol the industrial sector?

Y N I 5G. Whrl anount ol the total industrial waste generated is reflected in the survey response?

COMNENTS:

Y N I 5H. Does the response rate represent at least 80% ol Industrial wasle generaled in the district?

Y N I 51. ll the response and results trom the industrial waste generation survey are limited, what provisbns did

the district implemenl to improve its understanding ol the districl's Industrial waste stream?

COMMENTS:

4



Y N I 5J. Does the survey lorm request, at a minimum, total waste generation, types ol waste, amounts ol each

type, methods ol disposal, and amounts recycled?

COMMENTS:

Y N t 5K. Are types and amounts of industrlat wastes designated in th6 survey instrument presented in a survey

summary?

Y N I 5L. Are the ligures given in Torrs Per Year (TPY)?

Y N t 5M. Are the statutoryconversions used? (3,3 cu. yds.lton compacted and 6 cu. yds./ton loose)

Y N I 6A. Does the Plan include a total waste generation estimate in Tons Per Year (TPY)?

Y N t 6B. Are all the calculations needed to determine the total waste generation included and explained in

suflicient detail to determine their accuracy?

COMMENTS:

Y N I 6C. ls total waste generation added correctly?

RESIDENTIAL/COMMERCIAL WASTE GENERATION PROJECTIONS

Y N t 7A. What method does the Plan use lor residential/commercial waste generation prolections?

COMMENTS:

Y N I 78. ls the method lor calculating generation projections documented?

Y N I 7C. Are waste generation proiections reporled in Tons Per Year $Pn?

Y N t 70. Does the narrative descriplion ot each grolection include the melhod used and reasons why the

projections increase, decrease, or stay lha 3arfle?

INDUSTR,AL WASTE GENERATION PROJECrIONS

Y N I 8A. What is thc ratbnale lor industrial westr g.neration proiecliom?

COMMENTS:

Y N I 88. Are the proieclions reporied in Tons Per Year (TPY)?

O Y N t 8C. Do the narrative descriptions ol the projections concur with the proiections?



YNI

YNI

YNI

YNI

YNI

YNI

Y N I 8D, Does lhe narrative description ol each projection include the method used and reasons why the
projeaions increase, decrease, or stay the same?

2.3 Weste Reductlon, Reuse, and Recycling in Dtstrlct

Y N t 'lA. ArE lhe projections for total amount ol waste to be recycled listed?

Y N I 18. Do the figures rellect when recycling programs/activities are to come on.line?

Y N t 1C. Are the projections for industrial recycling listed?

1D. Are the prolections for publicly available recycling listed?

1E. Are any other recycling projections listed?

2. Are projections for waste reduction listed?

3. Are the proiections for yard waste, municipal solid waste composting, lead-acid bateries, tires, and other
methods listed? I

I

4. Are the recycling, reuse and reduction as a percentage of District waste calculated correctly lrom the
baseline year? (Divide the lotal amounl ol wasle reduction by the total amount ol waste generated in the
baseline year. The baseline year is when the district does its inilial studies for plan development. Exisrrng
recycling, reuse, and reduction programs can count toward the goals, as long as the programs are strll In

lorce.)

5. ls a footnote breaking down lhe recyclables by type included?

COMMENTS:

2.4 Orlgln and Dosilneilon ol waste for Disposat

Y N I 1A. Arc the proi€ctions for waste imported to/exported from the District listed?

Y N I 18. Dorr th. Plan ctmpare projections to IOEM records such as quarterly reports?

Y N I 1C. ll there is a signilicant deviation, is there an explanation?

Y N I 2A. ls the total waste landfilled in the Disrrict catculatEd correctly?

Y N I 28. ]s the lotal amount o, wasts incinerated in the District listed?



Y N I 3. Does the Plan list the sources of intormation for imported/exported waste?

COMMENTS:

2.5 lnventory of Exlstlng Facllities/Activltieg

Y N I 1A. Does the inventory section (2.5.1-2.5.11) include the,ollowing where applicable: Solid waste landtills

(open to public and captive), collection services, transportation services, lransler stations,

incinerators/waste-to-energy facilities, publicly available recycling services, compost facilities, solid

waste collection depots, waste tire piles, and open dumps?

Y N | 'lB. Have all the questions been answered for all facilities?

COMMENTS:

Y N I 1C. Does the amounts of waste processed, received or disposed ol in th€ base year (2.5.1*5) reflect ths

amounts indicated in 2.3 and 2.4?

COMMENTS:

YN

YN

YN

YN , 1D. At the Dislrict's discretion, are recyclable brokers and recyclable markets listed?

/ 2A. ls original design capacity for lacilities reporled in tons or in Tons Per Day (TPO)?

I 28. Are remaining capacity (lons) and life (years) lor landlills reported?

I 2C. ls the amount collected, processed, or disposed ol in baseline year reported in tons?

t 3. Are the statutory conversion factors used to determine tonnage of municipal solid wasle il no scales are

present? (3.3 cu. yds.Aon compacled and 5 cu. yds.non loose)

COMMENTS:

Y N t 4A. ls a nanative descriplion ol how remaining disposal capacity was calculated included tor each existing

f inal disposal lacility?

COMMENTS:

YN

Y N I 48. Has thE district compared remaining capacity calculations with IDEM information?

COMMENTS:

7



YNI 4C. ls the name, registration, and company of the professionalwho determined the estimat€s lor
remaining capacity and lile for landf ills listed? When were they completed?

COMMENTS:

Y N I 5. ls the map ol existing lacilities included as an appendix?

COMMENTS:

Y N I 6. Aro the products recycled listed in 2.5.7?

Y N I 7. What is the materials for compost tisted 2.5.8?

2.6 Prolectlon ol Needed Facilities/Activities

Y N I 1. Do previous projections for generation and recycling rales and existing facilities demonsttate a need for
additional capacity and/or programs? Are additional capacity and/or program needs identified?

COMMENTS:

r
Y N I 2. Are the additionalprograms, activities and lacilities identified sullicientto meetthe Stale goals and lo

manage the District's f uture needs lor at least 20 years?

COMMENTS:

Y N I 3A. ls information provided on new lacilitieszactivities and expansions ol existing facilities/aaivities?

Y N I 38. lf there is a need for new facilities/aclivities, does the plan show how the need will be met?

COMMENTS:

Y N I 4. DoEs the Plan identily a stralegy for siting additional recycling and composting programs, and solid

waste sites, if needed?

COMIIENTS:

YN

YN

, 5A. Will thc siting strategy involve experts, local otficials, technical advisory groups and th. public?

I 58. ls lhere a public participation component in the siting strategy?

COMMENTS:

8



2.7

YN

Currcnt and Future Problems

I 'l . ls thcrc a discussion ol current and f uture problems?

COMMENTS:

YNI 2. Does the Plan identlfy any facilities under Notice ol Violation? Consent Decree? Agreed Order?

COMMENTS:

Part 3. Solld Waste Manaaement' Plan

Y N I 1. Are the 35% and 50o/o solid waste f inal disposal reduction goals calculated properly lrom the initial

planning year (baseline year)?

Y N t 2. Has the Plan outlined a specif ic strategy or specitic strategies lor reaching the 3570 and 50% goals, or

shown how thE goals have already been reached?

Y N I 3. Are all areas ol the District included in the Plan?

YNI 44. How are source reduction, recycling and composting prioritized over landlilling and incineration?

COMMENTS:

Y N I 48. Does the Plan incorporate all solid waste recycling activities that were in operation within the District on

the etlective date of the Plan?

YNI 5A. Which typ€s ol reduction and recycling programs are in exislence or will be implemented?

CONMENTS:

Y N | 58. Whi€fi types of reduciion and recycling programs in existence will be expanded, il needed?

Y N I 5C. Are the amounts o, reduclion and recycling during the baseline year reported for ech activity?

Y N I 5D. Are there strategies lor increasing per capita recycling?

Y N I 58. Does the Plan show the proiected increases in recycling over the planning period?

Y N t 5F. Have initial markets been identilied for the materials collected in planned rrycling programs?



Y N I 5G. ls there a marketing strategy for recyclables that are or will be collected?

Y N I 6A. ls there narrative on how the proposed reductions will be achieved by waste reduction and

minimizalion programs?

Y N I 68. Are recyclables, thal aIe used to calculate the reduction, delined? What are included specifically?

Y N I 7A. ll composting is proposed, is a marketing plan discussed il malerial will be sold?

Y N t 78. lf compost will be sold, are proposed quanlities of compost to be marketEd and expected revenues per

ton discussed?

Y N I 8. Are there specilic provisions lor managing yard wastes, tires, household hazardous waste, used oil,

while goods, and other solid waste discussed in the State Plan (batteries, conslruction and demolition
debris, and conditionally exempt hazardous waste)?

COMMENTS:

Y N I 9A. Does the Plan account for existing permitted solid waste final disposalfacilities?

Y N I 98. Are facilities under Notice of Violation (N.O.V.), Consent Decree (C.0,), or Agreed Order (A.O.)

addressed in the Plan?

Y N t 'l OA. lsthe schedule for closure of existing facilities, expanding existingfacilities, and establishmentof

new lacilities considered in the Plan?

Y N I 108. Can the activities and projects be completed in time to meet the Dislricl's solid waste management

nEeds and the Slate goals?

Y N I 11. Do the strategies include incentivesldrsincentives or other mechanisms that will address any potential

lor increased open dumping problems, litterrng, improper storage ol waste?

Y N I '12. Does thc Plan identily allemative meani ol achieving goals and objeclives based upon problems and

needs d lho Dlstrict?

COtlltlEll7S:

Y N I 13. Willth€ strat€gies chosen in the Plan bo rn compliance with State and Federal regulalions?

t
I
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YN' 14. Does the Plan "provide for and domonstrate the availability of and access to sufrbient solii wasie

management linal disposal capacity, either inside or outside ol the districl, to meet lhe solirJ waste

management needs ol the District'for a minimum of twenty years from the adoption ol the district plan?

COMMENTS:

YNI

YNI

15. After provisions are madE lor achieving the 35% and 50% goals, is there access (in or out ol the

districl) for final disposal?

16. Does the Plan provide clear, specilic guidance, including selection ol appropriate solid wastE

management technologies and timetables lo provide a smooth transition for management ol solid wasts in

the District?

COMMENTS:

YNI

YNI

17. ls the Plan specilically tailored to this district, to include solid waste management strategies that ar€

implementablE in thE district and that meet its unique needs? Size, growth, existing lacilities and programs,

and resources must be considered. 
I
I

18. What criteria were used to complete the narrative (e.g. availability of recycled markets; geographical

condition of area, current air, waste, and soil quality conc€rns; compelitive nalure ol regional solid waste

industry; availability ol capital investment, etc.)?

Part 4. lmolementino and Financing Plan

4.1 lmplementation ol Plan

Y N I 1. ls there an implementation chart lor district activities , programs, and facilities?

Y N I 2A. For programs such as source reduction and recycling, does the required ciart show at l€ast planning

and implementation phases?

Y N I 28. For lrilitics such as a landtill, does the chart show planning, siting, despn, permitling, and

construcdon phases?

Y N I 2C. Oo thcsc timelines rellect currenl stalutory and regulatory requirements?

COITIITENTS:

I 2D. Does the schedule for implementation account for the activities programs and lacilities listect undr 2 6?

I 3. ls the designation ol facilities contradictory to existing panerns o, wastc llow (il known)?

YN

YN

11



Y N I 4. ll waste will be going to another Solid Waste Management District,does lhe Plan take into account

that dislrict's waste proiections and solid waste managsment plans? Distri:t must ched( quarterly reports

lor information on outof-district linal disposal sites.

COMMENTS:

Y N I 5A. Are dates (at least month and year) lor filing applications for permits included?

COMMENTS:

Y N I 58. Does ths implemdntation charl show the time lrame between submittal ol a permit application and the

beginning of construction?

Y N I 6. Are dates given for implementation of recycling, reuse and reduction aclivities?

COMMENTS:

Y N I 7. Who is the person to implement the districl plan? List name, address and telephone number. 
I
I

Y N t 8. Has the District considered Private Sector involvement lor programs and lacilities in ths District?

4.2 Schedule of Capital Costs

Y N I 'lA. ls there an analysis of costs (capital and operating)lor each facilhy and activity identilied in the Plan?

COMMENTS:

Y N I 18. Who prepared the analysis? List name, address, and telephone.

Y N I 1C. Does the analysis ol alternatives include a cost comparison ol lhe systems Uentified which will enable

the district to reach thc 3570 and 50% reduction goals.

Y N t 2. Does th. cosl analysis provirie a total cost per ton for the tacility?

Y N I 3A. lf moncy is bonowed, is lhe amount borrowed amortized over the life ol the equipment, etc.?

Y N I 38. Are lotal annual amodized cosls added to the operating costs to detcrmine annuallacility costs?

Y N I 4. Does the Plan summarize and compare f acilily costs in annual increments lor lhc enlire planning period?

COMMENTS:

12



4.3 Rcvcnuc Requlrements

Y N I 1A. Are costs ol operation and maintenance listed?

COMMENTS:

Y N I 18. What criteria have been used to ensure realistic operation and maintenancs cost projections?

Y N t 2A. Are the annual revenues listed?

COMMENTS:

Y N I 28. Were conservative estimates used in making these cost proiections?

Y N I 3. ls there an analysis of avoided disposal costs?

COTIMENTS:

4.4 Flnanclng the Plan

Y N I 1. DoEs the Plan explain the melhods to be used to finance implementation o, the Plan?

Y N I 2. Are the methods lor financing district plan development and implementation available to the districl as a

taxing entity and are the methods legal?

Y N I 3A. How were the fees, rates, and charges derived?

COMMENTS:

Y N I 38. ll money willbe bonowed, what, if any, is the interest rate?

COITTIENTS:

Y N I 4A. Docs thc Plan use ditlercnt methods to tund capital and operaling costs? List them.

COTIHENTS:

Y N I 48. ls the paymenl method lor capital expenditures identified?

Y N t 5A. Have District Solid Waste Management Fees been established by the District? ls a copy of the

resolution included?

Y N I 58. How willthess Fees be used?

13



Y N I 6A. Does the distria have a linancial advisor andtor a bond counsel to bond a capilal lacility?

Y N I 68. Who is advising the districi on the method identilied in 48.

Y N I 7. Oid tha distrist submit a copy of the district budget?

COMMENTS:

4.5 Publlc lnlormatlon and lnvolvement ln Plan Development end lmplementatlon

Y N t 1A. Does the Plan include a narative describing the materials and programs to inlorm and involve citizens

and businesses, both during Plan development and implementation?

Y N I 'l B. Does the narrative include programs and information on thE following topics-State law and district
planning process, solid waste management options being considered, planning schedule, obtaining

information, and giving opinlons?

COMMENTS:

Y N t 2A. Does the Plan list media which will recelvE inlormation on the planning process on a regular basis?

Y N I 28. DoEs the Plan include a list of target populations and methods used to keep them inlormed?

Y N I 2C. Does the Plan include a public information program and material costs, and thE source ol lunding for this

section?

Y N I 3A. List numbEr and dates of public meetings and hearings held during planning process. ls the list in

compliance with lC 13-9.5-4-2?

COMMENTS:

Y N I 38. Does the Plan have a list of public comments?

Y N I 3C. Howanpubliccomments registered?

COHNENTS:

Y N I 3D. Were lhe public meelings posted and advertised? lnclude copy ol notice and when it was posted.

COMMENTS:

Y N I 3E. Does lhe Plan list a contacl person and address lor registering public comments by mail?

14



YNI 3F. Does the Plan list the cost of public meeting, advertising, and materials and the source ol funding lor

this seclion?

COMMENTS:

Y N I 4A. Does the make-up of the advisory committee appear to be balanced according to Public Law 25-1991?

ls therE a copy of the resolution establishing the Advisory Committee?

ls a copy of Advisory Commitlee reports attached as an appendix?

Part 5. Surveillance and Enlorcemenl Procedures

Y N I 1A. Does the Plan include a process tor surveillance and enforcemEnt?

COMMENTS:

YNI4B..

YNt4C.

Y N I 18. What is the agency or agencies vestEd with enforcEment duties?

COMMENTS:

Y N I 1C. What are the penallies?

COMMENTS:

Y N I 1D. Whal is the agency or agencies vested with eniorcement and or imposing penahies?

Y N I 2. Do the strategies include incentives/disincentives or other mechanisms that will address any potential

lor increased open dumping problems?

Y N I 3. Are copies ol resolulions and ordinanccs lor surveillance and enlorcement procedures attached as an

appendix?

COIINENTS:

15
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327 IAC 2-1-1.5

327 IAC 2-l-l.E lfater quality goals
Autbority: IC t3-l-3-Z: IC 13.?-l-l; IC fg.?-Z.SAttcctcd: IC lg.?-4-f

Sec. 1.5. Thc god of the stste b to restore and
!tr8int8itr the chemical, physical, and biological
integrity of the watrrs of the state. ID further-
alce of this prinary goa}

(f) it ir the public policy of the statc that thc
dbchary of toric substr"ce! in toric aEounts
bc prohibite{ and

(2) it is the public policy of the state that thc
dischargc of pcnisteut and bioconcentratiag
toric rubstaaccg bc rcducrd or elioiaated

(Water Pollution Control Board; A2Z IAC
2-t-1.5; liled Feb t, tg!n,4:30 p.m: ts IR totl)

327 IAC 2.L-2 Maiatenance of surface
ratel qudity stardard!

Arthodty: IC t3-1-3-?; tC lg.?.?-6
AtlGGt & IC l3-?-a-l

'-' Scc. 2. The following policier of nondegrada.
tion arc applicablc to all surfac? watsrs of the
ststr.

(l) For all watcrc of thc statt, edsting bene6-
sial urcr rh.ll br Elint incd and protccted
No &g?adation of stter quslity 3l,itt 56 ppj-
Eitt d whicL wiltd iadrfcic rith or bccomc
injuriour to cd!6rrS aad potcatial uscs.

(2) All setcrr rhoo cristing qudity crceeds
thc st tdad! Grt blbhGd hcrcia as of Febru.
rry 1?, t9??, thdl bc neiatai"ed in their prc-
rmt hilh qullity unlcrl rnd until it is affrrua-
tivcly &ooaltntcd to thc counissionct that
liait d dcara&tioa of such watcrs is justifia-
blc on thc berir of nccessary economic or
social facton and will not interfere with or
bccomc injurious to any beneficial uses made
of, or prcscntly possiblc, in such watess. [n
making a final detcrmination under this sub-
division, the comnissioner shall give appro-
priate consideration to public participation
and intergovernmental coordination.

(3) Thc following waters of high quality, as
defined in subdivision (2), a're designated by

WATER POLLUTION CONTBOL BOARD

the board to be an outstaading state resource
and shdl be maintained in their preseot high
quality wittrout de gradation:

(A) The Blue River in Washington, Craw-
ford, aad Harrisoa Couuties, from river
mile 57.0 to river mile 11.5.

(B) Cedar Crcck ia Allen aad DeKalb
Couutics, froa rivcr nilc l3.T to its conflu-
encc with thc SL Joseph River.

(C) Thc North Fork of Wildcat Creek iu
Carroll aad Tippccaaoc Counties, from
rivcr nils 48.11 to rivcr mile 4.g2.

(D) Tbc South Fork of Wildcat Creck ia
Tippecanoe County, from river ailt 10.21
to rivcr mile 0.00. I

(E) Thc tndiana portion of Latc Michigan

(E) All waters incorporatcd in the Indiaoa
Duncs Nationd l.aleshore.

(l) Airy detcrmiaation oade by rhe coonis-
sioner in accordaacc with sectioo 916 of the
Clean lflater Act concenring dtetaative ther--
od effluent limitations will bc considered to
be coasict nt with thc policics enuaciatrd in
thir scction

(WauqPollutbn Concrol B@t* 327 IAC 2-t.2;
fibd Scp 24, 1987, 3:aO p.m: tl IR 579; liled
Feb l, 199O, 4:30 p.nt: t3 IR fi18; errata liled
Jul6, 1990, 5rt0 p.nr.: t3 IR 2003)

827lAC 2.1.3 Surfacc rater use desig-..1 . nittoas; nultiple user
Authorlty: IC t3.r{-7; lC 13.7.7-0
AfTGGE& tc l3-r{-7: tc 13.?-7.5

Sec. 3. (a) Thc following watcr uses are desig'
nated by tlre watcr pollution control board:

(l) Surface waten of thc atate att designated
for full-body contact rccrcation as provided in

section 6(d) of this nrla
(2) AU watcn, ercept as described in subdivi'

. sion (5), will be cajabh of supporting a wcll'
balanced, warn watet aquatic iommunity
and, wherc natural tempcratures will permil
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WATEB QUALTTY STANDARDS

will bc capablc of supporting put-and-tahc
trout fishirg. All watcn capablc of supporting
thc nanrrd r:prcduction of trout ar of Febru-
sry 17, 19?7, shall bc co Eaintaioed Thc [adi-
raa portioD of Idrc Michigan, Trail CrccL
rnd itr tributericl dosnctrcan to LaLc Michi-
3an, the East Branch of the Littlc Cdunct
Biver and its tributaricc downstreaE to LaLt
Michigas via Burac Ditch, thc St. Joseph
Rivcr and itc tributaries froro thc Twiu
Branch Dam in Michewelta downstsesn to
thc [ndiena-Michigar State Linc, Kiatzelc
Ditch (Black Ditch) froo Beverly Drivc
downstscaE to LaLc Michigan, tlrc Galcna
Rivcr and its tributariec in laPotte Couaty
rhall bo capablc of rupporting a salmonid
fisbcsy.

(3) All wetrrs which arc uscd for public or
inductsial wat t rupply Eust Ee.t the staa-
&rds fot thosG urcs et thc points where thc
watct is witl&esa. Thb rrse designation and
its cotrcspondiry watcr qudity st8!&rds arc
not to bc coastnrcd ar imposing a uset rcstric-
tion or tborc crcrcisiag ot dcsiring to erercisc
tLo rrg.

({) All watcn which arc urcd fog agrisulrurd
purpoca Err& rt r aininum, ricct thr st !- .

dar& cctsblbhGd in rcction 6(a) of this rulG.

(5) All wetrn in ihich neturally poor physicd
chenstrristic! (including lecli ilf sufficicnt
0ot), nrtrnlly poor chcmicd quali8, or irtc-
vcnibb nrn-induccd conditions, which camc
into odrtenoc prior to January 1, 198i1, and
havias bccn cgtlblishcd by usc attsinability
ensl}lci!, public GoEmcnt ptriod. and hearing
may qudify to bc classified for limited use and
must bc evaluated for restoration and upgad'
ing at each triennial re' 'w of this rule.
Specific waten of thc stat .ignated for lim'
ited usc arc listed in sect' . (a) of this rule.

(6) All waten which p' rnusual aquatic
habitat, which arc an .al feature of an
area of erceptional n:. beauty or charac'
tcr, ot which 3upport uniquc ossemblages of

tglrl tAC Cumutetivc SuPPlerarn3

327 tAC 2.1-4

aquatic organisos Eory h classified for ercep-
tiond usc. Specifrc wat€F of thc statc desig-
natcd for erceptioud u!. all listed ia section
ll(b) of this rulc.

(b) Whcrc multiplc usca hevc becu designated
for a body of watcr, thc nort protcctive of dl
siEultaacously applicablc stan&rds will apply.
(Water Pollutbn Condol B@r* 327 IAC 2-1-3;
fibd Sep 24, 1987, 3:N p.t*: 11 IR 580; filed
Feb l, 1990,4:30 p.nt: 13 IR lO19)

Clt d is! 39, IAC 2-r+ t8, IAC 2-l-ll.

327 IAC 2-L-4 Mkiug zonc guidclinO
Authodty: tC l3-r&?r IC r3.?-?-C I
Aftcct ds IC r&l{.?i tC !8-?-7-6

Scc. 4. (a) All rurfacc satlr qudity st-radar&
in thi. rulc, clccpt thos. psovided ,ectiou
6(aXl) of thir rula, ltc to bc appliec poiat
outsidr of thc miriag zon€ to dlos fo; * .'eason'
ablc adnirtura of welt cffluents with thc

(b) Duc to varying physicd, chcmical,'and
biological conditions, no univetsd oiring zone
Dly h psclcsibGd. Thc comaissioner shall
dataruiac thc ni'ing zoac tpor epplication by
th. dirhlrsGr. Thc applicability of thc aridelinc
rct fortb in rub*ctioa (c) rill bc on a casc'by'
carc buil and eny application to thc comuis'
rioucr chdl contlia thc following information:

(f) Thc dilution retio.

(2) T- c physicd,'chcnical, and biologicd
cUaniurirtlcr of t.ho ncciving body of water.

(3) Thc physicd, chcmicd, and biological
charactcristic! of the wastc effluenL

(a) Ttrc prcrcnt and anticipated uses of the
receiving bodY of watel.

(5) Ttrc mcasured or anticipated effect of the

dischargc on the quality of the receiving body

of water.

(6) Thc eristence of and impact upon any

spawning ot nuBGry areas of any indigenous

aquetic specics.

t.{'

' r'.-a
I

9.t

e &sig-
r&

fnated
riled in
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1987, 3:00 p.m.: il IR S8t; lited Feb t, tgg1,
4:30 p.m: 13 IR t0Z0)

327 IAC 2-L-G Miniruun surface watet
quality staadardr

Autboritr IC ll.l-3.7iIC tg.?-?-6
Aflccrcd: lc r3.r.3€i IC 13.?-4-l; lc l{-2.r
Sec. 6. (a) The following arc miaimuru wat r

qurlity conditions:

(l) AU waters at all titD$ and at all places,
inclu.ling the niiing zonc, ghall 6ssg jle min-
imum conditions of being frcc from sub-
stancer, materials, floating debris, oil, (r so:ro
attribuAble to uunicipal, industrial, lg*l-
tural, and other land usc practica, or othet
dischargcc

(A) that will settlc to fora puuescent or
othen'ise objectionable deposits;

(B) that are ia anounts sufEcieut to be
unsightly or deleterious;

(C) that produce color, visible oil sheen, -'
odor, or other conditious is such degrec as
to creats a nuisaaco;

(D) which ara ia rmouats sufficieat to bc
scrltrly toric to, or to otbcrvisc swcrcly
injure or kill aquatic lifc, other aniosls,
plants, or hu-a"t:

(i) to assurc protcction of aquatic lifc,
concentrations of toric substances shall
no[ erceed thc hid acttc value (FAV - 2 1

(AAC)) in rhe undilutcd dischargc or tbc
scute aquatic criterion (AAC) outside tbc
zone of initial dilution or, if applicablc.
the zone of discharge-induced miring:

(AA) for certain substances, the A"{C
are established and set forth in Tablc I
(which tabte incorporates Table 2; and

(BB) for substances for which an AAC
is not specified in Tablc l, or if a differ;
ent AAc can be scientificallv justilied
based on new toricologrcal data or sitt'
specific conditions concerning watcl
quality characteristics or specier pre'

a
a

I

(7) Any obstnrctioa of aigratory routes of arry
indigenous aquaric species.

(8) The synergistic effects of overlapping mit-
ing zones or the sggegate effects oi 

"djacentnirbg zoae$

(c) The airing zone should be limited to no
uorc than onc-foutth (l/4) (;ssngy-five percent
(25%ll of thc cross-sectional area and/or volume
of flow of the st!e!ro, leaving at least three-
fourths (3/4) (ssygnty-five pescent (75Vo)) fuee
!! a zone ofpassagc for aquatic biota nor should
it ertend over one-half (l/2) (fifty percent
(50%)) of the width of the streaa.

(d) Based on consideration of aguatic life or
huroan health effects, the commiisioner oay
deny a miring zonc for a discharge or ceftain
substaaccs iu a dischar&.

(e) Notwithstanding other subsections of this
scction, no miring zone shall be allowed for dis-
chargm to ldres ercept for those consisting
Gntis?ly of noncontact cooling watet which Ee€t
tbc rcquircmeats sct forth in Section 316(a) of
tbc Fcderal Watcr Pollution Control Act of
1972. (Water Pollutbn Control Boar* gZ7 IAC
z;^l-!:_fihd Sep 21,' IgB?, J:00 p.m-: tl IR 580;,
filcd Feb l, 1990,1:30 p.n: tA IR tO2O)

Clrcd la: ggt IAC &2-u.1.

327IAC 2-1-O Erccption to quality staa-\ ' ' dls&apptielbility
Auslority: lC l3-l€-?: IC l3-Z-?.S. Artccr.ds IG l3-l{.?; IC r3.7-Z-S

Scc. 5. All surfacc water quality standards in
scction 6 of this rule, except those provided in
section 6(aXl) of this nrle will cease to be appli-
cable when the stream flows are less than the
average minimum seven (Z) consecutive day low
flow which occun once in ten (10) years This
determination will be made using Low-Flow
Characteristics of Indiana Sreams, lgg3,
United States Department of the Intcrior. Geo-
logical Suwey, or any additional information
compiled on a comparable basis. (Water pollu-
tion Control Board; 327 IAC 2.t -S: fited Sep 24,
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n AAC
differ.
rstified
or sitc-
wrtct

:! pre-

(CCCr):

lt oti

scnL an AAC can bc cdc'ulated bY thc
commissioncr usinE thc procedurcs in
sectioa 8.2 of this nrlc; aod

(ii) this clausc shall not apply to thc
chcaical coutsol of plants and animalr
shca thet cootsol ir pcrforaed ia compli'
ance with approvd conditions specifred

by thc Indiaaa dcpartoent of uaturd
s?nources as provided by IC 14'2'l; ald

(D which arc in concentratiou ot coobi-
natioru thst wil cauL ot contributl to thc

Fowtb of aqrratic Pl88ts or dgac to such

acgrct a! to cseata a nuilaacG' be unsightly,
or othcrryisc impair t'he dcrignated user'

(2) At ell tim6, dl waers outside of mi:ing
zoncc chsll bc free of nrbstenccs in conccatra'
tions wbich oo thc basir of available scientific
date are belicvcd to bc suffrcient to injure, be

.--- chronically toric to, or bc carciaogenic, Buta'
gcnic, ot tentotGnic to humans, auimds,
iquatic life, ot plsrt& To assurc Protlctioo

"d,.hst 
tlrc adversc effa' r idcntified i! this

r,rUai"irion, the folloriag rcquircmcats ara

atailishd:
(At t toxic nlbotuc. or pollutaot shall not
bc prercut ia och.letrrr in coocentrationr
sbich crcccd thc noat *ringeat of tbc fol'
lwing contiauour critcrion conccutrations

'.. ,
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(iv) For carcinogcnic gubgtances, a crite-
rion to protect humaa hcdth froo unac'
ceptable carcer risk of grlater ttran oue

(1) additioad occurtcncc of cancer per

onG huudrcd thousand (100,000)
population.

(B) For certain substancc* onc (l) ot Eore
of ths CCCg i&ntifrcd in clausc (t ) are

*tablilh.d and sct forth in Tablc I (which

tablc incorporaec Tablc 2). If onc (1) or
oorc of thc CCCr arc abscnt from Table 1

or if a differcnt critcrion or critcrira can bc

scicntifically iustiricd bescd oD DGre tosieg!
logical datr or sitc'spccific conditiou. pt
r"t"t quslity or rrridcat rpccicr, .*! ttiF'
rion oi critcrie Esy bc cdculst d by tb'
comoissioncr using thc corrcsponding pro'

cedurcc prcccriH by rcctionr 8'3 through

8.6 of tbis rule.

t

iO-t .t-*" aquetic critcrion (CAC) to

Dlot ct aqutic lifc fron chronic toric
afiactr.

(ii) A tcrrcstdd lifc cyclc safe concentra'
tion (TISC) to Protcct t€rr$trial orga'

nisms from toric effects which may result

from thc comumption of aquatic orga'

nisms and/or watet from the waterbody'

(iii) A human life cycle safe concentration
(HISC) to ;rotcct human health from

toric effects which may result from the

consumptioa of equatic organisms and/or
drinLing watcs fton the waterbody'

apply in all watrrr outsidc a niring zone for

i-iiJ"U"tg. of that substrncc' Simila 'l'r' in
' watsst *[era a public &infi4watrr "ahe ,

ir not prcscut or ir rrnrlfcctcd by thc dis'

;h"* 
"f 

a srbotracc, th. HISC 9c thc :

' ."tcLogcnic critrrion for that urbrtancQ ' -
. t'Joi consunptioa of orgaaiurs hon t.I'.

thc watrrbody and ooly incidcutal ingestion t
of watcr sheli apply to dl watrrs outside the

.iti"g zonc foi i U"cferg' 9! thpt sub'

!t ncG. [n satcrs whcrc e public &inking
waer.intalc ir prcrcotn t.hc HISC -9 thi 

q

caitdog.iit criirrion for e nrbstsncc based

oi .ot Ju.ption of orgpis"'r urd-potable
wates fron t.hc watrrbody rhell apply at the

poiat of thc public &inling water intake'

(D) All CCCs shsll bc EGt at thc point at

which thcy apply (outsidc of thc .mixing
zone ol point oi atiofittg water intake)'

$lff i:I:':?,":$" tr'i"i!,!i t*'* oJubb fraction of thc mctal's (unless q
oii"t*it.l in ordcr to bc consist€nt-with the

ambient watcr quality critcria published by 
... .

l99l tAC Curnutrtivr SuPPlanent



327 tAC 2-r-6 WATER POLLUTION CONTROL BOARD

the U.S. Environmental protection Agency
(EPA) for rhese metals. In the 

"b."n". 
-ol 

"r,lnalVtical chemistry method approved by
EPA for determination of the a;id-s;iuble
fraction of a metal, the criteria in Table I

shall be enforced as total recoverable metals.
ercept as othervise provided in 32? IAC
5-2-11.1, until an acid-soluble analytical
Bethod is approved by EpA, and by the 

-board

through nrleroal<ing.

360

6(1.12! [ la H.d.l,3lC!l
j(Otll llr H.dl.t.t!at

(ditolvcd) 16
a(ot U Ih H.rdl.t.,ta.,

t(r,E llr H.r{l.l..rot

2.a
1(0.l.tll1 t{ldlorj!t2,

130. .
a(r,n n! Ha{l{9tt72r o

at03?t lk tlrdlrOtGo0

r.5"

t.2"

190

' 
a(0.?to2 lt! H.rdl.&.ft
a(0.tls ll! lledlotJlt

lt
a(0tll5 [ta H.dl.l.Ift
.lt.ra 1rr xu<l+:ut

0.012
a(0!160 [ la Hrdl o t.ttl!]

3lt

a0ta73lla Hrdl4?tt{t
tT

{s.000 (T)
0.175 (c)

l.t7 (c)

3,(x1.000 (o

0.15 cT)
100 (T)

.E (T)

354

{88 (T)
3E (T)
7{ (T)

0.0072 (c)

146 (T)
0.022 (c)
1,0@ (D)
0.06r (c)

l0 (D)
t?0,000 (T)

50 (D)

50 (D)
0.1{ (T)
13.{ (T)

l0 (D)
50 (D)
13 (T)

320 (T)
o.sE (c)

0.0007{ (c)
6.6 (C)

0.0012 (c)
..0 (c)

0.00.{6 (c)

Tablc I
Watcr Quality Critlnr for Spccific Subrtencar

AAU
(Marimurn) ccc

({.Day Avcrer)
oursidcots

Mriii. i"',1. *.t;Ltf:r.
Aquatrc Lifc (CAC) Huarrn Hcdth Xu._ tl.jtf

Mctrlr (rrll)

-

(Acid solublc. Grctpt rr
indicatcd)

Antiaony
Ancnic (llI)O
Brriua
BcryUiua
Crdaiuo tO

. CLrcuriua (tlDre
Cbrooiun (YDe

' Cogper I
L.d,
McnrryO
Nictcl t

- Scleaiua- -.
Sihc I
Thrlliuo
Zirlcl

Subrtancre

' Oryenie (ge4)

Acrolcin
Acrylonitrilc
Atdrin @

Bcnzcnc (l
Bcnzidinr
Cubon Trtrachtoridc
Chlordene O
Chlorinrtcd Bcnzcncr

Monochlorobcnzcnc O
1.2.{.S.Tctrechlorobcnzcnr
Pentachlorobcnzcnc
Hcrechlorbcnzcnc e

780 (T)
65 (C)

0.00079 (c)
{00 (c)

0.0053 (c)
61.{ (c)

0.00{6 (c)

.8 (T)
r5 (T)

0107{ (c)
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I

A^C
(Mrriouo)

Subruacg

Out id. of
Mirinr Zono

ACs.tic Ufr (CAO Huora He.Itb -

Point of
lf,rtor latrh
Huou H:dtl

Chloriarted Eth&..
lSdichbrorthrm
t.l.l-lrkhloroethrrr.O
l.t 3-trictrbrorttrar{l
l. lS3.trtnchlorocthearo
HcrrctbrootlrearO

Chbdart d Ph.oob
2.l.Strthbrogbraol '/
2,a"6-trichloroeh.oolo

Chbrodhd Ethrn
bi.( 2<bbloi.o9ropyl) rtlrr
bir{chbnanrhyD erhrr
bi{2.ctrbroe6yl) rtbrr

Chlotofotu
ChlorcgyrUo
Dma
Dichbrobrararro
Dichtombearidiaee
l.tdictbreetlryboo
ladicUorebrooto z/
Dthloropropoo
DLI&uO
lfdaitrotohnrO
Dloda (23J.&TCDDp
tSdiebmytlydnlaro
Ea&nrlhaO
E!dd! O
Ethdbraao
DhrorutbrorO
tl&nrtfrn
HoeUocO r.. '
Hrrrblorohrtdlrato
Hrrrerqdotau (HCII)

dpbe HCIIo
brrr HCHO
3roae HCH
(Lh&rr.) O

?ccbaitd HCHO
Hurtrbr*aclopcotrdirotO
hoghotoar
Nitrobcnror
Nitroghcnob

2.{dinirso.o{rrrd
Dinitroghcnol

Nitrooraincr
N. nitrorodirthylroiae
N. nitrorodirnethyhuiar
N. nitrorodibutyleruiat

0.0t3
055"

0.04t
0.0010

2.430 (o
1.030,000 (T)

{16 (C)
l0? (c)

8?.a (c)

36 (C)

rJ60 (T'
0.0tt {c)

13.6 (C)
Ir7 (C)

0.0002. (o
2,600 (T)

02 (c)
Ir5 (C)

la.lm (T)
0.m76 (o

et (c)
o.mr(Q

c.c (o
Ir0 (T)

rrs (T)
5.(T)

Ir7 (o
0.o2r (o

_ $0 (e)
:-

03r (c)
050 (c)

0.63 (C)
0..1 (c)

520.000 (T)

9.{ (O
l&.00 (T)

6.0 (c)
r.? (o
re (c)

2"6m (T)

.12 
(O

r..7 (T)
0.00003t (c)

03 (c)
l9 (c)

0-0001t{ (c)
.00 (T)
0.r (c)

0J3 (O
3"G0 (T)

87 (T.}

0"0qrr (cl
l.t (c.

-mmr (c)
o.22 (O

?. ct)
t, (D)

l.{p (T)
.2 (T). le (c)

'coaa (c)
r.? (c)

0.09 (o
0.16 (o

. 0.t9 (c)
0.12 (C)

206 m
tr00 (T)

leJ00 ff)

13.{ (T)
?0 (T)

0.00E (C)

0.01{ (c)
0.06. (c)

l3.'

orj. f i
o0-

010'

,it

0.0019

0.oqlt

0.080

0056
0.002t

lo-

765 (T)
1.J00 (o

te. (c)
t60 (c)
69 (c)

l99l IAC Cuoulrtivr SupplcncnS
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Tablc l-Coo't
Wetrr Quajiqy Critrn for Spccific Subrr^,rccrAAC(M'iaua) ,, ^--99i

subrtanccr lr,rr", z"* Poinr of

N-nitroodipbcayhaiace ffiN'oitroropytrolidiar 16l (C) {9 (C)
PutbioaO 0.O6Ii 

^ 
A16 919 (C) 0.16 (C)

Pcntechtorophcaolo .,,.rfi3i?.. *r .,,.J;o,llr.-,Phcnol l,ooo ff)
Phth.l.te Esan 3JOO (T)

Diacthyl pbrh.r.11
Dicthyl phthrler 2300.000 (T) 3I3,OOO (T)
Dibutyl phthrh4o 1,t00.000 (T) 3so.ooo (T)
Di.2-cthylbuyl phthde6 15{.000 (T) 3r.ooo lT)

PolycUoriartaO Biphcnylr (pCBr)@ 
^ ^r, 

50.000 (T) I5,OOO lT)
Crrcia{cnic Polynuclcu Aroarric u'ur' 0.00079 (c) o.ooozg (c)

Hydrocrrboat (pAHr)
?ctnchlorocthylcaee 031 (C) 0.028 (C) -TohsaeO 8t.5 (O S (C)
Torrphcaie o.z3 n ryr^, aa:$ 11 l{.300 (T)u.rJttrz .00?3 (c) .oo?l (c)TrichtrorocdylcaoO
Vinyl Chtoridr. 807 (C) 27 rcl
Otlrcr Substenca 52{6 (O 20 (c)

Arbcrtol (fibcnlitcr)
chlorida (arn) 8Go ,230- 3oo,ooo (c)
CUori!.

-.gotd 
nairnurt) bsO 19 ll- Cbbriar! (or4l

(bt raflt !t totd , ,.,.

nridurll oa 
'. 

"ll
C'ylrtid. (Tot ll Wnl Ztt sINitnr-N + NiutaN (odl) 20_Olp)
Nitrit..N (or4) lo tO-t

1.0 (D)
Ut ohrcd toli& $.ll Dot.sc..d ?50 u3I ia dt srerr.

I;ffi,- 
* GtG"d 2'o tra i" tlitt ,.**.J, ,n" ohio Rivor urd Int.r*lti r,vabrsh Rirci -hcrc ir rbll nor rrclrd

Sulfrto !i.I loi.so.d Zn Ed iD dt yrurr

inlll'jT#*f;!,:t:t*^:::::".,i.9* hardncs! tcvctr. Trrc critcrir froa rrbtr 2 nry bc utlizcd in*11H:*::I*:::1,.::i;.**ilffi :;;ffff ;:l":ii:xH,ffi .IHi.rjl1"Jy:11:
*,.,1:rffirl#;*:*:r::1{$,Fi;;::;i,,:.fi :[1 j:Iff il:i:ll*ffi ..:,:ff :i,ff ;ff ::l['ji*"t* i! r.brG 2. thr *enderd p,"r"ii""J,""*",1i..'iii"];::ffiiil lff;il**,;ii::,iil:il:critcrir vducr.

:l
:{

I
il

I

I
1

.I:::l-ft:::t a or Urancu in miflisrarar pcr liur CrCo].

.3::*X*T:*:.y:.,f:_:li;:Hfi![&li] by proccdur* dcvcropcd by u.s. EpA in re6o. rhir vrruc
:trii fiHEL.J:;Tf,:i*:.j.J::ii:t--* ;"#d;,:ffiT.:"".1'i'E;o^?*i"?illljifil),'#;
"*1 1.-::,L!l fev. ir.gvrdcd by t*" iij ;" ;;;;;;;;ffi;

T ir dcrivcd froo thrcthotd toricity.
C b dcrivcd froa nonthrahold cticcr rirh.
D ir dcrived froo drinli4 rrler rteader&. cquar to or tass than threrhold tot.ity.
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(l Thir rubotracc. rbi:b brr r loj octuol.?.t r prnitioo corffieirng 3t!.t r thrr s3 lqurl lo tr6 (2.0), ir coari&rrd to brbioacrotntia3 rod ol coocrtt
tfo be coali(l.nd l! itlt tEittlot '$'thrrtr. totd rllidud chlorim rhrll not bo drtrct d is tb. dilclurF for r poriod olmn thra fory ({O) aiauta ia duntioa rnd l,rch periodr rhrll bo rrpr6rrd by rt 1..$ 6vr (S) bourr

?&r
Ad. (A €) d €lt (ClCl .lr& crt !b !a il.i. uob * rrhrd terdn r*n r ctdrd nr iI.- b t- I (x.t

aErno!1! r. ISOG.D F lit G t rEr L.tlitlD rc lir c*Q[CLurlIl CoS- Lt Nhrt SIrCdrb CLurlItngir 
^AC 

CAC A C CAC AIC . CAC MC CrC reC -- CeC 
^AC 

CIC
A-

^^C 
eAC

s t0.?to a l.tr5 at..20 ,2t
l0 ll 2J
D la 2.?
t$ ta t,
o ttta
.$ tlt?
0 taa,

Lll?ta!at?!!a
l?:n gt tt t2 tl t r.rt EtL20,'?,lt?ltttt,,E
Ua tI 3. 2t I', I r3.t 2A

.t?0 lo so ! 30t lt rgt o.l.ts?,5at.{gra.E{n
l!0 c.a a0 i .?? tt {tE stst,!1l€$a,E!ct!.it
aai m tl ., .ca tt $ta art

Lffi":r:f, l"j::il"*oth* 
thaa **O

(O fire mariroum tcEpcrahrr? rise at any
timc or placc abovc nsfural tcmperatures
shall not erced five dcgrcct Faircnheit (5'
E) (tno and Githt-tenthr de rcr Celsius
(2.8' C)) ia streamr and thrcc grees Fahr-
cnheit (3' q) (oac and !.vGD-, lhs -:g?ec!
Celsius (f.?' C)) ia ldrcc lDd rcwou!.

,(D) Sratcr trnpcrehrrct rhrll not crcet.,d
t.hc oarimum liaits ia thc folloring tablc
duriug Eort tb!! on p.scrDt (l%) of thc
houn in thc twclvc (12) oonth period end-
iag with eny montfo rt Do tiEs rhdl thc
watcr tcapcraturc rt such locetions erceed
t.hc.nerioun tiaitr irn Tabls 3 by more
tfaa tfnc dcgrece Frbrcnhcrt (3' F) (onc
tad scvea-Enthr dcgrccs Celsiuc (1.7' C)).

oa
L
a
t

t0
rt
la
a
a
!

..5.
It? lc
l.. la
tto ltrga
,l ,a
till u
tll taa.rt rrl.ra rO

r,0@ fT)
).m(T,
t.0([(T)
i,00 (T,
0019 (o

).o2t (o
r (c)

r"30 (T)
007r (c)
..2' (O
' 20 (c)

).m0 (O

(b) Thir subscction cstablishes oiuimuro
watct quality for aquatic lifc. Ia addition to sub-
3Gction (e), subdivisions (l) through (i) are
estsblishcd to eruure conditiong nccessary for
thc aaintenancG of a wcll-balanced aquatic
coomunity. Subdivicions (f) through (5) arc
applicable at atry poiat in tic waten outside of
thc oiriag zouc 

.

(f) Thcrc rhrll !3 no rubst Dcc! which impart
unpaletabh f,rvor to food fish or rcsult ia' 
aotic-crblc oficririvc odori;'in tbb vicinity of
ttc ratcr.

(2) No pH valucl bclos sir (6.0) nor abovc
uinc (9.0), crccpt &ily fluctuations rhich
ctccd pH uinr (9.0) end ara corrrlatd with
ptottiryalrdc rctivity, ch.I bc pcruittcd.

(3) Concootretiou of dissolv?d oxygen shall
evGrrt! rt lcrrG fivc (5.0) milligraos per lites
pcr calcn&r &y ud 3hdl not bc less thaa
four ({.0) miligranr pcr litr at any timc.

(a) The following conditions for temperature:

(A) Therc sh"ll bc no abnormal tempera-
ture changc that may adverself affect
aquatic lifc unlesr causcd by natural
conditions"

(B) Ttrc normd daily and scasonal temp*-
aturc' tluchrationr that eristed bcforc thc

Jrnury
Fcbury
Mrtcb
Apnl
Mry
Jur
Jul,
Ar5ra

f;
m(D)
l0 (D)
to (D)

r rrcrrd

ilird is
orrrlta
rn thqr
oondia3

ir vrhr
l98S i6

tASI,8t

Ohb Rivr"
Mria S!.r

.F.('C.)

SlJcreh lUrr
tributrry o lrb
Michirra Uprtrrro
o, ti. Trir Bt Bh

Dra
'F.('c.)

Othre
lndirru
Strcror
'F ('C.)

50 00.0t
t0 00.0)
60 [5.6)
70 (2l.D
r (2c.7,
t? (o.Gl
r (tr.n
r (tr.r,

s0 00.0)
50 00.01
55 02.t)
at [t.t,
?t (zl9l
t! (29..1
tg (29..)
at (29..,

to 00.0)

iliii,i[
t0 {26.7)
90 (32.2t
g! (32.2'
90 (32.2t

.- ..!

l99l IAC Cunuletivc Sugghocnl,
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TABLE 3-Coa,t

j5) The following criteria witt be used to regr:-Iate amraonia:

(A) Ercept for waters covered in clauses (B)
through (D), at all times, 

"rf 
*"t.rl *iia.of miring zones shalt be rree "i;;1.-;;;..in concenrrations which. 

"i ,1," iJr'"r
available scientific &ta, are U.ii"rJ to U"sufficient to injure, Ue ct roni""ii, i*i.- ro,or De carcinogenic, outagenic, or terato-genic to humans, animahl aqua;; rli.l'",plants.

(B) Por the Grand Calumet River and Indi-ana Harbor. Ship Canal rh; f"l;;;gaa+onia criteria will apply o.rria. ii,"uiring zone:

(i) East Branch of Grand Calumet Riverand Iadiana Harbor SUip-Caialr';;".
hundredths (0.02) niUigiaas;; itr;,
unionized anaoaia.
(ii) Wcst Brauch of Grand Calumet
River: five-hundrcdtb (oGi;I6;.,
pcr litcr uaionized arnmspis.

Jlii) Fo1 pur?osc3 of this subdivision, theWest Branch of tt. c"i"i.i'Hir_r"i"
defincd to be fron the rJi"i"o"ri,
Boutevard Bridge tmite poiii';6';ffi"

Ea (29.{) 90 (32.2r
70 (2t.1) 76 {25.5)
60 0s.6) 70 (21.1)
50 (t0.0) 5? 0{.0)

Itlarimum Ammonia Concentrations
(Unionized Ammonia as N)...

(lll.g,/ll

Temperature ("C)

Indiana-lllinois State Line. and the Ind,i-
ana, Harbor Ship Canat ,ir"ff U.-.""ria-
ered ro end ar the flashing *irir" ljgf,,(day marker number Zl [""t.J-"t"tfr.
roouth of the canal.

(C) Por warerc of Lake-Michigan, the fol-lowing aranonia criteria -tU;il 
"r",A"the mixing zone:

!i) For rhe lnner Harbor Basin, GaryHarbor, and Burns uarbo.r, uiil"Ir.a
amrnonia will not erceed ttrr."-iuo-
dredths (0.08) millirr"- O.r-'ii*, * 

"mon_thly average nor ten.hundredths(0.10) milligram per liter ";;;;rGmaximum.

(ii) For all other Lake Michigan waters,
unionized amrnonia shail not.-*...a t*o.
hun.lredths (0.02) miUi$". p., fir.] * 

"mo^nthly average nor five-hurJr.a*.
(0.0s) miltigrao per liter 

". " l"ifvmariaum.

(iii) Po_r purposes of this subdivision, theInner Harbor Basia .h"[ b" ;;;;l'*
the area within an inscribea _.-.i.i.
tlou-111d (6,000) re"t,aAus Li*rriroo
the fliihingwhite tisht (d"t r;J;;;;-
b-er 2) located at the ruouttrof th, f;l;"
Harbor, and Gary Harboi ;;- iil"
Harbor shalt be tire waters ;;l";j';y
the Gary Harbor and Buris H"rU",breakwaters .

a-

(D) For those waters listed in subsection(c),. the following ammonia criteria will
apply outside the mixing zone:

Ohio Rivrr
Mera Stca

'F.('C.I

SL Jo!.ph Riv.?
Triburrry ro LLr

Michryen Upsrr:rm Other
of the Tsin Brurch Indirnr

_Dra Stnrrnr'Fry.) 'F.('c.t
Scpoab*
Octob.t
Novcabrr
Decrabcr

E7 (30.7)
7t {25.6}
70 (21.1)
5? 0a.0)

oH' 0 5

0.0106
0.0130
0.015E

t0

0.0150
0.01s3
0.0223

l5

0.021 I
0.0259
0.031s

0.0299
0.0365
0.0.1.t.1

25

-

0.0299
0.0365
0.0.t.t{

30

0.0299
0.0365
0.0444

206.5 0.00?5
6.6 0.0092
6.7 0.0112
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WATER QUALITY STAI\IDARDS

Marimum Anmonit Concqetratioas--€on,t
(Unionizcd Aaaronir I N)...

(og4)

Tcapcranrre (.C)

0.0015
0.0019
0.002{
0.0031
0.0038
0.0048

327 tAC 2-l-6

0.0015
0.0019... 0.@24
0.0031
0.0038
0.0048

fol.
tsidc

ata
dths
laily

rt€t!,
two-

-PE- o 5 lo ls zo 2s _ 306.t o.or35 0.0190 0.025r o.o38o 0.0536 - ,r* E6.9 0.0t61 0.o22E 0.0322 0.04{i{ 0.06{2 0.0642 0.06427.0 0.019r o.o2?o 0.0381 0.0539 0.0?61 0.0?61 0.0?51?.1 0.02{ o.o3l8 o.o{47 o.o6:tr o.o$2 o.os92 0.08927-2 0.0260 0.0367 0.0518 0.0732 0.103{ 0.103,1 o.rm473 0.029? 0.0420 0.0593 0.0&l? 0.118:1 0.u83 . 0.r18ir7't 0.qn8 o.o{?{ 0.0669 0.09{6 o.lqt6 0.13:16 o.r$57S 0.037a o.o52E 0.0?,16 o.ro5{ o.usg o.r{Eg o.l,lEg7'8 0.q11 0.0561 0.082r 0.lr,60 o.r63t 0.1638 ;[;;7'7 0.il4? 0.0631 0.0892 0.120 0.r78o o.r?80 o.t?807'g 0.0'n0 0.06?8 o.o95E 0.135:t o.rgu o.19ll 0.19117.9 0.0510 o.o?20 0.lor? 0.t€? 02030 o.2o3o 0.2030li B:Bfii !!iU B:i8fi *i:* ijil; sji3; e,ff Oa2 0.0537 o.o?sE o.lo?l 0.1513 0.2137 0213? 0.2137!3 0.058? 0.0758 o.lo?l o.r5l3 o.2rg7 0.2137 0.2137&a 0.05:t? O.O?sE O.lO?l O.lgl3 0.213? O2r3? 0.213?t5 0.053? o.o?sE 0.10?l o.r5l3 0.213? 02,37 0.213?&6 0.05:l? o.o?sE o.ro?l 0.1513 0.213? o2r3? 0.213?&? 0.05:t? o.o?58 o.lo?t, . o.l5l3 0.213? 0.213? 02137t3 0.0537 o.rrst 0.10?l o.l5r3 o2t3? o2r3? 02137&9 0.05in oJrr$ o.ro?l o.r5l3 o2r&? o2r3? 0.2137.9o 0.051t? . 0o?9s., r0.10?l o.iii_q , orlsT 02ra? o.2ls?
11' t 4no cdarler tcrl ennoair dividc thc nuabcr ia thc teblo *,t y.h. d.t rairGd by: V(rur.rH * l). ;Whcrc ptr - 0.0901t + (ttg.92t(T + 273.211pH - pH of rrtrrT -'C

_ell- 0 s

a_

.-'

2{-Hour Average Ammonia Concrntntiotu
(Unionizcd Aramonia rr N).-

(mg/t)

Temperaturs (.C)

l5 20 25

)

0.0005
0.0007
0.0009
0.00u
0.001{
0.0017

0.0008
o.ooro
0.0012
0.0015
0.0010
0.002{

0.00r5
0.0019
0.002{
0.0031
0.003E
0.00{8

0.00r5
0.0019
0.002{
0.0031
0.003t
0.00{E

.39
r55
l{a

6.5
6.6' 6.7
8.t
6.9
?.0

l0

0.001I

. 0.001{
0.001?
0.0022
0.0027
0.003{

'i , !',.i, .; .-

l9{rl IAC Cumulrtivr Supphncat
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WATER QUALITY STANDARDS

r2) In the watersjisted in subdivision (1), dis_ (t) The
,'ill';:,:1';Tl;:ii,"-'.:,lx",Tt'*[i*f,*: 

ru,flltt ',t*;:i*::fl"f,""1ffi:l*
::,,,"'li:Ilr3," l*' 'h* '"*., irrj *,,,,- i"iii".'ninr or |rF ",;;;j, #T::"""J1H
ccurs during,,: j111i,",ifff:Iilf ;.mr.:X*tl#_ ;X !li.J:,,:,''reas used for imprinting iurirg'ih. ,i-" exceed twenty.thousand (zo,doo) p.. on" hurrl

'rirnonids are being impririted. 
---D v^r'I 

ar"a tr6oj -ir,itr.il'il;;:, five percenl,:jr In those waters listed in subdivisic (5%) of such sample;. 
_-_." ".."

r.e maximum temperature r,r" "o;r",il,r(r']i l?l^T::r" and odor producing substances,-.ail not exceed two degreesil."#;'i;ffi 
:^r}."" ll"":aturaily o"Lur"i.,g,-.halr not inter-',e and one-tenth degree c"r.,* il.i: ill "J I::: :lll the productio' oi, irirhed water by::r' time or place_::i .l"l] rrr" r"-o"rl'r'rrJ conventionali;il{;i'"#ffi, 

of coag,ra_\'{ eed seventv degrees Fah"enr,eit-'(i;'.'T; ll^",1: s.edimentarirr,- riir"ation, and"'''11ti'-one and one-tenth degrees'C"r.rrj disinfection.

'-r'l'c)) (sixty-five a"gt*t e"i't"t"i'"li rut' (3) The conc.entrations of either chrorides or
:' t.iqhteen and three-te.rth, a"g."", c"t.lu. sulfates siail not exceed two t,,,,,,,.f,'l,l[it".tf11i"* *i-i-p",ir*" rzsol .lrirrams per rit", otr,"r'1il*i"lrftJ

,,,, :::i :*J5,:: :,1'J:,:::i', ff L l;ll,xll ii Jq;;:;, ffi * o" *, ac cep t.able for public *oori", iiHa"jlm_zzo and: i':is ;ubsection estabrishes bacteriolosicat !::::$:o { ,i"".""; #:;rrnts not?-r :',. ,,r recrearionrl u.es. Ir,-ffiffiilffi] exc_eeding three {B) j"a ,""irol ii"o"u"i.. p",: ,:r,fi",":" $5rlritr#i: *rt"r :iiif"#;:r:HiT#r,-. -,,,,,','_:'*ut' 
to establish **r"*rL, *ri] i$ll.:.^::ceptabte ;t* rr,""*.".s beta con_

*;ifiti.i""Ti.h*** Jfxt:j iffffiTn.x"dT ffi*ff il';,h.usand

327 IAC 2_r_6

11) 
Tl: coliform bacteria group shail not

ilfii 
o i : :, ll ou s a n d t s, oo o I i 

". 
T" 

"" 
ill',1 ol"T(100) milliliters a--r\"'vvvl 

vsr uue nundred
(Fif h6D rrDrr , -_ 

nonthly average value
l:13::-y* ". y.';;;",li "1."ffi o,ii,llnumber in more th"a, 

---""" uvr erueeo f,hls
fho ca*^r^_ --- twenty percent (20%) of
l*X:.,::,.,,* i,, u d' J#_;; ,,, 

", 
::{:,"::

0.006l {
o.oo77 i
0.0097 ;

#Hi
0.0260 il

flifft

[fiilt

nfi

dred (100) -illilitr. 
---- \!v'vvvl per one nun-

(BE^\ 
^€o,,^L __ , n more than five percent

hun-

;T:'J::ffi::i:;li:*:*:il6ffi"I (E) chemicar constituents in the waters sha,

i :,:'ilitr:''.r ili"ffiffi *l+l trtiiff:illlli.i:F*f',;i*h;H

,.rg*l*:u*e*d:ff**Iff;ffi

iffHffNffi
sand two hundred f r,zool-J"1";#;:: 

"lilr]-l99l IAC Cumulative Supplement



327.IAC 2.1.6 WATER POLLUTION CONTROL BOARD

24- Hour Av_etage Anvnonia Concenttations_Con,t
(Unioaized Aomonia 

"" 
Ni.:;

(og/l)

Temperature (.C)

-To crlcutatc tot'l rnnotria dividc thc nunber in thc table by the veluc dstcrained bv: trlggar..eH . l).lryhcrp: plr - o:qgolE + {2729.92t(T + 273.211PH -pHofwetir" -'I r,tT -'c

pHo__510152530
7.1 0.0022 g.oo3l o.oo43 0.0061 0.006l 0.0061 0.00617.2 0.002? o.0o3E 0.00il 0.0077 o.oozz o.oo77 o.oo777.3 0.0034 9.ry48 ,:ooil o.'oe? 6.oosz o.o.e? ,.ooez7.{ 0.0043 9.006l ;:0d; 0.0122 o.orzz 0.0122 o.or227.s 0.00s4 o.oozz iliil 0.ors3 o.orss o.olss o.olsg7.6 0.0068 g.ooez 0;i;; o.olss o.orse o.orsa 0.ols37.7 0.0086 o.ol22 ;;i;; o.o24z o.oztz 0.0242 0.0212?.8 o.o0s2 o.ol30 ilis; 0.0260 0.0260 0.0260z.e 0.oos8 o.0ra8 o.;G; 0.0276 o.ozzs o.oiii B:3i?l i8.0 0.olo3 0.0146 ffi;; o.o2s{ o.ozsl o.o2s{ 0.02s4E.l 0.olo3 0.0146 0.0il; 0.02s{ o.ozgl 0.0294 0.02s48.2 0.0103 0.0146 o.;til o.o2s4 o.ozgl o.ozs{ 0.02s48.3 0.olo3 0.0146 o.oil; 0.0294 o.ozgl 0.029{ 0.02s48.{ o.olo3 0.0146 0.0il; 0.0294 6.ozg1 0.029{ 0.02e46.s 0.ol0s 0.0l{6 ffi;; 0.0294 o.ozgl o.o2s4 0.02s48.6 o.olos 0.0146 o.oil; 0.029{ 6.ozg1 0.02s4 o.o2e4E.t 0.0103 0.0l{6 iltil 0.02s{ 6.ozsl o.o2s{ 0.02s4t.t 0.0los 0.0146 ilil o.o2s{ 6.ozsl 0.02s{ 0.02s48.9 o.olos 0.0146 o.;ril o.o2s4 o.ozgl 0.029{ 0.02s{e.0 0.ol0s 0.0l.16 ;;il; 0.02e4 o.ozgl 0.02s{ 0.02e{

- (c) This subsection establishes watei{uality
for ccld water fisL In additioito .uUi""tio'* t"t
.l.h1ou.sh 

(b), the folloring ,a"L-ra" 
"r.-estab-lished to cruure conditiJns 

-i.iirr"ri'i", 
,r,"maintenancc of a wcll-balancea, .oiJ *"i., nrr,community and arc applicabte ai-iiv'po'int ir,the waters outside of the *iriiii*l '-'

ttf ttrg.following waters are designated assalmontcl waters and shall be protected forcold water fish: .
(A) Trail Creek and its tributaries down-

(B) East Branch of the Little Calumet
River and'its tributari., aoirn.,i.-"rn ,o
Lake Michigan via Burns Dili:---'--'

(C) Salt Creek above its conlluence with the
Little Cduruet River. .. -- ' ---- --

(D) {intzele Ditch (Black Ditch) from Bev-
erly Drive downstream to Lake lvfichigai.

(E) The Galena River and its tributaries in
LaPone County.

(F) The St. Joseph River and its tributaries
in St. Joseph County from the Twin Branch
Dam in Mishawaka downstream to the

(G) Those waterc designated by the Indiana
department of natural ,.roui.., f*-il;-
and.take trout fishing.



Ectcnl (at twenty-fivc degrees Celsius (25. C))
may bc considered cquivalcut to a dissolved
soli& conccnrration of scvcn hun&cd fifty (ZSO)
ailligrams per litcr.

(g) Thi! sub$stion cctablishes watcr quality
for agrianlhrral rrscs. The standards to ensure
w.tcr qualtty conditions ncccllary for agricul-
tusal usc are tbc saEG a! thos. itr subsection (a).

(h) lhis subscctioa establishes water quality
for liruitcd uscs. Thc quality of waters classified
for linited urcr puBuant to ccction 3(aXE) of
this rutc shall, at i rrininuq Eect thc following
standads:

(1) Thc san&rds containcd in subsection (a).

(2) Thc stsadads coatsincd in subsection (d).

(3) Thc sten&rdt contaiaed in subsectioa (0,
whcra applicablc.

(a) Tbc wlt rs anrst bc acrobic at all tioe!.
(5) Notwithst8ading,thc preceding gubdivi_
tionr, thc qudity of r lirnitcd usc itr.an at'9. poiot whcrc it boconcc physically or
cLcnicelly cageblc of nrppo*iag 

" 
Uig!.r,r*

or at its iDtrdlcc rit!.r hislilr'rjsr *airr r"g-
aont shdl occt ttc\,rt Ddesd! which ars
epplicablc to thr hfhcr\rrr wrtcr.

(i) ThL -b.".d"" c*rblLha watcf Qualiry
for crcaptioarl rrrcr. Wetcn clerrinGd for ercep-
lloft urrr trrrrat sxtreorrdinary psotection.
Unlc$ sten&rdr rn otlcrvirc .pccifi.d oo 

"casc.by-caro b.si!, thc qurlity ofall waters des-
igmtcd for crccptiond use shall bc maintained

327IAC 2.1-6

without degradation

Dissolvcd or]rgen
pH
Chlorider

Monthly avGnrgt
'Daily marimum

WATER POLLUTION CONT'ROL BOARD

Phenols
Monthly evengr
Daily marimuo

Sulfates
Monthly avengo
Daily nerinua

Total phosphonu
Monthly avrsag!
Daily rm-itr.ur-

Filtrablc residuc,r
(Totd disrolvcd solids)
Montlrly 8vrlagc
DailY mrrit'ug

'Fluoridcr
DailY nr-16u-

Dissolved iroa
Daily mariurum

7.0 ms/l
..D-6.;) S.U.

(k) Thc following temperahrrc starr&lds and
criteria shdl apply to Lalc Michigan:

q) All tcnpcraturer arc crpresscd both in
degrecs Fahrenheit and dcgrccs Celsius. In all
recciving wetln thc poiats of acasurcment
chall nornally bc in thr 6nt nctcr bclow tbc
rurfrca at nrch dcpt[r er to evoid thi't lsycr
rurfact trrfEing duc to crtrcuc rnbient eir
taopcntutbl but sbcrs Eqnired to dctcr.
ninc thc tnrc distdbution of hcatcd wrst t
and nahrral verietions in water tcmperaturcr,
EeasurGmcnts shell bc at e 3rcatcr dcpth aad
ai 3cvenl dcptlts et e thcrnd pro6le,

(2) Thcre 3trll be ao e6iorrael taapcraturc
changcs ro ar to bc injurior to futr wildlifc,
or other aqultic lifc, or thc grosth ot propr.
gation thcr:of. [n addition. plunc intcracdon
with the bottom shdl bc raininiad and shdl
not injuriously affect fish, shellfish, and rvild'
life spawnint or nurcty a!!a!.

(3) Thc normal daily and *asonal tcmpcrr'
ture fluctuations that eristed beforc thc addi'
tion of heat shall bc maintaincd

(.1) At any timc and at a marimun distanc: of
a one thousand (1,000) fcet arc inrcribcd froa
a fixed poirit adjoccnt to thc discharSc ,1!lot
as aseed ,pon'Ui ttc .iiiirtionciand fed'

0.001 mgA
0.003 mg/l

26 ng4
50 ng4

0.03 mg4
0.04 rog4

172 agll
200 ng4

t
1.0 mg4 I

300 psA

G) In addition to conplying with all other
applicablc subscctions of this scction. waten in
lakc Michigan shdl mect the folkrwing timitsr

l5 mg/l
20 mg/l
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nF nc

45 7.0
45 7.0
45 7.0
45 7.0
55 13.0
60 15.5
70 21.0
80 26.5
80 26.5
65 18.5
60 15.5
50 10.0

thermal units of waste heat shall continuously
record inta-ke and discharge teaperanrre aad
flow and aake those,."ord" 

"""ii"Ut.-L r.g,r-latory agencies upon rcqu$L
(l) Notwithstanding section Z of this rule, rhe

scut€ aquatic and chronic aquatic criteria (AAC
and CAC) established in suUsectioi i"l ,i,"ffapply to the underground pottioo oi ii. fo"ruver systeu and other uodergound streaEs
and their tributaries that suppoi nJ * otf,.,higfer aquatic life foros. (Waier pilitio" Con-trol Boart J27 IAC 2-t-6; filed Sei 2i, rcAz,
3_:!0_9.m.: t I IR SBr; fited, Feb t, l396,i,iq p.^.,
l_3 IR 1020; e??atd, t3 IR lg6l; ,rroio iiLi ii6, 1990, 5:00 p.m.: tJ IR 2OOA)

--91-t9q 
ia: 32? IAC 2.t.3: 327- tAC 2-l-{; 32? IAC 2.1.S;327 LAc 2.1-E& t27 tAc 2.1.r& sr rA-c i-l:ir.i.'

927 IAC 2.1-7 Iateriur grouad water
quality staadardg

Au-tbority: IC l3-1.3-i: IC t3.2.?.6Affcctcd: lc 13.r.3-8; Ic ls-?_j.i

.ST. 7. (a) All ground waters of the state
w\i9h ale e prerent or probablc fuhrre source for
public or industrial water supply shsll meet the
watet guality standards set forth in subsectioa
(b) and'dither subsectioa (c) or (d), oi bottr,
depending upon thc usc being or.rp.tt.a to U"
aa!e-, at the point at whici such waters are
withdrawn for use, ercept due to natural causes.

(b) This subsection establishes the following
conditions Tor minimum ground water qualitl,
conditions:

(1) All g:ound waters at all times and at all
places shall meet the minimum conditions of
being free.from substances, rnaterials floating
debris, oit, or scum attributable to municipal,
industrial, agricultural, and other land use
practices or other discharges:

(A) that will settle to form putrescent or
otherwise objectionable deposits; .

(B) that are in amounts sufficient to be
unsightly or deleterious;

327 IAC 2-1-7

eral regulatory agencies, the receiving water
t€mperature shall not be aore thai three
degees Fahrenheit (8. F) toi" *a'r"""o-
tenths degrees Celsius (1.2. C)l ablri *reuisting natural water temperature nor shall
lh: ."tipl. temperature erceed those listcd
oetow, whichever is lowen
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(5) AU new waste heat discharg$ o! entarge-
DeDtr of eristiug facilities erceeding a daiy
rvcragc of five-tcnths (0.S) billiou British
therroal uaits pcr hour, which had not begrru
opcrations ar of Fcbruary, ll"..l9?2, and whicb
pla! to usc Lahc Michigal waters loi*iti"g,
ghdl bc liaited to thJaraount ..rnii"t ro,
blowdown ia thc operation of a closiiycte
cooling facility.

(6) lilatcr iutales chall be designed and
locgtcd to aininizc cntrainraent ani damageto dcsirablc organisns. Requirements Eay
vary dcpcnding upon local conditions but, in
general, intakcs arc to have minimum warer
velocity and shall not be located in spawning
or nuniery areas of important fishes. Water
velocity at screens and olher exclusion devices
shall also be at a minimum.
(7) Discharges other than those no* in e'xist-
ence shall be such that the thermal plumes do
not overlap or intersect.

(8) Facilities discharging more than a daily
sverage of five-tenths (0.S) billion British

l99l tAC Cumulative Supplcrncnt



327 LAC 2-1-8 WATER POLLU"TION CONTTROL BOARD

(C) that produce color, odor, or other condi-
tionc ia such deg:ee al to cnatr a nuisance;

(D) shich are ia amounts sufficicnt to
injurc, bc aortcly toxic to, or othctwise pro-
ducc serious advcrso physiological
llsponlc! ig fugrrrrnc, 65inrrls, aqueti; [ft,
or phDts; end

(E) which ara in concantratioru or conbi-
nations thst wiu cau$ ol contributt to the
Fowth of aquatic plarts or algac to such a
dcgrec et to cnatc a nuisancc,L unsightly,
or othcrvisc iapair thc dcsignated usi. -.

(2) At all tincr, dl grouad wrten shall bc frec
of substanccs in conccutntiom which on thc
brsis of evailahle scicntific daa arc bclievcd
to bc cufficicnt to injurc, bc chronically toric
to, ot bc carcinogcaic, nutagcnic, or trrato-
gCnic to bunaas, 6jirlrrlg, lquatic lifc, or
plants.

(c) Thir rubscction ect blbhc! grorrad water
quality for public supply. In additiin to subscc-
tion (b), thc followiag standsrdt are crteblished.
P ^plot 

gt thr srtcr qudity lt thc point at
which rrtc! ir withdra*a for tnetucat for a

t,. public supplp . ,.r j
(l) Thc colifono bactcrie' Eroup rhell not'
crcccd four (4) pcr oDG hrradrcd (fOO) -irrili-tcn (MF couar).

(2) Testa ead odor producia3 rubrtenear,
othcr tbrn nanrnlly occrtsiDg, rlnl not iutrr.
fcra with thc production of r finirhcd watar by
convcntiond tllltDcnt coasirtia3 of coaguls-tion, rcdiracntetion, filtrition, and
disinfcction-

(3) Thc concentration of eithcr chlorides or
rulfatcc shall not erceed two hundred fifty
(250) milligrams per liter other than duc to
naturally occurring sourcer.

({) Ground waters shall bc considered accept-
ablc for public supplies if Radi;;-226 and
Strontium.g0 arc pl*ent in amount3 not
*cecding thrce (3) and tcn (10) picoctric pcr
litcr, rcspcctively. In thc lno*i absencc of

Strontiun-9O and alpha emitten, thc warcr
supply is aecepable when thc gross bcta con-
ccntrations do not erceed one thousand
(l,ooo) picocurics per liter.

(5) Cheaical coutituents in grouad watcrs
shdl not bc ptrrcnt ia such lcvels a! to prc-
vcnt, aftcr convcntion8l treataeat, neeltng
g!_&inking wates standar& conaincd in
327 LAC 8-2, duc to othcr thaa nec-ral cau.sc..

(d) This subscctioa establishcs watar quality
for industfial watcr nrpply. Ia addition to sub-
section (b), thc standard to Gncurc protcction of
water qudity at tbc point at which water is
withdrawn for usc (cither with or without trcat-
ment) for industdal cooling and procesring ir
that, other than froa naturally occurring
!ource!, thc dissolvcd solid! shell aot crcecd
seven hundred frfty (?50) raittigmEl pcr liter at
any tiae. A specific conductancc of onc thou-
sand two hundred (l2OO) micromhoc pcr canti.
Eeter (at twenty-fivc dcgrees Celsiug (29. C))
may bc considercd cquivalcnt to a dissolvcd
soli& conccatration ofrcvcn hundred fifty (?S0)
mi[igsaor per lir ,:. (WaEr polbtion Contmt
Boar{ 327 UC : t-?; fited Sep 21, t%1,3f,0

p_.nt : ll IS 583; iltad Feb l, IggO, 1:30 p.t*: tl
I_\ !052; effata fi:.ed,lut 6, lg9n, 5:00 p.m: t3
IR 2003)

Cltod b: A?t IAC 2.1.A

327 IAC 2-l-8 Mahodr of aaalyrir
Autbority: IC 13.f.3-?; IC f3.?.?.C
Atfcctcd: IC 13.1.3-?; lC 13.?.?.O

Sec. 8. The analytical procedurer uscd !t
methods of analysis to detcrsrinc thc chenicd.
bacteriological, biological, and radiological qud.
ity of wateru sarnpled shdl bc in accordutcc
with 40 C.F.R 136, the ,:rtccnth cdition of
Standard Methods for : c Eramination of
Weter and Wastewater, or oetho& approvcd bI
the commissioner and thc EnvironmcnEl Pso'
tcction Agency. (Water Pollution Control Boord;
327 IAC 2.1-8: liled Sep 21, tga7,3:00 p.m: ll
IR 583; lited Feb I, tgd2, 4:3O p.r*: t3 IR t$3t
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365 WATER QUALTIY STAI{DARDS

327 IAC 2.1-8.1 Calculation of criteria
for toric substarce!;
geueral

Autboriry: IC l3-l-3.?; IC 19-?.?-6Atfcctcd: IC 13.1.8.?; IC fA.Z-?-6

Sec. 8.1. Water quality stan&r& for the state
of Indi".a indicate that all weters at all times
Tq I all places, including tbe airing zoue,
shdl bc &ee of substanrces or combinations oi
substamcer which arc iu anounts suffrcient to be
acutely toric to hu-rn$ other anioais, plants,
or aquatic life. Toric substances include, but arc
not linited to, those substances identified under
S.ection B0?(a) of thc Clean Water Act. The
allowablc concentration of a toric subst^nce ia
surface water sbail be determined for that sub-
1iuc9 by thc procedures in sections g.2 through
8.8 of this rule. (Water pollution Control Boai*
327 IAC 2.1-8.1; fited Feb t, lgg1, 4:J0 p.m.: ti
IR t1JJ; er?ato fihd Jul 6, lgg1, S:00 p.m.: t3
IR 2003)

327IAC 2-1.9.2 Deteruriuatiou of acute
. equatic criteria

(AAC)
fglbodt : IC lS-1.3-?; IC 13.?-?.6Artccr.d: Ic rg-r{.?itC is.e-z.i I
Scc. 8.2. In ordcr to cnsurc that the concen-

tration of e substaDcc or combinatioa of sub-
' r.r, ' 3tsn66. does not becooc ecrrtely torig _to aquatic

organisos, a! esutG aquEtic criterion (l,.qil *iU
bc dctcrnined b-y onc (l) of the following
ncthodr;

(t) Ttrc fo[owing for Method l:

site-specific acuto aqustic criterioa based
on whole effluent toricity can be utitized.
Tbis criterion shall not eiceed ten peieut
(10%l toorality above control .ortility, 

""measured by thc ooat sensitivc species
testad, in oae hundred pelceat (1007o) efflu-
enL-The toricity of thc wbole effluent shall
be deteruined as followr:

(i) Three (3) species wi[ bc tcsted ini-
tially, and thcsc will rbprescot species
from ecolosica[y divcrsc tara tL the
extcnt possiblc. Thc euct species to be
tested will be dctcrained bv thc gsfr,nir-
sioner on a casc.by{asc basis wi& the
objectivc of using resident or representa-
tivc species. Onca thc toricity of thc
cffluent has beea cbaracterized. only tbe
uost sensitivc of thc species tested need
to be used in such further t$tiDg as ruay
bc required

(ii) 114role effluent toricity testing wiil be
required oa up to three (3) see of .o.-
posite efflueat ra^aples to deterEiDe the
veriability of thr cfllueal

(2) Thc following for Mcthod 2:

(A) An aorte critcrion ca! bc calculated
using nodificd U.S. EPA procedures when
acute toricity &ta are available for at least
fivc (5) North Arnerican g?nera of fresh-
water organisos ingluding representatives
of thc fo[owing fanilie$

(i) The family Sdaonidae.

(ii1 The family Cyprinidae or
Centrarchidae.

(iii) Another family, not represented
ebove, in the Class Osteichthyes.

(iv) The family Daphnidae.

(v) Another aquatic aacroinvertebrate
family.

(B) Resident species data are preferred for
the abovc rcquir.ed data set. If one (l) or

327 IAC 2-L-8.2
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(A) tf no AAC is available in section 6(a)(2)
Table I of this rule for the substance, or ii a
different AAC can be scientifically justified
based on Dew toricological data, or site-
specific conditions concerning water quality
characteristics, or species prisent, an AAC
can bc calculated using the procedures in
subdivision (2).

(B) Alternatively, or in addition to those
criteria in section 6(a)(lXD) of this nrle, a

l99l IAC Cumularivc Supplcarcnr



327 IAC 2.1-8.2 WATEB POLLI.J"TION CONTROL BOARD

Eoru of the required fanilies are not a sitc
rcsident, tbc requireEent rr.ay bc waived
and appropriatc substitution wilt be made.
If daa arc not availablc for resident spccies,
&ta for nonrcsidcat spccicr nay be iubsti-
hrtcd aad will bG assumed to bc rcpr:senta-
tivc of residcnt spccies.

(i) If thc acttc toricity of the chcmical
hac not bccu adequately shown to be
rclatcd to e wetct qrratity characteristic,
Lc., hardness, pH, teapcralurc, etc., ths
AAC b calculated using thc following
proceducs;

(AA) For each spccies for which at
lcast onc (l) aortc vduc is availablc,
thc spccics DGar aorte vduc (SMAV)
il cdsuhtGd as ths gcoactric mean of
thc rcsults of dl tasts in which the con.
ccntratioN of test matcrial werc stablg
es shown by mcasurcd vdues. For a
specicr for which no such result ic
evaileble, thc SMAV should bc calcu-
htcd es tlrc aconctric ncaa of all avail- 

'

rblc rcnte vduc+ Lc., rrsult! of flow-
through tcrtr iD shich thc concentra-
tionr wcrc not rnGesulrd and results of ,

*etic ead rcn od t .t brscd on initial
coaccntntioar of tcrt natcrial

(BB) For cach 3mur for whieh onc (l)
br norc SMAVr rn tveilablc, thc
tlotlt Dc.! rctrtt vrhrc (GMAV) is cd.
suLtd u tho gcoactric ncan of thc
SMAVT rvaileblo lor thc tlnrls.

(CC) Thc GMAVs atr ordercd frora
high to low.

(DD) Rantrs (R) arc assigned to the
GMAVg fron',1'for the lowcst to ..N,'
for thc highcst. If two (2) or m6re
GIttAVs arc identical. successive rankr
are arbitradly assigned.

(EE) Thc cumuletivc probability, p, is
calculated for cech GMAV as R/(N +
l).

(FT) The (T) GMAVg (T = 2 for N - S;
T - 3 forN - 6or?;T - 4 forN - goi
gnater) arc selected which havc cr:mu-
lativc probabiliticr closest to 6ve-hua-
drcdtb (0.05). If thcra arc lesr than
fifty-uiac (59) GMAVc, these will
dways be thc two (2) (for N - 5), threc
(3) (for N - 6 or 7), or four (4) (for N -
8 or geater) lowcet GMAVs.

(GG) Using thc sclccted GlvIAVs and
Pt thc frnd acutc valuc (FAV) is calcu-
latcd as:

- E ( 0Bisv:1t3?JJFqF-crr{Anho,

L - (E(la CMAV). S(E(vp)))/T
A - S(V0.0C);L
FAV - rf
AAC . FAV/ll
E - Suonetioa

(HH) tf, for a counercially, rccrea-
tiooally, or ecologically inpottant spc-
cicc tbc gconetric nean of thc acutc
vllucc fron flow-tbrough tccts in
rhich thc conccatratioas of test nata-
riil wcte neasurcd is tower tbaa ths
cdc'ulstcd FAV, thca that geometric
ncaa is uscd as thc FAV instead of thc
cdculstd FAV.

(ii) If &ta are availahlc to shos that
acutc |oricity to tido (2) or norc spccicl
ir rioilarly rrlatcd to a warcr qudity
cherrctcristic, thc AAC is calculatcd
uring thc proccdurcs ac follows

(AA) For cach spccics for which com.
parablc ac'utc toricity values are avaita'
ble at two (2) or mos! differcnt values

of thc water quality characteristic. t
least squares regression of thc acutc
toricity valucs oB thc corresponding
values of thc water quality characteril'
tic is performed to obtain thc slope ol

the annrc that describc! thc relation'
rhip. Becausc the bcst documentcd
relationship is that bctwen har&cs

*
Tt-
ir
C't



,}it'' ?

366

rN-5;
'l-Eor
l cuEU-
ve-hun-
ss than
se will
i), threc
forN -

Vs and
s calcu-
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the water quality characteristic is per-
formed to obtain the pooled acute
slope, V.

(FF) For each species the geometric
Elean, W, of the anrte toricity values
and the geonetric mean, X, of the
water quality characteristic are calcu-
lated. (Thegc were calculated in
subitems (CQ) through (DD).)
(GG) For each species $e logarithaic
intercept, y, is calculated rising the
equation:

y - ln W.V(td(.tny). I
(HH1 p6r each species calcuhL the
SMAV at Z using the equation:

SMAV - eY.

(II) Obtain the FAV at Z by using the
procedures described in subitems IBB)
through (HH), replacing ,,value,, with
"intercept',.
(JJ) The final acute equation is written
as:

'tind acute value (FAV) -
6O.{b (rror qrdi3, ch.rrc!.dda)} r b A.V 0aZ)l

V - pooled acute stope (from
subitea (EE))

A - FAV at Z (froa subitem (II))

- -$1.. V, A and-Z are known, thei ' FAV can be calorlated for any select.
cd value of the water quality charae
teristic.

(KK) The AAC is equal to the FAV/2.
(C) If data are not available for ar least five(5) North American freshwarer genera
meeting the requirements in clause iA), go
to subdivision (3).

(3) The follorving for Method 3:
(A) If the required data to derive the AAC
in subdivision (2XB) are not present in the
acute toxicity data base and at least one (l)
LC56 value is.available for a daphnid species

" 327 tAC 2-L-8.2
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3nd agute toricity of metals and a los-
log relarionship fits these data. g*rn.i.
ric means and naturat togadtims if
both toricity and water luality are
used in the rest of this prlcedure to
illustrate the method. For ielationships
based on other water quality characte-r-
istics, such as pH or teraperature, no
transforaation or a different transfor-
mation might fit the data better, and
appropriate changes will be oade as
necessary throughout this method
(BB) Each acute slope is evaluated as
to whether or not it is meaningful, tak-
ing into account the range and number
of tested values of the water quality
characteristic and the degree of 

"gree-ment within and between speciei. If
meaningful slopes are not araiLble fo,
at least one (l) fish and one (1) inverte-
brate. or if the available slopes 

"r" 
ilo

dissimilar, oi if too few data are 
"r"i-l*bJ: ,q adequately define the relation-

shlp between acute toricity and the
water quality characteristic, the AAC is
c4culated using the procedures iu item
(i).

(CO lDdividuatly, for each species, the
geometric mean of the available acute
values is cdctrlsted and Jben eacli of
the aorte vdues for a species is divided
by the mcan for the species. This nor-
malizes the acute values so that the
gcometric mean of the normalized val-
ues for each species individually and
for any combination of species t on"
(1.0).

(DD1 a5" values of the water quality
characteristic are similarly normalized
for each species individually. ;

(EE) All the normalized data are
treated as if they rvere for the same
species and a least squares regression
of all the normalizecl acute values on
the corresponding normalized values of

recrce-
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327 LAC 2-l-8.3 WATER POLLLTNON CONTROL BOARD

aad either fathead tuinnow, bluegill, or rain-
bow trout, a FAV is calculated Lv dividing
the lowcst SMAV for rhe daphnid species,
fathead oianow, bluegill, and rainbow trout
by frvc (5) if raiabow trout arc repsesenr€d
or tca (10) U raiabow trout arc Dot rcprc-
$nted. Thc AAC equds the FAV divided b..
two (2). If appropriate, the AAC will be
aadc a function of I wates quality charac-
tcristic in a raanncr similar to that
dcscribed in subdivision (2) (BXii).

(B) If thc &a required in clausc (A) arc not
availablc, uo AAC can be calctlated and thc
discharger will be requircd to devclop thc
miaiuuro &ta basc (ninety-si: (96) hour
LCs6 for rainbow trout, fathcad minnow, or
blucgil and a forty-cight (4g) hour LCss for
a &phnid) nceded to calculatc the AAC.

(lUater Pollution Control Board; 322 IAC
2-l-8.2; tihd Feb l, 1990,4:30 p.n^: tJ IR t0S3;
enata tihd Jul6, 1990, 5:00 p.m: tA IR 2OO4)

- Ct.d ia: 32? tAC 2-r-& 32? IAC 2-l-t.l; 322 IAC2-l€3; 3C, LAC 5-Z-rr.r.

827 IAC 2-1€.3 Dcterniaation of' 1 GLronib aquatic crite.
rtoa (CAC)

Au6orltr IC l!-r€-?; tC tg-Z.z.C
Af?ct & IC l&l-3.?: Ic 13.?.7.6

'.'$c. t.3. I! ordrr to.n.rriit"t tt. conGGn-
tsrtioa of e rub*racc or combination of sub.
rtrnca door aot produce chronic effects on
egueth orjanirns; r chronic aquatic criterion
(CAC) ritl b. dctcrniaed by oni (t) of the fot-
lowing nethods

(l) firc following for Method l:
(A) If no CAC is givcn for the subsrance in
scction 6(aX2) Table I of this rule. or if
different CAC can be scientilically justified
based on n.w toxicological data. or site-
spccific conditions concerning water quality
characteristics or specirs presenr, a CAC
can bc calculated using the procedures in
subdivision (2).

(B) Alternatively. or in addition to the CAC
in section 6(a)(2) of this rule, a site-specific
CAC based on whole efflucnt toricity can be
utilizcd This cdterion shall not etceed rhe
no obscwable effcct level (NOEL) based ou
aa appropriatc chronic toricity test, as
ucasurcd by the oost scnsitivc specier
tl!t!4 at a.o efllucnt dilution equal to that
provided by no Eorc th.n onr-rburth 0/4)
of thc Qz.ro flow of thc rcceiving st!ea!o.
The toriciry of thc wholc efflueni shall be
dctcraincd as followr:

(i) Thrcc (3) spccics will ba tested ini-
tidly, and thcst will rcprcLat speciet
fron ccologl€ally divcrsc tara to tbe
Grtcat posciblc. Thc cract specics;a[le
'"csrcd wril irc <icrcrained oy dre coJ-
sioncr on a carc.by-casc basi! witill'nc
objcctivc of using rcsident or representa-
tivc spccics. Oncc thc toricity of thc
cffluent hes beso characterize4 only tbc
most semitivc of the speeies tested necd
bc uscd in such furtber tccting as aay bc
Equircd.

, (ii) trtholc cfflucnt toriAty tcsting will b.'t rcqrrired oD up to thrce (3) cctl of coml
positc cfllucat sauplcs to dctetaine thc
veriability of thc cfflucnl

(2) Thc followiry for Mcthod 2

{A) Ttrc CAqil dcrived in thc sene manner
ir ths FAV is scctioo 82(2) of this nrle by
cubstituting CAC for FAV, chronic for
ecutc, MATC (Marimum Acceptable Tori.
csnt ConccnEation) for LC56, SMCV (Spe-
ciec Mean Chronic Value) for SMAV, and
GMCV (Genus Mean Chronic Value) for
GMAV.

(B) If chronic toricity data are not available

1T,.1 [1]*.':]":"f;: LT:ll:* n
section 8.2(2XA) of this rute, go to subdivi-

. sion (3).

(3) Thc following for Method 3:
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(A) The CAC can be calculated by dividing
the FAV by an actte-chronic ratio (qj ggsl
oetric mean of the acutc-chronic ratios if
aore thaa one (l) is available) for at least
oue (1) North American fresbwater species.

(B) If no acute-chronic ratio is available for
at least one (1) North Anericaa freshwater
species, go to subdivision (4).

(a) The following for Method 4:

(A) Ttre CAC can be calculated by dividing
the FAV by a factor of forry-five (aS). tt foi
a coanercially, recreationally, or ecologi-
cally ioponant species, the geometric meau
of the chronic values is lower than the cal-
culated CAC, then that geometric mean is
used as the CAC instead of the calculated
cAc.

' 
(B) tf the data needed in clause (A) are not
available, no CAC can be calculated and the
discharger will be required to develop the
miniouo data base necessary to calculate
the CAC (uiuety-sir (96) hour LC5s for
rainbow trcut" fathead uinnow, or biuegiU

lo-d " forty-eight (48) hour LCse foi a
&phaid).

(Water Poltution Control Board; 927 IAC
2-l-8.3; liled Feb t, tgg0,4:30 p.p.: IJ IR |IJS:
e??ata" 13 IR 186l: effata filed Jul 6, 1990, 5:00
p.m: l'3 IR 2004; enldta filed Jul24, t990, 4:55'. p.m.: 13 IR 2138)

. 
Cli.d la:3?t tAC 2.1€; 32? IAC 2.1€.1; 02? tAC S2.l t.l.

327 IAC 2-1-8.4 Determinatiou of the
terrestrial life cycle
safe concentration
(TLSC)

Autbority: IC l3-l.O-?; IC l3.Z-2-6 .
Affcctcd: IC l3-f-3-7; IC fg.?-?.5

Sec. 8.4. The concentration to protect wildlife
is the terrestrial life cycte safe concentration
(TLSC). The minimum toxicity data require-
ment for derivation of a TLSC shall consist of

an acute oral LD56 for rats. When maamaliaa
and avian toricity data are available, a TLSC
shall be cdculated for both groups. The final
TLSC is the lowest of the t*o tZ) values. The
TLSC shsll be derived by one (t) of the foitow-
ing nethods, depending on the tlpe and quality
of the toricity daa base:

(1) If a chronic, subchronic, or subacute no
observable adverse effect level (NOAEL) from
aammalian or avian species erposed to tori-
cant contaninated water is available:

TI*C - NOAEL (mr4) I1i--- I

Whcn: U - unccdainty fector (U - 10.100 dc-
pcndiq oo quality of rn:dy)

(A If a chronic, subchronic, or subacute
NOAEL from mammaiian or avian species
erposed to toxicant contarainated feed is
available:

NOAEL (ppo) r C. $L
TISC - v' .

rl
l'I

.Whcnr C

wr

.-V.

l99l tAC Cumulativc Supglcracnt

327 IAC 2-1-8.4

U

- roitht of fced consuacd daily cr.
prcucd m r fraction of tctt
enindb body wcight

- rci3bt of tcst s.DirDd (kt)

- " volurla of satcr coasuocd daily
by the tcst anirad

.:

(3) If a chronic, subchronic, or subacute
NOAEL from mammalian or avian species
exposed to toxicant by gavage is available:

TLSC

NOAEL (rn3lkg/dry) r W. r Fw

tr
U

lVhcre: Fw - frrctioa of days doscd per week

(4) If an oral rat LD56 is available:
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' (5) TISCs are best dcrrcd from &ta involv-
ing oral etposule. Ho" -vcl, if available oral
data are insufficient, ir, inay bc useful to use
&a from othcr erposure routes. Use of such
data will dcpcnd on the specific
pharnacokinetic aad toricological properties
of crch chcaical

(6) If 'an acceptable NOAEL is lacking, the
lowcct obscrvablc advcrse effect level
(LOAEL) raly bc substitut€d in some cases

. for NOAEL, with al additional unccrtainty
factor of onc (t) to tea 00).

(7) On thc basis of aveilable infornmtion, the
IT.SC is evaluated ar to whether it is consi!-
tcnt with sound scicntiic judgment. If not'
thc comnisEioacr will dircct t,hc cvaluation of
epp rrpriatc nodifications of thesc
procedurrr.

(Watcr'Pollution Con*ot ,:r:;, sz'; AC
2-l-&1: lihd Feb l, tg(n, *J0 p.n: tS IR 1036;
e??at4 13 IR 186l; crtata filodlul6, 1990, 5:00
p.rr..' I3 IR 2AU)

_ Clt.d'lrs tE, tAC t.r.G ga? tAC 2.r.&r: 32? IAC&2.ll.L

32? IAC 2.1-8.t Dctcrnlaetion of the
huuraq.life cycle safe
conccntration (HLSC)

Authorlty: lC fS.t ' ?: tC tg.?-?-0
Affccrd: IC f3- lC f3-?.?-s

l0

- on on-thourndth (0.0001), rcutr
to ch&aic rpglicrtioa frtor

lration to psotect publiC
effect toxicants is the
concentration (HLSC).

MgT (ogldrv)
HTSC

WC+(FTBCF)
lVhctr: I.ftT - nlrinun aiUifrrnr of toricrat

pcr dty ceurin3 no rdvrr:r cffactr
to huorar rhro ia3oted drily
for lifrciE

WC - volual of srtrr cooerand drily
il litcn (tro (2) litrn prt dty for
3urfrcr rrtc protccrrd for &ial-
ill r.t t tuppl; oae-huadndg
(0.0f) lirer p.r dry for rurfri

. r.tar oo3 protecred for drialia3
. ?rtrr rupply)

P r rirty.fivr tra-thoureadthr
(0.m65) Lilqrror pcr dey. drily

. Goartoptba oI lirh bv huaor
BCP - bieoncratntba frtor in ogAl

ajll
g dttcraincd b rcctioa t.T of
thil rult

(2) Tbc MrT rhsll bc dcrivcd by onc (t) of tbc
followiag octhodr dcpcodiry on the ttpe aad
quality of thc toticity deta barc

!l

(A) If a ricatifically vdid nuinuE ooo.
taminaat lcvel (MCL) fron thc nationd
interin prinrO, &iDLiry watcr regulations
is availahlcE

M./r
Whcrr:

$CL (o:/l) r Vi
- tso (2) litrn p.r dry. voluor ol

?ror coa$tn d deily by huarnr

(B) If a chronic, subchronic, or subacutc no

observablc adversc effect lcvcl (NOrtEl) for
humans exposed to toricant contaminated
drinking water is available:

M(T

lYhcre:

NOAEL (rn:4) r Vr, (l/&y)

-.ij-unccrtrinty frctor (U- 10. t 00t

(1) The HLSC shall bc derived from appropri-
ate toricological data using thc following
fornula:

(C) If a scientilicalty valid acc?pt8btc dsity

intakc (ADI) is availabilfi. tft. fedcill

LDo (og/kl) r tlL r M
vrTtsc

. Whlru

-
V1

Scc. 8.5. The r-

hcalth from thr
human life cycle

-
U-Thc minimum tc;ri.rty data rcquirement for

dcrivation of an HLSC shall consist of an acute
oral LD5q for rats. Thc HISC shall bc dcrived in
thc following manncn
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il"S firlilg Arr'ninistration regrrlations: 
Msr

(D) tf a chronic, subchronic, or subacute $rherc:
NOAEL from mammalian test species M -
exposed to toricant contaEinated drinking
watel is available:

32? tAC 2.r.8.6

LDe(og/kglrMrW5

100

oaG.t n thorsradth (0.0001), rort to chrrcaic
epplicrtioa fector

(m If an acceptable NOAEL is lacking, the
lowest observable adverse effect level
(LOAEL) m8y b€ substihrted in some cases
for NOAEL, 'rith an additional uncertainty
factor of one (1) to ten 00).
(I) HLSCs are best derived frou dara
involving oral erposure. However, if availa-
ble oral data are insufficient, it roal be use-
ful to use data from other erposure rc,utes.
Use of such data will depend on the speciiic
pharmacokinetic and toricological proper-
ties of each cheoicd.

(J) On the basis of available informarion,
the HLSC is evaluated as to whether it is
consistent with sound scientific judgment.
If not, the comroissioner will direit the
cvaluation of appropriate modifications of
thesc procedureu

(Water Pollition Control Board; g27 IAC
2-1-8.5; liled Feb l, 1990,4:30 p.m: t3 IR t03Z;
e?rdta liled Jul 6, 1990, 5:00 p.m.: lg IR ZOO4)

Cttcd in: 327 tAC 2.1.& 32? tAC 2.1.6.1; g2? IAC
5.2.1 l.r.

327 r*o 2-r-8.6 ,::"J[:ffi:?:l"rt;
aa acceptable degree
of protection to pub-
lic health for caacer

Authority: IC 13.1,3-?; IC t3-2.7.s
Affectcd: lC 13-f-3-7; IC 13.7-?-5

Sec. 8.6. (a) The concentration providing an
acceptable degree of protection to public health
for cancer shall be derived as provided in sub-
section (bXl). For carcinogens that are assumed
to cause cancer by a nonthreshold mechanism. a
greater degree ofprotection than that derived in
subsection (b)(l) may be proposed where this

ndthr

aH'
m,gftt
m3/l
&7 oI

NOAEL (mg/l) r V. r lV;
wr

B

voluoc of r1j2j consuocd &ily by tcrt anianl
(liten pcr dry)

Wr - rcfht, of tcrt raiarl ([g)

Wt - ..rr!ty (?0) litofian, wcight of hunea

B r uoccrtrinry frcto? (B - t0o-1,000 dcpcnding
oa qudity of ctudy)

(E) If a chronic, subchronic, or
NOAEL froo mammalian test

subacute
species

M(T

" -'Whrrr

. Qr

crpe€d to toricant contaminated food is
evailablc:.

NOAEL(oonlrCrW.

-E__-&ily food cooanogtion crprcsscd ar a frection
of tho raioel't body wcfht

(F) tf a chsonic, subchronic, or subacute
NOAEL from mammalian rest species
exposed to toricant by gavage is available:

NOAEL (m3/kg/dsyl r F- r W6

P, fnclion ,rf dlsr rl,,<cd per wccl

(G) If an oral rat LD56 is available:

M(T

. Vfhcrr:

l99l IAC Cumulativc Supplcmcnt
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DrWl

r.. WC r FrBCp)
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glleat€! protection is achievable through utiliza-tion of conuol Eea:rurcs 

"fr."av io p'ii...
(b).Initially, any chcEical for which at leastonr (1) published Ea.Eaaliaa carcinogenicitysldr of suitable qualiry a..oiiti"i.-il alsoci-

ili?: Fy""" irpglurG to thc chcmical aad astatisticdly or biologicallv sipi6.[f-incrcasc
T th. incidence of natiep,ani;;;;'tunonr
stall bc coruidcrcd a carciuogen. Witi'ispect to"suitablc qu8lity,, t!a- onty brd"i ;;;ogcnic-
itv study which will bc *.l"ii""Uv ircludedfrour coasideration ar solc evidence of thc carci-
.noecnic propcrtia of a particular chemical wi[bc shrdie! ia whicb tb;;-"d .ir.Ji."r *""adnirirtercd vie aa injcction ,** 

"f .rpo..r.and aa iacrcasc is EsiiSril oi ulnlgr'ru.o,srlt produced onlv at thc aitc of i"i.Itioo. Not
includcd ia thir oagory atr studies in which aa
iljc.cti-o.n dotiag wes adoiaistcred iatra-
lTt :"Uy or- by gavage. tr," 

"oiii"iio-n", .t 
"urcwelustc tbc carcinog.ni" potintiii'or ,uu-Itencct rhcn ncw daia of'sutt"bl; quality

bccouc availohla

. (l).A. retcr *o".o,otion of thc carciaogeo' $.tt bc dcrivcd fron hunaa-.p,a.iirosi."l
{3 or. frol epproprhte .4iryi;;h datatuiry thc followiuf fo6rli-:----T-

(A) The dosc (D) E8y bc dcrivcd frooappropriatc huaan epideaiologi."f a"t"-o"a case-by-case basis by rhc.oillr.il'ir.
(B) Whcncvcr approprial4 huhrn epidemi-ological data arc uot availabf., -" -i*.
threshold 6;shrnfusi,h"ll h ;r.i;,cerciaogcns which harc aot-iil;;-
q-u8t€ly dcuonstrated to causc ;;;;;'"
threshotd acchanism. th" aisc iD) .h"Il.thc concenrrarioa .stinat d ;';;;;"(l) additional canccr ovcr ihr U""-G*a
p1c io onc hundrsd tt ou.."a iiot,o6lilgi{duah crporcd to ther ;;ilil;;
calcrrhsd usins tha roUo*,os i;;J-i '

(i) AU carcinogencsir bioassey date arsrwicscd and &te of appropAat" q*Utyrn us{ for thc queatitetivi rist estin"-
tions. Thc &te an fittd into th";G-
1!ry_r9d"l using tlrc corapue, .oaif
GLOBAL E2 dcvctopcd by- H;;"-;l
Crunp (1982). Thc uppu nio.ty-nr. p.r.
ccnt (95%) confrdcacc lirait on,i.t 

"t-tf.onc (l) in one huadrcd (lOO) dst l.*l;dividd by thc mrrianultr tiL.lih""d j;;
r! thc s.Dr lwcl of rist shich d;;;;
1!rdg*; q1'. Tbir ir talcu;;rp;
P:"4 of thc pottrcy of thc chcnicai is
T&r"iog cencGr rt low d"."* Wil;;;
thc nultistagc aodcl ao"" oot ni tt i&q ., dctcruiacd by uc C*. *;
goodrat of fit st8tistical tcst, thc ioda
ir rcfiftrd to thc db'te oroitting thc h[h.crt ddcc. Thic ir contiaucd until ra
acccptablc fit is dctenaincd es dcscribcd
ia thc U.S. EpA 1980 watcr qualiii dte-ria docuncnts (45 Fed. 

- 
Rcg.

79316-793?9). If a singlc study in rvhich r
chemical induccs mori than onc (l) ty"c
of turaor is availablc; thcn thc rcsponsc
for thc tumor ppc predicting the hishcrt
estimatc of qt' is gencrally Led for thc
risk asscssmcnl If two (2) or morc stud-
ics of equal qudity arc avaitabtc, but v!r7
in any of thc following: spccies, ltilin.
gcr, of tumos t1pc, thcn thc daU sct giv.
ing the highcst catiEatc of qf is jcoenlly

c

WhrrG

C . Gtrrdooo(ttrcrrciaqtn (n3A)
D dor d.dr.d ia chure til. tSi or tct(q&tdllyt
W1 - rv.nty (?01 tibglar. wcighr of ln rvcre8r

huorn
WC - dlty rrtrr cotuuntgtion t0.01 litcn pcr dayfor rurfro ?.tt, nor prorccrcd ri.-jrrfingrrtrr anpplp 2.0 litcr: pcr dry for surfrccmtrn Drctrctrd fot dnnlrnl r..r.? supply)

- rirty.liv. t.rr.thourrndrhr ro ft)6.il kilo-
llrau pat dry. drily fuh c,n:rumprron

BCP - biocoocrnin3ioo frcror in mt /k,
rr dGr.raind ia recrion g.; ,rf ,li, ,Xii'l



372

frota
rta oa
)net.

deai-
no!-

ed for
ade-

rbya
ull be
;E ODE

.rouad
0,000)
ratioa
t:

373 WATER QUALITY STAIYDARDS

used for the risk assessment. If two (2) or
more studies erist which are identical
regarding species, gtrain, ser, hltoor t],pe,
and are of equal quality, then the geomet-
ric aean of the q1'vdues from these data
set.c i! used.

(ii) The dosc corresponding to aa esti-
Eat€d one (1) additiond cancer ia one
hundred thousaad (1OO,0OO) erposed test
organisms is detenuined by dividing lO's
by the value for q1 .

(iii) A species sensitivity factor is used to
accouDt for differences betwe€a test spe-
cies and -on. It is assumed that milli-
graEs per surface srea per day is an
equivalent dose between species. Tbe
vdue oay be calculated by dividing the
svenge weight of a humaa seventy (70)
kilograrus by the weight of the test spe-
cies and taking the cube root of this
vdue; the slope ql' i! Erultiplied by this
factor. However, if adequate
pharuacokiaetic and oetabolisro studies
ara availablc, thil data roay be factored
into thc adjurtmeat for species differ-
ctrc6 oa a car-by<asc basis. , 

,

(iv) AI1 dora ars adiust€d to grvc a life-
tinc avcragc daily dose. If dosing was
only for a &actiou of a lifetime, then the

,total dorc'ir evcraged over the entire life
rP8D.

(v) If the durEHon of crperiment (L") is
lcrr tho'. thc aah.rral life span of the test
slir''al (L), thc slopc, gl', is multiplied by
the factor

i\'.!lIL'\/
(C) Whenever appropriate human ep'idemi-
ologicd data are not available, and the pre-
ponderance of data suggests that the chemi-
cal causes cancer by a threshold mechanism
and does not interact with DNA. the dose

32? tAC 2-1-8.7

(D) for cheoicals shall be calculated frorn
animd research &a by appl]4ng a safety
factor to aro appropriate toricity ind point.

(i) The appropriatc toricity end poinr
shrll !g deteruined by tbe com-issioner
ou a case-by<ase balis.

(ii) The safety factor shrtl !g determined
by the comai$ioner based ou an evalua-
tion of appropriatc toricological and
pharmacological considerations iuclud-
ing, aechanism of careinogeae3is, num-
bcr and tlpc of turoors induced, the spon-
taneous incidence of tumors, the 4umber
of animal species tested and aficcted,
metabolic considerations, epideaiologic
observation on erposed humans, ert€nt
of the data supporting a uongenetic
mechanism, and other pertinent
information.

(iii) A species sensitivity factor may be
used to account for differences betweea
test species and roan

(2) On the basis of available information, the
concentration providing 8D accepable degree
of protectios to public hedth for cancer is
evaluatcd as to whether it is cousistent with
sound scicntific judgaenl If not, the coamis-
gioncr will direct tlte evaluation of appropriate
modifications of these procedures.

(Water Pollution Control Board; g2Z IAC
2-l-E.6; ltled Feb l, 1990,4:30 p.m.: 13 IH t0J8;
ertatd filed Jul6, 1990, 5:00 p.n : lS IR 2OO4)

Citcd lu: 327 IAC 2.t.6t 327 IAC 2.1-8.1: 32? IAC
5.2.11.1.

327 IAC 2-l-8.7 Determiuatiou of bi-
oconcentration factor

Autbority: IC 13.1.3-7; IC t3.7-7.5
Affcctcd: IC l3.l-3-7; IC f3.7.7.5

Sec. 8.7. The final bioconcentration factor
(BCFf) standardized to re0ect the value for
fresh fish tissue having a lipid content of nine
and sir-tenths percent (9.6Vol shall be deter.
mined as follows in order of preference:

t8 rrc
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model
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(A) For acesurcd bioconccntration factors:

WATER POLLUUON CONISOL BOARD 314
(l) Measure4 steady-state bioconcentlation
factors froa standardized r"ioi"iory ,..r.shdl bc recordcd as BCF,. ii iirlirr" 

"single value is available, t[. gCF;-ri"tt U"cqyd to the geooctric Eean of ;l;,r'*rr.a
vdues.

(2) If bioconcentration facton arc availablcfroo other laboratory tests, the BCF- wi[ b€thc projccted steady-state BCF ; Irrr"po-
lated from thc tegt daa.

(3)_ If ncasured bioconcentration factorr(BCF,!) ara not availablc rroi liUor"tory
ll"9i*, a cdsrrlated bioconccnrari* i".ro,(BCF") will bG derermined Uy ti.-foUo*ing
cqustion:

to3 BCF. - 0Et? lot Koo - 0.62S

;' (A) If a mcasurcd Kow is not available fortbc chcaical of intenst the Kow .", U"
calculatcd according to standarJ r.fJ.n"",
ead uscd in the rcgrcssion equatioi in this
erMivision

(B) If a Kos crDnot b ealculatu4 BCF.nay bc atinetrd oa r crrc-bv-""i la"is
ruing othcr rcgtGuion cqnetioru or.orr fa-
trons al appropriatr.

({.Tt 
-final biocoacaatndon f".to, (BCF1)

wiU bc obt incd by notanlizetioito iinl anarir-tcarhr pcrccut (9.6%) tipiOs ar ioif-o*s:

BCF, - BC4 (g.el
{.t

cdcuhted bioconccntrrtion frctor froa lo3Kor or othor rcttcrdoo cqu.Bi,o[i.

:-T3. pc!c\!a3 tipid for te* firh ru.d ro
oar.rog tha rtatlaaEa.quaEo! ia sbdivi-
tios (3)

Whcro:
BCFC -
at.

BCF,

Whrrr:

BCF..
L-

- &F. (9'6)

L

a

anrrurcd bioconccnrrrtioa fictor
p.ac.oi lipid contcnt of fish uscd in !h. tcrt

(5) Thc coaaissioner shall dircct thc evelua.
!1o1 of rhc final bi6conccnratili'r""ro,
(BCFr) calcularcd above t J;;;c if etrophic lcvcl adjrrstacnt is *"rrar,t a.

t(Water Pollution Control Boare AZ? iAC2-l-8.7; filed Feb t, tgg2, t:SO p.i:'tiif. nAit
- 91Ed tat stt IAC 2.r.&L sg, tAC 2.1.&5; tn tAC2.1€.6.

327IAC 2-l-8.8 Variaaccs froa water
quelity st{rdgr&

Auttorlty: lC t3.f{.?: IC 13.?-i-$; IC rg.Z-?.OAttGcrcds tC 1.22.2i lC ro-i.i; iiii:iIl
Sec. 8.8. (a) Whea thc conr,,issioner proposer

1o issuc, reissuc. or nodify a NpDES ir-it,includc e wetrr quelity-b;rd cfnucnt riJ66oa
punuant fo 327 IAC t, thc pcnnit applic8at olperuittcc iney apply for a veriaaci fro. O.
water qudity stan&rd uscd to derivc thc limitr.
tion. Thc application for such e rariance-slall b.
submittcd in accor&nce with thc rcquiiacnB
spccificd iD SZT IAC 5-9.{.1. Thc conroissioncr
E8y propo3r r vlriancr, conanrcntly with tbc
proposed isgbancc, reissuancc, or rnidificstioa
of a NPDES pcran$ if thc veriancc is brscd
solely on subscction (bXlXC).

(b) This subsection establisha dccisional cri.
teria as follows:

(l) The commission€r may approve all or part
of a requested varianco, ot modify and
apptove a requested variancr, if the pcroit
applicant demonstratcs to thc satisfaction of
.the commissioner that attaining the wrtc?
quality standard is not feasible bccausc:

(A) corrcentrations of a naturalty occurrint
substance in thc receiving watcn prcveol

o
!B) F9r bioconccntration factors calcutated
from Kow:



attainment of the standard for that
substance;

(B).the standard,.as applied to the perrait
applicant in deriving a warcs quality-based
effluent linitation, will cause--*-ii,""ri"f
adverse social and econooic i.p"","I" ,fr"
iji.:l::t the perait applicani's discharg-
mg tacility is located after showing thar

(i) there is no practicable technology
available for attaining the water qu"fiti
slandard by meaas of changes in thf pro-
duction proc*s which ,.du"" li-.fi-i-
nate the substance: and

(ii) 95.r. is no practicable technology
available for attaining the water qu"fiiy
standard by means ol treating thi sub-gtance; or

(C).the standard as applied ro the permit
applicaat, results tn a water quality-based
effluent limitation thar is f... ti* tie-lirait
of quantification.

'l
(2) ThG conmissioner shafl deny a requested
::r"1.. if the pcrurit applicant-fails ;-."k.ulc dclooastrstioD specilied ia subdivisioo(r).

(3) A detcrmination to grsnt or deny a
requcsted variancr rh.[ !s made in 

"..ora-yj"-Tth thc proccdrrra spccifiedin giiiAC
5-3-{.1. '

(c) A veriancc appliet only to the permit
:p!ti.T! rcquestinj,th" ,iriin* 

"r,J 
onry tornc substancc specified in thc variance. The

t?anting of a variancc does not imply or require
lli, :h. 

warer quality standard.ori..ponding tocne variance shall. be modified through a
rulemaking in accordance with lC 4-2i_i.

(d) A variance shall not be granted for a term
treater than that altowed by IC tg.Z-i.e. firetotal combined term of the initial ,ariance andany renewals thereof may not exceed the time
determined by the commiision., to b. n.irr."ry

WATEN QUALTTY STAIIDARDS

for the perurittee to achieve the efflueot limita-tion derived froa the water quality'r,"1Lra.

- 
(e) This section shell not be severable froa

this_ rule. (Water poltution C"itr"i-i*rq JZ7IAC 2-t_8.8; fited Feb t,.N;0, i;;;i.ii.: n n
10_4-0; enata lited Jut 6, tggo: s:06 i.'n: rc n2004)

,.fi:f ia:3?r rAC 2.r.r.r xn Ac i.2.lr.r; 12? Hc

327 IAC 2-f-9 Definitiour
Alltodrr: IC lt.l.3.Z: tC 13.2.?-6Anccrcd: 

it-r1 i;, 
-, : i lcl- r-C' r-s. r.3. I I ; rc

Sec. 9. [n addition to the definitionsl coo-tained in IC lg-z-l and IC lg-t-a-i;;i io szzh9 ], the. foilowing definitioi, 
"piriiirorgr,-out thL title:

^. 
"Acceptable &ily intake" or ,.ADI, 

represenul
Ene Barimura a.Eount of a substaace which if
ingested daily for a lifetime resulg ;io'"d".rr"
effects to humans.

.. "{TF aquatic criterion, or ..AAC, 
Eeansthc highat concentration of cheoici tbat, if

,1ll yll.am wi.ll protect thc aquatiifife prc-
s€nt troa mortality or othcr irevenible effects
::: p:Ig-11.p erposure. Thc AAC is equal to
one-hatf (l/2) jhg final acutc value (FAV).

"Acute ioricity" mearu the abitity of a chemi-
cal to cause a debilitating or injurious 

"iar,g. 
in

an organisqn which resd'ts from a single or short
term erposure to the cheoical.

"Bioconcentration. is the increase in concen-tration of thc chemical of concern iia it,
metabolites in or on the target organiJrs (or
specified tissues thereoO relative toihe .on..n-
tration of the chemical of concern in the ambi-
ent water.

"Bioconcentration factor" or ,.BCF,' is the
number used to relate substance residue in
aquatic organisms to the concentration of the
substance in the waterc in which the organisms
reside.

375
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"Carcinogen" 56nnr a chemical which caulte!
an incrrascd incidence of bcuiga o, ,"iign"rrt
ncoplasas, or a substantial iecreasi in thelatency period betwecn crposutc and onset of
leonlaps thmugh oral or dcraal .rp*r", o,through inhrlaiisn erposun whea thc cance!
occun at nou.spintory sitts in at least one (l)
maranaliaa spccics os Ea! through epideoio-
logical aad/or clinical shrdies. -E-- -F-'

.. "lhrgnic equatic criterion,'or ..CAC. 
ureanrthc highett concrntsation of chcmical that, if

urct instscan will psoEct thc aquatic lifc prc-
scnt fron toric cffects duc to tong teta erpo.suts, c.9., advcnc cffccts on growth and
rcproductiou

. 
"Chro.nic toricity'' Ecans thc ability of acncmlcd to causc aa injurious or debilitating

cffcct in an orgaaism which ,.*ttr'fro.
repcatd erposurG to a chemical for a timcperiod-represcnting e substr.tial portioo of thc
nstural lifc crpcctaacy of tbat organisa.

- "Coliforn bactrria, tucaD! all the aerobic andfaculrativcly aaacrobic, gr"-.oig"-tiri ooo-
ryorcforaing brcilti ttat proarc. Lia ia ,.,fron thc fctucatstiou of lactosa

xConnnaigf Ecrar. n r.U;[".rlr, t.r-
to dcscribc thc varicticr of rq,re6c ipeJ"s ura
rslociatcd oqaniror tiviag togcUc, L 

" 
wates

body.
'I

'Dilcbr4r.iDdu6d Eida3, or ,T)IM. Eeaar
niring._initirt d by tfa ur if $rbmergcd, higiratr diffrucr outfrll ctructrrcr which- provide
turbulcnt iaitid airiag erd will ii-r,i.ir.
organisn ctpoann tiraa

- "Effluent, Eean! e we3tewater discharge
from a point sourcc to thc weter of thilate..

"Final acutc valuc, or,.FAV' means the con-
ccntration of a substanc! that is lower than ill
!-.-,.!y: pcrccnt (5%) of the mcan-a*t"'r"tu..
(MAVs) that causc a spccific tevcl of 

""rt. tor-icity to an aquatic taron in laboratory test.

^ 
"Futl body contact" rucans direct contact with

thc water to the point of courptctc ,ubrn.rg.n"".

WATER POLLTMON COIrTROL BOARD

results in fifty pcrcrnt (50%) nottality to tbr ;
organisms during a spccified tiuc a

I

"Life cyclc safc concentration, nreanr thc
highest concentration of a chernical to which an
organisnr is erposcd continuously for a lifetiac.
and which results in no observable advcnc
effects to the organism and its progeny. 

.

"Limit of quantification' mcans a conientra'
tion of an analytc at which onc can statc with r
degree of crinfidcncc, using thc Eost scnritiw
analytical test mcthod approvcd by EPA, for

"Geometric rueatt" Eeans the Nth root of theproduct of N quantities. Altern"tir.tv, il" g*-
Eetric EeaD can bc calculated by addiag 

-the

logarithas of thc N nuraben, A"iiiigiL ,"-
by N, and tating the aatilog of the-qGtilat

"Ground watcf Eeanr such acc.uaulatioas of
uaderground watcr, natuml and attincial, public
and private, or pans thereof, which;;';;"Uy
o: partidly within, flow throug[ or border upoathis state, but ercludinC -an;adc uoa.ryrouoa
3toragt ot convcyalcs struchrEr

Eanatlloeat whcthcr such spccicr rcprodr%;;;;;::_:: I
tion which ir thc concrutsatioo of a tgst E!tc- I
rid in a'nritablc dilucar at which nnv-p.r*it I(50%) of thc crposcd oryanisnr dic 

-auriac 
e ?

specified tirnc pcriod. - 
|

"LDso' rrclnr thc nciian lcthal dosG of e t]

..-l'-{r11- lifc cyclc slfc couccntration,'1or
:'H.LSC"is thc highcrt conccatratioo of a chfr-
ical to which a huaan is crposcd .ooiiorrou.tv
fot a lifetimc, trd which r.sutt" in no oUicrrraUt" :
adversc cffccts to huaaa aad itr p.griv. ---- |

"Indigenous" EGan! gcnerally, aa orgaaisa !
l:ti:e to aud $owing and reproducing iia par- :
ticular. reqrol lor purposes of thd *r. iii, iterm also includcs historically nomstivc species ]
introduced by thc ladiaaa dipaaurcnt oi-";; iral resourcc! as paft of a progan of *ifaG 

;.

327 IAC 2-1-9
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cbcmicd which is thc sEouat of a tcst roatcriel ]pcr body wcight which, whcn edninistcrcd. l
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that sample matrir-that 3 9"tn" is present at "n-octanol/weter psrtition coeffisient (Kow)"a spccific conc'ntr86oa in the saoflatested- -- 
3:i:-rl" ratio of t[;;"i ,o wrt r equ,ib-

"Log Kow' EeaDs the log (base 10) of the n- nulo concentrations of a compound-
octanol/water partition coefficient "Nonthreshord oechanis.,, Eeanr 8 process

"Iowest obsenrable adverse errect ieve* or ;ll"tfi:f[ [.'.:ff'm*f'.;*f.33,"t*.i'LOAEL" Eears the rowest t".t"a-.on.entra- Eay not produce an effect
$gn gausing thc occrrrrence of an injurious ordebilitating effect "Persistent- substancc" uream a cheoical tlrat
'MArc' Eeans the aaximum acceptable iltr *fi,i}:r'1"t"::"*:,"lgtli.,f ;l:toricant coacentrarion 

^obtained 
by .-"i;;;;i U, a"*n by biological orthe geoaetric aeaa of the to*.i iia upper processcs. physiocfeoical

chronic linits fron a chronic ,.r,.-'i ffi.: - _::' i
chroaic uait; the highest tested .""..1rr'"1;""; ^-,Pj11T"urcc" 

Beans a discernibtc, conline4which did not cause the o".urr.n., oi;;.]i; and discrete conveyance, frooe whicb *"r-a*"L]
adversc cffect An upper chronic rinit isTre ffi i: :t .", be discharged to the water of theest tested concentration which did .";;l;e statr.
occurrtnct of a specified adverse effect aiJ "Policy',as-emproyed herein, rDerrns a state-abovc which all tested coo"entratior* caused ment oi administrativc practice or decision-ruch aa occu''encc' making guiderines; i"';;ri"wed or impre-

"Maxinun contaninant revel" o, ;y*' I:^;::i r: 
j:.if;ffiflo'or'"1i*"i"ff'IflTii

E.ED' the marimun pernissible levelof.a c-oa' uut to uc t.ss thaa strictly enforceablc ia coa-t.ninaat in watcr $ir! is delivered to the frcc 
"*rl"I 

sterrdard or rulc of lar.fowing outlct.of thc ultinatc u;;;;" pubticrrtls supply rlnten . - --: 
:R |tr: watcr suppry' ncans aay wers, rescr-

..Mcu ac,tc valuc,.or ..rvrAV. mc:ns ,h" 
';"J;:,H;:,i::ft,xlll,T 

."j_*i*l;r;"1incoaccntlatiou of I cubstancc that causes 1 which *"t", is oUtainJ, ti.""a as may berpccilic lcvcl of aartr toricity to .qua;ic orgs- requircd, and-supplied through a water distribu-nisnc b p.oc teroaornic gtoip. tion sysiem for'sala t" ;;;;mption by the

.."Miri'3zo'Gorror.tnarcacontis:::,.Iii":!H:-,tli:H$Xffi ,:,4::TfJ"ffi:dische4t rhcre thc disciar!.J--*l!i.*"r., warer may not be sord to the public.raircs rith thc rccriving *"t-.rr. Wier" tt.quality of thc effluent is lower tt 
"n 

trrii or iir. . 
,.Risk,'- means the probability that a sub-receiving wstcr+ it aay not be possible ;" ;il1; stance, when releas"a io trri.nvironmenr, willwithin the miring zonc all beneficial 

"r;; ;iil .cause.an adverse enect ii erios.d hr."r,, o,arc attained outside thc zonc. The mixing zoii other living organisms.
should not bc considered a ptace *h.;;;inr.;;; ,.Risk 

assessment,, means the analytical pro_arc treated 
cess used to determine the level of risk.

"NOAEL' means the highest ler.el of toxicant ,,Standard, 
mcans a definite numdrical vatuewhich results in no obsenriuu 

"au.irJ.ii..,. ,o 
"r ;;;;;;c statement promutgated by the
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discharge unless thc discharge therefrom causesor threatens to causc water poUution.

"Water usc designation3,' raeans a use of theweter! of thc atate a!.established by this rule,includiag but not timited to inO*iriJ-*".",
3P_ply, agdndh.lral usc, public wErersu;ly, fullbody contact, seueric 

-life, 
linitejllJ", 

"r,aerceptiond u!t.

"Wcll-balanced aquatic connunit/ Eeans
aD aquatic community which is diverse in spe-
cicr 

- 
conposition, contains ..r"r"Jiiir.r.ot

trophic lcvclr. and is not couposcd uhiniv ofstrictly pollution toleranr spccic.. T-

p.rovide for and fully protect designatcd usc ofthc watcn of thc sAtc.

"Steady.statc" Erans an equilibriuru condi-
tion has beea achieved in the i"dy b;.n of asubstaacejn aa orgaaism. Thi" i"il;Ii*hca
cac ratt of loss of a substancc natchcs ilr ratc ofuptalc.

"Surface watcrg of the state,, or ,,surfact

1atcr" Ecenr such acdrmulations of watcr onthc. land surfacc, aatural ana aninciJ, public
cad nri1g1r, os parts rhereof, *ii"h ; wholly
ot.partidly within, flow through, or border uponthir statr, but tha tcrm doi not inihJe any
I.1;T-ry"d, or.any pond, rescnroir, oiiacitity
Duut tor rcduction or control of pollution orcooling yatel prior to dischargc u"i... th" ai.-cnsr& thercfrom causc! or tlrreatens to cause
water pollutioa.

'"fcrrcstrid lifc ryclc safe concentratiou,, or'"n.SC' is- thc highcat concentlation of cheoi.
cer to which wildlifs is erposed continuously forr -lifctirac and which ,.iutts in no oUslrraUfe
advcnc cffectr to rildlifc and its p;g-."y.

-'"fhrcrhold nrchenisn, Ecaos I proccs3
rhich rcsulb in ronc cllcct if a.irt"t't.r"t ircrcccdc4 bnrt rhich pnitulb notefiect belowthat lc\ral

"Toric rubstancG.! Dan! substances which
:T or nry bccouc hrruful to ploat or animal
lifc, or tq food chaiu rhcn pixliil; ,uin.i.nt
concratntironr os coabinations. Toric sub-rtenccr ilcluda hrt erc not limited to, tfroscpollutratr idcntificd is toric uia.r-i..tioo
307(aXl) of tba Clcea lVater AcL --- -

"Varianct' Btang a dcviation from a water
quality standard.

Bcclerdfi catioa ptopos.
eb for linited ot cr.
ecptional usc
desiguerioa

i
i
i

d,

AutLorlty: lC l3-r{.?; IC lg.?-Z-tAlf.cr.d: tC l3-l€.1; IC 13.?.7.4

. Scc. 10. (a) A pcr:on who wishes to proposc
tiat a pertiarlar body of tlrc watcn of tic statc
be consit'crcd by tha bonnissioner for limited
use ot eiccptiond usc ctascification must sub.oit to thc commissioncr e written proposel
identifying thc weter body and thc iroiosed
classification, stating thc retionalc for the pro.
posal, and including any othcr supporting docu.
mentation. After receiving the commissioner'r..Wate. of the 3tate. means such accumuta- recommendstion on a proposal. if the board

lns of watar- orrfan. a-l ..-l--------r detetmin$ that a water bodv ir rnnronriate fo!tions of water,3urfacc and undergi;;J ;il;;l t,,.rtj:es that a water body is appropriate for
and artificial. nublic rnr{ ,.,i.I-,- ^- :^-::' reclassification for limited use o? exceDtionalarrd artificial, public ."a piii"i;:';;;.".i,., reclassification for limited use or exceptional
thereof, which arc shollv .,, ^.*i-rr.. ...1;,- use, it will initiatc a rulemaking for thal. thereof, which arc whotty oi o"il"pr'*ili;. use, it
llow through. or bonL' "^^^ ,f,.--;::: .:.:':'.1 ' purposc.

king for that
llow through, or border rpoi ,rlir'ril. ;ril;
::t31"-:il::_tt*...:li.privatc poii. or "nv G) Thc commissioner a,1t consider factoo
:::,11T::f:::-r::,ili,!u,r.e,,.IH;;;.,:;';i;.";iiffi;t'#ffi l}H#il:conttol of pollution or coolins ort*"i., piio, to tions to ,i; ffi;;;i,i"r.HfrT ffi'ffiil;
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area. natule plesewe, or state or nationalpark or foresq

(E) the water body supports an excellent
spons fishery;

(F) the water body possesses erceptional
quality; or

(G) intensive recreational use is uade of the
water body.

(Water Poilution Coitrol Board; JZZ IAC
2- r - t0; fibd sep 24, tggz, s:oo p,i' t i ih sesl

t
327 IAC Z.l.ll Limited aad Jrceptional

use; desigualed waters
Aylhority: IC l3-l-O-?; tC lg-?.2.6Aflocrc4 IC 13.1.3.?; rC ia-i-i-;

.Sf. lt. (a) Thc following waters of the state
arc_designated for limited use purru"rrr ta J27
IAC 2-l.B(aX5):

(l) Prides Creek iu pike County upstreaE
from its confluence with White River.--

(2) Hoffman Ditch in St. Joseph County
upsttcan from its confluence with yellow

i Rivcr. 
?

(3) Redkey Run and Halfi*,ay Creek in Jay
County from rhe Redkey STpio,rroizLir.,
dosnstrcam.

(4) J(enttand .STP receiving streaur along
MfC railroad upstrram from its confluencc
with Montgomery Ditch in Nenrton County.

(5) Buck Creek in Sullivan County from thc.
Sullivan South STp to two and one-fourth
(2.25) miles downstream

(6) Arbogast Ditch upstream from its conflu-
ence with West Fork of lVhite River in Ran-
dolph County.

(7) Jefferson Ditch in Grant County from the
Upland STP to its confluence with Lake
Branch.

327 IAC 2.1-1r

the reclassificatioo of a water body for liEitedusc or erccptional usc. These factor! are listedar guidelinca to ptovide soae insight ilto tUcway the commissione/s recomm.ni"ii*. ,o"ybe made, but are uot intendea toi" 
"U-.o"o.-p1t"pg. Ireepectivc of these facton]hl coa-

missioue/s rteor"-endations generJfi,iU U"
case-by-cas€ dctermiaations ULJ oi prores.
sional judguent after on-sitc evaluatioisl

( I ) Factors rclating to limited use
desi8nations:

(A) the wateney has a e(T),00) low flow
upstreara of any eristing or ptoposed dis.
chargc of0.l cubic feet pir second o, t".";
(B) suitable habitat to support a well-bal-
anced fish coomunity is severely limited or
absenq

(C) the watetway is affected by ireversiblc
conditions, natural or man-iniuced which
cane into eristence prior to January l,
1983, which ale not practicably controltable
and prevent establishment oi " ,.U-b"I.
anced fish conraunity;

(D) thc wetcr body-has oo uniquc or ercep-
tionel fcehrrcr; and/or -,

(E) potcntirl or cristing u"., ."a. of thcwatl body by pcoplc in the iumediate areapould not bo edvcrrcly affected by.a limited
\. ulr dcsigDltiotr

(2i- Frctorr rclating to erceptional usc
dedgnetionr:

(A) thc prrlrcncc ofa unique or exceptional
habitat or sprics in the water body;-
(B) thc preslnca of a rare or endangered
species in thc water body;

(C)-the pracnce of exceptional aesthetic
quality in thc immediate environs of tn.
water bodg

(D) the wates body is within the boundaries
of or flows through a designated narural

l99l IAC Cunruletivr Supplcneni .
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(8) Vinsoa Drain and Mud Creek in MadisouCouaty fron thc su.-it"iul diiio'it".oo-
fluence of Mud CrecL *a St* ffi:
(9) Berlin Coun Ditc! in Elkhart Couaty
IT_:-l!. Nappanee sirto;;;'iei .u.,oownsttllaD-

(10) Ackeruaa Branch and Mill Creetr inDubois County p th9 .onnu.n""-or uriltCreelc aad Uttlc CreeLt 
--""-v"Ls v

q_ir*Y*Jffi u'"'.,:,s,:t?[[i"":"ff :onc-foufth (1.2S) rnilis ao"rn trr".] -'

. q2) An unnancd tribuary of pour Mile' Clel in Grcenc County from thc Lyons STpto itr coaflucncc with fo".Mii;C;;
(13) AD unaaned stl-elE in Dubois Counry,which is thc outlct of ffunti"sb,;-6,ri'rrt*
fron the City Latc_D; J;;;.-# ,o i.conlluencs with Ell Creels

(14) Leavcll Ditch iD Tipton County upstreaafron its conftucucc *id il.i c;;;""'
OS) Buct CnGt in Tipton County upstsea,,fron its coaflucoca *itircL.iti'*il"' 

.
(16) Schtattcr Dit"! which bccones BacoaPrairic Crecl h Tipt*-4";;;rl;.ir.".fron e point oac n tjupstrc"n="?uT.o"nu.
cncc of Becou prdri. Cilcf aaa Cicero 6reet.

!t!) A" unnencd ditch in poscy County ftow-ia3 norti out of thc town of Cyntii.i" 
"tongthc Chicago end Eastcrnlui;;;' iliiroaa

l*:.:?: *:r thc poseyiil.Jn'Eoun,v
Lmc Eo rtc confluencc with Btack River.
(f8)-Laughery Creek in Ripley county fromthe Napoleon STp to a poini tt r.. tg.0i ,il..downstream. (County Road 30O WestErtended.) --Y-s evv '

!ll) ln unnamcd tributary and Hurricane.C;eek in Gibson County ffith; i.rirrra,STP 0o thc confluengc of H*i"inl-cr".r,
and the Wert Fork of pigeon e;il"- -'

(20) Plasterers Creck in Martin County fronthe Loosootee ST? ao*.,irr-"iJ.,tj lirn"-encc with Friends Creek.

121-$,,nFo,red tributary and Wentz Ditchi! Ell&sr Couaty froo the Wrean;-iie.
thc conlluence of Wcratz Oit"iili'iuso

(.2.?) Montgoacry Dith and Blac& River ia
9ibson Counry iron thc O*.I'tu-"'iip ,"the Antioch Road Bridgc. 

- '.--'rw'-! v "
(23) 

Prcwcr Ditcb iD Johnson Cor+ty fromthe Whitelaad STp trbridg!. c thc countY R{ad 250 N

!2{).Atr uanamed tribuary oi Littt" Ot

r;*"T,,fi f.fiit%fi "-dH,?*fl

ta--'

(28) Spnag Crccl in Vigo County froa thc
H-ercules, Inc., outfatt io*nstre". ti ,t.
Wabash Rivce

(29) Hilkey Ditch in DeKalb County from rhc
!-ou1tr_ Line Checsc Comp"nl Luii"ii ,o
North County Line Road onc and one.half
(1.5) milcs downstream.

(301 1;u1. Buck Creek in Henry County ro
confluencc rvith Hillside Brook.

(31) Hindman Ditch in DeKalb County froo
the Ralph Sechler Corpani outf.U ao*o.
stream to its confluencc with-Bcar Creek.

lZSlpc Silvcrthorn Branch of Wildcat Creek
in Clinton County fron the no.."iUi iip to
lEs connuencc with thc Middle Fork of Wild- ;cet Creck -' "- -j
(26) Arr uunancd tributary of thc West I t'

*S-.$:,ru;ffiixi$:,rnl iWcst ForL of Whits Bivcr.

(2?) HawL Run and Blactrhawk Cr."t io I
Duboir end Spcnccr counties froa thc Sifru] :

l.r l""linp Conpany dtsciurga A;il;
to thc Arder:on Rivca
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lounty fron
r the coaflu.

lettrtz Ditch
rusa STP to
aad Baugo

tck Rivcr in
dllc STP to

)ounty fron
'Road250N

Little Otter

eH*'
fildcat Creek
;ville STP to
'ork of Wild.

re West Fork
rnty from thc
rcc witb thc

wk Creck in
om the Schu-
: downstrcan

rnty from thc
:reara to thc

unty from thc
oy outfall to
and one-half

Jntv 
to its

r County from
outfall down.
ear Creek.

38r WATER QUALTTY STAIYDAADS

(32) Francis Dutro Ditch in Blackford Couuty
from thc Blackford Canning Company dis.
charge downstreem to its confluence with
Prairie Creek

(33) Thc uanrmsd ditch receiving thc Sperry
Rubbcr Compauy discharge and Richland
Creek ia Fraaklin County from the confluence
of the unna-ed tributary downstrean to the
Whitewater River.

(34) Eight Mile Creek in Wells County to the
confluence of Eight Mile Creek and Maple
Creek.

(b) The following waters of the state 8re desig-
nated for erceptiond use pursuant to 32? IAC
2-1-3(aX6):

(f) Big Piac Creck in Warren County down-
strean of thc State Road 55 bridge near the
towa of Pinc Village to its confluence with the
Wabash Biver.

(2) Mud Pine Creck in W'arren County from
thc bridge on thc County Road between
Bdlco and Raiusvilc to its confluence with
B[ Pinc Crecl.

327 tAC 2-2-l

Nature Presenrc which enten Bear Creek at
the sharpest bend and has fomoed the sodl
natural bridge cdled Portland Arch.

(9) Blue River fron the confluence of the
West and Middlc Forks of thc Blue River in
Washin6on County downstreaa to its coaflu-
ence witb thc Ohio Rivce

(10) The South Fork of Bluc River in lYash-
ington County from thc Horuer's Chapel
Road bridgc downstrerrn to its confluence
with Bluc Rivet.

(11) Lost Rivcr and dl surface ald under-
ground tributarier upstteaE lrolq tbc
Orangevillc Risc (T2N, RlW, Sectioo 6) ald
thc Risc of [.oct River (T2N, RlW, Sestion 7)
and thc mainstcm of the Lost River from the
Orangeville Risc downstream to its conJlueuce
with the East Fork of White River.

(Water Pollution Control Board; 327 IAC
2-1-11; liled Sep 24, 1987,3:00 pnc ll IR 585)

CltGd i!: 3U, IAC 2.1.3.

Bulc 2. Cyeaider aad Cyaaogen
(g) Fdl Crccl ia Sralrcn County from the old Compouadr; Draiaggc iato Scrpcr Systems
C.R. lfg bdd3r iD thc NW quattcr of Section . 

''ol Watcrcouasa Probibited; Erceptiou
21' Towaship 22N' Range 8w downstream to 

3g? rAc 2.2.1 cyrnid. or cyrioSro conpound* dreinrgritc conllucn€ rittr Big Pinc Creek. . prohibition

.({) hdila CEGL in Montgoreery Counry from
t[c'County Roed 650 iVest bridge down- 327 IAC 2'2'l -Cyauides or cvanogen
3tSGrD tO itr cOgfl,:Cncc with Sugar-Creek ,.?- G'o6rpoun&; drainage

Drohibitiou(5) Clifty Crsck in Montgomery County Aurboriry: tc r3.l.g.?
withi! thc borndarics of Pine Hills Nature Aftcctcd: tC t3-l-3.7; IC l3-7-3-l
Prcgcrvt' Scc. 1. Any pcrson, firm, or corporation
(6) Bear Crecl in Fountain County from the engaged in manufacture or other process in
bridge on County Road {50 North to its con- which cyanides or cyanogen compounds are
nuence with the rvablh. Rit'er' , - Hfr:11UT,'.'i::0":: illr',"lfllXm*(7) Rattlesnake Creek in Fountain County :.-..:'------ -;-
rrom thc bridge on county Road riO N";';; :I:f:::^Y11::,lrylt.::X::f :l::::
lEs conuuence wrtn 6ear L reel(. lrom oy means oI Dulldlng sewerr cEaln or olner'

wise directly or indirectly into any sewer system
(8) Thc small tribudary to Bear Creek in or water-course. However, on application to and
Fountain County within the Portland Arch prior approval by thc commissioner. limited

l99l IAC Curnuletivo Supplcornt:
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This document is provided for informational
purposes. It ig not an enforceable
guidance document-

FII\IAL

^- _. Tgin"ering Rerriew SheetsanlEary Landfills and lbdiilcations
Nane of Facility:

DaEe(s ) Appli.cation Rec'ved:

Engineer:

County:

DaEe of Rerriew:

rdaste lardfill revieusr.
this rerriew sheet lists iEems crrrn. other ircnn ^T":I^.5gilg 

," be checked for soridiSiH;:# i"t$ff ' ffil iFis. r:" "pn- t!!_,"{ :r:iT:A'Hi;:: u""
;h;; :;T"E;?;T;" H,Hf iff 

.:::: ::* :Ir:!{d;:.;:#, Tff}"i.![modification need m E Jiiilrt

?l_H:, 5ee$.1eminrs below is irdicaced
Pifl:l:t. Elrces of faciliries have

*)tff:"i:,, f:*::-"*18. Applicab*iEvrr\aLg(f

l-i:tli: qD - consrnrcrion,/denpririon T,!* S,?tr*Te, _F'- ffiiiil,asre 
"i 
["-rir""Tti:T';li:Ti'ltllr"li*"T 

Ii rli, i ii -'".tlilllq
IA) Legl Descriptions

-(A11) cT!t:. t}re 1egal descriptions and acreages witlr E'e areasderireat'ed T F" *iit.r;al=. rf there are any dlsczeprcies noeed,H#Htr:i1;.ff""H:ii, f- 
Iilr,ii . 

"Xf 5"*,,,iI"-iil=fr r"s"r

g) DFe of waste

-.(Al1) ts the tlpe of raste speuiJtipe-otlid @Dried ran) -*i:if-:n.S application aspropriare
::fr :ffi i#l ii;.T:H. * 1 $F. fr " i, pF r:fli'ff ' r,i5[i:':iisaniEary lardftUs.p"*itt"a
i+ry;i #il;u",flis';:ff H::.j 3:, :* 2, :Tr_,*:""*;.;ii;'.;i:"329 uc 2-21-11.

been cerrified 
"" .p".iir-G[J rna",

C) Setbad<s g Restrlctlons of R.rIe 10

1) (Al1) wetta4$ I"-"!y weElards-apparenE? rf *, harre protr_rapprorralsbee-eriuEaineaiiorn-ii"roirowing.aqerEres:

a) coq)s of-Engineers (coE) 404 PermiE,/Ervirorunental proEectionAgerry (pA);

b) rndiana Departnrent of EnvirorrnenEal Management (rDEt);

Eo
new
for

-l-



2) (A1r) EndaEEg--Eggisg rs Ehe fill area in rhe crir,ical habirar of1V.e1da19eEl-s'ffire are tro areas in trdiana desigrated as'criEical habiEaE.. These are lfandotte Caver-Crarrford County, and Ray,sCave in Green @unty.

3) (Au) Floodways rf the site is in Ure floodray, does tt haveprovisionsE@nt washout of waste? *-ura floodwry has a drainagearea greater than one sqlr.ue mile, has pm a5proval ceir ootaineaa

c) DepartnnnE of Natural nesources (DNR).

4) (AU) Karst !o
all leadr*egeneraEed, and is there al adeqlate denpnstratlon that the 1naegriay 

-E
the lardfill rdll not be darnaged by srrbsidenae?

4l (AtL) Karst epgg,."pty If the gologlsts lndtcate that the flll areais witiin ffi, are ur6re piovrsions Eo culect all reactr*e

5 ) (A11) Hirps rf $= Sologists irdlcate that thc frctlity ts orrer a
llrle, is urEan aaeqrate d;monstration t}lat ttle inte Ity oi-u,"landfill rill rpt be danaged by subsiderre?

5) (Al1 excepc Fr'lS III) Drel1irlg.Is the fill area at least 600 feet awayfron any drclling as desc;lEl:lilrhe regrlation?

7.1 (Al1 exept E{!i III} elater go<!!es Is the flll area ar least 100 feer
away fron tlp rpnul wateillffiilof-ny lake, reserrnlr, or
ont lnuqrsly-f lowlng streaii

q] (All exept 8ffi; rrr) ploodplains rf rhe faciliry is wirJrin tJre
floodplain, is the wasEe proEffitrEy a dlke rlth i Eop elention nor less
Ehan 3 feet abovu tlre 100 year flood level?



e) ,ii,
feeE away

o) (sLF)

,-&i.*""*ft:-Tt1*tion 
svst:,.i:. necEssary ro meer Ehe inEerraceer," r""a,"i;rr" a sysren propsed ri,"i-riii-."*r * ;*;re fr€Erion of

e) (srF)

il"ffim; ;r:.i,T,i::., }y*":.orrue rhe enri,re base
lF ffs"ulic qcrdu.iiriri'If i'"'.,'r-'.rc'n a minimtun Ehickne
specii icariJi"Ino Eesrino .,^-.L, J9--'-:y:::? - Are "dd;;;s::ff:i9"":"f ,i:j: iirli=*iii:#i;i30,*ii:ffi ii;"
side slo;=s.3il:':ff:: "" r i ii"i -iL;i ;GiE:dfr:i':fl *s:";3;'il, 3::'::n:

]9)(Atl excepE sLF) prleast 50 feeE away fr6T

Is the fill area at least 100

Is Ehe fill area ar

used on Ehe

I
I

I foot

3i"ry
specif icaEions ard Lesting

Does Lhe base of-Etre drainage layer have aIeachate ollec
procedure" .n""ii?Llines? are- ao"qrai"-

ri ,Eilii-13'"5ii;::iirs*Lfti,,, 
",proeor.rie" rp.iiri"aa -'Y Yvv' Are adeqrate speciriotioni'aij' Eesting

4)
:naxtm,ul offiffirt" *" design adegr.rare to limiE Ehe leactrate lever ro a

-3-



3]rffirff"rtltfl:31* svstem have a minirnrm srope or

!*t5iiffiis$"Hjft ffiip"lin * or lea<*rare rines wiErrin rhe

ll*ffii:"T.ffi;sn aae$ate Eo avoid crushins and

1l-gPliEI rc.Ehe degign adeqrraEe Eo proteet Ehe riner and collecrionsystem fron damage due to upliEt fron hydrostatic roicesi . 
----'

T.

3.i$:+t lffilt ;::H*" r,o provide for drsposar capaciry arri,nJ

ro.]-% rc q" deqiln adeqrate to prerrent damage of EtresysEem cnre Eo freeze,/thaw and wet,/dry cycles?

11) !a?dr?te, storao: rs leadrate storage adegrate Eo prevent, leadraEe
releasres to EIE envtrormnc?

12) I€adrate DlsFsal Are there feasible provtsions for reaclrateai@ mrst submit a letter frql a Treatsrpnt plant
indicating $at tttcy are wllling to acept leactrate f;m UEii faciliry.

t3) ertiftcatlog ryes Ehe appricarion or Ehe Frmit, provide for ehereqrffilEElfErlons (incluaing deliniaiion-or Ehe bourdaries of Ehe
area eing ercii:ed and Eest results ) i>ricr F-o ,rrajce pl66p111gnt,?

-4-



F)

.-ifri':::iS ilt]o.if"ill barrier consrrucrion or alEernaEe recrnoros, is

C) Drainaqe

-(sLF) Are permanenE surfac: rater diversion structures able toaccrxmodare Lhe zs-i""i piJlipiiiii";-;;;;; rs -surrace *"i". divertedfrom Ehe actir're rili "i"ii- *: seoimencilion 
"na "rJ"ion'Jnrror sysrensi::$!!t as necessary to minimize-;;;;i;;';ia ."oi*nEarion or surrace

g) Erosion

i*1L.';:5 nl; jff:I" 
iffi l"lnl"f i"li.:H,t.o:, p:l-_r? ! ryn: p"4::::--.-!,ear?- rf nor, eiirrei-lne finar contour elevaEions must befiH*JiJ"5:ff;: ::rx;,i^i:s:; E[Tl ;i:J:'i:::,H:'"Hn *interc€prion drain.e" Jii"ffil-Lr r.o.,

"i9., slrall be prorrideO as
E.T::fl to reduce the erosi;' ;;E" i;"-il; ;ft;irfr E5"f!::"!, u"..

f) Final Contours

-(A11) Are final qover sl0pes in- ompliane wi.lr the regulation?no.e the discreSarries. ttE-i"grr"ri6n-iiliii" .r,. folloring:
If not,

noE
prcenE

1) For sanitary lardfills, the
l:!g. rlan four prcenr' f Aij(33t).

final aver shall have a slop ofand not grearer Ehan chiriv]ilr""

2',t Por restricted w€Ete sites, T\ncescqtstnrtionr/denoliEion si les,' Cfrerpt less Ehan Brc [ErcenE tZtj 
"nOperent (33t).

It llt Iff , ard
final @r/er slall
not greater than

harre a sloe of
Ehirty-Ehre;

-5-



J) Cover Freqrrencry, Thic*ness, & Qtrality

-(A11) are @ver freqrrerry, Ehickness,
when Ehe permiE is issued, make a permiethis reqtriremenE.

ant grality acceptable? If not,
cordit,ion $raL rrculd incorporaie

:i!g", qEe I, shall apply ard crcnrgactdaily correr orrer all expi,ea solid
1)

2)

3)

IardfiLls ard restricted waste
no less than six (5) irches of
rdaste.

Restricted waste sites,
six (5) lrrches of correr
regulation for slncific

apply ard corgact rn
annral basis. Check

qrce If, shall
on a npnthly or

-.

lntonnaE,ion.

less than
tlp

RestricEed wasts sites,
than six (6) indres of

I}f III, stall Aply and comprct m lesg
intermedlate cover qnluaUy. i

l) @nstnrtion,/dmlltlon slEes shall appty no less Ehan six (6) inche"Oof cover on a reekly basis.

K) Accss Control

-(AU) fs aooess ontrol adequate?

L) P-c.er L1r€s, plEllm!, Brrid cabres, t Drainage rlles
.-(Al1) Are rneasrrca adegrgle to arroid hazards?

u) eerctnark(s)

-(A11.3xept, A!{S III} Is the sir,e benchmark(s) adeqrate? If yes, please
describe the locaElqrs and elevaEion by re€erring t6 Ehe date Lhe-piantas
received, sheet nuflber, etc. If there is rp benihmark proposed, niake su:
when Ehe Frmit, is issred, it will be inctuded in the pirmit
!.re-operational reqrirennnts .

-5-



o) saferv

-(A11) ere fire
-(sLF & c/D) rs

It) Boundary Markers

:iE)]==trir;'ffi"n8:T:'LTII.=.". orovided ror? rr Ehis is a newsure EhaE il.,i" "iir il-ili;:j novreverr h,hen rhe permir ii_i.lredr rnakern Ehe permiE pre-operacionai-ILuiremenEs.

extingrishers ard-Ioit F.: provided on eqrrignenraa first-aid kic and cqrmunidtion system proiriaea on_siEe?

P) Airports

-

-(sLF) Are Ehere provisions. 
lo-plev_ent a bird hazard for any prrblic use?:J'l::TtiilT* "iir,i'iro, 050 

-i;;i 
iol' ru,b"Fi-"i;.,1i, or 5, 00p

.l

O) Or-Site Roads

n)

-(A11) Are on-site roads real3able to provide acess Eo the disposal;&Ly3."l;""iiif;Lt #ffi:"S ;3 L'H:.:Jtffi"#,lli on.a s:blic

Siqn

;J*','":::htff:*ties disnosins or orrly wasre seneraEed on-siEe) rs an

facillty tlfe
-(A11) Are faciltty lifetimes shorm on the apprication for:n, in theclosure pran, ana-ii ili;ffir;;-;;;i"r"Lis".ent ard reasonable?

(A11) Closure

1) Steps Are closure sEeps adequate?

s)

r)

-7-



2 ) timing Is the t,irning of closure

3 ) Costs Are costs acreptable?

(A11) Post{l0sure

acceptable?

u)

l) Steps Are post<losure steps adeqrraEe?

2 ) Costs Ate @sts irceptable?

-8-



GE}IERAL INFORIIA?IO}I

1) APProximaEe location of raciliEy

2l type of Operation

3) lotal Acreage of Ehe raciliEy
4) tbtal Acreage for nilling
5 ) gpe of !{aste

6t planred Life of Facility in years
7) Eeectd Volrrme of Waste per Dry (e.y. or 1bns)8) Has prolEr zoning been obtained? ff not, note Ehe

9) Is Ehe information requird by Rtle 329 ItCsaEisfactory? rf n;i;;i! u," deficiencr"l-rr-, (descriprlrre narrarj.ve)

ff:'Hii":fr'H*1ffi :1.,-.?-!1": ryy1d be praced inthe following ;;;ry;iffi &'HT#"i"T:.#"[1ffi:"1, rhe faciliry.
a) A 2:l rado of in-place to inqning densiEy;b) 

|riliiro 20t-atlorane for correr soits (datly,

c) A 1:{ ratlo of 1 Eon of naste to 4
11) Ideftify the_qprorred firal @nrour napplan was receiGd, ;L:-'-.

12 ) coordit;iffiJiifi"ffi"igul"*. 
ibe addi E ional inrormar ion needed

r0)

disczepancies.

internrediaEe and

cV of inorring t*tste densiez.

by specifying slnet nunber, date

GH:ms
0ll9s

-9-



rhgineering n9yi9w $reeE Referencrrlnd saniEary landfills and uoOliication"
this docrrmenE was puE Eogetl"I-a? go al0ng riEh the Engineering Reviewi5ii;r53fft**; S"Ea 

J'i-;; it and mate ir a pod rer6ierce ror srarr,

e) LeFl DescripEions (329 IAC Z_A_Z(a)(4))

e) type of wasre (32g tt1 2_g)

c) (329 rAc 2_10-1)
1) Wetlards (lGtlant Regulations in Indlana) - 1l9 following agenciesreg:EEEe wedands- ffi -;frilsEer 

various IErmiE programs :
a) corps of Erqrneers (cDVElviromental proEection Agenclz (EpA);b) irdiana CepirtrnenE of Urrirorr,=nEal Managennnt;c) Indiana xiarrmnr of uaruiii n""ources (IDitR).

I
ff"ffiffi"H a specific rote in Ehe prorecron of werlands, rtrese loles

")
section 40{ of ure Ferbral crean water n"t regrrres a pnnit fron EhecoE for dredging-ard fllline in ,ia;;-#io=irrr,ralng rcgtards. TtreEpA has devetopd-gridelirei for coe-to "iJf:f::ar .i rL- ",r hia 

- r*-auuoriii * ;."r,ilri,l}"liT":fiffi.sp i1

b) Indiana

Ite tndlana later pollution o$5gl F! gi,res IDE{ aurhoriry ro prorecrtetlards' A1o, sctlon {01-of trre reaeiii-o*r, tdater lct'au$prizesEhe rDEr water gnrlry *iiuiotro.piJiiir. rDEil rerrrsg arl .tpCorpe of Ergtmars' secflon-40{. died-d;ilJf:,f applicartqls Eo ensurethat Ehe prop*d rtivtiies ,rur rp[-aGriry "ii;a;;I; ,.r]ariey.trre corpe of Brrglr:ers .ar,rpt grant 
" s*tion-40{ dredge-ad-fllr permiE

Sg.tott. 
ftrsr ortarnlng iGei qrauti;iiui"ationli ili*r from

c)

the tndiana plood @nErol Act reqr.rires a .onstnrctton ln Ehe proodway.Permit' fron rDNR in order to-.onstruct wiurin Ehe floodray of a rrver orstrear ard its dJaent $etlands.

-l-



a n]tionride permiB can be obEained from ceE according Eo
33 cFR 330.5 (a) (261.

2) En9angered Species lccording to Ehe Fish ard wildlife Service inBlocmington, the tndiana baE (tlyoeis Sodalis) has Ewo areas EhaE, arespecif ically designated as 'crit,ical habiEat,r in Indiana. these are the
l.Iyandot,te Cave, Crawford County, and Ray's Cave, Green County.

3) Tloodyay: For protect,ion from washout at, rarger sEreams, .River
Engineering' by lrl. s. petersen, 1986, at, the Marion county prrblic Libraryis a good reference. Get DIIR approval ug>fronE.

4)Karst, I\rpography Ctreck with Gologist.

5 )l.tines dreck with Ceologist.

5 )BileUings
regilEEiffi

8 )Floodpla:"E It nny be good to have Ehe
lardfill c( ar, otheryise you m4/ end up
betleen the dlke ad the landfill.

9)Property tsourdaries - 100 feet

l0)Property burdarles - 50 feet

to see Ehe extended definlEion of drclling in the
2-2-L(b) (15 ).

Be sure
329 rAC

7 )water Bodies 'tsrmal nater line' is defined in 329 Irc Z-2-I(b)(33)

flo@lain dike be a part of
wiUr an area Ehat lnrds in

Ehe

D) Height, Incueasgs for ltrevlously app,roried Are€ut (329 IIC 2-lO-2)
be used Eo calorlate Ehe

arpunt of leaduLc tltat, rIIl escape through the llrpr.

E) Desiqn for t{es Iandftlls and Areas (329 ItC 2-10-3)
eesting procedures can be reqrired for

agplications reeirred afEer J.lly 11 1988r trrrsuant to 3Zl :AC
2-Ll.7 (a)(17). the langrage of 329 rrc 2-8-5(b)(2) can be ued for
requesting infornation in any @se. For evaluatlon of a leaclrate
cpllection systen, a good reference is, 'Permit Wtiter's Gridance t{anual-
for HazardouE lhste land ttreatment, Storage, ond Disposal FaciliEies,
Vo1ume fI'.



;,iffi iur i iFffiii #trrtie irir:,TL:ri: istardards for testing.-- -

:J irir?t or u's' pA (1e86) risrs wisonsin,s

i,i l-t3,l;S##Hi{$j,.u;ruil.Daniel

tr*:*:i^,#sIi,#rHt^*Eifi ?r't,ilF,,,
f# ;:i,tff:::: dara, ir' ii-iiln*,sJ - dir'lii'rllr#il;'dijtl."jj"

TAYERS
Starting Frqr
tbp Eo Bottqr

lbp soit
Final @rrer
Waste layer
Drainage layer
Soil Liner(Wpr 3 Feer)

rE(IIJRE sAt. HtD.
CCND(ETTVIry

(Ot/Sec)

2.5x10-5
1.7x10-5
2.0x10-{
1.0x10-3
1.0x10-7

I
I$IL

HELP uss
#14
tl5
#18ts
*16

or
CE

${

s )Pt

ffi: jlr::: H"g: 
570) reqrnrends 6, dianerer

;3,3'nff 3;51 :l:ry-s ffie"i, fiHI:'ro-,n*trJ*Tj#*frx=ffij;lli{I ff f,,i:S 3i sfr;S::i:;lm ffi* #fl;i#[$]"ff ii"]:"tji,u l!il,*. *isetlenrnr or rh. bi* tri[; riEriiil

:t 
=t:il{l ilffi;"rm*:iili,on,heclean'ouE 

"srirc;t;h;;it b:toriJla iilfi"L*s sreaer *nn 400 reer.

llffi ffi . I:'il;"Ei,il r"il+i,.t!-iis?:T*"1tffi :
:.
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8)Uprlft HolEz and Kovacs (19glr pages 244_245.1GH Book.

3:H#,:: ::"i-d.."9:?I:" wearher condirions,,sqsrrEr canoltrlons
f,S:r::t::_:.! new. cel1s o, ph"*" should besummer or early fall no later than December l.
10 )Freeze /friawfia

i"i ffi ::'lijiir.lj**!;t! ?;, "f "riiil i:" iH":::

iiiffi i.ri::ildlir'.frtffi .ff 
;::r"n:"::#:

ii3i::H"I*i"i#*"*::::;:-:Hil-,' fil - :T"%S:il*,ffl:
mIil,l:S:::1H" ::+#l::i,:, iE- q:, . 

.3o,ui 
iTfi l;ff I""."u

ilH: E 5i:S*S',,,ff:",!f ::#:::-;::Fi: .U['ii Effi'#ff:.:'il
H:#.#Hro Hy,:,*jl";:ii;ii:".:"d$ :Gi j.?ffi::l* l:*tr!:li"i"#;, "*"-1:l'ri" ;: I"rii:"#; 

.![ff 
LTII 

"Hi ?:ffHi:l;1.ffi*3:.3353 :*:fF;E: &i5'to?'il;:fi::,'# ri:"iiHt:: 5T,I*m:i**: i, "ir"F:Ei:i lffii:f!.ffi" i **il"nl::?fi 
o;i.i 

:#:Ha'ir," 
"iIir;il;ffi 

"ffifi"i *ffil",;:ilffi ' frthe design and be checkedi

b) s" pord botEm as rel1 as side sl0pes mrrst be onstructed of I to3 feet (nreferably I reeir oi ieconilrcJ rnaterial,/sotl to_achieve anequinlent hydraulic onducrivity oi-*i *." Ehan I x l0-7centimeEers per secord covereo-{ 
"yntiJci" liner.

c) tr:"il:ilE}i?r,:f*' nrust be desisned and consrn*rd underneaEh

d) At a mininr'rm, provtde the fol1orlng informatlon for slmthetic liners:
Itrldtrpss

- tlPe
- !,iaterlal
- Brard Nrm
_ lEnufcturer

l|ethod of Seaning

e) the pnd area shal1 be encl0sed wiErr adegrate ferring.
f ) 

Hfl:ffiy"r acess road shall be provided Eo al1ow year-round

seven to

a) uinim.rn freeboard of Z Eo
overtopping of Ehe dike by

it is reccnnrended EhaE
scheduled during spring,

5ffi3. !h3!-?g:qa!e storase ror aE reasr

3^-!:":.lSr be provided ro prevenr, anyoverfilling;

-4-



e) In- the evenE EhaE there is no d1l_a seueq line from Ehe leactratestorage Fnd ro.er," ri""il; Itarion, ;_;#ffiary-conEairmenr 
bermshould be providea arouno 

'ii,J 
i""a.,"e" .miillry*. The .*na"ry

#i]I'o..iil:f :t"il-L ils: :',,in il-;il"in a vorune or riqrridzi v""il iii;ii Hi#:if"3il;;y ,"i,*e, ilL'!'ir,e uorume of a

h)

i)
For

(1)

warning signs must be provided al0ng Ehe fence arourrr the pord.
Pond ler,el guges shal1 be prorrided.

more details, Ehe following references may be used.
Recqmerded standards for serqqs frks (oermnly--referred to as, .roffi E ?EST: i,' ;*l'i, ;:i ifn$ilo5:ff:i- w"" t 

",i i 
", 

- 

it r" co,"n,

Q) 
ffi[ffi;[:ste DisPosal Resularlon 32e uc 3r Rrre on s:rrace

r')

c)

n)

12)feadraEe Oisposal

13 )Certification

(329 UC 2_10_4)

Drainage (329 nC 2-14-1I )

lbble (1976) aontalns a discussion of drainage desigtn. Daniela has aprogram on rhe onprrer ror-caicri"iiri'ili'rity and de;rlr.

Erosion (329 IAC 2-1{_f9)

f'"T-ffi fitf-t#:!j;lt* Draff! ,.i*r Eo ranes E. lraylor. rhere

r) Final @nrours (32g rrc 2_14_19 & 329 uc 2_7_,t(b))

'l) (329 uc 2-L4-L2 8o 329 rAc 2-14-19)

-5-



K)

L)

l,l )

Access ConEroI (329 IFC 2-14-l)

Power Lines, pipelines, Burid Cables, & Drainage Tiles (329 IAC 24-2)

Benchmark(s) (329 IAc 2-f1-3(f )(C) & 329 rAC 2-13-2)

The plot plan, reqrired by 329 IAC 2-tI-3(1)(C), is a parr, of Ehe
application and a berchmark is one of the items which must Ue shcnn onthis map. Hot^Ever, 329 IIC 2-L3-2 allows establishing benctrmarks as apre{perational requiremenE.

Bourdary Markers (329 IAC Z-L3-Z(a)(1))

safery (329 rAc 2-L4-71

Airports (329 ItC 2-L4-71

orr-Site Roads (329 ItC 2-le-21

sign (329 :,rc 2-14-3)

N)

o)

P)

o)

R)

s) racility Life (329 tE 24-2(a)(5)(B), 329 Ltc 2-1a-3(b)rrTfriFErs-3(b)(3) )

l) Closure (329 fE 2-15-3(b) ) fie May 1989 Closure & Post4osure plan
EffiEtion Grldarrc t€m may be rreIptul.

I )Stepe

2 )timing



:ld ,n caro.rlaEins cover
;:r, :*,."raeion and rnorremenE
tu.lo,/clr.YCt. for compacEion
compares r.ell wiEh Ehe ranqethe ilarch 1988 .vdsi"-aiJl-
elevation control

soil crsts, k"ry^{19g9) shows $2.OO,zctr.ya.within r5oo feer di_;i;;iddi 
"norc22-226-s580).

3r $2. io-i;"ri :q{.i;iE.:i 3::i:ry;X.;,This fiErre does noe incluJ.-"oif Eesting and

u) Post{losure (329 IAC 2-15_g)

1 )Steps

2 )CosEs

-7-



References

Daniel, D. E., L987r 'llydraulic Conduct,ivity lEsts for Clay Liners., NinEh
Annual Sltmposium on eoEechnical and Geohydrological A,spects of waste
!,lanagement.

GIII!,{RB, L978t 'Recomnended Stardards for Sewage l,trorks.

HolEz, D.R., Kovaer D.W., 19812 'An Introduction to GoEechnical Engineering..

Kmet, et al., 1986, 'Leadrate Collection System Design ard performance -
Wisconsinrs Experierce', NinEh Annual Madison Waste Confererce.

Koerner, Robert, 1985, 'Designing lriEh Geoqfnthetics'.

Means, 1989, '!,teans S. e !'ficrk Cost DaEar.

Noble, G., L976, 'SaniEary krdfill Desigrrl l{ardbookr.

TrauEteinl S. J., 'Field Measurelnent, of Inf iltration Rates Using a Sealed !
Dub1e-Ring Infiltrometerr - I

U.S. PA, 1983, 'PermiE Writersr Gridance l,tanual for ttrazardous waste lard
Treatment,, Storage, an:l Disposal Facilities', Vohme 2.

U.S. PA7 1986, 'Design, Construction, ard Elraluation of Clay Liners for waste
It{anagement facilities r, EA./530-g{+6{07 .

Uni-8e11, L982t 'Banilbook of PIJC Pipe'

GII: as
0l l9s

-8-



m? €,NrDty

- L



This document is provided for informrtional
purposes. It is not an enforceable
guidance document.

]RA5T

,l::sure & ?ost-Closure pian preparatlcn Guid,ance
:'c r

Scl:j'viaste LanC D:.sposaJ. FacrLrc:.es
I rC: :ra )epa r-_:nen -, C f invi rc:::en"-a L yanagemen"_

MaY:.389

This Cocument has been prepared aE guidance to the regula*-e:
c'inmunir'y 'n the PrsPatation of closure and post-closure prans asrequ:rec bv 329 IAC z. Fcr nee, Iand disposar facirities and
aCC:ti.cnal acrea8ie amendment- applications, closure and
Fosr-cLosure prans are required as part of thc application ipackage' Existing land di.sposal facilities are not to remain open
af'-er September 1, lg8g unless they subrnj.t these plans prior tot-hat date. closure and post-closure pran requirencnts are
spec'ified in Rule 3Zg IAC Z-15.

Existing facilities are also required to establish financ:a:
responslb j.lity f cr post-closure by Septcnrber l, f ggg, and f or
:Lcsure by Septernber 1, 1992. procedurcs for establishing
i:nanciar mechanisurs are not part of thls guidance. Mr. Kevrn
i{ogan of the So1td l{aste !'lanagement Branch rnay bc contacted at
3\7/232-34L2 for guidanee and sanple forns.

This ortdancs has bccn prapared by statf o! thc Oflice cf
SoLid and Eltrrdous llastc Management, but has not becn ad,oDteC cr
approved by thc Agcncy. As such, it is noted as ,,draft... At a

later datc, tt aalr bc uDdated or finarized. If you havc any
comnents or questions or wish '-o check on the availabtlity cf 3ny
ner guidance, plcasc contact thc SoIid llastc Manageocnt Braneh at
3\7 /232- 3592 .



E reper 
-a 
! I 66_ gt 

- 
g I e g g g e _ t _ pe g ! : Q I e : _u se - E I ea s

.:.:-_ached are forns :,
:nc.' : r ;:,sr--closure plans "tt.lll"t;.;;:t.::
3e lsei i:r ycur convenience. I.. you ,i,o not:le:1 '-he i: rns :eC these ins--ru.tion.: shouLdwha'_ shcuLd be included in your plans.

prepare your:las_ir:
l1o'u nanda'-eC, a.:-- ::.32.
use the ac._ual f :rn:

change t-hat .auses __:.:

apDi ican-,, ilus"_ n:: ::7
corrected irf:rna"_ ::l

should pr,)v 11.;
re3ardless::
eover and
that are

and VIII.

y:u are remind,ed tirat :: r_here i s 3nysubmlr-ied, i-nf:rmation to be inccrrecr-, the:he ccmrniss icner .rithln 15 C"y= a::d submitr.rithin a reasonable time (32g IAC 2-g_f (c) )

9-lgssre_tles_L_ise:Ez--!1ee-Ieslsuslisss

Itco I

Par:ial closure refers r-o
vetetation, and certtflcation)

Givc the facility,s name, location, eounty, solld wastepermit nurnber, and total f tll acreage.

ExistinS permitted facilitieE should Bive their solid ,rasr_:pernii number if ona has been specified in a pcrtrit or renewaL:ssued since 3Zg IAC Z becarne effective. Otherwlse, t,hef acility's coastructton. pcrmit Nurabcr shourd bc givcn. Newf ac:1i.,,ies shouLd indtcate ,.N/A. for nor apDllcablc.

For 'TotaI flll Acrcagc,., exist!ng: faetlltlesthe total acraato at thc site approved for flllin8rhether solo of thc arca has already recelvcd flnalvetetation- ?rrcrc 
's 

l furtrrer d:scuss.ion of arcasarready cl0srd undcr thc i.nstructicns for ltcas II
Itcl II

Give a description of part:al closure activitieg, if er:r.plannec, and a descrlption of f l::al crosure actrvities.

t-he cLcsure (lneludtng f inel :
of an araa o! thc landfill wi-

,-- o



r-he res-u ri --he Landf:.-; remalns !n operar-ion. The cLcsure plal
may specir'#,- r'-har- partra! c losure of the landf :.ll w:.Ll- occur
accordinS to some type of schedule. This will decrease the area
needl::g closure c{hen the LanCi:.11, stops cpera':lon.

l::: regulation :.rrdic3?.3s --na?- --ne lescrlp--::n :i :Lcsure
1:::.'/:::a3 be a::ePtabIe :'or :Icsure at any Po:.1r'. :.:1 the
i-^" : '" j ''.----nl*d ll:e. In :nos-- cases, aLlc,wint f or early-a-----./ : -..

:l:sure ln --ire descript:.on of acr-:.v:."ies will oniy mean inC::a--:.: g

:aa+, --he f-:c:,1:--y'*ill cl:se ei'-her a! the elevations sPecif:e:'=7
.!.c a--,..rwc..! ii -r' aan-A,rr map O1. 3|- lgSSgf elgvat:.CnS w:.--h :-:;e:
--.= :tf --,=- --..--

iha+ aFs ..nSistent wlth pern!+- or relulatory minlraums and

maxlmums anC adequat-e'-o preven"- PondinS of water on fllled at'eas,

I--ens taat shculd rnini::ra!ly be Cescribed f or f ina! closure ar=:

-oc),1i!:aticns to '-he agency and custoner3; t
I

-source of cover soi15:
-comPacted cover and topsoil thicknesses;
-soiI cl.assifications and testing EPecificatlons for the

comPacted covcr and toPsoils;
-compactlon methods f or the cover includj.nS Iift
--hrci<nesses;

-nethods and,/or testinS to provide aDProPriate sloPes and

f:nal elevatlons;
-Procedures !o establish'regetation;
-any l.lanned constru-c!.ion, modif lcation, o! rePair of

Crainate structures;
-any planned ncw access :.n'-rol mcasures or rePairE ot'

existln8 accGgg control; and

-certttlcatlon statcmQn"-s :nd noticcs a! required bv 323 :A':

2-15-5.
The preccdlnS llstlnS was i{r:.--'-en f rom the gcrsPcctive of wha:

rill be needcd for most sanirvEr'l/ landf ills' Sone of the

requiremcnts may not bc aPPlicabie to all facilities' For

i.nstancc,TyPelllsitesand:insr'ruction'/dcoolitionsitesare:':--
specif ically required by reSula'-ion r-o Provldc six inches of

'"oPso!1.



Fo r :,:1o

and permit :"t 
areas that

;:;ii.x","-GiJ:: :i':"";';;ii"f1'"'r''!ed' 
Ehe aP'rovec ^'

:, ;. 
= 

;.: il. ri:"' : i: 
"]*a: : : " ;j Ti 

o 

o" in' 

"o' 

:: ;' : 
; ; i 

"J 
;""" ;''o

rx,ara::e:a=" 
tn testi'n8 

";""" 
3ct:'vi'-:e 

f urther t'tttt "= par: :: --re

:h::iaesses ,.n. 
soirl -,,]i"o be 

''n"iu,]' 
c"herwise:t:"1i""

Ji ;;;::"'."**::j' ;;f:J:l;'#p :-1-"i;' : i j'
t i. as r'o r o.rr= il-- 

c'". Pa s: e s
Ity ;h:ch a:1.

CLcsure oians submit*-ed3:.9 :ie z-,-6ru r. ..*G"r. fax
|jljl11* e.: strecifleC k

are permitted. r,he landfill. r.,il =r+.!.,l. afea

Many
required b 

currently-permitted 
sanitary randf { .r 1-

:: ...:.o,:, 
Ir:i:':";:::.";"",T:.i,i#" 

randrll,s are not i

-i..qr r:,s wi i, become,"l;:JliHi iit"::i[:;:":;j:::".,
:#'"'";i -;"' ;: il':' j^"-L 

i: 
= 

;;;;';J' il' i:" :: "'T" 
i i; : .,:c:sidered 

incLudc the !

', 
;i, i;; ::" ::, r,T. lTliiT j[l .i:-".:.':xiJ]t;:. :'i:'

areas o."rrr',-tl":--tnt to,soil wilt o"tn"tivclv' 
thl

:inE Eftcr rcnewar included r;; :i:il: ::t""
f teo I I.I

Give a llstlnl of labor, uraterials, and tcstirclose the frcrllty. 
^,i-"".r.'lrtL".ttill ::o tcstinr neccssary :_.accounted !or. activities descri.bed in rtem II shour.l 3e

Itcr IV
F.or Item Iy.tcrosure :r is "rr",itJir;lji:imare 

or the

- :.: n ":" 
: H' ::'. . . *"". : 

-,: ffi ::'*l :" : :' # lk i : :,:he fac:.rr.v to "ro." by a cerr_ar:r::.:lt.ri] x.".:;*:rr:j :i
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lnay ilowever aif ec'- the rate ar- wh:ch .-ha post-clcsure neci:an-:nmus! be funded. The Cate of closure shouLd be esrimated bydividrng tbe remaining fi.r.r. volume by the average rate of inccm:n3Has:e. Noraally for sanir-ary lanCf j.lIs, 201 of +-he tc_-ai f i::"':-:ne :5 subtrac--ed tc a.L_cw :-cr cc./er soi.L voLune and a 3: Ira::,:::.ncom:ng r_o inp_ace vollne f:r:he waste:.s assuned.

The t-ime for intermerciate cr.osure steps und,er rtem Iv.c.should be specified, for placenent of finar cover, pracenent of'-cpsoiL, seecing, and ac+,ivities related to drainaSe and, .""".1:.n+-rol. The reEulat:cn requlres (at 329 IAC 2-14-t3, !{, lS, &1E) '-hat- sites aPply the f inal ccver rithln certain time f rarnes.Sanit,ary landfills are required to place final cover within lgC
r-.3y: .

f r : - :r L rs :mportant r_o note that 3Zg IAC 2-15-6 ( a ) requirestaa! r'inal closure be initiated within f5 days after recelv:ng --hej:naL volume ot' wagtc. It nay be appropriatc to lncludcnotif::at,icn cf closure to the agency as an carly step in clcsurein order --o :,:1eet this deadline.

Iteo Y

calculrtc thc eost Der acre ',.o providc two feet o! eompacted
clay soil; ltr lnchcs of topsoil; vegctation; aad certification of
closure includlnt anrt testin3 nacessary for such certificaticn.
Provide this ficurc bascd gg thc abovc work rccardlcss g;f rher-her
vour actual covcr ri 1r !g mora gr less ertcnslvc than rhat i5specified' The reSulation does not require a htgher financial
essurance for those who PIan a more extcnsive covcr systen (s-::.
as a thicker covcr), nor does --he regulation arlow a snaller
amoullt f or those rcquired to Co less.

-.:r _--=:: : /. B, :he ,_c:aL -_ime re,lui.rerl -_o clcse r-ne :ac: _i__y::::u-3 be.-he anttcipat-eC Ieng+-n of -,,:.me between when r:f.r€ i.a::l:--;.:?a::5 3:Cep'!ing waste and wiren -,he s;rbmi-_tal.s required by 3:,_: _i.r: - :5 - 5 3re subnitr--ed, :o :ne agencir. in crCer t-o aI low f rr per: I :i':l :l:le:,nen+_ wea-,her duri:g -_he placement of cover anCrstabi:shnenE, clf veEre?-ar'-ron, a Eime oj one year is suggestec.



Clcsr.
f-u l5.d ffi H Le eareurate
ret'srenc" H.T.* ****.ffiY.f T ecst "*.=.*l:.:: .? -: -,fot '""1 ;f,* 

*G 
.=asr: 

- *
:;:,:,, .:?ec .,="n" 

ccmpanv, 
n'"^^*=; ;tT,ffi 

': 
sussss'-ed

> be ccntac:eo. "" rn ':ther :=ses, ,.,.,"* 
ccs" !a'-arl c.n:.;;;1"= "

The ::,
swares :r:d .== 

o:' ira:rage feat-r1s.sg on
r: :hese ,..,to'n"hutes' nav r. 

-;;;";: '-he f :naL co

ac :.rnp : . 
= 
r..a'1= :::I:,iitl.-# ; :, ;;:l 

jJ; :" : 

-;j ;;
ie, if plannel, 

f :r .r, .._-..
fteo VI

Lisr thc

il'.:::"*#*. *iil:;-l=1 ilH'f rlnar e'ver
)n the deed. 

:ludcd 
"uorJ,, 

"l"o"Jl=r.llijr:

Itet VII
Hultlply Jten I. E . by Item V.C

rteo yII I 

Y' r' s€lll v ' G ' and then add Itera vI . C.

Check

;i,;:.j*alf,I,:' 
box'io ind:

standard .,,n.ions 
ror 

";^-.::: 
"'"ffi ;*[i"t;].ot:;111i 3e

rd,n. 
_rrJrj";:,,".:;;:;tiraates, _;;. 

entl re raci l :._r.

rir-h the cntirc laetl,ity s.,andard, f lnaneialbe prcvided for tr,s cos;_.;;:,;;:::".1 f_lnaneial assurance must,

"ijil:"Tj :*.:::F:::'":,;:;;: :n" 
en*re i"",,ity arthcueh

and needed,il,,-xillji. 
1 {l*Ji::l},"".j:ji::f:,;: 

"rould need tr
could be a.",o 

bc Drovl{gd tnitiar:.y ,; ; :ffiT.r;
certj.fied 

"" 

t"""td durtng the life orot 
tl'000'ooo' ?hts a&ount

Partially eloscd. thc faclllty as areas are

9or the ineremental,
provide assurance r:r .n.""til*:'"otl.' J::jtf .t.":l;il". to
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Projec'-i'n:aking in+-o accoun'- the areas whi.ch will have recel.zedwaste by'uhe end, of the year nrinus thQ arQa that rill be closer.:--thc bcgi,ntrtng of the year. For exarnple, if , at the begir.rr::g : !Tear 
'3 ' 

a facility has placed was-_e .n.-o f lve acres of wh::: :a3:as been certlfied as parr_iaIly cLcsed, and _-he facii_--y pla:.: -.:.::-l::.g -:HO addir-!,>nal aares juring F_ne:hirC year, t,;ien f::.an:._a_i: rur3:i:e nis.- :e proviled ar- -.he beg:nning cf +-he year ::r:
5 ac res - I acre r I acres : ,i acres .

Tire questi.on has been ralsed abc,ut how to handle areas -_:.:__
3:'r:lcsed erther prlor to the n:r., regulatlon bccorning effe:-,:..,J
':r :o :l rsure Flan approval . ?he regulation specif ies r-hat_
par'u:al:losures are to cer+-:fy'_hat the areas were closeC ln
3ccardance w:-t-h atrFroved c-csure pLan. The 3rgument has been naC=
'-hat t-he facillty's per:nj..- j.s, :.n ef fect, thc approved closure
plan pr:.or to approval of the new plan. This arguncnt seems +.o be
a pracr-::al way to avoid, having f aciritles be relponsible for t
financieL assurance of large 3reas |-hat arc already closed.

If t-he answer to Item VIII.A is rl0, sklp to lten Ix.

For f..em VI:I.B, attach a copy of the faclllty,s approve,l
final contour map. Indicate on this nap the naxinun areas cf
waste Ceposition on a yearly basls for the rcnaining life or'.-he
f acil.i-ty. Thc map Ehourd crearly identify the rincs used rc
delineate the requlrsd boundari.es. Thc maD should also be
appropriate!v tttlad, datcd, and show the prcDartng cnglneer,s
cer?if ication

Firt la thc tablc for lt.:m v:II.c. For crosure prans
requircd for orlsttng areas unc:r 329 IAC 2-z-6(b), ycar *t s.::ul j
start on Scptcobcr 1, 1g8g. photocopy additlonal patas as
nccessary.

Itco IX
Closure Plans are required to be certltlcd by a professlcr.a-

engineer ragistcred in thc State cf Indlana.
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P:s: -Ct : += Flan

Iteo I

Li ne-Bv- !:ne rnstruc-,icns

lt::_;:: 
:ac:1!tv's nane, -ccai:.-n, ,..unr-y, and :cr:c Haj:?

e .. 
-..._ ! a .

shalL be

t
I

t:<:::::'E per!':nj.::ec fac:ri--ies .shcuic givg r_heir sol:c r{e:_-eiers':::u':'ber if '--ne has been spe,::.flec in a pern!i-.r renew=-:s:u=C s::::a 3:g IAC 2 beeame effec*_:.ve. Otherwise, _-he: ac:' r :'-y' s Constr'-rct:cn Fernit Nunber shour.c be g!,ren. New::::::.-:es should indj.cate,N/A,, for :rot, applicable.

Iteo II
The tame, add,ress, and ptrone B of thc Derrnittee who:he crntact person during post-crosure must bc provid,ed,.

Iteo III
provide 3 dcscrlption of planncd Sround rater moni+-orin.ectivities incrudinE freque.cies. ccrtaln factlities may not cerequired to monitor ground rater. Construetion,/denoLition s:::sanc Restricted !{aste ?ypc II! slies do not have to nonitor grc,-rnci{a:er i! not specif ied by their pcrmits. These faei.ii+,ies n3y:nCica:e 'N/A' fcr this i.tea.

You shculd bc arrrc that 3zg IAc z rcqui,rcs seml-annualnon!toring of ground water as opposed to thc quartcrry rnoni:ori::grequired in thc Past' Spceific parameters, dlfferent from thcse:crn-rironry rQqulrcd ta thc past, Ef e also speci.f ied in the
regu i at ion

Iter IV
339 IAC 2-t5-7 speclfies requ:rcd post-closure cutles. Thesedutles shouLd be reiteratec here within thc post-crosure plan wi,r.-.:anv necessarv der-ai1 Provided. In particurar, 32g iAc z-15-7iall3& (9) require nonitorins of leachate correctlon and treatment, i.r.:methane control systems plus control of any tas or leachategenera:ed' These monitorinE end :ontrol activitids nced to be

e



de -:rreated.

you slrourd be aware tha+- p"u1e i4 0f the reguJ.ation requ:res:43: sani.taly Iandfills !mp-enen-_ 3n aFprcved :re.-hane :noni:ar_:.s-:r:Er3:n' Exlsti'ng facil:--::s:ric,rr--r re.:cr:f,e --he:.r an--:c:F.:--:.1:rn:.::r:i'g program nithin the pcst-cr:.sure pian i: one has :ii-_ /.=lao^ a^-rA,-=-- - - v?i.

IEeo V

irovile pos!-closure c3s? es-_:il3.-_es as specif ied. These:s-- t:a--es shculd, be f or -,he €r:-_ t ri lJ _year post-c Losure ?er_::
'a--her 

--han on a yearly bas:s. r,-cs--s nust !g g3i.gg]argd:a.:ed _'-he.i-?s-i necessarv for ihe work :jj h-g performed h.g a thj.r,l par-,.,.

ror mai'ntenance of :he f:eal cover and vegetation (I*-em v n,the ccst shall be Lu6 of the ccsr. per acre carculated, for finaJ.cover and vegetation calcuLated, ln --he closure plan mulr_inri"ifu,the total acreage permit+,ed, f:r filling.

I:em V.C requires the cost for vegetation control. Theregulation at 329 IAC Z-1S-7(a)(4) requi.res control of vegera:- rnon vehicular accesserays to monitoring weIls. At 3Zg IAC2'L5-7(a)(5), the regulatlon requires control of vegetat:,Jn 3--:;:esi'-e as necersary to enable'.he need, for slope and cover
mainten3nce and lcachatc outbreak abatencnt. In generar thj,s .;:.-_require thc landfill to now portj.ons of the site on at 1east- 1yearly basis.

' Item V.Il rcqutros thc cos?- f rr ground water monitoring. .{
January of t CS surycy of grourd, .,rater monitoring costs by s: a: :
lndicatcd lll sDProrlnata ccst per r.rell of gl4o for sarnpring 3: l
s310 for anrlyrts of the parameters requrred, for sanitary
landfills. Ttrls cost of g45o woulc need to be oultipried by - . - :

provide for 10 years of biannual sampling and thcn nultlpl:ej:.,.
thenumberofwe11sneedlntto5enonitored.ThisProjeeted
lnay change if ratcs by aronitoring Iaboratorlcs changc.

The costs for leachate haur:ag and disposal (Itcm v. i i(



se qu j.:e €x--ens ! ,,o 6 - _
Fcr facilir.i.tnttt" 

f:r some faci.Lit-ies
markcd ,n* , .,= 

not requirec ro ccr. rect i::";::":r:;jcabre :: r:ne!s
se rtems ,,,ay O

Iten VI
Ihe pernittee or an e..ithari:ed, representative of the pern:t;:;=:;: pos---crcsure Plan and pr:vrde hrs name, acd,ress.

,..'{i -

Fj:.::e
- -=:
:na

t0



PaSe cf
lCLolr.rro ?o"fi ?oga Z Of tL,II. CLOSUHB AC?IVI?IES (Continued. photocopy add,itional pases asnecessary. )



(CLoaura

CLOST'RE PLAN

P.t. of
7ora,r pqgo f of tt,SOTID WASTE

GENERA.t IXTOruIATION

fa:: -:'-l Naree:

a F a.-. I i 5,-
- L -rt L::s'- icn

iaciL:.r-y Ccunty:

l. Faci L: ty Soi id !{aste pernni-_ No . :

E. To+-aI FiIl Acreage ( See instructlons. ) :

II. CLOSTRE ACTIYITIES (provide a descrlDtlon of the steDs tha..wit' be used f-o partiarry close, if appricable, and f inal-y:Lose t-he facil'ity. see lastructions for items tha+- shouLd beincluCeC. )



III. LA.HT, HATERIAI,Si, & TTSTIM;
necessary to close the facil:._y.
:e;enj:ng upon the nunber ot ac.res
s:::_ j be indi.car-ed cn a Fer acre

Fage cf
'Clsluro f :rrn p$9. J Of tll

( Prcvide a I isttng of j.t:rns
For i--erns thar- .*rl1 vary
tc 'ce : _::ed, -_ae iuant:-_:es

bas:s..;



page
(Cloaqro forrn p.1g. .of t1)I V. EIPECTED YEAN OF CLOSURE

A. 3.xpected Year Of C1:sure;

- -5- l:.nre R,e.iu: rec,
i 1:rp.rao l ---_ r! - - J:iI . /

.l {_-:sa a3::-:.-_I

l:.me R,eq.::reC
a des3El!-:iJi1
r.qu:red. See

Jcr In--trrneCia.-e
ci in--erne,ir.B-r€

:nctFrr--,i r--
-:.r ea .:J - - j::= . l

ln C-osure (

aCt !v!;- 1E5

?r:v: j,e

anC '-he --::e

Steps
c I o.ure



Page
(CLoSqra For,rr Pca.5 Of !r)

v. COST PB ACRE FOR FINAT COVER &

,r:.a-- % lf Fl::a1 Cover An,j T-.pso:
-'- a- I ro f.an- rn] 1gr{ Lr,i 'eJi : t Pa

3:s-- ---- :si,re, By The Pern:---.ee?

VESETATION

I Is Avallable From Artas
r:on'- r3: L:d Thrcugh

.t 
^€ - a^-^,1 '1 J- - -F:U__

l,rs:r:'De Lcca+-icnt

'a :: ::-::- ::ver

l'es:r:,:e :fca-\,:.3iI of souraes

5ource3

q r-e: Esr Aara fa: Ar- uisition, Placemcnt, & Compactlon of T
! eer- ct ! rna

I Acqu:. s ition
3. Quantity of clay needed Per acre

( cy,/acre )

b . Excavat i.cn unit cost (S/cy )
( if ob;-ained on-site )

3, 230

Purcha:e un!r'- cost ($/cy)
( i. f obtaincd of f - s ite )

Delivery unit cost ($/cy)
( if obtaincd off-site)
Acqulsition cost (8/acre)
Line la t Llac 1b (or)
Line ta r (Llne lc + Line ld)

d.

.A

a Placeacat aad Conpactlon

a. Plaecoent/sDrcadlnS unit cost (t/cy)

b. Ccmpaction unit cost (8/cv)

c. Placement and comDactlon cost tsz""""i-
L:.ne la * (Line 2a + Line 2b)



-le
Fornr

JL

(CIoiuro

3. l"=.rlI
3. .3oi1 classrf :ca--!:n 1 :: sli.l source:s of var:abLe quaLi--y) (g/aere,r
'- :' ' Frra u_-.,=y :c:-_r3: ::r caver .,hickness

i:: ;::Fet. s:Jpes S,.d.t13 )

:. !ensi--y testltrg (i.f planne,J)(S,/acre)

l,. Test,l:ig ccst (S/acre )

-::e 3a r L:.r.e 3b - L:ne 3c

. i\ay Cover C:s-, ( S,/acre )Line le * !.ine 3c - L:::e 3C

Pog. 6 Of 11)

I &eq9nt o! Topso!!
, Acquisit-lcn

3. Quantity of topsoi.l needed per aerc
( cy / acre)

b. Exeavatlon unj.t cost (g/cy)(if cbtai.ned on-site)
c . Purchase unit ios'- ( S,/::- ,

( if obtaineC of t-si.re )

d . !,e I ivery unit co st ( g / ct. i
( if cbtaincd of f -si+_e )

e. AcqulEttlon cost ( S,/acre ;Line la I Llne lb ( or )Linc la t (Ltac lc + L:ne :.d)

Placcrat
a. Sprcedlag unlt cost (S,:y)

b, Placeaent cost (i/acre:
L:.ne la I Llnc 2t

Topsoi I Cost ( S,/acre )line 1e - Linc 2b

1

807



P"8'
(CLoauta fgrrn -- 

.f ___
Pogo 7 g1 rl)

lc s." ?er Acre to Estab f i =L Vegetat r cn

:. Yega--ar-ion

3 3eed:ng .rn:t- cost ($,/acre )

h iarr, l - -

- V,,'l .Li--_ .'iu- _:;::ng un:?- aCSi- ( S,zaCre )

i . Tegetat :.on Estab L i shneni Co st (

L:ie La + Line lb + Line lc
$,/acre )

E.

l. RegiEtered professlonaL Engineer

a. in::ial revi.ew of elosure plan (hrs)
b. Total nurnber of inspections
,: . Inspecticn timc required ( hrs,/visit )

C. Total inspeetion time (hrs)
Line lb * Line lc
Prepare final documentatlon (hrs)

Total englncer tiae (hrs)
line la + Llne 1d + Line Le

EnSincer unlt labor cost (g/hr)

Protcsslonel cagtnecr cos+- (S)
Llao lf r Llac 1g

Aror of sltc Dcrnit-ted forftlltnl (acrss)

Closure Certl!lcation Cosi, (g/acrc)
Lrne lh + Ltnc ti

A

5.

h.

L.

J.



Pt8'
lCLg!!rro ForF ?a,9. t Of ll,

l:her Costs per Acre fcr frnal Cover .nd Ve etat i.on
,'tter Costs ( S,zacre ) Spec:fy

TciaL of i:eres B
l Yust not be iess

Through F
lhan 55,0OO )

Yt._ OTHER CrcSURE COSTS (Giverather than pcr acre. )

A.

B. Cther Cosr-s

Costs for i+-ens suchgas venr-s , etc. should be

L . Act ivi+_v

. featurcg, instaLlationin this sceti.on.

total facility basis 
I

Cost

these on a

as drainage
de I ineated

Tct,al ( Add cos+-s f rom Eecr-ions A. and B. )



VI I . CtOsgNE COST ESTI}iATE
I -,em V. G. and t-hen adC

(YuIt-ipiy
Item vi. C

P"g'
lCLcs(Jro iorrn

ltem I. E by

-- 
9I

?a9. 9 Of l!)

VIII. ADDITIONAL TNFORI{ATION

FiNANCIAI ASSURANCE ON

REQUIRED FOR FACILITIES PROVIDING
AN INCRE}TENTAL BASIS

A. W!l- Clcsure
i::crement-a I
:s n3, skip

Financ i a i
E:e:e1 /-€
-5--J. 

i 
-!

+-o Iten iX.

Assuran,:e Be provid,ed, Cn An
--he 3nswer :o this guest:on
):

B. Yap Cf Areas Wasr-e 3ep.:s:r._ion (Attach a copy of
t-l':e f ac:I:.ty,s f inal c3n-!our nap which shows the
lnaximum areas of waste deposition on a yearly basis
for the remaininS life of the facitlty. )

5



ia3e _ o:
CLotqr. Tcrm pqEl lO Of ll)

l. Ya.rlnum Areas Of
::.l;xii.J -"able f or

llaste Deposiit cn & CLosure
each ren:aining year of,.-he

C I : eu.re
Parr-laI,t\

Costs (EiIL in
!ac!Iity's life

Area Par-,la_ _.y
CL,reeC

( r:umulati'/i a:r:.:,
( start c! ]'ear J

.)

C:st'- e/,.';
t ,'e!!Fg
',-v-{- Y

-a:r?:::ia.:..-
l-,::r: l-:-

I

I

;



P.8e ___ oi
lcLcgr.rro porrn pogo tl of ,;-

IX. ENGTNM CERTIFICATION

I :* r'-:-iy -:::Cer ;enaL--y a j Law -,-hat r_h:s documer.--
1'--- lc:-ne:.:s -.ri r,.e prepareC un jer my dlree?- ion or Superv3i::rCsn:e wiih i sy.5ten Cesigned __i) a,ssure -,hat quai:pe:'3'linel'"roperly g3r-her alc evaluate --he infornat::n

E:es,{ \F :- f :=-r Jrr n\y ,::quiry c:' --he persons .,.rho managed r-he syspers'fns lirectly responsibr.e fcr gathering the ioforna:::crna"-ioi:, su:rni---.€d is , to the best of my knowledge,
ac:'jra--e' and ccmpr.e'-e, I em a?fare --hat there are sigpenal'-ies jcr :ubmit--_ing fa]se :n,fcrnaticn, ineludingpossibi li'-v of f rne anc lnrprisonment f or knowin3 vlola
:urther certify that I am aut-horiied to submit thts in

Date:

){ame:

Afjraoo

lelephone B:

Prof ess i.onal Entinscr Rctistration No. :

>n{ - i'a__

: sr:n _a

e,rL-. --r rvtll- r _

_ahevrla r - !

ticn, --h

'-rug,
ni.f !can--
-hr

t:.ons.
f crmat:.o

.t

I
+.

:- lgnature :



Page c:
?ort-cto3r.ro ror''r Pcga, t of to )SOLID TASTE POST-CIOST'RE PT.AII

I. GEIIERAL IIIFORI{ATION

A. Fac : I i.,y Name :

B. Faci. L ity Locaticn:

D. Facility SoliC Waste permit- No.:

t
I

o 
Ir. POsT-ctosrrRE coNTACr PEnsoN

A. I.lame:

ts. Address:

C. Telephone No.:



p"ge ci
rport-Clorura Forn ?ag. Z Of rO)III. GBOU'6'HAT-ER TONITORING ACTIVITIES (PrOVidC A CESCTIPiI3N :ipl anned ground water ;noni--orl::g act, j.vtt-ies :ncJ.uCing -,hejre fuency of --he ac.-:,/::l:s. 3ee !nst-r1.cr_ions. )



IV. 
'{AINIfrxcE 

ACTIYITIES ( Provid,e
ma:!:,+-enance aetivit:.es and the
3e pe rf c rnned . See i ns: ruc r. i ons

P"8e _ ::
lPort-et€furo Form pq,g.) 3 Of ro,

a descriptton of planned
frequency at which they wiLi



Fage :j

v. posr-c; cosr EsrrHAm (see ,"=;;:."fi:: '1:.:*;i.":;-';
esri;nates are to be presen"-ed jcr the ent!re tC-year post,_:.l.csu:e:3r: per::d rather -,han 3n a yeariy bas:s. )

-Ann':al xspecr-ions anc P.ePor-_s
F : -tar i r--..rF__r_jll

3. ),lunber- cf inspections Curingp:st-closure perrcd ( sennraniual:ns?ec--ions f or 1O years )

b . Inspector .-ime required ( hrs,/insp )

c. inspecior unit 1abor ccsr ( S/hr )

d. Inspection Cost (S)
Line la r Line lb r Line lc

2. Report Preparation

a. Numbcr of raports duringpost-closure pcriod

b. Cost per report (S)

c. Report cost (S)
Line 2a t Linc 2b

3 . Inspecti.on and Report Cost ( S )

20

The cost for covar oalntenance and vetatatlon shalr be:.0 percent of t-h. cost pcr aere calculated for fj.nal cover ancvegetatlon ta thc closure pLan. (329 IAC Z-ts-g(b)(4))
1. Final Covcr l.lalatcnance

a. 101 of cost for plac€R€i.: of f inalcovcr aad vagGtation i 3s deterEincdin lten V.G of the Clo:"ire plan)
( S,/acrc )

Total area of sitc pern:--ted
for filling (acres)

Cover Maintenancc Cost ( $ )

Line La t Linc 1b

2C

B. cost for llai.Jcrlr,ec d'f' Fi.nal cover and vegotation



c.

Certatn:rs:";";iJn'"'. areas are requirec .!o be

1. .yow:.ng

P"g'
(tort-ctorv 

ta , o?t -, ?cao !

rnored per regul ar_ j. on . See

of

3. Yorilg f requency (vis:.ts,/LC years 
)b . .{rea to be nowed ( acres,/vi s i t )..' Yori:rg uni., cost (S,/acre)

A tt'-. vegetation|' Ccntrol Cost (Lrne La r L:.ne 1b,{ L:.ne
8)

-
ces s Control & BenehnarksAccess Control Maintcnance

3. l:-":"" "o,r:-:?I. mainrenancerrequency (visr;;iid ;!ars Ib. Arnount of
r :-iniar ";.j:i;i" l.'iotn" repr eeenent

f. Acccss ConLla. ld * Itor t{alatenancc cost (t)
Benclurrl Helntcnencc Cost
Access Coatrc
Li.ne lf + d: 

& Bcnchnark

' Fencing unit cost (g/tinear foot )

;=:1".-cosE (g)L:ne ia r Line 1b r Line
Other (S)
( specify )

( if any) (t)
Repai.r Cost

A -

-
--_(t)

a

)

3.

-



,-'est for Leacha+-e ,lc

?age
lPost-Ctoar.rro Forra pagc O Of to )

:n System:{onitcrlngand'
'r2. --6'i!rn^A

: . 1:r:::at,e Cc Liecr-:.in 3ys-_:n Inspec--i:n
: l:: pec-_:3n f requency ( lns g/,-O years )

b. lnspe:::3n -_:::e required (hrs,/irsp)
,:. Inspec:or unit -abcr cosr_ ( S/hr )

j. Irs;ec--:cn cos"- ( S )

Llne la r Lire lb * L:ne l:

= 
. 13ac:1a-,e Cc llec+-: :n Sys-,.em Maint-enanee

a. Number of pumps replaced Curing post-
cLcsure ( purnps,zl0 years )

b . Pump unit cos-. ( G/pump )

F.

c. Other (t)
( specify )

C. Leachate systcm maintenance
(Li.ne 2a r Linc 2b) + Line 2e

leachate Col.leetion Moni-"oring and
l'lainr-enance Cost (S)
L:.ne Ld r Linc 2d

Cos'- ior tlethans Control System tionitoring and l{aintenance

Methanc Control Systcn Moni.,oring

a. Gas loaltorlng frequency(vtstts/lO ycars)

Tioe raqulrcd to monitor
( hrslvtsit )

Contract lab tcchnlcian unit
Labor cost (8/hr)

Gas monitoring cost ($)
Line [a I Line tb * Line lc

b.



2. Gas I'foottoring Wcll Maintenance
3. Malntenance frequency

i visits./10 yeari)
b. Yonl-_cring rells needing

na:ar_enance per vist._
:. Ya.- ntenance r_ime requ:.red(h..s /weLL)

d. Unit, labor cos"- ( S/hr )

e. Monitoring well maint_enance cost (S)Line Za r Li.ne Zb r L:ne Z,= |Line 2d

3. Gas Monito-ring and Maint-enance Cost (S)Line :.d + LinC Ze

L'. Cost for Ground Water llonitorl Systeo l.lalntenance
:.. Yonj.+-oring WelI Maintenance

3. Ya:.ntenance f requcncy ( v:s Ll-s/10 yrs )

b. Nuober of nonitorint weIIs needlngmaintenancc pcr visit
c. MaintenancG tinc required (hrs,zwell )

d. 'Jnlt labor cost ( 3,/hr )

e. Moaltortag rell naintenance cost (S)Ltal h t Ltnc 1b r Li.ne Ic t Linc 1d

Monitorlnt llcll and partE Replacenrent

a. Number of rclls needing replacenentduring post-closure period

Existlng monitorint welI sealin3unit cost ( 8,/well )

New monitoring well construction
uni,t eo3r ( 8/wsll )

P.g.
(poat-cLoauro Torrn PcA. ? Ol ro)

t
I

b.

2.



P"g'
7or*r Pggl a

20

ri
of lo!

i

, lorl-Ctorsro

Yg"ltoring rrell :ipiacement eosr (S)L:ne Za r ( Li.ne zb- ;-l:"I"2" 
I

:.

g.

I'lumber of pumps needing replacementCuring post-closure p.iiua
i,,-r .al r-J...., :ri,_-_ jos: ($/f.ump)

Purnc ,--ost (S)
l.:.r.e 3e * L:.ne 2t

H.

3. GrounC !{ar-er Monitoring SystenrYain:enance Cost (S)
Line le . Line Zd + Line Ze

l. Ground Watcr Monitorint
s. Nur:nbcr of rcquired sronitoring wcl1s
b. Yonir.orlng f rcquGncy(seraiannual sampling for 1O years)
: . SarnpL ing and analysis cost ( $/well )

d. ,jro,.rnd t{atcr !{onitoring Cost ( S )Line !a * Linc tb I Liie aa- 
1-'

I . Lcachtto Prrnptnl & HauI i.ng

a. Lcrcbrtc rcoovel frequency(vtstts/lO ycars)

b. Qusntlty t.; be aanaged oi site
( gal lons/vistt )

c. Truek capacity (gallons)

d. Number of loads/visit
Line :.b + Line lc
( round up ..o neargst intcaer )

I.



(Port-Ctoiur.
PaSe _ of

forrn TagO 9 Of

Punplng and -erarrspo r--ati lnunit cost (g/Load)

Leachat-e llauling Cos: (S )

-:ne la r L!ne:.C t Line le

Cosr- icr Leachate Disposal

Leachate Treatment

a. Volume of leachate requiring
drsposal ( gallons )

b. !isposal uni.t cost ( S/gal )

c. Leachate Disposal Cost ( S )- Linc la * Linc lb

K. Other Costs

Any costs not included in the
included here. These might include
and sedimentation pond maintenanee,

1. Acti vi tv

above items should be
drainage ditch, access roaC,
lift station power costs, elc.

Cost

a

2. Total of othcr Costs (t)



r:rat. I"r CLosure.:-_3- :f preced:ng

P"g. 
-- 

cj _:Pc.t-Cloruro Forn pqgl to 
", ;;

(Sr
o

Narne:

AdCress:

l'^--\-usL gs-,:. :.J1a--g33:3gcr:rs 
)

VI S IGNATORY CERTI FICATION

- cer:.:y u:rder penal:y ci -ar --11s1 _,his document anJ a_l3,--'-3ct:,iiten:s Here Frep6rg6 under ny j:;iac-'rilence with 3 sjrsi-em desi.aned -_o 
re:r'lon or suPervisra:i i:lssure that qualified;ersonnel pr:pg'ry g:a+-her anc everuate the infor.ruatton subnit-_=:3ase,l .jn nny :nquiry of +-he perscns r.rho nanaged the system, or Ei:perscns d:rectly responsibre fcr Ea"-hering the inforrnaticn, .'-heiaf cr:nat- icn submi:ted is , Er) r._ne bes., ot- my knowledge, true,accurar_e, and complete, I an irare that there ara slgnif icantlpenar'-ies f or subnittrng f alse irrf crmation, lncludlng the rpossibilitv of finc and irnprisonnent for knowinS vrorations. Ifurt'her certify t'hat I arn authorized to suburit thls information.

Slgnature:
Date:

Telephone t:
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, guidance doc.rment.

IuonuA DEPARTMENT oF ENvTRc
Wmoke Indiana a cleaner, healthier place to liue

Euan Boyh
Governor

Kathy Prosser
Cummissioner

I05 tiuuth Merrdrau Street
P.O. t}rr 6015
lndranupolis. ludiana {6206-tiO I s
Telephone 3 I 7.232 Eti03
Envrronnrental I lelpline I .E00.{S I .ti02?

TO: Landfill Owners and Operators
lr,

FRoM: &r^*y J. Method'Assistairt 
Commissioner

DATE: Seprember I0, Lggz

office of Solid and Hazardous waste Management

SUBJECT: IITIDIANA IMPLEMENTATION OF SUBTITLE D

fr#$,**tirrul$t}#'=srqul'iq.rur$l''^l,lu*:#'"
nd;;il;;;',s"1ffi ill?,l"'lf;,#;rr*u;tutl;j:r*"*,:ll'**rl,'
responsibility requirernen6. e ---- rvsD yrvrqw \'crs'

Ii!q-EIqRAIIALL Mt MCIPAL soLID wAsrE LANDFTLTS rHAT ARERECETVING WASTE ON OCTOBER 9, 1993, MUSh COrVrPr,Y WITH ALL OF THESUBTITLE D REQI,'IREMENTS. ANY LAXONii THAT STOPS RECEIVINGWASTE BETWEEN O_CTO_B_ER g, lggl, ANO bCrosER g, 1993, Musr coMpLyWITH THE SUBTITLE D REQUNEMET.NS FOR FINAT COVEi: 
''

The Indiana Deoartment of Environmental lvlanagenrcnt is in the procesradminister this irew frd"Bt pr"iril':'il, d;'il##Lt .o work with taoPeraton to assutrnialy-cascs," Xfrigi:#-""*,*jffiffitlmodificatiolr to votr site. Indfana;,!1aiiini."..ilg"t r".eptable rules by october 9,1993. (Even if 6diadd;6 ";;Ejranatiuimiitli,prff n,r;tilfr :ffifi ,LH.llI).?f ;f; :lrr.il,ni:*tx
Progmm' wG arc rcquesting s-oqg informatioir on the p"i""u.t irnp*tt ;l th" Suutitr" o
1eg-ullqo-ns. we ard also eiclosing a uri.l-surnrny,iC;il;Iilir p.r;sions containedin Subtide D. If vou want to reccfre the compl.t i.iiof Subtitle D, the IDEM has alimited number o? copics ihilF;; obtain by contacting Mr. Jerry Rud at 3t7-232-7zcp..

Y::qryit t:.* assistance in this maner. Compliance with the Subtitte D sundards isan lmportant mattcr for all landfill owners and opeiators.

[l,u,'rlt:ffi ,::T*::it:[1it*:i,",il*?.li?:id;;onaparticu,araspector

Ao Eqr,nl Opprrturrrty llnrployrr
b---t-) -.- D--



SUMMARY

Muxrclpll. SoLID WAsrE LANDFTLL cRrrERrA PART 25t (SUBTITLE D)

Subpart A. General

Applicability
Subtitle D is not lPPlicable to landfills that werc closcd, or portions of landfills that werc closcd,prior to October 9, 1991.

Landfills that closcdafter October 9, 1991, or will closc prior to October 9, 1993, must comply
with thc Subtitle D closure requircments.

Landfills which closc after October 9, 1993, must comply with all Subtitle D requirements unless
otherwisc noted by Subtitle D.

Subpart B. Location Restrictions

l. The following Equqcmgnqs-qppllto all exisring nnrnicipal wasre tandfills that ha"e not
closcd-prior to Ocober 9, 1993. The EPA has fromulgdted locarion rcstricrionJi* --
landfills locatcd near or in thc following arcas:
a Airports 

e-----' 
i

Within 10,000.feet of ury-airpons used by tnrbojea or within 5,000 feet of airports
uscd only by piston aircraft.

b. Floodplains
Within the l0Gyear floodplain

c. Unstable Areas
Within an unsable area srrch as areas where undcrground mining has occurred under
the sitc, or arear of Ikrst teranes.

I-andfills that arc affected by tresc location restrictions must cither closc by October 9,
J9.6:.9{ providc &monstradon that there will be no advenc affects causcd by operating the
landfill in thesc arcas.

2. The following location resrictions apply to all arcas of existing landfills which have not
rcceived wa$c as of Ocobcr 9,1993.
.s. Wettands

Within a wetlaldr
b. Fault Areas

Mthin 2fr) fect of a farlr
c. SeisEiC lrycct ?rlncr

Within a scismic inpact zone. "scismic impact zone" means an area with a l0% or
greater p'robability thu the maximum horizontal acceleration in lithified eanh
material, expressed iN a percentage of the earth's gravintional pull, will exceed 0.10g
in 250 years.

Wasrc shall not be placed in artas affected by thesc location rcstrictions unless thc
app,ropriarc dcmonsrations arc rnadc.



tri:f.ffi3l*"'tfJtrFi:t5lf:t on si' specinc conditions. rn other words, this
25t.5t Ground lVeter Monitoring Systems
]he federal requir

frIif*,*ffii#j{fi il=it'ftiil$::J?f 
11T;,:H:11rysuireme""t-4*fi 

ffi h.*s,;diiiiir#r*i$nffi ry;if#:ffi t*:,ft r*:'hr:r,;3Tg:i"
25E 53 Ground Water Sampling and Anatysis
The federal rcouircmenf an{-Indiana'srequirements 

are very,simirar on what is expected in therfl'"ulf#:;1.*:*'g'r*:it;,#$#i'H.,.rr:ruirementsrhatare,erysimiiar

Compliance Schedute
EPA has outlined tl

tr[##$;.T#,ffiiffi#,I,:il5.i:$j'ffi ,.ii:f,*fl ff i:ftrffi ,#rL,

2StS4 Detection Monitoring hogram

:

25t-SS Assessmcnt Mmitoring program
The asscssnrcnt rnonircingrrrogram 

"-:,y* to Ind.iana,s p.hal,, monioring progrurr.

t#ffi lffi HIgffi #jHilff j#,ff#g,T,,t jffi :;ffi T;rfr,nlground

Existing Units and Lateral Expansions

Altnew*n@

Unappoved States
Approved Sates (option)If <l mile from drinking water intake

50% existing unis W t}tgtg4
lW% existing units by 10/9196

If l-2 miles from drinking w.rrr rn*olE
If > 2 miles from drinking watcrn*. 10/9/96



a

SURVEY
Please compleGtltis survcy o the best of your ability, and rerurn it as soon as possible to:

Patrick Carroll, Chief
Technical S upport Branch

Oflice of Solid and Hazardbus Waste Management
Indiana Department of E nvironme ntal Manalement

105 South Mcridian Street
lndianapolis, lndiana 46225

Name of Friliry Counry

conurct Person Telephone No.

Acreage permitrcd to rcceivc waste

As of October 9, 1992 As of October 9, 1993
Area that will have reccived some wasre
(acres)

t
Existing airspace over this area $d3;
Amount of time to frll this airspacc (months)

Average Area Largcst Area Smallest Area

Typical size of constnrction arta (acres)

Iypical airspace of this consruction area (yd3;

Amount of timc ro fill this airspace (months)

Does the curcot IDEM approved permit contain a leachate
collection sysEn dcsigna-in accdrdance with existins IDEM
rules forarcas to bc frlld afterOctobcr 9,1993.

YES NO
(circle onc)

Does the curtnr IDEM apptot/cd permir contain a comoosirc
liner sysrcm dcsigncd in id:qdancc wittr Subtirle D
requirenrnts fc arcrs b bc 6Ud aftcr October 9, 1993.

res No
(circle one)

Is yorn landfill lcarcd in an rrca governed under the Subtitle D
location resuictions thrt will rcqufu a dcmonstrarion to continuc
operation of rhc fritity.

},ES NO

(circle one)

Do you urticipate any diffrculry in complying wirh any
provisions of ihe Sudtitle D rejuhtions? ' J YES NO

(circle onc)

If so, which ones?
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This document is pmvided for informational
purposes. It is not an enforceable. guidance docurnent.

FIR,ST NOTICE
DEIELOPMENT OF NEW SOLID WASTE MANAGEMENT BOARD RT]LES

INDTANA MT]MCIPAL SOLID WASTE LANDFTTL
CONSTRUCIION, OPERATING, AND CIJOST]RE PERMITS

TITLE 329 Solid Waste Management Board #93-l
REQUEST FOR PUBLTC COMMENT

PI'RPOSE OF NOTICE

The Indiana De,partment of Environmental Management (IDEM) is soliciting
public comment on the development of constnrction, operating, and closure permit
standards for municipal solid waste landfill (MSWLF) units in Indiana. The purpose of
this notice is to identify the authority, subject matter, and regulatory requirements relating
to the development of such standards and to request public comments.

AUTHORITY

The authority under which the pro,posed rules are to be ado,ptcd:
rc 4-22-2
rc 13-1-12-8
rc L3-7-2-15
rc 13-7-7-1
rc t3-7-7.1

SI]BIECT MATTER A}.ID BASIC PURPOSE

The de,partment is reviewing current solid waste landfiX regulations as part of its
stated mission to protect the environment. This rwiew is also being done in an effort
to meet thc requirements of federal regulations, 40 CF.R Part 258 (Fedcral Register
published October 9, 191), which spec.ify the required minimum standar& for municipal
solid waste lardfills. The United Statcs Environmcnal kotection Agency (F.PA)
promulgated 40 CFR 25t in responsc to thc 19t4 llazardous urd Solid Waste
Amendrmts (IISWA) to thc Rcsource Conscrvation and Recorrery Act (RCRA).

olr April 28, L993, thc daertm€nt anrcunced at the soud wastc Managemant
Bmd meeting its intention to initiate the rule maldng prccess for issuing.construction,
operating, and closurc pcrmitl for MSWLF units.

The @rtmatt is soliciting oomments, suggestions, altcrnatives and proposed rule
language cmceming:

r dcfttitions, G.8.,uper-nrcst aquifer, un$able areilr, wetlands, sanihry landfill;

r hndfill siting limiations, o.9., geologic, macorologic;

I lendfill setbrch and disances, e.8., schmls, residances, wate,r bodies;

I landfill.dcsign and csrstruction, e.g.,matcrial tlipes, liner designs, slqrcs, quality
controuqulity assuranoe;



* vertical expansions, a.E.,limiations, design standards;

* ground water characterization and monitoritrB, e.B.,number, location and t),pes
of wells, zones to be monitored, monitoring parameters and frequency, minimum
qualifrcations for ground water sample collectors, appropriate statistical methods;

* laboratory methods for data analysis of ground water samples, e.g.,EPA SW 846
approved methods; 

".

* sampling and analysis plan, e.g.,content, format and timing of approval;

* operational standards, e.g.,placement of waste, waste compaction equipment,
daily and intermediate oover, vegetation, traffic volumes, odor, litter and vector
control, security, spotters and random waste inspection by the facility;

* waste volume intake measurement and control, g.g., disposal rates, monitoring
and measuring;

* special waste disposat standards, e.g., special waste receipt and handling
resEictions, application content and form;

* leachate collection, storage, treatment and disposal;

* gas management;

* closure requirements, e.g.,design, material, monitoring systems and periods,
allowable uses of closed areas;

* transition scheme to new rules, e.g.,applicability to existing permitted facilities,
phase-in period for different rules or standards, closure date for existing MSWLF
units not complying with new state and federal regulations,, applicability to
pending permit applications, repermitting of existing facilities;

* requirements for permit application package, e.g.,'t54)e, format and content of
submittal;

* possibilities for standardized landfill designs; f:l

* separation and/or collection of recyclables at the'facility; ,

* financial assurance requirements for closure, lrcst closuru:.and corrective action,
e.g., calculations, amounts, mechanisms;

i' ;l I i

* landfill waste volume, type and source data collection, maintenance and
submission;

* appropriate areas or mechanisms for landfill self-monitoring and compliance;

* public notice requirements for siting a solid waste landfrll; and



* other issues, alternadves or factors which should be included in the
regulations.

REGI]LATORY REQIJIREMENTS

Alternative a1d proposed rulernaking _provisions must.be at least as stringent asthe restrictions set .f,orth in the 1984 Hazardous and Solid Waste Amendments to the
Resource Conservation and Recovery Act, the provisions of 40 cFR part 25g and theproposed regulations in 40 CFR part 239.

IC l3-7:7-2(b) requires the Solid Waste Management Board to consider thefollowing factors:
(1) all existing, phy,sical conditions and the character of the area affected;
9) past, plesent, il1d1,probable future uses of the area, including the character of
the uses of surrounding areas;
(3) zoning classification;
(a) ttt nature of"the existing air quality orexisting waste quality, as the ciu|g may
be;
(5) technical feasibility,. including the quality conditions that could reasonably be
achieved through coordinated control of af factors affecting the quality; ani(6) economic reasonableness of measuring or reducing 

"iy 
prrti.utar' type or

pollution.

PT]BLIC COMMENTS

At this time, the department rclicits:
(1) the submission,of alternative waysto achieve the purpose of the proposed nrle;
and
(2) the submission of comments -on the proposed rule, including suggestions of
specific language for the proposed rule.

.,,;
ilfailed comments' should', be, sent to the attention of: Lynn West, Office of Solidand Hazardous r\Master,:.^Manage*91t, 105 South Meridian 3t ot, p. o. Box 6)15,

Indianapolis, IN 46206-60i5. Hand delivered comments wiu be 
""."pt"0 

by the DEM'
-e-r,nployf- 

oB du8,:at .the'eighth floor recqrtion desk, office of Soiia and l{azardous
waste Management, 105 South Meridian sfieet, Indianapolis, IN lazs.

Comment period deadline is,fuly 15, 1993.

Additional information regarding qe requirements of this proposed rule; 40 CFRPart 258; and/or proposed regulation-40 CFR Part 23g can be obtained from: BnrcePalin, Solid Waste 'Uqn€emerrt, Branch Chief, Offr.ce of Solid and Hazardous lyasteManagement, (317) 232-8892.


