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Chapter NR 504
LANDFILL LOCATION, PERFORMANCE, DESIGN AND CONSTRUCTION CRITERIA

NR 504.01 Purpose. NR 504.08 Minimum design and construction criteria for landfill gas extraction
NR 504.02  Applicability. systems.
NR 504.03 Definitions. NR 504.09  Stormwvater management and miscellaneous design and construction
NR 504.04 Landfill locational criteria and performance standards. criteria for landfills.
NR 504.05  General design and construction criteria. NR 504.10  Alternative design criteria for landfills accepting high volume indus-
NR 504.06  Minimum design and construction criteria for landfill liners and lea- trial wastes.

chate collection systems. NR 504.11 Minimum design and constructimiteria for landfills accepting res-
NR 504.07 Minimum design and construction criteria for final cover systems. idue produced by burning municipal solid waste.

Note: Corrections made under s. 13.93 (2m) (b) 7., Register, August, 1997, Ngries of the property where the existing landfill is located and on
500. property immediately adjacent to the existing landfill. Exemp-

i i ions from compliance with subs. (3) (c) and (4) (c) may not be
NR 504.01 Purpose. The purpose of this chapter is to helﬁIons . . :
ensure that efficient, nuisance-free and environmentally accef2nted- Exemptions from compliance with sub. (4) (d) may be

; : T ted only according to the procedures set forth in chs. NR 507
ablesolid waste management procedures are practiced in this : . - h
and to provide information on locational criteria, performan %1140' Exemptions from compliance with sub. (3) (f) will be

standards and the minimum design and construction requirem egvgp 22 :)\(/:rl;jatti'ggs%]; ct)f:ne ;ﬂgorg?t('f%%onéae'n?g,:{]egirm(ebs)g
for landfills. This chapter is adopted under ch. 289, Stats., an y h P I ion. f : d Y bE g I
227.11, Stats. nformation on the well location, former and present well owner,

. . A aq. ' ell driller, well log and construction details and the general
19'35,?%_' 4%', Eﬁ??ﬁ‘i’;&é‘”“ﬁ"y’ 1988, No. 385, eff. 2-6-88; am., Register, Ju}%’drogeologiczsetting is submitted to the department. Exemptions
from sub. (3) (i) may be granted only if the applicant demonstrates
NR 504.02 Applicability. (1) Except as otherwise pro- that engineering measures have been incorporated into the land-
vided, this chapter governs all landfills as defined in s. 289.€ll's design to ensure that the integrity of the structural compo-
(20), Stats., except landspreading facilities regulated under nknts of the landfill will not be disrupted.

NR 518, small demolition WaSte |andf|||S regulated under ch. NR (b) Additional factors which may be considered by the depart_
503, hazardous waste facilities as defined in s. 291.01 (8), Staifent indetermining whether or not to grant exemptions under this
and regulated under chs. NR 600 to 690 and metallic mining was@tion include waste types, characteristics and quantities; the
facilities regulated under ch. NR 182. geology and hydrogeology of the landfill; the proposed landfill
(2) This chapter does not apply to the design, constructiond@gsign and operation; the availability of other environmentally
operation of industrial wastewater facilities, sewerage systemdtable alternatives; compliance with other state and federal reg-
and waterworks treating liquid wastes approved under s. 281.4lktions and the health, safety and welfare of the public. Requests
Stats., or permitted under ch. 283, Stats., nor to facilities used exemptions and information needed to demonstrate the cir-
solely for the disposal of liquid municipal or industrial wastesumstances that warrant such exemptions shall be addressed by
which have been approved under s. 281.41, Stats., or permitteslapplicant in the feasibility report.
under ch. 283, Stats., except for facilities used for the disposal of(3) |ocarionaL criTEriA.  No person may establish,

solid waste. construct, operate, maintain or permit the use of property for a

Note: Owners or operators proposing to site a new or expand an existing municj ; HIo) 1A ithi _
solid waste landfill within a 5 mile radius of any airport runway end used by turbo| dfill where the limits of filling are or would be within the fol

or piston type aircraft must notify the owner or operator of the affected airport alkVing areas:

th?—lfi(sa?oer;/él ?:\:iaF;EgisigT j]r;ﬁtur::l)? qéggAlll.o 385, eff. 2—GeBBection in (1) made () Within 1,000 feet of any navigable lake, pond or flowage
under 5. 13.93 (2m) (b} 7., Stats., Register, May, 1995, No. 473; am. (1), Regidd@! including landfill drainage or sedimentation control struc-

June, 1996, No. 486, eff. 7-1-96; am. (1), Register, August, 1997, No. 500, ffres.

9-1-97 correction in (2) was made under s. 13.93 (2m) (b) 7., Stats., Register s : .
March 2003 No. 567. (b) Within 300 feet of any navigable river or stream.

o o (c) Within a floodplain.
NR 504.03 Definitions. ~ The terms in this chapter are () Wjithin 1,000 feet of the nearest edge of the right-of-way
defined in s. NR 500.03. of any state trunk highway, interstate or federal aid primary high-
History: Cr. Register, January, 1988, No. 385, eff. 2-6-88. way or the boundary of any public park, unless the landfill is
NR 504.04 Landfill locational criteria and perfor- screened by natural objects, plantings, fences or other appropriate

mance standards. (1) GeNerAL. As part of the feasibility means so t_hat itis not visible from t.he highway _or park. )
report required under ch. NR 512 an applicant shall demonstratd€) Within an area where the design or operation of the landfill
to the department that the proposed landfill will comply with awould pose a significant bird hazard to aircraft.
of the locational criteria and performance standards of this section 1. A landfill which is proposed to be located within 10,000
unless an exemption is granted. feet ofany airport runway end designed or planned to be designed
(2) ExempTioNs. (a) Exemptions from compliance with subsand used by turbojet aircraft or within 5,000 feet of any airport
(3) (a), (b), (d), (e), (), (g), (h), (i) and (4) (b), (e) and (f) may bainwayend designed for and used only by piston type aircraft and
granted by the department only upon demonstration by the ap@ihich is proposed to be used for the disposal of putrescible waste
cant of circumstances which warrant such an exemption. Cophall be presumed to pose a significant bird hazard to aircraft
pliance with sub. (4) (a) shall be evaluated in accordance with tHéess the applicant can demonstrate to the satisfaction of the
standards in ch. NR 103. For the purpose of determining whetggpartment that the landfill will not pose a significant bird hazard
there is a practicable alternative to a proposed landfill expansiéraircraft.
under s. NR 103.08, the department may allow an applicant to 2. A landfill used for the disposal of putrescible waste which
limit its analysis of alternatives to alternatives within the bounds in existence on July 1, 1996, and which is located within 10,000
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feet ofany airport runway end used or planned to be used by turlpeent. Waste approved for use in construction of landfill compo-
jet aircraft or within 5,000 feet of any runway end used by onhents is not considered part of the design capacity.
piston—type aircraft shall be closed by October 9, 1996 unless thidistory: Cr. Register, January, 1988, No. 385, eff. 2-6+8d recr., Register,
owner or operator of the landfill demonstrates to the satisfactigff® 1996, No- 486, eff. 7-1-96.
of the department that the landfill will not pose a significant haz- o ) ) )
ard to aircraft. The deadline for closure may be extended by thdR 504.06 Minimum design and construction crite-
department by up toy&ars if the owner or operator demonstrated? for landfill liners and leachate collection systems.
that there is no available alternative disposal capacity and theretls GENERAL. (a) All major phases of landfills initially accepting
no immediate threat to human health and the environment. Municipal solid waste after July 1, 1996, shall be designed with a
Note: Owners or operators proposing to site a new or expand an existing municfﬁglmpos'te liner and a leachate collection system capab!‘eltaf
solid waste landfill within a 5 mile radius of any airport runway end used by turbojtg the average leachate head level on the composite liner to one
or piston type'ai'rcraft must noti.fy the owner or operator of the affected airport afi§ot or less during operation and after closure of the landfill,
the federal aviation administration (FAA). - _ except as provided in s. NR 504.10 (1) (c). The composite liner
(f) Within 1,200 feet of any public or private water supply welkhall consist of 2 components; the upper component shall consist
(9) Within 200 feet of a fault that has had displacement af a nominal 60—mil or thicker geomembrane liner with no thick-
Holocene time. ness measurements falling below the minimum industry accepted
(h) Within seismic impact zones. n}anufz_ac_turing Ltlofleranﬁ_ei, Iand thef lower comé)o?ent shall conhsist
N of a minimum 4 foot thick layer of compacted clay meeting the
(i) Within unstable areas. . specifications of s. NR 504.06 (2) (a). The geomembrane compo-
(4) PERFORMANCE STANDARDS. NO person may establish, nent shall be installed in direct and uniform contact with the com-
construct, operate, maintain or permit the use of property fohacted clay soil component, and the landfill shall meet or exceed
landfill if there is a reasonable probability that the landfill wilthe standards in the applicable portions of subs. (2), (3) and (4).

cause: All other landfills shall be designed to contain and collect leachate
(a) A significant adverse impact on wetlands as provided in ¢h.the maximum practical extent. This shall be accomplished by
NR 103. designingthe landfill to meet the standards contained in the appli-

cable portions of subs. (2), (3) and (4), unless the department

. approves the applicant’s alternative design as per s. NR 504.10,
© A detr!mental effect on any surface Water. ] which provides an equivalent or better level of performance than
(d) A detrimental effect on groundwater quality or will causghe standards contained in this chapter.

or exacerbate an attainment or exceedance of any preventiveyy it the gpplicant does not complete construction of the first

action limit or enforcement standard at a point of standargs,iorphase of the landfill within 2 years from the date of the plan

application as defined in ch. NR 140. For the purposes of desﬁ”operation approval, the applicant shall reapply to the depart-

the point of standards application is defined by s. NR 140.22 (fjent for approval to construct the landfill. This application does
(e) The migration and concentration of explosive gases in amyt constitute a feasibility report as defined in s. 289.24, Stats. The

landfill structures excluding the leachate collection system or geépartment may require additional conditions of approval and

control or recovery system components in excess of 25% of tieguire redesign of the landfill in accordance with state—of-the—

lower explosive limit for such gases at any time. The migratiart design criteria.

and concentration of explosive gases in the soils outside of thei2) ComposiTE or cLay LINED LanDFILLs.  All landfills

limits of filling within 200 feet of the landfill property boundary designed with a composite liner or a clay liner shall meet the fol-

or beyond the landfill property boundary in excess of the lowRfwing requirements:

explosivelimit for such gases at any time. The migration and con- y" A clay used in liner construction shall meet the following

centration of explosive gases in the air outside of the limits of fi becifications:

ing within 200 feet of the landfill boundary or beyond the landfi o 0 . . .

property boundary in excess of the lower explosive limit for such 1- A minimum of 50% by weight which passes the 200 sieve.

2. A saturated hydraulic conductivity of 1x¥@m/sec or

gases at any time. ¢ . .
(f) The emission of any hazardous air contaminant exceed ﬁgs, when compacted to required moisture contents and densities

the limitations for those substances contained in s. NR 445.03 selq on :‘he TOd'f'ed Prtc;]ctgr methodasgar;ﬂargl Proct:tor nt1ethod,
History: Cr. January, 1988, No. 385, eff. 2-6-88 (1), (2) (), (b), (3) (intro), O' & !IN€ OF OpMUMS method approved Dy the department.

(a), (d), (4) (intro.), (a) (e), . and recr. (3) (e), cr. (3) (g) to (i), Register, June, 1996, 3. An average liquid limit of 25 or greater with no values less

No. 486, eff. 7-1-96; am. (2) (a), Register, May, 1998, No. 509, eff. 6-1-98. than 20.

(b) A significant adverse impact on critical habitat areas.

NR 504.05 General design and construction crite- Iess4t'h§\r? f(\)/.erage plasticity index of 12 or greater with no values

ria. (1) Unless otherwise specified in this chapter, the minimum b) Th tion dist betw th | hiah d
design diteria in ss. NR 504.06 to 504.09 apply to all new landfills_(°) The separation distance between the seasonal high ground-
ater table and the bottom of the clay component of a composite

and to the expansion of existing landfills for which the plan r or aclay liner shall be at least 10 feet except for zone—of-sat-
operation was approved after July 1, 1996, as well as to propo quon landfills

design changes for all landfills which are submitted after Julylir,a ) .
1996. Landfills designed in substantial conformance with these (¢) The separation distance between the top of the bedrock sur-

design criteria are presumed to be capable of meeting the perf@¢€ and the bottom of the clay component of a composite liner or

mance standards of s. NR 504.04 (4) (d) regarding groundwaé#ay liner shall be at least 10 feet.
quality. (d) The slope of the liner surface toward the leachate collection

(2) If the proposed design differs from the requirements in dé1€s shall be at least 2%.
NR 504.06 to 504.09, the applicant shall provide supporting justi- (¢) The minimum thickness of the clay component of a com-
fication for any differences. po_site liner at all Ioc_ations shall be_ at least 4 feet. The minimum
(3) The design capacity of all proposed landfills, except landpickness of a clay liner at all Iocaﬂong sh_aII be at Ieast_5 feet.
fills that are exempted in s. 289.28 (2), Stats., shall be determinedf) The clay component of a composite liner or a clay liner shall
suchthat the projected operating life of the landfill is not less thdif constructed in the following manner:
10 years nor more than 15 years. Expansions of existing landfills 1. All clay layers in the liner shall be constructed in lift heights
are not subject to the 10—year minimum design capacity requine- greater than 6 inches after compaction using footed compac-
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tion equipment having feet at least as long as the loose lift heigiiproval shall be obtained prior to use of any other welding
As needed, clay shall be disked or otherwise mechanically proethodfor either panel seaming, repairs or construction of details.
cessed prior to compaction to break up clods and allow for mois-(fy The geomembrane component of a composite liner
ture content adjustment. Clod size shall be no greater thagahstructed in phases adjacent to each other shall be welded
inches. All compaction equipment utilized shall have a minimugggether to form a continuous membrane surface. The liner
static weight of 30,000 pounds. Lighter equipment may be U%&ending beyond the proposed edge of waste at a phase junction
in small areas where it is not possible to use full size equipmegiia|l be protected from traffic and weather.

Alternative procedures or equipment may be proposed for (g) Wrinkles in the geomembrane component which are higher

approval by.the department. . __thanthey are wide, shall be smoothed or cut out and repaired prior
2. Asufficient number of passes of the compaction equipm&gtcovering with soil. Guidance to machine operators placing soil
shall be made over each lift of clay to ensure complete remoldigg the geomembrane component shall be provided by the use of
of the clay. 3 an observer with an unobstructed view of the advancing lift of soil.
3. All clay shall be compacted to 90% modified or 95% stan- (ny The minimum thickness of soil which must be present over
dard Proctor density at a moisture content at least 2% wet of ogils geomembrane component before vehicular traffic may occur
mum if using the modified Proctor method and wet of optimuRyai| e one foot for vehicles with ground pressure less than 5

if using the standard Proctor method, based on the characterisliGsndsper square inch and 2 feet for all other tracked vehicles and
of the appropriate Proctor curve for the clay being placed. As Cigtation tire equipped vehicles. Trucks and other wheeled haul-
placement proceeds, the minimum density and moisture contgpf equipment shall be confined to corridors or locations with a

targets shall be adjusted as necessary. The department rec¥iihickness of 3 or more feet over the geomembrane compo-
mendsuse of an alternate method of determining adequate densgjfy,;

and moisture content based on a line of optimums method. How-,. . . )
ever, this method may not be used unless it has been previous| ) In order to lessen desiccation effects, the base of the landfill
detailed in adndfill's plan of operation or a proposed plan modifidld the lower 10 vertical feet of the sideslope shall be covered
cationand approved in writing by the department. At a minimunf/ith @ drainage blanket within 30 days after completing quality
any such proposal shall address how the line of optimums wo@GR['tro! and quality assurance testing of the installation. ~ The
be defined, as well as how the minimum dry unit weight needEgn@ining sideslope shall be covered with either drainage mate-
to ensure adequate shear strength of the clay soils proposed wBllPr @ geotextile to prevent damage to the geomembrane.
be determined. (J)_ To prevent movement and folding of wrinkI(_es, placement
(g) The slope of the interior sidewalls of a landfill may naf soil over the membrane shall be performed during cooler tem-

exceed 3 horizontal to one vertical nor be less than 5 horizontaPgjature periods to the extent possible using methods of place-
one vertical. ment which minimize wrinkling.

(h) The clay component of a liner in adjacent phases Sha“&g(k) Anchor trenches shall be designed and constructed around
keyed together to form a continuous clay seal. This shall perimeter of the landfill to secure the permanent edges of the
accomplished by excavating steps along the edge of the exisgﬁgmembrane. The geomembrane shall be seamed completely to
lined phase and overlapping them with the lifts of clay bei ends of all panels to minimize the potential of tear propagation
placedfor the liner of the new phase. A minimum of 4 steps shallong the seam.

be included, with the total width of the spliced area measuring a(4) zZONE-OF-SATURATIONLANDFILLS. All landfills proposed
minimum of 15 feet. with base grades beneath the groundwater table shall meet the fol-

(3) composITE-LINEDLANDFILLS. All landfills designed with lowing requirements:
a composite liner shall meet the following additional require- (a) The landfill shall be located in a fine—grained soil environ-
ments for the geomembrane component of the liner: ment.

(a) All geomembranes shall be fabricated from resins SpeCifi-NOte: Fine—graine.d soil environment is defint.ed ins. NR .500.03(86).
cally formulated for waste containment purposes. Nominal geo-(b) The landfill shall meet the requirements in sub. (2) (a), (d),
membrane thickness shall be 60 mils or greater with no thicknég} (), (9) and (h), and if the landfill will accept municipal solid
measurements falling below the minimum industry accepté¢@ste, sub. (3).
manufacturing tolerances. (c) An analysis shall be performed of the effect which ground-
(b) Additional protection shall be provided for the geomenwater flow may have on uplift of the liner and the short and long—
brane component of the composite liner along areas subjecten stability of the geomembrane component of the composite
traffic or other concentrated activity during construction or operbiper. The analysis shall evaluate the effect of an underdrain or
tion. This shall include sumps, sideslope risers and entry ram@iier dewatering system.

(c) For slopes in excess of 10%, geomembrane panels shall béd) Borings, backhoe pits or other means of exposing subsoils
installedsuch that all seams run perpendicular to the contour lingfall be performed on a 100-foot grid to a minimum depth of 5
of the slope to the extent possible. feet below the gradient control layer, if part of the design, or a

(d) Prior to geomembrane placement, the clay surface shacl)@'é“mum depth of 5 feet below the subbase grades of the liner.
rolled and graded so it is free of irregularities, protrusions, loo&d detected granular or silty soils within this 5 foot depth shall be
soil and abrupt changes in grade. The surface shall also be fré@gtoved and replaced with compacted, fine—grained soils.
stonesgrade stakes and construction debris which may be damag{5) LEACHATE coLLECTION SysTEMs. All leachate collection
ing to the geomembrane and shall contain no areas excessigghstems shall incorporate the following design features:
softened by high water content. The clay surface shall be suffi-(a) A leachate collection system shall be included in each hori-
ciently dry and dense such that the construction equipment usggtalphase of the landfill. This system shall be designed to route
to place the geomembrane panels do not rut the clay surface. |@dchate to the perimeter of the landfill in the most direct manner
depressions and large cracks shall be filled in with tamped cl@d6ssible and limit the average leachate head level on the liner to

(e) Geomembrane panels made of polyethylene resins shalbhe foot or less. The piping layout shall be such that leachate
welded by double—tracked, fusion welding machines for all linelows no more than 130 feet across the base of the liner before
seams. Corners, butt seams and long repairs shall be fusionountering a perforated leachate collection pipe. The depart-
weldedwhere possible. Extrusion or fusion welding shall be usedent will consider greater flow distances for well designed com-
for all other repairs, detail work and patches. Departmeposite landfills.
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(b) The minimum slope on all leachate collection pipes at the the department which is placed prior to the installation of the
base of the landfill shall be a constant 0.5%. The department reideslope riser and backfill.

ommends that greater pipe slopes be utilized whenever possible.3  The leachate discharge pipes between the sideslope risers
(c) The minimum diameter of all leachate collection or transfand collection tank shall be equipped with valves to prevent back-
pipesshall be 6 inches. Schedule 80 PVC pipe or an approved sfibw into the waste disposal area.

stitute shall be used. (k) All leachate lines transporting leachate out of the landfill
(d) Leachate collection trenches for clay liners shall lgy gravity shall be constructed with valves so the flow of leachate
designed agectangular trenches. Leachate collection trenches tatn be controlled. The valves shall be compatible with the lea-
composite liners shall be designed as vee-trenches, with a mihiate and be capable of being operated from the ground surface.
mum depth of 18 inches and with sideslopes no steeper than 3 hofy ) Al leachate transfer lines located outside of the composite
izontal to one vertical. The clay component of vee-trenches sliglhq o clay lined area shall be designed to assure groundwater
be smooth—drum rolled such that the clay in the trenches is sm ection through the use of double—cased pipe or by using
prior to placement of the membrane. A geotextile shall be usgthiher approved secondary containment method. Al leachate
to line the base and sidewalls of all leachate collection trenches,cier line piping shall be pressure tested prior to use. Unless
and shall be placed directly over the geomembrane compone ﬁ’iferwiseapproved by the department, the upslope end of the sec-

a composite liner or the clay component of a clay liner. The gefyyary pipe shall be sealed and the downslope end shall be open
textile shall have a minimum weight of 12 ozfy@nd may not be to allozvpa?wy collected liquid to flow into the mpanhole. P

overlapped over the top of the trench. . . .
pfh beddi pt ial utilized in backfilling the leach (m) All leachate transfer lines, manholes, lift stations and other
(€) The bedding material utilized in backfilling the leachatg . res which transfer or store leachate outside the limits of
collection pipe trenches shall have a uniformity coefficient of Ie§\§aste shall be designed as shallow as practical and located far

than 4, a maximum particle diameter &t Inches, a maximum > o 8 h
o h : P2 enqugh from the limits of filling so that excavations associated
of 5% of the material which passes the number 4 sieve and co repair of these devices would not infringe on the landfill

of rounded to subangular gravel. A minimum depth of 4 inches ver system or sidewall liner. Each of these devices shall be

ravel shall be placed in the trenches prior to installation of t : f
Igeachate pipes. pThe backill shall also bpe placed such that a m I[lstructed above the seasonal high groundwater table unless it

mum of 6 inches of material exists above the top of the pipe a %nqt tech?lca]lly feaﬁlble to do so and the design meets the
within the trenches. An additional 6 inches of material shall uirements of par. ( ) .
mounded above the trench. In cases where the particle size of thé") Leachate collection tanks and manholes shall be designed
drainage blanket is significantly less than the collection tren¥fith a secondary containment system to prevent the discharge of
bedding, a properly designed graded soil filter or geotextile shi@chate tground and surface waters in the event of a leak or spill.
be utilized to minimize the migration of the drainage blank&feans shall be provided to monitor the tank and manholes within
materialinto the collection trenches. Limestone and dolomite makye secondary containment system unless other means for leak
not be used in the leachate collection system unless no other $l@tection are approved by the department.
able material is reasonably available. (o) All leachate collection tanks shall be designed to contain
(f) The sizing of sand, gravel, geotextiles and pipe openinti® volume of leachate which is generated by the landfill over a
shall be analyzed for control of piping of soil materials. Th#& day period and to withstand the soil and liquid loads that will be
gradation osand and gravel, the apparent opening size of geot@dcountered during installation and use. The installation of the
tiles, and the pipe opening sizes shall be selected to achievi@nks shall follow the recommendations of the consultant and
stable and selffiltering structure under all conditions of leacha®anufacturer.
flow. (p) Measures shall be proposed to prevent accidental dis-
(9) All leachate collection lines shall have cleanout accesBarges at the leachate loadout station from entering groundwater
points installed on both ends of each line and may not excegdsurface water. Unless an alternate method is approved by the
1,200 feet from the end of one cleanout to the toe of the opposiepartmentthe leachate loading station shall be paved with a con-
slope. crete or asphalt pad and sloped to a catch basin to direct all spills

(h) Leachate lines, manholes and other engineering struct?@sk into the leachate holding tank.
may not penetrate the liner in the vertical direction. For clay lined (q) All manholes and enclosed structures for leachate and gas
landfills, leachate transfer lines may penetrate the lingreitori-  control systems shall be designed to allow for proper venting and
zontal direction only. The number of liner penetrations shall laecess control. For landfills designed with active gas recovery
kept to a minimum. Composite lined landfills shall be designeystems, these devices shall be designed to minimize air intrusion
without any perforations in the liner and in accordance with pamto the landfill.

()- (r) All control systems such as pumps, valves and meters shall
(i) Any leachate line that penetrates a clay liner shall have &d designed to be operated from the ground surface.

foot by 4 foot anti—seep collar placed around it. A minimum of (s) Al leachate and groundwater collection systems shall be

5 feet of compacted clay, as measured from the pipe, shall &igned to accurately monitor the volume of liquid removed by
placed around the collar in all directions. the system.

() Al composite lined landfills shall be designed and (t) A minimum one foot thick granular drainage blanket shall
constructed with sumps and sideslope risers as part of their Isgjaced on top of the geomembrane component of a composite
chate removal system rather than utilizing systems which pefiRar and on top of the clay component of a clay liner. For compos-
trate the composite liner sidewall. The leachate removal systgjineq landfills, if the drainage blanket contains gravel greater
shall meet the following requirements: than 1/4 inch, then a nonwoven geotextile shall be installed below

1. Thevolume of the sump and the capacity of the pump shafle drainage blanket. The geotextile shall have a minimum weight
be sized so that accumulation of leachate outside the sump dsfes2 oz/yg. The granular drainage blanket shall contain no more
not occur based on an assumed annual leachate collection ratgai 5% material by weight which passes the number 200 sieve,
6 inches. The volume of the sump shall take into account th&ve auniformity coefficient of less than 4 for gravel soils and less
potential buildup of solids over time. than 6 for sandy soils, and a hydraulic conductivity which is

2. The base of the leachate collection sumps shall be protegieghterthan or equal to 1x18 cm/sec at the anticipated field den-
by the use of a thick polyethylene plate or other means acceptatity
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(u) All major horizontal clay lined phases above the saturatbthne boots to vertical pipes extending above the geomembrane
zoneshall be designed with a collection basin lysimeter to monitshall allow for differential settlement of the waste with respect to
the unsaturated zone except for composite lined landfills. the piping without damage to the membrane seal.

History: Cr. Register, January, 1988, No. 385, eff. 2-6+8®d recr., Register, 6) DRAINAGE AND ROOTINGZONELAYER. A minimum 2.5 foot
June 1996, No. 486, efi7-1-96am. (5) (€) and (1), Register, August, 1997, No. 500thi(gk)drainage and rooting zone layer shall be designed above the
geomembran&yer or clay capping layer. This layer shall include
a rooting zone to provide additional rooting depth for vegetation
and to protect the geomembrane layer or the clay capping layer

iting the amount of percolation through the cap system, red 'Hom freeze—thaw damage and other environmental effects. It
h h v X ' Il also include a drainage layer to allow for the drainage of lig-
?gggu r(;}alcnotemnpaar][icb?e béoztgg'lézr:detsrt]gbﬂ?ﬁ%:g{f%?evetg;?gg ﬁj infiltrating through the cap. Soils available on or near the pro-
account for differential settlement and other stresses on the (%ﬁ?egf lt?]?sd {gyg';og?]?g Ii:)?eyr l?nea@r?lg?iid(;g;ég?yrggxlgazc?gs por-
ping layer, minimize the climatic effects of freeze—thaw and des- e . . AR
iccation on the clay capping layer of the final cover system, ar%?e(la)aggrgltlriznge?”s!na dlga'g:;]gee(;?g’%;sZallgbgrdehséﬂnC%dn'mrtn;f’"
provide removal of leachate and venting of gas from those lati€'y 200V pping ay Inage layer s SIS

fills which accept wastes with a high moisture content or whichMinimum ofgone foot of sand with a minimum hydraulic conduc-
readily biodegrade. Ivity of 1x10-° cm/sec or a geosynthetic drain layer of equivalent

(b) All new landfills and expansions of existing landfills shalf’ greater trgnsm|SS|V{ty. .
be designed with a final cover system meeting the requiremept<P) A perimeter drain pipe shall be placed at the low end of all
in subs. (2) to (9) unless it is established to the satisfaction of flji&! COVer sideslopes. The drain pipe shall be surrounded by a
department that portions of the final cover system are not needagimum of éinches of gravel or sand with a minimum hydraulic

-~ copductivity of 1x162 cm/sec. The drain pipe shall be sloped to
ggzﬁaﬂe%nbtrgig rggg;iig]a;si;e Stﬁ?f?5§n§0?§§5§pg)sfgngﬁﬁlsgna?egries of outlets at spacings no further than every 200 feet. Mod-

designed exclusively for the disposal of high volume industri§/i"9 May be submitted to the department which supports the pro-

waste, or to other landfills which are not designed to acceptSa! of a different spacing. _ ,

municipal solid waste unless the landfill is composite lined. (7) TopsoiL. A minimum of 6 inches of topsoil shall be
() Any phases of an existing landfill which have beefléSigned over the cover layer to support the proposed vegetation.

designedand constructed with a composite liner shall be designgg!tilizerand lime shall be added in accordance with section 630,

and constructed with a final cover system meeting the requitd'Sconsin department of transportation standard specifications

ments in subs. (2) to (9), except that the requirement for the g road and bridge construction or other appropriate specifica-

membrane layer in sub. (5) does not apply to composite lin s in order to establish a thick vegetative growth. .
phases of existing landfills which have completed final cover (8) REVEGETATION. The seed type and amount of fertilizer
placement by July 1, 1996. applied shall be proposed depending on the type and quality of

(d) Landfills which accept papermill sludges or other induégpsoil and compatibility with both native vegetation andfittred

trial solid wastes with high water contents and low strength mage.Unless otherwise approved by the department in writing, seed

NR 504.07 Minimum design and construction crite-
ria for final cover systems. (1) GeNEerAL. (a) All final cover
systemsshall be designed to minimize leachate generation by li

propose alternate final cover systems if the strength of the w. tu\r/siss ?gr?sﬁ]pgléczﬁ'r?r?]é%ttesfst?;l]lsb%;?agg?;?;r?ggr(‘;‘";h :g%t(':gr_‘
mass will not allow for the construction of the cover systern” ™" P NSp o peci
required in this section tions for road and bridge construction. Application rates for fertil-
. . . ) izer and mulch shall also be specified.
(2 GRAD'!\‘G LAYER. A minimum 6 inch th'qk grading |.ayer Note: Copies of Wisconsin department of transportation standard specifications
shall be designed over the final waste elevation of landfills pror road and bridge construction can be obtained from the department of natural
posing to accept municipablid waste to attain the required slop esourceshureau of waste management, 101 S. Webster Street, Madiscongin,

and provide for a stable base for subsequent system compon ﬁgzécs?cl?;;fgss?ﬁgéllable for inspection at the offices of the revisor of statutes

Daily and intermediate cover may be used for this purpose. (9) FINAL USE. The proposed final use shall be compatible
(3) SuppPORT LAYER FOR LOW-STRENGTHWASTES. A support with the final cover system. The following activities are prohib-
layer shall be designed for stabilization, reinforcement amgd at solid waste disposal landfills which are no longer in opera-
removal of leachate and gas over the final waste elevations figh unless specifically approved by the department in writing.
landfills which accept industrial solid wastes with high water con- (a) Use of the waste disposal area for agricultural purposes.
tents and low strength. . . (b) Establishment or construction of any buildings over the
(4) CLAY CAPPING LAYER. A minimum 2 foot thick clay cap \yaste disposal area
shall be designed to provide a low hydraulic conductivity barrier . ' ) .
: : pp c) Excavation of the final cover or any waste materials.
tp per.COIatlon' Clay used for this layer shall ”‘.eet the SpeCIfIC"JlT-|(ist)ory: Cr. Register, January, 1988, No. 385, eff.y2—6—88; am. (1) (a), (b), (2),
tions in s. NR 504.06 (2) (a). The clay capping layer shall Bg(1) (o), (d), (5). (6) (a), (b), r. and recr. (3), (4). r. (5) (a) to (c), renum. (5) (o (8)
constructed according to s. NR 504.06 (2) (f). to be (6) to (9) and am. (6) (intro.), (7), (9) (intro.), (a), (b), Register, June, 1996, No.
486, eff. 7-1-96.
(5) GEOMEMBRANE LAYER. A geomembrane layer shall be
designed to provide a low hydraulic conductivity barrier to per- NR 504.08 Minimum design and construction crite-
colation. The design and construction of the geomembrane cqg-for landfill gas extraction systems. (1) GENERAL. All
ponent of the final cover system shall meet the requirements ofsfills accepting wastes with the potential to generate gas shall
NR 504.06 (3) (c) to (j) and the following: be designed to prevent the migration of explosive gases generated
(a) The nominal geomembrane thickness shall be 40 milskyr the waste fill.
greater, with no thickness measurements falling below industry(z) ACTIVE GAS EXTRACTION AND TREATMENT. In order to effi-

accepted manufacturing tolerances. ciently collect and combust hazardous air contaminants, all land-
(b) The geomembrane shall be installed in direct contact wiitls which accept municipal solid wassball be designed with an
the clay capping layer. active gas recovery system. All gas recovery systems shall

(c) Penetrations of the geomembrane, such as gas extracisfide the following design features, unless otherwise approved
wells, shall be fitted with prefabricated collars of pipe and merhy the department:
brane or plate and welded at the same angles which the penetrda) \ertical gas extraction wells shall be proposed throughout
tions make with the final cover slope. Methods of fixing menthe entire landfill with a maximum radius of influence of 150 feet
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per well and lesser radii proposed for wells located near the pertiat stage of construction to control rainfall runoff and limit

eter of the landfill. The radii of influence of adjacent wells shadintrained sediment from reaching surface water bodies.

overlap. Alternate well spacings may be proposed if site specific(b) All landfills shall incorporate the following concepts in the

data is obtained through performance of pump tests. design of both temporary and permanent erosion and sediment
(b) All vertical gas extraction wells shall extend to 10 featontrol measures:

abovethe leachate collection system and shall be placed in 36 inch 1. Grading and construction shall be scheduled to minimize

diameter boreholes. An exemption may be proposed to allow il exposure.

placement of gas extraction wells closer to the leachate collection 2 Existing vegetation shall be retained whenever feasible.

system. 3. Disturbed areas shall be vegetated and mulched.

(c) The pipe in the borehole shall be a minimum 6 inch diame- 4 Ryunoff shall be diverted away from disturbed areas and
ter, Schedule 80 polyvinylichloride or an approved alternate. gctive fill areas.

(d) The lower 2/3 to 3/4 of the pipe in the borehole shall be 5 Runoff velocities shall be minimized.

slotted or perforated pipe. o 6. Drainageways and outlets shall be prepared to handle con-
(e) The backfill around the slotted or perforated pipe in th&ntrated or increased runoff.

borehole shall be one to 1/2 inch washed stone. The top 10 feet;  gediment shall be trapped on site.

of the borehole shall b.e sealed. 8. Runoff control structures shall be inspected and main-
(f) Each gas extraction well shall have a flow control valve aRgineqd.

sampling access port. . (c) The design calculations required in pars. (d), (e) and (f)
(9) The gas header system shall be looped to allow alternaléygy|| each be performed for the period in the landfill's develop-

flow paths for the gas. ment where the combination of surface conditions and contribut-
~(h) The minimum slope on the header pipe shall be 2% fioig acreage would result in the greatest runoff volume.
pipes over the waste mass. (d) All temporary and permanent storm water drainage

(i) Polyethylene pipe shall be used for header and lateral pipditches, swales, conveyance channels, channel linings, outlet

(i) The sizing of the blower, header and laterals shall ensi@tection, culverts and other storm water control structures han-
that aminimum vacuum of 10 inches water column is available f#ing flow onto or off the landfill shall be designed to accommo-
the header adjacent to those wells located furthest from @te peak flow rates from a 25 year, time of concentration storm
blower. event. .

(k) A drip leg or equivalent shall be installed immediately (€) Témporary and permanent sediment control measures shall
before the blower to separate condensate from gas while presBR/designed to settle 0.015 mm size particles for all storms up to

ing the suction at the wells while under maximum operating va@Pd including the 25 year, 6-hour storm. The surface area for sed-
uum. iment basins shall be calculated using the rainfall intensity over

the 25 year, 6-hour storm event for the landfill. Principal spill-
ys, and outlet protection for sediment basins shall be designed
ass a 25 year, time of concentration storm event. Emergency
flwaysfor sedimentation basins shall be designed to pass a 100
. X . g ) r, time of concentration storm event. The design of the dewa-
:ﬁg‘i %’égrrgﬂfépfagrfefgf evr:']tg\'/géhe landfill where the bulk o eringstructures for sediment basins shall be selected such that the
o - basin is dewatered in no less than 3 days. An analysis shall be per-
(m) The system shall be designed to have the ability to collggimed to document compliance with this requirement.
and treat all condensate, measure volumes and gollect samples(f) Storm water shall be diverted away from the active fill area
(n) A flare shall be designed to meet the requirements of @.the landfill and any borrow areas to a sedimentation control
NR 445. structure.
~ (3) GASMONITORING WELLS. A minimum of one gas monitor-  (g) Containment berms placed around active fill areas shall be
ing well shall be located on each side of the landfill. The weligesigned to control and collect the liquid volume resulting from
shall be constructed according to s. NR 507.11. the 25 year, 24—hour storm event. The design shall consider the
(4) PassIVEGASEXTRACTION SYSTEMS. Landfills which accept volume of liquid generated from active fill areas which shall
only industrial waste or other nonmunicipal solid waste with thieclude areas with exposed solid waste or areas with waste cov-
potential to generate gas and which do not utilize an active gaied by daily cover. Storm water in contact with active fill areas
extraction system shall be designed with a system which allogizall behandled and treated as leachate in accordance with ch. NR
gas venting from the entire landfill surface. An analysis shall 566.
performed to determine the spacing needed between gas ventingh) Storm watedrainage ditches, structures and sedimentation
trenchedor an efective system and also to ensure tatNR 445 basins shall discharge along existing drainage patterns capable of
limits for hazardous air contaminants will not be exceeded. Thecepting the anticipated flow volume. An analysis shall be per-
system shall be designed with a continuous layer below the cégrmed to determine the amount and velocity of runoff prior to
ping layer which allows surficial venting from the waste fat  |landfill development and to document compliance with this
face. Thisayer may be part of the support layer required in s. Nfdquirement.
504.07 (3). This layer shall consist of a minimum of one foot of (i) storm water diversion and construction at a landfill shall be
granular soil with a minimum hydraulic conductivity of 1x20 gesigned to minimize impacts on adjacent property, such as ero-
cm/sec and a series of flexible, perforated pipes connected t§gh, sedimentation and flooding.

series of outlets. ) Desi
esign of all storm water management features shall com-
History: Cr. Register, May, 1992, N437, eff. 6-1-92, r. and redRegister, June, (J) g 9

(L) All condensate transfer piping and gas transfer pipi
located outside of the limits of waste shall be designed to be f
encased in at least 2 feet of clay, double—cased pipe or by u
another approved secondary containment method except for

1996. NO. 486, eff, 7—1-96. ply with other applicable requirements of the department. Such
re_quiremgnts include, but are not limited to, ch. NR 103, and per-
NR 504.09 Storm water management and miscella- mits required by ch. 30, Stats. .
neous design and construction criteria for landfills. (2) MisceLaneous. All landfills shall be designed to meet

(1) STORM WATER MANAGEMENT. (a) Storm water drainage the following requirements:
ditches, structures and sedimentation basins shall be designe(h) A method of controlling any dust or windblown debris shall
such that theonstruction of these items shall occur during the inbe included in the landfill design. The factors which will be con-
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sidered bythe department when evaluating alternative provisions (c) An owner or operator of a landfill which is designed pri-
for controlling dust and windblown debris includes the remoteaarily for disposal of high volume industrial waste may accept up
ness of the landfill, natural screening, windbreaks and wa$tel0% by weight of municipal waste such as packaging which is
types. generated in conjunction with the manufacturing process, and not
(b) Access to the landfill shall be restricted through the usel subject to the design requirements of s. NR 504.05 (1). House-

fencing, natural barriers or other methods approved in writing Bpld and plant waste not generated as a direct result of the
the department. manufacturingprocess such as office and cafeteria waste, may not

(c) All access roads for the landfill, including those leading e disposed of in a landfill which does not meet the requirements
the active area, shall be designed for all weather operation. ©f S: NR 504.05 (1). _ _ _

(d) All access roads which are used by over the highwa (2) DesigneapPaciTY. Design capacity shall be in accordance
vehicles shall be designed with a maximum grade no greater t th s. NR 504.05 (3).
10%. The intersection of the landfill access road with an existing (3) DESIGN CRITERIA. An applicant seeking approval of an
highwayshall be designed to provide sufficient sight distance aatiernative ésign under this section shall demonstrate in the feasi-
minimum interference with traffic on the highway. bility report required in ch. NR 512 that the alternative design ade-

(e) Un|ess otherwise approved by the department, a” borra\wately prOteCtS pUb“C health, Welfare and the environment and
areas shall be abandoned in accordance with section 208.3, Wigets oexceeds the location and performance standards of s. NR
consin department of transportation standard specifications f§4.04. The applicant may include the following types of infor-
road and bridge construction. Pre—existing commercial borr¢iation as a part of such a demonstration:
sources are exempt from this requirement. (a) Landfill characteristics including regional and specific

Note: Copies of Wisconsin department of transportation standard specificatidmformation on land use, geology, hydrology, hydrogeology and
for road and bridge construction can be obtained from the department of nat%rans
resourceshureau of waste management, 101 S. Webster Street, Madisoongin : oL i . .
53707. Copies are also available for inspection at the offices of the revisor of statute{b) Waste characteristics including quantity and physical and

and the secretary of state. chemical analyses of the waste and its leachate.

() A minimum separation distance of 100 feet shall be main- ; ; ; ~
tained between the limits of filling and adjacent property line. IS (ig)cérr\]d{iﬂt?c?rzsgf (t)tl::r;)i/tg.e&gn to control geologic or hydrogeo

minimumdistance of 50 feet shall be maintained between any per* . .

manent berms or excavations associated with the landfill, exclud-(d) Field demonstration data.

ing storm water diversion structures and the adjacent property(€) Design and performance data for other similarly designed
line. and constructed landfills.

(9) The landfill shall be designed so that final grades in each(f) Accepted scientific or engineering analyses or field studies,
phase are reached as soon as possible, and the open area uskeldagplots, research, manufacturer’s data or demonstrations.
refuse filling is minimized. (4) ApPROVAL CRITERIA. The department shall approve the

(h) The final slopes of all landfills shall be equal to or greateiternative design proposed by the applicant if the department
than 5%, but may not exceed 4 horizontal to one vertical. Lardbtermines to a reasonable degree of certainty that the alternative
fills primarily designed for the acceptance of papermill or wastdesign adequately protects public health, welfare and the environ-
watertreatment plant sludge shall have final slopes no greater tmaant and meets or exceeds the location and performance stan-
6 horizontal to one vertical. dards of s. NR 504.04.

(i) A minimum of 2 leachate head wells shall be proposed fortistory: Cr., Register, June, 1996, No. 486, eff. 7-1-96.
each major horizontal phase of the landfill unless otherwise

approved by the department. - NR504.11  Minimum design and construction crite-
() Al landfills which accept municipal solid waste shall béia for landfills accepting residue produced by burning
supplied with a weight scale. municipal solid waste. (1) AppLicaBILITY. This section

pplies to landfills designed for residue produced by the burning
f municipal solid waste as approved by the department. This sec-
Qn applies to all new and existing landfills.

(k) All landfills shall be designed with properly protected per"31
manent benchmarks for horizontal and vertical control. Elev,
tions shall be tied to USGS datum and horizontal control shall

referenced to the property boundary_ (2) LANDFILL DESIGN CRITERIA FOR RES|DUE.PRODUCED BY
History: Cr., RegisterJune, 1996, No. 486, eff. 7-1-96: am. (1) (¢), RegBtg;  BURNING MUNICIPAL SOLID WASTE. (@) All landfills that accept
tember, 1998, No. 513, eff. 10-1-98. municipal solid waste combustor residue that tests below the lim-
) ) o ] its specified in s. NR 502.13 (6) (g) shall be designed as composite
NR 504.10 Alternative design criteria for landfills lined monofill cells according to the following criteria:
accepting high volume industrial wastes. This section

. : : > i X ’ 1. The composite liner shall consist of a minimum 60 mil geo-
applies tdandfills designed principally for high volume industrial,, o brane overlying a minimum thickness déét of compacted
waste, wood residue and minor amounts of other wastesc%_ﬁ, meeting the specifications of s. NR 504.06.

approved by the department. This section applies to all new lan
fills and to the expansion of existing landfills for which the plar‘r1
of operation was approved after February 1, 1988. the

2. The leachate collection system shall be designed such that
leachate from the residue mondfill cell can be sampled and col-

(1) GeneraL. (a) An applicant may design a high volum(l,eCted separately from non-residue disposal areas.

industrial waste landfill to meet the standards contained in ss. NR 3: The department may approve alternate designs such as
504.05 to 504.09 or may propose an alternative design in ac(lf\“ﬁuble Iners if it finds that the design provides equivalent protec-
dance with the provisions of this section. tion. _ . _
(b) If the applicant does not complete construction of the first (0) All landfills that accept municipal solid waste combustor
majorphase of the landfill within 2 years from the date of the pld§sidue that exceeds the limits specified in s. NR 502.13 (6) (9)
of operation approval, the applicant shall reapply to the depatfall be designed as a double composite lined monofill cell
ment for approval to construct the landfill. This application dog§cording to the following criteria. The department may approve
not constitute a feasibility report as defined in s. 289.24, Stats. Bi€rnate designs if it finds that the design provides equivalent
department may require additional conditions of approval aR#otection.
require redesign of the landfill in accordance with state—of-the— 1. The double composite liner shall be designed with 2 sepa-
art design criteria. rate composite liners with each liner consisting of a minimum 60
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mil geomembrane overlying a minimum thickness of 4 feet dftection layer can be sampled and collected separately from the

compacted clay meeting the specifications of s. NR 504.06. upper leachate collection system and from the non—residue dis-
2. The composite liners shall be separated by a leachate depesal areas.

tion layer consisting of a minimum one foot layer of granular (c) All landfills which accept municipal solid waste combustor

material. residue shall be approved by the department in accordance with
3. Separate leachate collection systems shall be desigge®IR 514.07 (5) prior to accepting each specific residue waste

above and between the composite liners. The leachate collectigieam.
system shall be designed such that the leachate from the leachafgtory: Cr., Register, June, 1996, No. 486, eff. 7-1-96.
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