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5t}(l)\h'ﬂte Corrections made under 5. 13.93 (2m} (b) 7 Register, August, 1997, No.
NR 504.01 Purpose The purpose of this chaptcr isto help
ensure that efficient, nuisancé—free and environmentally accept-
able solid waste management proceédures are practiced in this state
and to provide information on locational criferia, performance
standards and the minimum design and construction requirements
for landfills. Th.ls chapter is adopted under ch. 289 and 5. 227.11,
Stats.

History: Cr. chlstcr, }anua.ry, 1988, 1\0 385, ePf 2-6-88; am., Regisler, Iune,
1996 No. 486, eff. 7-1-96.

NR 504.02 Appllcabll[ty (1) Except as 0therw1se pro-
vided, this chapter governs all landfills as defined in 5. 289.01
(20), Stats., except landspreading facilities regulated under ch,
NR 518, small demolition waste landfills regulated under ch, NR
503, hazardous waste facilities as defined in 5. 291.01 (8) Stats.,
and regulated under chs. NR 600 to 690 and metallic rnmmg wasle
facilities regulated under ch. NR 182.

{2} This chapter does not apply to the design, construction or
operation of industrial wastewater facilitles, sewerage systems
and waterworks treating liquid wastes approved under s, 281.41,
Stats., or permitted under ch, 283, Stats., nor to facilities used sole-
ly for the disposal of liquid municipal or industrial wastes which
have been approved under 5. 281.04, Stats., or permitted under ch.
283, Stats., except for facilities used for the disposal of solid
waste,

Note} Ownersompcramm proposingto saleanew or expand anexlshng smunicipal
solid waste landfill within a 5 mile radius of any airport ruriway end ised by turbojet
o piston type alreraft must notify the owner or operator of the affected airport and
the federal aviation administration (FAA).

History: Cr. Register, January, 1988, No. 385, eff. 2-6-88; comectionin (1) made
under s, 13.93 (2m) (b) 7., Stats., Register, May, 1995, No. 473; am, (1), Register,
JTane, 1996, No. 486, eff. 7- -96 am, {1), Repister, August, 1997, No. 500, off.
9-1-97,

NH 504. 03 Deflnltlons. The terms in this chapter are de-
fined in s. NR 500.03.
History: Cr. Register, January, 1988, No. 383, eff, 2-6-88.

NR 504.04 Landfill locational criteria and perfor-
mance standards. (1) GeNeraL. As part of the feasibility re-
port required under ch. NR 512 an applicant shall demonstrate to
the department that the proposed landfill will comply with all of
the locational criteria and performance standards of this section
unless an exemption is granted.

(2) ExeMPTIONS. (2) Exemptions from compliance with subs,
(3} (a), (0, {d), (), (D). (2), (), (i} and (4) (b), (¢) and (f) may be
granted by the department only upon demonstration by the appli-
cant of circomstances which warrant such an exemption. Com-
pliance with sub. (4) (a) shall be evaluated in accordance with the
standards in ch. NR 103. For the purpose of determining whether
there is a practicable alternative to a proposed landfill expansion
under s. NR 103.08, the department may allow an applicant to lim-
it its analysis of alternatives to alternatives within the boundaries
of the property where the existing landfill is located and on proper-

ty immediately adjacent to the existing landfill, Exemptions from
compliance with subs. (3) (c) and (4) () may not be granted. Ex-
emptions from comptiance with sub. (4) {d) may be granted only
according to the procedures set forth in chs. NR 507 and 140. Ex-
emptions from compliance with sub, (3) (f} will be based on an
evaluation of the information contained in par. (b). However, no
exemptions from sub. (3) {f) may be granted unless information
on the well location, former and present well owner, well driller,
well log and construction details and the general hydrogeologic
setting is submitted to the department. Exemptions from sub. (3}
(i) may be granfed only if the applicant demonstrates that engi-
neering measures have been incorporated into the landfill’s design
to ensure that the integrity of the structural components of the
landfifl will not be distupted.”

(b) Additional factors which may be considered by the depart-
ment in determining whether or not to grant exemptions under this
section include waste types, characteristics and quantities; the
geology and hydrogeology of the landfill; the proposed landfill
design ‘and operation; the availability of other environmentally
suitable alternatives; compliance with other state and federal reg-
ulations and the health, safety and welfare of the public, Requests
for exemptions and information needed to demonsirate the cir-
cumstances that warrant such exemptions shall be addressed by
the applicant in the feaSIblllty report.

(3) LOCATIONAL CRITERIA. No person may ‘establish,
construct, operate, maintain or permit the use of property for a
landfill where the limits of ﬁtlmg are ot would be within the fol-
lowing areas:

(a) Within 1,000 feet of any nav:gable lake, pond or ﬂowage
not including 1andﬁ11 drainage or sedimentation control struc-
tures, '

(b} Within 300 feet of any navigable river or stream,

- {¢) Within a floodpiain.: -

' (d) Within 1,000 féet of the nearest edge of the nght of—way
of any stafe trunk highway, interstate or federal aid primary high-
way or the boundary of any public park, unless the landfill is
screened by natural objects, plantings, fences or other appropriate
means so that it is not visible from the highway or park.

(e) Within an area where the design or operation of the landfill
would pose a significant bird hazard to aircraft. '

1. A landfill which is proposed to be located within 10,000
fect of any airport runway end designed or planned to be desxgned
and used by turbojet aircraft or within 5,000 feet of any airport
runway end designed for and used only by piston type aircraft and
which is proposed to be used for the disposal of putrescible waste
shall be presumed to pose a significant bird hazard to aircraft un-
less the applicant can demonstrate to the satisfaction of the depart-
ment that the landfill w1ll not pose a significant bird hazard to air-
craft,

2. Alandfilt used for the disposal of putresmble waste which
is in existence on July 1, 1996, and which is located within 10,000
feet of any airport runway end used or planned to be used by turbo-
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jet aircraft or within 5,000 feet of any runway end used by enly
piston—type aircraft shall be closed by October 9, 1996 unless the
owner or operator of the landfill demonstrates to the satisfaction
of the department that the landfill will not pose a significant haz-
ard to aircraft. The deadline for closure may be extended by the
department by up to 2 years if the owner or operator demonstrates
that there is no available alternative disposal capacity and there is
no immediate threat to human health and the environment,

Note: Owners oropezators proposing 1o sitc anew or expand an existing municipal
solid waste landfili within a 5 mile radius of any airport runway end used by turbojet
or piston type aircraft must notify the ewner or eperator of the affected airport and
the federal aviation administration (FAA),

(fy Within 1,200 feet of any public or private water supply well.

(g) Within 200 feet of a fault that has had displacement in Ho-
locene time, )

(hy Within seismic impact zones.

(i) ‘Within unstable areas.

(4) PERFORMANCE STANDARDS,
construct, operate, nmaintain-or permit the use of property for a
landfill if there is & reasonable probablhty that the 1andf'111 will
cause: .

(a) A SIgmficant adverse impact on wetlands as prowded inch.
NR 103. -

) A significant adverse impact on critical habitat arcas.

(c) A detrimental effect on any surface water.

(d) A detrimental effect on groundwater guality or will cause
or exacerbate an attainment or exceedance of any preventive ac-
tion limit or enforcement standard at a point of standards applica-
tion as defined in ch. NR 140. For the purposes of design the point
of standards application is defined by s. NR 140.22 (1).

{e) The migration and concentration of explosive gases in any
Tandfill structures excluding the leachate collection system or gas
control of recovery system components in excess of 25% of the
lower explosive limit for such gases at any time. The migration
and concentration 'of explosive gases in the soils ontside of the
limits of filling within 200 feet of the landfill property boundary
or beyond the landfill property boundary in excess of the lower ex-
plosive limit for such gases at any time. The migration and con-
centration of explosive gases in the air outside of the limits of fill-
ing within 200 feet of the landf{ill boundary or beyond the landfill
property boundary in excess of the Iower explosive limit for such
gascs at any time. -

(f) The emission of any hazardous air contaminant exceeding
the limitations for those substances contained in s. NR 445.03.

History: Cr.January, 1988, No, 385, eff, 2-6-88; am, (1), (2)(a), (b), (3) {intro.),
(a), {d}, (4} (intro.), {a} {e}, . and Tecr. (3) (e}, cr. (3) {g) to (1), Register, June, 1996,
No, 486, eff, 7-1-96; am. (2) (a), Register, May, 1998, No. 509, eff. 6-1-98.

NR 504.05 General designh and construction crite-
ria. {1) Unless otherwise specified in this chapter, the minimum
design criteria in ss. NR 504.06 to 504.09 apply to all new landfilis
and to the expansion of existing landfills for which the plan of op-
eration was approved after July 1, 1996, as well as to proposed de-
sign changes for all landfills which are submitted after July 1,
1996, Landfills designed in substantial conformance with {hese
design criteria are presumed te be capable of meeting the perfor-
mance standards of 5. NR 504.04(4)(d) regarding groundwater
quality.

(2) Hithe proposed design differs from the requirements in ss.
NR 504.06 to 504.09, the apphcant shall provide supporting justi-
fication for any differences. '

(3) The design capacity of all proposed landfills, except land-
fills that are exempted in s. 289.28 (2}, Stats., shall be determined
such that the projected operating life of the landﬁli is not less than
10 years nor more than 15 years. Expansions of existing landfills
are not subject to the 10-year minimum design capacity require-
ment, Waste approved for use in construction of landfill compo-
nents is not considered part of the design capacity.

History: Cr, Register, January, 1988, No. 385, eff. 2-6-88; r. and recr., Register,
Tung, 1996, No. 486, eff. 7-1-96,
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NR 504.06 Minimum design and construction crite-
ria for landfill liners and leachate collection systems,
(1) GenerAL. (a) All major phases of landfills initially accepting
municipal solid waste after July 1, 1996, shall be designed with a
composite liner and a leachate collection system capable of limit-
ing the average leachate head level on the composite liner to one
foot or less during operation and after closure of the landfill, ex-
cept as providedin s, NR 504.10 (1) (¢). The composite liner shall
consist of 2 components; the upper component shall consist of a
nominal 60-mil or thicker geomembrane liner with no thickness
measurements falling below the minimum industry accepted
manufacturing tolerances, and the lower component shall consist
of a minimum 4 foot thick layer of compacted clay meeting the
specifications of s, NR 504.06 {2) (a). The geomembrane compo-
nent shall be installed in direct and uniform contact with the com-
pacted clay soil component, and the landfill shall meet or exceed
the standards in the applicable portions of subs. (2), (3) and (4}.
All other landfills shall be designed to contain and collect leachate
to the maximum practical extent. This shall be accomplished by
designing the landfill to meet the standards contained in the appli-
cable portions of subs. (2}, (3) and (4), ualess the department ap-
proves the applicant’s alternative design as per s. NR. 504,10,
which provides an equivalent or better level of performance than
the standards contained in this chapter.

(b) If the applicant does not complete construction of the ﬁrst
major phase of the landfill within 2 years from the date of the plan
of operation approval, the applicant shall reapply to the depart-
ment for approval to construct the landfill. This application does
not constitute afe asibility report as defined ins, 289.24, Stats. The
department may require additional conditions of approval and re-
quire redesign of the landfill in accordance with state—of-the--art
design criteria.

{2) ComposiTE OR CLAY LINED LANDFILLS. All landfills de-
s:gned with a composite linerora clay liner shall meet the follow-
ing requirements: . :

(a) All clayusedin Imer construction shall meet the followmg
specnﬁcat:ons

- 1. A minimum of 50% by weight whnch passes the 200 sieve.

2. A saturated hydraulic conductivity of 1x10°7 emisec or
less, when compacted to required moisture contents and densities
based on the modified Proctor method, standard Proctor method,
or a line of optimums method approved by the depattrnent '

3. An average liquid limit of 25 or greater with no values less
than 20.

4. An average plasticity index of 12 or greater with no values
less than 10.

(b) The separation distance bétween the seasonal high ground-
water table and the bottom of the ciay component of a composite
liner or a clay liner shall be af feast 10 fect except for zone—of-sat-
uration landfills.

(¢} The separation distance between the top of the bedrock sur-
face and the bottom of the clay component of a composite liner or
aclay liner shall be at least 10 feet,

(d) The slope of the liner surface toward the lcachate collection
lines shali be at lcast 2%.

(e) The minimum thickness of the clay component of a com-
posite liner at all locations shail be at least 4 feet. The minimum
thickness of a clay liner at all locations shall be at least 5 feet,

(f) The clay component of a composite liner or & clay liner shall
be constructed in the following manner:

- 1. All clay layers in the liner shall be constructed in liftheights
no greater than 6 inches after compaction using footed compac-
tion equipment having feet at least as long as the loose lift height.
As needed, clay shall be disked or otherwise mechanically pro-
cessed prior to compaction to break up clods and allow for mois-
ture content adjustment, Clod size shall be no greater than 4 inch-
¢s. All compaction equipment utilized shall have a minimum
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static weight of 30,000 pounds. Lighter equipment may be used
in small areas where it is not possible to use full size equipment.
Alternative procedures or equipment may be proposed for ap-
proval by the department.

2. A sufficient number of passes of the compaction equipment
shall be made over each lift of clay to ensure complete remolding
of the clay. -

3. All clay shall be compacted to 90% modified or 95% stan-
dard Proctor density at a moisture content at least 2% wet of opti-
mum if using the modified Proctor method and wet of optimum
if using the standard Proctor method, based on the characteristics
of the appropriate Procior curve for the clay being placed. As clay
placement proceeds, the minimum density and moisture content
targets shall be adjusted as necessary. The department recom-
mends use of an alternate method of determining adequate density
and moisture content based on a line of optimums method. How-
ever, this method may not be used unless it has been previously
detailed in a landfill’s plan of operation or a proposed plan modifi-
cation and approved in writing by the department, Ataminimum,
any such proposal shall address how the line of optimums would
be defined, as well as how the minimum dry unit weight needed
to ensure adequate shear strength of the clay soils proposed would
be determined,

(g) The slope of the interior sxdewalis of a landfili may not ex-
ceed 3 horizontal to one verucal nor be less than 5 honzontal to
one vertical,

(h) The clay component of a liner in adjacent phases shall be
keyed together to form a continuous clay seal, This shail be ac-
complished by excavating steps along the edge of the existing
lined phase and overlappinig them with the lifts of clay being
placed for the liner of the new phase. A minimum of 4 steps shall
be included, with the total width of the spliced area measuring a
-minimum of 15 feet,

(3) 'COMPOSITE-LINED LANDHLLS, All lindfills designed with
4 composite liner shall meet the following additional require-
ments for the geomembrane component of the liner:

(a) All geomembranes shall be fabricated from resins specifi-
cally formulated for waste containment purposes, Nominal geo-
membrane thickness shall be 60 mils or greater with no thickness
measurements falling below the minimum industry accepted
manufacturing tolerances.

{b) Additional protection shatl be provided for the geomem-
brane component of the composite liner along areas subject to
traffic or other concentrated activity during construction or opera-
tion, This shall include sumps, sideslope risers and entry ramps.

- {¢) For slopes in excess of 10%, geomembrane panels shall be
installed such that all seams run perpendicular to the contour lines
of the slope to the extent possible.

(d) Priorto geomembrane placement, the clay surface shall be
rolled and graded so it is free of irregularities, protrusions, loose
soil and abrupt changes in grade. The surface shall also be free of
-stones, grade stakes and construction debris which may be damag-
ing to the geomembrane and shall contain no areas excessively
softened by high water content. The clay surface shall be suffi-
ciently dry and dense such that the construction equipment used
to place the geomembrane panels do not rut the ¢lay surface, All
depressions and large cracks shall be filled in with tamped clay.

- {e) Geomembrane panels made of polyethylene resins shalt be
-welded by double—tracked, fusion welding machines for all linear
seams, -Comners, butt seams and long repairs shall be fusion
welded where possible. Extrusion or fusion welding shall be used
for all other repairs, detail work and patches. Department approv-
al shall be obtained prior to use of any other welding method for
either panel seaming, repairs or coustruction of details.

() The geomembrane component of a composite liner
constructed in phases adjacent to each other shall be welded to-
gether to form a continuous membrane surface. The liner extend-
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ing beyond the proposed edge of waste at a phase junction shall
be protected from traffic and weather,

(g) Wrinkles in the geomembrane component which are higher
than they are wide, shall be smoothed or cut out and repaired prior
to covering with soil.” Guidance to machine operators placing soil
on the geomembrane component shall be provided by the use of
an observer with an unobstructed view of the advancing 1ift of soil.

(h) The minimum thickness of soil which must be present over
the geomembrane component before vehicular traffic may occur
shall be one foot for vehicles with ground pressure less than 5
pounds per square inch and 2 feet for all other tracked vehicles and
flotation tire equipped vehicles, Trucks and other wheeled haul-
ing equipment shall be confined to corridors or locations with a
soil thickness of 3-or more feet over the geomembrane ¢ompo-
nent

(1) Inorder to les_sen desiccation effects, the base of the landfill
and the lower 10 vertical feet of the sidéslope shall be covered
with a drainage blanket within 30 days after completing quality
control and quality assurance testing of the installation. The re-
maining sidestope shall be ¢overed with either drainage material
or a geotextile to prevent damage to the geomembrane,

(i} To prevent movement and folding of wrinkles, placement
of soil over the membrane shall be performed during cooler tem-
perature periods to the extent possible using methods of place-
ment which minimize wrinkling,

(k) Anchor trenches shall be designed and constructed around
the perimeter of the landfill to secure the permanent edges of the
geomembrane, The geomembrane shall be seamed completely to
the ends of all panels to minimize the potential of tear propagation
along the seam.

(4) ZONE-OF-SATURATION LANDFILLS. All landfills proposed
with base grades beneath the groundwater table shall meet the fol-
lowing requirements: .

(a) The landfili shall be located in a fine—grained soil environ-
ment.

. Wote: Fine—grained sofl environment is defined in s, WR 500.03(86).

(b) The landfill shall meet the requirements in sub, (2)(a), (d),

(), (), (g) and (h), and if the landfill will accept municipal solid

waste, sub. (3).

(c) An analysis shall be performed of the effect which ground-
water flow may have on uplift of the liner and the short and long--
term stability of the geomembrane commponent of the composite
liner. The analysis shall evaluate the effect of an underdrain or
other dewatering system.

(d) Borings, backhoe pits or other means of exposing subsoils
shall be performed on a 100-foot grid to a minimum depth of 5
feet below the gradient control layer, if part of the design, or a
minimum depth of 5 feet below the subbase grades of the liner.
All detected granular or silty soils within this 5 foot depth shall be
removed and replaced with compacted, fine~grained soils,

(5) LEACHATE COLLECTION $YSTEMS. All leachate collection
systems shall incorporate the following design features: -

(a) Aleachate collection system shall be inciuded in each hori-
zontal phase of the landfill. This system shall be designed to route
leachate to the perimeter of the landfill in the most direct manner
possible and limit the average leachate head level on the liner to
one foot or less. The piping layout shall be such that leachate
flows no more than 130 feet across the base of the liner before en-
countering a perforated leachate collection pipe. The department

~will consider greater flow distances for well designed composite

landfills,

(b) The minimum slope on all leachate collection pipes at the
base of the landfill shall be a constant 0.5%. The department rec-
ommends that greater pipe slopes be utilized whenever possible.

(c) The minimum diameter of all leachate collection or transfer

pipes shall be 6 inches., Schedule 80 PVC pipe or an approved sub-
stitute shall be used.

Register, September, 1998, No. 513
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(d) Leachate collection trenches for clay liners shall be de-
signed as rectangular trenches, Leachate collection trenches for
compaosite liners shall be designed as vee—trenches, with a mini-
mum depth of 18 inches and with sideslopes no steeper than 3 hor-
izontal to one vertical. The clay component of vee—trenches shall
be smooth-drumrolled such that the clay in the trenches is smooth
prior to placement of the membrane. A geotextile shall be used
to line the base and sidewalls of all leachate collection trenches
and shall be placed directly over the geomembrane component of
a composite liner or the clay component of a cla %' liner, The geo-
textile shall have a minimum weight of 12 0z/yd®, and may not be
overlapped over the top of the trench.

(&) The beddmg material utilized in backfilling the leachate
collection pipe trenches shall have a uniformity coefficient of less
than 4, a maximum particle diameter of 1% inches, a maximum
of 5% of the material which passes the number 4 sieve and consist
of rounded to subangular gravel. A minimum depth of 4 inches of
gravel shall be placed in the trenches prior to installation of the
leachate pipes. The backfill shall also be placed such that a mini-
mumn of 6 inches of material exists above the top of the pipe and
within the trenches. An additional 6 inches of material shall be
mounded above the trench. Incases where the particle size of the
drainage blanket is significantly less than the collection trench
bedding, a properly designed graded soil filter or gedtextile shail
be utilized to minimize the migration of the drainage blanket ina-
terial into the collection trenches. Liméstone and dolomite may
not be used in the leachate collection system unless no other suit-
able material is reasonably available.

{f) The sizing of sand, gravel, geotextiles and pipe openings
shall be analyzed for control of piping of soil materials. The
gradation of sand and gravel, the apparent opening size of geotex-
tiles, and the pipe opening sizes shall be selected to achieve a
stable and self-filtering structure under all condmons of leachate
. flow,

(g) All leachate collection lines shall have cleanout access
points installed on both ends of each line and may not exceed
1,200 feet from the end of one cleanout {o the toe of the opposite
slope

(h) Leachate Imes manholes and other engineering structures
may not penetrate the liner in the vertical direction. For clay lined
landfills, leachate transfer lines may penetrate the liner in the hori-
zontal direction only, The number of liner penetrations shall be
kept to a minimum. Composite lined landfills shall be designed
without any perforations in the liner and in accordance with par.
Q-

(i) Any leachate line that penetrates a clay liner shall have a 4
foot by 4 foot anti-seep collar placed around it. A minimum of
5 feet of compacted clay, as measured from the pipe, shall be
placed around the collar in all directions.

(i) All composite lined landfills shall be designed and
constructed with sumps and sideslope risers as part of their lea-
chate removal system rather than utilizing systems which pene-
trate the composite liner sidewall. The leachate removal system
shall meet the following requirements:

1. The volume of the sump and the capacity of the pump shall
be sized so that accumulation of leachate ouiside the sump does
not occur based on an assumed annual leachate collection rate of
6 inches. The volume of the sump shall take into account the po-
tential buildup of solids over time.

2. The base of the leachate collection sumps shalli be protected
by the use of a thick polyethylene plate or other means acceptable
to the department which is placed prior to the installation of the
sideslope riser and backfill. .

3. The leachate discharge pipes between the sideslope risers
and collection tank shall be equipped with valves to prevent back-
flow into the waste disposal area.

(k) Allleachate lines transporting leachate out of the landfill
by gravity shall be constructed with valves so the flow of leachate
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can be controlled. The valves shall be compatible with the lea-
chate and be capable of being operated from the ground surface.

(L} Allleachate transfer lines located outside of the composite
lined or clay lined area shall be designed to assure groundwater
profection through the use of double—cased pipe or by using
another approved secondary containment methed. All leachate
transfer line piping shall be pressure tested prior to use. Unless
otherwise approved by the department, the upslope end of the sec-
ondary pipe shall be sealed and fthe downslope end shall be open
to allow any collected Hquid to flow into the manhole.

{m) Allleachate transfer lines, manholes, lift stations and other
structures which transfer or store leachate outside the limits of
waste shall be designed as shallow as practical and ocated far
enough from the Hmits of filling so that excavations associated
with repair of these devices would not infringe on the landfill cov-
er system or sidewall liner.  Each of these devices shall be
constructed above the seasonal high groundwater table unless it
is not technically feasible to do so and the des;gn meets the re-
quirements of par. (L).

(n) Leachate collection tanks and manholes shall be designed
with a secondary containment system to prevent the discharge of
leachate to ground and surface waters in the event of aleak or spill.
Means shall be provided to monitor the tank and manholes within
the secondary containment system unless:other means for leak
detection are approved by the department.

(o) All leachate collection tanks shall be designed fo contain
the volume of leachate which is genecrated by the landfill over a
4 day period and o withstand the soil and lignid loads that will be
encountered during installation and use. The installation of the
tanks shalt follow the recommendations of the consultant and
manufacturer.

{p) Measures shall be pmposed to prevent accidental dis-

‘charges at the leachate loadout station from entering groundwater

or surface water. Unless an alternate method is approved by the
department, the léachate loading station shall be paved with acon-
crete or asphalt pad and sloped to a catch basin to direct all spills
back into the leachate holding tank,

(q) All manholes and enclosed structures for leachate and gas
control systems shall be dedigned to allow for proper venling and
access control. For landfills designed with active gas recovery
systems, these devices shall be designed to minimize air intrusion
into the landfill.

{r} All control systems such as pumps, valves and meters shail
be designed to be operated from the ground surface,

(s) All leachate and groundwater collection systems shall be
designed to accurately momtor the vo]ume of liquid removed by
the system. '

() A minimum one foot thick grarular dramage blanket shali
be placed on top of the geomembrane component of a composite
liner and on top of the clay component of a clay liner. For compos-
ite lined landfills, if the drainage blanket contains gravel greater
than 1/4 inch, then a nonwoven geotextile shall be installed below
the drainage blanket. The geotextile shall have a minimum weight
of 12 oz/yd2, The granular drainage blanket shall contain no more
than 5% material by weight which passes the number 200 sieve,
have auniformity coefficient of less than 4 for gravel scils and less
than 6 for sandy soils, and ahydraulic conductivity which is great-
er than or equal to 1x10-2 cmisec at the anticipated field density.

{u) All major horizontal clay lined phases above the saturated
zone shall be designed with a collection basin bysimeter to monitor
the unsaturated zone except for composite lined landfills.

History: Cr. Register, January, 1988, No. 385, eff. 2-6-88; r. and recr,, Register,
TJune, 1996 No. 486, eff, 7-1--96; am, (5} (¢) and (1), Register, August, 1997 No. 500.

NR 504.07 Minimum design and construction crite-
ria for final cover systems. (1) GENERAL. (a} All final cover
systems shall be designed to minimize leachate generation by lim-
iting the amount of percolation through the cap system, reduce
landfill maintenance by stabilizing the final surface through de-
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sign of compatible slepes and establshment of vegetation, ac-
count for differential settlement and other stresses on the capping
layer, minimize the climatic effects of freeze—-thaw and desicca-
tion on the clay capping layer of the final cover system, and pro-
vide removal of leachate and ventmg of gas from those landfills
which accept wastes w1th a lugh molsture content or whichreadily
blodegrade

{b) All new landﬁl]s and expansnons of exlstmg landﬁlls shall
be designed with a'final cover system meeting the requirements
in subs, (2) to (9) unless it is established to the satisfaction of the
department that portions of the final cover system are not needed
based on the proposed waste types and the proposed design. The
geomembrane component in sub. {5) does not apply to landfills
designed exclusively for the disposal of high volume industrial

waste, or to other landfills which are not designed to accept mu- -

nicipal solid waste unless the landfill is composite lined.

" () ‘Any phases of an existing landfill which have been de-
signed and constructed with a composite finer shall be'designed
and constructed with a final cover system meeting the require-
ments in subs, (2) to (9), except that thi¢ requirement for the geo-
membratie layer in sub, (5) ddes not apply to compesite lined
phases of existing landfills which have compIeted final cover
placement by July 1, 1996,

(d) Landfills which accept paperrmll sludges or other industri-
al solid wastes with hlgh water contents and low strength may pro-
pose alternate final cover systéms if the strength of the waste mass
will not allow for the constructlon of the covernsystem required in
_ this section.

'{2) ‘GRADING LAYER. A mitiimum 6 inch thick grading layer
shall be designed over the final waste elevation of landfills pro-
posing to accept municipal solid waste to attain the required slope
and provide for a stable base for subsequent system components.
Daily and intermediate cover may be used for this purpose, *

(3) SUPPORT LAYER FOR LOW-STRENGTH WASTES, A ‘support
layer shall be desxgned for stabﬂ:zatxon, remforcement and re-
moval of leachate and gas over the final waste elevations for land-
fills which accept industrial sohd wastes with high water contents
and low strength,

(4) CrLay caPPING LAYER. A minimum 2 foot thick clay cap
shall be designed to provide a low hydraulic conduct1v1ty barrier
to percolatlon Clay used for this layer shall meet the specifica-
tions in s. NR 504.06(2)(a). The clay capping layer shall be
constructed according to s. NR 504.06(2)(f).

(5) GEOMEMBRANE LAYER. A geomembrane layer shall be de-
slgned to provide a low hydraulic conductivity barrier to percola-
tion. The design and construction of the geomembrane compo-
nent of the final cover system shall meet the reqmrements of s. NR
504 06(3)(c) to (§) and the following: '

" {a) The nominal geomembrane thickness shall be 40 mils or
greater, with no thickness measurements faihng below industry
accepted manufacturing tolerances.

(b) The gcomembrane shall be installed in dlrect contact with
the clay capping layer.

(c) Pereirations of the geomembrane, such as gas extraction
wells, shall be fitted with prefabricated collars of pipe and mem-
brane or plate and welded at the same angles which the perietra-
tions make with the final cover slope. Methods of fixing mem-
brane bools to vertical pipes extending above the geomembrane
shall allow for differential settlement of the waste with respect. to
the piping without damage to the membrane seal.

(B) DRAINAGE AND ROOTING ZONE LAYER, A minimum 2.5 foot
thick drainage and rooting zone layer shall be designed above the
geomembrane layer orclay 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
from freeze—thaw damage and other environmental effects. It
shall also include a drainage layer to allow for the drainage of lig-
uid infiltrating through the cap. Soils available on or near the pro-
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posed landfill property may be proposed for the rooting zone por-
tion of this fayer. This layer may not be densely compacted.

(a) For all landfills, a drainage layer shall be designed immedi-
ately above the capping layer, The drainage layer shall consist of
aminimum of one foot of sand with a mintmum hydraulic condug-
tivity of 1x10-3 em/sec or a geosynthetic drain layer of equivalent
or greater transimissivity.

{b} A perimeter drain pipe shall be placed at the low end of all
final cover sideslopes. The drain pipe shall be surrounded by a
minimum of 6 inches of gravel or sand with a minimum hydraulic
conductivity of 1x10-2 cm/sec. The drain pipe shall be sloped to
a series of outlets at spacings no further than every 200 feet. Mod-
eling may be submiited to the deparlrnent wh1ch supports the pro-
posal of a different spacing.

(7) TopsoiL. ‘A minimum of 6 inches of topsoil shall be de-
signed over the cover layer to support the proposed vegetation.
Fertilizer and lime shall be added in accordance with section 630,
Wisconsin department of transportation standard spectﬁcattons
for road and bridge construction or other appropriate specifica-
tions in order to establish a thick vegetative growth,

(8) REVEGETATION. The seed type and amount of fertilizer ap-
plied shali be proposed depending on the type and quality of top-
soil and compatibility with both native vegetation and the final
use, Unless otherwise approved by the department in writing, seed
mixtures and application rates shall be in accordance with section
630, Wisconsin department of transpo'rtatlon standard specifica-
tions for road and bridge construction, Apphcanon rates for fertil-
izer and mulch shall also be specified.

Note: Copies of Wisconsin department of transporiation standard specifications
for road and bridge construction can be obtained from the department of natural re-
soiurces, bureau of waste management, 101 5, webster sireet, Madison, Wiscensin,
53707, Copies are also available for Inspection at the ofTices of the revisor of statutes
and the secretary of state. -

(9) FIvAL usE. The proposed fi nal use shall be c01npat1ble
with the final cover system. The following activities are prohib-
ited at solid waste disposal landfills which are no Ionger in opera-
tion unless Spcmfical[y approved by the department in writing.

(@) Use of the waste disposal area for agricultural purposcs.

(1) 'Establishment or construction of any bulldmgs over.the
waste disposal area.

{¢) Excavation of the final cover or any waste materials,

History: Cr, Repister, January, 1988, No. 385, eff. 2-6-88; am. (1) (2), (b}, {2),
cr. (1) {2), (d), (5), (6) (&), (b), . and recr. (3), (4), 1. (5) (a) 1o (c). renun. (5} to (5)

tobe (6) to (%) and am. (6) {ntro), (1), (D (mlm s (@ (0); Reg&sier, June, 1996, No.
486, <ff, 7-1-96. _

NR 504.08 Minimum design and construction crite-
ria for landfill gas extraction systems. (1) Generar. All
landfills accepting wastes with the potential to generate gas shall
be designed to prevent the migration of explosive gases generated
by the waste fill,

(2) AcTIvE GAS EXTRACTION AND TREATMENT. In order to effi-
ciently collect and combust hazardous air contaminants, all land-
fills which accept municipal solid waste shali be designed with an
active gas recovery system. All gas recovery systems shalt in-
clude the following design features, unless otherwise approved by
the department;

(a) Vertical gas extraction wells shall be proposed throughout
the entire landfill with a maximum radius of influence of 150 feet
per well and lesser radii proposed for wells located near the perim-
eter of the landfill. The radii of influence of adjacent wells shail
overlap. Alternate well spacings may be proposed if site specific
data is obtained through performance of pump tests.

(b) All vertical gas extraction wells shall extend to 10 Feet
above the leachate collection system and shall be placed in 36 inch
diameter boreholes. An exemplion may be proposed to allow for
placement of gas extraction wells closer to the leachatc collecuon
system.

(c) The pipeinthe borchole shall be a minimum 6 inch diame-
ter, Schedule 80 polyvinylchloride or an approved alternate.
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{d} The lower 2/3 to 3/4 of the pipe in the borchole shall be
slotted or perforated pipe.

- (e) The backfill around the slotted or perforated pipe in the
borehole shall be one to 172 inch washed stone. The top 10 feet
of the borehole shall be sealed.

(£} Each gas extraction well shall have a flow control valve and
samplmg access port.

(g) The gas header system shall be looped lo n.llow aiternalwe
flow paths feor the gas. :

(h) The minimum slape on the header pipe shall be 2% for
pipes aver the waste mass.

(i) Polyethylene pipe shall be used for header and lateral pipes.

(i) The sizing of the blower, header and laterals shall ensure
that a minimum vacuum of 10 inches water column is available in
the header adjacent to those wells located furthest from the blow-
e. . ,

(k) A drip leg or equivalent shall be installed immediately be-
fore the blower to separate condensate from gas while preserving
the suction at the wells while under maximum operating vacuum.

(L} All condensate transfer piping and gas transfer piping lo-
cated ouiside of the limits of waste shalf be designed to be fully
encased in at least 2 feet of clay, double—cased pipe or by using

another approved secondary containment method except for sys-

tems with multiple drip legs within the landfill where the bulk of
the condensate has been removed.

{m) The system shall be designed to have the ablllty to collect
and treat all condensate, measure volumes and collect samples.

(n) A flare shall be designed to meet the rcqun:ements of ch.
NR 445.

(3) GAS MONTTORING WELLS. A minimum of one gas monitor-
ing well shall be located on each side of the landfill. The wells
shall be constructed according to s. NR 507.11,

() 'PASSIVE GAS EXTRACTION SYSTEMS, Landfills which accept
only industrial waste or other nonmunicipat solid waste with the
potential to generate gas and which do not utilize an active gas ex-
traction systern shall be designed with a system which allows gas
venting from the entire landfill surface. An analysis shall be per-
formed to determine the spacing needed between gas venting
trenches for an effective system and also to ensure that ch, NR 445
Hmits for hazardous air contaminants wiil not be exceeded, The
system shall be designed with a continuous layer below the cap-
ping layer which allows surficial venting from the waste final sur-
face. This layer may be part of the support layer required ins. NR
504.07 (3). This layer shall consist of a minimum of one foot of
granular soil with a minimum hydraulic conducnvxty of 1x1¢-3
cm/sec and a series of flexible, perforated pxpes connected to a se-
ries of outlets.

History: Cr. Register, May, 1992, No.437, eff. 6-1-92, r.and recr., Register, Jane,
1996, Mo, 486, off, 7-1-26.

NR 504.09 Storm water management and miscella-
neous desigh and construction criteria for landfills.
(1) STORM WATER MANAGEMENT. (a) Storm water drainage
ditches, structures and sedimentation basins shall be designed
such that the construction of these items shall cccur during the ini-
tial stage of construction to control rainfall runoff and limit en-
trained sédiment from reaching surface water bodies,

(b) All landfills shall incorporate the following concepts in the
design of both temporary and permanent erosion and sediment
control measures:

1. Grading and consttuctlon shall be scheduled to minimize
soil exposure,

2. Existing vegetation shall be retained whenever feasible.

3. Disturbed areas shall be vegetated and mulched.

4. Runoff shall be diverted away from disturbed areas and ac-
tive fill areas,

5. Runoff velocities shali be minimized.
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6. Drainageways and outlets shall be preparecl to handle con-
centrated or increased runoff.

7. Sediment shall be trapped on site,
. 8. Runoff control structures shall bc inspected and main-
tained.
(c) The désign calculations rcquired in pars. (d), (e} and (t)
shall each be performed for the period in the landfill’s develop-
ment where the combination of surface conditions and contribut-
ing acreage would result in the greatest rutioff volume,
(d) All temporary and permanent storm water drainagc
dltches, swales, conveyance channels, channel linings, outlet

-protection, culverts and other storm water control structures han-
Aling flow ento or off the landfill shall be designed to accommo-

date peak flow rates from a 25 year, time of concentration storm
event.

(e) Temporary and permanent sednnent control measures shall
be designed to settle 0.015 mm size particles for all storms up to
and incinding the 25 year, 6-hour storm. The surface area for sed-
iment basins shall be calculated using the rainfall intensity over

.the 25 year, 6-hour storm event for the Iandfill. Principal spill-

ways, and outlet protection for sediment basins shall be designed
to pass a 25 year, time of concentration storm even{, Emergency
spillways for sedimentation basins shall be designed to pass a 100
year, time of concentration storm event. The design of the dewa-
tering structures for sediment basins shall be selected such that the
basin is dewatered in no less than 3 days. An analysis shall be per-
formed to document compliance with this requirement.

() Storm water shall be diverted away from the active fill area
of the landfill and any borrow areas to a sedimentation control
structure.

(g) Containment berms placed around actlve fili areas shalI be
designed to control and collect the liquid volume resulting from
the 25 year, 24-hour storm event. ‘The design shall consider the
volume of liquid generated from active fill areas which shall in-
clude areas with exposed solid waste or areas with waste covered
by daily cover. Storm water in contact with active fill areas shail
be handled and treated as leachate in accordance with ch. NR 506.

(h) Storm water drainage difches, structures and sedimentation
basins shall discharge along existing drainage patterns capable of
accepting the aniicjpated flow volume. An analysis shall be per-
formed to determine the amount and velocity of runoff prior to
landfill development and to document comphance with this re-
quirement.

(i) Storm water d1vers1on and conslructlon ata landﬁll shall be
deSIgned to minimize impacts on adjacent property, such as ero-
sion, sedimentation and flooding.

(i) Design of all storm water management features shall com-
p]y with other applicable requirements of the department. Such
requirements include, but are not limited to, ch. NR 103, and per-
mits required by ch. 30, Stats.

(2) MisceLLANEOUS. All landfills shall be demgned to meet
the following requirements:

{a) A method of controlling any dust or windblown debns shall
be included in the landfill design. The factors which will be con-
sidered by the department when evaluating alternative provisions
for controlling dust and windblown debris includes the remote-
ness of the landfill, natural screening, wmdbreaks and waste
types.

-{b) Access tothe landfill shall be restncted Lhmugh the use of
fencing, natural barriers or other methods approved in writing by
the department.

(c) All access roads for the landﬁll including those leadmg to
the active area, shall be designed for all weather operation.

{d) All access roads which are used by over the highway ve-
hicles shall be designed with a maximum grade no greater than
10%. The intersection of the landfilt access road with an existing
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highway shall be designed to provide sufficient sight distance and
minimum interference with traffic on the highway.

(e¢) Unless otherwise approved by the department, all borrow
areas shall be abandoned in accordance with s. 208.3, Wisconsin
department of transportation standard specifications for road and
bridge construction. Pre-existing commercial borrow sources are
exempt from this requirement.

Nete: Copies of Wisconsin depariment of transportation standard specifications
for road and bridge construciion can be obtained from the department of naturat re-
sources, bureau of waste management, 101 s. webster street, Madison, Wisconsin
53707. Copies are also available for inspection at the offices of the revisor of statutes
and the secretary of state.

(f) A minimum separation distance of 100 feet shall be main-
tained between the limits of filling and adjacent property line. A
minimum distance of 50 fect shall be maintained between any per-
manent berms or excavations associated with the Iandfill, exclud-
ing storm water diversion structures and the adjacent property
line.

{g) The landfill shall be designed so that final grades in each
phase are reached as soon as possible, and the open area used for
refuse filling is minimized.

(h) The final slopes of all landfills shall be equal to or greater
than 5%, but may not exceed 4 horizontal to one vertical. Land-
fills primarily designed for the acceptance of papermill or waste-
water treatment plant sludge shall havefinal slopes no greater than
6 horizontal to one vertical.

(i) A minimum of 2 leachate head wells shall be proposed for
each major horizontal phase of the landfill unless otherwise ap-
proved by the depariment.

(j) Al landfilis which accept municipal solid waste shall be
supplied with a weight scale.

(k) Alllandfills shall be designed with properly protected per-
manent benchmarks for horizontal and vertical control, Bleva-
tions shall be tied to USGS datum and horizontal control shall be
referenced to the property boundary.

History: Cr., Register, June, 1996, No, 486, ¢ff. 7-1-96; am. (1) (), Register,
September, 1998, No. 513, eff. 10-1-98,

NR 504.10 Alternative design criteria for landflils
accepting high volume industrial wastes. This section ap-
plies to landfills designed principally for high volume industrial
waste, wood residue and miner amounis of other wastes as ap-
proved by the department. This section applies to all new landfills
and to the expansion of existing landfilis for which the plan of op-
eration was approved after February 1, 1988,

{1) GENERAL. (a) An applicant may design a high volume in-
dustrial waste landfill to meet the standards contained in ss. NR
504.05 to 504.09 or may propose an alternative design in accor-
dance with the provisions of this section,

(b) I the applicant does not complete construction of the first
major phase of the landfill within 2 years from the date of the plan
of operation approval, the applicant shall reapply to the depart-
ment for approval to construct the landfill. This application does
not constitute a feasibility report as defined in 5. 289.24, Stats. The
department may require additional conditions of approval and re-
quire redesign of the landfill in accordance with state—of-the—art
design criteria.

{c) An owner or cperator of a landfil which is designed pri-
marily for disposal of high volume industrial waste may accept up
to 10% by weight of municipal waste such as packaging which is
generated in conjunction with the manufacturing process, and not
be subject to the design requirements of s. NR 504.05(1). House-
hold and plant waste not generated as a direct result of the
manufacturing pracess such as office and cafeteria waste, may not
be disposed of in a landfill which does not meet the requirements
of s, NR 504.05(1).

(2) DesioN caracITY. Design capacity shall be in accordance
with 5. NR 504.05(3).

NR 504.11

{3) DgsiGN CRITERTA. ‘An applicant seeking approval of an al-
ternative désign under this section shall demonstrate in the feasi-
bility report required in ch. NR 512 that the alternative design ade-
quately protects public health, welfare and the environment and
meets or exceeds the location and performance standards of's. NR
504.04. The applicant may include the following types of infor-
mation as a part of such a denionstration:

(a) Landfill characteristics including regional and specific in-
formation on Iand use, geology, hydrology, hydrogeology and
soils.

(b) Waste characteristics including quantity and physxcal and
chemical analyses of the waste and its leachate.

(c) Ananalysis of any design to control geologic or hydrogeo-
logic conditions of the site.

(d) Field demonstration data.

(2) Design and performance data for other similarly designed
and constructed landfills.

(f) Acceptedscientific or engineering analyses or field studies,
field plots, research, manufacturer's data or demonstrations.

(4) ApprovaL crITERIA. The department shall approve the al-
ternative design proposed by the applicant if the department deter-
mines (o a reasonable degree of certainty that the alternative de-
sign adequately protects public health, welfare and the
environment and meets or exceeds the location and perfofmance
standards of s. NR 504.04.

Hisfory: Cr., Register, June, 1996, No, 486, eff. 7-1-96.

NR 504.11 Minimum design and construction crite-
ria for landtills accepting residue produced by burning
municipal solid waste. (1) AppLicaBITY. This section ap-
plies to landfills designed for residue produced by the burning of
municipal solid waste as approved by the department. This section
applies to all new and existing landfills,

{2) LANDFILL DESIGN CRITERIA FOR RESIDUE PRODUCED BY
BURNING MUNICIPAL SOLID WASTE. (a) Alllandfills that accept mu-
nicipat solid waste combustor residue that tests below the limits
specified in 5. NR 502.13(6)(g) shall be designed as composﬂc
Iined monofill cells according to the following criteria:

1. The composite liner shall consist of a minimum 60 mil geo-
membrane overlying a minimum thickness of 4 feet of compacted
clay meeting the specifications of s. NR 504.06.

2, The leachate collection system shall be designed such that
the feachate from the residue monofill cell can be sampled and col-
lected separately from non-residue disposal areas.

3. The department may approve alternate designs such as
double liners if it finds that the design provides equivalent protec-
tion. '

() All landfills that accept municipal solid waste combustor
residue that exceeds the limits specified in s. NR 502.13(6)(g)
shall be designed as a double composite lined monofill cel ac-
cording to the following criteria. The department may approve al-
ternate designs if it finds that the design provides equivalent
protection.

1. The double composite liner shall be designed with 2 sepa-
rate composite liners with each liner consisting of a minimum 60
mil geomembrane overlying a minimum thickness of 4 feet of
compacted clay meeting the specifications of s, NR 504.06.

2. The composite liners shall be separated by a leachate detec-
tion layer consisting of a minimum one foot layer of granular ma-
terial,

3. Separate leachate collection systems shall be designed
above and between the composite liners. The leachate collection
systern shall be designed such that the Jeachate from the leachate
detection layer can be sampled and collected separately from the
upper leachate collection system and from the non-residue dis-
posal areas.

Register, September, 1998, No, 513
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(c) Alllandfills which accept municipal solid waste combustor
residue shall be approved by the department in accordance with
s. NR 514.07(5) prior to accepting each specific residue waste
stream, ’

History: Cr., Register, June, 1994, No. 486, off. 7-1-96.
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