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Landfill Closure Cost Estimate

Installation of Gas Management Layer (Using Fill)
Installation of Clay Layer

Installation of Geomembrane

Installation of Drainage Layer

Installation of Fill

Installation of Topsoill

Establishment of Vegetative Cover

Installation of a Gas Collection System
Installation of Storm Water Control

Subtotal of Closure Costs (Add lines 1 through 9)
Engineering Expenses (10% of closure costs)
Survey Plat

Certificate of Closure

Subtotal

Contingency Allowance (20% of Subtotal)

TOTAL COST OF CLOSURE

$1,034,133
$6,008,780
$990,000
$2,633,920
$3,960,000
$1,785,036
$133,150
$935,700
$161,566
$16,608,151
$1,660,815
$42,975
$4,000
$18,315,942
$3,663,188

$21,979,130







MUNICIPAL LANDFILL CAP DESIGN

Design of landfill cover depends on bottom liner
system

Covers designed to prevent “bathtub effect” where
moisture accumulates in landfill

Use solls of various permeabillities to control water
movement

Local soils can be blended to achieve hydraulic
requirements to reduce costs of transport of non-
native soils




Particle Size Determines Hydraulic Properties

Diameter Typical
Range Permeabillity

Material .
Limits (mm) (cm/sec)

Boulc 256< 0.1

Cobb 64 to 256 0.01
Pebb 2 1o 64 0.001
Sand 1/16 to 2 104
Silt 1/256 to 1/16 10>
Clay < 1/256 107




Typical Subtitle D Cover




Preparations for Taxes & Estimates are Similar

Taxes

Wage income
Interest income
Asset sales

Personal exemptions
Tax deductions
401(k) deductions

Cap Estimate

Construction layers

Sources of clay, sand,
fill & haul distances

Width, length & depth
of cover

Stormwater control
Gas collection system

Geomembrane,
geotextile costs

L ocation determines
labor costs




Basis of Cap Estimate

Landfill is 1200 feet square, 33 acres,
45 feet deep

Clay cost: $13 to $37 per cubic yard
Geomembrane: $0.55/ft 2

Sand cost: $10 to $40 per cubic yard
Fill cost: $8 to $40 per cubic yard

Soil material can be adjacent to site (1
mile) or close (within 20 miles)




CostPro Software

Developed by EPA in mid-1990’s
New edition available Fall, 2007

Used primarily for estimating costs of closure
and post-closure

Follows methodology of OSWER Directive
9476.00-6 (1986)




RACER Software

e Developed by USAF in early 1990’s for
CERCLA/RCRA

o Used primarily for estimating costs of
corrective actions

e Also includes some models for closures and
post-closures, including various cap
designs




Cost References

R.S. Means provides a common
database for the CostPro system.

ECHOS iIs an excellent environmental
database, available in a searchable PDF
file.

Both include thousands of line items

Two complementary references for
environmental line items




Landfill Design

1 AREA OF LANDFILL
1.A Length

1.B  Width

1.C Area of Landfill

1.D Areaof Landfillinyd 2

1.E Area of Landfill in acres

2 VOLUME OF GAS MANAGEMENT LAYER
2.A Thickness of Gas Management Layer
2.B Volume of Gas Management Layer

2.C Volume of Gas Management Layer in yd

3

1,200

1,200

1,440,000

0.5

720,000

ft

ft

ft2

160,000 yd?

ft

ft3

33 acres

26,667 yd3




Landfill Design

3 VOLUME OF CLAY LAYER

3.A Thickness of Clay Layer ft

3.B  Volume of Clay Layer 2,880,000 ft3

3.C Volume of Clay Layer inyd 3 106,667 yd3
4 VOLUME OF SAND OR GRAVEL LAYER

4.A  Thickness of sand or gravel layer

4.B Volume of Sand or Gravel Layer 1,440,000

4.C Volume of Sand or Gravel Layerinyd 3 53,333 yd3




Landfill Design

5 VOLUME OF FILL LAYER

5.A  Thickness of Fill Layer 1.5 ft

5.B  Volume of Fill Layer 2,160,000 ft3

5.C Volume of Fill Layer inyd 3 80,000 yds3
6 VOLUME OF TOPSOIL LAYER

6.A  Thickness of Topsoil Layer 0.5 ft

6.B  Volume of Topsoil Layer 720,000 ft3

6.C Volume of Topsoil Layerinyd 3 26,667 yd3




Landfill Design

7 GAS COLLECTION SYSTEM

7.A Mean depth of landfill

8 STORM WATER CONTROL
8.A Length of side slopes requiring conveyances
8.B Total linear feet of grass ditches to be constructe

8.C Total linear feet of rip rap ditches to be construc




Installation of Drainage Layer

1 PURCHASE & DELIVERY OF SAND OR GRAVEL

1.A Volume of sand or gravel required

1.B  Compaction factor

1.C Volume of additional sand or gravel required

1.D Total volume of sand or gravel required

1.E Cost of sand or gravel peryd 3

1.F Subtotal of cost to purchase sand or gravel $719,533
1.G Cost of delivery of sand or gravel peryd 3

1.H Subtotal of cost to deliver sand or gravel $1,404,667

1.1 Cost to Purchase & Deliver Sand or Gravel $2,124.,200




Installation of Drainage Layer

2 SPREADING & COMPACTING OF SAND OR GRAVEL LAYER

2.A Labor & equipment cost per yd 3 to spread sand or gravel $1.73 /yd3
2.B Subtotal of labor & equipment cost to spread sand o r gravel

2.C Labor & equipment cost per yd 3 to compact sand or gravel $0.82 /yd3
2.D Subtotal of labor & equipment cost to compact sand or gravel

2.E Cost of mobilization & demobilization (flat rate)

2.F Costto Spread & Compact Sand or Gravel Layer

$99,187

$47,013

$146,200



Installation of Drainage Layer

3 PURCHASE, DELIVERY & INSTALLATION OF GEOTEXTILE F ILTER FABRIC

3.A Area of landfill 160,000 yd?

3.B Cost of geotextile filter fabric peryd 2 $2.05

3.C Costto Purchase, Deliver & Install Geotextile Filte  r Fabric $328,000
4 PURCHASE & INSTALLATION OF DRAINAGE PIPING

4.A Length of landfill

4.B  Width of landfill

4.C Length of drainage pipe needed

4.D Cost of drainage pipe per ft

4.E Costto Purchase & Install Drainage Piping $35,520
TOTAL COST OF INSTALLATION OF DRAINAGE LAYER $2,633,920




Installation of Gas Management Layer Using Fill

1 PURCHASE & DELIVERY OF UNCLASSIFIED FILL
1.A Volume of fill required

1.B  Compaction factor

1.C Volume of additional fill required

1.D Total volume of fill required
1.E Cost of fill peryd 3

1.F Subtotal of cost to purchase fill $334,667
1.G Cost of delivery of fill per yd 3

1.H Subtotal of cost to deliver fill $653,333

1.1 Cost to Purchase & Deliver Fill $988,000




Installation of Gas Management Layer Using Fill

2 SPREADING & COMPACTING OF FILL
2.A Labor & equipment cost per yd 3 to spread fill

2.B Subtotal of labor & equipment cost to spread fill
2.C Labor & equipment cost per yd 2 to compact fill

2.D Subtotal of labor & equipment cost to compact fill
2.E Cost of mobilization & demobilization (flat rate)
2.F Costto Spread & Compact Fill

COST OF GAS MANAGEMENT LAYER

$1.73 /yd3

$46,133
$0.00 /yd3

$0
$0
$46,133

$1,034,133




Installation of Clay Layer

1 PURCHASE & DELIVERY OF CLAY
1.A Volume of clay required
1.B
Compaction factor
1.C Volume of additional clay required
1.D Total volume of clay required
1.E Cost of clay peryd 3
1.F Subtotal of cost of clay
1.G Cost of delivery of clay peryd 3

1.H Subtotal of cost to deliver clay

1.1 Cost to purchase & deliver clay

106,667

0.40

42,667

149,334

$9.40

$1,403,740

$3,658,683

$5,062,423




2.A
2.B

2.C

2.D

2.E

2.F

2.G

2.H

2.1

2.J

Installation of Clay Layer

2 SPREADING & COMPACTING OF CLAY LAYER

Labor & equipment cost per work hour
Work rate required to spread 1 yd 2 of clay

Number of hours required to spread clay

Subtotal of labor & equipment cost to spread
clay

Labor & equipment cost for compacting

Work rate required to compact 1 yd 3 of clay

Number of hours required to compact clay
Subtotal to compact clay
Cost of mobilization & demobilization (flat rate)

Cost to Spread & Compact Clay Layer

$144.09
0.0120

1,793.0

$176.17

0.0090

1,345.0

/work hour

work hour/yd 3

work hours

$258,353
/work hour
work hour/yd 3
work hours
$236,949
$335

$495,637




Clay layer tests

Atterberg limits
Hydrometer analysis
Washed sieve analysis

Density & classification of undisturbed
sample

Moisture content

Recompacted permeability
Proctor compacting

Sand cone test (COE Preference)
Nuclear density




Testing of Clay Layer

Area of landfill 1,440,000 ft2

3.B  Maximum landfill area per test 12,000 ft2/test

3.C Number of tests per clay lift 120 tests/lift

3.D Total number of tests required 720 tests

3.E Costs per set of tests /set of tests

3.F Cost to perform tests $450,720

TOTAL COST OF INSTALLATION OF CLAY LAYER $6,008,780




Installation of Geomembrane

Area of Landfill 1,440,000 ft2
Cost to install 40-mil VLDPE liner per ft 2 $0.55 /ft?2

Subtotal to install 40-mil VFPE liner
Cost of engineering controls, inspection & testing

TOTAL COST OF INSTALLATION OF GEOMEMBRANE

$792,000

$198,000

$990,000




Establishment of Vegetative Cover

1 SOIL PREPARATION

1.A Area of landfill 1,440,000 ft2

1.B Area of landfill in 1,000 ft 2 (MSF) 1,440 MSF

1.C Labor & equipment cost per MSF $43.00 /MSF

1.D Subtotal of labor & equipment cost to prepare soil $61,920
1.E Cost of mobilization & demobilization (flat rate) $335

1.F Cost to Prepare Soil $62,255




Establishment of Vegetative Cover

2 SEEDING, FERTILIZING & MULCHING

2.A Labor, material & equipment cost per MSF $49.00 /MSF

2.B Cost to seed, fertilize & mulch $70,560
2.C Cost of mobilization & demobilization (flat rate) $335
2.0 Cost to Seed, Fertilize & Mulch $70,895

TOTAL COST OF ESTABLISHMENT OF VEGETATIVE COVER $133,150




Gas Collection System

1 PREPROJECT ENGINEERING

1.A Area of landfill
1.B Number of vertical gas collection wells

Labor & equipment cost per well for initial
determination of well placement & field
stakeout

Cost to determine well placement & field stakeout
Development of drawings
Engineering recommedations

Cost to Perform Preproject Engineering

2 EQUIPMENT MOBILIZATION & DEMOBILIZATION

1,440,000 ft?2

23 wells

$2,243 |well

$51,578
$816
$912

$53,306




Gas Collection System

3 WELL INSTALLATION
3.A Number of vertical gas collection wells

3.B Mean vertical well depth
3.C Total vertical boring depth
3.D Labor, equipment & material cost per well

3.E Cost to install vent piping $20,423
3.F Cost per well for installation of well head & fitti WE

3.F Cost to install peripherals for all wells $19,140

3.F Cost to Install Gas Collection Wells $39,563




Gas Collection System

4 HEADER PIPE INSTALLATION

4.A Number of acres in landfill

4.B Length of header pipe @ 200 ft/acre

4.C Header piping cost

4.D Costto Install Header Pipe

5 BLOWER & FLARE SYSTEM

5.A Blower,143 ft 3/min, Positive Displacement with Motor

5.B Flare, 2.25 Million BTU/Hour, Landfill Off-Gas

TOTAL COST OF GAS COLLECTION SYSTEM

33 acres
6,612
$120 /it

$793,388

$2,237
$46,701
$48,938

$935,700




Storm Water Control

1 STORM WATER SIDE SLOPE CONVEYANCE CONSTRUCTION
1.A Length of side slopes requiring conveyance

1.B  Number of conveyances required

1.C Mean length of conveyances

1.D Total length of conveyances

1.E Labor & equipment cost per foot to construct convey ances

1.F Cost to Perform Construct Conveyances




Storm Water Control

2 DITCH & BERM CONSTRUCTION

2.A Total linear feet of grass ditches to construct

2.B Labor & equipment cost per foot to construct grass ditches
2.C Subtotal to construct grass ditches

2.D Total linear feet of rip rap ditches to construct

2.E Labor & equipment cost per foot to construct rip ra p ditches
2.F Subtotal to construct rip rap ditches

2.G Cost to Construct Ditches & Berms

TOTAL COST OF STORM WATER CONTROL

$84,826

$70,116
$154,942

$161,566
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Landfill Closure Cost Estimate

Installation of Gas Management Layer (Using Fill)
Installation of Clay Layer

Installation of Geomembrane

Installation of Drainage Layer

Installation of Fill

Installation of Topsoil

Establishment of Vegetative Cover

Installation of a Gas Collection System
Installation of Storm Water Control

Subtotal of Closure Costs (Add lines 1 through 9)
Engineering Expenses (10% of closure costs)
Survey Plat

Certificate of Closure

Subtotal

Contingency Allowance (20% of Subtotal)

TOTAL COST OF CLOSURE

$1,034,133
$6,008,780
$990,000
$2,633,920
$3,960,000
$1,785,036
$133,150
$935,700
$161,566
$16,608,151
$1,660,815
$42,975
$4,000
$18,315,942
$3,663,188

$21,979,130




Cost Estimate Comparisons
33 Acre Municipal Cap

Estimate Type Cost

CostPro — Standard Unit $21,979,000
Prices

RACER $13,494.000
CostPro — Low Unit Prices $12,357,000

MSW Approach $9,125,000

Federal Remediation $5,775,000
Technologoies
Roundtable




Conclusions

Capping costs very dependent on soill
COSts

R.S. Means costs tend to be high
RACER costs tend to be lower

Same estimating process could apply
to the liner




Recommendations

Know unit prices for soil & materials before
preparation of a cost estimate

Expertise for cost estimates iIs required in several
solid waste areas—consider having an expert work
In all of these areas, perhaps 1 per EPA region or
state

In general, use the CostPro system, but be prepared
to replace standard costs

Purchase & use cost estimating software &
publications




Additional Cost Estimating Tools

 Annual maintenance costs: mowing,
watering, seeding, fertilizing

o Groundwater sampling requirements

e Available both in CostPro & RACER
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