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Problem Statement
Determine the consolidation settlement of the landfill foundation. The consolidation due to waste
placement at critical locations is evaluated to determine the differential settlement between these
locations. These calculations are performed to demonstrate that the leachate collection system will

maintain a positive slope and the liner system will not be damaged due to differential settiement.
These calculations demonstrate compliance with 329 IAC 10-15-8 (a)(9).

Given

a Drawings of the “Proposed Excavation Grades,” the “Intermediate Top of Waste Grades,” and
“Proposed Final Grades,” - Drawing Nos. D4, D11, and D12 contained in this application.

Hydrogeologic Report, contained in this application.
Appendix H.1 “Summary of geotechnical parameters” contained in this application.

Microsoft Excel settlement calculation spreadsheets. (Refer to attached pages).

o o0 0 0Q

Das, Braja M., Principles of Geotechnical Engineering, Third Edition. (Refer to attached
pages). _

Coduto, Donald P., Geotechnical Engineering Principles and Practices. (Refer to attached
pages). '

)

(W Yen, Bing C. and Brian Scanlon, Sanitary Landfill Seftlement Rates. ASCE Journal of the
Geotechnical Engineering Division. May, 1975. (Refer to attached pages).

Assumptions

Locations Analyzed

The greatest differential settlement of the bottom liner system is expected to occur between Points A
and B which represent the location of the maximum and minimum waste height, respectively, over the
highest gradient of the final contours and the lowest gradient of the leachate collection system in the
Chemical Waste Unit. Point B is located near a leachate collection sump while point A is located
approximately 333.6 feet east. The base elevation difference of these two points is controlled by the
0.60% gradient leachate pipe run.
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To analyze the differential settlement of the final cover, it was assumed that the largest differential
settlement of the waste will occur at the edge of the landfill where the waste height is zero (Point C)
and the Chemical Waste Unit peak elevation (Point A). The distance between points C and B is
approximately 204 feet. Refer to the attached figures for locations of Points A, B, and C, and Table
1 for the elevations of these Points.

o |
Table 1 - Elevations of Settlement Points
Top of
Top of Final Top of Top of Leachate Top of | Chemical Chemical
Landform | Cohesive Soil | Drainage Layer MSW Waste MSW . Waste
Elevation |Layer Elevation Elevation Elevation | Elevation |Thickness| Thickness
Location (ft. MSL) (ft. MSL) (ft. MSL) (ft. MSL) | (ft. MSL) (ft.) (ft.)
Point A 835.5 662.8 663.8 831.5 772.0 59.5 108.2
Point B 785.3 660.8 661.8 781.3 770.8 10.5 109.0
Point C 734.0 728.5 730.0 730.0 730.0 0.0 0.0
Note:  Refer to attached figure for elevations at Points A, B, and C. Top of MSW elevation was determined by subtracting
the final cover thickness (4 ft.) from the final landform elevation.

This analysis will calculate the settlement in the compressible layers beneath the leachate collection
layer. The compressible geological units under the proposed liner system is the compacted clay
filllsub-base, and the Berry Clay / Radnor Till. The geologic units below the Berry Clay / Radnor Till
Unit were assumed to be incompressible. Therefore it is assumed that settlement occurs only in these
two units.

Initial Conditions ,

Table 2 summarizes the geology at the site prior to landfill construction. Unit weights were estimated
from previous studies and laboratory testing performed on representative site soil materials. The
potentiometric surface was conservatively assumed to occur at elevation 691.4 feet MSL, which
respresents the highest water level measured on site (measured in Monitoring Well EX-4 on November
18, 2004).
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Table 2 - Stratigraphy of Geology Before Landfill
Average Top | Average Bottom
‘ Elevation Elevation Thickness | Moist Unit [Saturated Unit]
Material (ft. MSL) (ft. MSL) (ft.) Weight (pcf) | Weight {pcf)

Point A
Tiskilwa Formation 724.0 670.0 54.0 1350 140.0
Roxana Silt/ Robein Member 670.0 660.0 10.0 100.0 110.0
Berry Clay / Radnor Till 660.0 483.0 177.0 140.0 148.0

Point B
Tiskilwa Formation 705.0 670.0 : 35.0 135.0 140.0
Roxana Silt / Robein Member 670.0 660.0 10.0 100.0 110.0
Berry Clay / Radnor Till 660.0 483.0 177.0 140.0 148.0

Final Conditions

Table 3 summarizes the maximum waste height, the typical thickness of the final cover and landfill
liner layers, and the average thickness of the geological units below the landfill liner. Also summarized
are the assumed unit weights of each layer. Conservatively, the unit weight of in-place MSW is
assumed to be 75 pcf, and the unit weight of in-place chemical waste is 90 pcf. The density of the
compacted cohesive earth liner was based on results from previous studies and laboratory testing
performed on sampled site soils. The compacted cohesive earth liner material will be constructed from
the excavated Tiskilwa Formation and Berry Clay / Radnor Till soils.

Conservatively, the potentiometric surface of the foundation soils is assumed to be at the top of the
leachate collection system of the proposed Chemical Waste Unit and all geologic units below the
groundwater table are assumed to be saturated. The compacted cohesive earth liner and soil layers
beneath the landfill were also assumed to be saturated.
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Table 3 - Stratigraphy of Geology After Landfill
Average Top | Average Bottom
Elevation (ft. Elevation Thickness | Moist Unit |Saturated Unit}
Material MSL) (ft. MSL) (ft.) Weight (pcf) | Weight (pcf)
Point A
Final Cover 835.5 831.5 40 128.0 134.0
MSW 831.5 772.0 59.5 75.0 75.0
Chemical Waste 772.0 663.8 108.2 90.0 90.0
Leachate Collection Layer 663.8 662.8 1.0 126.0 130.0
Compacted Cohesive Earth Liner 662.8 659.8 3.0 135.0 | 140.0
Berry Clay / Radnor Till 659.8 483.0 176.8 140.0 148.0
Point B
Final Cover 785.3 781.3 40 128.0 " 1340
MSW 781.3 770.8 10.5 75.0 75.0
Chemical Waste 770.8 661.8 | 109.0 90.0 90.0
Leachate Collection Layer 661.8 660.8 1.0 126.0 130.0
Compacted Cohesive Earth Liner 660.8 657.8 3.0 135.0 140.0
Berry Clay / Radnor Till 657.8 483.0 174.8 140.0 148.0

Foundation Settlement Calculations

Consolidation is divided into three categories: 1) immediate settlement, 2) primary consolidation
settlement, and 3) secondary consolidation settlement. Immediate settlementis caused by the elastic
deformation of soils without any change in the moisture content. However, immediate settlement is
negligible for cohesive soils and therefore is not applicable. Primary consolidation in saturated
cohesive soils occurs due to the expulsion of water in response to an increase in effective stress.
Following primary consolidation under a constant effective stress is secondary consolidation. It occurs
only in saturated cohesive soils and is the result of the plastic adjustment of soil fabrics. Primary and
secondary consolidations are calculated for both the compacted cohesive earth liner and the Berry
Clay / Radnor Till.
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Primary Settlement.
For overconsolidated clays, primary settlement is determined using the following equation.

o Somed ) S

o Z0 o [+

Where,

(9]

bl

Primary Settlement, feet
Compression Index
‘Recompression index
Thickness of the layer, feet

Initial void ratio = n/(1-n)
Preconsolidation stress, psf
Initial vertical effective stress, psf
Final vertical effective stress, psf

O

®TOO

=)

L T L A O T |

-"0 "0

Q. Q Q

Values for void ratios, compression, and recompression indexes for all materials are summarized in
Appendix H.1.

Secondary Settlement:

It is conservatively assumed that primary consolidation is complete subsequent to final cover
placement. Secondary consolidation is calculated using the following equation.

C T
S, = +‘; H Iog(-%)

1+e, T,
Where: :
Sq = Secondary settlement, feet
C, = Secondary compression index
H = Thickness of Layer, feet
e, = Void Ratio at end of primary consolidation
= e, (to be conservative) ,
T, = Time at start of secondary compression, years
T, = Time at end of observation period, years

Values of C, used in the settlement analyses are summarized in Appendix H.1.
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Waste Settlement Calculations

The waste settlement was calculated based on Terzaghi’s theory of one-dimensional consolidation.
The primary settlement is calculated incrementally for nine fill lifts of one cell within the Chemical
Waste Unit. It is assumed that each lift of waste is approximately 20-feet thick. The estimate for
primary settlementassumes that as each lift (or load) is placed large settlements will occur rapidly with
no pore pressure build up.

The time of primary settlement was calculated to determine how much of the primary setttement would
occur following the construction of the final cover. The time of primary settlement was conservatively
estimated for the final lift of MSW (Lift No. 9) following the placement of the final cover system. The
primary settlement for the final lift was calculated to be 2.8 days. From this estimate we can conclude
that the final cover will only be subjected to the primary settlement from the final lift of the landfill plus
secondary settlement that will occur during post-construction. The waste settlement calculations
therefore focus on the post-construction settlement to evaluate the potential for damage to the final
cover system.

The secondary settlement was calculated based on Terzaghi's time-settiement relationship. Because
it is assumed that secondary settlement occurs by the self-weight of each fill lift, the secondary
settlement is calculated for each lift individually and summed up to provide a total value for secondary
settlement.

Calculations

Foundation Settlement

The equations listed above outline the method used to estimate the foundation settlement at Point A
and B. The thickness of waste at Points A and B are 167.7 feet (MSW = 59.5 feet + Chemical Waste
= 108.2 feet) and 119.5 feet (MSW = 10.5 feet + Chemical Waste 109 feet), respectively. The final
effective stress and settlement vary accordingly.

Initial Effective Stress:

The initial effective stress of the in-situ materials is the average effective stress prior to excavation and
waste placement. The initial effective stress for the compacted cohesive earth liner was calculated
as the weight of itself. The effective stress is calculated at the center of each geologic unit. Please
see the attached spreadsheets for calculations.

Final Effective Stress:

The final effective stress is the effective stress following final cover placement and varies for Points
A and B. The effective stress is calculated at the center of each layer or geologic unit. Please see
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The effective stress values for initial and final conditions, for each geologic unit are summarized below.

initial Effective Stress, psf

Final Effgctive Stress, psf

Geologic Unit Point A Point B Point A PointB
Cohesive Earth Liner 116.4 116.4 14,896.5 11,293.5
Berry Clay / Radnor Till 20,533.2 17,968.2 28,9914 25,217.2

Primary Consolidation and Secondary Settlement:

The following summary tables summarize calculations completed in spreadsheets attached at the end

of the document.

Settlement at Point A

Primary Secondary Total
Geologic Unit Settlement (ft) | Settlement (ft) Settlement (ft)
Cohesive Earth liner 0.07662 0.00315 0.07978
Berry Clay / Radnor Till 0.46659 0.18579 0.65238
Total 0.54321 0.18894 0.73216

Note: values shown above for the Bemy Clay / Radnor Till Unit represent cumulative settlement in the entire 176.8-ft thick unit.

Settlement at Point B
Primary Secondary Total
Geologic Unit Settlement (ft) | Settiement (ft) Settlement (ft)
Cohesive earth liner 0.07225 0.00315 0.07540
Berry Clay / Radnor Till 0.48767 0.18285 0.67052
Total 0.55992 0.18600 0.74592

Note: values shown above for the Berry Clay / Radnor Till Unit represent cumulative settlement in the entire174.8-t thick unit.

Total Settlement:
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The total settlement of the foundation soils is equal to the summation of the settlement of each layer
or geologic unit. The elevation of the top of the compacted cohesive earth liner after settlement will

be approximately 662.07 feet (E1.662.8' - 0.73216") at Point A and approximately 660.05 feet
. (EL660.8' - 0.74592') at Point B. :

Differential Settlement:

The differential settiement between Points A and B are caiculated as follows:

— ISPLA - SP(.BI
Distancey, yp 5
_ ]0.73216 feet- 0.74592feet|,

S,. =
ot 333.6 feet
S,y = 0.004%

" 100%

diff

100%

Slope of Leachate Collection System

The leachate collection system is designed with a slope of 0.60%. During waste placement and post-
closure care, differential settlement will occur. The slope will be approximately 0.60% at the end of
the post-closure care period.

Elev,, , - Elev,,,
Distanceg, p5
_ 662.07 feet- 660.05feet,

333.6 feet
Slope = 0.605%

Slope = ” 100%

Slope 100%

Waste Settlement

At Point A, settlement is calculated to be approximately 10.8 feet:

S = ( AS, due to Final Cover Placement on Lift No.9) + ( ZS; following Post-Construction, 100 yrs.)
S = (4.7 + 4.8) feet = 9.5 feet.

At Point A, settlement is calculated to be approximately 10.8 feet:

S = (AS, due to Final Cover Placement on Lift No.9) + ( S following Post-Construction, 100 yrs.)
S = (6.3 +2.2) feet = 8.5 feet
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Differential settlement between Points A and B was calculated to be 2.85 percent:

_ SPt.A - SPt.B
Distancep, ¢ p
_ 9.5feet- Ofeet,

@ " 3336 feet
Syr = 2.85%

" 100%

diff

100%

Differential settlement between Points A and B was calculated to be 4.17 percent:

o Sets - Spc . 100%
diff Distancep, cpip
Sur = 8.5feet- Ofeet, 100%
204 feet
Sar = 417%

Results

The estimated maximum differential settiement of the landfill foundation is approximately 0.004 ft/t.
This value is negligible and will not cause or contribute to the failure of the liner or leachate collection
system. The slope of the leachate system will be approximately 0.60 percent at the end of the post-
closure care period, which will allow for proper leachate drainage and collection.

T:\Projects\2007\128017 - Clinton TCSA\Design\Geotech\settlement.wpd



CLINTON LF. NO. 3 CHEMICAL WASTE UNIT
DEWITT COUNTY, ILLINOIS

NNNNNNNNNNNNNNNNNNNNNN
OOOOOOOOOOOOOOO

FINAL LANDFORM GRADES DRAWING




MSW UNIT

U

69000

\( > BASIN B

CLINTON LF. NO. 3 CHEMICAL WASTE UNIT
DEWITT COUNTY, ILLINOIS

\ SETTLEMENT POINT LOCATIONS
’o . SHOWN ON PROPOSED
Shaw* shaw Environmental, Inc. MASS LINER GRADES DRAWING

APPROVED BY: DAM | PROJ. NO.: 128017 | DATE: OCT. 2007




8°659-.8°799 “T4 1¢ pasodox 1our yieg 2a1sayo)) pareduo)
(H-XH 12 00T JIqWDAON) " T69TH = PAUNSSE “I'M

-£81Td ds 12QUIRJA pUTS WOy
00'€69'vE  |F8'889'IT 00'S69CE  |¥T€ES 0T 9S8 81 LC £817-01¢ 14 e (LM mojag / de[d-u]) [[LL Joupey put Ae|) ARg
00°L69°0¢  |F9'LLEGI 00'LLY'8T  |¥9'€60'81 968 8rl 0g 016-0%¢ T4 10 ("L" M Mo[ag /20u[d-Uf) |11 Joupey pue Ae[D) ALidg
00°LST9T  |F9°608°91 00°LE0FT  [F9'SCESI 968 Sl 0€ 0rS-0LS T T (1" A mo[ag / 0v[d-u[) [[LL Joupey pue Av[D Aliag
00°LIS IT [¥91+TFI 00°L6S°61  |F9LS6TI 968 8l 0L 0L5-009 T4 10 ) (L' A\ MO[3g / 20e]d-u]) [|LL Joupey pur Ae|D Aldg
00°LLE'LT  |FOELI'TI 00°LST'ST  |¥9°68L°01 9¢8 8rl 0g 009-0£9 19 5] (L'A\ mo[dg /20e]d-U]) [|LL Joupey pue Ae[D Auag
00°LE6TI  |F9°S01°6 08 1€L°01 |0T0E]'L 968 8l 86T 0£9-8'659 "19 12 (LA mo[ag /208]4-u]) [|LL, Joupey put Ae|) Aliag
099758 9L'FES9 081158 07959 9'€8 8l 0 8°6£9-099 14 T (L' A\ mO[2g / PAARARIXH) [[IL toupey put AT[ ALidg
00°L6Y'8 +9°LESTO 00°Lr6'L #9'66C°9 9Ly 01l 0l 099-0L9 T4 10 ("L'A MO[2g / PAIBAEIXH) JAQUIDJN UIQOY PUT IS BUTX0YY
00°L6E"L +9°190°9 00°668°S TEIETS 9LL orl ¥ 0L9-¥'169 19 g2 ("L’ M MO[2g / PAICABIXH) UONBULIO] BM[IYSL]
00 10Vt 00 10%'t 05°00T°C 05°007°C cel el 9TE ' 169-¥CL 19 10 ("L'M PA0QY / PAIBARIXH) UOBLLIO] BM[IYSLL
00°0 00°0 000 000 0 0 C -0 X4 odwexy

(o) 0 | (9an29g32) 0 | (je101) © (PAn29339) © | weAnoq y [10s ¥ (95) Kusuacq ay) (R UOnEIJISSED) nun
mwv.._xum_._.._l
(sd) sassang 1oheT-wonog|  (Jsd) sossang JOART-PIA (Jad) sysiop nun anneay
V uiod
[[Jpue| 210J3q UOI}IAG SSOI)
[ wie swun
LO0T/LTI6 areq
aul jjypuey LI108TI Jquiny 102foid
A1 19pun SHUN [BII50]0a3 wonoq 3y 1 dn aui| [jypue| Ay MU USBAL [BOIWUDYD) € "ON [[Jpue uouL[D) aweN 10afoig
pue 210J3q 2] Y10q J0] SUOIIIS SSOID Y] JBY) oINS BN “OU] ‘[RIURWIUOIIAUY MEYS aweN Auedwo)

[[JPUET © JO UONIAS $SOIJ YINOIY) SUOIIENUIIUOD SSAING




98 St -£8%" 19 dsS JAQUIRN puTS 1SWOURIN |
06 '8¢t 1Y 86'0F1°0¢ 06'0¢F 6¢ 8€°166'8T 9'¢8 k! LT £81-01¢ 14 g8 1L toupey] pue Ae) Auag|
06 TEF LY 8L SER'LT 06'TITCE 8L7165°9C 9'¢8 8l 0t 01<-0+s 149 1D [ILL Joupey pue Au|D Auag
06'766'CE 8L°L9T'ST 06'CTLLOL 8L'£86'ET 9’68 E1d! 0g 0F<S-0LS 19 10 [[1L toupey put Ae[0) Audag
J06°TES8C 8L'669°TT 06TLL9T SLCIF' 1T 9'¢8 81 [}3 0L5-009 19 1D 1111 Joupry pur Ae|) Audg
_oa.mu 1'vC SL'1EI'0T 06'T68'IT 8L°LY] 81 9'¢8 871 0f 009-0¢£9 14 10 1111, Joupey pur Ae[D Auag
_oo.m....o.m_ SL'E9SLI 0L L9F'L1 e 88T 91 9'¢8 bidl 8°6C 0£9-8°65914 10 111 Joupey pur Ae[D Auag
foszoT sl 06CTI0°S1 0S'TSO'SI 0596811 9'LL Ui |3 8°659-8°799 T4 10 12U yuEy dA18940D) poedo)
0 Tr8 vl 01'08L'%1 0S LLL'Y] 0C9rLvl 9'L9 €1 i 87799-8°¢99 "1d dsS 19T UONDI|OD) ATYIT]
0STILYI 0STILYI 0S'¢r8'6 0S°Er8'6 06 06 <801 8°¢99-¢LL 13 5 ASTAN [EBO1LAYT)
0StL6'Y 0S'vL6'Y STEPLT CTEPLT SL SL <68 TLL-S1£8 "1 - MSIN
00'CT1S 00TIS 00'95C 00'95T 8Cl 81 ¥ C1€8-€'¢€8 " Td 10 12A00) [euld
fooo 000 000 00°0 0 0 T 0 Xd ajdwexy
(je100) © (2a123)32) O (j2101) © (9A1129))2) O ueAnoq y [1os y (1)) ssauyoIy |, [EREI uonedIJIsse|D) nun
(jsd) sassang JaAeT-wonog (Jsd) sossang JoART-pI (Jad) siysop up
V uiod

[[ypue | 13)je uodag sso1)

LOOT/LT/6 aeq
L108T1 Jaquinp 199loig

T 15T [POIURYD) € ON [[JPUTT uoiul)

aure 103fo1g

“DU] |RIUILUUOIIAUG MBYS awen Auedwo)

[[LIPUEBT B JO UOMNDS $SOID YSNOIY) SUONLNUIOUOD SIS




XO0( 1221100 ) Ut X YR
0§ AISIYO-UON J0] PO

T9LSITELO POIPGRRIN  LOOIEERS'D =SIRIOL
POTSETSO0 TOFALSSIG TORYSYETD  ="Tirifuamapas) 7
LSSLLOLOTD  19TSIEO0N SATTILO0 =" "i(wawamieg) 7
LR N JDUIDA PUBRS 1OWOYRIA
1LTOFLLO’D  |TSELERTOO |616C06F00 |SL'166'RC PLEES 0T (Y St OrO0" 0 Q100 010 Tt L8018 D 1L HOUPTY] PUR ATT) ALIDY
12960T60°'0  |F19TSTE0°0 [LOBLEO900 |8L°155°9T TYER0'81 OSE Or00°0 1IN0 T O1s-0FS o 1], IOUPRY] PUR AR ALIDY[
SHSOZ001'0  |FI19TSIE0°0 [TERLIRVOD |RLERGET 96T S (00'SE al'o 3 OFs-0LS o) HILL JOUPTY puit AR[T) ALI¢]
GEELROTT'O  JFI9TSTEO0 |9ERFE6LO0 |BL'SIFIT FOLS6TI 00t OF0°0 91070 01’0 T OLE-009 $) [LL JOUPTY PUE AT ALIDEL
1TPSSSTI0  [FI9TSIE0°0 [LOSSOFG0'0 |8LLES F96RE01 OOsY OF00°0) 9100 ot O09-(LY JILL A0Upry] put Anj AL
L6RITOFI'D  [96C1€150°0 J10L06F1T0 |+€'88T9 0T OERL S OF00°) 01°0 Tt 0£9-8'6597 11 L JOUpRY] puR AR|D) ALIDg]
LSSLLOGLO'O  |T9TS1E00°0 [S6TTIOLO'O {05"9687F1 0r 911 = OF00°0 01°0 ot 8659877 o) Jouryy Q15 07) padedwo))|
0000000 0 0 00°1 00°1 E () 0 0 T 0 5 2jdw
WSS | wawaeg | wawmag (e © (jenur) © do ) D Ee} " 09N T (on [PAsw] N10D mn
Ampuosag | Amwg ssauyIy
(sd) sassang (jsd) sassang (1sd) ssang Xapuj Xapuj Xapuj ONEY PIOA WA UONRNUD ] | OISO ¥ Juiog
AR ]-PUAN 1A -PUA uonEposu0adLy | uossaidwo))y | uossaidwosay uoissaudwo)y paepuris paouo)) | pmbry “UON JO UOISYD))
ARpuodg
il
(1) WDwamRg [0y, LOOTILTIO AR(]
L108TI aaguiny 19a00.]
b RaN | (s1£) pouad U MSeAN e 19004 ]
QU 2NSO[I-180]
X or ($15) [rIpuey Jo Ay awey Auedwo))

SO VIRIUOD TRY1 SUN[OD D) [} 0101 PAMUD 3G 1SN RIR(C]

S[[20 MMYm AIRSS202U 2] 0IUT BITP J21UT

[IJpUeT © JO aseq 9y} JOJ SISA[RUY JUSW[NAS




8°659-,8799 ~Td 1¢ pasodoa 1our yiawg a1soyo)) paredwo))
(P=X4 18 00T JPqUIDAON) §[69IF = PAUINSSE "I M

“auyp [jypuej
Ayl Jopun s1UN (213003 wonoq ay) 1 dn aul| [[ypuR| I9YE

puR 210J3q Y1 Y10q 10§ SUOTIDIS SSOID Y1 1BY) 2INS ANRIA]

yst[sug

-84 ds 12qUIDJA PUTS DWOYR
00°€69°vE  |F8'88YIT 00°S69°TE  |FTEESOT 9'¢8 87l LT £81-01¢ 719 10 (LM MOIPg / 998B[d-U]) [ILL Joupey put Ae[D Audg
00°L690¢  |POLLEGI 00°LLV'8C  |F9°€60°8I 968 il 0¢ 015-0%¢ 719 10 (L' M MO[2g / 99B|d-U]) [[LL Joupey put Ag|D Audg

100°LST'9T  |¥9°608°91 00'LEO'PT  |P9'STSSI 968 vl 0t Ops-0LS T4 T (LM MO[2g / 23[d-U]) {IIL J0UPEY put AT[D ALidg
fooL181T  [#9°1FTFI 00°L65°61  |P9'LS6TI 9'¢8 8t 0t 0LS-009 "1 0 ("L'A\ M0[2g / 23T[d-U]) []11 JOupTy| pue AT]) Auag
00 LLELT  [FIELITI 00°LS1°ST  [F9°68¢°01 9'c8 8l 0t 009-0£9 14 10 ("L’ MO[ag /20B[d-U]) JILL JOUpLY PUB AB[D ALY
00°LE6 Tl |#9°SO1°6 08'1€L°01  |OT0L8'L Q€8 8rl 8°0C 0£9-8°659 "Td 10 ("L’ M M0[ag /30T -U]) J]LL JOUPTY puB AT]D Allog
09'95'8 9L¥SE9 08°'115°8 0T'9rS'9 9'¢8 8rl c0 8°659-099 "4 10 ("L’ M0[2g / PAIBARDXT) [JIL 10upmy pur Ae|D ALdg
00°L6¥'8 P9 LES 9 00°'L¥6'L ¥9°66C°9 oLy Ol 0l 099-0L9 T4 10 ("L'A\ MO[3g / PAIBABIXY) JAQUIAIN UIGOY pPUB IS BUTXOY
00°L6¢°L 971909 00°668°S cE'1ETS 9LL orl ¥lc 0L9-+" 169 "Td T ("L'M M0]9g / PARARIXH) UONBULIO] BM|IYSLL
00" 10%'¥ 00'10%'+ 05°00T°C 05°00T°¢ Sel cel 9Te ¥ 169-vCL 13 gie) ("L'A\ 2A0QY / PAIBATOXH) UOHIRULIO BAM[INSLL
000 00'0 000 000 0 0 C 0 Xd Spdwexy
(f2101) © (9AN29§)9) O (Jer01) © (oA1291J2) .0 | ueAnoq y 108 (9) Ansuaqy ap [easduf UONEdJISSe|D nun
ssauyoIY |,
(3sd) sassang Aeg-wonog|  (Jsd) sassang JaAeT-prn (Jad) siystap Jun aanepy
V jutod

[[pue| 310J3q UOIIAG SSO.I7)

siun

LO0T/LT/6

L1082]

areq
Jaquuinp 109fo1g

1U[] JISTAN [EIIWAYD) € "ON [[JPUT] uowid)

awreN 10afoig

U] [PIUDWUOIAUY MBYS

swep Auedwo)

[[UPUET € JO UOID3S SSOID YSNOIY) SUOIRIIUIDUOD SSANG




9'¢8 8r1 -£81 19 ds J2qUIdJA pueg 1woyTy

06'8¢r' 1Y 86'0F1°0¢ 06'0EF' 6£ 8¢ 166'8C 9'¢8 3yl LT £8P-01¢ 19 10 1111 Joupuy] pue Ae[) ALiag]
06TEY LE 8LSER'LT 06 TITSE 8L 1SE°9C 9'¢8 8¥1 0t 015-0Fs T4 10 1111 Joupey pue Ae[) ALdg
06'C66'CE 8L°L9T'ST 06CTLLOE 8L€86'ET 9°¢8 811 0¢ OFS-0LS "Td T 1111 Joupey pue Kej) Auag
06'CSS°8T 8L'669°TT 06'CTEL9T SLEIVIT 9°¢8 hidl 0¢ 0L5-009 T4 10 1111 Joupey pue Az|) ALdg
06'CIN'HT SLIE1'0T 06T68'1C 8L LV881 9'¢R B4l 0¢ 009-0£9 T4 10 111L toupey pue Aej) Auag
06'TLI61 SL'E9SLI 0L L9%' L1 #£'88C 91 €8 81 86T 0£9-8°65914 10 1111 Joupey] pue Ae|) Auiag
| [y 06CIOSI 05°2S0°C1 05°968'F1 9LL orl (3 8°659-8°C99Td 10 Jaur yuug aa1sayo) pawedwo)y
—ow.mww.v_ 01'08Lv1 0S'LLLY] 0e9vLvl 9'L9 (3] I 8°799-8°¢€99 19 dS J2ART UONDI[[0D) ABYIE]
_ow.m:.v_ 0STILPI 0S°€F8'6 0S°€F8°6 06 06 801 8°€99-¢LL 13 2 ST [EIILRYD
_om.e.hm.w 0SvL6'Y STEPLT STEPLT SL L €68 CLL-ST1€8 T - MSIN
_S.N 1S 00TIS 00°95C 0095T 3CI 8¢l v C1E8-5'¢e8 I T 19A07) [EUl]
fooo 000 000 000 0 0 C -0 Xd ajdwexy

(je101) © (2a11231)2) O (j2101) © [EXNIRETTEI Y] weinoq y jlos y (1)) ssauyoIy |, [eAIIU] uones1jIsse|) nun
(Jsd) sassang JoAeT-wonog (Jsd) sassang JOART-PIN (Jad) siyatapy, Jtun) ;
V jutog

ysijsug

LOOT/LTI6

L108CI

U] AISeAN [RINLAYD) ¢ "ON [[LJPURT U0

“U[ [RIUAUOIIAUY MEBYS

[Ijpue| I7JE U0IIAS SSOI))
siun

aeq
Jaquinp 139fo1g

awe 192fo1g
awep Aueduio))

[[JPUET B JO UONIS SSOIO YSNOIY) SUOIIRIIUIIUOD SIS




87 L59-,8°099 *T71 18 pasodol DUl IIBF] IAISIYOD) paroedwio)

(p=X71 38 $OOT TPQUIBAON) 169 [H = PIUNSSE “J "M

“1aul) [jypue]

ay1 Jopun s)uN [22130}023 wonoq ay) 1 dn sul| [jypue| DYye
puE 210J3q A} Y10g 0] SUOIIIIS SSOID Y} TR 2UNS INRIA|

L108CI

TU[] ASTAL [BOIUAYD ¢ "ON [[JPUBT uoulD)

DU [PIUDWUOIIAUT MBYS

-C8FTH ds J2qUIRIA] PUBRS 1DWOYRIA

00'8C1°CE ¥8'€T1°61 00°0€1°0€ FT896°L1 9'¢8 8¥l LT £8F-016 T 10 (LA 0]9g /998[d-u]) [[LL JOUpEY PUE Av[D) ALidg
100°TET"8T $9CI891 00'TI6'ST F9'8CTS'SI 9°¢8 8l 0¢ 01s-0vs T4 T (LA /0jag / 298]d-u]) [|LL. JOUPEY put AT[D ALidg
00°T69°EC FOFrT vl 00TLY'IT #9'096'C1 9°¢8 8Pl 0t 0rs-0Ls T T (1" A\ Mo[2g / 20t]d-U]) [|LL, JOUPEY PUE AT[D) Aiidg
00°TST 6l F9' 9L 00°CE0 L1 $9'T6E01 958 1 3 0L5-009 T4 10 (1" A\ mojag /20e]d-u]) [[LL Joupey puE Ae[) Aiidg
00CTI8FI 79'801°6 00°T65 Tl FOVT8L 9'¢8 8t 0¢ 009-0£9 "TH 10 ("L'M /0]og / 398]d-U]) [|LL JoupEy pue AB[D A1iag]
00°TLE O] 90159 08 FIE8 080s¢'S 9'¢8 8l §'LT 0£9-8°L59 "1d 10 (LA mO[ag] / 29e]d-U]) [JLL, Joupey pue Aepd Alidg
09°LST9 96'091°% 08'+60°9 089901 9°¢8 81l [ 8'L59-099 "4 g ("L'A\ MOJog / PAIRABIXE) [IL], Joupey put Av|) Audg
00'TE6'S F9TL6E 00°T8ES FOrELE 9Ly 011 0l 099-0L9 T4 10 ("L’ M0[9g / PAIBARIXH) JAQUIDJA UIDGOY PUT 1[IS BUBXOY
00TER T 79961 '¢ 00+EL°E €£'999¢ 9LL Orl ¥ic 0L9-¥'169 "1d 10 (LM MO[2g / PAIBARIXH ) UOIIBWLIO] BM[INS1] |
00'9¢8| 00°9€8'| 00816 00816 Stl cel 9'tl ¥ 169-60L 14 10 (L' M 200QY / PAIRABIXH) UONTULIOH EM[INSLL
00'0 000 000 000 0 0 ¢ -0 X3 spdwexg

(Je101) © (2A1109]J2) ,© ([2101) © (2A11094J2) O eAnoqg y 108 ¥ (95) Ansuacy| (1) ssauydIy ], (eI uonedLjIsse[) nun
(J5d) sessang JoAET-wWONOg (3sd) sassang JoAeT-pIN (Jod) sysop Jun RINTIH R

{quiod

[[IJpue] 210J3(q UOI}IAG SSOI))

| ustisug] siun|

LOOT/LT/6 awg

Joquinyj 193f01g
swep 103foid
awep Auedwo)

[[IIpUe € JO UONJ3s SSOID YSNOIy) SUOHBIUIIUOD SSANG




LO0T/LT/6

L108CI

MU PISBAY [BAIUAYD) € 'ON [IJPUTT U0

"DU] “[RIUDIUIUOIIAUY MEYS

9'¢8 il EXIE! dS JAqUIBJA PUBS JDWOYEIN
06'6€5 LE BLTLEIT 06'1£5°SE SILIT'ST 968 81 LT €81-01¢ 14 10 lILL Joupey pue Ae[D Auog
06'€ES°EE 857 190°+%C 06€1E° 1Y 8CLLLTT 9'¢8 8l 0¢ 01¢-0r¢ 14 10 [1LL Joupey pur AB[D ALiag]
06°€60°6C 86°E6V' 1T 06'€L8°9T 85°60T°0¢ 9'¢8 8l 0¢ Ors-0LS 19 10 [ILL Joupuy] pur Ap[D ALiag
06'€59°+C 85°6T6'81 06'€e¥'TT 8CT1¥9°LI 9'¢c8 3yl 0¢ 0£5-009 "4 1O 1L, Joupey pu Az Auog
06'€1T0C 8C°LSE9I 06'€66'L1 8S°CLOSI 9'¢8 81 0¢ 009-0€9 19 10 111 Joupey pur Az Auag
06'€ELLS] 85°68L°El 0L9ILE] FL 665 T 9'¢8 8r1 8'Lc 0£9-8'L59 T 10 [1LL Joupey pue Ap[D Aliag
0565911 0660%11 0s'6vi' 11 0s€6T’ 11 9°LL orl £ 8°£59-8°09914 g 15UIT YuEy 9A15a40D) paoedwio)
05'6£C 11 O1'LLITI 0SFLIT] 0L ERIll 9°LY €l I 8°099-8'199 "4 dS 15ATT U0NIAD]|0T) ANBYILY]
05'601°11 05'601°11 0S'+0T9 05 +0T9 06 06 601 8199-8°0LL T4 - QISEA [BIIUAYT
05'66C | 05'66C'1 S§L'S06 SLS06 cL SL ol 80LL-£18L TH = MSIN|
00TIS 00°Cl¢ 0095 00'95¢ 8¢l 8¢l ¥ £ 18L-£°C8L "Td 10 12407 [BUlf
000 000 000 000 0 0 V4 0 X4 apdwexy
(jer01) O (2A11091)3) © (je101) © (aan23)J2) O weinog y [los y (1)) ssauydIy L [eAtdu] uonedyIsse|) nun
(Jsd) sessang JoAeT-wonog (Jsd) sassang JoAeT-pIy (Jod) siysop nupn
4 wutod

[[ypue | I9JE uoI12ag sso1)

m__::
arq

Iaquinp 1092014
awe 102f014
aweN Aueduio)

[[JPUBT B JO UONI3S SSOIO Y3INOIY) SUONBIUIDUO0D SSANG




R6CTOSTL

OTHON9RT0

RLRIGOSS

=sjEof,

X0 122010 DY Ut X YR
S[I0S ISHO))-UON J0] POYIdIN

suun)

SEOTSOLY'D  SSISRTSIN 9LRYOLRYD =" O (wawapas ) 7
COTOPSLO'D  T9TEIL00°0 TOOLTTLOO ?_u.._u.:»v,vn
-C8ELH A8 IUWRN PUTS 12O
TISESOLO'D  |TSELERTO0 |6SILISFOO |R1°LITST FTRY6LL Or00° 0 91070 Lo CRE-01S 10 [[LL JOUPTY] PUR ATIT) AL
€86T0Z600  |FI9TSTE0'D [69667000°0 [8S°LLLTT FO'8TSEI [EXTD) ] 018-0FS 7 11L1, JOUPTY] PUE ARL)
(STR9101 FIOTSIE00 [L99STOLO'0 |RS™6UTOT T90Y6°TI 0y OrS-0LE i [IL], JOUpTY pur AR|D) ALIDE]
66L60S 11 FI9TS 1070 [SRLUSEROO [RSTIPYLI TOTOL 01 (01000 9100 § 0LS-009 § JILL JOUPTY PUT AR ALIDE
CETLOSEL'D  |FI9TSIE00 |OTIFSEOL0 RS ELOST FOPCR'L OF(0°() 9101 009-0£9 g lILL JOUPTY U AT|T) ALIDE]
STO0I TSELERTO0 [9L9TLITIO |FL'668°TI 08'0sE7S OF00°0 910°0 079-L8Y 14 E 1ILJ, JOUPEY] pue AR[7) ALY
COTOFSL0'D  [19TSTE00°0 JTOOSTTLOO €611 0t911 = OF00'0 9100 LSY-0997 I : T2UE ] ] 2Ago)) porardwo))
(KO000 0 il 001 00°l & 0 0 < N X
WAINWS | uduwmoy | sy (jeuy) o (jenun) © do ) 10 20 DN an [PAII] N D UONEDISST] D) nuf)
Kwpuosag | Aueung ssauyaMyL
(gsd) sassang (sd) sassang (sd) ssang xXapuj Xapuj Xopuj WNOY) UONRNUD] [ITE] OIS O)) g 104
Jfe Py APy TOSUO] ssardwo)) | vosadwoday | uossadwo)y paepumg padano) | pmbry LON 10 UOISH0D)|
Aepuodag
() WALDNDS [P10], LOOT/ILTIG Q1L
LI0YTI Jaquuny] 10004 ]
b RN (s24) pouad U] MSTAY [RIUUDYD) € ON awen 1waloag
QUTD UNSOP-180,]
X (S15) upue] Jo vy UL C[RIUNUUOHAUT] MPUS) awey Aurdwo))

SIUDWLOD UIRILOD 1RYD SUWN[OD Y1 [ 0 PAUIIUD 3 1SN RIR(]|

$]192 Miym KIRSSIO2U Y] O1UT TIBP 121U

[[JpUET ® JO aseq 2y} 10] SISA[eUY 1WAWA[NAS




SE0L="8 2 . ; . ; . ; ; : 5 J9M00
g'golL g0z : goz | 666 : 182 |evs'Li 0SL |eev'z i 0SL |898'zi 69 |B9s'ti 006 [899'vi 006 |895'Si 006 |e9v'oi 006 |8SEL: 006 | LMLl v 12M0D 9 i
Ly -
986 0 i o | e ires [reviioss [iez'ei 0L 009z 69E |00S'E i 006 |00¥'v: 006 |OOE'S: 006 |002'9: 006 |O0L'L: 006 | Liot 56l 6 v
Szl : :
g'o8 0 0 o i o |oszioss |oos'tioss |98 69e |69z} 006 |699'ci 006 |69s'yi 006 |69v'S: 006 (69’9 : 006 | Z'syl 0z g 4 MSW
ol
vZL 0 0 0 0 0 o | osz ioss [611'1ie9e |6L0zi 006 |6L6'zi 006 |6le'ci 006 |6Li'vi 006 [6L9'Gi 006 | Z'STL 0z i v
zLil -
z's8 0 0 0o i o 0 io 0 o | eoc i eoc |69z'Li 006 [e69l'zi 006 |eo0'ci 006 |696'ci 006 |698'vi 008 | Z'80L z'8 9 4
z'8 -
oLy 0 0 0 0 0 0 0 0 0 o | oos i oos |oos'ti ooe |oos'zi 006 |oo9'ei oos |oos'vi 006 | ook 0z S w
861
FAL> 0 0 0 0 0 0 0 0 0 0 0 o | oos i oos [00s'Lioos |ooszi 006 |ooo'ei oo | o8 0z v v i
9€L p
9Ll 0 0 0 i o0 0 0 0 0 0 0 0 0 0 o | o006 ioos |oos'ti oos |ooszioos | o9 0z g e waud
g0L
29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o |oos i oos |oos'tioos | or 0z z v
g9
00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 { o |oos:oos| 02 0z 1 4
: : Wrna [ynmafoNnyn| (sow)y | edAL
Z,ioz 3z oz Z oz Z oz 1z oz 7 oz 5z oz =7 oz Z,i0z
.. )8 0 £%0 | #,0 (%0 | B0 (%0 | B0 90 | B0 %0 | B0 %0 | B0 TR0 R0 O R0 O Lo ydag| jo uidaa 10 wowsdeld | 14
juaweies H .S i s : 5 5 1ejoL
faewig jusWIPRS 6 ¥ Ry LY 9 U S U pun BTl Zun [T}
5 Aewud [ejoL
|ejuawa4du]
(3sd) sassans WI-PIN

‘opp-gev'dd ‘ge6L ‘seonoRid pue Saydiuly Buisawbug [Bauy3Iee9) d'd "OINPOD
ERIEIEIER

‘1equinu uawames Aewud [ejo) snomaid
2y} pue Jaquinu uswapes Aewud [B10] Sy} JO SOUBIRHIP U} S| JUBWSNAS [EJUIWSII|
'S3I0N

183K | S1 U SISEA) [EDIWAYD 3UO J1aA0 3oegABbid MSIN 40 uoiod Jo 3

219]dwio9 0] syuow  Saxe} MSIA O Y| yoe3
sieak zz S U SISEAA [E21WSYD Ul [[20 SUO JO 3yl

a19/dwoo 0] (SyIuowW ) Sieak Z Saxe} 91SEM [EDILLSYD JO YI| UdEeT

sieah Gy SI € "ON [IJpuE] UojullD JO 3417

UOIJBWLION] JBUID

(1sd) ssans aaj0aya euy = 7,0
(1sd) ssans aaloays |enul = %0

sassang

JOAOD [BUI} JO UORONIISUOD 9}3|dWod O] SYIUOW g BUINSSY

h‘Un_ el = 19A00 _m_._cnﬁ
U= J3N02 _mch

J9A09 [BUld

912|dWwoD 0] SYJUOW 1 S8ye] Yi| yoe3

1od 06 = "¢

('4-2°8 1B W euls pue J-0Z je SYI G) Sl 9 Ol PAPIAIP SI (19D
199} 2'801 = WBIay a1SEm [EDIWBYD WNWIXBN

1 0Z =114 sisemjo | = Y

gLE= D

aisep) [eo1WLByD

a)ajdwo 0] syjuow  SaYe) Yi| yoe3
*OQ mr\: = muwm_.:nﬁ

('Y-G'6L 12 Wi eul pue Y-0Z Je SHI Z) SYil € Ol PAPIAID I [8D
192} §'6G = yblay s1sEM MSIN WINWIXEN

% 0Z = Iy a¥sem oy | = Y

15€°0="20

MSH

[((%0 /(%0 +%,0)Bo)) e Hl="S

‘ujbg Juswajlles
Aewng

IUBAID

2002 ‘.z soquisydag
V Julod e ajsepp jo juswapes lewud
jun 3SEAA [BIIWBYD € "ON [[§pueT uojul|d




TRy AR A

zel= 3 - : ; : ; ; : . | 19A0D
zeL 99z i 8oz | zeo i v6e |290'1 i Sov [Lo6'Li 006 |l98Zi 006 |l9s'ci 006 |L99'vi 006 |296'Si 006 | S'ECL 2 J8K00 9 i
€9 -
659 0 o | vee i vec | 66L i Sov |eeo'Li 006 |665°Z: 006 |e6¥'ci 006 |66E'¥i 006 |662'Si 006 | S'6LL 50l z 14 MSW
L0k
655 0 o | sov i sor |soe'ti oo [soz'zi 006 |sor'ei 006 |so0'vi 006 [sos'vi 006 | 60L 6 9 44
6'8
oLy 0 0 0 o | 006 i 006 |oog'ti 006 |00L'2i 006 |00’ 006 |00S'vi 006 | 0Ok 0z S 22
8°Gl
z'e 0 0 0 0 0 : 0 |oo0s:oos |oog'tiooe |oosZi 006 |oo9'ci 006 | 08 0z ¥ 24 .
g€l .
9Ll 0 0 0 0 0o o0 0 006 : 006 |o0g'Li 006 |oozzioos | o9 0z € 4 el
801
g'9 0 0 0 0 0 0 0 0 0o | o006 i 006 |00%'L: 006 oy 0z z v
2’9 :
0’0 0 0 0 0 0 0 0 0o io 0o i 0 |006 ;008 0z 0z l 124
i : : () i [G) wnnd[oN wi| (sow)yry | adAL
Z oz 7 ioz =z oz = oz =z oz =z oz
) s, -~ o e L ET0 | ED R0 R0 P01 R0 RO D PO o yidaa | 4o uideg jo wowadeld | 14
JuBWAMAS H) . S. 1 i |ejoL
fuewng walies LU sy v €U zun Lun
s fewid |ejoL
[ejuawaIou]
(4sd) sessang W1-PIN

11j0BId4 pue sa|dioulld Buleauibu3z [eauy22)02s) “'d'q ‘0INpod
[CRIVEIETEERS ]

Jequinu

Juswames Aewud [ejo] SNoIAS.d By} PUB Jaquinu Juswaes
Asewiid (B0} U} JO SUBIBPP BU] SI JUDWINSS [EJUAWIOUY|
‘S9I0N

912|dW0d O} SYIUOW + S3¥E} MSI 0 1l BUO
s1eak ZZ S| HUN AISEAN [EOIWAYD Ul (30 JO 311

a19|dwoo 0} (SYIUOW i) SIBaA Z SO)E] S1SEM [BDIWBYD JO YI| YoB]

s1e9k G SI € "ON [[YPUBT] UOIUIID JO 3)1]

uolnjeLLIOU] J3YI0

(1sd) ssa.s aAnoaye |euly = .0
(1sd) ssass anoaya [enul = %0

sassalls

190D [BUl} JO UOIONIISUCD 818|dWod O} SYJUOW g SWNSsy

&.oa ¥EL = J9N0D _mcc—ﬁ
U= Jan0d _mch

19A09) [euld

819|dWI0D O} SYUOW 1 S¥E] YI| Yyoe]

jod 06 = ="

(‘y-6 18 yIf [euy pue Y-0Z 12 SYii G) SWil 9 Ojul PAPIAIP S! (19D
199} 60 = B9y a1sEM |EDIWISYD WNWIXEN

3 0Z = [y 81sem Jo il | = ¥y

SLib="29

alsep [e2IWBYD

2919|dWwoD 0] SYJUOW H Sy e} Ui

jod g = =g,

Y-S 0L je Yl L Auo sey 180

193} 501 = yblay sysEM MSIN WNWIXEN
W0z = Iy S1sem oy | = Y
1S£0=""0

MSI

(%0 /(¥.0 +% 0)Bo)’D e Hl =S

‘ujb3 Juswaflles
faewug

IUBAID

2002 ‘Lz lequieydeg
g JuI0d Je 3)SEM 10 Juawalpes Aewud

uun 2YSBM [BIIWAYD € "ON [I4PUET] UoUID



Clinton Landfill No. 3 Chemical Waste Unit SI--". h

" Shaw Envirortental, inc
Secondary Settlement of Waste at Point A
September 27, 2007
Given:
Secondary Settlement Eqtn: S, = [(C,) / (1+e,)] e (H,) » (log (t2/ t4))]
e, = 4.747
., C, =0.0565
CL\:ansntzai Maximum height of chemical waste = 108.2 ft.
Cell is divided into 6 lifts
H, = 20 ft ( = 1 lift); with exception of final lift (H=8.2 ft)
Each lift takes 44 months to complete
Secondary Settlement Eqtn: S =[(C,) « (H,) » (log (t2/ 14))]
e, = 0.671
C,. =0.0217
MsSw Maximum height of MSW = 59.5 ft. (waste)
Cell is divided into 3 lifts
H, = 20 ft ( = 1 lift); with exception of final lift (H=19.5 ft)
Each lift takes 4 months to complete
Secondary Settlement Eqtn: S, = [(C,) / (1+e,)] e (H,) @ (log (t2/ t))]
e, =0.32
Final Cover C, =0.004
Final Cover is 4-feet thick (Hi. = 4)
Assume 6 months to complete construction of final cover
Life of Clinton Landfill No. 3 is 45 years
Life of cell (chemical waste + MSW) is 23 years + 6 months for final cover placement (23.5 yrs.)
Other s :
- Post Q!osure momtonr?g period = 100 years . '
t, = time of pseudo-primary settlement to occur after completion of fill (years)
t, = time after completion of fill (years) = (t; + 100)
A B D
O o 0 O O 0O 0 e
0 O g o
1 20 44 44 3.67 3.67 119.83 33 0.298
2 20 44 88 7.33 3.67 116.17 32 0.295
3 20 44 132 11.00 3.67 112.50 31 0.292
4 20 44 176 14.67 3,67 108.83 30 0.290
5 20 44 220 18.33 3.67 105.17 29 0.287
6 8.2 44 264 22.00 3.67 101.50 28 0.116
7 20 4 268 22.33 0.33 101.17 304 1.077
8 20 4 272 22,67 0.33 100.83| 303 1.077
9 19.5 4 276 23.00 0.33 100.50 302 1.077
ove Cover 4 6 282 23.50 0.50 100.00 200 0.028
L Settlement = 4.84
Notes:
(A) = # months + time for filling previous lifts
(B)= Col.(A)}/ 12
(C)=(# mos.per lift) x (1 yr./12mos.)
(D)= 100 + 23.5 - Col.(B)

Secondary settlement equation for waste taken from reference below.
Values for "e," and "Ca " determined from laboratory test data and published literature (see Appendix H.1)

Reference:
Yee, K., Menard Geosystems, Lumpur, K., Upgrading of Existing Landfills by Dynamic
Consolidation - A Geotechnical Aspect, Technical Paper in Master Builders Journal, Sept.1999.



Clinton Landfill No. 3 Chemical Waste Unit

Secondary Settlement of Waste at Point B

7
Shaw' st Ervoomental e

September 27, 2007
Given:
Secondary Settlement Eqtn:  S; = [(C,) / (1+e,)] e (H,) © (log (t2/ t4))]
e, = 4.747
., C, = 0.0565
CL\::;;(;al Maximum height of chemical waste = 109 ft.
Cell is divided into 6 lifts
H, = 20 ft ( = 1 lift); with exception of final lift (H=9 ft)
Each lift takes 44 months to complete
Secondary Settlement Eqtn: S =[(C,) e (H,) ¢ (log (t2/ t4))]
e, = 0.671
C, =0.0217
MsSw Maximum height of MSW = 10.5 ft. (waste)

Cell has one lift of MSW
Ho = 10.5ft (= 1 lift)
Lift takes 4 months to complete
Secondary Settlement Eqtn:  Sg = [(C,) / (1+e,)] @ (H,) @ (log (t2/ t1))]
e, =0.32

Final Cover C, =0.004
Final Cover is 4-feet thick (Hy = 4)
Assume 6 months to complete construction of final cover
Life of Clinton Landfill No. 3 is 45 years

Other Life of cell (chemical waste + MSW) is 22.33 years + 6 months for final cover placement (total time = 22.83 yrs.)

Information

Post Closure monitoring period = 100 years
t, = time of pseudo-primary settlement to occur after completion of fill (years)
t, = time after completion of fill (years) = (t; + 100)

A B D
0 0
0 of Mo o Comp o Comple
0 0 0
1 20 44 44 3.67 3.67 119.17 33 0.297
2 20 44 88 7.33 3.67 115.50 32 0.295
3 20 44 132 11.00 3.67 111.83 31 0.292
4 20 44 176 14.67 3.67 108.17 30 0.289
5 20 44 220 18.33 367 104.50 29 0.286
6 9 44 264 22.00 3.67 100.83 28 0.127
7 10.5 4 268 22.33 0.33 100.50) 302 0.565
Cover 4 6 274 22.83 0.50 100.00 200 0.028
2 Settlement= 2,18
Notes:

(A) = # months + time for filling previous lifts

(B)= Col.(A)/12

(C)=(# mos.per lift) x (1 yr./12mos.)

(D)= 100 + 23.5 - Col.(B)

Secondary settlement equation for waste taken from reference below.

Values for "e," and "Ca " determined from laboratory test data and published literature (see Appendix H.1)

Reference:
Yee, K., Menard Geosystems, Lumpur, K., Upgrading of Existing Landfills by Dynamic
Consolidation - A Geotechnical Aspect, Technical Paper in Master Builders Journal, Sept.1999.
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8.7 Calculation of Settlement from One-Dimensional Primary Consolidation 271

where V,, and V,, are the initial and final void volumes, respectively. From the defini-

tion of void ratio,
AV, = AeV, 8.16)
where Ae = change of void ratio. But
Vo AH
=2 _ 7 81
Y l4e, l4e, ®.17)
where e, = initial void ratio at volume V. Thus, from Egs. (8.14), (8.15), (8.16), and
8.17),
AV =54 = AeV, = AH Ae
1+e,
or
Ae
= .1
S=H Tre (8.18)
For normally consolidated clays that exhibit a linear e-log p (Figure 8.12) relation-
ship,

Ae = C[log (p, + Ap) — log Pol 8.19)

where C_ = slope of the e-log p plot and is defined as the compression index. Substitu-
tion of Eq. (8.19) in Eq. (8.18) gives

s=GH . (?L«»_LAL’)

= 8
1+e, bo (8.20)

For a thicker clay layer, it is more accurate if the
sublayers and calculations for settlement
the total settlement for the entire layer can

5[ )

1+e, Pow
where H; = thickness of sublayer ¢

Pown = mnitial average effective overburden pressure for sublayer ¢
Ap,;, = increase of vertical pressure for sublayer 7

layer is divided into a number of

are made separately for each sublayer. Thus,
be given as

In overconsolidated clays (Figure 8.13), for po + Ap < p, field e-log p variation
will be along the line cb, the slope of which will be approximately equal to that for the

laboratory rebound curve. The slope of the rebound curve, C,, is referred to as the swell
index, so

Ae = C,[log (o + Ap) — log po] 821)
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CHAPTER EIGHT Compressibility of Soil

From Egs. (8.18) and (8.21),

— C,H Po'*‘AP) 822
S—~1+eolog( Po ®22)
e o P /
ifpo + AP |p.\ then 64 N
CJH pf CtH p0+Ap)
- <3 8.23
S 1+eol0gpo+1+eolog< b. ®2)

However, if the e-log p curve is given, it is possible simply to pick Ae off the plot for the
appropriate range of pressures. This figure may be substituted into Eq. (8.18) for the
calculation of settlement, S.

88 COMPRESSION INDEX (C)

The compression index for the calculation of field settlement caused by consolidation

can be determined by graphic construction (as shown in Figure 8.12) after obtaining

laboratory test results for void ratio and pressure. _
Terzaghi and Peck (1967) suggested the following empirical expressions. for:com-

pression index:

For undisturbed clays:
C, = 0.00%LL — 10) (824)
For remolded clays:
(8.25)

C, = 0.007(LL — 10)

where LL = liquid limit, in percent.

In the absence of laboratory consolidation data, Eq. (824) is often used for an

approximate calculation of primary consolidation in the field.
Several other correlations for the compression index are also available now. They

have been developed by tests on various clays. Some of these correlations are given in
Section E 2 (Appendix E).




8.10 Settlement from Secondary Consolidation 279

The secondary compression index can be defined from Figure 8.22 as

= = (8.30)
log t, — log t, log (t,/t,) -

a

where C, = secondary compression index
Ae = change of void ratio
tl’ t 2= ﬁ!ne

The magnitude of the secondary consolidation can be calculated as

S, = C.Hlog (:—')

(8.31)
8
where
C. = G 8.32)
14 €,

¢, = void ratio at the end of primary consolidation (Figure 8.22) :
H = thickness of clay layer ;

The general magnitudes of C
Figure 8.23.

Secondary consolidation settlement is more important than primary consolidation
in organic and highly compressible inorganic soils. In overconsolidated morganic clays,
the secondary compression index is very small and of less practical significance.

There are several factors that might affect the magnitude of secondary consoli-
dation, some of which are not very clearly understood (Mesri, 1973). The ratio of second-
ary to primary compression for a given thickness of soil layer is dependent on the ratio

of the stress increment (Ap) to the initial effective stress (). For small Ap/p ratios, the o
secondary-to-primary compression ratio is larger. ;

as observed in various natural deposits are given in




T

CHAPTER EIGHT Compressibility of Soil

v FIGURE 8.23 C, for natural soil deposits (after Mesri, 1973)

v EXAMPLE 86

Refer to Example 84. Assume that the primary consolidation will be complete in
35 years. Estimate the secondary consolidation that would occur from 35 years to

10 years after the load application. Given C,
settlement after 10 years?

= 0022, what is the total consolidation




So, for a given overburde: _ ___., p, we void ratio in the field can be estimated
if the liquid limit and the specific gravity of the soil solid are known. ‘

E2 CORRELATION FOR COMPRESSION

INDEX

Several correlations for the compression index are available now. They have been devel-
oped by testing various clays. Some of these oorrelahons are given in Table E.1. It is
important to realize that they are for estimation purposes only.

¥ TABLE E.lI Correlations for Compression Index, C,*

" Reference " Region of applicability |
C, = 000LL — 7) Skempton (1944) Remolded clays
C, = 001w, C Chicago clays

C. =115, — 0.27) Nishida (1956) All clays
C, = 030(e, — 027) Hough (1957) Inorganic cohesive soil: silt, silty clay, clay

C, = 001150, Orgzanic soils, peats, organic silt, and clay
T =000aeL =) Brazilian clays

C, = 075(e, — 05) Soils with low plasticity

C, = 0.208¢,, + 00083 Chicago clays

C. = 0.156¢,, + 0.0107 All days

* After Rendon-Herrero (1980)

Note: e, = in situ void ratio; s, = in situ water content

REFERENCES

Hough, B. K. (1957). Basic Soils Engineering. New York: Ronald Press.
Nagaraj, T, and Murty, B. R. S. (1985). “Prediction of the Preconsolidation Pressure and Recom-
pression Index of Soils,” Geotechnical Testing Journal, Vol. 8, No. 4, 199-202.

Nishida, Y. (1956). “A Brief Note on Compression Index of Soils,” Journal of the Soil Mechamcs
and Foundations Division, ASCE, Vol. 82, No. SM3, 1027-1-1027-14.

Rendon-Herrero, O. (1980). “Universal Compression Index Equation,” Journal of the Geotechnical
Engineering Division, ASCE, Vol. 106, No. GT11, 1179-1200.

Skempton, A. W. (1944). “Notes on the Compressibility of Clays,” Quarterly Joumal of the Geo-

logical Society of London, Vol. 100, 119-135.
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Sec. 11.6 Compressibility of Sands and Gravels

393

TABLE 11.3 TYPICAL CONSOLIDATION PROPERTIES OF SATURATED NORMALLY

CONSOLIDATED SANDY SOILS AT VARIOUS RELATIVE DENSITIES {Adapted from Burmister,
1962) ]

C.I(14¢)

/‘

Sail Type

Medium to coarse sand,
some fine gravel (SW)

Medium to coarse sand

(SWISP) 0.002

. Fine to coarse sand (SW) 0.002
Fine to medium sand

{SW/SP) 0.003

Fine sand (SP) 0.003 ! 2
Fine sand with teace finc
- %o coarsc silt (SP-SM)
1o coarse silt (SM) i

For saturated overconsolidated sands, C, / (I-+¢) is typically about oac-third of the
values listed in Tsble lls,mmm-soﬂsmdymm-wms

can be considered to be overconsolidated ascm'seikﬂmhavechargqologwcvxdmof o

comoﬁdamdmovumoﬁdamd,itiscmsavmivcmmhisnmnymsoﬁdmi_
Vayfewconsolidaﬁonmhvcbempafmdmgxavdlysdls.hume
oqum’bﬂhyofdmcsoﬂskptdmﬂyeqnﬂmmleqﬂmthosefmunisﬁmédm
Table 11.3. . T -
mdmmmsmmmmm
meansanycxcesspmemdmnsvuqucny Thus, the rate of consolidation is very
ﬁst.andlypimnyooansmdyasfastislheloadisw Thms, if the Joad is due to a
fill, the consolidation of these soils may have litfle practical significance. )
bevuyhnpmmdnee@xmewefnl .




Sec. 11.10  Secondary Compression Settlement ’ 411

secondary compression and occurs under a constant cffective stress. We don’t fully
understand the physical basis for sccondary compression, but it appears to be duc to particle
rearrangement, creep, and the decomposition of organics. Highly plastic clays, organic
soils, and sanitary landfills are most likely to have significant secondary compression.
" However, secondary compression is negligible in sands and gravels.
. The secondary compression index, C,, defines the rate of secondary compression. 1t
can be defined cither in terms of cither void ratio or strain:

de
C_ =~
- « dlog! (11.26)
¢ de,
1+e, dlogt ' (11.21)
where: - -
C, = secondary compression index
e = void ratio
e,= void-ratio at end of consolidation settlement (can use ¢, = ¢ without
introducing much error)
€, = vertical strain

t=time

Dedgnva!uesmnamﬂydaaminedwhﬁceondnaingahbammyconsoﬁdaﬁmm
The consolidation settiement occurs very rapidly in the lab (because of the short drainage
disunce).soitisnotdimwluommonemmmdmeloadbeyondthc
completion of consolidation settiement. The change in void ratio after this point can be
plotted against log time 8o determine C, '
Another way of developing design values of C_ is to rely on empirical data that relates
it to the compression index, C, This data is summarized in Table 11.4. .
TABLE 11.4 EMPIRICAL CORRELATION BETWEEN C,




UPGRADING OF EXISTING LANDFILLS BY DYNAMIC CONSOLIDATION
A GEOTECHNICAL ASPECT

Kenny Yee, Menard Geosystems Sdn Bhd, Kuala Lumpur

ABSTRACT: In recent years, the scarcity of land space available for new urban developmem has prompted a renewed interest
from local-authorities in the end use of various landfills or in the extension of the life of existing landfills. Rehabilitation of closed
landfills for urban developments has received considerable interest. Likewise, the extension of landfill life to allow for more
waste storage is also receiving equal attention. In both cases, ground.improvement is required.

ari eépacxty Redncmg the iong—term settlemem, roads, parking bays and lighter stmcmres can be demgned on shallow.
foundatwns on closed landfills.

ln ﬁns paper the subject of sctilement of waste fills-i5-addressed. A case study conccmmg a honsmg developmem over a landfill is

. heigh ~'(H Lng, et.al- 1998) Hence it is mlpcmhve lhal a. solutron is 1 eeded :o increase the rate of
settlement to recover the additional space.

Dynamic consolidation is a good methed of compacting refuse and waste fill. This technique involves dropping heavy weights (15
~ 20 tons) on-to the surface of the fill from a height of 10 to 20m following a selected grid pattern. The high-encrgy impacts

produce shock waves that propagate to great depths (figure 1). As a result, the density of the waste fill is increased and hence, the
storagc capacity of the landfill is also increased.

With the increase in the density of the waste fill, the overall bearing capacity is improved. The leng-term settlement is reduced
and hente, the differential settlement is also reduced which:is important for the integrity of the cover system when the landfill is
closed. In the past such landfills have been considered suitable only for green areas. With the i mcreasing scarcity of land in urban
areas, it is makmg it necessary to build structures above such fills. Charles etal. ( 1981) report several case histories of

_construction on old refuse tips, which include construction of a 2-storey hospital, roads and highways. Welsh (1983) cites a
roadway site with 6m to 12m of waste fills. MAnard (1984} cites a case for a warchouse designed with floor loads of 20 KN/m?
and spread footing with 145 KN/m’ with 6m to 17m of refuse waste. There are many other recorded and published case studies on
such developments (e.g. Aziz & Mohd. Raihan (992); Downie & Trehame (1979), Faisal, K.Yee & Varaksin (1997), Fryman &
Baker (1987), Lewis & Langer (1994), Mappleback & Fraser (1993), Steinberg & Lukas (1984), etc).

In this paper, the subject of settlement of waste fills and rehabilitation of Jandfill for housing development is presented. Only the
geotechnical aspect is covered. The related environmental issue has been intentionally left out due to space constraint.




0 COMPOSITION OF LANDFILL ’
"Most landfills are heterogeneous and they exhibit anisotropic material properties that are difficult to characterize. Typically, a .
landfill- consists of food and garden wastes, paper products, plastics and rubber, textiles, wood, ashes and the soils used-ds cOver
material.  Table 1 shows the various components of waste fills with their range of unit weights. The unit weight and void ratio
vary with the types of waste, composition, depth, method of compaction and the rate of decomposition, among other factors. The
rate of decomposition is further complicated by several factors mcluding the effects of time, temperature and envi nmental
“conditions. In short, it is a conibination of all of the problems of soft clay, uncompacted fill, organic conselidation anc

.

d ion-aiid even collapse:of cavities andérosion of soil into cavities. It is as hieterogeneous as the modem i
c hat:produces it. Hen -composition vasies from community to community and-from nation to nation. Thi

ies can be considered:as site-specific.

“Two different forms of landfill can be defined. The uncontrolicd dump is of random composition, dumped lfmmﬂueks,
accumulated without control or compaction, and sometiimes covereéd with a thin layer of soil when it reached its capacity (sé
figure 2a). At the other end, itis fthe»wé]l—man d ¢

5% ikl cont

Eiguse 2(a)
Uncentrolled Landfill-(No controlied: placement and no compaction)

Figure 2(b) _
Controlled Sanitary Landfill (Spread and compacted in layers of
2-3m thick; encapsulated with soil in cells of 2-6m ‘thick)

3.0 SETTLEMENT CHARACTERIST ICS

Settlement 'is the major problem with landfills. Sowers {1972) cites a case of a small shopping center built over a landfill. The .
buildings are on piles driven. through the waste fills. The building: walls and roof have remained intact. However, floor slabs
supported directly on the fill surface have settled as much as 75mm. The floor slabs were cennected to the pile-supported exterior
grade beams; but was not connected to the interior colomns. As a result, the floor drapes downward from the exterior walls toward
the interior of the building. Small interior partitions resting directly on the floor have cracked badly and doorframes have been
“wrecked out of shape.

ble 1 (source: Afler Tchobanoglous et. al. 1977)

‘Waste Uncompacted Unit Water Ratio of Compacted to Uncompacted Unit Weight

- Component Weight (N/m>) Content Normal Compaction Well Compacted
Food waste 13-47 5080 29 ; 30
Paper/ paper board 63-13 4— 10 45 6.2
Plastics 03-13 1-4 6.7 10
Textiles 03-909 6—15 5.6 6.7

Rubberand Jeather 09-25 - 1-12 33 - 33




Yard waste 06-22 - 30- 80 4 5

Wood 13-31 15-40 33 ’ 33
Glass 1.6-47 1-4 1.7 25
Metals 05110 2-6 43 53
Ash, brick, dirt 31-94 6-12 12 13

Furthermore, settlement has increased since then, probably due to a change in the moisture environment from leaking sewers in the
fifl.

There are two possible approaches to the assessment of settlement: .
(a) Extmpo!anen of momtored dala obtained specifically for the given fill

vhere ‘
: '(AH) = self-weight settlernent at time t, (m)
H thxcknm of waste fill:(m)
= time pseudo-primary settlement.to occur afier compleuon of fill (yeaxs)
) tz time after completion of fill {years)
C,, = coefficient of secondary compression

Table 2 below suggests typical self-weight settlements. Accordmg to Leach & Goodger (1991), 2 good compaction can reduce the
self-weight settlement potential by between 50% and 75%.

Typical unit weights for municipal waste are summarized in Table 3.
Table 4 below shows the unit weights obtained from various landfills sites.
32 Settlement Under External Loads

The time-settlement behavior of an old waste fills vnder an applied 1oad is analogous

large primary (mechamcai) settlements -ocour rapidly with little or no pore pfessﬁfe build npi This-is followed by secondary
compression, which occurs over a fong period of time.

The relation of the imposed stress to settlement can be expresSed as follow:
(8H), =H C,log ({6’ + K6} 0°,) -...... @

where
(AH)p = primary {or mechanical) settlement (m)
1 = thickness of waste fill (m)

, = initial void ratio

Table 2 (Source: Leach & Goodger {1991) — CIRIA Special Publication 78)
Potential Self-Weight Settlement
Material {expressed as % of depth of Hill)

WLTB L e d PN L QIS B TS LN D



wen-oompactéa, WEN-EIa0ea Sana ana gravel v

Well-compacted shale and rockfill . 0.5
Medium-compacted rockfill 1
* Well-compacted clay 035
. Lightly compacted clay . 1.5
© Lightly compacted clay placed mn decp layers 1-2
Nominally compacted opencast backfili . 12
Uneompacted sand 35
Uncompacted (pumped) clay 12
Welkcompacted mixed refuse (waste fill) ‘ 30
Weli-controlled domestic refuse (waste filf) 10

placed in layers and well compacted

Table3 | S .
: _ Average Total Unit Weight
Description : o (YA Source
. ‘Poor compaction . 28-47 Tchobanoglous et.al. (1977)
e - Moderate to good compaction : ; 47-71 _
e Goo ! : 7.1-9: 4
* A

11 ' NAVFAC (1983) -
24 -
31
63
94
86
;. ln a !andﬁﬂ 69-175 NSWMA (1985)
#  After degradation-and settlement 99-11.0
Table 4
Landfill Sites Waste Densitv ﬂ(NIm3\
O1d Klang Road, Kuala Lumpur : 70
Kelana Jaya, Knala Lumpm : 6.0
Mesylands, Sydney! 94
Thomleigh, Sydiey’ ' 8.4
Lucas Heights, Sydney’ 113
Albagy, New York? . 7-16
Fayetteville, Arkansas® 48
Richmond. California* 72

Note: 1 — data obtaimed from Hausmann et.al (1993)
2 — data obtained fiom Gifford et 2l (1992)
Note: This is a construction and demolition debiis landfill
3 — data obtaimed from Welsh¢1983)
4 — data obtained fiom Sharma et.al_ (1989)

o’ = effective overburden pressure (kN/m?)
=effective imposed stress KN/m?)
C = compression ratio (= C /1+ey)
C_= compression index

NAVFAC (1983) reports that the primary compression ratio (C,) ranges from 0.1 to 04. Sowers (1972) reports-that the
mpressren ‘ndex (C ) is related to the injtial void ratio as shown in figure 3. The relation can be expressed as follow:

" For fills low in organic matters - C;=0.15¢;
For fills high in organic matters ~ €_=055¢,

1t is interesting to notc that the maximum Cc for peat is about one-third greater than the maximum observed for waste fills.



Environmental conditions
term settlement is:a:co
there is no drastic ‘ch
sapression of soils. 7]
{ secondary cORIpressio
. -4bout:10-15 years. Highier compre:
‘decompaosition. ’

= --to 9 97. Thiese valiies: forﬁlls ‘wlnch have undergone'd
’hty is usually associated with high orgmncwntem Iti 1 also tiue for advanced degme -of

Sowers (1972) introduces a factor a fer hiéJong-term settlement . He suggested “o” as a function of the ipitial. void mtm {e,)-

This “a” value is high if the organic centent subject to decay is large and the environment is favorable (i.c. warm and meist, with
fluctuating water table that pumps fresh air into the fill). This value is low for mere inert materials and under non-favorable

environments. Nonetheless, for any. given void ratio there is a large range of values for “a” (sec figure 4). The relation can be
expressed as follow:

For favorable condition to decay - a =0.03¢,
For unfavorable condition to decay a. = 0.09¢

This “o”” value can be translated to the classical C, by dividing “a” by {1+¢,} ie. C = al{l+ey].




Figure 4

Other calculation methods include the use of a theological model as presented in the Gibson and Lo theory -or the power creep
law. The power crecp law provides a better representation. of the field measured settlement data than the rheological model.
However, the rheological model has parameters that can be assigned physical mcamng and reflect the effects of certain refuse
:plaeement conditions. The details are not presented in this paper.

4.0 BIFFERE' NFIAL SETTLEMENT & DESIGN M SURES
There-are:too many uncertainties for accurate predwnon of differential settlement on waste ﬁ}ls In: this case, recourse showld be

made to the generally accepied rule in engineering practice that, in uniform ground, differential movement will not exceed 75% of
the total overall settlements. Thus, once the potential overall setifement has been estimated the Tikely order of differential
moevement can be assessed.

Defcnslve desxgn for- bmldmgs demand clther the tmnsfer of laad’mg to sound gmund throngh pilin

g ..mrdmg to the hkc!y setﬂement pmﬁi&é
Dynamrc !datwn is a good method of compacting refuse and-waste fills. Because void-rafio or inifial density is. mlated tothe

initial primary settlement as well as secondary compression, compattion. (densification) of fills offers an element of control over

potential settlement. However, this method will not climinate biodegradation and, instead, may proyoke or accelerate migration-
and/or emission of gas (Leach and Goodger, 1991). :

50 DYNAMIC CONSOLIDATION
_ The basic concepts of dynamic consolidation (also known as dynamic compaction) as it is used today were presented by Menard

and Broise (1975). The method consists of dropping heavy weight (“pounder”) weighing 15tons to 20tons from a drop heights of
10m to 20m. using a crawler crane of minimum 100-ton. (Figure 5).

Figuie 5
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