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Kettieman Hilis Facility — Landfill Unit B-18
FOUNDATION SETTLEMENT

Golde Project No.: 083-91887 Made By: LAQ
E@ EL %%ﬂ Date: 05-20-2008 Checked By: EH
SSOTIALES Sheet: 1 of 6 Reviewed By:

Objectives:

1.

2,

To estimate the magnitude and distribution of settiement of the Landfill B-18 foundation due to
the overlying waste.

To evaluate whether the final gradient of the Landfill B-18 foundation after settlement is the
required minimum of 2% to maintain adequate drainage.

Given:

The Landfill B-18 expansion geometry and as-built landfill configuration used to generate the
evaluated sections were obtained from AutoCAD drawings (see Drawings). All other data used
for these calculations are based on the original Environmental Solutions, inc. (ESI, 1980)
calculations, including site geology and foundation stratigraphy (see Attachment 1). The original
calculation was performed utilizing the computer program SETTLG developed by Geosoft Inc.;
however, this program is no longer available. Golder programmed the settlement equations into
Microsoft Excel to perform the foundation settlement calculations.

Assumptions (Assumpfions are consistent with those used by ES1):

gt

Claystone and siltstone are considered the same. Previous investigations indicate that the
compression characteristics of the claystone and siltstone are practically the same.

Foundation materials are highly overconsolidated, therefore the stress-strain relationship
under loading is considered to be within the elastic range of materials.

Rebound and settlement of foundation will occur during excavation and waste placement.
Therefore the gross weight, rather than the net weight of the waste fill will be used.

Sandsione under the landfill foundation is considered to be incompressible.

The foundation materials are considered to be homogeneous and isotropic. The stress-strain
behavior of the materials under load is characterized by the Young's Modulus and the
Poisson’s Ratio.

Method:

%

Determination of Young’s Modulus (F) ,
The elastic modulus may be expressed in terms of the shear strength of the soil:

E=£LkS,

Where k is a function of the Plasticity Index (P1). Values for the on-site claystone materials
at various depths are shown in Figure 1. By using the linear progression method, the
scattered data may be represented by a straight line. The best fit straight line takes the
form of:
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Pl (%) = 37.2 + 0.05y (ft)

where vy is equal to the depth below ground surface. The resuits of the above statistical
analysis indicate that the variation of Pl with depth is not significant.

Figure 1: PI vs. Depth for claystone material.
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Therefore, it was assumed that the Pl is constant with depth. Taking the average depth for
all data, the Pl value for the foundation material was estimated to be approximately 41. By
assuming the overconsolidation ratio (OCR) of the claystone is 2, the value of K was
estimated to be 420 as shown in the Figure 2.

Figure 2: Chart for estimating Undrained Modulus of Clay.
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The shear strength of the foundation material is summarized in the following table:
- Geologic | Shear Strength
~ Unit . (psi)'
18-5 127.0
18-7 110.6
18-8 91.1
18-12 it
Average 100.2

"Obtained from UU triaxial test results

Taking the average shear strength (S,), the elastic modulus (E,) is estimated to be:
Eu = K x Su =420 x (100 Ib/in® x 144 in?/ft* / 1000 Ib/kip) = 6,048 kip/ft?, round to 6,000 ksf.

. Determination of Poisson’s Ratio (v)

The value of Poisson's Ratio was found to be insensitive to the compressibility coefficient
used to calculate the settlement. Poisson’s Ratio was back-calculated using the average
compressibility coefficient determined by using a value of the Poisson’s Ratio from 0 to 0.5.
The resulting Poisson’s Ratio was estimated to be 0.38.

. Determination of Compressibility Index (C,)
The Compressibility coefficient is related to E and v by:

C 1-v2
VTR

. Determination of changes in stress with depth (Ac)

Since it was assumed that the deformation of the foundation is elastic under the waste
loading, the Boussinesq Equation was used to determine Ac. To calculate Ac under the
center of a rectangular loaded area:

No= O'OmI
Where:
oo = initial stress at a specific depth
m = number of influences, for the center of a foundation m=4
ay = YZ
v = soil unit weight
z = depth to the middle of layer to be evailuated

Lo L[MNVT VL (2MNVY
Tl vy, v A \vowy,
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M=—:N=-—
Z Z

V=M +N+1; V, = (MN)?
B = Base of foundation
L = Length of foundation

To calculate Ao under a point that is not at the center of the rectangular loaded area, the
following is used:
AO- - 6011 -+ 0-012 =+ 0-013 = 0-014

5. Calculation of Settlement (AH)
The foundation settlement can then be calculated by:

AH = eH
Where:
g = vertical strain determined by ¢ = Ao,
H = thickness of the layer where settlement is calculated

The total settiement is determined by }; AH under the point being evaluated.

Calculations and Results:
1. Settlement Calculation
Foundation settlement calculations were performed for Sections 1-1’, 2-2', and 3-3’ for each of
the points shown on Drawing 1, Cross sections are shown on Drawings 3, 4 and 5,
respectively. All settlement results are summarized in the Table 1 through Table 3 in the
Tables Section of this calculation brief. Settlement along the landfill foundation ranges from
0.74 inches (Section 2-2’ Point 2A) to 13.55 inches (Section 2-2 Point 2K4)).

2. Final Gradient Computation
The formula utilized for the final gradient calculation is defined as follows:

— (EL; — AH,) — (EL, — AH,4)
I (AX; — AX,)

Where:
EL, = elevation at point 2
EL+ = elevation at point 1
AH> = setilement at point 2
AH; = settlement at point 1
(AX2>-AX7) = Distance between two points
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Final gradient calculations were performed in Sections 2-2" and 3-3'(as shown on Drawing 4
and %) since the two sections are the ones along the drainage direction. All final gradient
results are summarized in Table 4 and Table 5 in the Tables Section of this report.

In all cases the gradient remains in excess of 2% when measured in the direction of flow.
Some locations in the sections are not perpendicular to the contours and therefore the slope
is not reported; however, the computed settlement at these locations are observed to be of
similar magnitude and the original grade would be maintained.

. Strain Difference Computation

The formula utilized for the final gradient calculation is defined as follows:
Gy — G
e el
A= ]

In where:
Gt = final gradient
G; = initial gradient
d = distance between two points

Final strain calculations were performed in Sections 2-2' and 3-3'since these two sections are
the ones along the drainage direction. All strain difference results are summarized in Table 6
through Table 7 in the Tables Section of this report.

The result all points have less than the design maximum strain of 0.1%.

Conclusions:

Based on the foundation settlement calculations for the selected sections, we can assume that

the bottom gradient of the landfill along the critical sections will be maintained at a minimum of
2% meeting the minimum requirement for drainage.

Based on the foundation settlement calculations for the selected sections, we can assume that
there will be no abrupt changes along the surface of the foundation due to settlement. The
maximum allowable strain due to settlement is less than 0.1% which is less than the yield strain
of the synthetic liner. Therefore the liner stays intact.

Reference:
Environmental Solutions, Inc. (ESI), “Engineering and Design Report, Landfill Unit B-18, Phases |
and Il and Final Closure, Kettleman Hills Facility,” August 1990, Appendix G.1.

Bowles, J.E., "Foundation Analysis and Design,” Fifth Edition, 1996, pp. 291-296.
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Table 1
Settlement Calculation Summary
Section 1-1°

187 30% 13.85 4.16 4.16

e 18-8 100% 3.14 3.14 -
18-7 30% 15.35 4,60 '

e 18-8 100% 5.71 5.71 -
18-7 30% 9,38 2.82 i
18-9 0% 0,00 0.00

iE 18-8 100% 6.24 6.24 8.09
18-7 30% 6,17 2.75
18-9 0% 0.00 0.00

1E 18-8 100% 8.26 8.26 11,18
18-7 30% 9.75 2.93
18-9 0% 0.00 0.00

16 18-8 100% 9.50 9.50 12.63
18-7 30% 10.43 3.13
18-10 50% 472 2.36

i 18-9 0% 0.00 0.00 -
18-8 100% 6.24 6.24 i
18-7 30% 3.41 1.02
18-10 50% 6.55 3.28

T 18-9 0% 0.00 0.00 4 4
18-8 100% 2.10 2.10 ’
18-7 30% 0.33 0.10
18-12 100% 0.69 0.69
18-11 10% 1.48 0.15 _

1) 18-10 50% 1.3 0.63 1.80
18-9 0% 0.00 0.00
18-8 100% 0.32 0.32
18-13 10% 1.46 0.15
18-12 100% 0.01 0.01

- 1911 10% 0.99 0.10 ot i
18-10 50% 1.25 0.63 '
18-9 0% 0.00 0.00
18-8 100% 0.32 0.32

Shprojscts\GE3\DEI-F 1887 WM KHF B-18 Expansion Design\Report\Appendix G - Settleﬁﬁdﬁ&e&&i%k%&%ﬁsmn Section 1-1'xis



Table 2
Settlement Calculation Summary

Section 2-2'

o p | 184 | 100% 0.28 0.28 a '
18-3 20% 2.32 0.46 |
18-5 20% 0.61 0.12

2B | 184 | 100% 0.62 0.62 2.43
18-3 20% 8.43 1.69
18-5 20% 3 56 0.51

2c | 184 | 100% 0.81 0.81 2.90
18-3 20% 7.91 1.58
18-6 20% 1.33 0.27

o 185 20% 2.78 Go56 s es
184 | 100% 0.96 0.96 '
18-3 20% 9.18 1.84
18-7 30% 3,15 0.95
55 20% 1.63 0.33

2E | 185 20% 3.14 0.63 4.62
184 | 100% 191 1.21
18-3 20% B 151
18-7 30% 757 i
18-6 20% 1.90 0.38

2F | 185 20% 3.38 0.68 5.92
184 | 100% 1.49 1.49
183 20% 5.54 1.9
18-8 | 100% 8.96 8.96
18-7 30% 8,55 267

¥4 | 188 20% 2.07 0.41 11.94
18-5 20% 3,10 0.62
184 | 100% 1.22 1.22
18-8 | 100% 1.22 1.22

oy 187 30% 9.21 3 76 o
18-6 20% 2 53 0.46 ‘
18-5 20% 3.47 0.69
18-10 | 50% 0.63 0.31
18-9 0% 0.00 0.00

21 | 188 | 100% 517 5.17 6.45
18-7 30% 2.74 0.82
18-6 20% 0.71 0.14
18-10 | 50% 4.46 9294

L, 189 0% 0.00 0.00 5
188 | 100% 9.10 9.10 ‘
18-7 30% G.E5 1.99

Sihprojects\U83\082-91887 WM KHF B-18 Expansion Design\Report\Appendix G - Settierﬁmgugmg&j%tﬁﬂsiuﬂ Section 2-2' xfs



Table 2
Settiement Calculation Summary

Section 2-2'
18-10 50% 6.71 3.36
sy 282 0% 0.00 0.00 o
18-8 100% 7.54 7.54
18-7 30% 2.28 0.68
18-10 50% 8.39 4.20
2K, 18-9 0% 0.00 0.00 i
| 18-8 100% 7.81 7.81
18-7 30% 5.13 1.54
18-10 50% 9.20 4.60
5L |188 0% 0.00 0.00 089
18-8 100% 5.09 5.09
18.7 30% 0.65 0.19
18-11 10% 2.45 0.25
g | HEA0 50% 6.24 3.12 -
18-9 0% 0.00 0.00
18-8 100% 2.47 2.47
18-12 | 100% 1.36 1.36
18-11 10% 1.92 0.19
2N | 1810 50% 3.23 1.62 5.29
18-9 0% 0.00 0.00
18-8 100% 212 2.12
18-13 10% 2.91 0.29
18-12 | 100% 0.42 0.42
20 | 1811 10% 0.55 0.06 1.25
18-10 50% 0.97 0.48
18-9 0% 0.00 0.00

Shprojects\GAI\DEA-G1848T WM KHF 8-18 Expansion Design\Report\Appendix G - Settlerﬁp&lmmgg?tﬁnsicn Section 2-2' xls



Table 3
Settlement Calculation
Section 3-3'

3A | 1813 10% 14.10 1.41 1.41
3B | 18-13 10% 22.54 3,25 >.25
sc 1812 | 100% 4.07 4.07 o
18-13 10% i7.24 173 '
18-11 10% 10.13 1.01
3D | 1812 | 100% 3.73 473 4.89
18-13 10% 1.53 0.15
18-10 | 50% 8.40 4.20
R 10% 6.98 0.70 o 37
T11812 | 100% 3.18 3.18 '
18-13 10% 2.97 0.30
18-10 | 50% 10.00 5.00
op, L1811 | 10% 7.72 0.77 -
1 1812 | 100% 2.55 2.55 '
18-13 10% 1.39 0.14
18-10 | 50% 11.36 5.68
2p, 1811 10% 7.95 0.7% 509
11812 | 100% 2,61 2.61 '
18-13 10% 0.78 0.08
18-10 | 50% 13.23 861
3E | 1811 10% 7.39 0.74 9.65
18-12 | 100% 2.29 2,29
3F | 1810 | 50% 11.58 5.79 5.79

S\ projects\0834083-91887 Whi KHF B-18 Expansien Desigh\Report\Appendin & - Settmgﬁgd‘éeﬁﬁ%lgmﬁton Section 3-3".xls




Table 4
Grade Calculation

Section 2-2'
Point§ Initial Settlement Finat Distance Initial Final Allowable
No. | Elevation {ft) Elevation {ft) Grade |[Grade (%)| Grade
{ft) (ft) (%) 2.0%
ZA 739.09 0.06 739.03 108.83 29.41% 29.549% oK
2B 707.08 0.20 706.88
112.14 2.18% 2.15% 0K
2C 709.53 0.24 708.29
Not connected with same slope
2D 710.65 0.30 710.35
139.54 2.34% 2.28% OK
2E 713.91 0.39 71352
Not perpendicular to the slope
2F 716.55 0.49 716.06
297.93 2.42% 2.25% OK
2G 723.75 0.99 722,76
41.39 2.42% 3.78% OK
2H 12475 0.43 724.32
95.62 44.72% 44.61% OK
21 767.51 0.54 766.97
Not connected with same slope
2) 742.76 1.11 741.65
85.61 8.29% 8.12% OK
2K 735.66 0.%6 734.70
58.91 2.29% 2.01% 0K
2K 737.01 1.13 735.88
35.67 44.46% | 45.32% 0K
2L 752.87 0.82 752.05
60.9 44.55% | 45.10% oK
Z M 780.00 (.49 77951
33.99 49.60% | 49.73% OK
2N 796.86 0.44 796.42
Not connected with same slope
20 837.27 0.10 837.17

updated Settlement_Expansion Section 2-2'xis
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Table 5
Grade Calculation

Section 3-3'
Point |  Initial Settlement Final Distance initial Final Allowable
No. | Elevation (ft) Elevation {ft) Grade |Grade (%}| Grade
(ft) {ft) (%) 2.0%
2 i et L 144.24 2.49% 2.54% 0K
3B 742.2 £.19 742.01
' 130.45 242% | 2.65% OK
3C 735.04 0.48 738.56
320.67 2.33% 2.31% 0K
3D 731.57 0.41 731.16
266.92 2.32% 2.43% QK
3D, | 72537 0.70 724.67
Not connected with same slope
3D, 734.00 0.70 733.30
Not connected with same slope
3D, 725.27 0.76 72451
63.73 2.10% 2.10% OK
3E 726.61 0.76 725.85
396.01 2.46% 2.45% OK
FE 736.35 0.80 73555
Not connected with same slope
8 837.27 0.48 836.79

updated Settiement_Fxpansion Section 3-3".xls Goider ASSOCiatES



Table 6

Strain Calculation

Section 2-2'
Point No. initial Distance initial Final Ag Altowable
Elevation {ft) Grade (%) | Grade (%) | Strain 0.1%
(ft) :

= Ll 108.83 29.41% | 29.54% | 0.0012% OK

2B 707.08
112.14 2.18% 2.15% 0.0003% OK

2C 709.53
70.61 1.59% 1.50% 0.0012% 0K

2D 710.65
139.54 2.34% 2.28% 0.0004% OK

2E 713.91
147.10 1.79% 1.72% 0.0005% OK

2F 716.55
297.93 2.42% 2.25% 0.0006% OK

2G 723.75
41.39 2.42% 3.78% 0.0331% OK

2H 72475
95.62 44.72% | 44.61% | 0.0012% oK

21 767.51

Not connected with same slope

2) 742.76
85.61 8.29% 8.12% 0.0020% QK

2K 735.66
58.91 2.29% 2.01% 0.0047% 0]'¢

2K, 737.01
35.67 44 46% | 45.32% | 0.0240% oK

2L 752.87
60.90 44.55% | 45.10% | 0.0091% oK

2 M 780.00
33.99 49.60% | 49.73% | 0.0039% oK

2N 796.86

Not connected with same slope

20 837.27
162.7 44.70% | 50.85% | 0.0378% OK

8 910.00

updated Settlement_Expansion Section 2-2" xls
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Table 7

Strain Calculation
Section 3-3'

Point No. Initial Distance Initial Final Ag Allowahle
Elevation (ft) Grade (%) | Grade (%) Strain 0.1%
(ft)
g 74573 144.24 2.49% 2.54% 0.0003% OK
3B 742.2
130.45 2.42% 2.65% 0.0018% OK
3 e 730.04
320.67 2.33% 2.31% 0.0001% OK
3D 73157
266.92 2.20% 2.43% 0.0009% OK
3D, 725.37
Not connected with same slope
3D, 734.00
Not connected with same siope
3D, 725.27
63.73 1.96% 2.10% 0.0022% 0K
3E 726.61
396.01 2.46% 2.45% 0.0000% 0K
3F 736.35
3 337 27 Not connected with same slope

updated Settlament_Expansion Section 3-3'.xls
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APPENDIX G.2
CLAY LINER RATE OF CONSOLIDATION
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Fig. 27.3 Average consolidation ratio:
tion ratio. (b) U versus T,

value for ¢,. This is generally done by observing the rate
of compression of an undisturbed sample during an
oedometer {or consolidation) test (see Sections 9.1 and
20.2)

Figure 27.4 shows a typical set of dial readings, show-
ing change in thickness with time, obtained during one
increment of load. The form of such actual time versus
compression curves is similar to, but not exactly the same
as, the theoretical curves predicted from consolidation
theory. The following fitting methods are commonly used
to determine ¢, from such test results (Lambe, 1951).

Square root method. Extend a tangent to the straight-
line portion of the observed curve back to intersect zero
time and obtain the corrected zero point d,. Through d,
draw a straight line having an inverse slope 1.15 times the
tangent. Theoretically, this strajght line should cut
the observed compression-time curve at 909 compres-
sion. Thus the time to 90% compression is 12.3
minutes. From Fig. 27.3, the dimensionless time T for
90Y%, compression is 0.848. Substituting these results,
with H equal to the thickness of the sample per drainage
surface (1.31 cm in this case) into Eq. 27.8h, ¢, is
determined to be 26.2 x 107! cm?/sec.

Log method. As shown in Fig. 27.4b, tangents are
drawn to the two straight-line portions of the observed
curve. The intersection of these curves defines the
dyq point. The corrected zero point d, is located by
laying off above a point in the neighborhood of 0.1

minute a distance equal to the vertical distance between’

this point and one at a time which is four times greater.
The 50%, compression point is halfway between d, and
dygo, Or at a time of 3.3 minutes. From the theoretical
curve, T = 0.197 for 50% compression. Using Eq.
27.8b, ¢, is then computed at 22.7 x 10~¢ cm?/sec.
Discussion of results. Obviously, these fitting methods
contain arbitrary steps that compensate for differences

linear initial excess pore pressure. (a) Graphical interpretation of average consolida-

between actual and theoretical behavior. A correction
for the initial point is usually required because of
apparatus errors or the presence of a small amount of
air in the specimen. An arbitrary determination of dg,
or dyy, is required because compression continues to
occur even after excess pore pressures are dissipated.
This secondary compression occurs because the mineral
skeleton has time-dependent stress-strain properties
(Chapter 20); the importance of secondary compression
will be discussed in Section 27.7. The fitting methods
have been developed to provide the best possible
estimates for ¢,. It is hardly surprising that the two
methods yield somewhat different results. The square
root method usually gives a larger value of ¢, than does
the log method, and this methed is usually preferred.

In addition to the problems involved in evaluating c,
from a given increment, ¢, varies from increment to
increment and is different for loading and unloading.
Figure 27.5 shows typical results. Moreover, ¢, usually
varies considerably among samples of the same soil.

Thus it is quite difficult to select a value of ¢, for use in
a particular engineering problem and hence it is difficult
to predict accurately the rate of settlement or heave.
Often the actual observed rate of settlement or heave of a
structure is two to four times faster than the rate
predicted on the basis of ¢, as measured using un-
disturbed samples (e.g., see Bromwell and Lambe,
1968). Such differences arise partially because of the
difficulties in measuring c,, partially because of short-
comings in the linear theory of consolidation, and
partially because of the two- and three-dimensional
effects discussed in Section 27.6. Predictions of rate of
consolidation are useful only to indicate in advance of
construction the approximate time required for consolida-
tion, If the actual rate of consolidation is critical to the
design, as in certain stabﬂ:ty problems where the excess

"LTUL $89e
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408 PART V SOIL WITH WATER-TRANSIENT FLOW

equation applicable to numerous physical problems. by introducing nondimensional variables:

In particular, the equations for transient heat flow are 3

basically identical to these equations for consolidation, Z= = (27.8a)
with temperature replacing excess pore pressure. Solu- o ,

tions have been obtained for many problems in heat flow ‘ cyt !

mvolving a variety of initial and boundary conditions, He

and these solutions often may be used to considerable e :

advantage in the study of consolidation. where z and Z are measured from the top of the con-
solidating stratum and H is one-half of the thickness of
the consolidating stratum. (The reason for this choice of
H will be apparent later.) The nondimensional time T
is called the time factor. With these variables, Eq. 27.4

272 SOLUTION FOR UNIFORM INITIAL
EXCESS PORE PRESSURE

The simplest case of consolidation is the one- becomes
dimensional problem in which: (4) the total stress is ® u, _ ou,
A - = (27.9)
constant with time, so that do,/2t = 0; (b) the initial : o7 3T

excess pore pressure is uniform with depth; and (¢) there
is drainage at both the top and bottom of the consolidat-
ing stratum. These conditions are met by the loading in
Fig. 26.2 provided that the loading is applied in a time Initial condition at ¢ = 0:

that is very small compared to the consolidation time so

that literally no consolidation occurs before the Joading =ty forQLZ L2

We now need a solution to Eq. 27.9 satisfying the
following conditions:

is complete. The to.tal vertical st{ess ‘at any point will Boundary condition at all #:
then be constant during the consolidation process. T
For this problem, it is convenient to convert Eq. 27.4 u=0forZ=0andZ=2
AT u, /Lty 5\
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APPENDIX G.3
CLAY LINER CONSOLIDATION SETTLEMENT
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Kettieman Hills Facility — Landfill Unit B-18 Expansion
Settlement of Clay Liner

Project No.: 083-81887

Made By: EH

Date: 10/28/08

Checked By: RH

Sheet: 1 of 2

Reviewed By: -

Obiective:

Estimate the additional setflement due to the increased waste loads from the Phase |l

expansion.

Reference:

Environmental Solutions inc. (ES!) Engineering Report Settlement Calculations (Attached).

Discussion:
ESI previously calculated the settlement of the clay liner

due to placement of 230 feet of waste.

The expansion project will increase the waste height to approximatety 300 feet. This additional

load will result in further compression of the clay.

Calculation:
1} Primary consolidation settlement

« The maximum load due to waste: Max. ¢, = 300’ x 115pcf = 34.5 ksf
- The consolidation settlement at 34.5 ksf is approximately 9.5% of the total thickness (see

Figures 1 and 2).

Clay Liner Primary Secondary
initial clay liner thickness 1.5’ 2.5
Consolidation settiement (9.5%) 0.14' 0.3%
Post Consolidation Thickness 1.36° 3 F

2) Secondary consolidation settlement (or creep settlement)
Secondary consolidation settlement will occur after the closure of the landfill. The secondary
settlement can be computed using the following eqguation:

As = Co(Hlog(ts/to)
As =secondary settlement (ft)

C,= coefficient of secondary compression, 0.005 per ESI

Ht initial thickness

= duration of secondary compression assuming to be 30 years post closure period.
ts = time to complete primary consolidation conservatively assumed to be 20 years (1994-

2014) to fill landfiil.

Primary Clay Liner: As = 0.005 (1.36) Log(30/20) = 0.0012 ft

Secondary Clay Liner. As = 0.005 (3.17) Log(30/20) =

3) Final Clay Liner Thickness
Primary clay liner: 1.5-0.14’-0.0012"' = 1.36' > 1.00 OK
Secondary liner: 3.5-0.33'-0.0028’ > 3.0" OK

4) Settlement for clay liner beneath vertical riser

Golder Associates

0.0028 ft




Kettleman Hills Facility — Landfill Unit B-18 Expansion
Settlement of Clay Liner

Proiect No.: 083-91887 Made By: EH
Date: 10/28/08 Checked By: RH
Sheet: 2 of 2 Reviewed By:

Settlement of the clay liner beneath the vertical riser is estimated {o increase by an additional
5% due to riser imposed loads.

Thus, settlement of the clay below the riser will be 9.5% + 5.0% = 14.5% of the original
thickness. Secondary compression is considered to be negligible based on previous
caloulation.

Settlement in the secondary clay liner = 14.5% x 5" = 0.725
The final secondary clay liner thickness is estimated to be 5-0.725'24.3' > 3' OK

Settlement in the primary clay liner = 14.5% x 3' = 0.44’
The final primary clay liner thickness is estimated to be 3'-044’ = 2.5 > 1" OK

Golder Associates
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BORING BT=C, B~1 DESCRIPTION siity CLAYSTONE, yellow brn (CH)
DEPTH (ft) . 8 LIQUID LIMIT : 76
SPEC. GRAVITY : 2.7¢ PLASTIC LIMIT : 45
MOISTURE DRY DENSITY PERCENT VOID
CONTENT (%) (pef) SATURATION RATIO
INITIAL 28.1 89.4 83 .48
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BORING ;. DT-A, B-%Z DESCRIPTION sty CLAYSTONE, yellow bren {CH)
DEPTH (ft) .5 LIQUID LIMIT : 82
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MOISTURE DRY DENSITY FERCENT VOID
CONTENT (%) (pef) SATURATION RATIO
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Kettieman Hilts Facility — Landfill Urit 5-18
POST-CLOSURE WASTE SETTLEMENT

Project No.: 083-91887 Made By: LAQ
Date: 05-28-2008 Checked By: EH
Sheet: 1 of 1 Reviewed By:

Obiective:
1. To estimate the effects of secondary settlement of the waste fill on the landfill cover post-
closure grade for drainage.
2. Utilize Environmental Soluticns Inc. (ESI) original calculation methods and assumptions and
apply them to the new expansion configuration.

Given:
For the new landfill expansion geometry and as-built landfili configuration used to generate the
evaluated sections where obtained from AutoCAD drawings (see Drawings 1 through 6 in
Appendix G-1). All other data used for these calculations are based on the original Environmental
Solutions Inc. (ESI) calcuiation, including site geology and foundation stratigraphy (see
Attachment 1).

Assumptions and Methods:
All assumptions and methods utilized on this calculation are based on the ESI original calculation
dated August 14, 1990. ESI calculations are included in Attachment 1.

Calculations and Results:
- Calculation methods are described on ESI original calculation dated August 14, 1990.
© Calculations are shown in Attachment 1. Results for the new calculations are attached in Tabie 1
to 4. The calculations indicate the post-closure settlement will be approximately 9.3% of the
waste thickness.

Conclusions:

As stated by ESI in their original calculation; “Based on the final cover post-closure settlement
calculations for the selected sections, the results indicate that the changes of the grade after
seitlement will have no adverse effect on the surface drainage. After settlement, the gradients
are still more than 3% which is the minimum requirement for drainage.” Based on a review of
ESPs calculations, Golder agrees with their original conclusions. In some cases shown in Table 3
the apparent gradient is less than 3%. The locations resuliing in a value less than the required 3%
are due to the location of the selected section not being nearly perpendicular to the new cover
drainage slope. By observation and comparison with Section 2-2’, these locations maintain a
minimum 3% true slope.

As stated by ESI in their original calculation, “Due to the geometry of the final cover it is expected
that the length of the slopes in the soil cover and liner systems will be reduced due to settlement.
A minimal reduction strain is expected and should be readily absorbed by the soil cover and the
liner systems without causing any damage”.

Reference:
Environmental Solutions Inc. “Engineering and Design report Landfill Unit B-18 Phase 1, 2 and
Final Closure, Kettieman Hills Facility”. August 1990. Appendix G.4

Golder Associates




Assumptions:

Caontainers in waste:
Containers Voids:
H

waste®

Ywaste:
Ewasta:

it

o

W,

waste®

fncoming Waste;
Stages:
Post-Closure period:

Sp =SSy +Sy 45

5c

Sp
Ss
Sr

0.15 %

0.1C %

280 ft

115 pcf

40,000 psf

0,02

14,500,000 ¢y

550,000 cy /yr

Table 1

Post-Closure Waste Settlement

Section 1-1

5
3G yr
0.0% So1 40%
1.5% .
6.0% Stage | tlvr) | tlyr) Jlogts/t,| €. | 6H
1.7% 1 54 ] 516 98 | 00200038 H
9.3% 2 54 | 462 0.93 0.02 |0.0037 H
3 5.4 | 40.8 0.88 | 0.02 |0.0035 H
27 yr 4 54 | 35.4 0.82 | 0.02)0.0033 H
5.40 yr 5 54 | 30.0 0.74 | 0.02 |0.0030 H
Ac 00174 H

S praject s\ ORIDET 21957 W KHT B1% Expansion DesigntPepprtAppendi G - Settlement\Final Cover Settlement xds

Golder Associates

Final Grade Calculation

Finish Waste AH Final pcsares | Sl Finat
Station | Flevation | Thickness | 0.093H | Elevation (f0 Grade (%) Grade
{ft} {ft) () (ft} (%)

1 806.18 0 0.0G 806.18
375.43 24.6% 20.4%

2 398.62 17:.15 15.88 882.74
419.64 23.5% 21.4%

3 997.29 268.59 24.92 1 91237
49.85 19.2% | 19.3%

4 1006.88 268.29 2482 1 981.99
49.85 20.9% | 20.6%

5 096.47 266.67 24.74 971.73
212.15 21.5% | 15.9%

] 950.83 137.61 12,77 1 938.06
5 208,32 pe 0.00 598 35 240.09 21.9% | 16.6%

MNate: See Drawing 1 and 2 in Appendix G-1 for Section location and
Brawing 3 for Cross Section profile.




Assumptions:

Containers in waste:
Containers Voids:
H

waste*

Ywaste:

Ewaste:
15
Wwaste:

Incoming Waste:
Stages:
Post-Closure period:

S;=5p45,45,+54

Sc
Sy

S5
¢

.15 %

.10 %

280 ft

115 pef

490,000 psf

0.02

14,500,000 ©y°

550,000 cy’fyr

Section 2-2'

Table 2
Post-Closure Waste Settlement

Final Grade Calculation

Finish | Waste AH Final sistance | mitial | 12!
Station | Elevation | Thickness | 0.093H |Efevation ift) Grade (%) Grade
{f) (ft} {ft) tft) (%)

1 771.69 0 0.00 771.69
290 24.2% | 18.8%

2 842.00 171.5 1591 t 826.09
392.34 23.9% | 21.6%

3 935.86 268.59 24,92 | 91094
484.83 15.3% 15.8%

4 1010.00 243.40 22,58 | 987.42
i43.86 5.6% 3.1%

5 1018.00 281.55 26.12 1 99188
114.56 7.0% 5.4%

5 1010.00 261.98 2431 { 985.69
168.02 23.7% 17.0%

7 §70.20 141.19 13.10 ¢ 857,10
254,12 23.7% 18.5%

g 910.00 0 0.00 510.00

5
30 yr
0.0%
1.5% Sp 403%
6.0%
1.7% stage | Giyr) | Glyr) [logty/t | G, oH
9.3% 1 | 54| 516 | 098 |002|00039 H
2 | 54| 462 | 093 |002[00027 H
27y 3 | 54| 408 ] o088 [o002[00035 H
5.40 yr 4 | 54354 ] 08 |002i00033 H
5 | sal 30| o074 [002{00030 H
As 00174 H

S\prRjertsiORINEE-S1RET W KHF B-13 Faparsian Design\Aeporthappendic G - SettismentyFinat Cover Settlemant ils

Golder Associates

Note; See Drawing & and 2 in Appendix G-1 for Section location and
Drawing 4 for Crass Section profile.




Assumptions:

Containers in waste:
Containers Voids:
H

wiaster

Viwaste!

E

waste!
C.:

]

W

waste®
Incoming Waste:
Stages:

Post-Closure period:

Sy =8, 45,+5,45

SnrojectsiORRASE-S15RT Wi KHF B.12 Expansion Deslgn\RapertiAppendix G - Settlem

015 %

0.10 %

280 &

115 pcf

40,000 psf

0.02

14,500,000 ¢y

550,000 cy’/yr

Table 3

Post-Closure Waste Settlement

Section 3-3'

5
30 yr
0.0%
1.5% Sy 40.3%
6.0%
1.7% stage | byl ] iy [logt/ty]| C, &H
9.3% t | 54l 516 | o9 |ooz2|oooss
2 | 54} 462 | 093 | 00200037 H
27 yr 3 | 54} 408 | 088 |0.02|00035 H
5.40 yr 4 |54} 354 | 08 [002[o0033 H
5 | 541 300 | 074 | 002[00030 H
Ac 00174 H

Einal Sover Settlement.uds

Golder Associates

Final Grade Calculation

Finish Waste AH Finat HiEaRES o Final
Station | Elevation | Thickness | 0.093H | Efevation ) |crade % Grade’
(ft} (ft} (ft) {ft) {%)

1 | 89052 0 0.00 | 890.51

25219 | 23.7% | 17.4%
2 | 950.18 | 169.35 | 1571 | 934.47

25217 | 19.8% | 16.1%
3 | 100000] 268.31 | 24.89 | 975.11

2775 | 63% | 5.9%
4 | 101446 278.29 | 25.82 | 988.64 -

$81.73 crossing ridge of
5 | 101284 28582 | 2652 | 98632 0 gk

34158 | CTOssing ridge of
6 |1007.53| 273.53 | 2538 | 982.15 Hop- etk

g7l | CTO%sIn8 ridge of
7 | 100662 27934 | 25.92 | 88070 Hop deck

36403 | 22.8% | 204%
g8 | 92348 | 18527 | 17.19 | 90629

30174 | 24.4% | 18.7%
9 50 0 0.00 | 850.00

Notes: See Drawing 1 and 2 in Appendix G-1 for Section location and Drawing
5 for Cross Section profile.

Points 4, 5 and & currently cross the ridge line of the top deck and
therefore do not reflect true slope. Secion 2-2' provides poings across
the top deck that are atong true slope.




Assumptions:

Containers in waste:
Containers Voids:
H

waste!
Yuwaste!

Ewaste:
G
Wwaste:

Incoming Waste:
Stages:
Post-Closure pericd:

Sy =845, t5,+5s

Sc
Sy
S5p
S5
Sy

$horojecrsi0EINEAT-B188T WHI KNF B-12 Brpansion DesigniizepartiAppendic G - Sett

0.15 %

0.18 %

280 ft

115 pcf

40,009 psf

0.02

14,500,000 ¢y

550,000 cy /yr

5

Table 4

Post-Closure Waste Settlement

Section 4-4'

Final Grade Calculation

) Finish Waste AH Final " [ Final
g z ; : Distance | initial
Station | Elevation | Thickness | 0.093H | Elevation i) Grade (%) Grade
{ft) (fy {fty () (%}

s 848.28 0.00 0.00 848.28
193.06 24.2% 1 17.59%

2 895.07 131.82 223 882.84
271.02 24.2% | 20.4%

3 960.64 243.47 22.59 938.05
148.6 7.6% 6.9%

4 971.89 254.54 23.62 948.27
114.97 11.7% 10.3%

B 958.46 237.72 22.06 936.40
310.89 243% | 22.2%

6 282.96 168.21 15.61 867.35
346.76 24.0% 19.5%

7 799.63 0.00 0.00 799.63

30 yr
0.0%
1.5% Sor 40.3%
6.0%
1.7% Stage | tyr)] tiivr) | logt/ta | €, 8H
9.3% 1 | 541 516 | oog | 00200039 H
2 | sa | 462 | 093 | 002100037 H
27 3 | 54| 408 | 088 |0.02i00035 H
5.40 yr 4 | 54| 354 | 08z |o002l00033 H
5 | 54 i 300 | 074 |0.02100030 H
As 00174 H

HWFinal Cover Setrlamant

Golder Assoclates

See Drawing 1 and 2 in Appendix G-1 for Secticn location and Drawing 6
for Cross Section profile,




Attachment 1

ESI Settlement Calculations
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420 PART V  S0IL WIiTH WATER-TRANSIENT FLOW
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g = Primary
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<

Fig. 27.14 Primary and secondary compression.

skeleton. The relative importance of primary and
secondary compression depend on the time required to
dissipate pore pressures and hence on the thickness of the
soil.

The relative importance of secondary and primary
compression varies with the type of soil and also with
the ratio of stress increment to initial stress.

The magnitude of secondary compression is often
expressed by the slope C, of the final portion of the time
compression curve on semi-log paper (Fig. 27.17).
Table 27.2 gives typical values for this slope C,. The

14

13

\

Vi

7/14

S g v ;e
time rate of secondary compression is largest for highly
plastic soils and especially for organic soils.

The ratio of secondary to primary compression is
largest when the ratio of stress increment to initial stress
is small. This is illustrated in Fig. 27.18, which shows
that the usual form of time-compression curve occurs
only when the stress increment is Jarge. Fortunately,
most problems involving important settlements mvolve
relatively large increments of stress.

Taylor (1942) was the first person to propose a rational
theory of secondary compression. This theory modeled
the soil skeleton as a viscoelastic material. Recent work
in this area is directed at the developing models of
behavior and numerical techniques for solving secondary
compression problems with complicated rheologic
models.

The phenomenon of secondary compression greatly
complicates prediction of the time history and final
magnitude of settlement. Bjerrum (1967) has discussed
this subject. Secondary compression also makes it
difficult to determine ¢, accurately from laboratory tests,

27.8 SUMMARY OF MAIN POINTS

1. The differential equation of continuity, which is the
basis for the study of consolidation, equates the net
flow to the change in volume of the soil.

Table 27.2 Typical Values for Rate of Secondary
Compression C,

\\*@T"l day
- \i}}é e~ Normally consolidated clays 0.005 to 0.02
10 15 20 25 Very plastic soils; organic soils 0.03 or higher
7y (TSM) Precompressed clays with OCR > 2 less than 0.001

Fig. 27.15 e versus log ¢, as function of duratior of second-
ary compression (After Bjerrum, 1967).

From Ladd, 1967,

Log time Time
5 |
s I
- | B
= o
SN ! £
~ l &
; = Very Very E e 1
3 thin thick ) T
n L S e TR (p— 1
%i =} i Secondary i
3 g |
5] B=4 >
2 periodot | _Zero
51  dissipation ore
E of pore pressure
~l S pressure
¥

(a)

(6)

Fig. 27.16  Relation of instantaneous and delayed compression to primary and secondary compression, (a) For different thick-

nesses. (&) For a given thickness.

Lel !

Soil Mechamen Lombc § Whiltmar




¥
=
=

F:'/m re 2.

10° Y Tt rrr T e G i B B 21 T

LR 2 B
L.y bk

i
N

D

10" /

T 77Y
o111

10

) D S R |
O I

1
|
I
|
|
N
1

COEFFICIENT OF SECONDARY COMPRESSION, C.
1 ¥
L

. |
“3/ g b e i i (G, " O O I 07 ]
10 100 1000 3000

NATURAL WATER CONTENT, w, PERCENT

FIGURE 16
Coefficient of Secondary Compression as Related to
Natural Water Content

7.1-237



ENVIRONMENTAL SOLUTIONS, INC.

By 7{»3;, Date 7-le-9c  Subject (ADFiCL BAB Filet (0UER Sheet No. & of [ 4

W
' Chkd. By ¢5¢ Date f’!g&g DoSTLLoSURE,  GRANE  EVALUATION  Proj. No. _£2-911

21 TE FMAL GRAUE . on  THE  UWDRILL  (pUER  BEJWEER AWy TWS

% Pongs  May . BE CoLLULATEO kS Ferled ¢

Gy * CEL, - A‘-“’_‘sa)- ~(EL -64)
(_&Kz- bﬁ.)

2 WOHERE

1

= " Het HEW[EN A] PON| 2

13 )

& Elis HEMIN AT PomT |

15 |

4 BRa s sefEve] A1 Pow] 2

l I e TR e Ll

20 (BRe-OX) T DSRWE  BOWEN . 2 Powfe.

21 |
a | 7e7al Setilement oflem Closare = 0075 fth Toted HE,
23 ] . ) |

24

28

2 !

28 |

29 | %
30
31 |

32

24

35

i 2 3 4 5 6 7 8 9 10 11 t2 13 ta 15 16 t7 8 19 20 21 22 23 24 25 26 27 28 29




ENVIRONMENTAL SOLUTIONS, INC.

m<.|\&.| Date_§ -/6-90 Subject LAVLFILL B-1§ F/MAL Lovek Sheet No. 143 of _rm._N

Chkd. By G5 < Date W\m\%a PosT=LLOSURLE GRADE £ yvAulTioRProj. No. _F1-97 7
s&ECTonv L
Y
b . . = - o=
. N == o b 9) = ] L
o L ™ : o i
8
Ly
9 . hY)
M -, { { <
10 < <3
" Mm W 3 J = " N I
o - R o M ko
1z
13 M r 2 f
1%}
" o e s ,ww K o 3 ar. =
15 ._.W X .ﬂJ e 3 > Lha 7 U.
s 5 P/.FL o % /)s N s s
5 Wy RN NN ™~ ol
: ™ e g W ™«
17 ]
i8
R
19 i 5 rnﬂ (d_
= R o
# MM 2 « T S S
21 L8 N nWr @ - ™
22
23 w
W
24 i wﬂh w.Mw -
m N -
+ 153F o 8 o2 & o= o
: = 34 = N ~ N =
25 —
! s =
=
27 |
28 |
= | W o~
i x -« Q Q .
30 R, Mu.. . < Q) <
" e - T - S U -~
3 TN T = & o Oo
. Wy
32
3 i N
S
i .
35 < =T TN b > W & N
: e : ;
% | 3§
nN, 4u ,,h s 6 7 8 9 10 ¥ 12 B i4 15 16 17 18 19 M.Mmul- nn.wm&awnr,nw erm.l‘\n‘u,lu.u: Mu




oo
3 8 B

»N
s

N
w

Ly

B
P
|

£l

L &

. |

. as
6

~ o n » w L

+Tlo

o Wﬁis-r ;E |
THILKNE $S
[FT) |

CFINA L
ELEVAT| o N

D ) sTANCH
(FT)

Fonac
G EADE

s

o |

L1 Lz27d 1

@v“ 
i
wa5
i‘? / 7 : ?s”;
qy/(-1

235~
350
|76 |

140

20.5

22

3.7

£ 5

B e L& YT ST WE ET TZ \E€ 0Z 64 @ LV 9L 0SB WL OEL 23 30 O @

. i 240 L1y 950,25
.- mm » NREERRE 38 3.4
.ﬁﬁ?ﬁ g0 | mees 94575
ke L8 L L L L E ] oa 44 22.4
L ¥so | 38 | | | 295 G715
B O Lol ] | sE 22|
|| X | F3% ol O £IS.0

i
’%/Af 21eg 258

C ol L27S

*‘ON ‘[0IdValTFPA S~ F AV AT

_n—'on VWUS XF7F7 TS Ri-9 7 7l7dny 7 welang

Ag

Ag "pyur

Y

aeq

-

=1 275077 =LSdd

I

L b-b&

70

"ONI ‘SNOILLNTOS TV.LINIWNOHIANIT




~,
L

il o i __C\miafria:-fg : } AH | FINA L o Fmwae
STATION | £révanm | mésts 0.075 K | ErevaTion | PITVER Geapr

=3

A% Ag

ol e L] /n) D (FD) _

|
i

|
b BB 1.1 . lc [’C’? ] | 30 _
W OO (W O T GO O N - A O = & s 187
I S WO O 5. T O R }s L u /) | 8us.97 | ; |
| i \ P o§ 4 (&S 2t 15

- e e ~ T E— 4.‘.f..__... . o | ' .
L3 Ll smel || Lt ) |elsy | | G780

e L Ll || ‘_n""s? 11 ;; /3 s |
| ? | | LD &l

Sk w1 EL ZE 8y O &

SEARRE RN REORE REE N P
| f i 220 & S

!

kbl d. D004 L] !fz e :/4«.42 | fesic
10 | moas | qesos
- B 255 /9%
0 L0179 | 499 28

vso | | 1)

EREERE | s 237

4
700 | 1
Y
7

% 0 579 Aa "piy

G2/

& WOl LoFS

g FesT ] 4‘9 bl | Bes
et R i ; ] ]

‘
. Ceter | 14 ,fﬁ/acﬁimm//},, f{rf({fﬂﬂ. ot ff/ﬂ/z; Vitw, secilion nof

v W6 &6 ¥ WG FEL BEC &€ iZ 0Z 65 @y <Lt g4

- Tm;[rgﬂa,@m i cular | 14 The | déaz.t.‘n ‘ Slope

‘oN “loddve =107 T =LSa

=71 ON199US XTA% TH /S Bi-9 T 7drF 7 welans [TL -7~ eleq

P

Ldlb b

TH7 e

"ONI ‘SNOILNTOS TV.LINIINNOHIANI




17
is
15
20
21
22
23
24

25

xr

k1]
31

32

34

s

By A.A. Date_§-lo-90 Subject LAVDLFILL B-15 FInAL Lovex SheetNo._l 3
PosT=-CLOSURE CRADE £ vAUARTIONMPro). No.

ENVIRONMENTAL SOLUTIONS, INC.

Shkd. By24C Date W\\w&e&

SECTION Y

of mmn
$91-977

“
| ‘
N NI .
| 1% 5 H et
SEwml- $q 8T
8 N S .. &~
L ; L |
LY :
| N
! ‘M a m Q S
£ - 0-s 50
o e . 3 SN
| I . . .
i Q 7
. X .
iy
!H — P R — I . o) e = S LT ol %
T PR S S —
BEAEY P s
Q> s -
_ ].‘Sla .. : : e el by m
w s E s |
bl Tl Tl i w TeT - 4 i
wm-ﬂ PECEI-EE |
v RN s | %
i 20 O T A O O .
" , i _r “. _ | bi si..ill ﬁ
|3 ] i | w i ,.AU” ‘ i _
. = i o ! iy i :
- ¥ (0.4 1< | |
o xy Y T NERER |
g ; ! : ; i [ | ” :
— _ - , - W | |
L Lo I . |1 | |
D i i | i : i ! i i ]
= = I s W S\ N ] |
< EERE | 3 | NN |
e : : : ; |
il BN EREERER

% 1n 11 12 Lk T4 L

e iz i L8] 20 21 a9 %

a4

9 >a - ae LT3



4 OB B A W N -

10

"o

12

13

"

1T

) the slipe well be reduced Ave to the setflement

20

ENVIRONMENTAL SOLUTIONS, INC.

adver se e//ecf on  Sarface dm:g‘ne/'c:.

AJler sctttement [he gradients are st more then
7/ whieh |y the m tne, rt/“c'rememf Jor dr;zc‘fza/c.

A §umma7 Jor /—z'na:/ cover Fost-closur e /mp/.:
evalualfion |s SAhewn on pezes lo=13 Jor sections 1-¢

Pup Fe Fhe /ramzf//'« of the /—c‘mz/ Cover, the /-ﬁ'}'}?/jt,

21 |

22

23

24

ang’ thus fhe lener . The reduce in sfracn |5
'i‘-?)(/?za}‘(z‘ﬁ/ o be small arnd nwild be m—«/:’fy

absork tedd fy JAe soil cover and The (iney

wilh eat fﬁéﬁzﬁ ;/amx -t f/Ce S E-ff“mw-:
| - o Y

By £ A.  Dpate_T-/o-fo Subject /i litsion Sheet No._/ 4 of L4
Chkd. By £5¢ Date_J) /4 /% Proj. No. ___ {9 -97%
Based on e fnal cover pesf- Closure sefflement
Caleulntions frr the four seelions. The results indicate

| C/zaya of //ﬂ—ﬁ‘lﬁ after settlement well have no

1 2 3 4 5 & T 8 9 10 1 12 13 14 15 6 17 &8 1% 20 21 22 23 24 25 26 27 28 29



