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APPENDIX

Physical Properties of Fluids

Teble C.1 Physical propertics of water In S1 unlts

Bulk
Vapor- modulus
Specific Kinematic  Surface  pressure  of
welght  Demsity Visomsily  wiscosly tension  head elusticity
Temp, ¥ 2 22 % 105, w ¥ 10°, ax 0, pivt Kx 1077,
C N/ kpfad® N gfim? midfs Nim m N/m?
] . 9806 $99.9 1792 1,792 762 0.056 204 -
s 9807 100006 1519 7.54 009 206
10 9804 999.7 1308 «=1.308 TA8 0.12 21
i5 9198 999.1 1.840 1441 TAL 0.17 254
20 9789 B2, 1405 1007 736 0.25 220
a5 9778 997.% 0.894 0.897 736 0.33 222
30 9764 9987 0801 0.804 7.18 0.44 223
35 9749 9941 0723 0.327 7.50 6.58 224
40 5730 9922 0656 0.663 708 0.76 227
45 9711 $90.2 0.599 0.605 692 - 098 29
50 9690 988.1  0.549 0.556 682 1.26 230
35 9666 985.7 0506 0.513 6,74 1.61 231
60 9642 983.2| 0469 0.477 6.68 2803 228-
65 2616 9806 0436 0444 658 2.56 226
i) 9589 9778 0406 0415 650 320 225
s 9560 9749 0380 0.39%0 640 396 223
80 9530 9718  0.357 0.367 6.30 4.86 221
85 9499 9686 0336 0.347 6.20 593 217
90 2466 $653 0317 0.328 6.12 7.18 216
95 9433 9619  0.29 0.311 602 8.62 211
100 9399 958.4 06.284 0.286 594 10.33 207
¢ v = 9806 Nfm?®,

ND%\C, N \\\) ﬁﬁciim

\
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K.8 — Capacity of Leachate Collection System
Piping
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Client: Zion Landfill, Inc.
Project: Zion Landfill — Site 2 North Expansion
A P T I M Project#: 631020105
Calculated By: SJW Date: 05/2022
Checked By: DAM Date: 05/2022
TITLE: CAPACITY OF LEACHATE COLLECTION SYSTEM PIPING

Problem Statement

Determine the following to verify that the leachate collection system piping has sufficient capacity to
accommodate the anticipated leachate flow volumes, in accordance with the requirements of 35 Ill.
Admin. Code Section 811.308(b).

1. Maximum allowable flow through a 6-in diameter leachate collection pipe.

2. Anticipated leachate flow volume through the leachate collection piping system based on the
estimated maximum leachate generation rate due to percolation of moisture through waste.

Given
O Calculation in Appendix K.5 Groundwater Seepage Quantities

O Calculation in Appendix K.6 Hydrologic Evaluation of Landfill Performance (HELP) Model
Analysis
Q Uponor Infra Ltd. (2015). Sclairpipe®: Versatile High Density Polyethylene Pipe.

O Landfill cell design, contained in the Design Drawings.

Assumptions
O Formula used to calculate the maximum allowable flow for the design pipe:

- ﬁ AR, 225 (/2

max

A_'ITD2
T4
R D
h™ 4

Where,
Qmax = Maximum allowable flow (ft¥/sec)
n = Manning’s roughness coefficient
A = Pipe flow area (ft?)
D = Inside pipe diameter (ft)
Rn = Hydraulic radius, for pipes flowing full
S = Channel slope (ft/ft)
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O Formula used to calculate anticipated leachate flow volumes:
Q=q*A
Where,
Q = Leachate flow volume (gal/min)
q = Leachate generation rate (ft/min)
A = Surface area drained by pipe trench (ft?)

0 The HELP Model has indicated that the maximum leachate generation rate results from the
initial lift of waste (Appendix K.6) of the horizontal expansion cells.

O Manning’s roughness coefficient (n) = 0.010 for HDPE pipe.

O The leachate collection pipe underlying the horizontal expansion area is a 6-in SDR-17 pipe.
Inner diameter = 5.80 in = 0.483 ft (see Sclairpipe® reference).

O Channel slope (horizontal expansion) = S4 = 0.005 ft./ft. (actual slope of leachate collection
pipe is 1% in the horizontal expansion; however, to conservatively account for settlement,
slope is assumed to be 0.5%)

O Peak daily leachate generation rate during operational conditions = Qitai = 0.11756 in./day =
3.576 ft./year (Appendix K.6).

O The area contributing flow to the leachate collection pipe is assumed to be the plan view area

of a landfill phase or cell. Cells in the horizontal expansion are generally uniform in size and
have been designed to be approximately 1,300 ft length x 310 ft width. The largest cell, Phase
12, is 9.3 acres and has been chosen for this evaluation.

Calculations
Maximum allowable flow for a 6-in SDR-17 pipe (Horizontal Expansion), Qmax

max

2 (%/3)
= @AR(2/3)S1(1/2)= 1.486 E (E) 3 81(1/2)
n n 4 4

2
_1.486 ((0.483 ft)2\ /0.483 ft “/3) (0.005 ft/ft)(1/2)-0 470 ft®
~0.010 4 4 ' T Usec
_ ft® (7.48 gal\ (60 sec) _
- 0470 (192) (222) - 21 gpm

Leachate Flow Volume

Convert q to feet per minute:

_ 3576 ft. ( 1 year ) ( 1 day )-680><10'6 ft.
479910 Vear \365 days) \1.440 min.) min.
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Calculate the area of a cell contributing leachate from the Horizontal Expansion:

A = 9.3 acres = 405,108 ft?

Calculate the actual leachate flow volume for the 6-in SDR-17 pipe based on leachate generation
and cell area:

Q=q*A

=<6.80 x10'6%> (405,108 1t?) (w)

ft>
Q =20.62 gpm < 211 gpm (Qmax)

Results

Based on the results summarized below, all leachate collection system pipes in the horizontal
expansion area have sufficient capacity to accommodate the maximum anticipated leachate flow
volumes, in accordance with 35 Ill. Admin. Code Section 811.308.
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Sclairpipe”

VERSATILE HIGH DENSITY

POLYETHYLENE PIPE




Sclairpipe is available in standard rating (higher DR). based on the allowable

Dimensional Ratio’s (DR’s), in The Dimensional Ratio relates the  hydrostatic design stress of each
sizes ranging from 4” to 48” in minimum wall thickness of the specific material (per ASTM
diameter. Sclairpipe is available in  pipe to its outside diameter, and D3350 and PPI’s TR-3), and the
PE 3608 and PE 4710. With the is important to define the pipe wall thickness (DR), at a
higher allowable stress rating of pressure rating of a particular service temperature of 73.4°F.
PE 4710, the pipe wall can be pipe. The maximum continuous

thinner for the same pressure operating pressure stated is

Uponor, Sclairpipe Product Range, IPS Size, PE3608

PE3608 DR32.5 (50 psi) DR26 (64 psi) DR21 (80 psi)
Nominal Minimum Maximum  Average | Average Minimum Average | Average Minimum Average | Average Minimum Average
Pipe Outside ~ Outside  Outside Inside Wall Weight Inside Wall Weight Inside Wall Weight
Size Diameter Diameter Diameter | Diameter Thickness  (Ibs/ft) | Diameter Thickness (lbs/ft) | Diameter Thickness  (lbs/ft)
(inches)  (inches)  (inches) | (inches)  (inches) (inches)  (inches) (inches)  (inches)

4 4.48 4.52 4.50 4.21 0.138 0.83 4.13 0.173 1.03 4.05 0214 1.26

5 5.54 5.59 5.56 5.20 0.171 1.27 511 0214 1.57 5.00 0.265 1.93

6 6.60 6.65 6.63 6.19 0.204 1.80 6.08 0.255 223 5.96 0.315 273

7 7.09 7.16 713 6.66 0.219 2.08 6.54 0.274 2.58 6.41 0.339 3.16

8 8.59 8.66 8.63 8.06 0.265 3.05 7.92 0.332 3.78 7.75 0.411 4.63

10 10.70 10.80 10.75 10.05 0.331 4.74 9.87 0.413 5.87 9.66 0.512 7.19
12 12.69 12.81 12.75 11.92 0.392 6.66 11.71 0.490 8.26 11.46 0.607 10.12
13 13.31 13.44 13.38 12.50 0.412 733 12.28 0.514 9.09 12.02 0.637 11.14
14 13.94 14.06 14.00 13.09 0.431 8.03 12.86 0.538 G195 12.59 0.667 12.20
16 15.93 16.07 16.00 14.96 0.492 10.49 14.70 0.615 13.00 14.38 0.762 15.94
18 17.92 18.08 18.00 16.83 0.554 13.28 16.53 0.692 16.46 16.18 0.857 20.17
20 19.91 20.09 20.00 18.70 0.615 16.39 18.37 0.769 20.32 17.98 0.952 24.90
22 21.90 22.10 22.00 20.56 0.677 19.83 20.21 0.846 24.58 19.78 1.048 30.13
24 23.89 24.11 24.00 22.43 0.738 23.60 22.04 0.923 29.25 21.58 1.143 35.85
26 25.88 26.12 26.00 24.30 0.800 27.70 23.88 1.000 3433 23.38 1.238 42.08
28 27.87 28.13 28.00 26.17 0.862 32.13 25.72 1.077 39.82 25.17 1.333 48.80
30 29.87 30.14 30.00 28.04 0.923 36.88 27.55 1.154 45.71 26.97 1.429 56.02
32 31.86 32.14 32.00 29.91 0.985 41.96 2839 1.231 52.01 28.77 1.524 63.74
36 35.84 36.16 36.00 33.65 1.108 53.11 33.06 1.385 65.82 32.37 1.714 80.67
40 39.82 40.18 40.00 37.39 1.231 65.56 36.74 1.538 81.26 35.96 1.905 99.59
42 41.81 42.19 42.00 39.26 1.292 72.28 38.58 1.615 89.59 37.76 2.000 109.80
48 47.78 48.22 48.00 44.87 1.477 94.41 44.09 1.846 117.02  43.15 2286  143.42

Pipe dimensions are in accordance with ASTM F714 and AWWA C906

Pressure Ratings are for water at 73.4 deg F.

Some of the pipe sizes and DR's above are available only on request. Check with your representative for availability.
Other dimensions and DR's not listed may be available upon special request.

All dimensions are in inches unless otherwise noted.

Weights are calculated by the methodology established in PPI's TR-7 and are applicable to PE 3608.



The standard stocked length of Sclairpipe pipe is 50 feet, in sizes above 4” in diameter with longer lengths
available on request.

DR17 (100 psi) DR13.5 (128 psi) DR11 (160 psi) DR9 (200 psi) DR7.3 (254 psi)

Average  Minimum  Average | Average Minimum Average | Average Minimum Average | Average Minimum Average | Average Minimum Average

Inside Wall Weight Inside Wall Weight Inside Wall Weight Inside Wall Weight Inside Wall Weight
Diameter Thickness  (lbs/ft) | Diameter Thickness (lbs/ft) | Diameter Thickness (Ibs/ft) | Diameter Thickness (lbs/ft) | Diameter Thickness  (lbs/ft)
(inches)  (inches) (inches)  (inches) (inches)  (inches) (inches)  (inches) (inches)  (inches)

3.94 0.265 1.54 3.79 0.333 1.90 3.63 0.409 2.29 3.44 0.500 2.73 3.19 0.616 3.26
4.87 0.327 2.35 4.69 0.412 2.91 4.49 0.506 3.50 4.25 0.618 4.18 3.95 0.762 4.99
0.390 333 5.58 0.491 4.12 535 0.602 4.96 5.06 0.736 5.92 4.70 0.908 7.08
6.24 0.419 3.85 6.01 0.528 4.77 5.75 0.648 5.74 5.45 0.792 6.85 5.06 0.976 8.18
7.55 0.507 5.65 7.27 0.639 6.99 6.96 0.784 8.41 6.59 0.958 10.04 6.12 1.182 11.99
9.41 0.632 8.77 9.06 0.796 10.86 8.68 0.977 13.07 8.22 1.194 15.59 7.63 1.473 18.63
11.16 0.750 12.34 10.75 0.944 15.28 10.29 1.159 18.38 9.75 1.417 21.94 9.05 1.747 26.21
11.71 0.787 13.58 11.27 0.991 16.81 10.80 1.216 20.23 10.22 1.486 2414 9.49 1.832 28.84
12.25 0.824 14.88 11.80 1.037 18.42 11.30 1.273 22.17 10.70 1.556 26.45 9198 1.918 31.60
14.00 0.941 19.44 13.49 1.185 24.06 12.92 1.455 28.95 12.23 1.778 34.55 11.35 2.192 41.27
15.76 1.059 24.60 15.17 1.333 30.45 14.53 1.636 36.64 13.76 2.000 43.72 12.77 2.466 52.23
17.51 1.176 30.37 16.86 1.481 37.59 16.15 1.818 45.24 15.29 2.222 53.98 14.19 2.740 64.48
19.26 1.294 36.75 18.55 1.630 45.48 17.76 2.000 54.74 16.82 2.444 65.31 15.61 3.014 78.02
21.01 1.412 43.74 20.23 1.778 54.13 19.37 2.182 65.14 18.35 2.667 77.73 17.03 3.288 92.85
22.76 1.529 51.33 21.92 1.926 63.52 20.99 2.364 76.45 19.88 2.889 91.22 18.45 3.562 108.97
2451 1.647 59.53 23.60 2.074 73.67 22.60 2.545 88.66 21.40 3111 105.80 19.87 3.836 12638
26.26 1.765 68.34 25.29 2.222 84.57 24.22 2727 101.78  22.93 3333 12145
28.01 1.882 77.75 26.97 2.370 96.22 25.83 2909 11580 2446 3556 138.19
31.51 2.118 98.41 30.35 2.667 12178  29.06 3.273  146.57
35.01 2353 12149 3372 2963 15035 32.29 3.636 180.95
36.76 2.471 13394 3540 3.111 165.76  33.91 3.818  199.49
42.01 2.824 17494 40.46 3556  216.50

Sclair IPS Cut Sheet_PE3608_r201407

- All dimensions are in inches unless otherwise specified.

- Pressure ratings are based on load durations of 50 years at a service temperature of 73.4F. The HDS (pipe
wall allowable stress) for PE 3608 and PE 4710 are 800 psi and 1,000 psi respectively.

- Dimensions and tolerances per ASTM F714. Pipe weights calculated using PPI TR-7 using PE3608 density
of 0.953 gm/cc and 0.958 gm/cc for PE4710 materials.

- The ASTM D3350 cell classifications conform to the requirements of the applicable pipe specification
(ASTM F714, AWWA (€906, etc.).

« Contact Uponor Infra for sizes, DR’s and DIPS offering not shown.
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K.9 — Leachate Storage Volume Requirements

























A

APTIM

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 12

THICKNESS = 30.00 INCHES
POROSITY = 0.4710 VOL/VOL
FIELD CAPACITY = 0.3420 VOL/VOL
WILTING POINT = 0.2100 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3479 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.419999997000E-04 CM/SEC
LAYER 3
TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20
THICKNESS = 0.20 INCHES
POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0133 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC
SLOPE = 10.00 PERCENT
DRAINAGE LENGTH = 240.0 FEET
LAYER 4
TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 36
THICKNESS = 0.04 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING POINT = 0.0000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.399999993000E-12 CM/SEC
FML PINHOLE DENSITY = 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 10.00 HOLES/ACRE
FML PLACEMENT QUALITY = 4 - POOR

Zion Landfill — Site 2 North
Bottom Liner Equivalency Model 1 — Proposed Equivalent Composite Liner System
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A

APTIM

TYPE 3 - BARRIER SOIL LINER
MATERTIAL TEXTURE NUMBER 0

THICKNESS = 24.00 INCHES

POROSITY = 0.4270 VOL/VOL

FIELD CAPACITY = 0.4180 VOL/VOL

WILTING POINT = 0.3670 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.4270 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.999999975000E-04
LAYER 6

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18

THICKNESS = 2484.00 INCHES

POROSITY = 0.6710 VOL/VOL
FIELD CAPACITY = 0.2920 VOL/VOL
WILTING POINT = 0.0770 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2920 VOL/VOL

EFFECTIVE SAT. HYD. COND. 0.100000005000E-02

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS = 12.00 INCHES
POROSITY = 0.4570 VOL/VOL
FIELD CAPACITY = 0.1310 VOL/VOL
WILTING POINT = 0.0580 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.1310 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.100000001000
SLOPE = 2.00 PERCENT
DRAINAGE LENGTH = 155.0 FEET

CM/SEC

CM/SEC

CM/SEC

Zion Landfill — Site 2 North
Bottom Liner Equivalency Model 1 — Proposed Equivalent Composite Liner System
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TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS =
POROSITY =
FIELD CAPACITY

WILTING POINT =
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND. =
FML PINHOLE DENSITY =
FML INSTALLATION DEFECTS =
FML PLACEMENT QUALITY =

4 -

0.06

0.0000
0.0000
0.0000
0.0000

1.00
10.00
POOR

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16

THICKNESS =
POROSITY =
FIELD CAPACITY =
WILTING POINT =
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

60.00
0.4270
0.4180
0.3670
0.4270

INCHES
VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL
0.199999996000E-12 CM/SEC
HOLES/ACRE
HOLES/ACRE

INCHES
VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL
0.100000001000E-06 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 8 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF 10.%

AND A SLOPE LENGTH OF 240. FEET.

SCS RUNOFF CURVE NUMBER 80.40
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE 1.000 ACRES
EVAPORATIVE ZONE DEPTH = 20.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 6.667 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 9.372 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 3.636 INCHES

) Zion Landfill — Site 2 North

Bottom Liner Equivalency Model 1 — Proposed Equivalent Composite Liner System

APTIM
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INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

MI

= 0.000
= 775.086
775.086

EVAPOTRANSPIRATION AND WEATHER DATA

LWAUKEE

STATION LATITUDE
MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON
END OF GROWING SEASON

EVAPORATIVE ZONE DEPTH

AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE

ANNUAL WIND
1ST QUARTER
2ND QUARTER
3RD QUARTER
4TH QUARTER

WISCONSIN

42
= 2

(JULIAN DATE) =

(JULIAN DATE) =
= 20.
SPEED = 9
RELATIVE HUMIDITY = 72.
RELATIVE HUMIDITY = 70.
RELATIVE HUMIDITY = 74.
RELATIVE HUMIDITY = 75.

INCHES
INCHES
INCHES
INCHES/YEAR

.49 DEGREES

.00

120

289
0 INCHES

.00 MPH
00 %

00 %
00 %
00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR

NORMAL MEAN MONTHLY PRECIPITATION

JAN/JUL FEB/AUG MAR/SEP
1.60 1.40 2.15
3.49 4.22 3.40

MILWAUKEE WISCONSIN
(INCHES)
APR/OCT MAY /NOV JUN/DEC
33 34 362
2.42 2.57 2.05

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
WISCONSIN

COEFFICIENTS FOR

NORMAL MEAN MONTHLY TEMPERATURE

MILWAUKEE

(DEGREES FAHRENHETIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
20.30 24.80 34.50 45.10 56.30 66.20
71.50 70.30 62.80 51.30 38.60 26.10
) Zion Landfill — Site 2 North
Bottom Liner Equivalency Model 1 — Proposed Equivalent Composite Liner System
APTIM Page 5 of 10



NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
MILWAUKEE
AND STATION LATITUDE

COEFFICIENTS FOR

WISCONSIN

42.49 DEGREES

R b b b b b b b b b b b b b I I b b b b b b b b b b b b b b b b b b b b b b b b b b b b b (I IR SRS IR IR b b db b Ib b b Ib Ib Ib db b i Ib db db g 4

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS

1 THROUGH

30

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 1.50 .28 2.10 3.62 3.29 3.72
2.94 .05 3.51 2.43 2.47 2.39
STD. DEVIATIONS 0.70 .63 0.89 1.68 1.41 1.76
1.63 .90 1.31 0.95 1.22 1.04
RUNOFF
TOTALS 0.359 .923 1.920 0.734 0.048 0.053
0.009 .110 0.068 0.012 0.062 0.178
STD. DEVIATIONS 0.430 .851 1.264 0.971 0.138 0.158
0.032 .203 0.157 0.032 0.156 0.339
EVAPOTRANSPIRATION
TOTALS 0.474 .391 0.557 2.605 3.442 4.309
3.392 .423 2.349 1.342 0.827 0.458
STD. DEVIATIONS 0.093 .123 0.330 0.948 0.986 1.059
1.371 .445 0.786 0.288 0.175 0.101
LATERAL DRAINAGE COLLECTED FROM LAYER 3
TOTALS 0.1913 0.0027 0.1996 1.3366 1.0177 0.2058
0.0444 0.0706 0.2239 0.2896 0.7873 0.8687
STD. DEVIATIONS 0.3148 0.0110 0.4176 0.9390 0.9066 0.3516
0.1325 0.3417 0.4372 0.4551 0.8051 0.6952
PERCOLATION/LEAKAGE THROUGH LAYER 5
) Zion Landfill — Site 2 North
Bottom Liner Equivalency Model 1 — Proposed Equivalent Composite Liner System
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TOTALS 0.0001 0.0000 0.0001 0.0005 0.0004 0.0001
0.0000 0.0000 0.0001 0.0001 0.0003 0.0004

STD. DEVIATIONS 0.0001 0.0000 0.0002 0.0004 0.0004 0.0001
0.0001 0.0001 0.0002 0.0002 0.0003 0.0003

LATERAL DRAINAGE COLLECTED FROM LAYER 7

TOTALS 0.0001 0.0000 0.0001 0.0005 0.0005 0.0001
0.0000 0.0000 0.0001 0.0001 0.0003 0.0004

STD. DEVIATIONS 0.0002 0.0000 0.0001 0.0003 0.0004 0.0002
0.0001 0.0001 0.0002 0.0002 0.0003 0.0003

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)

AVERAGES 0.0003 0.0000 0.0003 0.0019 0.0014 0.0003
0.0001 0.0001 0.0003 0.0004 0.0011 0.0012

STD. DEVIATIONS 0.0004 0.0000 0.0006 0.0013 0.0013 0.0005
0.0002 0.0005 0.0006 0.0006 0.0011 0.0010

DAILY AVERAGE HEAD ON TOP OF LAYER 8

AVERAGES 0.0001 0.0000 0.0000 0.0002 0.0002 0.0001
0.0000 0.0000 0.0000 0.0001 0.0001 0.0002

STD. DEVIATIONS 0.0001 0.0000 0.0001 0.0001 0.0002 0.0001
0.0000 0.0000 0.0001 0.0001 0.0001 0.0001

ER b b b b b b b b b b b b I P I b b b b b b b b b b b I IR I I b b b b b b b b b b b b b I IR I b b Ib b b b b b Ib Ib b b b Ib Ib db Ib i Ib Sb Ib g 4
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AVERAGE ANNUAL TOTALS &

(STD.

DEVIATIONS) FOR YEARS

1 THROUGH 30

PRECIPITATION
RUNOFF
EVAPOTRANSPIRATION

LATERAL DRAINAGE
COLLECTED FROM LAYER

PERCOLATION/LEAKAGE
THROUGH LAYER 5

AVERAGE HEAD ON TOP
OF LAYER 4

LATERAL DRAINAGE
COLLECTED FROM LAYER

PERCOLATION/LEAKAGE
THROUGH LAYER 9

AVERAGE HEAD ON TOP
OF LAYER 8

CHANGE IN WATER STORAGE

23.569

5.23801

0.00223

0.00223

0.00000

0.038

CU. FEET PERCENT
4.736) 120966.1 100.00
2.0827) 16248.26 13.432
2.9703) 85556.14 70.727
1.99898) 19013.992 15.71844
0.00082) 8.111 0.00671
( 0.000)
0.00084) 8.099 0.00669
0.00000) 0.014 0.00001
( 0.000)
1.4502) 139.61 0.115

Rk b b b b b b b b b b b IR b b b b b b b b b b b b b b b b b b b b b b Ib b b Ib b b Ib b (Ib Ib Ib Ib b Ib Ib Ib Ib Ib Ib Sb Ib Ib Ib Ib Ib Ib Sb Ib Ib \Sb Ib \Sb Sb gb 4

Zion Landfill — Site 2 North

) Bottom Liner Equivalency Model 1 — Proposed Equivalent Composite Liner System
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PEAK DAILY VALUES FOR YEARS

1 THROUGH 30

(INCHES) (CU. FT.)
PRECIPITATION a1 14919.301
RUNOFF 3.046 11057.7012
DRAINAGE COLLECTED FROM LAYER 3 0.54123 1964.68140
PERCOLATION/LEAKAGE THROUGH LAYER 0.000186 0.67495
AVERAGE HEAD ON TOP OF LAYER 4 0.023
MAXIMUM HEAD ON TOP OF LAYER 4 0.038
LOCATION OF MAXIMUM HEAD IN LAYER
(DISTANCE FROM DRAIN) 42.0 FEET
DRAINAGE COLLECTED FROM LAYER 7 0.00009 0.31043
PERCOLATION/LEAKAGE THROUGH LAYER 0.000000 0.00030
AVERAGE HEAD ON TOP OF LAYER 8 0.001
MAXIMUM HEAD ON TOP OF LAYER 8 0.003
LOCATION OF MAXIMUM HEAD IN LAYER
(DISTANCE FROM DRAIN) 0.0 FEET
SNOW WATER 6.20 22496.8086
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4360
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1818
**%  Maximum heads are computed using McEnroe's equations. ***

Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.

Reference:

ORI R b b dh b db b db b JE SR b S S b SR S 2b S S db b e db b Sb b 2b S b S b b 2h b db b i db b 2 db b S Ib b Sb Sb i db b i db S e db b b S i 24

Zion Landfill — Site 2 North
Bottom Liner Equivalency Model 1 — Proposed Equivalent Composite Liner System
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FINAL WATER STORAGE AT END OF YEAR 30

LAYER (INCHES) (VOL/VOL)

1 2,012 0.3352
2 11.0167 0.3672
3 0.0025 0.0125
4 0.0000 0.0000
5 10.2480 0.4270
6 725.3281 0.2920
7 1.5720 0.1310
8 0.0000 0.0000
9 25.6200 0.4270

SNOW WATER 0.442

R IR I R b b dh b dh b b dh b e SR b S Sh b S S I 2h S dh b b dh b  db b 2b Sb b S b b dh b b dh b i dh b 2 db b Sb b 2h Sb b dh b db S b db b b dh g4
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* %

* *

* *

* *

* *

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *x
HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
DEVELOPED BY ENVIRONMENTAL LABORATORY *x

USAE WATERWAYS EXPERIMENT STATION *x

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY *x

R IR R b b db I db b Ib I SR b S S b SR S I db S db b e dh I db b 2b S b S b b 2h I b dh b i 2b b 2 db b S Sb b db Sb b db b i db I e db b S db b 2 4

R IR R b b dh I db b db b SR b S S b JR S db S db b e dh b Sb b 2b I b S S b 2h S db b i 2b b 2 db b S Sb b db Sb b db b i 2b I b db b b S i 2 4

PRECIPITATION DATA FILE: C:\SOURCE\zion\precip3b.D4
TEMPERATURE DATA FILE: C:\SOURCE\zion\temp3b.D7
SOLAR RADIATION DATA FILE: C:\SOURCE\zion\solar3b.D13
EVAPOTRANSPIRATION DATA: C:\source\zion\evap3b.D11
SOIL AND DESIGN DATA FILE: C:\sourcel\zion\BLEQVR.D10
OUTPUT DATA FILE: C:\source\zion\BLEQVR.OQUT
TIME: 15:43 DATE : 3/ 2/2020

R AR I e dh b 2 db b S b b 2h b b dh b b Sh b db b S Sh b 2h Sb b db b dh b 2 db b b dh b b db b dh b b 2h b S dh b b dh b S db b dh Sb b b Sb b 2b b b 4b b 4

TITLE:

ZION LANDFILL - SITE 2 NORTH EXPANSION BOTTOM LINER EQV.

R R I e A b dh db b b b b 2h S b db b b dh b S g b b Sh b dh Sb b dh S dh b 2 db b b Sh b b db b dh b b 2h b 2h b b dh b S db b d Sh b b Sh b 2b b b 4 b i 4

NOTE:

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 8

THICKNESS = 6.00 INCHES
POROSITY = 0.4630 VOL/VOL

FIELD CAPACITY = 0.2320 VOL/VOL
WILTING POINT = 0.1160 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3129 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.369999994000E-03 CM/SEC

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

APTIM

Zion Landfill — Site 2 North
Bottom Liner Equivalency Model 2 — 5-ft Compacted Soil Liner
Page 1 of 10



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 12

THICKNESS = 30.00 INCHES

POROSITY = 0.4710 VOL/VOL

FIELD CAPACITY = 0.3420 VOL/VOL

WILTING POINT = 0.2100 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.3479 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.419999997000E-04 CM/SEC
LAYER 3

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS = 0.20 INCHES
POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0133 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC
SLOPE = 10.00 PERCENT
DRAINAGE LENGTH = 240.0 FEET
LAYER 4
TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 36
THICKNESS = 0.04 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING POINT = 0.0000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.399999993000E-12 CM/SEC
FML PINHOLE DENSITY = 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 10.00 HOLES/ACRE
FML PLACEMENT QUALITY = 4 - POOR
) Zion Landfill — Site 2 North
Bottom Liner Equivalency Model 2 — 5-ft Compacted Soil Liner
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APTIM

TYPE 3 - BARRIER SOIL LINER
MATERTIAL TEXTURE NUMBER 0

THICKNESS = 24.00 INCHES

POROSITY = 0.4270 VOL/VOL

FIELD CAPACITY = 0.4180 VOL/VOL

WILTING POINT = 0.3670 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.4270 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.999999975000E-04
LAYER 6

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18

THICKNESS = 2484.00 INCHES

POROSITY = 0.6710 VOL/VOL
FIELD CAPACITY = 0.2920 VOL/VOL
WILTING POINT = 0.0770 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2920 VOL/VOL

EFFECTIVE SAT. HYD. COND. 0.100000005000E-02

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS = 12.00 INCHES
POROSITY = 0.4570 VOL/VOL
FIELD CAPACITY = 0.1310 VOL/VOL
WILTING POINT = 0.0580 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.1310 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.100000001000
SLOPE = 2.00 PERCENT
DRAINAGE LENGTH = 155.0 FEET

CM/SEC

CM/SEC

CM/SEC

Zion Landfill — Site 2 North
Bottom Liner Equivalency Model 2 — 5-ft Compacted Soil Liner
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TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16

THICKNESS = 60.00 INCHES

POROSITY = 0.4270 VOL/VOL
FIELD CAPACITY = 0.4180 VOL/VOL
WILTING POINT = 0.3670 VOL/VOL

0.4270 VOL/VOL
0.100000001000E-06 CM/SEC

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 8 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF 10.%
AND A SLOPE LENGTH OF 240. FEET.

SCS RUNOFF CURVE NUMBER = 80.40

FRACTION OF AREA ALLOWING RUNOEFF = 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
EVAPORATIVE ZONE DEPTH = 20.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 6.667 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 9.372 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 3.636 INCHES
INITIAL SNOW WATER = 0.000 INCHES

INITIAL WATER IN LAYER MATERIALS 086 INCHES
TOTAL INITIAL WATER 086 INCHES
TOTAL SUBSURFACE INEFLOW = 0.00 INCHES/YEAR

([
~
~ J
(GG

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

MILWAUKEE WISCONSIN
STATION LATITUDE = 42.49 DEGREES
MAXIMUM LEAF AREA INDEX = 2.00
START OF GROWING SEASON (JULIAN DATE) = 120
END OF GROWING SEASON (JULIAN DATE) = 289
) Zion Landfill — Site 2 North
Bottom Liner Equivalency Model 2 — 5-ft Compacted Soil Liner
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EVAPORATIVE ZONE DEPTH = 20.0 INCHES

AVERAGE ANNUAL WIND SPEED = 9.00 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 72.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 70.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 74.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 75.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR MILWAUKEE WISCONSIN

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
1.60 1.40 2.15 3.73 3.44 3.62
3.49 4.22 3.40 2.42 2.57 2.05

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR MILWAUKEE WISCONSIN

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
20.30 24.80 34.50 45.10 56.30 66.20
71.50 70.30 62.80 51.30 38.60 26.10

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR MILWAUKEE WISCONSIN
AND STATION LATITUDE = 42.49 DEGREES

R b b b b b b b b b b IR I b b b b b b b b b b b b b I b b b b b b b b b b b b b b b b I IR SRS I Ib b b I b Ib Ib b b b Ib Ib Ib Ib Ib I Ib S Ib g 4

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

) Zion Landfill — Site 2 North
Bottom Liner Equivalency Model 2 — 5-ft Compacted Soil Liner
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TOTALS 1.50 1.28 2.10 3.62 3.29 3.72
2.94 4.05 3.51 2.43 2.47 2.39

STD. DEVIATIONS 0.70 0.63 0.89 1.68 1.41 1.76
1.63 1.90 1.31 0.95 1.22 1.04

RUNOFF

TOTALS 0.359 0.923 1.920 0.734 0.048 0.053
0.009 0.110 0.068 0.012 0.062 0.178

STD. DEVIATIONS 0.430 0.851 1.264 0.971 0.138 0.158
0.032 0.203 0.157 0.032 0.156 0.339

EVAPOTRANSPIRATION

TOTALS 0.474 0.391 0.557 2.605 3.442 4.309
3.392 3.423 2.349 1.342 0.827 0.458

STD. DEVIATIONS 0.093 0.123 0.330 0.948 0.986 1.059
1.371 1.445 0.786 0.288 0.175 0.101

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS 0.1913 0.0027 0.1996 1.3366 1.0177 0.2058
0.0444 0.0706 0.2239 0.2896 0.7873 0.8687

STD. DEVIATIONS 0.3148 0.0110 0.4176 0.9390 0.9066 0.3516
0.1325 0.3417 0.4372 0.4551 0.8051 0.6952

TOTALS 0.0001 0.0000 0.0001 0.0005 0.0004 0.0001
0.0000 0.0000 0.0001 0.0001 0.0003 0.0004

STD. DEVIATIONS 0.0001 0.0000 0.0002 0.0004 0.0004 0.0001
0.0001 0.0001 0.0002 0.0002 0.0003 0.0003

LATERAL DRAINAGE COLLECTED FROM LAYER 7

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

TOTALS 0.0001 0.0000 0.0001 0.0005 0.0004 0.0001
0.0000 0.0000 0.0001 0.0001 0.0003 0.0004
) Zion Landfill — Site 2 North
Bottom Liner Equivalency Model 2 — 5-ft Compacted Soil Liner
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STD. DEVIATIONS 0.0001 0.0000 0.0002 0.0004 0.0004 0.0001
0.0001 0.0001 0.0002 0.0002 0.0003 0.0003

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)

AVERAGES 0.0003 0.0000 0.0003 0.0018 0.0014 0.0003
0.0001 0.0001 0.0003 0.0004 0.0011 0.0012

STD. DEVIATIONS 0.0004 0.0000 0.0006 0.0013 0.0013 0.0005
0.0002 0.0005 0.0006 0.0006 0.0011 0.0010

DAILY AVERAGE HEAD ON TOP OF LAYER 8

AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

o
o
(@]
o
(@]
(@]
(@]
o
(@]
o
o

.0000 0.0000 0.0000
.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000
0.0000

o
o
(@]
o
(@]
(@]
(@]
o
(@]
o
o
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 30
S £§Eﬁ£§ _____________ éGTHEEEE ________ éggg;;&;_
PRECTPTTATTON 3332 ( 4.736)  120966.1  100.00
RUNOFF 4.476 ( 2.0827) 16248.26 13.432
EVAPOTRANSPIRATION 23.569 ( 2.9703) 85556.14 70.727
LATERAL DRAINAGE 5.23801 ( 1.99898) 19013.992 15.71844

COLLECTED FROM LAYER 3

PERCOLATION/LEAKAGE 0.00223 ( 0.00082) 8.111 0.00671
THROUGH LAYER 5

AVERAGE HEAD ON TOP 0.001 ( 0.000)
OF LAYER 4

) Zion Landfill — Site 2 North
Bottom Liner Equivalency Model 2 — 5-ft Compacted Soil Liner
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LATERAL DRAINAGE
COLLECTED FROM LAYER

PERCOLATION/LEAKAGE
THROUGH LAYER

AVERAGE HEAD ON TOP
OF LAYER

CHANGE IN WATER STORAGE

0.00000 ( 0.00000) 0.005 0.00000

0.00223 ( 0.00081) 8.106 0.00670

0.000 ( 0.000)

0.038 ( 1.4502) 139.61 0.115

KKK A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A Ak vk, k* %%k
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PEAK DAILY VALUES FOR YEARS

1 THROUGH 30

0.67289

* kK%

(INCHES) (CU. FT.)
PRECTPITATION a1 14919.301
RUNOFF 3.046 11057.7012
DRAINAGE COLLECTED FROM LAYER 3 0.54123 1964.68140
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000186 0.67495
AVERAGE HEAD ON TOP OF LAYER 4 0.023
MAXIMUM HEAD ON TOP OF LAYER 4 0.038
LOCATION OF MAXIMUM HEAD IN LAYER
(DISTANCE FROM DRAIN) 42.0 FEET
DRAINAGE COLLECTED FROM LAYER 7 0.00000 0.00206
PERCOLATION/LEAKAGE THROUGH LAYER 0.000185
AVERAGE HEAD ON TOP OF LAYER 8 0.000
MAXIMUM HEAD ON TOP OF LAYER 8 0.000
LOCATION OF MAXIMUM HEAD IN LAYER
(DISTANCE FROM DRAIN) 0.0 FEET
SNOW WATER 6.20 22496.8086
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4360
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1818
Maximum heads are computed using McEnroe's equations. ***

Reference:

Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe,

University of Kansas

ASCE Journal of Environmental Engineering

Vol. 119, No. 2,

March 1993, pp. 262-270.

KRR AR A A A A A A A A A A A A A A A A AR A A A A A A A A I A A A AR A A A A AR A A AR A A AR A A A A hA A A A Ak x kK
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FINAL WATER STORAGE AT END OF YEAR 30

LAYER (INCHES) (VOL/VOL)
1 20112 03352
2 11.0167 0.3672
3 0.0025 0.0125
4 0.0000 0.0000
5 10.2480 0.4270
6 725.3281 0.2920
7 1.5720 0.1310
8 25.6200 0.4270
SNOW WATER 0.442

KA A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR A A AR AR AR AR KK
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Client: Zion Landfill, Inc.
) Project: Zion Landfill — Site 2 North Expansion
A P T | M Project#: 631020105
1 Calculated By: SJW Date: 05/2022
Checked By: DAM Date: 05/2022
TITLE: FINAL COVER SYSTEM DESIGN EQUIVALENCY

Problem Statement

Demonstrate that the proposed low permeability layer of the proposed final cover design (40-mil
LLDPE geomembrane plus 2 ft of compacted soil) will perform as well as or better as a 3-ft low
permeability compacted soil layer with a permeability of 1 x 107 cm/sec, meeting the requirements of
35 lll. Admin. Code Section 811.314 (b)(3)(A)(iii). The equivalent performance shall be evaluated at
maximum annual leachate flow conditions pursuant to 35 Illl. Admin. Code Section 811.314.

Given

O Calculation in Appendix K.6 Hydrologic Evaluation of Landfill Performance (HELP) Model
Analysis

O Specific HELP model design parameters in Appendix K.6 Hydrologic Evaluation of Landfill
Performance (HELP) Model Analysis

O Design specifications for the proposed final cover system.

O The HELP Model User's Guide for Version 3 (1994), Table 4 — Default Soil, Waste,
Geosynthetic Characteristics, and Section 4.6.3 — Layer Types

Assumptions

Since groundwater seepage into the bottom liner removes all outward gradient from the bottom liner
in the HELP model by default, groundwater seepage has been removed from this equivalency
demonstration to allow comparison of the percolation/leakage through the bottom liner.

Model 1: Proposed equivalent composite low-permeability layer of the final cover system
1. Minimum protective cover thickness = 2 ft plus 40-mil LLDPE geomembrane.

2. Maximum hydraulic conductivity of low permeability layer = 1 x 10 cm/sec.
3. LLDPE geomembrane liner thickness = 40 mil = 0.04 in = 0.003 ft
4

The 40 mil LLDPE geomembrane liner is overlain by a geocomposite drainage layer and three
feet of protective/vegetative soils

5. Saturated LLDPE hydraulic conductivity = 4.0 x 10™*® cm/sec = 1.31 x 107" ft/sec

Model 2: 3 ft. low permeability layer
1. Minimum layer thickness = 3-ft of compacted low permeability cohesive soil.

2. Maximum hydraulic conductivity of layer = 1 x 10”7 cm/sec = 3.3 x 10° ft/sec

3. The 3-foot low permeability layer will be overlain by a geocomposite drainage layer and three
feet of protective/vegetative soils.
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TITLE: FINAL COVER SYSTEM DESIGN EQUIVALENCY

HELP Model Scenario Results

Each of the two models below are identical with the exception of the final cover system component.
Model 2 within this appendix represents the 3-ft compacted soil low-permeability layer as defined by
35 Ill. Admin. Code 811.314 (b)(3)(A). Model 1 represents the proposed equivalent composite liner
design which utilizes a 2-ft low permeability cohesive soil layer followed by a 40-mil LLDPE
geomembrane liner and a geocomposite drainage layer.

Appendix K.11 — Model 1: Proposed equivalent final cover design

The peak daily leachate percolation/leakage through the bottom of the landfill using the proposed
equivalent final cover design is 0.00030 ft®/day during the post-closure period assuming steady-state
conditions.

Appendix K.11: Model 2: 3-ft compacted soil low-permeability layer as defined by 35 lll. Admin.
Code 811.314 (b)(3)(A)

The peak daily leachate percolation/leakage through the bottom of the landfill using the 3-ft.
compacted soil low-permeability layer design is 0.00765 ft®/day during the post-closure period
assuming steady-state conditions.

Conclusion

According to the HELP Model results, the proposed equivalent composite liner design performance
is superior to the design defined by 35 Ill. Admin. Code 811.314(b)(3)(A), based on the precipitation
allowed to pass through the final cover.
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* %

* *

* *

* *

* *

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *x
HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
DEVELOPED BY ENVIRONMENTAL LABORATORY *x

USAE WATERWAYS EXPERIMENT STATION *x

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY *x

R IR R b b db I db b Ib I SR b S S b SR S I db S db b e dh I db b 2b S b S b b 2h I b dh b i 2b b 2 db b S Sb b db Sb b db b i db I e db b S db b 2 4
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PRECIPITATION DATA FILE: C:\SOURCE\zion\precip3b.D4
TEMPERATURE DATA FILE: C:\SOURCE\zion\temp3b.D7
SOLAR RADIATION DATA FILE: C:\SOURCE\zion\solar3b.D13
EVAPOTRANSPIRATION DATA: C:\source\zion\evap3b.D11
SOIL AND DESIGN DATA FILE: C:\sourcel\zion\PCWOGS.D10
OUTPUT DATA FILE: C:\source\zion\PCWOGS.OUT
TIME: 15:38 DATE : 3/ 2/2020

R AR I e dh b 2 db b S b b 2h b b dh b b Sh b db b S Sh b 2h Sb b db b dh b 2 db b b dh b b db b dh b b 2h b S dh b b dh b S db b dh Sb b b Sb b 2b b b 4b b 4

TITLE: POST CLOSURE YEARS 1-30 WITHOUT GROUNDWATER SEEPAGE
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NOTE:

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 8

THICKNESS = 6.00 INCHES
POROSITY = 0.4630 VOL/VOL

FIELD CAPACITY = 0.2320 VOL/VOL
WILTING POINT = 0.1160 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3129 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.369999994000E-03 CM/SEC

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

APTIM

Zion Landfill — Site 2 North
Final Cover Equivalency Model 1 — Proposed Equivalent Composite Final Cover System
Page 1 of 10



APTIM

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 12

THICKNESS = 30.00 INCHES
POROSITY = 0.4710 VOL/VOL
FIELD CAPACITY = 0.3420 VOL/VOL
WILTING POINT = 0.2100 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3479 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.419999997000E-04 CM/SEC
LAYER 3
TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20
THICKNESS = 0.20 INCHES
POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0133 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC
SLOPE = 10.00 PERCENT
DRAINAGE LENGTH = 240.0 FEET
LAYER 4
TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 36
THICKNESS = 0.04 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING POINT = 0.0000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.399999993000E-12 CM/SEC
FML PINHOLE DENSITY = 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 10.00 HOLES/ACRE
FML PLACEMENT QUALITY = 4 - POOR

Zion Landfill — Site 2 North
Final Cover Equivalency Model 1 — Proposed Equivalent Composite Final Cover System
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TYPE 3 - BARRIER SOIL LINER
MATERTIAL TEXTURE NUMBER 0

THICKNESS = 24.00 INCHES

POROSITY = 0.4270 VOL/VOL

FIELD CAPACITY = 0.4180 VOL/VOL

WILTING POINT = 0.3670 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.4270 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.999999975000E-04 CM/SEC
LAYER 6

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18

THICKNESS = 2484.00 INCHES

POROSITY = 0.6710 VOL/VOL
FIELD CAPACITY = 0.2920 VOL/VOL
WILTING POINT = 0.0770 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2920 VOL/VOL

EFFECTIVE SAT. HYD. COND. 0.100000005000E-02 CM/SEC

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS = 12.00 INCHES
POROSITY = 0.4570 VOL/VOL
FIELD CAPACITY = 0.1310 VOL/VOL
WILTING POINT = 0.0580 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.1310 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC
SLOPE = 2.00 PERCENT
DRAINAGE LENGTH = 155.0 FEET
) Zion Landfill — Site 2 North
Final Cover Equivalency Model 1 — Proposed Equivalent Composite Final Cover System
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TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS =
POROSITY =
FIELD CAPACITY

WILTING POINT =
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND. =
FML PINHOLE DENSITY =
FML INSTALLATION DEFECTS =
FML PLACEMENT QUALITY =

4 -

0.06

0.0000
0.0000
0.0000
0.0000

1.00
10.00
POOR

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16

THICKNESS =
POROSITY =
FIELD CAPACITY =
WILTING POINT =
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

60.00
0.4270
0.4180
0.3670
0.4270

INCHES
VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL
0.199999996000E-12 CM/SEC
HOLES/ACRE
HOLES/ACRE

INCHES
VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL
0.100000001000E-06 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 8 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF 10.%

AND A SLOPE LENGTH OF 240. FEET.

SCS RUNOFF CURVE NUMBER 80.40
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE 1.000 ACRES
EVAPORATIVE ZONE DEPTH = 20.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 6.667 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 9.372 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 3.636 INCHES

) Zion Landfill — Site 2 North

Final Cover Equivalency Model 1 — Proposed Equivalent Composite Final Cover System

APTIM
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INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

MI

= 0.000
= 775.086
775.086

EVAPOTRANSPIRATION AND WEATHER DATA

LWAUKEE

STATION LATITUDE
MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON
END OF GROWING SEASON

EVAPORATIVE ZONE DEPTH

AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE

ANNUAL WIND
1ST QUARTER
2ND QUARTER
3RD QUARTER
4TH QUARTER

WISCONSIN

42
= 2

(JULIAN DATE) =

(JULIAN DATE) =
= 20.
SPEED = 9
RELATIVE HUMIDITY = 72.
RELATIVE HUMIDITY = 70.
RELATIVE HUMIDITY = 74.
RELATIVE HUMIDITY = 75.

INCHES
INCHES
INCHES
INCHES/YEAR

.49 DEGREES

.00

120

289
0 INCHES

.00 MPH
00 %

00 %
00 %
00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR

NORMAL MEAN MONTHLY PRECIPITATION

JAN/JUL FEB/AUG MAR/SEP
1.60 1.40 2.15
3.49 4.22 3.40

MILWAUKEE WISCONSIN
(INCHES)
APR/OCT MAY /NOV JUN/DEC
33 34 362
2.42 2.57 2.05

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
WISCONSIN

COEFFICIENTS FOR

NORMAL MEAN MONTHLY TEMPERATURE

MILWAUKEE

(DEGREES FAHRENHETIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
20.30 24.80 34.50 45.10 56.30 66.20
71.50 70.30 62.80 51.30 38.60 26.10
) Zion Landfill — Site 2 North
Final Cover Equivalency Model 1 — Proposed Equivalent Composite Final Cover System
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NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
MILWAUKEE
AND STATION LATITUDE

COEFFICIENTS FOR

WISCONSIN

42.49 DEGREES

R b b b b b b b b b b b b b I I b b b b b b b b b b b b b b b b b b b b b b b b b b b b b (I IR SRS IR IR b b db b Ib b b Ib Ib Ib db b i Ib db db g 4

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS

1 THROUGH

30

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 1.50 .28 2.10 3.62 3.29 3.72
2.94 .05 3.51 2.43 2.47 2.39
STD. DEVIATIONS 0.70 .63 0.89 1.68 1.41 1.76
1.63 .90 1.31 0.95 1.22 1.04
RUNOFF
TOTALS 0.359 .923 1.920 0.734 0.048 0.053
0.009 .110 0.068 0.012 0.062 0.178
STD. DEVIATIONS 0.430 .851 1.2064 0.971 0.138 0.158
0.032 .203 0.157 0.032 0.156 0.339
EVAPOTRANSPIRATION
TOTALS 0.474 .391 0.557 2.605 3.442 4.309
3.392 .423 2.349 1.342 0.827 0.458
STD. DEVIATIONS 0.093 .123 0.330 0.948 0.986 1.059
1.371 .445 0.786 0.288 0.175 0.101
LATERAL DRAINAGE COLLECTED FROM LAYER 3
TOTALS 0.1913 0.0027 0.1996 1.3366 1.0177 0.2058
0.0444 0.0706 0.2239 0.2896 0.7873 0.8687
STD. DEVIATIONS 0.3148 0.0110 0.4176 0.9390 0.9066 0.3516
0.1325 0.3417 0.4372 0.4551 0.8051 0.6952
PERCOLATION/LEAKAGE THROUGH LAYER 5
) Zion Landfill — Site 2 North
Final Cover Equivalency Model 1 — Proposed Equivalent Composite Final Cover System
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TOTALS 0.0001 0.0000 0.0001 0.0005 0.0004 0.0001
0.0000 0.0000 0.0001 0.0001 0.0003 0.0004

STD. DEVIATIONS 0.0001 0.0000 0.0002 0.0004 0.0004 0.0001
0.0001 0.0001 0.0002 0.0002 0.0003 0.0003

LATERAL DRAINAGE COLLECTED FROM LAYER 7

TOTALS 0.0001 0.0000 0.0001 0.0005 0.0005 0.0001
0.0000 0.0000 0.0001 0.0001 0.0003 0.0004

STD. DEVIATIONS 0.0002 0.0000 0.0001 0.0003 0.0004 0.0002
0.0001 0.0001 0.0002 0.0002 0.0003 0.0003

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)

AVERAGES 0.0003 0.0000 0.0003 0.0019 0.0014 0.0003
0.0001 0.0001 0.0003 0.0004 0.0011 0.0012

STD. DEVIATIONS 0.0004 0.0000 0.0006 0.0013 0.0013 0.0005
0.0002 0.0005 0.0006 0.0006 0.0011 0.0010

DAILY AVERAGE HEAD ON TOP OF LAYER 8

AVERAGES 0.0001 0.0000 0.0000 0.0002 0.0002 0.0001
0.0000 0.0000 0.0000 0.0001 0.0001 0.0002

STD. DEVIATIONS 0.0001 0.0000 0.0001 0.0001 0.0002 0.0001
0.0000 0.0000 0.0001 0.0001 0.0001 0.0001

ER b b b b b b b b b b b b I P I b b b b b b b b b b b I IR I I b b b b b b b b b b b b b I IR I b b Ib b b b b b Ib Ib b b b Ib Ib db Ib i Ib Sb Ib g 4
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Final Cover Equivalency Model 1 — Proposed Equivalent Composite Final Cover System
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AVERAGE ANNUAL TOTALS &

(STD.

DEVIATIONS) FOR YEARS

1 THROUGH 30

PRECIPITATION
RUNOFF
EVAPOTRANSPIRATION

LATERAL DRAINAGE
COLLECTED FROM LAYER

PERCOLATION/LEAKAGE
THROUGH LAYER 5

AVERAGE HEAD ON TOP
OF LAYER 4

LATERAL DRAINAGE
COLLECTED FROM LAYER

PERCOLATION/LEAKAGE
THROUGH LAYER 9

AVERAGE HEAD ON TOP
OF LAYER 8

CHANGE IN WATER STORAGE

23.569

5.23801

0.00223

0.00223

0.00000

0.038

CU. FEET PERCENT
4.736) 120966.1 100.00
2.0827) 16248.26 13.432
2.9703) 85556.14 70.727
1.99898) 19013.992 15.71844
0.00082) 8.111 0.00671
( 0.000)
0.00084) 8.099 0.00669
0.00000) 0.014 0.00001
( 0.000)
1.4502) 139.61 0.115
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Zion Landfill — Site 2 North

) Final Cover Equivalency Model 1 — Proposed Equivalent Composite Final Cover System
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PEAK DAILY VALUES FOR YEARS

1 THROUGH 30

(INCHES) (CU. FT.)
PRECIPITATION a1 14919.301
RUNOFF 3.046 11057.7012
DRAINAGE COLLECTED FROM LAYER 3 0.54123 1964.68140
PERCOLATION/LEAKAGE THROUGH LAYER 0.000186 0.67495
AVERAGE HEAD ON TOP OF LAYER 4 0.023
MAXIMUM HEAD ON TOP OF LAYER 4 0.038
LOCATION OF MAXIMUM HEAD IN LAYER
(DISTANCE FROM DRAIN) 42.0 FEET
DRAINAGE COLLECTED FROM LAYER 7 0.00009 0.31043
PERCOLATION/LEAKAGE THROUGH LAYER 0.000000 0.00030
AVERAGE HEAD ON TOP OF LAYER 8 0.001
MAXIMUM HEAD ON TOP OF LAYER 8 0.003
LOCATION OF MAXIMUM HEAD IN LAYER
(DISTANCE FROM DRAIN) 0.0 FEET
SNOW WATER 6.20 22496.8086
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4360
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1818
**%  Maximum heads are computed using McEnroe's equations. ***

Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.

Reference:
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FINAL WATER STORAGE AT END OF YEAR 30

LAYER (INCHES) (VOL/VOL)

1 2,012 0.3352
2 11.0167 0.3672
3 0.0025 0.0125
4 0.0000 0.0000
5 10.2480 0.4270
6 725.3281 0.2920
7 1.5720 0.1310
8 0.0000 0.0000
9 25.6200 0.4270

SNOW WATER 0.442

R IR I R b b dh b dh b b dh b e SR b S Sh b S S I 2h S dh b b dh b  db b 2b Sb b S b b dh b b dh b i dh b 2 db b Sb b 2h Sb b dh b db S b db b b dh g4
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*x HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *x
**x HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
**x DEVELOPED BY ENVIRONMENTAL LABORATORY *x
**x USAE WATERWAYS EXPERIMENT STATION *x
*x FOR USEPA RISK REDUCTION ENGINEERING LABORATORY *x

R IR R b b db I db b Ib I SR b S S b SR S I db S db b e dh I db b 2b S b S b b 2h I b dh b i 2b b 2 db b S Sb b db Sb b db b i db I e db b S db b 2 4
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PRECIPITATION DATA FILE: C:\SOURCE\zion\precip3b.D4
TEMPERATURE DATA FILE: C:\SOURCE\zion\temp3b.D7
SOLAR RADIATION DATA FILE: C:\SOURCE\zion\solar3b.D13
EVAPOTRANSPIRATION DATA: C:\source\zion\evap3b.D11
SOIL AND DESIGN DATA FILE: C:\sourcelzion\fceqvr.D10
OUTPUT DATA FILE: C:\source\zion\fceqvr.OUT
TIME: 15:30 DATE: 3/ 2/2020
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TITLE: ZION LANDFILL - SITE 2 NORTH EXPANSION PC YEARS 1-30
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NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 8

THICKNESS = 6.00 INCHES
POROSITY = 0.4630 VOL/VOL

FIELD CAPACITY = 0.2320 VOL/VOL
WILTING POINT = 0.1160 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3129 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.369999994000E-03 CM/SEC

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 3.00
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

) Zion Landfill — Site 2 North
Final Cover Equivalency Model 2 — 3-ft Low Permeability Layer
APTIM Page 1 of 10
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TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 12

THICKNESS = 30.00 INCHES

POROSITY = 0.4710 VOL/VOL

FIELD CAPACITY = 0.3420 VOL/VOL

WILTING POINT = 0.2100 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.3479 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.419999997000E-04
LAYER 3

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20
THICKNESS = 0.20 INCHES
POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY 0.0100 VOL/VOL
WILTING POINT 0.0050 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.0127 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 10.0000000000
SLOPE = 10.00 PERCENT
DRAINAGE LENGTH = 240.0 FEET
LAYER 4

TYPE 3 - BARRIER SOIL LINER

MATERIAL TEXTURE NUMBER 16
THICKNESS = 36.00 INCHES
POROSITY = 0.4270 VOL/VOL
FIELD CAPACITY = 0.4180 VOL/VOL
WILTING POINT = 0.3670 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.4270 VOL/VOL

0.100000001000E-06

EFFECTIVE SAT. HYD. COND.

CM/SEC

CM/SEC

CM/SEC

Zion Landfill — Site 2 North
Final Cover Equivalency Model 2 — 3-ft Low Permeability Layer

Page 2 of 10



APTIM

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 18

THICKNESS = 2484 .00 INCHES
POROSITY = 0.6710 VOL/VOL
FIELD CAPACITY = 0.2920 VOL/VOL
WILTING POINT = 0.0770 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2920 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.100000005000E-02 CM/SEC
LAYER 6
TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0
THICKNESS = 12.00 INCHES
POROSITY = 0.4570 VOL/VOL
FIELD CAPACITY = 0.1310 VOL/VOL
WILTING POINT = 0.0580 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.1323 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC
SLOPE = 2.00 PERCENT
DRAINAGE LENGTH = 155.0 FEET
LAYER 7
TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
THICKNESS = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING POINT = 0.0000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
FML PINHOLE DENSITY = 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 10.00 HOLES/ACRE
FML PLACEMENT QUALITY = 4 - POOR

Zion Landfill — Site 2 North
Final Cover Equivalency Model 2 — 3-ft Low Permeability Layer
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APTIM

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16
60.00 INCHES

0.4270 VOL/VOL

0.4180 VOL/VOL

0.3670 VOL/VOL

0.4270 VOL/VOL
0.100000001000E-06 CM/SEC

THICKNESS =
POROSITY =
FIELD CAPACITY =
WILTING POINT =
INITIAL SOIL WATER CONTENT

EFFECTIVE SAT. HYD. COND. =

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 8 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF 10.%

AND A SLOPE LENGTH OF 2

SCS RUNOFF CURVE NUMBER

FRACTION OF AREA ALLOWING RUNOEFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INEFLOW

40.

FEET.

80.40
100.0
1.000
20.0
6.667
9.372
3.636
0.000
780.225
780.225
0.00

EVAPOTRANSPIRATION AND WEATHER DATA

PERCENT
ACRES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
MILWAUKEE WISCONSIN

STATION LATITUDE
MAXIMUM LEAF AREA INDEX

START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)

EVAPORATIVE ZONE DEPTH

4

2

2.49 DEGREES
2.00

120

289

0.0 INCHES

Zion Landfill — Site 2 North
Final Cover Equivalency Model 2 — 3-ft Low Permeability Layer
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AVERAGE ANNUAL WIND SPEED = 9.00 MPH

M
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 72.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 70.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 74.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 75.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR MILWAUKEE WISCONSIN

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
1.60 1.40 2.15 3.73 3.44 3.62
3.49 4.22 3.40 2.42 2.57 2.05

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR MILWAUKEE WISCONSIN

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
20.30 24.80 34.50 45.10 56.30 66.20
71.50 70.30 62.80 51.30 38.60 26.10

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR MILWAUKEE WISCONSIN
AND STATION LATITUDE = 42.49 DEGREES

ER b b b b b b b b b b I IR I b b b b b b b b b I IR b b b b b b b b b b b b b b b b b b (I IR SR SR b I b b b Ib Ib Sb Ib Ib b b b Ib Sb Ib Ib i Ib Sb Ib g 4

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

TOTALS 1.50 1.28 2.10 3.62 3.29 3.72

) Zion Landfill — Site 2 North

Final Cover Equivalency Model 2 — 3-ft Low Permeability Layer
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STD. DEVIATIONS 0.70 0.63 0.89 1.68 1.41 1.76
1.63 1.90 1.31 0.95 1.22 1.04

RUNOF'F

TOTALS 0.359 0.923 1.920 0.734 0.048 0.053
0.009 0.110 0.068 0.012 0.062 0.178

STD. DEVIATIONS 0.430 0.851 1.264 0.971 0.138 0.158
0.032 0.203 0.157 0.032 0.156 0.339

EVAPOTRANSPIRATION

TOTALS 0.474 0.391 0.557 2.605 3.442 4.309
3.392 3.423 2.349 1.342 0.827 0.458

STD. DEVIATIONS 0.093 0.123 0.330 0.948 0.986 1.059
1.371 1.445 0.786 0.288 0.175 0.101

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS 0.1609 0.0018 0.1925 1.2710 0.9388 0.1746
0.0350 0.0677 0.2029 0.2605 0.7337 0.7954

STD. DEVIATIONS 0.2839 0.0076 0.4030 0.9270 0.8869 0.3291
0.1108 0.3342 0.4075 0.4215 0.7775 0.6724

PERCOLATION/LEAKAGE THROUGH LAYER 4

TOTALS 0.0304 0.0008 0.0072 0.0662 0.0793 0.0312
0.0094 0.0030 0.0211 0.0292 0.0540 0.0736

STD. DEVIATIONS 0.0339 0.0033 0.0155 0.0324 0.0316 0.0310
0.0225 0.0083 0.0334 0.0379 0.0391 0.0351

LATERAL DRAINAGE COLLECTED FROM LAYER 6

TOTALS 0.0396 0.0024 0.0044 0.0569 0.0821 0.0379
0.0111 0.0023 0.0186 0.0285 0.0489 0.0723

STD. DEVIATIONS 0.0346 0.0071 0.0105 0.0328 0.0258 0.0316
0.0232 .0378 0.0383 0.0336

o
)
o
o1
©
o
o
W
'_\
e
o

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

) Zion Landfill — Site 2 North
Final Cover Equivalency Model 2 — 3-ft Low Permeability Layer
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STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)

AVERAGES 0.0002 0.0000 0.0003 0.0018 0.0013 0.0002
0.0000 0.0001 0.0003 0.0004 0.0010 0.0011

STD. DEVIATIONS 0.0004 0.0000 0.0006 0.0013 0.0012 0.0005
0.0002 0.0005 0.0006 0.0006 0.0011 0.0009

AVERAGES 0.0175 0.0011 0.0019 0.0259 0.0362 0.0173
0.0049 0.0010 0.0085 0.0126 0.0223 0.0319

STD. DEVIATIONS 0.0153 0.0034 0.0046 0.0150 0.0114 0.0144
0.0102 0.0026 0.0142 0.0167 0.0175 0.0148

R IR I R b b dh b dh b Sh b Sh b S Sh b S b b dh S S b b b dh I d db b 2b Sb b S Sh b dh ab b dh b dh b 2 db b S Sh b 2b Sb b db b db S b db b b dh b b4
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 30
S £§E¥£§ _____________ (;;iE&%&‘ ________ é&i&%&g_
PRECTPITATION ©33.32 ( 4.736)  120966.1  100.00
RUNOFF 4.476 ( 2.0827) 16248.26 13.432
EVAPOTRANSPIRATION 23.569 ( 2.9703) 85556.14 70.727
LATERAL DRAINAGE 4.83498 ( 1.90797) 17550.965 14.50899

COLLECTED FROM LAYER 3

PERCOLATION/LEAKAGE 0.40527 ( 0.12273) 1471.141 1.21616
THROUGH LAYER 4

AVERAGE HEAD ON TOP 0.001 ( 0.000)
OF LAYER 4

LATERAL DRAINAGE 0.40502 ( 0.12498) 1470.223 1.21540

) Zion Landfill — Site 2 North
Final Cover Equivalency Model 2 — 3-ft Low Permeability Layer
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COLLECTED FROM LAYER 6

PERCOLATION/LEAKAGE 0.00026 ( 0.00008) 0.937 0.00077
THROUGH LAYER 8

AVERAGE HEAD ON TOP 0.015 ( 0.005)
OF LAYER 7

CHANGE IN WATER STORAGE 0.038 (1.4499) 139.60 0.115

R b b b b b b b b b b b b b I I b b b b b b b b b b b b b b b b b b b b b b b b b b b b b (I IR SRS IR IR b b db b Ib b b Ib Ib Ib db b i Ib db db g 4
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Final Cover Equivalency Model 2 — 3-ft Low Permeability Layer
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PEAK DAILY VALUES FOR YEARS

1 THROUGH 30

0.00765

* kK%

(INCHES) (CU. FT.)
PRECTPITATION a1 14919.301
RUNOFF 3.046 11057.7012
DRAINAGE COLLECTED FROM LAYER 3 0.53802 1953.01245
PERCOLATION/LEAKAGE THROUGH LAYER 0.003404 12.35541
AVERAGE HEAD ON TOP OF LAYER 4 0.023
MAXIMUM HEAD ON TOP OF LAYER 4 0.039
LOCATION OF MAXIMUM HEAD IN LAYER
(DISTANCE FROM DRAIN) 36.2 FEET
DRAINAGE COLLECTED FROM LAYER 6 0.00340 12.33990
PERCOLATION/LEAKAGE THROUGH LAYER 0.000002
AVERAGE HEAD ON TOP OF LAYER 7 0.046
MAXIMUM HEAD ON TOP OF LAYER 7 0.092
LOCATION OF MAXIMUM HEAD IN LAYER
(DISTANCE FROM DRAIN) 1.7 FEET
SNOW WATER 6.20 22496.8086
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4360
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1818
Maximum heads are computed using McEnroe's equations. ***

Reference:

Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe,

University of Kansas

ASCE Journal of Environmental Engineering

Vol. 119, No. 2,

March 1993, pp. 262-270.

KRR A AR A A A A A A A A A A A A A A AR A A A A A A A A A A A A AR A A A A AR A A A A AR A A AR AR A A A A A A Ak Kk K
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FINAL WATER STORAGE AT END OF YEAR 30

LAYER (INCHES) (VOL/VOL)
1 2.0112 0.3352
2 11.0167 0.3672
3 0.0024 0.0119
4 15.3720 0.4270
5 725.3281 0.2920
6 1.5870 0.1322
7 0.0000 0.0000
8 25.6200 0.4270
SNOW WATER 0.442

R IR R b i dh b b dh b I 2h b SR b S S b dh b b dh S dh b b dh S db b db Sh b S b b dh b b dh b i dh b 2 db b S Sh b 2b Sb b db b i 2h S b db b b S b b4
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Final Cover Equivalency Model 2 — 3-ft Low Permeability Layer
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	Appendix K.2.pdf
	K.2 Loads on the Leachate Collection System.pdf
	 Assumed embankment conditions over a positive projecting pipe because the pipe is located in a wide trench and the top of the pipe is near the surface of the compacted soil layer. Therefore, Marston’s formula can be simplified to include the height ...
	 The maximum waste thickness in the horizontal expansion area is 196 feet. The maximum waste thickness in the vertical expansion area is 207 feet.  Due to the similarity in waste thickness, all calculations conservatively assume that a 207-ft waste c...
	 Assume waste density is 75 pcf, from Geotechnical Analysis Report, Appendix J.
	 Cohesive soil density for final cover soils is 130.3 pcf, from Geotechnical Analysis Report, Appendix J.
	 Assume density of granular material used in leachate collection trench is 130 pcf, from Geotechnical Analysis Report, Appendix J.
	 Five (5) feet of waste is placed on top of the leachate collection system pipe (minimum waste thickness prior to use of landfill compactor).
	 A landfill compactor will be the heaviest piece of equipment that will pass over a leachate pipe during placement of the initial lift of waste.
	 Concentrated Load (P) = Total weight of CAT 836H compactor divided by 2 axles = 118,348 lb. divided by 2 = 59,174 lb. (Caterpillar 836H, Landfill Compactor Specifications).
	 Impact Factor (F) = 1.0 (recommended per ASCE No. 60 for H > 3 ft., Table 9-4, Pg. 272)
	 Effective length of pipe (L) = 3 ft. (recommended per ASCE No. 60 for pipe lengths > 3 ft.)
	 Height of fill above top of pipe (H) = 1 ft. of drainage layer + 5 ft. of waste (1/2 lift) = 6 ft.
	 Load coefficient (Cs) obtained from ASCE No. 60, Table 9-3, based on the following ratios:

	Obtained from Table 9-3
	Calculated Values
	Expansion Variables
	Pipe to be Analyzed
	Height of fill above the top of pipe
	Outer Diameter of pipe
	Load Coefficient
	Distributed Load ratio
	Concentrated Load ratio
	Effective length of pipe
	Cs
	6-inch pipe
	0.55
	6.0
	3
	0.046
	0.25
	0.053

	L/2H
	Bc/2H
	L (ft.)
	H (ft.)
	Bc (ft.)
	Maximum Load on 6-inch Leachate Collection Pipe 
	t x γsat (psf)
	Density, γsat (pcf)
	Thickness, t (ft)
	Layer
	Maximum Load on Leachate Collection Pipe – Half of Initial Lift of Waste
	t x γsat (psf)
	Density, γsat (pcf)
	Thickness, t (ft)
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	 Assume embankment conditions over a positive projecting pipe because the pipe is located in a wide trench and the top of the pipe is above the surface of the compacted soil layer. Therefore, Marston’s formula can be simplified to include the height ...
	 The maximum waste thickness in the horizontal expansion area is 196 feet. The maximum waste thickness in the vertical expansion area is 207 feet.  Due to the similarity in waste thickness, all calculations conservatively assume that a 207-ft waste c...
	 Assume waste density is 75 pcf, from Geotechnical Analysis Report, Appendix J.
	 Cohesive soil density for final cover soils is 130.3 pcf, from Geotechnical Analysis Report, Appendix J.
	 Assume density of granular material used in leachate collection trench is 130 pcf, from Geotechnical Analysis Report, Appendix J.
	 Five (5) feet of waste is placed on top of the leachate collection system pipe (minimum waste thickness prior to use of landfill compactor). It is noted that this thickness is less than the typical waste lift thickness (15 feet) assumed in other cal...
	 A landfill compactor will be the heaviest piece of equipment that will pass over a leachate pipe during placement of the initial lift of waste.
	 Concentrated Load (P) = Total weight of CAT 836K compactor divided by 2 axles = 123,319 lb. divided by 2 = 61,660 lb. (Caterpillar 836K, Landfill Compactor Specifications).
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	L (ft.)
	H (ft.)
	Bc (ft.)
	Maximum Load on 6-inch Leachate Collection Pipe 
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	Density, γsat (pcf)
	Thickness, t (ft)
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	Maximum Load on Leachate Collection Pipe – Half of Initial Lift of Waste
	t x γsat (psf)
	Density, γsat (pcf)
	Thickness, t (ft)
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	 Assume embankment conditions over a positive projecting pipe because the pipe is located in a wide trench and the top of the pipe is above the surface of the compacted soil layer. Therefore, Marston’s formula can be simplified to include the height ...
	 The maximum waste thickness in the horizontal expansion area is 196 feet. The maximum waste thickness in the vertical expansion area is 207 feet.  Due to the similarity in waste thickness, all calculations conservatively assume that a 207-ft waste c...
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	Cs
	6-inch pipe
	0.55
	6.0
	3
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	L (ft.)
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