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Construction Permit Application
Proposed Utility Waste Landill

Ameren Missouri Labadie Energy Center

Franklin County, Missouri

Groundwater Sampling and Analysis Plan
Groundwater Monitoring Well Summary

Table 1
Monitoring Well | Upgradient or . : Ground Surface | Well Depth (feet, | Screen Length | Top of Screen Interval
. . . Northing | Easting - .
Designation Downgradient Elevation {approx.) bgs) {feet) Elevation {approx.)
MW-1 DG 995574 727216 470 25 10 455
MW-2 DG 995656 727662 469 23 10 456
MW-3 DG 995738 728106 468 22 10 456
MW-4 DG 995819 728547 468 21 10 457
MW-5 DG 985548 728812 468 21 10 457
MW-6 DG 995171 729206 467 20 10 457
MW-7 DG 994600 | 729389 467 19 10 458
MW-8 DG 984380 | 729642 466 18 10 458
MW-9 DG 994160 | 729805 465 17 10 458
MW-10 DG 993940 | 730147 466 18 10 458
MW-~11 DG 8993720 | 730400 466 18 10 458
MW-12 DG 993500 | 730653 465 17 10 458
MW-13 DG 993280 [ 730905 465 17 10 458
MW-14 DG 993060 [ 731158 464 16 10 458
MW-15 DG 082840 | 731410 464 15 10 459
MW-186 DBG 992620 | 731663 464 15 10 459
MwW-17 BG 992302 | 731681 465 16 10 459
MW-18 bG 991674 | 730925 462 13 10 459
MW-19 DG 992096 | 730184 463 15 10 458
MW-20 DG 991668 7298958 463 14 10 459
MW-21 DG 991332 | 729853 463 14 10 459
MW-22 UG 990940 | 720361 464 15 10 459
MW-23 uG 0981102 728514 465 17 10 458
MwW-24 UG 991822 727995 465 17 10 458
MW-25 uG 992708 727524 466 18 10 458
MW-26 UG 993986 | 726213 467 20 10 457
MwW-27 UG 994619 | 726637 468 22 10 456
MW-28 uG 995267 | 726640 469 24 10 455
| TMW-1 DG 993795 | 728650 467 19 10 458
NOTES:

1. Refer lo Figure 2 for proposed moniloring well locations.
2. TMW-1 is a temporary ("sentry") well located immediately east of initial cell construction area {Cell 1).

3. Basis for permanent well locations desceribed in "Documentation of Groundwater Monitoring Well Design”; see Appendix X of Construction Permit Application.

4. Refer lo Figure 3 for typical well construction details.
3. MW-1 through MW-21, and TMW-1, denote generally downgradient well positions. MW-22 lhrough MW-25 denole generally upgradient well positions.

Prepared by: GREDELL Engineering Resources, Inc.

Appendix Q



Construction Permit Application
Proposed Utility Waste Landfill
Ameren Missouri Labadie Energy Center

Franklin County, Missouri

Groundwater Sampling and Analysis Plan
Groundwater Monitoring Schedule

Table 2
Time item to Be Completed Reports to MDNR
27 or 28 months before initial UWL Install and develop groundwater Monitoring well installation records to Wellhead Protection
operation monitoring wells. Program
26 months before initial UWL Initial sampling event Initial groundwater field sampling and laboratory data to
operation ping Solid Waste Management Program (SWMP)
23 monthsoggg[ii;mtlal UwL Second sampling event Groundwater field sampling and laboratory data to SWMP
20 months;)g:zz:);m’ual UWL Third sampling event Groundwater field sampling and laboratory data to SWMP
7 monthsc)g:izzii]nailal UWL Fourth sampling event Groundwater field sampling and laboratory data to SWMP
14 monihsok;:i:;;;mtlal UWL Fifth round of sampling Groundwater field sampling and laboratory data to SWMP
11 monthig:ﬁ:{i:'hal UWL Sixth round of sampling Groundwater field sampling and laboratory data to SWMP
8 monthsobpeef:);':olzltral UWL Seventh round of sampling Groundwater field sampling and laboratory data to SWMP
5 months before initial UWL ‘ ‘ Report on ﬂe[d. sampling aa?d analytical qat_a distributions
operation Eighth round of sampling and choice of intra-well or inter-well statistics to SWMP.
Includes groundwater sampling data.
2 months before initial UWL Submit Request for Operating Permit to MDNR-SWMP has 60 days to review the submittal and
operation MDNR make a decision on the Operating Permit.
Initial UWL operations begin. N/A N/A

Continue monitoring once per six
months during May and November

Semi-annual sampling for routine
detection monitoring

Groundwater field sampling, laboratory data and statistical
report within 90 days of each subsequent sampling event to

SWMP

Prepared by: GREDELL Engineering Resources, Inc.
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Appendix 1

Driller's Logs and
Monitoring Well Construction Details



This Appendix Intentionally Left Blank.
Information to be included following installation
of groundwater monitoring wells.



Appendix 2

Missouri Solid Waste Management Rule
Constituents for Detection Monitoring
(10 CSR 80-11.010, Appendix |)



Ameren Missouri Labadie Energy Center
Groundwater Sampling and Analysis Plan

Constituents for Detection Monitoring
10 CSR 80-11.010 (Appendix I}

Chemical Constituent Units Method' PQL?

Atuminum (Al) ughl 60108 50
Antimony (Sh) ugll 7041 5
Arsenic (As) ug/l T060A 3
Barium (Ba} ug/l 6010B 5
Beryilium (Be) ug/l 6010B 1
Boron {B) ught 6010B 20
Cadmium (Cd) ugh 6010B 2
Calcium {Ca) mg# 60108 0.05
Chemical Oxygen Demand (COD) mg/l 410.4 10
Chleride mg/l 9251 1
Chromium {Cr) ug/| 6010B 1C
Cobalt (Co) ug/l 860108 10
Copper {Cu) ugft 60108 10
Fluoride mg/} 9214 0.10
Hardness my/ 2340C NA
Iron (Fe) mg/l 60108 20
Lead (Pb} ug/l 7421 2
Magnesium (Mg) mg/l 60108 0.010
Manganese {(Mn) ught 60108 5
Mercury (Hg) ught 7470A 0.2
Nickel (Ni) mg/l 6010B 10
pH s.u. 90408 NA
Selenium (Se) wrg/l 6010B 50
Silver (Ag) ug/l 6010B 10
Sodium (Na) mg/ 6010B 0.05
Specific Conductance umhos/cm 9050A NA
Sulfate mg/ 9036 50
Thallium (T#) uglfl 7841 2
Total Dissolved Sclids (TDS) mg/l 2540C 20
Total Organic Carbon {TGC) mg/| 9060 1
Total Organic Halogens {TOX) ugf] 90208 20
Zinc {Zn} ugi 6010B 10
Ground Water Elevation feet NA NA
1. Suggested Methods refer to analytical procedure numbers used in EPA Report SW-846 "Test Methods for

Evaluating Solid Waste", third edition, November 1986, as revised, December 1987, or applicable updates.
2. Practical Quantitation Limits as established by the contract laboratory.
Prepared by:GREDELL Appendix Q

Engineering Resources, Inc.



Appendix 3

Field Equipment Calibration Forms
and Procedures



Calibrated by:

Field Instrumentation Calibration Log

Field instrument

SIN#
- Oxidation
Specific Specific R - -
_ pH pH Conductivity | Conductivity | Oxidation Reduction Potential | cduction | Turbidity |  Turbidity
Date Time Potential Standards | Measurements
Standards| Measurements Standard Measurement Standard (mV)
(usfcm) (usicm) Measurement {NTU) {NTU)
{mV}
=
s & 400 | = Tempoerature 0.02 -
o % (°C)
- L1 — =
E 3 T 1413 h Standard 10.0
g > (mv)
m & 10.00 | = 1000 =
Q
- 400 | = Tempoerature 0.02 _
o (°C)
03
5 9 = 41 = -
3 5 7.00 1413 Standard 100
& {mV)
10.00 | = 1000 =
Notes:

E certify that the aforementioned meters were calibrated within the manufactures specifications.

Date:

By:

Prepared by GREDELL Engineering Resources, Inc.




ORP Interpolation Reference Table

Temperture | ORP | Temperture | ORP |Temperture| ORP | Temperture] ORP | Temperture; ORP | Temperfure: ORP |Temperture| ORP
°C my °C mv °C my oG my °C mV °C mY °C mVv
0.0 237.0 6.6 231.4 13.2 228 1 16.7 2232 26.3 218.0 a7 214.4 38.3 2086
0.1 236.9 8.7 231.3 13.3 228.0 19.8 2232 26.4 218.9 32.8 2143 35.4 209.5
0.2 236.8 6.5 231.3 13,4 228.0 19.9 2231 26.5 218.8 328 214.3 395 209.4
0.3 236.7 8.9 231.2 13.4 228.0 [noa2000000022300 26.6 218.7 |-ii33000 002442 30.6 209.3
0.4 236.6 | o T0NTT 32 13.5 227.9 20.1 2229 26.7 2186 33.9 214.1 30.7 209.2
0.5 236.5 7.1 231.2 13.6 327.8 20.2 2229 6.8 218.6 33.2 214.1 30.8 209.2
0.6 236.4 7.2 2511 13.7 227.8 20.3 2228 26.9 218.5 33.3 214.0 30.9 208.1
0.7 236.3 7.3 231.1 13.8 2277 20.4 2228 12700002184 33.4 214.0 [o4000 0 200.0¢
0.8 236.2 7.4 231.0 13.8 2277 20.5 292.7 27.1 218.3 a3.5 213.9 401 208.9
0.9 236.1 7.5 231.0 [ELIA0 2276 20.6 2226 27.2 218.2 33.8 213.8 40.2 208.8

S 23800 7.6 231.0 14.1 227.5 20.7 2226 27.3 218.2 33.7 213.8 40.3 2083
1.1 235.9 7.7 230.9 14.2 227.5 20.8 2225 27.4 218.1 33.8 213.7 40,4 208.7
1.2 2358 7.8 230.9 14.3 2074 20.9 2225 275 218.0 33.9 2137 40.5 208.6
1.3 235.7 7.9 230.8 14.4 227.4 |oiiproniingaog 27.6 217.9  |5B340 0 21e 40.6 208.5
1.4 2356 |80 28080 14.5 297.3 21.1 2223 277 217.8 34.1 2135 40.7 208.4
15 235.5 8.1 230.8 14.6 207.2 21.2 2223 078 2178 34.2 213.5 40.8 208.4
1.6 235.4 8.2 230.7 14.7 227.2 21.3 2222 27.9 217.7 34.3 713.4 40.9 208.3
17 235.3 83 230.7 14.8 227.1 21.4 2222 [z i R217.60 4.4 213.4 |[2H410 50a208 0
1.8 2352 5.4 2308 14.9 2271 21.5 2221 28.1 217.5 34.5 213.3 41,1 208.1
1.8 235.1 8.5 2306 | B0 PR A 21.6 222.0 28.2 217.4 34.6 2132 41.2 208.0
200 235 8.6 230.6 5.1 226.9 21.7 222.0 28.3 217.4 34.7 213.2 41,3 208.0
2.1 234.9 8.7 230.5 15.2 226.8 21.8 221.9 28.4 217.3 34.8 213.1 41.4 207.8
2.2 234.8 2.8 220.5 15.3 2268 21.9 221.9 28.5 217.2 34.9 213.1 415 207.8
2.3 224.7 8.9 230.4 15.4 226.7 DogRnl20iBt 28.6 217.1 |[5i3h05 21807 41,6 207.7
2.4 234.6 | 00000 R304 15.5 226.6 22.1 2217 28.7 217.0 35.1 212.9 41.7 207.8
25 234.5 8.1 230.4 15.6 226.5 22.2 2217 28.8 217.0 35.2 212.8 207.8
2.6 234.4 g2 230.3 15.7 226.4 22.3 2218 28.9 216.9 35.3 212.8 207.5
27 234.3 9.3 230.3 15,8 206.4 224 2218 |5 2000 n 2188 35.4 212.7 0747
2.8 234.2 2.4 230.2 15.9 226.3 22.5 221.5 29.1 218.7 35.5 2126 207.3
29 2341 9.5 230.2 |60 226720 22,6 221.4 29.2 2166 35.6 212.5 207.2

SO0 23400 9.6 230.2 16.1 226.1 227 221.4 29,3 216.6 357 212.4 207.2
31 233.9 9.7 230.1 16.2 226.0 228 221.3 29.4 216.5 35.8 212.4 207.1
3.2 233.8 9.5 2301 16,3 226.0 22.0 221.3 29.3 216.6 35.8 212.3 . 207.0
3.3 2337 9.9 230.0 16.4 2259 |F-i23i0n 0 neeran 26.4 2165 VB0 22 42,6 206.9
3.4 233.6 |oox10.00 00 230050 16.5 225.8 23.1 2211 26.5 216.4 38.1 2121 42.7 206.8
35 2335 10.1 229.9 16.6 225.7 23.2 2214 26,6 216.3 212.0 428 206.5
3.6 233.4 10.2 229.9 16.7 225.6 23.3 221.0 20.7 26,2 212.0 429 206.7
3.7 233.3 10.3 229.8 16.5 225.6 23.4 221.0 293 216.2 211.9 |50 480 05 52066
3.8 233.2 10.4 229.5 16.9 225.5 23.5 220.9 20.9 216.1 211.8 43,1 206.5
39 233.1 10.5 2207 DiiEAT0 02050 23.6 2208 [HE0B0.0nse1e0 s 211.7 43.2 208.4

A 2330 10.6 229.6 17.1 225.5 23.7 2208 30.1 215.9 211.6 43.3 206.4
4.1 232.9 10.7 229.6 17.2 2252 23.8 220.7 30.2 2159 211.6 43.4 206.3
4.2 232.8 10.8 229.5 17.3 225.2 23.9 220.7 30.3 215.8 211.5 435 2062
4.3 2327 10.8 229.5 17.4 2259 w2400 b 2P006: 30.4 2i5.8 S IR 436 206.1
4.4 232,68 |Enidanniihi22e.4n 17.5 225.0 24.1 220.5 30.5 215.7 211.3 437 206.0
45 2325 11.1 229.3 17.6 224.9 24.2 220.5 20.6 215.8 211.2 43.8 20B.0
45 232.4 11.2 229.3 17.7 224.8 24.3 220.4 0.7 215.6 211.2 43.9 205.9
4.7 232.3 11.3 229.2 17.8 224.8 24.4 220.4 30.8 2155 2111 B4 k2088
45 232.2 11.4 229.2 17.9 224.7 24.5 220.3 30.9 2155 37.5 211.0 44.1 205.7
49 232.1 1.5 2201 |EB0 2Ry 24.6 2202 |5003100 2158 37.6 210.9 44.2 205.6

B0 P8R0 11.6 229.0 18.1 2245 24.7 220.2 31.1 215.3 37.7 210.8 44.3 205.6
5.4 232.0 11.7 2200 18.2 224.4 248 2201 3.2 215.3 378 210.8 44.4 205.5
5.2 231.9 11.8 228.9 18.3 2244 24.9 220,1 31.3 215.2 37.8 210.7 44,5 205.4
5.3 231.9 11.8 228.9 18.4 224.3 |wii2800 D0 31.4 2152 Fii3804 1210060 446 2055
5.4 231.8 1205 2eee 18.5 2242 25.1 219.9 315 215.1 38.1 210.5 44.7 205.2
5.5 231.8 12.1 2287 18.6 2241 25.2 219.8 31.6 215.0 38,2 210.4 44.8 205.2
5.6 231.8 12.2 2287 18.7 224.0 25.3 219.8 31.7 215.0 38.3 210.4 44.89 2051
5.7 231.7 12.3 278.6 18.8 224.0 25,4 219.7 31.5 214.8 38.4 210.3 45.0 205.0
5.8 231.7 12.4 228.6 18.9 2239 255 219,6 31.9 2149 8.5 210.2
59 231.6 12.5 2285 |iaeineiio2ass 25.6 2195 |3z iioiae 38.6 210.1

R e L L 12.6 228.4 16.1 223.7 25.7 219.4 3z 214.7 38.7 210.0
6.1 2316 19.2 2236 25.8 219.4 32.2 214.7 T 388 210.0
6.2 2315 193 223.6 256 216.3 32.3 214.6 38.9 208.9
6.3 231.5 19.4 223.5 [Hgefciiiie1ee 32.4 2146 | 03000 0 ng008 Y
8.4 231.4 19.5 223.4 26,1 2161 325 214.5 39.1 209.7
8.5 231.4 19.6 223.3 26,2 219.0 32.6 214.4 30.2 209.6

Note: Standard ORP measurements 0, 5, 10, 15, 20, 25, 30, 35, and 40 were provided by Geotech Environmental Equipment, Inc.
The rest of the standard ORP measurements were inlerpeialed from Geotech Standard ORP measurements.

Prepared by: GREDELL Engineering Rescurces, Inc. Dec-12




FIELD EQUIPMENT CALIBRATION PROCEDURES

Multi-meter pH, Temperature, Conductivity, Oxidation Reduction Potential (ORP)

pH Calibration/Operation Procedures
(Reference EPA Method 9040)

The field pH meter will be calibrated each day water samples are collected. Calibration resuits
will be recorded on the Field Instrumentation Calibration Log in Appendix 3 of the Sampling and
Analysis Plan.

pH Three-Buffer Calibration
This procedure is recommended for precise measurements.

Select three buffers which bracket the expected sample pH. The first should be near
the electrode isopotential point (pH 7) and the second and third should bracket the
expected sample pH (e.g. pH 4 and pH 10).

Rinse electrode first with distilled water and then with pH 7 buffer. Place the
electrode in pH 7 buffer.

Wait for stable display. Set the meter to the pH value of the buffer at its measured
temperature, (ATC @ 25°C = 7.00).

Rinse electrode first with distilled water and then with the second buffer. Place the
electrode in the second buffer.

When the display is table, set the meter to the actual pH vailue of the buffer as
described in the meter instruction manual.

Rinse electrode first with distilled water and then with the third buffer. Place the
electrode in the third buffer.

When the display is table, set the meter to the actual pH value of the buffer as
described in the meter instruction manual.

If all steps are performed correctly, and the slope is between 92 and 102%, proceed
to pH Measurement.

For detailed calibration and temperature compensation procedures, consult meter instruction

manual.

pH Measurement

1.

Obtain a neat sample from collection device and place electrode directly into sample.

2. Allow reading to stabilize.

3. Record pH reading directly from meter and record on the Field Sampling Log.

4. Probes are to be decontaminated by multiple rinses with distilled water.
Prepared by GREDELL Engineering December 2012

Resources, Inc.



FIELD EQUIPMENT CALIBRATION PROCEDURES

if the above procedures do not work, refer to Troubleshooting section of instrument instruction
manual.

Measuring Hints

1. Always use fresh buffers for calibration. Choose buffers that are no more than 3 pH
units apart. ’

2. Check electrode slope daily by performing a three-buffer calibration. Slope should
be 92 to 102%.

3. Between measurements, rinse electrodes with distilled water and then with the next
solution to be measured.

4. Stir all buifers and samples.

5. Avoid rubbing or wiping electrode bulb, to reduce chance of error due to polarization.

Interferences

Oil samples and salty samples may leave residues on the electrodes. The probe has to be
rinsed thoroughly between all measurements using distilled water to remove salt residues. If
oily residues need to be removed, rinse with acetone then distilled water. The electrodes need
to be kept wet 1o ensure proper response.

Prepared by GREDELL Engineering December 2012
Resources, Inc.



FIELD EQUIPMENT CALIBRATION PROCEDURES

Conductivity/Temperature Calibration/
Operation Procedures
(Reference EPA Method 9050)

Calibration Procedures

Conductivity will be checked at a minimum of cnce per day using commercial traceable
standards in the 1000 and 10,000 mmhos/cm range and recorded on the Field Instrumentation
Calibration Log. Calibration checks outside of a £+ 10% range are not acceptable and will
require the sensor replacement and/or re-check of the standards. [f calibration check standards
are still outside + 10% range, use alternate meter. Do not proceed with sample collection
without acceptable calibration checks.

Temperature measurement is factory calibrated. Temperature will be checked for calibration by
comparison with a laboratory thermometer within a £ 10% range prior to the sample event.

Temperature Measurement
Report all values on the Field Sampling Log in degrees Celsius (°C).

1. Immerse the temperature/conductivity sensor into the sample.
2. Record temperature reading directly from meter and record on the Field Sampling
Log.

Conductivity Measurement
Report all values on the Field Sampling Log in umhosfem (uS/cm).

Immerse the temperature/conductivity sensor into the sample.

2. Record conductivity reading directly from meter and record on the Field Sampling
Log.

3. Sensars are to be decontaminated by multiple rinses with distilled water,

Most meters have a fixed temperature coefficient (TC) of 2.1% per °C and a fixed reference
temperature of 25°C. These parameters are sufficient for the majority of "natural water"
samples.

Prepared by GREDELL Engineering December 2012
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Oxidation Reduction Potential {ORP) Calibration/
Operation Procedures
(Reference YS! Environmentai)

ORP Calibration
Report all values on the Field Instrumentation Calibration Log in millivolts (mV).

Select ORP.
Immerse the sensor into the calibration solution.

Use the keypad to enter the correct value of the calibration solution you are using at
the current temperature (Refer to the Appendix 3 ORP Interpolation Reference Table
in the Sampling and Analysis Plan).

4. Record ORP reading directly from meter and record on the Field Instrumentation
Calibration Log.

5. Sensors are to be decontaminated by multiple rinses with distilled water.

ORP Measurement
Report all values on the Field Sampling Log in millivolts (mV).

Select ORP.
Immerse the sensor into the sample.

Use the keypad to enter the correct value of the calibration solution you are using at
the current temperature {Refer to the Appendix 3 ORP Interpolation Reference Table
in the Sampling and Analysis Plan).

Record ORP reading directly from meter and record on the Field Sampling Log.
Sensors are to be decontaminated by multiple rinses with distilled water.

Low-Flow cell calibration
The manufacturer's recommended procedures shall be followed for low-flow cell calibration. A
copy of these procedures is to be made a part of this sampling and analysis plan.

Prepared by GREDELL Engineering December 2012
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Turbidimeter Calibration/
Operation Procedures
(Reference HF Scientific)

The Turbidimeter aliows for the measurement of turbidity in the field. The instrument measures
and reports the turbidity of a sample in nephelometric turbidity units (NTU’s).

Turbidimeter Calibration
The instrument was calibrated and tested prior to leaving the factory. The instrument requires
three (3) standards to be calibrated.

1. Select the calibration function of the instrument by pressing the CAL button once.
The “CAL” block will be Hluminated on the display with “1” indicating the standard
required for this step of the calibration. This is the first standard that should be used
in a full calibration.

2. Insert the 1000 NTU standard (CAL 1 in the figure above) into the sample well and
press down until the cuvette snaps fully into the instrument. Align the indexing ring
with the arrow on the instrument.

3. Wait for the reading to stabilize. Once the reading has stabilized press the enter
button to indicate to the instrument that it should calibrate on this point.

4. When the instrument has completed calibration on this point, it prompts you to insert
the next calibration standard into the sample well (CAL 2).

5. Repeat steps 2-4 for each calibration standard. When you calibrate on CAL 3
(turbidity free water), the instrument will automatically exit out of calibration returning
back fo the normal operating mode.

Turbidimeter Measurement
Turn on the instrument by pressing the ON/OFF button continuously for 1 second. Allow 75-
second warm-up period while preparing for the turbidity measurement as described in the

following steps:

1. Sample approximately 100 ml of your process, as you would normally do for turbidity
measurement.

2. Obtain a clean and dry sample cuvette.

3. Rinse the cuvette with approximately 10 mi of the sample water (2/3 of cuvette
volume), capping the cuvette with the black light shield {cuvette top) and inverting
several times. Discard the used sample and repeat the rinsing procedure two more
times.

4. Completely fill the rinsed cuvetie (from step 3) with the remaining portion
(approximately 15 ml) of the grab sample and then cap the cuvette with the supplied
cap. Ensure that the outside of the cuvette is dry, clean and free from smudges.

Prepared by GREDELL Engineering BDecember 2012
Resources, Inc.



FIELD EQUIPMENT CALIBRATION PROCEDURES

5. Place the cuvette into the instrument and press it down until it snaps fully into the
sample well. Index the cuvette by pressing and holding down the enter button while
rotating the cuvette to identify the lowest reading (the displayed turbidity is
continuously updated on the display). Once the cuvette is indexed, release the enter
button to display the measured turbidity.

Prepared by GREDELL Engineering December 2012
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Ameren Missouri LABADIE ENERGY CENTER
Groundwater Sampling and Analysis Plan

Sample Container and Preservation Guidelines

Measurement Volume Container’ Preservative Max. Holding Reference
Req., Times
(ml)
Specific Cond. (Field) 160 PG None Det. on Site 1
pH (Field) 50 P, G None Det. on Site 1,2
Temperature (Field) 1000 P.G None Det. on Site 1
QOxidation Reduction 100G P.G None Det. on Site
Potential
Turbidity 1000 PG None Det. on Site
Inorganics, Non-Metallics
Fluoride 306 PG HNO; to pH <2 28 1,2
Total Organic Carbon 100 Gy Cool, 4°C; HCl or 28 1
H2804 to pH <2
Total Dissolved Solids 500 P, G Cool, 4°C 7 Days 1.4
Chloride 500 P.G Cool,4°C 28 Days 1,2
Sulfate 200 PG Cool, 4°C 28 Days 1,2,4
Total Organic Halides 2000 G Cool, 4°C; HCior 7 Days 4
(TOX) H2S04 to pH <2
CoD 50 P, G H2804 to pH <2 28 Days 1
Metals
Total Recoverable 500 P.G HNO3 to pH <2 6 Mos 1,2
Mercury 500 P, G HNO3z to pH <2 28 Days 1,2
NOTES:
a. Plastic (P) or Glass (G). For metals, polyethylene with an ail polypropylene cap is preferred.
b. Use Teflon® lined cap.
C. Silver requires an amber bottle
REFERENCES:
1. Methods for Chemical Analysis of Water and Wastes, March, 1983, USERA, 600/4-79-020 and additions
thereto.

2. Test Methods for Evaluating Solid Waste, Physical/Chemical Method, November, 1986, Third Edition, USEPA,
SW-846 and additions thereto.

3. Guidelines Establishing Test Procedures for the Analysis of Pollutant Under the Clean Water Act”,
Environmental Protection Agency, Code of Federal Requlations (CFR), Title 40, Part 136.
4. MDNR-FSS-001. Reaquired/Recommended Containers, Volumes, Preservatives, Holding Times, and Special

Sampiling Considerations, Randy Crawford, Trish Rielly, Water Quality Monitoring Section, MDNR ESP
September 17, 2003




Groundwater Sampling Bottle Inventory

Bottles Received
Chloride, Sulfate,
Well ID Date Fluoride, Hardness, and Metals TOX TOC coD Broken or
Received TDS 500 mL 500 mL 125 mL Amber 125 mL Damaged
1,000 mL - 1 Total {pl - HNO,) (gl - H,50)) (gl - H,80,) (pl - H,S0,) Bottles
{p! - none)
Exira # 1
Extra# 2
Duplicate # 1
Duplicate # 2
Field Blank
Trip Blank

Bottles delivered by:

H,50, = Sulfuric Acid
HNO, = Nitric Acid
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Monitoring Well Field Inspection

Facility:  Ameren Missouri Labadie Energy Center Uiility Waste Landfill
Monitoring Well 1D:

Name (Field Sampler):
Date:

Access:
Accessibility: Good Fair Poor

Well clear of weeds and/or debris?: Yes No

Well identification clearly visible?: Yes No

Remarks:

Concrete Pad:
Condition of Concrete Pad: Good Inadequate

Depressions or standing water around well?:  Yes No

Remarks:

Protective Quter Casing: Material =

Condition of Protective Casing: Good ____ Damaged
Condition of Locking Cap: Good _ Damaged
Condition of Lock: Good Damaged
Condition of Weep Hole: Good Damaged_

Remarks:

Well Riser: Material =

Condition of Riser: Good _ Damaged
Condition of Riser Cap: Good Damaged
Measurement Reference Point: Yes No

Remarks:

Dedicated Purging/Sampling Device: Type -

Conditior: Good Damaged Missing

Remarks:

Field Certification

Signed Title Date



Appendix 6

Field Sampling Log and
Volume Tracking Log Forms



Facility:

Date:

Field Sampling Log

Ameren Missouri Labadie Energy Center UWL

Name {Field Sampler):

Gas Detected

Monitoring Well ID:

Y / N

PURGE INFORMATION:

Method of Well Purge: Dedicated? N
Date/Time Initiated: One (1) Well Volume {(ml):
Initial Water Level (feet): Total Volume Purged (mi}):
GroundWater Elevation (NGVD): Well Purged To Dryness? N
Well Total Depth (feet). Water Level after Purge (feet):
Casing Diameter (feet): Date/Time Completed:
PURGE DATA:
Purge Oxidation Dissolved
Ti gazge Cumulative | Temp H Specific Conductivity| Reduction Oxvaen Turbidity Water Not
fme ) Volume (ml)| {°C) P (LS) Potential ¥g (NTU) Level otes
(ml/min) (mV) (mg/L)

Prepared by: GREDELL
Engineering Resources, Inc.

Page 1 of 2




Sampling Information: Date:

Fieid Sampling Log

Monitering Well (D

Methed of Sampling: low flow, peristaitic pump Dedicated: @ /N
Water Level @ Sampling, Feet:
Monitoring Event: Annual {) Semi-Annual { ) Quarterly  {x) Menthly () Other (3
Sampling Data;
Oxidation Dissolved
Date/Time Sample Rate chmp oH Specific Conductivity Reduct!m Oxygen Turbidity
mi/min °C) (LS} Potential (NTU)
(MV) (mgi)
Instrument Check Data:
pH Meter Serial #: 1* 4.0sid, = 1* 7.0sld. = 1* 10.0 std. 1*
Conduct. Meter Serial # 1% standard = 1* HS reading = 1* pS
Turbidity Meter Serial #: 1* standard = 1* NTU reading = 1* NTU

* See instrument calibration log for daily calibration data,

General Information:

Weather Conditions @ ime of sampling:

Sample Characleristics:

Sample Coliection Order:

Comments and Observations:

Per SOP

i certify that sampling procedures were in accordance with applicable EPA and State protocals.

Date: By:

Title:

Prepared by GREDELL
Engineering Resources, Inc.
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Volume Tracking Log

Facility Name:

Ameren Missouri Labadie Energy Center UWL

Weli ID

Tally notes

Total Volume
(mL)

Note: Each Tick mark is equal to 1000 mL or 1L.
Total volume based on a 1L graduated cylinder.
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Example Chain-of-Custody
Field Record Form



Chain of Custody Record

Oate: Page: of
Plant Manager 314-992-8201 314-992-8204 Arnalysis Request Freservation
Contat] Mame TROne NOTBer Fax Namber Code
Ameren Missouri Labadie Energy Center LWL,
Cormpany Mame 2 1 =40
Labadie Botiom Road -g &= 2= HNOy
Sirest AGOEss 3 ”g 3 = HCH
Labadie, MO 63055 e 8 k<] 4 = 1,50,
City, SiE, 219 g 0w o & = MaOH
l.abadie Power Plant Ltility Waste Landfill > g & = Other
Proect Name BT Lo -g = ,g
Sample 1D Date Time | Matrix | eow |S|2|E| & c t
Collected k o o omments
Special nstructions / Comments {1} RelnguUisied By 127 Heinquished By Sampier InFE:
[k Diata { THE 12} Dae ¢ Time Matod of Skipmert
(1} Company 42} Company HANL CARRY
USPS FHLX UPS
. \1) Fecomed By 12} Heoetved By Col
Rowp Threapgh:
Cirle: Fax Hemail fbsterTme )b mime Seal Intact?
Bt address: (1) Company {2} Compory

Yes Neo
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Ameren Missouri LABADIE Energy Center
Groundwater Sampling and Analysis Plan

Selection of Statistical Procedure Based on Groundwater
Background Data

Are data
Collect 8 rounds _ distributions Use inter-well
of samples and box plots comparisons
similar? VES
{See note 1)

NO

Use intra-well
comparisons

A

Prepare Report on data
> comparisons for SWMP

Note 1: This logic step is complex and will consist of various other steps. Exact steps are to be
determined after data is available.

Prepared by GREDELL December 2012
Engineering Resources, Inc.




Attgchment 1: Prediction Interval Test Strategy

Detection’ Na e

MMandforng

Yes

Is Detection Yes
Frequency

=25 %7

Adjust for
s

Critlier Is Delection No
Testng Frequency
=T > 07
Yes
Can Data Be
Normalized?
Yes

Note: N is the
sample size of

NEwiC

pooled up-
i dnterval _k G Ly

gradient data

set.

Initial SSI
Present?

No ES Conilime
Dietes lion
Mot or g

Cinie Feramples

Verified 8§51
Present?

Source: Missouri Department of Natural Resources Solid Waste Management Program DRAFT Technical
Bulletin:“Statistical Analysis Plan Guidance®, 4/26/01.



Alftacknient 2: Control Chart &
Non-Paramelric Prediction Inferval Test Strategy

No
(o
Yes
13 Detection
Frequency

=25%7

Is Detection
Frequency
> 0?7

Mo Usper Breciclion Lasat
VUET ) = Practca

i e

Teatnig = .
Civtardibatede Lagiet 1 P

il
Testid

Naote: W i5 the
samplz size of
pooled ug:-
gradient data

HUg-trasan
Frethation Iy

Provide Asgessmert
Iefbosatorieiy Prograin

Initial 881
Present?

Coatmne
. Dateetion |
. Dlomtung

Yes

ine Fesatple

Cibazat
Cramniig stistices

Verified 581
Present?

Source: Missouri Department of Natural Resources Solid Waste Management Program DRAFT Technical
Bufletin® Statistical Analysis Plan Guidance"”, 4/26/01
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Closure and Post-Closure Plan
Proposed Utility Waste Landiill

Ameren Missouri Labadie Energy Center
December 2012

1.0 Introduction

This Closure and Post-Closure Plan provides the criteria necessary to properly close and
maintain the Ameren Missouri Labadie Utility Waste Landfill (UWL), owned and operated by
Ameren Missouri. This plan includes the methods and schedule anticipated to properly close
the entire landfill during or at the end of its operating life. Following closure of any portion of the
landfill, 20-year post-closure maintenance requirements will be initiated. Estimated costs for
completing closure and post-closure activities described herein are included to provide a basis
for assuring that sufficient funds are available to complete the necessary activities. According to
10 CSR 80-2.030 (4)(B)2.D, utility waste landfills are not required to provide a post-closure
financial assurance instrument (FAI).

The following Missouri Department of Natural Resources (MDNR) Technical Bulletins were
utilized to prepare the Closure and Post-Closure Plan and are included as Appendices 1 and 2:

= [ andfill Closure Guidance, 6/2006
v Preparing Solid Waste Disposal Area Closure and Post-Closure Plans, 6/2006

2.0 Closure Plan

21 Closure Plan Sequencing

The Missouri Department of Natural Resources and Franklin County will be notified in writing at
least 180 days prior to the anticipated last receipt of waste in a phase of the landfill. The owner
will make provisions to begin closure within 30 days of receiving final waste and will complete
closure within 180 days of beginning closure on the landfill. Table 1 details the construction
sequence for the landfill, which will be completed in 4 phases.

TABLE 1
Phase Number Cell Number Disposal Acreage Planned Use
Phase 1 Cell 1 31.4 ac Utility Waste Disposal
Phase 2 Cell 2 35.2 ac Utility Waste Disposal
Phase 3 Cell 3 57.1ac Utility Waste Disposal
Phase 4 Cell 4 42.8 ac Utility Waste Disposal
Total 166.5 ac

Prior to requesting authorization to operate, Ameren Missouri will execute an easement with
MDNR that grants MDNR, its agents, or its contractors access to the permitted area to compleie
work specified in the closure plan, to menitor or maintain the utility waste disposal area, and/or
to take remedial action during the post-closure period [10 CSR 80-2.020(2)(B)2.A]. Ameren

Missouri will also submit evidence to MDNR that a notice and covenant running with the land
1
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Ameren Missouri Labadie Energy Center
December 2012

has been recorded with the recorder of deeds in Franklin County. The notice and covenant will
specify all items outlined in 10 CSR 80-2.020(2)(B)2.B(&(I). A copy of the Draft Agreements
for Easement, Notice and Covenant Running with Land are provided in Appendix 3.

Following completion of closure activities, a letter and supporting documentation will be
submitted fo MDNR and Franklin County by an independent professional engineer registered in
the State, verifying that closure activities have been completed in accordance with the closure
plan and applicable laws and regulations. After MDNR and Frankiin County approve closure of
the landfill and the final survey plat, the survey plat identifying the boundaries and existence of
the landfill will be recorded within 30 days with the Franklin County Recorder of Deeds. Two
copies of the recorded plat will also be submitted to MDNR within 30 days of the filing with the
Franklin County Recorder of Deeds.

2.2 Closure Activities

The required closure activities will consist of construction of the final cover, and construction of
storm water control siructures. Each of these closure activities will be completed according to
the approved permit documents, including the Construction Permit Application and associated
Plan Sheets and the Consiruction Quality Assurance Plan. The closure activities are discussed
and detailed in the following sections of the Construction Permit Application and/or Plan Sheets:

1.} Landfill Final Cover Section 3.12, Landfill Final Cover
Section 4.9, Final Cover Material
Plan Sheets 10, 11, 12, 13, 14 and 15
2.) Stormwater Runoff Controls Section 3.7, Stormwater Management System
Section 4.5.1, Stormwater Management
Plan Sheets 16 and 21
Appendix N

Ameren Missouri has the required quantity of soil suitable for construction of the final cap on
their property. At closure, all soil will be obtained from on-site stockpiles or other areas within
the permit boundary. The right of MDNR to utilize such soil for construction of the final cap and
closure of the landfill will be provided through a binding, legal agreement between MDNR and
Ameren Missouri, prior to issuance of the operating permit. The estimated average round ’irip'
distance from the soil borrow source to the landfill is less than 0.5 miles. A seed mixture
compliant with MDNR’s “Landfill Closure Guidance” (Appendix 1) will be used for vegetation on
the final cover system.



Ciosure and Post-Closure Pian

Proposed Utility Waste Landfill

Ameren Missouri Labadie Energy Center
December 2012

2.3 Closure Cost Estimate

The purpose of closure cost assurance for landfills is to assure that sufficient funds are available
to properly construct the final cover, establish vegetation, provide for erosion and drainage
control and provide a pleasing appearance during the operating life of the landfill. The
estimated costs for completing closure activities have been derived from the Closure and Post-
Closure Cost Worksheet obtained from the MDNR Solid Waste Management Program website
(http://www.dnr.mo.gov/forms/index.htmi). As indicated on the worksheet, the cost estimates or
unit costs utilized in the calculations are in 2004 dollars. Costs are adjusted to third quarter
2012 dollars using the latest Implicit Price Deflators for Gross Domestic Product as determined
by the U.S. Bureau of Economic Analysis.

Franklin County does not currently have closure and post-closure requirements for a UWL. For
this reason, the requirements of 260.226 and 260.227 RSMo were used for the development of
the plans and associated cost estimates.

The worksheets used to estimate the closure costs are included in Appendix 4. The closure
cost estimate contained in Appendix 4A represents the maximum amount of closure financial
assurance needed for the entire landfill. The cost of closing the entire 166.5-acre landfill is
estimated to be $14,370,758. This cost represents the maximum amount of closure assurance
needed if all cells of the landfill are open when the last volume of utility waste is deposited in the
fandfill.

Appendices 4B through 4E present the individual closure cost estimates for Phases 1, 2, 3, and
4, The individual phase cost estimates may be used fo initially decrease the FAl and then
incrementally increase the amount of the closure FAI throughout the operating life of the utility
waste landfill.

3.0 Post-Closure Plan
3.1 Post-Closure Timeframe

This Post-Closure Plan includes the maintenance and monitoring activities to be performed at
the landfill after closure. The post-closure maintenance period begins when MDNR agrees that
the landfill, or a Phase of the landfill, has been properly closed. Post-closure maintenance will
continue for 20 years from the date of final closure of the Phase or the landfill.

3.2 Post-Closure Activities
Post-closure care will include performance of the following activities:

1.)  Maintenance of cover integrity, vegetative growth to protect the cover material, and
the surface water control system
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2.} Maintenance, sampling, testing and statistical analysis of the groundwater
monitoring wells

Each of these post-closure activities will be completed according to the conditions of the permits
and the approved permit documents. The post-closure activities are discussed and detailed in
the following sections of the Construction Permit Application:

1.) Landfill Final Cover, Section 3.12 and Section 4.9, Final Cover Material

2.) Stormwater Management System, Section 3.7 and Section 4.5.1, Stormwater
Management

3.} Groundwater Monitoring, Section 3.10 and Section 4.5.3, Groundwater Sampling
and Analysis Plan

3.3 Post-Closure Cost Estimate

Per 10 CSR 80-2.030(4)B)2.D, post-closure financial assurance is not required for utility waste
landfills. However, Ameren Missouri has voluntarily agreed to provide a 20-year post-closure
FAl for continued groundwater monitoring and evaluation during post-closure.

The purpose of the post-closure cost assurance for the Ameren Missouri Labadie Utility Waste
Landfill is to assure that sufficient funds are available to maintain and test the groundwater
monitoring system. The estimated cost for completing this post-closure care has been derived
from the Closure and Post-Closure Cost Worksheet contained in the MDNR Solid Waste
Management Program Technical Bulletin entitled “Preparing Solid Waste Disposal Area Closure
and Post-Closure Plans”, dated June 2006. The cost estimate or unit costs utilized in the
calculations are in year 2004 dollars and adjusted to 2012 dollars.

Franklin County currently does not have a closure and post-closure requirements for a UWL.
For this reason, the requirements of 260.226 and 260.227 RSMo were used for the
development of the plans and associated cost estimate.

The worksheets used to estimate the closure and post-closure costs are included in Appendix 4.
The post-closure cost estimate represents the maximum amount of post-closure financial
assurance needed for the entire landfill. The cost of post-closure care for the entire 166.5-acre
landfill is estimated to be $1,650,217.20. This cost represents the maximum amount of post-
closure assurance needed for 20 years if all cells of the landfill are closed.

Appendix 4 also presents the individual closure and post-closure cost estimates for Phases 1, 2,
3, and 4. However, the cost for post-closure groundwater monitoring and evaluation are
inseparable annual costs that will be fully funded prior to the operation of Phase 1.
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3.4 Record Keeping

During the post-closure period, please contact Ameren Missouri, 1901 Chouteau Avenue, P.O.
Box 66148, 3t. Louis, Missouri, 63166, (314) 554-2388, regarding any guestions or issues with
the landfill. Also during this period, all landfill records will be maintained by Ameren Missouri at
the same address.

4.0 Remedial Action

If Ameren Missouri is required to develop a corrective action plan for the landfill during the life of
the landfil or during the post-closure period, associated cost estimates will be prepared and a
corresponding FAI will be secured.

5.0 Financial Assurance Instrument

Ameren Missouri may choose to provide financial assurance incrementally for closure and post-
closure based on the closure and post-closure costs for each landfill construction phase as
outlined below:

Closure:
Phase 1 (31.4 acres): $2,710,161
Phase 2 (35.2 acres): $3,038,142
Phase 3 (57.1 acres). $4,928,350
Phase 4 (42.8 acres): $3,694,105
Total Closure {166.5 acres). $14,370,758

Post-Closure:
Total Post-Closure (166.5 acres for 20 years). $1,650,217 *

*Ameren Missouri has voluntarily agreed to provide a 20-year post-closure
FAI for continued groundwater monitoring and evaluation during post-
closure.

TOTAL Closure and Post-Closure:
Total Closure and Post-Closure (166.5 acres): FAI = $16,020,975

The closure and post-closure cost estimates presented above are adjusted to third quarter 2012
values, as calculated in Appendix 4. The cost estimate will be reviewed every year to adjust the
estimate based on the previous year's inflation rate. The resulis of the annual review will be
submitted to the MDNR along with any recommendation for revising the amount required for

5
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closure and post-closure financial assurance funding. If changes in the design or operation of
the landfill are made at a future date, the closure and post-closure plan and cost estimate will be
reviewed at that time. If modifications to the plan are necessary, the revised closure and/or
post-closure plan will be submitted to the MDNR along with the revised FAI.

In accordance with Utility Waste Regulation 10 CSR 80-2.030(4)(D), a FAl for closure and post-
closure care may be satisfied by one of the following alternatives: trust fund or escrow account,
financial guarantee bond or performance bond, irrevocable letter of credit, insurance policy, or
corporate guarantee. Ameren Missouri will provide a suitable FAI prior to obtaining the initial
construction permit. The FAI will be adjusted annually for inflation.
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MDNR “Landfill Closure Guidance”
Technical Bulletin, dated 6/2006
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4& Missouri Department of Natural Resources

Landfill Closure Guidance

Solid Waste Management Program iechnical bulietin

6/2006

The Missouri Department of Natural Resources’ Solid Waste Management Program (SWMP)
has developed this technical bulletin to provide assistance to landfill owners, operators and
engineers in obtaining closure approval from the department. This bulletin was prepared to
provide guidance for closure under Missouri Solid Waste Management law and rules.

All owners or operators applying for closure approval must have a department approved closure/
post-closure plan. For further information regarding the preparation of closure/post-closure
plans, see SWMP's technical bulletin entitled Guidance For Preparing Sofid Waste Disposal
Area Closure and Posi-Closure Plans or contact SWMP at (573) 751-5401.

1. Closure Schedule
A. Nofity the SWMP in writing of intentions to cease taking waste 180 days prior to
anticipated closing date,
B. Implementation of closure must begin within 30 days of last receipt of waste.
C. Closure must be completed within 180 days of the initiation of closure activities., Time
extensions may be granted by SWMP. To request an extension the owner or operator must
submit a written request o SWMP within at least 30 days of the closure deadiine and include
a proposed schedule for completing closure. Extensions wiil only be granted on a case-by-
case basis. However, the owner or aperator must have made considerable efforts in

previously closing the landfiit.

2. Final Closure Guidance

As each phase of the landfill is completed, final cover must be applied. A good final cover will
help minimize surface water infiltration and subsequent leachate production as well as
minimize gas migration produced by decomposing waste. Following are descriptions of the

various componentis of a final cover.

A. Landfilts Without Composite Liners
1. Two feet of compacted soil classified as CH, CL, ML, SC or MH as per ASTM method

D-2487.
2. One foot of vegetative soil.

B. Landfilis With Composite Liners
1. One foot of compacted soil classified as CH, CL., ML, 8C or MH as per ASTM

method D-2487.
2. Geomembrane, equal {o that of liner, at least 30 mil thick or 60 mil for HDPE liners.

3. Lateral drainage layer must be constructed between the vegetative soil and the

L e

4. Two feet of vegetative soil.
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Note: Alf borrow area soil used for cover construction must be tested by a professionaf
engineer or their agent to ensure the soil meets the approved standards as per 10 CSR
80-3.010.

3. Construction and Grading
When constructing the final cover a strict Quality Assurance/ Quality Control (QA/QC) pian must
be followed to ensure the cover is not damaged in any way.

A. Final contours of the closed landfill shall not exceed the originally approved permitted final
contours uriess approval is granted by the department.

B. The compacted soil layer shall be constructed in 6 inch to 8 inch lifts until the desired
thickness is achieved. The compacted soil must be covered so as to prevent damage from
drying and cracking.

C. Side slopes shall not exceed permitted grade or 3:1 (horizontal: vertical), whichever is
less. Those areas that require the placement of a geomembrane as a component of final
cover must not be allowed to erode or cause slope failure. it is recommended in these cases
that the slope be decreased.

D. Terracing and letdown structures shall be constructed to prevent erosion and to control
stormwater, as called for in a department approved closure plan.

4. Vegetation

Once the cover has been applied, the top surface of the landfill must be vegetated. This is
important for several reasons. A good healthy stand of vegetation helps control eresion of the
topsoil from surface water runoff and wind as well as helps minimize the infiltration of
stormwater into the landfill and subsequent leachate production. Following are some guidelines

for establishing a good stand of vegetation.

A, Methods to establish vegetation:

1. The department recommends a hardy grass or legume mixture be used such as
fescue (75 pounds/acre) and clover,

2. Soil testing of the vegetative layer for proper application of lime, fertilizer and other
soil conditioning.

3. The appfication of mulch must be utilized during the time vegetation is to be

established. Mulch is used to help prevent slope erosion, conserve soll moisture,
prevent seed from being washed or blown away as well as prevent weed growth.
Acceptable mulching materials include, but are not limited to, straw, hay or fiber.
However, sawdust or chipped wood is not a suitable material for use as muleh.

B. The depariment considers that a good stand of healthy vegetation is one that controls
and prevents erosion and provides vegetative cover of at least 80 percent of any square foat
evaluated by department personnel. The department reserves the right to determine whether
or not vegetation has been adequately established before closure is approved.



5. Submittals for Closure Approval

Before closure can be approved, three copies of the following documentation must be submitted.
A.  Certification by a professional engineer registered in Missouri that closure has been
completed in accordance with an approved closure plan. The certification must include

1. As-built drawings of the landfill. These drawings must include final contours of
the iandfill, vertical and horizontal limits of waste placement and any environmen
tal control systems at the landiill. {The survey plat referenced below may be
included on the as-built drawings, eliminating the need for two separate draw

ings.)

2. Evidence that final cover components have been verified for depth and types of
cover soils on 100 foot centers and identified on the as-built drawings.

3. Evidence that a dense stand of hardy vegetation has been established as per

SWMP requirements, section 4. B. of this document.

B. A survey plat prepared by a licensed surveyor registered in Missouri must be submitted
upon completion of closure. The plat must contain the following information at a minimum:

1. The name of the property owner as it appears on the property deed.

2. A survey and detailed legal description of the waste limits, the permitted area and
the property boundary.

3. The general types, locations and depths of wastes within the property.

4, The location of any environmental control systems in place at the landfili and the
length of time these systems and the landfill are to be maintained.

5. The location of all boundary markers and benchmarks located at the site.

Nate: Filing of Survey Plat:

1. Within 30 days of department approval of the plat, the owner or operator
shall file the plat with the county recorder of deeds.
2 Two copies of the recorded piat shall be submitted to the department

within 30 days of the filing.

C. Owners or operators of solid waste disposal areas permitted prior to Jan, 1, 1987 and
which close after Jan. 1, 1989 as pan of closure must

1, Execute an easement with the department or its agenis to enter the
site to monitor, maintain, or take remedial action during the 30 year

post-closure period,
2. Submit evidence to the department that a notice and covenant running with land
has been filed with the county recorder of deeds. The nofice and covenant shall

speciiy the following:

A. The propenty has been permitted as a sanitary landfill.
B. That use of the iand which interferes with the
closure/post-closure plan is prohibited.

SWMP has created a standard form entitled Agreement for Easement, Notice and Covenant
Running With L.and, which must be submitted upon completion of closure. This form should be
compieted concurrently with the survey plat,
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6. Closure Approval/Denial
Upon completion of the above closure activities, the permittee must request from the SWiVP
approval for final closure of the landfill and that closure funds be released.

A SWMP will conduct a final closure inspection to verify that all the requirements for
closure have been met.

B. SWMP will either approve or deny the request for closure approval. if the request is
approved, closure funds will be released. If the request is denied, a letter will be sent to the
permittee outlining the deficiencies for closure and time frames for compliance.

7. Recommended Guidance

Missouri Department of Natural Resources technical bulletin Guidance For Preparing
Solid Waste Disposal Area Closure and Post-Closure Plans.

U.S. Environmental Protection Agency report Standard Procedures For Planting Vegeta
tion On Completed Sanitary Landfills.

University of Missouri Extension Services document How to Get A Good Soil Sample.
University of Missouri Extension Setvices document Using Your Soil Test Resulis.

0o @ >

For more information call or write:
Missouri Department of Natural Resources

Solid Waste Management Program

P.Q. Bax 176

Jefferson City, MO 65102-0176

1-800-361-4B27 or (673) 751-5401 office

{873) 526-3802 fax

www.dnr.mo.gov/env/swmp Program Home Page
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Missouri Department of Natural Resources

Preparing Solid Waste Disposal Area Closure
and Post-Closure Plans

Solid Wasle Management Program Technical bulletin 6/2008

Introduction

The Missouri Depariment of Natural Resource’s Solid Waste Management Program has devel-
oped this technical bulletin to help landfill owners prepare closure and post-closure plans. Clo-
sure and post-closure plans are intended to describe how a facility will be closed and main-
tained, and more impontantly to provide a basis for calculating the amount of financial assurance
required for the facility. Closure and post-closure plans must be prepared or approved by a
Professional Engineer (P.E.) registered in the State of Missouri, and must be approved by the
Soiid Waste Management Program.

The Missouri Solid Waste Management Regulations contain the following requirements in regard
to closure and post-closure plans:

« Owners of active sanitary landfills are required to provide closure plans and thirty-year post-
closure plans.

= Qwners of active demolition landfills, utility waste landfills and special waste landfills are
reguired to provide closure plans.

¢ Owners of demofition landfills permitted after July 30, 1897, are also required to provide thirty-
year post-closure plans.

« Owners of utility and special waste landfills permitted after July 30, 1997, are required to
provide twenty-year post-closure plans.

+ Owners of inactive landfills are required to provide closure and post-closure plans in accor-
dance with the regulations in place at the time the facility ceased accepting waste.

This technical bulletin addresses two aspects of closure and post-closure plang: the text of the
plan itself and the closure and post-closure cost estimates. These aspects apply to the follow-

ing facilities:
Text of the plan

+ Applies to facilities permitted after the date of this technical bulletin.

+ Currently active facilities and permitted facilities that are not yet constructed will only be
required to revise the text of their closure and post-closure plans to follow this new format
when updating their closure and post-closure plans for any reason.

« Does not apply to inactive tacilities (those that have ceased accepting waste).

Cost estimates

+ Applies to facilities permitted after the date of this technical bulletin,

+ Currently active facilities, and facilities that are permitted but not yet constructed will be re-
quired to revise their cost estimates with the next annua! financial assurance update,

T
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The Solid Waste Management Program recommends that the closure and post-closure plans be
a separate document rather than a section, or appendix, of the overall engineering report for the
facility. It is important to make a distinction between the closure and post-closure plans and
other aspects of the engineering design. The regulatory requirements are specific for final cover
systems, gas control systems, surface water control systems, and environmental monitoring
systemns. The detailed aspects of design should be addressed in the appropriate section of the
engineering report. The closure and post-closure plans address more general requirements.

Where possible, the closure and post-closure plans should refer to the approved design and the
approved monitoring plans, but should not reiterate them in detail. Nor should changes to the
closure and post-closure plans be submitted to modify the design of the final cover system, the
surface water control system, the gas collection system, the gas-monitoring pian, or the ground-
water monitoring plan. The closure and post-closure plan should focus on implementation of the
design, the monitoring plans, and the maintenance activities.

Not onfy will eliminating redundancy decrease the chances for contradictions between the
engineering design documents and the closure and post-closure plans, but in many cases it will
allow the owner to modify some aspect of the design, or perhaps a monitoring plan, without
having to make changes to the closure or post-closure plans.

This technical bulletin has been written to address the most detailed aspects of closure and
post-closure. Many of the design features discussed here, such as geosynthetic caps and
active gas collection systems, may not apply to demolition landfills, utility waste landfills, special
waste landfills, or older areas of sanitary landfilis. Only those portions applicable to the design
and operation of your facility must be addressed.

Closure Plan
According to the regulations, closure plans must include a description of the methods and time
schedules for closure of the permitted area. The plans may have distinctly ditferent contents for

older facilities as opposed to newer ones.

Methods
The engineering design should already address in detail the construction methods to be used for

the final cap system and other systems that will be built during closure, such as the gas control
system and the surface water control system. There is no need to repeat these construction
methods in detail in the closure plan. However, the quality assurance/quality contro (QA/QQC)
methods for these systems may not be clearly specified in the approved engineering design.
QA/QC is an important part of closure since it forms the basis for the engineering certification
that the facility was properly closed. It includes things such as laboratory and field testing of
soils and membranes as well as survey control. It is essential to address this aspact of con-
struction in one way or another. While more modern facilities usually have separate QA/QC
plans, older facilities may not. If not, this aspect of closure must be addressed in the

closure plan.

Scheduie
Since the closure schedule depends on unpredictable factors, particularly waste flow, it would be

futile to present a detailed closure schedule in the closure plan. This aspect of closure would
more appropriately be termed a closure sequence. Again, for older facilities as opposed to
newer ones, the closure plan may have a different focus in this regard.

Newer facilities are typically designed in phases. Current regulations require landfill owners to

submit phase development drawings to show how the site will be developed. These drawings

should be detailed enough to show the various stages of development of the landfill, from finer
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construction in new phases through closure of older phases, inciuding construction of gas and
surface water control systems. [n other words, the closure sequence should already be laid out
in sufficient detail in these phase development drawings. However, for older facilities, phase
development drawings more than likely do not exist and should be included in the closure post-

clostire plan.
The closure plan must address the following:

= The plan must indicate the closure status of all areas within the permitted boundary that have

received waste, regardless of when they were filled.

The plan must indicate whether the facility will close in phases or all at one time.

The plan must indicate the total size of the entire landfill footprint.

For phased closure, the plan must alsc indicate the size of each phase.

The plan must indicate that Missouri Depariment of Natural Resources will be notified in

writing at least 180 days before the anticipated last receipt of waste in the landiill; or, for

phased development, in any particular phase.

= The plan must indicate that closure will begin within 30 days of the last receipt of waste in the
landfill or phase and will be completed within 180 days of beginning closure. The regulations
aliow the department o grant extensions to these fime frames in certain situations, but any
proposed deviations must be clearly indicated in the closure plan.

» The plan must indicate all the major steps necessary to close the landfill based on the ap-
proved engineering design and the conditions of the permit.

» For phased facilities with approved phase development drawings, the closure sequence
should be summarized in the closure plan in enough detail 1o allow the department to deter-
mine when various landfill components will be constructed.

+ For phased facilities without approved phase development drawings, the closure plan should”
include drawings clearly showing the plarned closure sequence for the facility. The drawings
should be correlated with the text of the plan to clearly indicate when various landfill Gompo-
nents will be constructed.

= If you have an approved QA/QC plan for your facility that addresses the current regulatory
requirements and construction verification procedures for the final cover system and other
components to be installed or constructed as a part of closure, a simple reference to the QA/
QC plan in the closure plan is sufficient.

« If you do not have an approved QA/QC plan, the closure plan must include a QA/QC plan for
the final cover system and any component that will be instalied as a part of closure. The QA/
QC plan must address all field and laboratory procedures that will be used to verify the mate-
rial properties and the construction methods for each component. The QA/QC plan must also
address survey control.

+ The plan must indicate that, upon completion of closure activities, a P.E. registered in the state
of Missouri will certify that the facility or phase was properly closed.

Post-closure pians
According to the regulations, post-closure plans must address the maintenance and moenitoring

activities required during the posi-closure period. However, most of the monitoring activities are
petformed in accordance with approved surface water, groundwater, and gas monitoting plans.
There is no need 1o reiterate these monitoring plans in great detail in the post-closure plan, A
simpte reference is adequate. The plan should focus mostly on maintenance activities.



The post-closure pian must address the following:

¢ The plan must show that groundwater monitoring and gas monitoring will be dore in accor-
dance with the approved monitoring plans and the terms and conditions of the permit.

* The plan must show that surface water monitoring, if applicable, will be conducted in accor-
dance with the terms and conditions of any permit(s) issued by the Missouri Clean Water
Commission.

* The plan must show the activities necessary to maintain the integrity of the final cover system,
the leachate collection systern, the gas control system, the gas monitoring system, the
surface water controi systemn, the groundwater monitoring system, and any other system
specified in the approved engineering design.

¢ The plan must show the location where landfill records will be kept during the post-closure
period. A copy of these records muist be made available to the appropriate department staff

upon request.

Financial assurance and cost estimates

Current regulations require owners of sanitary, demalition, and utility waste landfills to provide a
closure Financial Assurance instrument (FAI), Sanitary landfill owners are aiso required {0
provide a post-closure FAl. FAls are necessary to ensure that the department has sufficient
funds to properly ciose and maintain the facility in the event the owner is unable to do so. The
closure FAI may be retumed if final closure has been approved in writing by the department. A
portion of the post-closure FAI may be returned annually starting on the sixth anniversary of the
beginning of the post-closure period, and the remainder may be refunded after completion of the

posi-closure period.

New facilities

The solid waste disposal area permitting process Is separated into several distinct steps. In
addition to the preliminary and detailed site investigation requirements, owners of new facilities,
those applying for a construction permit after July 30, 1997, are now required to obtain a con-
struction permit to build a landfill and an operating permit to begin recelving waste. For ownsrs
of new facilities, a closure FAl is due prior to obtaining the initial construction permit, and a post-
closure FAl is due prior to obtaining the initial operating permit.

If the operations are phased, the initial closure FAI only needs to include the amount necessary
to close the first phase of the landfill, while the initial post-closure FAl must include the separable
posi-closure costs for the first phase, plus the inseparable post-closure costs for the entire
landfill. Separable costs are those which are common only to a particular phase, such as cover
maintenance. Inseparable costs are those which are cornmon to the entire landfill, such as
annual inspections, gas monitoring, and groundwater monitoring. These inseparable activities
will be required for the entire iandfill for the duration of the post-closure period whether or not
subsequent phases are developed. For subsequent phases of new facilities, both the closure
FAl and separable post-closure FAls are due when operation of the phase is requested.

Existing facilities

Owners of existing facilities must have a closure and post-closure FAl in place for any area of
the landfill in which waste was placed after Jan. 1, 1987. For newly developed phases of existing
facilities, as with new facilities, both the closure FAI and separable post-closure FAls are due

when operation of the phass is requested.

Worksheet
In order fo determine the amount of funding required for financial assurance, it is necessary fo do

a cost estimate. The purpose of the closure cost estimate is to determine the funding required
for the department to complete landfill closure, The purpose of the post-closure cost estimate is
4



to determine the funding required for the department to maintain and monitor the facility for the
duration of the post-closure period. ’

To simplify the cost estimation process, the department has developed the atiached worksheet
to be used in calculating the amount of financial assurance required for closure and post-clo-
sure. To understand the need for a simplified worksheet, you must first understand the scenario
under which the department will be required to perform closure and post-closure activities. 1n
this situation, there will either be no responsible party, or the responsible party will be unwilling or
unable to perform closure or post-closure activities. There is no other reason for the department
to assume these responsibilities. In this scenario, it is quite likely that the facility has been pooriy
managed, either operationally, financially, or both. »

In a premature closure scenario, it is unlikely that the landfill will resemble what was depicted in
the approved final contour drawings. Some areas of the landfill may be at the permitted final
elevation while others may be significantly lower, or higher if the landfill was poorly managed. it
is likely that extensive regrading will be required for cover construction; surface water may have
to be routed differently than indicated in the approved design and some portions of the gas
system may be installed while others are noi. The departiment will likely hire a consuliant to
determine the most cost-effective method of closure. No one can anticipate all possible sce-
narios, nor is the FAl intended to provide funds for all possible scenarios. it is also difficult to
accurately estimate the costs for complicated systems such as landfil gas collection systems
even under ideal circumstances, much less during a premature closure scenario.

Far this reason, the cost estimates are not intended 1o be extremely detailed or complicated.
They are intended as a simpie method of providing a reasonable amount of money to allow the
department to evaluate the condition of the landfill and close it in accordance with the minimum
requirements of the regutations and any special requirements imposed by the design engineer.
The most important thing is that estimates be reasonably accurate and include costs for ali
major aspects of tandfill closure and post-closure.

The attached worksheet must be completed in order to determine the closure and post-closure
costs. Any critical feature(s) included in the design for which there is no line item on the
worksheet must be accounted for as well. For these features, the department will allow the use
of third party quotes or professional judgement on the part of the design engineer in preparing
cost estimates. These estimates should he attached to the worksheet.

Please note that this worksheet only applies to facilities with Subtitle D (composite) caps or
standard soil caps (two feet of compacted clay overlfain with one foot of vegetative soil). Some
demolition iandfills, utility waste landfills, and special waste landfills are designed with other types
of caps. The department will work with the owners of these facilities on a case by case basis to
determine the amount of financial assurance required, using the principles and unit costs
developed in this technical bulletin,

Due to variations in design, more than one worksheet may be necessary for your facility, For
example, some older fandfilis have both Subtitle D areas and areas with soil caps. Some por-
tions of the landfill may be required to have an active gas extraction system while others are not,
In some cases, for example where a Subtitle D permit has superceded a previous permit, one
worksheet can be completed to account for alf areas within a permitted landfill. However, we
suggest that you complete a separate worksheet for each distinct area. The worksheet is
simple enough that this should not be difficult. In no case should areas with different parmit
numbers be combined on the same worksheet. The text of the plan should address each
distinct area and explain the variations in design from one area to the next.
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For a facility where all areas or phases are designed the same, such as a complete Subtitle D
tacllity, as subseguent phases are opened you should submit a new worksheet that accounts for
all phases of the landfill. For example, if you are submitting a request to Open the fifth of ten
phases, you should replace previously submitted worksheets with a new one that accounts for
the total acreage for phases one through five.

The worksheet is based on unit closure costs for the following standardized aspects of design:

» Compacted clay cap

« (as collection or venting system

« 40 mil low density polyethylene membrane
« Geocomposite drainage net, if applicable

» Vegetative soil

» Surface water conirols

* Vegetation

« Borrow area reclamation

« Professional services

Owners of Subtitle D facilities must provide an FAl for either an active gas extraction sysiemora
passive venting system. You must provide an FAl for an active system only if you are:

1. required to install the system by the department to control off-site gas migration,

2. required to instal! the system under the Federal New Source Performance Standards (NSPS),
or,

3. required to install the system by some other regulatory agency.

If you own a Subtitle D facility and do not meet any of these conditions, you are only required to

provide an FAl for a passive venting system. Owners of non-Subtitte D facilities (with soil caps)

are not required to provide an FAl for a gas control system at all unless they meet at least one of

the above conditions.

For simplicity, the worksheet costs are the same for active extraction wells and passive vents.
Costs for wells or vents must be included in the cost estimate for the phase in which they will be
physically located. However, costs for other components such as connecting piping, blowers,
and flares, if required, only need to be included in the cost estimate at the point they are deter-
mined 1o be necessary by the design engineer. Again, this will depend entirely on the phase
develapment and closure sequence discussed previously.

For example, assume that your landfill is large enough that you will eventually be required fo
install a gas extraction system under NSPS. The design engineer determines that the emis-
sions will exceed the threshold limit when the fifth of ten phases are in place. In other words, i
the landfill closes prematurely aiter only four phases are in place, the facility will be below the
threshold limit and only a passive venting system will be required. The costs for the gas vents
for each of the first four phases must be included in the FAI cost estimates for those phases
hecause they will be required regardless of whether the fifth phase is ever constructed. You
must at least vent Subtitie D landfifls. You must use Form B, the Worksheet for Passive Gas
System, through the first four phases. However, when you request to operate the fifth phase,
since this will cause you to reach the threshold limit, you must now convert the passive vents to
active extraction wells, install connecting piping, and the blower/flare station. To calcuiate your
closure cost for this systern, you must complete Form A, the Worksheet for Active

Gas Systems.



The worksheet is based on unit post-closure costs for the following standardized maintenance
and monitoring activities:

» Site inspections

« Erosion repair and revegetation of final cap

Groundwater sampling and analysis

Gas monitoring

| eachate disposal

Groundwater maonitoring system maintenance and repair
Gas monitoring system maintenance and repair

+ Gas control system maintenance and repair (if applicable)
+ Leachate management system maintenance and repair

+ Professional services

Owners of facilities that voluntarily design and install an active gas system will be required o
provide post-clasure maintenance costs for the system once it is constructed. This is simply
because, once the systemn has been buitt, the department will have to maintain it,
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Worksheet unit costs

In the event the department is required to close a landfill, labor rates for the project will be in
accordance with the prevailing wage rates in the county in which the landfiil is located. There-
_fore, the unit costs in the warksheet are based primarily on R.S. Means publications because
they reflect average nationai wage rates. A detailed analysis of the unit costs is available upon

request.

You will note that the costs vary significantly depending on the round trip haul distance from the
borrow area, and whether or not the landfill owner has granted an easement to the depariment
for use of the borrow soils for closure. The higher costs due to increased haul distance should
be apparent. Costs are also tied to the easement because, if the department is required to
complete closure of a landfiil or perform cover maintenance during the post-closure period, the
costs will be much higher if we have to purchase the soil from an outside source, Therefore,
unless you have executed an easement with the department that allows the use of borrow soil
far closure and post-closure, we must make an assumption as to the availability of borrow soii.
This assumption is that we will be able to locate and purchase the required quantity of suitable
soils within five miles of the site. Therefore, for the purposes of cost estimating, we will assume
a round trip haul distance of 10 miles.

Updating the cost estimate and FAI

One of the advantages of the simplified worksheet is that it minimizes the changes required to
the cost estimate and the FAIL. In order to understand this, you must understand the distinction
between changes to the cost estimate and changes to the FAI.

The cost estimate is based on the major aspects of landfill design such as total acreage permit-
ted for waste disposal {landfill footprint}, the type of cover (subtitie D or non-subtitle D), the type
of gas system (active or passive), and the number of groundwater monitoring wells. Once your
cost estimate has been revised to match the figures in this technical bulletin, it must be updated

only if some design aspect changes.
The FAl is a document ensuring that a reasonable amount of money is guaranteed to the depart-

ment to complete closure and post-closure activities. It is based on the cost estimate. The
amount of money must be updated annually for infiation, or if the cost estimate changes.



To itlustrate this, we will use the following example:

Assume that, once your cost estimate is revised to match the figures in the technical bulletin,
your closure cost estimate is $2 million and your post-closure cost estimate is $3 miflion. If you
operate for twenty years and never modify any aspect of design, you will never need to change
that cost estimate. You only need o increase the FAI annually for inflation, as outlined below.
However, assume that at some point you are required by the department to install an-active gas
system to control a gas migration, or add two groundwater-monitoring wells, You must submit a
new worksheet accounting for the increased closure or post-closure cost for the modification.
Once the modifications and new cost estimate are approved by the Solid Waste Management
Program, you will be required at that time fo update your FAI to match the new cost estimate.
From that point on, the FAl must be increased annually for inflation, but no changes to the cost
estimate will be necessary unless further design changes are approved.

Itis important to note that using the worksheet to update a cost estimate will always result in an
estimate in year 2000 doliars. This figure must then be updated for inflation to the current year.

Annual adjustments for inflation

Annual adjustments for inflation are determined by increasing the original dollar value using a
multiplier. The multiplier is the latest percent change in the Implicit Price Deflator (IPD) for the
Gross Domestic Product as determined by the U.S. Department of Commerce. The IPDs
change every quarter depending on the current rate of inflation. You must aiways use the most
recent |PD when updating a cost estimate or FAL. The most recent IPD can be obtained from the

Solid Waste Management Program,

Forms Available Online
Closure and Fosi-Closure Cost Workshest

www.dnr.mo.gov/forms/780-1882.pdf

Farm A - Active Gas System Worksheet
www.dnr.mo.gov/forms/780-1881.pdf

Form B - Passive Gas System Worksheet
www.dnr.mo.gov/forms/780-1880.pdf

Table 1 - Cover Systems Construction and Repair Cosis
www.cnr.mo.gov/forms/780-1879.pdf

For more information call or write:

Missouri Department of Natural Resources

Solid Waste Management Program

P.C.Box 176

Jefterson City, MO 65102-0176

1-800-361-4827 or (573} 751-5401 office

(573) 526-3802 fax

www.dnr.mo.gov/env/swmp Program Home Page



Appendix 3

Agreement for Easement, Notice and
Covenant Running with Land -
Franklin County



Missouri Department of Natural Resources
Solid Waste Management Program

AGREEMENT FOR EASEMENT,
NOTICE AND COVENANT RUNNING WITH LAND
(Standard Form 4-11-986)

This Agreement made this DRAFT day of , 20
between the Missouri Department of Naturat Resources, hereinafter called Department and

Ameren Missouri, hereinafter called Owner, to satisfy the requirements of the Missouri Solid
Wasie Management Law.
WITNESSETH.

Owner wishes to execute an Agreement for Easement, Notice and Covenant Running

with Land for a solid waste disposal area (hereinafter called landfill) on property owned by owner
in Franklin County, Missouri, and more fully described as follows:

PART OF SECTIONS 8 AND 17 AND PART OF U.S. SURVEY 98 IN TOWNSHIP 44 NORTH,
RANGE 2 EAST OF THE FIFTH PRINCIPAL MERIDIAN, FRANKLIN COUNTY, MISSOURI,
DESCRIBED AS FOLLOWSE:

BEGINNING AT THE SOUTHWEST CORNER OF LOT 1 OF "WORTHINGTON HEIRS
SUBDIVISION" AS RECORDED IN PLAT BOOK C, PAGE 25 IN THE FRANKLIN COUNTY
RECORDS, SAID SOUTHWEST CORNER BEING ON THE NORTHERLY RIGHT OF WAY
LINE OF THE CHICAGO (100" W) ROCK ISLAND AND PACIFIC RAILWAY COMPANY;
THENCE DEPARTING SAID NORTHERLY LINE AND ALONG THE WESTERLY LINE OF
SAID "WORTHINGTON HEIRS SUBDIVISION” NORTH 01 DEGREES 28 MINUTES 18
SECONDS EAST, 80.58 FEET TO THE POINT OF BEGINNING OF THE TRACT HEREIN
DESCRIBED; THENCE DEPARTING SAID WESTERLY LINE SOUTH 71 DEGREES 57
MINUTES 43 SECONDS WEST, 53.86 FEET; THENCE SOUTH 61 DEGREES 52 MINUTES
36 SECONDS WEST, 208.05 FEET, THENCE SOUTH 60 DEGREES 39 MINUTES 30
SECONDS WEST, 331.03 FEET,; THENCE SOUTH 69 DEGREES 57 MINUTES 40 SECONDS
WEST, 377.65 FEET; THENCE SOUTH 77 DEGREES 17 MINUTES 21 SECONDS WEST,
250.40 FEET; THENCE NORTH 86 DEGREES 14 MINUTES 27 SECONDS WEST, 273.79
FEET; THENCE 89 DEGREES 40 MINUTES 33 SECONDS WEST, 235.30 FEET; THENCE
NORTH 83 DEGREES 46 MINUTES 07 SECONDS WEST, 191.63 FEET,; THENCE NORTH 87
DEGREES 02 MINUTES 14 SECONDS WEST, 216.88 FEET; THENCE SOUTH 84 DEGREES
28 MINUTES 52 SECONDS WEST, 166.48 FEET,; THENCE SOUTH 71 DEGREES 37
MINUTES 58 SECONDS WEST, 120.83 FEET; THENCE SOUTH 71 DEGREES 28 MINUTES
48 SECONDS WEST, 164.93 FEET; THENCE SOUTH 55 DEGREES 47 MINUTES 10
SECONDS WEST, 343.76 FEET; THENCE SOUTH 55 DEGREES 28 MINUTES 54 SECONDS
WEST, 805.68 FEET; THENCE NORTH 01 DEGREES 23 MINUTES 57 SECONDS EAST,
7597.67 FEET; THENCE SOUTH 86 DEGREES 27 MINUTES 31 SECONDS EAST, 5469.88
FEET, THENCE SOUTH 02 DEGREES 02 MINUTES 11 SECONDS WEST, 2991.70 FEET,;
THENCE SOUTH 01 DEGREES 17 MINUTES 10 SECONDS WEST, 1070.22 FEET; THENCE
SOUTH 01 DEGREES 09 MINUTES 17 SECONDS WEST, 1239.51 FEET; THENCE SOUTH
01 DEGREES 42 MINUTES 10 SECONDS WEST, 492.33 FEET,; THENCE SOUTH 81



DEGREES 39 MINUTES 02 SECONDS WEST, 663.60 FEET; THENCE SOUTH 83 DEGREES
24 MINUTES 58 SECONDS WEST, 688.43 FEET; THENCE SOUTH 84 DEGREES 50
MINUTES 23 SECONDS WEST, 306.70 FEET,; THENCE SOUTH 80 DEGREES 32 MINUTES
21 SECONDS WEST, 241.96 FEET; THENCE SOUTH 71 DEGREES 57 MINUTES 43
SECONDS WEST, 176.34 FEET TO THE POINT OF BEGINNING.

SAID TRACT BEING SITUATED IN FRANKLIN COUNTY, MISSOURI AND CONTAINING
35,422,418 SQUARE FEET OR 813.187 ACRES, MORE OR LESS.

Owner has access to the above described landfill as follows:

PART OF SECTIONS 8 AND 17 AND PART OF U.S. SURVEY 98 IN TOWNSHIP 44 NORTH,
RANGE 2 EAST OF THE FIFTH PRINCIPAL MERIDIAN, FRANKLIN COUNTY, MISSOURI,
DESCRIBED AS FOLLOWS:

BEGINNING AT THE SOUTHWEST CORNER OF LOT 1 OF "WORTHINGTON HEIRS
SUBDIVISION" AS RECORDED IN PLAT BOOK C, PAGE 25 IN THE FRANKLIN COUNTY
RECORDS, SAID SOUTHWEST CORNER BEING ON THE NORTHERLY RIGHT OF WAY
LINE OF THE CHICAGO (100' W) ROCK ISLAND AND PACIFIC RAILWAY COMPANY:
THENCE DEPARTING SAID NORTHERLY LINE AND ALONG THE WESTERLY LINE OF
SAID “WORTHINGTON HEIRS SUBDIVISION" NORTH 01 DEGREES 28 MINUTES 18
SECONDS EAST, 80.58 FEET TO THE POINT OF BEGINNING OF THE TRACT HEREIN
DESCRIBED; THENCE DEPARTING SAID WESTERLY LINE SOUTH 71 DEGREES 57
MINUTES 43 SECONDS WEST, 53.86 FEET; THENCE SOUTH 61 DEGREES 52 MINUTES
36 SECONDS WEST, 208.05 FEET; THENCE SOUTH 60 DEGREES 39 MINUTES 30
SECONDS WEST, 331.03 FEET; THENCE SOUTH 69 DEGREES 57 MINUTES 40 SECONDS
WEST, 377.65 FEET; THENCE SOUTH 77 DEGREES 17 MINUTES 21 SECONDS WEST,
250.40 FEET; THENCE NORTH 86 DEGREES 14 MINUTES 27 SECONDS WEST, 273.79
FEET; THENCE 89 DEGREES 40 MINUTES 33 SECONDS WEST, 235.30 FEET; THENCE
NORTH 83 DEGREES 46 MINUTES 07 SECONDS WEST, 191.63 FEET; THENCE NORTH 87
DEGREES 02 MINUTES 14 SECONDS WEST, 216.88 FEET,; THENCE SOUTH 84 DEGREES
28 MINUTES 52 SECONDS WEST, 166.48 FEET; THENCE SOUTH 71 DEGREES 37
MINUTES 58 SECONDS WEST, 120.83 FEET, THENCE SOUTH 71 DEGREES 28 MINUTES
48 SECONDS WEST, 164.93 FEET; THENCE SOUTH 55 DEGREES 47 MINUTES 10
SECONDS WEST, 343.76 FEET, THENCE SOUTH 55 DEGREES 28 MINUTES 54 SECONDS
WEST, 805.68 FEET; THENCE NORTH 01 DEGREES 23 MINUTES 57 SECONDS EAST,
7597.67 FEET, THENCE SOUTH 86 DEGREES 27 MINUTES 31 SECONDS EAST, 5469.88
FEET; THENCE SOUTH 02 DEGREES 02 MINUTES 11 SECONDS WEST, 2991.70 FEET,;
THENCE SOUTH 01 DEGREES 17 MINUTES 10 SECONDS WEST, 1070.22 FEET; THENCE
SOUTH 01 DEGREES 09 MINUTES 17 SECONDS WEST, 1239.51 FEET; THENCE SOUTH
01 DEGREES 42 MINUTES 10 SECONDS WEST, 492.33 FEET; THENCE SOUTH 81
DEGREES 39 MINUTES 02 SECONDS WEST, 663.60 FEET; THENCE SOUTH 83 DEGREES
24 MINUTES 58 SECONDS WEST, 688.43 FEET,; THENCE SOUTH 84 DEGREES 50
MINUTES 23 SECONDS WEST, 306.70 FEET; THENCE SOUTH 80 DEGREES 32 MINUTES
21 SECONDS WEST, 241.96 FEET; THENCE SOUTH 71 DEGREES 57 MINUTES 43
SECONDS WEST, 176.34 FEET TO THE POINT OF BEGINNING.

SAID TRACT BEING SITUATED IN FRANKLIN COUNTY, MISSOURI AND
CONTAINING 35,422,418 SQUARE FEET OR 813.187 ACRES, MORE OR LESS.



NOW, THEREFORE, in consideration of the mutual covenants of the parties and other
valuable consideration, receipt of which is hereby acknowledged, the Department and Owner

agree as follows:
1. The Department has issued Solid Waste Disposal Area Operating Permit No.

to Ameren Missouri, dated , 20___, for the operation of a landfill by Owner in

compliance with the provisions pursuant to the Missouri Solid Waste Management Law.

2. The owner hereby grants, bargains, sells and conveys tc the Department, its
agents, confractors, successors and assigns an easement in the landfill described above,
together with an easement in the access property owned by tandowner as described above, to
enter the landfill as necessary to complete work specified in the closure plan, or to monitor or
maintain the site if specified in a post-closure plan, or to take remedial action during the post-
closure period. "Closure plan”, "post-closure plan®, and "post-closure period" are defined
pursuant to the Missouri Solid Waste Management Law and for the purpose of this agreement
are described in permit number DRAFT . If the landfill is accessible only

through property not owned by landowner, the owner/operator should obtain a separate
easement from the access property’s owner(s) in favor of the Department for appropriate
access. The Department will provide assistance if this is necessary.

3. This agreement, when filed by the Owner with the Recorder of Deeds for Franklin
County, Missouri, shall serve as notice that the property described herein has been permitted as
a solid waste disposal area and, that use of the property in any manner which interferes with the
closure and, where appropriate, post-closure plans filed with the Department is prohibited.

4, The owner, heirs, successors in title, personal representatives and assigns shall
not use the herein described property in any manner which interferes with any closure and/or
post-closure plans which are filed with the Department. Further, the use of the herein described
property is subject to the Missouri Solid Waste Management Law and the rules promulgated
thereunder.

5. Any restriction in this agreement on the use of the herein described property is a

covenant running with the land.
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IN WITNESS WHEREOF,

first above written.

OWNER:

the parties have hereunto set their hands the day and year

DEPARTMENT:

Ameren Missouri

Name:

Missouri Department of Natural Resources

Name: DRAFT

Title:

Title: Director
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Notary for Owner:
STATE OF MISSOURI )
yss
COUNTY OF )
On this day of , 20___, before me personally appeared

{(name), to me know to be the person described in and who executed the foregoing instrument,

and acknowledged that they executed the same as their free act and deed.

IN WITNESS WHEREOF, I have hereunto set my hand and affixed my official seal in the

County and State aforesaid, the day and year first above written.

DRAFT

Notary Public

Commission in County.

My Commission Expires:

Notary for Missouri Department of Natural Resources

STATE OF MISSOURI )
)ss
COUNTY OF COLE )
On this day of in the year 20 before me, DRAFT
, @ Notary Public in and for the said state,
personally appeared DRAFT ,

Missouri Department of Natural Resources, known fo me to be the person who executed the
within document in behalf of the Department and acknowledged to me that he executed the

same for the purposes therein stated.

DRAFT
Notary Public

Commissioned in County.

My Commission Expires:
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Appendix 4A

Closure and Post-Closure Cost Worksheet
Total, All Four (4) Phases: 166.5 Acres



MISSOURI DEPARTMENT OF NATURAL RESOURCES
SOLID WASTE MANAGEMENT PROGRAM

4 @ CLOSURE AND POST-CLOSURE COST WORKSHEET

TOTAL ACREAGE-ALL PHASES

VORKSHEET IS ONLY REQUIRED FOR THOSE

TIES THAT ACCERT WASTE AFTER JAN. 1

NAME OF FACILITY | PERMIT NUMBER

1/10/13 Ameren Missouri Labadie Utility Waste Landfill

TOTAL PERMITTED ACREAGE TOTAL ACREAGE WITH WASTE IN PLAGE

(INCLUDING UNDEVELOPED AREAS) (INCLUDING OFFICIALLY CLOSED AREAS) TOTAL ACREAGE WITH OFFICIAL CLOSURE APPROVAL
SUBTITLE O NON-SUBTITLE D SUBTITLED NON-SUBTITLE D SUBTITLE D NON-SUBTITLE D
166.5 0 0 0 0 0
1. How many acres is this financial assurance instrument intended for?
166.5
acres for closure acres for post-closure

2. Description of area (cell number, etc.)

Ameren Missouri Labadie Utility Waste Landfill (TOTAL ACREAGE)

3. What is the approved final cover system design?

& Subtitle D: one foot of compacted clay overlain with a geomembrane, a drainage layer and two feet of vegetative soil.

L] Standard soit cover: two feet of compacted clay overlain with one foot of vegetative soil.

(If your facility has both subtitle D and non-subtitle D areas, separate wotksheets are advisable for these areas to avoid confusion.)

4, Hasan ezla—_—s]ement been granted to the Missouri Department of Natural Resources for access to and use of the borrow material for cap construction?

A Yes No

5. What is the average round-trip distance from the landfill (or phase) to the borrow area? Round trip distance should be to the nearest % mile if less than five miles. If more
than five miles, round trip distance should be to the nearest mile. [f the department does not have an easement to the borrow area, the round trip hau! distance is assumed
o be 10 miles.

0.5 miles
6. What is the approximate volurme of soil remaining in the borrow area?
0 Clay (cubic yards)

537,200 vegetative sail (cubic yards)
7. What is the approved gas control systern design?
(] Active extraction system [ Passive venting system & No gas control system
If you have an actlive extraction system, check the appropriate box.
[la. Required to control gas migration
[Jb. Required under NSPS
[e. Required by ather agency (city, county, etc.)
[1d. Specified only by design engineer
If you check box “d”, is any part of the active gas system constructed at this time?
[Yes [LINo i yes, provide a general description of the portion(s) of the system installed.

Note: Owners of Subtitle D facilities must provide a closure financial assurance instrument for either an active extraction system or a passive venting system. You must provide a closure FAI for an
active system only when you are: 1} Required to install the system by the department to control off-site gas migration, or 2) Required to install the system under the Federal New Source Performance
Standards, or NSPS, or 3) Required fo install the system by another regulatory agency (city, county, etc.).

If you own a Subtitle D facifity and meet any of the conditions, complete Form A, If you own a Subtitle D facility and do not meet any of these conditions, you are only required to provide a closure
FAl for a passive venting system. Complete Form B if you own a non-Subtitle D facility (with a soil cap), you are not required to provide a closure FAI for a gas controf system at all unless you also
meet at [2ast one of the above conditions. If you have installed any porion of an active gas control system, you must provide post-closure maintenance funds for the portion of the system
constructed. Do this by checking the apprapriate box on the post-closure cost worksheet and adding that amount to the total.

MG 780-1882 (01-12) Page 1 0f4



TOTAL ACREAGE-ALL PHASES

8. How many ground water monitoring wells do you have?

28 wells
8. List the primary and secondary wastewater treatment plants used for leachate disposal, and the cost of disposal.
(Primary plant) $0.00 per galion {Secondary Plant) $ per galion,

[ Check if the facility discharges directly to a wastewater treatment plant.

10. What is the estimated post-closure leachate generation rate and how was it derived?
0 (gaifacre/day) [T HELP model [ Cther (please explain,)

11,

If any aréé's.wof th.é. l.a.l.ndﬁi! have been officially closed, list the following information.
Area consisting of acres received official closure , years post-closure,
Area consisting of acres received official closure , years post-closure.
Area consisting of acres received official closure . years post-closure.
Area consisting of acres received official closure , years post-closure,
Area consisting of acres received official closure , years post-closure.

MO 780-1882 (01-12)

Page 2 of 4



TOTAL ACREAGE-ALL PHASES

CLOSURE COSTS

Final Cover System

Subtitle D (Composite cover) 1665 acres x $ 72,910 peracre= $ 12.139,515.00
{From Table One)

Non — Subtitle D) (soil cover) acres X $ per acre = $ 0.00
{From Table Cne)

Gas Control System

Active extraction system (Complete Form A and write the amount in the right column.) $ 0.00

Passive gas venting system {Complete Form B and write the amount in the right column.) % 0.00

Note: Owners are not required to provide an FAI for an active gas system unless required to install the system for one of the reasons listed under section 7 of this worksheet.
However, owners of Subtitle D landfills are required to provide an FAI for a passive gas system if they do not provide one far an active system.

Other Critical Design Features
include total cost for construction of other critical design features. Attach separate sheel(s) for cost calculations. 3 0.00
Total Closure Cost (sum of all lines) (2004 Dollars) $ 12,138,515.00

* Inflation Update
Adjust amount from 2004 dollars to present value.

Total closure cost 2004 dollars § 12.139,515.00 % current Implicit Price Deflator * /“Please contact the Solid Waste Management Program, 573-526-5401, for the current IPD
3
14,370,757.86

IPD 2004 4th Qtr = 97.874; IPD 2012 3rd Qtr = 115.860
(115.860 - 97.874) / 97.874 = 17.9860/ 97.874 = 0.1838
CURRENT IPD = 1.1838

MO 780-1882 {01-12) Page 3of4




TOTAL ACREAGE-ALL PHASES

inseparable Annual Costs

Annual landfill inspection and reporting 3 i

Gas monitoring and reporting 5 il

Annual groundwater sampling and analysis cost. 28 wells x2,000= § 56,000.00

Annual groundwater monitoring system maintenance and statistics cost. $ 13,700

[T Leachate system maintenance $3,100 $ 000

{Check if applicable and write this amount in the space provided.)

(I Leachate testing $2.250 ¢ 0.00

{Check if applicable and write this amount in the space provided.}

[ClActive gas extraction system maintenance and ufilities $17.600 $ 0.00

(Check if applicable and write this amount in the space provided.}

[[] Passive gas system maintenance $1,600 $ 000

(Check if applicable and write this amount in the space provided.}

Separable Annual Costs

Cap repair and maintenance 0 acres X 0 = g 0.00
{From Table One)

{1 Leachate treatment {check if applicable) 0 acres x U x (Cost per galion) 0.00 = $ 0.00
(GallAcrefYear)

[ Leachate hauling (check if applicable) 0 acres x 0 x $0.05 = $ 0.00
{GalfAcrefYear)

Annual Costs for Other Critical Design Features

include total annual cost for maintenance of other critical design features. Attach separate sheet(s) for cost calculations. $ 000

Total Annual Post- Closure Cost (2004 Dollars) $69,700.00

Adjust for Intlation

Adjust Amount for 2004 dollars to present value

Annual closure cost 2004 Dollars  § x current Implicit Price Deflator™/* Please contact the Solid Waste Management Program, 573-526-5401, for the current IPD = §

Sum of all annual post — closure costs $ 8251086

(Reduction. On the sixth anniversary of receiving official closure, a facility can reduce the post-closure FAI by one year's worth of fund.)
Total Post-Closure Cost

Annual post-closure costs x X¥years 20 $ 165021720

MO 780-1BB2 (0112 Page 4 of 4




Appendix 4B

Closure and Post-Closure Cost Worksheet
Phase 1: 31.4 Acres



MISSOURI DEPARTMENT OF NATURAL RESOURCES
SOLID WASTE MANAGEMENT PROGRAM

CLLOSURE AND POST-CLOSURE COST WORKSHEET

G
&

&/ |l

Phase 1

- THIS WORKSHEETIS QUIRED FOR THOSE FACILITIES T CCEPT WASTE AFTER JAN. 1, 2004. OTHERS MAY USE THE WORK! F THEY CHOOSE.

DATE NAME OF FACILITY PERMIT NUMBER

110/13 Ameren Missouri Labadie Utility Waste Landfili

TOTAL PERMITTED ACREAGE TOTAL ACREAGE WITH WASTE IN PLAGE
(INCLUDING UNDEVELOPED AREAS) (INCLUDING OFFICIALLY CLOSED AREAS) FOTAL ACREAGE WITH OFFICIAL CLOSURE APPROVAL
SUBTITLE D NON-SUBTITLE D SUBTITLE D NON-SUBTITLE D SUBTTLED NONSUBTILE D
166.5 G 0 0 0 0

1. How many acres is this financial assurance instrument intended for?

31.4
acres for closure acres for post-closure

2. Description of area {cell number, etc.)

Ameren Missouri Labadie Utility Waste Landfill (PHASE 1)

3. What is the approved final cover system design?

& Subtitle D: one foot of compacted clay overlain with a geomembrane, a drainage layer and two feet of vegetative soil.

(] Standard soil cover: two feet of compacted clay overlain with one foot of vegetative soil.

{If your facility has both subtitle D and non-subtitle D areas, separate worksheets are advisable for these areas o avoid confusion.)

4. Has an easement been granted to the Missouri Department of Natural Resources for access 1o and use of the borrow material for cap canstruction?

A Yes [l Ne

5.  What is the average round-trip distance from the landfill (or phase) to the borrow area? Round trip distance should be to the nearest ¥ mile if less than five miles. If mare
than five miles, round trip distance should be to the nearest mile. If the department does not have an easement to the borrow area, the round trip haul distance is assumed
to be 10 miles.

0.5 miles
6. What is the approximate volume of soil remaining in the borrow area?
4] Clay (cubic vards)

937,200 veqetative soil (cubic yards)
7. Whatis the approved gas conirol sysfem design?
] Active extraction system ] Passive venting system ] No gas contro! system
If you have an active extraction system, check the appropriate box.
[(a. Required to control gas migration
[Ib. Required under NSPS
[lc. Required by other agency (city, county, etc.)
[(ld. Specified only by design engineer
If you check box “d", is any part of the active gas system constructed at this time?
[yes [(No  If yes, provide a general description of the portion(s) of the system installed.

Note: Owners of Subtitle D facilities must provide a closure financial assurance instrument for either an active extraction system or a passive venting system. You must provide a closure FAI for an
active system only when you are: 1) Required to install the system by the department to control off-site gas migration, or 2} Reqguired to install the system under the Federal New Source Performance
Standards, or NSPS, or 3) Required to install the system by another regulatory agency (city, county, etc.).

If you own a Subfitte D facility and meet any of the conditions, complete Farm A. If you own a Subtitle D facility and do not meet any of these conditions, you are only required to provide a closure
FAl for a passive venting system. Complete Form B if you own a non-Subtitle D facility {with a sail cap), you are net required to provide a closure FAI for a gas control system at all uniess you also
meet at least one of the above conditions. If you have installed any portion of an active gas control systern, you must provide post-closure maintenance funds for the portion of the system
constructed, Do this by checking the appropriate box on the post-closure cost worksheet and adding that amount to the total.

MO 780-1882 (01-12) Page 1ot 4



Phase 1

8. How many ground water monitoring wells do you have?

28 wells
9. List the primary and secondary wastewater {reatment plants used for leachate disposal, and the cost of disposal.
(Primary plant) $oc per gallon (Secondary Plant) § per gallon.

(] Check if the facility discharges directly to a wastewater treatment plant.

10. What is the estimated post-closure leachate generation rate and how was it derived?
(galfacre/day) [T HELP model [ Other (please explain.)

11. Ifany aréaé of the fandfill have been officially closed, list the following information.

Area consisting of acres received official closure , years post-closure,
Area consisting of acres received official closure , years post-closure.
Area consisting of acres received official closure , years posi-closure.
Area consisting of acres received official closure . years post-closure.
Area consisting of acres received official closure . years post-closure.

MO 780-1882 (01-12} Page2 0l 4



Phase 1

Final Cover System

Subtitle D {Composite cover) 314 acres x $ 72,910 per acre = $ 2,289.374.00
(From Table One)

Non — Subtitle D (soil cover) acres x $ per acre = $ 0.00
(From Table One}

Gas Control System

Active extraction system (Complete Form A and write the amount in the right column.) $ 0.00

Passive gas venting system (Compleie Form B and write the amount in the right column.) $ 0.00

Note: Owners are not required to provide an FAI for an active gas system unless required to install the system for one of the reasons listed under section 7 of this worksheet.
However, owners of Subtifle D landfills are required to provide an FAl for a passive gas system if they do not provide one for an active system.

Qther Critical Design Features
Include total cost for construction of other critical design features. Attach separate sheet(s) for cost calculations, $ 0.00
Total Closure Cost (sum of all lines) (2004 Dollars) $ 2,289.374.00

* Inflation Update
Adjust amount from 2004 dollars to present value,

Total closure cost 2004 doflars § 2.289,374.00 x current Implicit Price Deflator * /*Please contact the Solid Waste Management Program, 573-526-5401, for the current IPD
$ 2710,160.94

IPD 2004 4th Qtr = 97.874; IPD 2012 3rd Qtr = 115.860
(115.860 - 97.874) / 97.874 = 17.9860 / 97 .874 = 0.1838
CURRENT IPD = 1.1838

MO 780-1882 (tH1-12) Page 3 ofd




Phase 1

| POST-CLOSURE COSTS'

Inseparable Annual Costs

Annual landfill inspection and reporting % P Malals]

Gas monitoring and reporting 3 o

Annual groundwater sampling and analysis cost. 28 wells x 2,000 = § 56,000.00

Annual groundwater monitoring system maintenance and statistics cost. % 13,700

[] Leachate system maintenance $3,100 $ 000

{Check if applicable and write this amount in the space provided.}

[ Leachate testing $2,250 $ 000

(Check if applicable and write this amount in the space provided.)

[CActive gas extraction system maintenance and utilities $17,600 3 0.00

(Check if applicable and write this amount in the space provided.}

[1 Passive gas system maintenance $1,600 $ 000

(Check if applicable and write this amount in the space provided.)

Separable Annual Costs

Cap repair and maintenance 0 acres ¥ 0 = $ 0.00
{From Table One)

[] Leachate treatment (check if applicable) 0 acresx 0 x (Cost per gallon) 0.00 = 5 0.C0
(Gal/Acre/Year)

[1 Leachate hauling (check if applicable) 0 acres x 0 x$0.05= $ 0.00
{GallAcrelYear)

Annual Costs for Other Critical Design Features

Include total annual cost for maintenance of other critical design features. Attach separate sheet(s) for cost calculations. $ 0.00

Total Annual Post- Closure Cost (2004 Dollars}  gg9 700

Adjust for Inflation

Adjust Amount for 2004 dollars to present value

Annual closure cost 2004 Dollars & x current Implicit Price Deflator™/* Please contact the Solid Waste Management Program, 573-526-5401, for the current IPD = $

Sum of all annual post — closure costs $ 8251086

{Reduction. On the sixth anniversary of receiving official closure, a facility can reduce the post-closure FAI by one year's worth of fund.)

Total Post-Closure Cost

Annual post-closure costs x % years20 $ 1.650.217.20

FAO 7EG- 1862 {01-12} Fage 2 of 4



Appendix 4C

Closure and Post-Closure Cost Worksheet
Phase 2: 35.2 Acres



MISSOURI DEPARTMENT OF NATURAL RESOURCES
SOLID WASTE MANAGEMENT PROGRAM

@ CLOSURE AND POST-CLOSURE COST WORKSHEET

PHASE 2
NLY REQUIRED FOR THOSE FACILITIES THAT ACCEPT E AETER JAN. 1, 2004. OTHERS MAY USE THE WORKSHEET IF THEY CHOOSE.
NAME OF FACILITY PERMIT NUMBER
110/13 Ameren Missouri Labadie Utility Waste Landfili
TOTAL PERMITTED ACREAGE TOTAL ACREAGE WITH WASTE IN PLACE
(INCLUDING UNDEVELOPED AREAS) (INCLUDING OFFICIALLY CLOSED AREAS) TOTAL ACREAGE WITH OFFICIAL CLOSURE APPROVAL
SUBTITLE D NON-SUBTITLE D SUBTITLED NON-SUBTITLE D SUBTITLED NON-SUBTITLE D
166.5 0 0 0 0 0
1. How many acres is this financial assurance instrument intended for?
352
acres for closure acres for posi-closure
2. Description of area {cell number, etc.)
Ameren Missouri Labadie Utility Waste Landfill (PHASE 2)
3. What is the approved final cover system design?
Subtitle D: one foot of compacted clay overlain with a geomembrane, a drainage layer and two feet of vegetative soil,
[ Standard soil cover: two feet of compacted clay overlain with one foot of vegetative soil.
(if your facility has both subtitle D and non-subtitle D areas, separate worksheets are advisable for these areas to avoid confusion.)
4. Has an easement been granted to the Missouri Department of Natural Resources for access to and use of the borrow material for cap construction?
K Yes ] No
5. What is the average round-trip distance from the landfill (or phase) to the borrow area? Round trip distance should be to the nearest % mile if less than five miles. If more
than five miles, round trip distance should be to the nearest mile. |f the department does not have an easement to the borrow area, the round trip haul distance is assumed
to be 10 miles.
05 miles
6. What is the approximate velume of soil remaining in the borrow area?
0 Clay (cubic yards})

537,200 vegetative soil (cubic yards)

7. Whatis the approved gas control system design?

7] Active extraction system  [] Passive venting system B No gas control system

If you have an active extraction system, check the appropriate box.

[]a. Required to control gas migration

[]b. Required under NSPS

[_lc. Required by other agency (city, county, etc.)

[d. Specified only by design engineer

If you check box “d”, is any part of the active gas system constructed at this time?

[Clyes [(INo K yes, provide a general description of the portion(s) of the system instailed.

Note: Owners of Subtitle D facilities must provide a closure financial assurance instrument for either an active extraction system or @ passive venting system. You must provide a closure FAL for an
active system only when you are: 1) Required to install the system by the depariment to control off-site gas migration, or 2) Required to install the system under the Federa! New Source Performance
Standards, or NSPS, or 3) Required to install the system by another regulatory agency (city, county, etc.).

If you own a Subtitle D facility and meet any of the conditions, complete Farm A, If you own a Subtifle D facility and do not meet any of these conditions, you are only required to provide a closure
FA] for a passive venting system. Complete Form B if you own a ron-Subtitie D facility (with a soil cap), you are net required to provide a closure FAI for a gas tontrol system at all uniess you also
meet at least one of the above conditions. If you have installed any portion of an active gas control systern, you must provide pest-closure maintenance funds for the portion of the system
constructed. Do this by checking the appropriate box on the post-closure cost worksheet and adding that amount to the total.

MC 780-1882 (01-12)
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PHASE 2

8. How many ground water monitoring wells do you have?

0 wells
9. List the pimary and secondary wastewater treatment plants used for leachate disposal, and the cost of disposal.
{Primary plant) $0.00 per galon {Secondary Plant)  § per gallon.

[l Check if the facility discharges directly to a wastewater treatment plant.

10. What is the estimated post-closure leachate generation rate and how was it derived?
0 (gal/acre/day) I HELP modet [ Other (please explain.)

11,

if any areas of the landfil have been officially closed, Tist the following information,
Area consisting of acres received official closure , years post-closure.
Area consisting of gcres received official closure . years post-ciosure.
Area consisting of acres received official closure . years post-closure.
Area consisting of acres received official closure . years post-closure.
Area consisting of acres received official closure , years post-closure.

MC 780-1882 (01-12)
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PHASE 2

CLOSURECOSTS

Final Cover System

Subtitle D (Composite cover) 35.2 acres x$ 72910 per acre = $ 2,566,432.00
(From Table One)

Non — Subtitle D {soil caver) acres x $ per acre = § 0.00
(From Table One}

Gas Control System

Active extraction system {Complete Form A and write the amount in the right column) $ 0.00

Passive gas venting system {Gomplete Form B and write the amount in the right column.) $ 0.00

Note: Owners are not required to provide an FAI for an active gas system unless required 1o install the system for one of the reasons fisted under section 7 of this worksheet.
However, owners of Subtitle D landfills are required to provide an FAI for a passive gas system if they do not provide one for an active system.

Other Critical Design Features
Include total cost for construction of other critical design features. Attach separate sheet(s) for cost calculations. $ 0.00
Total Closure Cost (sum of all lines) (2004 Dollars) % 2,566.432.00

* Inflation Update
Adjust amount from 2004 dollars to present value,

Total closure cost 2004 dollars $ 2.566,432.00 x current Implicit Price Deflator * /*Please contact the Solid Waste Management Program, 573-526-5401, for the current IPD
5
3,038,142.20

IPD 2004 4th Qtr = §7.874; IPD 2012 3rd Qtr = 115.860

(115.860 - 97.874) divided by 97.874 = 17.9860 divided by 97.874 = 0.1838 (Current IPD = 1.1838)
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PHASE 2

Inseparable Annual Costs

Annual landfili inspection and reporting $ BB

(Gas monioring and reporting $ il

Annual groundwater sampling and analysis cost. 0 wellsx2,000= § 0.00

Annuat groundwater monitoring system maintenance and statistics cost. $ b v

[7] Leachate system maintenance $3,100 $ 000

(Check if applicable and write this amount in the space provided.}

[ Leachate testing $2,250 $ 000

(Check if applicable and write this amount in the space provided.)

[CJActive gas extraction system maintenance and utilities $17.600 g 0.00

(Check if applicable and write this amount in the space provided.)

[1 Passive gas system maintenance $1,600 $ 000

(Check if applicable and write this amount in the space provided.)

Separable Annual Costs

Cap repair and maintenance 0 acres xo = $ 0.00
{(From Table One}

[7] Leachate treatment (check if applicable) 0 acresx O x (Cost per gaton) 0.00 = g .00
{Gal/Acre/Year)

[ Leachate hauling (check if applicable) 0 acresx 0 x $0.05 = $ 0.00
{Gal/Acre/Year)

Annual Costs for Other Critical Design Features

Inciude total annual cost for maintenance of other critical design features. Attach separate sheet(s) for cost calculations. g 0.00

Total Annual Post- Closure Cost (2004 Dollars)  $0.00

Adjust for Inflation

Adjust Amount for 2004 dollars to present value

Annual closure cost 2004 Dollars § x current Implicit Price Deflator*/* Please contact the Solid Waste Management Pragram, 573-526-5401, for the current [PD = §

Sum of all annual post - closure costs $ 0.00

(Reduction. On the sixth anniversary of receiving official closure, a facility can reduce the post-closure FAI by one year's worth of fund.)
Total Post-Closure Cost

Annual post-closure costs x)3R vears 20} ¢ 0.00
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Appendix 4D

Closure and Post-Closure Cost Worksheet
Phase 3: 57.1 Acres



MISSOURI DEPARTMENT OF NATURAL RESQURCES
SOLID WASTE MANAGEMENT PROGRAM

CLOSURE AND POST-CLOSURE COST WORKSHEET

G
-

@ ||

PHASE 3
| 'OTHERS MAY USE THE WORKSHEET IF THEY CHODSE

WORKSHEET IS ONLY

_ QUIRED FOR THOSE EACILITIES TH)
DATE

CEPT WASTE AFTER JAN

NAME OF FACILITY PERMIT NUMBER

110113 Ameren Missouri Labadie Utility Waste Landfili

TOTAL PERMITTED ACREAGE TOTAL ACREAGE WITH WASTE IN PLACE

(INCLUDING UNDEVELOPED AREAS) (INCLUDING OFFICIALLY CLOSED AREAS) TOTAL ACREAGE WITH OFFICIAL CLOSURE APPROVAL
SUBTITLE B NON-SUBTITLE D SUBTITLE D NON-SUBTITLE D SUBTITLE D NON-SUBTITLE B
166.5 0 0 0 0 0
1. How many acres is this financial assurance instrument intended for?
57.1
acres for closure acres for post-closure

2. Description of area (cell number, etc.)

Ameren Missouri Labadie Utility Waste Landfill (PHASE 3)

3. What is the approved final cover system design?

& Subtitle [: one foot of compacted clay overlain with a geomembrane, a drainage layer and two feet of vegetative soil.

[[1 Standard soil cover: two feet of compacted clay overlain with one foot of vegetative soil.

(¥ your facility has both subtitle D and non-subtitie D areas, separate worksheets are advisable for these areas to avoid confusion.)

4. Has an easement been granted to the Missouri Department of Natural Resources for access to and use of the barow material for cap construction?

& Yes ] No

3. What is the average round-trip distance from the landfill (or phase) to the borrow area? Round trip distance should be to the nearest % mile if less than five miles. If more
than five miles, round trip distance should be to the nearest mile. If the department does not have an easement to the borrow area, the round trip haul distance is assumed
to be 10 miles.

0.5 rmiles
6. Whatis the approximate volume of soil remaining in the borrow area?
0 Clay (cubic yards)

537,200 Vegetative soil (cubic yards)

7. What is the approved gas control system design?

["1 Active extraction system [ Passive venting system No gas control system

H you have an active extraction system, check the appropriate box.

[Ja. Required to control gas migration

[(Ib. Required under NSPS

[c. Required by other agency (city, county, etc.)

[ld. Specified only by design engineer

If you check box “d”, is any part of the active gas system constructed at this time?

{TYes [ONo  If yes, provide a general description of the portion(s) of the system installed,

Note: Owners of Subtitle D facilities must provide a closure financial assurance instrument for either an active extraction system or a passive venting system. You must provide a closure FA| for an
active system only when you are; 1) Required to instail the system by the department to control off-site gas migration, or 2} Required to install the system under the Federal New Source Performance
Standards, or NSPS, or 3) Required to install the system by ancther regulatory agency {city, county, etc.).

If you own a Subtitle D facility and meet any of the conditions, complete Form A. If you own a Subtitle D facility and do not meet any of these conditions, you are only required to provide a closure
FAl for a passive venting system. Complete Form B if you own a nen-Subtitle D facility (with a soil cap), you ate not required to provide a closure FAI for a gas conirol system at ajl unless you also
meet at jeast one of the above conditions. If you have installed any portion of an active gas control systerm, you must provide post-closure maintenance funds for the portion of the system
constructed. Do this by checking the appropriate box on the post-closure cost warksheet and adding that amount to the total.
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PHASE 3

8. How many ground water monitoring wells do you have?

0 wells
9. List the primary and secondary wastewater treatment plants used for leachate disposal, and the cost of disposal.
(Primary plant) $0.00 per galion {Secondary Plant} $ per galion.

{1 Check if the facility discharges directly to a wastewater treatment plant,

10. What is the estimated post-closure leachate generation rate and how was it derived?
4] {gallacre/day) [ HELP model [] Other {please explain.)

1 1 if any areas”of the fandfill have been officially closed, list the following information.

Area consisting of acres received official closure . years post-closure,
Area consisting of acres received official closure , years post-closure.
Area consisting of acres received official closure , years posf-clostre.
Area consisting of acres received official closure , years post-closure.
Area consisting of acres received official closure . years post-closure.

MO TEG- 1802 (01-12)
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PHASE 3
_CLOSURE COSTS

Final Cover System

Subtitle D {Composite cover) 57.1 acres x $ 72910. per acre = $ 4,163,161.00
{From Table One)

Non — Subtitle D (soil cover) acres X § per acre = $ 0.00
(From Table One)

Gas Control System

Active extraction system (Complete Form A and write the amount in the right column.) 3 0.00

Passive gas venting system (Complete Form B and write the amount in the right column.) L 0.00

Note: Owners are not required to provide an FAl for an active gas system unless required to install the system for one of the reasons listed under section 7 of this worksheet.
However, owners of Subtitte D landfills are required to provide an FAI for a passive gas system if they do not provide one for an active system.

Other Critical Design Features
Include tolal cost for construction of other critical design features. Attach separate sheet(s) for cost calculations. 3 0.00
Total Closure Cost {sum of all lines) (2004 Dollars) $ 4 163,161.00

* Inflation Update
Adjust amount from 2004 dollars to present value.

Total closure cost 2004 dollars § 4.163,161.00 x current Implicit Price Deflator * /*Please contact the Solid Waste Management Program, 573-526-5401, for the current IPD
5
4,928,349.99

IPD 2004 4th Qtr = 97.874; |1PD 2012 3rd Qir = 115.860
(115.860 - 97.874) / 97.874 = 17.9860 divided by 97.874 = 0.1838
(CURRENT IPD = 1.1838)
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PHASE 3

"PGOST-CLOSURE COST.

Ensepar;b!e Annual Co_sts

Annual landfill inspection and reporting $ w08

(Bas monitoring and reporting ] sl

Annual groundwater sampling and analysis cost. 0 wells x2000= § 0.00

Annual groundwater monitoring system maintenance and statistics cost. 3 ey G

[} Leachate system maintenance $3,100 $ 0.00

{Check if applicable and write this amount in the space provided.)

[ Leachate testing $2,250 $ 000

(Check if applicable and write this amount in the space provided.)

[MActive gas extraction system maintenance and utilities $17.600 g 000

(Check if applicable and write this amount in the space provided.)

[] Passive gas system maintenance $1,600 $ 000

(Check if applicable and write this amount in the space provided.)

Separable Annual Costs

Cap repair and maintenance 0 acres x0 = $ 0.00
{From Table One)

[ Leachate treatment {check if applicable) 0 acres x U x (Cost per galion) 0.00 = § 9.00
{Gal/AcrelYear)

[] Leachate hauling (check if applicable) 0 acres x 0 X $0.05 = $ 0.00
{Gal/AcrelYear)

Annual Costs for Other Critical Design Features

include total annual cost for maintenance of other critical design features. Attach separate sheel(s) for cost calcuiations. g 0.00

Total Annual Post- Closure Cost (2004 Dollars) $0.00

Adjust for Inflation

Adjust Amount for 2004 dollars to present value

Annual closure cost 2004 Dollars  § X current Implicit Price Deflator™/* Please contact the Solid Waste Management Program, 573-526-5401, for the current IPD = §

Sum of all annual post — closure costs $ 000

(Reduction. On the sixth anniversary of receiving official closure, a facility can reduce the post-closure FAI by one year's worth of fund.)
Total Post-Closure Cost

Annual post-closure costs x XQ¢years 20 g 000
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Appendix 4E

Closure and Post-Closure Cost Worksheet
Phase 4: 42.8 Acres



MISSOURI DEPARTMENT OF NATURAL RESCURCES
SOLID WASTE MANAGEMENT PROGRAM

CLOSURE AND POST-CLOSURE COST WORKSHEET

G
4

@ |

PHASE 4

AFTER JAN. 1, 2004. OTHERS MAY USE THE WORKSHEET IF THEY GHOOSE.

 WORKSHEET IS ONLY REQUIRED FOR THO

E FAGILITIES THAT ACCEPT W2

DATE NAME OF FACILITY PERMIT NUMBER
11013 Ameren Missouri Labadie Utility Waste Landfill

TOTAL PERMITTED ACREAGE TOTAL AGREAGE WiTH WASTE IN PLACE

(INCLUDING UNDEVELOPED AREAS} {INCLUDING OFFICIALLY CLOSED AREAS) TOTAL ACREAGE WITH OFFICIAL CLOSURE APPROVAL.
SURTITLE D NON-SUBTITLE D SUBTITLE D NON-SUBTITLE D SUBTITLED NON-SUBTITLE D
166.5 0 0 0 0 0
1. How many acres is this financial assurance instrument intended for?
42.8
acres for closure acres for post-closure

2. Description of area {cell number, etc.)

Ameren Missouri Labadie Utility Waste Landfill (PHASE 4)

3. What is the approved final cover system design?

] Subtitle D: one foot of compacted clay overlain with a geomembrane, a drainage layer and two feet of vegetative soil.

[] Standard soil cover: two feet of compacted clay overlain with one foot of vegetative soil.

(If your facility has both subtitle D and non-subtitle D areas, separate worksheets are advisable for these areas to avoid confusion.)

4. Has an easement been granted to the Missouri Department of Natural Resources for access to and use of the borrow material for cap construction?

Bl Yes [l No

5. Whatis the average round-irip distance from the landfill (or phase} to the borrow area? Round trip distance should be to the nearest %2 mile if less than five miles, If more
than five miles, round trip distance should be to the nearest mile. If the department does not have an easement to the borrow area, the round trip haul distance is assumed
to be 10 miles.

0.5 miles
B. What is the approximate volume of soil remaining in the borrow area?
0 Clay {cubic vards)

537,200 Vegetative soil {cubic yards)
7. Whatis the approved gas control system design?
[] Active extraction system [[] Passive venting system No gas control system
If you have an active extraction system, check the appropriate box.
[(a. Required to control gas migration
[ Ib. Required under NSPS
L_lc. Required by other agency (city, county, etc.)
[Id. Specified only by design engineer
If you check box “d", is any part of the active gas system constructed at this time?
[ves {INo I yes, provide a general description of the portion(s) of the system installed.

Note: Owners of Subtitle D facilities must provide a closure financial assurance instrument for either an active extraction system or a passive venting system. You must provide a closure FAI for an
active system only when you are: 1) Required to install the system by the department to controf off-site gas migration, or 2) Required to install the system under the Federal New Source Performance
Standards, or NSPS, or 3) Required to install the system by another regulatory agency {city, county, etc.).

If you own a Subfitle D facility and meet any of the conditions, complete Form A. If you own a Sublitlie D facility and do not meet any of these conditions, you are only required to provide a closure
FAI for a passive venting system. Complete Form B if you own a non-Subtitie D facility (with a sail cap), you are not required to provide a closure FAl far a gas confrol system at all unless you also
meet at feast one of the above conditions. If you have installed any portion of an active gas contral system, you must pravide post-closure maintenance funds for the poriion of the system
constructed. Do this by checking the appropriate hox on the post-closure cost warksheet and adding that amount fo the total.
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PHASE 4

8. How many ground water monitoring wells do you have?

0 wells
9. List the primary and secondary wastewater treatment plants used for leachate disposal, and the cost of disposal.
(Primary plant) $0.01 per galion {(Secondary Plant) $ per galion.

[T Check if the facility discharges directly to a wastewater treatment plant,

10. What is the estimated post-closure leachate generation rate and how was it derived?
0 {galfacre/day) [ HELP model [] Other {please explain.}

11. If any areas of the jandfill have been officially closed, list the following information.

Area consisting of acres received official closure . years post-ciosure.
Area consisting of acres received official closure \ years post-closure.
Area consisting of acres received official closure . years post-closure.
Area consisting of acres received official closure , years post-closure.
Area consisting of acres received official closure . years post-closure.

MG 780-1883 (03-12)
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PHASE 4

[ CLOSURE COSTS
Final Cover System
Subtitle D {Composite cover) 42.8 acres x $ 72,910. peracre = $ 3.120,548.00
(From Table One)
Nort — Subtitie D (soil cover) acres x § per acre = $ 0.00
(From Table One}
Gas Control System
Active extraction system (Complete Form A and write the amount in the right column.) $ 0.00 )
Passive gas venting system (Complete Form B and write the amount in the right column.) £ 0.00

Note: Owners are not required to provide an FA! for an active gas system uniess required to install the system for one of the reasons listed under section 7 of this worksheet.
However, owners of Subtitle D landfills are required to provide an FAl for a passive gas system if they do not provide one for an active system.

Other Criticai Design Features
Include total cost for construction of other critical design features. Altach separate sheet(s) for cost calculations. 3 0.00
Total Closure Cost (sum of ali lines) (2004 Dollars) $ 3,120,548.00

* Inflation Update
Adjust amount from 2004 dollars to present value.

Total closure cost 2004 dollars § 3.120,548.00 x current Implicit Price Deflator * /*Please contact the Solid Waste Management Program, 573-526-5401, for the current IPD
$ 3694,104.72

IPD 2004 4th Qtr = 97.874; IPD 2012 3rd Qfr = 115.860
(115.860 - 97.874) / 97.874 = 17.9860 divided by 97.874 = 0.1838
CURRENT IPD = 1.1838
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PHASE 4

'lr'ls'.'epar'able Ahriual Cdsts

Anrnwat tandfill inspection and reporting B s

Gas monitoring and reporting 5 iy

Annual groundwater sampling and analysis cost. 0 wells x 2,000 = §

Annual groundwater monitoring system maintenance and statistics cost. % Lo

[l Leachate system maintenance $3,100 $ 000

{Check if applicable and write this amount in the space provided.)

[1 Leachate testing $2,250 § 0.00

{Check if applicable and write this amount in the space provided.)

[JActive gas extraction systerm maintenance and ufilities $17,600 g 000

(Check if applicable and write this amount in the space provided.)}

[] Passive gas system maintenance $1,600 § 000

{Check if applicable and write this amount in the space provided.)

Separable Annual Costs

Cap repair and maintenance 0 acres xo = g 0.00
(From Tabie One)

[] Leachate treatment {check if applicable) 0 acres x Y x {Cost per gallon) 0.00 = $ 0.00
{Gal/AcrefYear)

1 Leachate hauling (check if applicable) 0 acres x 0 x $0.05 = $ 0.00
{GallAcrefYear)

Annual Costs for Other Critical Design Features

Include total annual cost for maintenance of other crifical design features. Attach separate sheet(s) for cost caiculations. g 000

Total Annual Post- Closure Cost (2004 Doflars) 000

Adjust for Inflation

Adjust Amount for 2004 dollars o present value

Annual closure cost 2004 Dollars  $ X current Implicit Price Deflator*f* Please contact the Solid Waste Management Program, 573-526-5401, for the current IPD = §

Sum of all annual post — closure costs $ 000

{Reduction. On the sixth anniversary of receiving official closure, a facility can reduce the post-closure FAI by one year's worth of fund.)
Total Post-Closure Cost

Annual post-closure costs xXKyears 20 s 000
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Appendix 4F

MDNR “Table 1 — Cover Systems Construction
And Repair Costs,” dated 11/2010



Q==
-3k

MISSOURI DEPARTMENT OF NATURAL RESOQURCES
SOLID WASTE MANAGEMENT PROGRAM
TABLE 1 - COVER SYSTEMS CONSTRUCTION AND REPAIR COSTS

HAUL

SUBTITLE D COVER

STANDARD SCIL COVER

CAP REFAIR/ MAINTENANCE

All costs are per acre costs.

DISTANCE ! 2 3 4 5 6
‘ {Miles) Easement No Easement Easement No Easement Easement Nc easement
—p 112 e 572,910 $38,300 $256
1 $74.910 $40,300 $265
1.5 $76.000 $41,390 $269
2 $78.200 $43,590 $278
25 $79,100 $44,480 $281
3 $81,140 $46,530 $290
35 $82.190 $47,570 $294
4 $83,730 $49,120 $300
aE 557 720 3110 | S
5 $91.710 $57.100 $332
6 $93,550 $58,940 $340
. 5 400 50750 e
8 $97,240 $62,630 $355
9 $99,090 $64,470 $362 |
10 $100,930 | $136,290 $66,320 $93,460 $370 £525
11 102,560 367,960 o 376 '
12  $104,170 $69,560 $383
13 $105,820 $71,200 $390
14 " $107,410 $72,800 3396
15 - $109,010 $74,390 §402
6 "'$110,650 $76,040 $409
17 §112,300 $77.680 §416
18 $113,890 $79,280 $422
"""" 19 $115,540 $80,920 $429
___________________ 55 ST 53550 15

Round trip distances should be to the nearest ¥z mile when less than five miles. For distances greater than five miles, round trip
distances should be o the nearest mile.

If an easement has been granted to the department for the borrow area, use the per acre cost from the “Easement” column
corresponding to the haul distance. If no easement has been granted to the departiment, the round trip haul distance is assumed to
be 10 miles. Enter the correct figure in the Closure Post-Closure Cost Worksheet. :
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Appendix S

Utility Waste Landfill Emergency Contacts



Ameren Missouri Labadie Energy Center

Utility Waste Landfill and Emergency Contacts

December 2012

Utility Waste Landfiil Contact Persons:

Tom C See

Safety Supervisor

Ameren Missouri Labadie Energy Center
226 Labadie Power Plant Rd

Labadie, MO 63055

(314) 992-8246

{314) 540-3289 cell

David Strubberg

Plant Manager

Ameren Missouri Labadie Energy Center
226 Labadie Power Plant Rd

Labadie, MO 63055

(314) 992-8201

{314) 853-7584 cell

Emergency Contact Phone Numbers:

Labadie Utility Waste Landfill, after hours:

Highway Patrol/Troop C — (emergency)
{non-emergency)

Hospital

Hospital Emergency Room (Ambulance Service)
St. Johns Mercy Hospital (non-emergency)

901 East 5" St., Washington, Missouri

Labadie Fire Department — (emergency)

(non-emergency)

Paul R. Pike

Environmental Science Executive
Ameren Services

One Ameren Plaza

1801 Chouteau Avenue

P.O. Box 66149, MC 802

St. Louis, MO 63166-6149
314-554-2388

314-604-6905 cell

314-554-4182 fax

Operating Supervisor

Ameren Missouri Labadie Energy
Center

226 Labadie Power Plant Rd
Labadie, MO 63055
314-992-8233

1
) 340-4000

(636) 239-8000

9-1-1
(636) 742-2515

Franklin County Sheriff's Department — {emergency) 9-1-1

(non-emergency)

Franklin County Department of Health

(636) 583-2560

(636) 583-7300



Appendix T

Recordkeeping and Reporting Forms



Ameren Missouri Labadie Energy Center Utility Waste Landfill
Utility Waste Landfill Operating Permit #
Franklin County, Missouri

DAILY REPORT- General Operations

Date:

Weather Information:

Site Visitors:
DAILY REPORT- Utility Waste Landfill Operations

Coal Combustion Products Received: Circle Appliable Units Disposal Location:
Fly Ash: TPD * cy** celt1: [
Bottom Ash: TPD cY Cell2: []
FGD Material: TPD cY Cell3: [ ]

Total CCP: TPD cyY Cell4: []

* TPD = Tons Per Day **CY = Cubic Yards

Major Operational Problems, Complaints, or Difficulties:

Corrective Measures or Corrective Actions:

Dust Control Efforts:

Comments:

Landfill Manager or Designated Staff

(signature)




Monthly
Monitoring Well Field Inspection

Well ID: Date:

Access:
Accessibility: Good ____ Fair Poor
Well clear of weeds and/or debris?: Yes _ No
Well identification clearly visibie?: Yes ___ No_
Remarks:

Concrete Pad:
Condition of Concrete Pad: Good Inadequate
Depressions or standing water around well?: Yes No
Remarks:

Protective Outer Casing: Material =
Condition of Protective Casing: Good _ Damaged
Condition of Locking Cap: Good _____ Damaged
Condition of Lock: Good Damaged
Condition of Weep Hole: Good Damaged
Remarks:

Well Riser: Material =

Condition of Riser: Good _____ Damaged_
Condition of Riser Cap: Good Damaged_
Measurement Reference Point: Yes _ No

Remarks:

Dedicated Purging/Sampling Device: Type -

Condition: Good Damaged Missing

Remarks:

Field Certification;

Signed Title Date



Appendix U

Draft FAI



March 29, 2013

LETTER FROM CHIEF FINANCIAL OFFICER

CERTIFIED MAIL: 7002 3150 00C1 2354 9891

DIRECTOR

Missouri Department of Natural Resources
P. 0. Box 176

Jefferson City, Missouri 65102

Dear Sir or Madam:

i am the chief financial officer of Union Electric Company, One Ameren Plaza 1801 Chouteau Avenue, P. O. Box
66149, St. Louis, Missouri, 63166-6149. This letter'is:in support of the use of the financial test to demonstrate
financial assurance as specified in 10 CSR 80-2. GBO( )( )6 of the MISS(}UH Solld Waste Management Rules

Solid Waste Operating Permit Number; 2005 121 LS
Sioux Power Plant Utility Waste Langfill-'
Sioux Plant, Union Electric Company”
8501 N. Staie Route 94, P.O. Box98
Waest Alton, MO 63386

Closure Cost Esﬂmate 2012 dollars’ ._'13 G_#O;O'?i -
Post-Closure Care; - 201 2 dollars $

Sclid Waste Operatlng Permit Number pencilng
Labadie Energy Center Utility Waste Landf R
Labadie Energy Center ‘Union Electric: Company
226 Labadie Power Plant Fid Labadle MO 63055

Closure Cost Estimate: 2012 dollars.$ 2 710 161
Fost-Closure Care: 2012 dq_I_lars_$ 1,650,217



1.

This firm is the owner/operator of the following solid waste disposal areas for which financial assurance
for closure care, post-closure care, or both, is demonstrated to the state of Missouri through the
financial test pursuant to that specified in 10 CSR 80-2.030 (4)(D)6. of the SWMR. The current closure
cost estimate, post-closure cost estimate, or both, covered by the test are shown for each disposal
area:

Sicux Power Plant Utility Waste Landfil
Sioux Plant, Union Electric Company
8501 N. State Route 94, P.O. Box 98
West Alton, MO 63386

Closure Cost Estimate: 2012 dollars $183,040,071
Post-Closure Care: 2012 dollars $ 951,810

l.abadie Energy Center Utility Waste Landfill
Labadie Energy Center, Union Electric Company
226 Labadie Power Plant Rd., Labadie, MO 63055

Ciosure Cost Estimate: 2012 dollars $ 2,710,161 "
Post-Closure Care: 2012 dollars $ 1,650,217

This firm guarantees, through a corporate guarantee pursuant o that specified in 10 CSR 80-
2.030(4)(D)6. of the SWMR, the closure care, post-closure care of the following solid waste disposal
area(s) located in the state of Missouri 0wned or operatedby. subsidiaries of this firm. The current cost
estimate for the closure care and/or post closure care so guaranteed are shown for each disposal
area(s): NONE .

Thxs flrm is the owner/operator or guarantor of the. fo[[ew;ng SOl id waste disposal areas for which

to that specified in 10 CSR 80-2. (}30( WD )6 of the SWNIH The current cost esnmaires for the closure
and/or post- c!osure care covered by the test are shown for each disposal area: NONE

This firm is the owner/operator of! the following solld waste disposal areas for which financial assurance
for closure andfor post—ciosure care is demaonstrated to a state through a financial test or other financial
assurance instruments distinct from those specified in 10 CSR 80-2. 030{4)(D)6. of the SWMR. The
current:closure and/or: post closure care cost estimates coverad by such financial assurance are shown
for. each disposal area: NONE

This ﬂrm is.required to fil fie a Form iOK Wlth the Securities and Exchange Commission (SEC) for the
latest fiscal year

The fiscal year of this firm, ends on December 31. The figures for the following items marked with an
asterisk are derived from: thls firm's independently audited, year-end financial statements for the latest
completed fiscal year. ended December 31, 2011 [(in millions).



ALTERNATIVE |l

1. Sum of current closure and post-closure cost estimates {total of all cost estimates shown in the
four paragraphs above) $18.4
2. Current bond rating of most recent issuance of this firm and name of rating service: Moody’s —
A3 S&P - BBB+
3. Date of issuance of bond: March 20, 2009
4, Date of maturity of bond: March 15, 2039
* 5, Tangible net worth: § 4,030.
*B. Total assets in U.S. (required only if less than 90% of firm’ assets are

located in the U.S.): Not applicable

ANSWER YES OR NO:

7. is line 5 at least 2 times line 17 Yes
* 8. Are at least 90% of firm's assets located in: the U.S.? Yes
If not, complete line 8. 5
9. Is line 6 at least 2 times line 1? Not agghcable

“CERTIFICATION | certify under penalty of !aw that | have persona!ly examined and am familiar with
the information submitted in this and all attached documents and that, based on my inquiry of those
individuals immediately responsible for obtalmng the lnf_o_r_matlon |.bélieve that the submitted
information is true, accurate and complete b i

| also hereby certify. that:the word ng “of this Ietter is identical to that specified in 10 CSR 80-
2.030(4)(D)6.as such rules were constituted on the date shown immediately below.”

Sincerely,

Slgnature

Martin J. Lyons Jr.
Senior Vice President and
Chief Financial Oﬁlcer
Date Signed: 2
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P. O. Box 2650

) a Iorer _ Tulsa, Oklahoma 74101
P 918-493-5172

PIPELINE. Fax 918-493-5148

mailto:pnwakobv@expl.com

Patrick A. Nwakoby
Project Engineer

January 28, 2013

Ms. Barbara S. Skitt

Managing Supervisor, Real Estate
Ameren Services

PO Box 66149, MC 700

St. Louis, MO 63166-6149

Re: Proposed Waste Landfill; Explorer Pipeline Glenpool to Wood River 24" Line;
Dwg. No. 421-AA-1199; Near MP 348, Tract #67 Franklin County, Missouri.

Dear Ms. Skitt,

Thank you for contacting Explorer Pipeline regarding the referenced project. It is our
understanding that your company is working on the construction of several cells for
waste landfill near your facility in Labadie, Missouri. The purpose of this letter is to
express Explorer’s interest in this project since it will traverse our 24-inch refined
products pipeline easement.

From telephone conversations with you and others at Ameren, Explorer understands the
impact on the pipeline will be minimal as follows:

The toe of the berms of the cells will be 100 feet from the centerline of the pipeline. Two
gravel roads will be installed for use by Ameren traffic only to maneuver around the
landfill area. These two roads will have no impact on the pipeline and shall be removed
in the event of the need to access the pipeline. Ameren will install culverts to mitigate
the potential of ponding water over the pipeline.

Explorer appreciates the early notification on this project and we look forward to
assisting with this project to ensure its safe completion. If I can be of further assistance,

please call me at (918) 493-5172.

Smcerely,

Patrlck Nwakoby



From: Skitt, Barbara S

Sent: Thursday, November 15, 2012 5:39 PM
To: pnwakoby@expl.com

Cc: Reynolds, Renee M; Gerhardt, Kevin J
Subject: Ameren's Labadie Plant UWL Layout

Hi Patrick,

Thank you so much for your time again yesterday. Please find attached the
revised layout of the Labadie UWL landfill. As we discussed the proposed landfill will no
longer require a relocation of the pipe line. The new layout has the toe of the berms set
back 100' off the centerline of the pipeline. The first 2 phases of the landfill will be west
of the pipeline with no impact to the pipeline and phases 3 and 4 are east of the
pipeline. Once phases 3 and 4 are constructed, 2 roads will be installed perpendicularly
over the pipeline. These roads are for Ameren traffic only and are planned to only be
gravel at a height of around 15'. These roads will be constructed in a way as not to
impact the pipeline. These road will be able to be removed in short order if Explorer has
a need to access their pipeline. Phases 1 and 2 have a life expectancy of 10-15 years
after they go in service in 2015. Construction on phase 1 is scheduled for 2014. If you
have any question feel free to call and discuss. Please treat this email and
attachment as confidential.

Have a good evening.

BARBARA S. SKITT
Managing Supervisor
Real Estate Department
T 314.554.2249

C 314.401.8674

F 314.554.2570

E bskitt@ameren.com

Ameren Services
1901 Chouteau Avenue

PO Box 66149, MC 700
St. Louis, MO 63166-6149
Ameren.com

Please consider the environment before printing this e-mail.

The information contained in this message may be privileged and/or confidential and
protected from disclosure. If the reader of this message is not the intended recipient, or an
employee or agent responsible for delivering this message to the intended recipient, you
are hereby notified that any dissemination, distribution or copying of this communication
is strictly prohibited. Note that any views or opinions presented in this message are solely
those of the author and do not necessarily represent those of Ameren. All e-mails are



subject to monitoring and archival. Finally, the recipient should check this message and
any attachments for the presence of viruses. Ameren accepts no liability for any damage
caused by any virus transmitted by this e-mail. If you have received this in error, please

notify the sender immediately by replying to the message and deleting the material from
any computer. Ameren Corporation
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PROPERTY DESCRIPTION
Ameren Labadie Site
Permit Boundary

PART OF SECTIONS 8 AND 17 AND PART OF U.5. SURVEY 98 IN TOWNSHIP 44
NORTIH, RANGE 2 EAST OF THE FIFTH PRINCIPAL MERIDIAN, FRANKLIN COUNTY,

MISSOURL, DESCRIBED AS FOLLOWS:

BEGINNING AT THE SOUTHWEST CORNER OF LOT 1 OF "WORTHINGTON HEIRS
SUBDIVISION" AS RECORDED IN PLAT BOOK C, PAGE 25 IN THE FRANKLIN
COUNTY RECORDS, SAID SOUTHWEST CORNER BEING ON THE NORTHERLY
RIGHT OF WAY LINE OF THE CHICAGO (100' W) ROCK ISLAND AND PACIFIC
RAILWAY COMPANY; THENCE DEPARTING SAID NORTHERLY LINE AND ALONG
THE WESTERLY LINE OF SAID “WORTHINGTON HEIRS SUBDIVISION” NORTH 01
DEGREES 28 MINUTES 18 SECONDS EAST, 80.58 FEET TO THE POINT OF BEGINNING
OF THE TRACT HEREIN DESCRIBED; THENCE DEPARTING SAID WESTERLY LINE
SOUTH 71 DEGREES 57 MINUTES 43 SECONDS WEST, 53.86 FEET; THENCE SOUTH 61
DEGREES 52 MINUTES 36 SECONDS WEST, 208.05 FEET; THENCE SQUTH 60
DEGREES 39 MINUTES 30 SECONDS WEST, 331.03 FEET, THENCE SQUTH 69
DEGREES 57 MINUTES 40 SECONDS WEST, 377.65 FEET; THENCE SOUTH 77
DEGREES 17 MINUTES 21 SECONDS WEST, 250.40 FEET; THENCE NORTIH 86
DEGREES 14 MINUTES 27 SECONDS WEST, 273.79 FEET; THENCE 89 DEGREES 40
MINUTES 33 SECONDS WEST, 235.30 FEET; THENCE NORTH 83 DEGREES 46
MINUTES 07 SECONDS WEST, 191.63 FEET; THENCE NORTH 87 DEGREES 02
MINUTES 14 SECONDS WEST, 216.88 FEET; THENCE SOUTH 84 DEGREES 28§
MINUTES 52 SECONDS WEST, 16648 FEET, THENCE SOUTH 71 DEGREES 37
MINUTES 58 SECONDS WEST, 120.83 FEET; THENCE SOUTH 71 DEGREES 28
MINUTES 48 SECONDS WEST, 164.93 FEET; THENCE SOUTH 55 DEGREES 47
MINUTES 10 SECONDS WEST, 343.76 FEET; THENCE SOUTH 55 DEGREES 28
MINUTES 54 SECONDS WEST, 805,68 FEET; THENCE NORTH 01 DEGREES 23
MINUTES 57 SECONDS EAST, 7597.67 FEET; THENCE SOUTH 86 DEGREES 27
MINUTES 31 SECONDS EAST, 5469.88 FEET; THENCE SOUTH (2 DEGREES 02
MINUTES 11 SECONDS WEST, 2991.70 FEET; THENCE SOUTH 01 DEGREES 17
MINUTES 10 SECONDS WEST, 1070.22 FEET,; THENCE SOUTH 01 DEGREES 09
MINUTES 17 SECONDS WEST, 1239.51 FEET; THENCE SQUTH 01 DEGREES 42
MINUTES 10 SECONDS WEST, 492.33 FEET; THENCE SOUTH §1 DEGREES 39
MINUTES 02 SECONDS WEST, 663.60 FEET; THENCE SOUTH 83 DEGREES 24
MINUTES 58 SECONDS WEST, 688.43 FEET; THENCE SOUTH 84 DEGREES 50
MINUTES 23 SECONDS WEST, 306.70 FEET; THENCE SOUTH 80 DEGREES 32
MINUTES 21 SECONDS WEST, 241.96 FEET; THENCE SOUTH 71 DEGREES 57
MINUTES 43 SECONDS WEST, 176.34 FEET TO THE POINT OF BEGINNING.

SAID TRACT BEING SITUATED IN FRANKILIN COUNTY, MISSOURI AND
CONTAINING 35,422,418 SQUARE IFEET OR B13.187 ACRES, MORE OR LESS.

Wohacllffusbor 1281



PROPERTY DESCRIPTION
Ameren Labadie Site
Waste Boundary

PART OF SECTIONS 8 AND 17 AND PART OF U.S. SURVEY 98 IN TOWNSHIP 44
NORTH, RANGE 2 EAST OF THE FIFTH PRINCIPAL MERIDIAN, FRANKLIN
COUNTY, MISSOURI, DESCRIBED AS FOLLOWS:

CCP WASTE BOUNDARY AREA #1

COMMENCING AT THE SOUTHWEST CORNER OF LOT 1 OF "WORTHINGTON
HEIRS SUBDIVISION" AS RECORDED IN PLAT BOOK C, PAGE 25 IN THE
FRANKLIN COUNTY RECORD’S OFFICE, SAID SOUTHWEST CORNER BEING
ON THE NORTHERLY RIGHT OF WAY LINE OF THE CHICAGO (100' W) ROCK
ISLAND AND PACIFIC RAILWAY COMPANY; THENCE DEPARTING SAID
NORTHERLY LINE AND ALONG THE WESTERLY LINE OF SAID
“WORTHINGTON HEIRS SUBDIVISION” NORTH 01 DEGREE 28 MINUTES 18
SECONDS EAST, 4,248.10 FEET TO THE CENTERLINE OF LABADIE ROAD;
THENCE ALONG THE CENTER LINE OF LABADIE ROAD, NORTH 86 DEGREES
48 MINUTES 00 SECONDS WEST, 1,529.46 FEET TO THE POINT OF BEGINNING
OF THE TRACT OF LAND HEREIN DESCRIBED; THENCE LEAVING SAID
CENTERLINE, SOUTH 01 DEGREE 28 MINUTES 49 SECONDS WEST, 822.90
FEET; THENCE ALONG A CURVE TO THE RIGHT, HAVING A RADIUS OF 75.00
FEET, AN ARC DISTANCE OF 117.81 FEET, THE CHORD OF WHICH BEARS
SOUTH 46 DEGREES 37 MINUTES 55 SECONDS WEST, A CHORD DISTANCE
OF 106.07 FEET; THENCE NORTH 88 DEGREES 22 MINUTES 05 SECONDS
WEST, 859.65 FEET; THENCE ALONG A CURVE TO THE RIGHT, HAVING A
RADIUS OF 80.00 FEET, AN ARC DISTANCE OF 87.71 FEET, THE CHORD OF
WHICH BEARS NORTH 56 DEGREES 57 MINUTES 27 SECONDS WEST, A
CHORD DITANCE OF 83.39 FEET; THENCE NORTH 25 DEGREES 32 MINUTES
50 SECONDS WEST, 990.66 FEET,; THENCE ALONG A CURVE TO THE RIGHT,
HAVING A RADIUS OF 75.00 FEET, AN ARC DISTANCE OF 35.29 FEET, THE
CHORD OF WHICH BEARS NORTH 12 DEGREES 04 MINUTES 09 SECONDS
WEST, A CHORD DISTANCE OF 34.96 FEET; THENCE NORTH 01 DEGREE 24
MINUTES 33 SECONDS EAST, 554.77 FEET; THENCE ALONG A CURVE TO THE
RIGHT, HAVING A RADIUS OF 75.00 FEET, AN ARC DISTANCE OF 102.25 FEET,
THE CHORD OF WHICH BEARS NORTH 40 DEGREES 27 MINUTES 59
SECONDS EAST, A CHORD DISTANCE OF 94.51 FEET; THENCE NORTH 79
DEGREES 31 MINUTES 26 SECONDS EAST, 1,493.33 FEET; THENCE ALONG A
CURVE TO THE RIGHT, HAVING A RADIUS OF 75.00 FEET, AN ARC
DISTANCE OF 133.09 FEET, THE CHORD OF WHICH BEARS SOUTH 49
DEGREES 38 MINUTES 21 SECONDS EAST, A CHORD DISTANCE OF 116.30
FEET; THENCE SOUTH 01 DEGREE 11 MINUTES 52 SECONDS WEST, 968.55

FEET TO THE POINT OF BEGINNING. .
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SAID TRACT (AREA #1) OF LAND BEING SITUATED IN FRANKLIN COUNTY
MISSOURI AND CONTAINING 2,900,779 SQUARE FEET OR 66.593 ACRES

MORE OR LESS.

CCP WASTE BOUNDARY AREA #2

COMMENCING AT THE SOUTHWEST CORNER OF LOT 1 OF "WORTHINGTON
HEIRS SUBDIVISION" AS RECORDED IN PLAT BOOK C, PAGE 25 IN THE

FRANKLIN COUNTY RECORD’S OFFICE, SAID SOUTHWEST CORNER BEING

ON THE NORTHERLY RIGHT OF WAY LINE OF THE CHICAGO (100' W) ROCK

ISLAND AND PACIFIC RAILWAY COMPANY; THENCE DEPARTING SAID

NORTHERLY LINE AND ALONG THE WESTERLY LINE OF SAID

“WORTHINGTON HEIRS SUBDIVISION” NORTH 01 DEGREE 28 MINUTES 18

SECONDS EAST, 2,345.18 FEET TO THE POINT OF BEGINNING OF THE TRACT

OF LAND HEREIN DESCRIBED; THENCE DEPARTING SAID WESTERLY LINE

NORTH 88 DEGREES 18 MINUTES 53 SECONDS WEST, 89.99 FEET; THENCE

ALONG A CURVE TO THE LEFT, HAVING A RADIUS OF 87.00 FEET, AN ARC

DISTANC OF 136.91 FEET, THE CHORD OF WHICH BEARS SOUTH 46 DEGREES

36 MINUTES 13 SECONDS WEST, A CHORD DISTANCE OF 123.21 FEET;

THENCE SOUTH 01 DEGREE 31 MINUTES 18 SECONDS WEST 1,327.21 FEET;

THENCE ALONG A CURVE TO THE RIGHT, HAVING A RADIUS OF 75.00 FEET,

AN ARC DISTANCE 117.81 FEET, THE CHORD OF WHICH BEARS SOUTH 46

DEGREES 31 MINUTES 18 SECONDS WEST, A CHORD DISTANCE OF 106.07

FEET; THENCE NORTH 88 DEGREES 28 MINUTES 42 SECONDS WEST, 656.13

FEET, THENCE ALONG A CURVE TO THE RIGHT, HAVING A RADIUS OF 75.00

FEET, AN ARC DISTANCE OF 49.18 FEET, THE CHORD OF WHICH BEARS

NORTH 69 DEGREES 41 MINUTES 32 SECONDS WEST, A CHORD DISTANCE

OF 48.31 FEET; THENCE NORTH 50 DEGREES 54 MINUTES 22 SECONDS WEST,

275.63 FEET; THENCE ALONG A CURVE TO THE RIGHT, HAVING A RADIUS

OF 75 .00 FEET, AN ARC DISTANCE 68.88 FEET, THE CHORD OF WHICH

BEARS NORTH 24 DEGREES 35 MINUTES 49 SECONDS WEST, A CHORD

DISTANCE OF 66.48 FEET, THENCE NORTH 01 DEGREE 42 MINUTES 45

SECONDS EAST, 1,709.98 FEET; THENCE NORTH 01 DEGREES 37 MINUTES 55

SECONDS EAST, 660.23 FEET; THENCE NORTH 01 DEGREES 29 MINUTES 39

SECONDS EAST, 618.66 FEET; THENCE ALONG A CURVE TO THE RIGHT,

HAVING A RADIUS OF 75.00 FEET, AN ARC DISTANCE OF 120.78 FEET, THE

CHORD OF WHICH BEARS NORTH 47 DEGREES 37 MINUTES 50 SECONDS

EAST, A CHORD DISTANCE OF 108.15 FEET; THENCE SOUTH 86 DEGREES 13

MINUTES 59 SECONDS EAST, 145.38 FEET; THENCE ALONG A CURVE TO THE

RIGHT, HAVING A RADIUS OF 75.00 FEET, AN ARC DISTANCE OF 48.51 FEET,

THE CHORD OF WHICH BEARS SOUTH 67 DEGREES 42 MINUTES 08 SECONDS

EAST, A CHORD DISTANCE OF 47.67 FEET; THENCE SOUTH 49 DEGREES 10 —
MINUTES 17 SECONDS EAST, 2991.68 FEET; THENCE ALONG A CURVE TO . o
THE RIGHT, HAVING A RADIUS OF 75.00 FEET, AN ARC DISTANCE OF 65.97 £ ess "2
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FEET, THE CHORD OF WHICH BEARS SOUTH 23 DEGREES 58 MINUTES 22
SECONDS EAST, A CHORD DISTANCE OF 63.86 FEET; THENCE SOUTH 01
DEGREE 13 MINUTES 32 SECONDS WEST, 83.05 FEET; THENCE ALONG A
CURVE TO THE RIGHT, HAVING A RADIUS OF 75.00 FEET, AN ARC DISTANCE
OF 117.42 FEET, THE CHORD OF WHICH BEARS SOUTH 46 DEGREES 04
MINUTES 40 SECONDS WEST, A CHORD DISTANCE OF 105.79 FEET; THENCE
NORTH 8% DEGREES 04 MINUTES 12 SECONDS WEST, 1,129.75 FEET; THENCE
ALONG A CURVE TO THE RIGHT, HAVING A RADIUS 75.00 OF FEET, AN ARC
DISTANCE OF 118.58 FEET, THE CHORD OF WHICH BEARS NORTH 43
DEGREES 46 MINUTES 27 SECONDS EAST, A CHORD DISTANCE OF 106.61
FEET; THENCE NORTH 01 DEGREE 31 MINUTES 18 SECONDS EAST, 177.14
FEET; THENCE ALONG A CURVE TO THE LEFT, HAVING A RADIUS OF 75.00
FEET, AN ARC DISTANCE OF 117.60 FEET, THE CHORD OF WHICH BEARS
NORTH 43 DEGREES 23 MINUTES 47 SECONDS WEST, A CHORD DISTANCE
OF 105.91 FEET; THENCE NORTH 88 DEGREES 18 MINUTES 53 SECONDS
WEST, 60.91 FEET TO THE POINT OF BEGINNING.

SAID TRACT (AREA #2) OF LAND BEING SITUATION BEING SITUATED IN
FRANKLIN COUNTY MISSOURI AND CONTAINING 4,351,083 SQUARE FEET
OR 99.887 ACRES MORE OR LESS.
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Appendix W

Groundwater Hydraulic Data



Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
Franklin County, Missouri

Appendix W
Groundwater Hydraulic Data Summary

December 2012

INTRODUCTION

Appendix W contains a summary description and graphical representations of surface water and
groundwater data acquired from the Ameren Missouri Labadie Energy Center proposed Utility
Waste Landiill site during completion of the Detailed Site Investigation (DSI) in 2009-2010. The
surface water and groundwater data have been evaluated to identify and describe the factors
that influence the direction and flow rate of the uppermost aquifer beneath the proposed Utility
Waste Landfill. Additional details on the data used for this evaluation can be found in the DS
report for this site on file with the Missouri Department of Natural Resources, Division of
Geology and Land Survey in Rolla, Missouri and referenced at the end of this report.

The Ameren Missouri Labadie Energy Center is located near Missouri River Mile 57. Missouri
River elevations obtained from the Labadie Energy Center gauging station, which is at the same
approximate river mile, are provided for comparisen to the groundwater data due to the
significant influence river levels have on the groundwater potentiometric surface across the site.

DISCUSSION OF DATA

Groundwater elevation readings were taken on a monthly basis for twelve consecutive months
from all one hundred (100) piezometers installed at the site for the DSI. These readings were
taken from December 2009 through November 2010. Seven additional sets of readings from
select piezometers were obtained between late April and June 2010 to better evaluate what
short term impacts rising Missouri River elevations have on the groundwater elevations and
gradients beneath the proposed site. The DSI report also investigated what impact precipitation
has on groundwater elevations. Following approval of the DSI report, 90 of the piezometers
were properly plugged and abandoned in April 2011. The remaining 10 piezometers were
properly plugged and abandoned in early September 2011.

During the year-fong DSI monitoring period, it was determined that the direction of groundwater
flow varied in response to Missouri River elevation. During periods of relatively low river
elevations (November-February) the prevailing direction of groundwater flow was north-
northwest toward the river. During periods of relatively high river elevations (March-October)
the prevailing direction of groundwater flow shifted eastward. These changes in flow direction
can be quite rapid. For example, from the “routine” monthly measurements made on May 11,

Prepared by GREDELL Engineering Resources, Inc. Page 1 0of 3



2010 to the supplemental measurements made on May 18, 2010, as the Missouri River rose 12
feet, groundwater flow shifted approximately 90 degrees from a northeasterly to a southeasterly
direction. This shift was accompanied by site-wide increases in groundwater levels of between
1.5 and 7.25 feet and a corresponding increase in hydrauiic gradient.

The behavior of groundwater elevations in response to changes in Missouri River stage as
described in the DSI report indicated that at the beginning of the monitoring period (December
2009), river elevation was below the water table surface. It remained more or less below the
local water table throughout the succeeding three months {January to March 2010} except for
relatively short-term periods (4 to 9 days). Average waier table elevation remained slightly
above 458 feet during this period and overall groundwater flow direction was northward, toward
the Missouri River. However, beginning in mid-March 2010, river level surged above 460 fest
and generally remained above that elevation through late August 2010. During that same time
period, average water table elevation also rose above 460 feet, where it remained throughout
the five-month time span. Water table maps for this time period (March-August 2010} show
overall groundwater flow direction with a strong easterly component. Northeasterly trends for
the months of March and May 2010 coincided with relatively “low” average water table
elevations (460.41 to 461.98 feet) and a southeasterly trend during July 2010 coincided with a
relatively high and sustained water table exceeding 463 feet. By November 2010, as both the
water table and river levels dropped below 460 feet, overall groundwater flow direction
“reverted” to the northwest, essentially mirroring groundwater behavior observed during the first
three months of monitoring.

Comparison of groundwater levels in the southeastern part of the site (farthest from the river) to
groundwater levels in the northwestern part of the site (closest to the river) suggests that the
reversal in groundwater flow occurs when the Missouri River level attains a more or less
sustained elevation of between 461 and 463 feet.

As recorded in the DSI report, calculated groundwater velocities range from extremes of 0.1 to
584 feet per year (ftflyr). This wide range is chiefly attributable to both calculated hydraulic
gradient and effective porosity values. Hydraulic conductivity values are relatively uniform
across the site due to the homogeneous nature of the sandy soils comprising the alluvial
aquifer. The DSI report indicated that the lower ranges in hydraulic gradient were believed
more representative of prevailing groundwater movement at the site, which results in velocities
ranging from 0.1 to 10 ft/yr. However, the report also noted the possibility of higher groundwater
velocity values in the northwestern part of the site, where hydraulic gradient increases in
response to changes in Missouri River elevation.

Figure 1 is a graphical representation of the relationship between groundwater and river
elevations at the Ameren Missouri Labadie Energy Center proposed landfill site from the period
December 2002 to November 2010. It is based on Figure 31 of the DSI Report. In addition,
Figure 2 provides a summary of groundwater movement for the twelve-month monitoring period
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(December 2009 to November 2010} during the DSI investigation. The figure is based on
Figures 18-29 of the DSI Report.

SUMMARY AND CONCLUSIONS

The variable direction of groundwater movement at the Ameren Missouri Labadie Energy
Center proposed landfill site appears intrinsically related to Missouri River elevation. When river
elevations are relatively high, it acts as a recharge source to the alluvial aquifer and
groundwater movement is generally toward the east and southeast. Conversely, when river
elevations are relatively low, the local water table appears to "unwater’ toward the river and
groundwater movement is generally toward the north and northwest. Based on the data
presented in the DSI report, this change in flow direction occurs when the Missouri River
reaches an elevation of between 461 and 463 feet. Comparison of the river gauge data
acquired during the 12-month monitoring period to gauge data for the preceding ten years
suggests that river levels were unseasonably high in 2010, relative fo the years 2000-20089.
Thus, “unwatering” of the local water table toward the Missouri River may be more prevalent
than what was suggested by the DSI data. Regardless, groundwater movement throughout
much of the site is along a shallow hydraulic gradient. Calculated groundwater velocities
believed to be representative of this shallow gradient range from 0.1 to 10 ft/yr, but could be as
high as 584 ft/yr. Higher velocities o the northwest are suggested, where hydraulic gradient
increases.
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Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
Franklin County, Missouri

Appendix X
Documentation of Groundwater Monitoring System Design

December 2012

INTRODUCTION

This document provides the methodology used to determine the number, location, spacing, and
overall design of the proposed groundwater monitoring system for the proposed Ameren Missouri
Labadie Utility Waste Landfill (UWL) at the Labadie Energy Center in Franklin County, Missouri. It is
provided in support of the Solid Waste Disposal Area Construction Permit application submitted to
MDNR-SWMP.

This evaluation is based on the results of the Detailed Site Investigation {DSI) undertaken in 2009-
2010 and detailed in a report entitled, Detailed Site Investigation Report for Ameren Missouri Labadie
Power Plant Proposed Ulility Waste Disposal Area, Franklin County, Missouri, dated February 4,
2011 and revised March 30, 2011. Data from that report were utilized as baseline parameters for the
development of a dispersion model that provided insight into the spacing of wells needed to provide a
system of downgradient monitoring wells that would detect potential leakage from the UWL. The
results of this analysis have been used to propose the number and location of the permanent
groundwater monitoring wells for inclusion in the Solid Waste Disposal Area Construction Permit
Application. Screen interval depths necessary to ensure full immersion during seasonal groundwater
fluctuations were also assessed using the data from the DS report. They are described at the end of
this report.

BASELINE HYDROLOGIC DATA

Review of the hydrologic data contained in the DSI Report indicate that a notable feature concerning
groundwater movement is the large temporal fluctuation in overall flow direction in response to the
rise and fall of Missouri River elevation (refer also to Appendix W). Examination of the monthly
groundwater maps contained in that report (December 2009 through November 2010) demonstrate
that the prevailing direction of flow describes a wide arc approaching 180° as it moves roughly from
north-northwest during periods of low river stage to east-southeast during periods of high river stage.
These temporal changes can be quite rapid. For example, between May 11, 2010 and May 18,
2010, during which period of time the Missouri River rose 12 feet, the prevailing direction of
groundwater movement shifted approximately 90 degrees from northeast to southeast. This shift was
accompanied by sile-wide increases in groundwater levels of between 1.5 and 7.25 feet and a
corresponding increase in hydraulic gradient. As a resuit, much of the proposed disposal area
perimeter exhibits both hydraulically upgradient and downgradient conditions with respect to waste
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disposal limits dependent on river stage. Further, areas of the proposed UWL closer to the Missouri
River appear to exhibit a more vigarous response to changing river elevations than those areas more
remcte from the river proper.

For those reasons, it was determined that baseline hydrologic data used should be specific with
respect to proposed landfill development nearest the river relative to proposed landfill development
farther from the river. Consequently, for the proposed Cell 1 and Cell 2 construction areas,
hydrologic data pertaining to piezometers installed during the DSI in the western and northwestern
parts of the site were considered (reference Sheet 3 of Construction Permit Application Plans for site
layout). Similarly, those data pertaining to the southern and southeastern parts of the site were
considered for the Cell 3 and Cell 4 construction areas. This approach allows for the recognition of
variations in hydrologic conditions across the site and accounts for them in the development of a
model for long-term detection monitoring at the site.

The baseline data used for the proposed cell construction areas included an assessment of principal
flow direction during each of the twelve successive months of water level monitoring, calculated
hydraulic gradients, and hydraulic conductivity data as presented in the DSl report. These data are
provided for review as Attachment 1 fo this appendix. For both the Cell 1-2 and Cell 3-4 areas,
average values for hydraulic gradient and hydraulic conductivity were obtained and those values
were then used to calculate a range in groundwater velocity, as summarized in Table 1. Examination
of Table 1 shows that subtle variations exist in the hydrologic data for each of these areas.

These baseline data were then input into the groundwater model to determine the direction and
extent of plume dispersion over a given period of time in order to develop spacing criteria and the
total number of long-term groundwater monitoring wells believed required along the perimeter of
propused waste disposal boundaries.

GROUNDWATER MODEL DESCRIPTION

The two-dimensional model chosen for use is called PLUME and is available in the Monitoring
Network Design Package, MAP, authored by Golder Associates, Inc. (1992) and available through
the International Ground Water Modeling Center at the Colorado School of Mines. This model was
chosen because it provides a reasonable and readily available model for estimating groundwater
plume dispersion independent of linear flow direction.

Mathematically stated it is:

C(x.y.1) = (Co/4) e[(xv/2D ) 1-(1+4kD, V) "]] erfc][x-vt(1+4kD V7)Y ?)2(D,t) "
[erfl(y+Y/12)/2{Dyx/v)"?]-erf[{y-Y/2)/2(Dvxiv) "]}

Whereg,

o C(x.y.t) = target downgradient contaminant concentration. The value used was set at one-
one thousandth {0.001) of the concentration at the point of release.
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o C, = the concentration of the contaminant at the point of release. This value is 1000x the
downgradient contaminant concentration. For exampie, if an initial chloride concentration of
3,000 mg/l is used, then the target downgradient concentration is equal to 3 mg/l, which is
within generally accepted laboratory PQLs.

o k = the first-order radioactive decay constant. A conservative value of zero was used in the
analysis because no diminution of the source is assumed.

e erfc = complimentary error function

+ x = distance downgradient from the release. This value is generated by the software to
determine the shape and dimensions of the plume.

o v = average contaminant velocity. The contaminant velocity is calculated as the groundwater
velocity divided by the refardation factor (R). Generally, mobile tracers like chioride will flow
at the same rate as groundwater and will not be retarded. Therefore, a conservative value of
one (1) was used for R and average contaminant velocity equals groundwater velocity. The
averaged annual groundwater velocity is taken as the sum of the twelve monthly
displacements, which then defines the major components of the resultant vector used to
determine the dispersion coefficients. For Cells 1 and 2, an average yearly velocity of 14.54
feet (1.21 feet per month) was determined (Table 2a). For Cells 3 and 4, an average yearly
velocity of 12.16 feet (1.0 foot per month) was determined (Table 2b).

« D, = longitudinal dispersion coefficient. This is a constant used to model spreading of the
wave front in the direction of flow. [t is derived by using a coefficient times the average
monthly velocity in the principal direction of flow for each of the twelve months of data
collection. By projecting each monthly change in velocity and principal flow direction as a
resultant vector, an estimate of the longitudinal dispersion is determined using one standard
deviation divided by the average monthly velocity along the primary direction of flow. Tables
2a and 2b summarizes these calculations for both the Cell 1-2 and Cell 3-4 areas.

o 1= time (in months) of continuous leakage from the defect. A value of 528 months or 44
years was used. This time period is roughly equivalent to the life expectancy of the UWL plus
a 20-year closure-post closure time period.

s erf = error function

o y = transverse distance from the defect. This value is generated by the software to determine
the shape and dimensions of the plume.

» Y = the width of the source. A value of one hundred feet was used because it anticipates a
seam failure in the geomembrane liner.

s D, = transverse dispersion coefficient. This is the constant used to model spreading of the
wave front at right angles to the direction of flow for this two dimensional model. The model
uses a coefficient times the average velocity in the primary direction of flow to provide a
variation in the velocity. By projecting each monthly vector as the velocity at right angles to
the resultant vector for the twelve months of data collection, an estimate of the transverse
dispersion factor is calculated as the standard deviation of those twelve projections divided by
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the average monthly velocity at right angles the direction of flow. Tables 2a and 2b
summarizes these calculations for both the Cell 1-2 and Celi 3-4 areas.

The illustration provided below is intended as an aide to envision how leakages will fan out (disperse)
from a discrete faiture point. As the contaminants move with the groundwater downgradient (X-axis),
the concentration at the leading edge of the plume gets broader (Y-axis).

Nustration: Visualization of leak dispersion as it moves downgradient with groundwater
flow.

Further documentation for the Plume model can be found in a paper authored by Wilson et al. (ref.
Design of Ground-Water Monitoring Networks Using the Monitoring Efficiency Model (MEMOY:
GROUNDWATER, v.30, No. 6, Nov.-Dec. 1992). This reference provides a specific equation for
modeling the lengitudinal and transverse dispersion of a nonreactive constituent in a homogeneous
medium. A copy of the reference is provided for review as Attachment 2 to this appendix.

CRITERIA FOR MODEL

As applied to the Labadie UWL, the model assumptions used were:

o | eakage from the UWL is through an imperfection in the geomembrane liner with a length of
100 feet.

« The liner failure allows leakage to move vertically until the contaminant encounters the top of
the groundwater table.

o Each release is modeled as a set of particles that move within groundwater and the particles
essentially serve as mathematical markers for estimating the extent of the plume.

o The contaminants stay suspended in the water column without creating density gradients,
which could influence the direction of contaminant transport.
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» Contaminants move by advective and dispersive components of flow, but will not diffuse due
to chemical gradients.

s The vertical component of dispersion is not considered as significant as the horizontal
component because contaminant concentrations are assumed to be preferentially moving
parallel with groundwater flow direction. Moreover, the intended function of the well system is
as a detection monitoring network and therefore the wells will be screened in the upper
portion of the aliuvial aquifer to ensure early detection in the event of a contaminant release,
as described at the end of this report.

o The detection limit for the contaminant is sensitive enough to be reported as it moves near a
given well point. This limit is set at one-one thousandth (0.001) of the actual concentration at
the point of release.

« The prevailing direction of groundwater movement is equivalent to the average of the twelve
monthly directional vectors noted for each area in Attachment 1.

e The model uses no loss or gain of the solute mass due to geochemical reactions following a
release, including organic reactions. Therefore, both the first order decay constant and the
chemical diffusion constant were set at zero.

» The modeling uses a period of diffusion of 528 months (44 years). This time period is roughly
equivalent to the life expectancy of the UWL plus a 20-year closure-post closure time period.

MODEL APPLICATION AND WELL SPACING

The application of the PLUME model to determine an appropriate spacing for the groundwater
monitoring network required input values for velocity, transverse dispersivity, longitudinal dispersivity,
and time (Tables 2a and 2b). The PLUME scoftware then uses these data to generate a scaled, 2-
dimensicnal plot for each of the four phases showing three contours representing concentrations of
one-tenth (0.1), one-hundredth {0.01), and one-one thousandth {0.001) of the concentration at the
paint of entry into the groundwater (Attachment 3). The innermost contour around the source
represents the highest concentration (10 percent of source concentration), the middle contour
represents one percent of the source concentration, and the outermost contour represents one-tenth
of a percent of the source concentration.

Once the plots were developed, a series of overlays were made and superimposed on a map of the
site and oriented along the primary axis of flow as determined from the average of the monthly
longitudinal flow vectors presented in Tables 2a and 2b. The origin of the plots (i.e. release point)
was established as close to the edge of proposed waste boundaries as practicable. The overiays
were then manipulated so that points of intersection were attained at the 0.001 contour interval.
Those points of intersection along the downgradient sides of the proposed UWL were then
considered the minimum spacing whereupon early detection of a release could be determined. The
modeling effort resulted in the identification of 21 downgradient well locations (Figure 2). Beginning
at the northwestern corner of the site, well spacing along the northern edge of Cell 2 is approximately
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450 feet (well ID #s MW-1 through MW-4). Well spacing between MW-5 and MW-7 is wider since
these wells are farther from the waste disposal limits of Cell 2 due to the location of Pond 2. Well
spacing along the eastem perimeter of Cell 3 is approximately 330 feet (well ID #s MW-7 through
MW-17). The spacing was increased along the southern edge of Cell 3 to avoid well placement
impacting jurisdictional areas (well ID # MW-18). Well spacing along the eastern perimeter of Cell 4
is between approximately 330 and 500 feet (well ID #s MW-19 through MW-21). Table 3
summarizes location information for the proposed downgradient wells. The table also describes a
temporary monitoring well (TMW-1) that will serve as a "sentry” for the initial operations within Cell 1.
It will be located immediately east (downgradient) of Cell 1 within the utility pipeline corridor (Figure 2)
and used to supplement water quality data derived from the permanent downgradient wells located
along the eastern perimeter of Cell 3. TMW-1 will be removed as soon as Cell 3 becomes
operational.

For those areas considered hydraulically upgradient of proposed waste boundaries, which includes
the western and southwestern perimeter of the site, seven additional wells are proposed to complete
the groundwater monitoring network., These wells are identified as MW-22 through MW-28 on Figure
2. Spacing is greater for these wells than it is for the downgradient wells. [t is widest along the west-
central perimeter of the site (1,400 feet) but systematically decreases to less than 1,000 feet toward
the northwestern and southeastern paris of the site {i.e. where downgradient conditions begin).
Table 3 summarizes location information for the proposed upgradient wells.

WELL SCREEN PLACEMENT

A determination of well screen placement is primarily dependent upon two inter-related factors. One,
the well screen should be placed at a level that ensures to the extent practicable that the entire
screen interval remains fully saturated, even during pericds of low river stage of the Missouri River.
Two, the top of the well screen should be placed at a depth as shallow as practicable to provide early
detection of contaminants that may disperse within the upper part of the water table. Lithologic
composition and monitoring well construction constraints also have to be considered in the
positioning of well screen depth.

As documented in the D3I Report for this facility, the chief control on water table elevations is the
Missouri River. As the Missouri River stage increases, it is accompanied by a corresponding,
progressive rise in groundwater levels in a northwest to southeast direction. Conversely, as the
Missouri River stage decreases, it is accompanied by a progressive drop in groundwater ievels that, if
sustained, eventually reverses the overall direction of groundwater movement back to the northwest.
While these fluctuations were apparent throughout the site, they become more pronounced to the
northwest, as the Missouri River is approached. Piezometric data from that area document
fluctuations in excess of eight feet whereas fluctuations in the southeastern part of the site are
between three and four feel. In light of these data, a single elevation for the placement of well
screens cannot be used. Rather, well screen elevations vary and become progressively deeper in a
northwesterly direction.

Prepared by: GREDELL Page 6of 7
Engineering Resources, inc.



Review of the Missouri River data presented in the DSI report suggests that the 12-month timeframe
during which piezometric monitoring was in effect at the site (December 2009 to November 2010)
coincided with a period of relatively high Missouri River elevations (between 451 and 473 feet).
Consequently, it was necessary to examine the historical data presented in that repori to determine a
low river elevation. Inspection of that data, which is included here for reference {Figure 1), indicates
that 445 feet approximates the lowest recorded river elevation during the preceding ten-year
timeframe.

Using this documented low river elevation as a point of intersection, linear regression plots were
made showing the projected height of the water table surface at select points centered along the
primary northwest-southeast axis of flow beneath the proposed UWL facility. Monthly water level
data from a total of 14 piezometers installed during the DSI were used in the analysis (Attachment 4).
The results show that the water table surface would be expected to drop to 454.5 feet in the extreme
northwestern part of the facility near the location of former piezometer P-9 (Figure 2). Thus, a
maonitoring well in that area would need to have its well screen set at an elevation no higher than
approximately 454 feet to ensure full saturation during low river stage. As the primary axis of flow is
traced southeastward, the projected point of intersection of the water table surface with low river
stage (445 feet) gradually increases and lines drawn perpendicular to the primary axis of flow in one-
foot increments define the maximum well screen elevation throughout the remainder of the facility.
Note that these incremental boundaries define regions where projected water table elevations remain
approximately 0.5 feet above the maximum well screen height. Based on this analysis, anticipated
well depths (assuming 10-ft well screens) for the proposed groundwater monitoring well system
layout are summarized in Table 3.

Prepared i}yi GREDELL F’age Tof7
Engineering Resources, Inc.



Figures



Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfi
Construction Permit Application

Missouri River Historical Data (2000-2011)
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Construction Permit Application
Proposed Utility Waste Landfill
Ameren Missouri Labadie Energy Center
Franklin County, Missouri

Calculated Groundwater Velocities by Month
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0.40

[Effective Porosity (n)
- e

Hydraulic Conductivity (K}

26

Cells 1 & 2 Site K, = 5.002 x 107 fYmin

47

Cells 3 & 4 Site Ky, = 5.567 x 102 fimin

41

Hydraulic Gradient (i)

i = 0.0002 fuft

Hydraulic Gradient (i}

i =0.6003 ft/

Effectlve Pﬂrosny {n)

0.30

0.35

0.40

0.35

Q.40

i5

13

"Cells 1 & 2 Site K., = 5.002 x 107 fUmin

||Effect|ve Porosny (n
in) (fl

Hydraulic Conductivity (K}

Cells 3 & 4 Site K g = 5.567 x 102 ftmin

|Hydraulic Gradient (i} i=0.0001 f/it Hydraulic Gradient {i} i = 0.0001 ft/it
|[Edective Porosny( ) 0.30 0.35 0.40 Effective Porosity (n) 0.30 0.35 0.49
i 8 7 Velocily (=Kifn) {ftiyr 12 10

Cells 1 & 2 Site K,,,, = 5,002 x 107 fUmin _

Hydraulic Conductivity {K)

14

Cells 3 & 4 Site Ky, = 5.5687 x 107 flymin

IHydraulic Gradient {i)

i =0.0001 ft/ft

Hydraulic Gradieni (i)

i = 0.6002 ft/ft

0.35

0.40

Effective i‘—’orosny (n}

0.50

0.35

0.40

iEffective Porosity (n)

Hydraulic Conductivity (K)

Cells 18 2 Site Kyq =

8

5.002 x 102 fi/min

Hydraulic Conduclivily (K)

27

“Cells 3 & 4 Site Ky, =

5.567 x 10 ft/min

Hydraulic Gradient {i) i = 0.0003 it [[Hydraulic Gradient (i) i = 0.00071 fufL
Effective Porasity (n) 0.30 0.35 0.40 [Effective Porosity (n) 0.30 0.35 0.40
Velocily {=Kin} {ft/yr) 26 23 20 [[Velocity (=Kiin} (ft/yr} 14 12 10
Notes
1. Hytiraufic gradient vafues derived using J-point methods for 12 month monitoring period 12/08-11/10.
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Constructions Permit Application
Proposed Utility Waste Landfill
Ameren Missouri Labadie Energy Center
Franklin County, Missouri

Piume Definition for Cells 1 ang 2

Table 2a
Menthly Moy ]
East Norh Resultan| Hydraulic Velocily Velocily
Hydraulic Velocity Comporent |Componsnt={ Resullant Norih Conductivity, deita Cos (della | Sin(delta | *Cos{della | "Sinidela
Cells 1 & 2 MonthfYear Azimuth | Gradient |Velocity (ftiyr)  (ftmonth) =X ¥ fast Vector| Veclor =01 fihyr angle angle} angle) angle) angle)
Dec-09 -74 0.0007 53 4.38 -4.21 121 -4.21 1.21 4.642 -106.65 -0.286 -0.958 -1.255 -4.198
January-10 20 0.0008 ] 5.01 1.71 4.71 -2.50 5.91 6.324 -12.65 0.978 -0.219 4.886 -1.097
February-10 -81 0.0003 23 1.88 -1.46 1.18 -3.96 710 4.482 -83.65 9111 -0,994 0.208 -1.866
March-10 63 0.0008 60 5.01 4.46 2.27 0.50 9.37 4.561 30.35 0.863 0.505 4322 2.531
April-10 94 0.0002 15 1.25 1.25 -0.09 1.75 9.28 500228  [Average 61.35 0.479 0878 0.600 1.098
May-10 17 0.0001 8 0563 0.18 0.60 1,94 $.88 Effective -16.65 0.963 -0.270 0.603 -0.169
June-10 102 0.0004 30 250 245 -0.62 4.38 938 Porosity {n) = 0.35 69.35 0.353 0.936 0.883 2.343
July-10 115 0.0004 30 250 227 -1.08 6.65 8.30 82.35 0.133 0991 0.333 2.482
August-10 94 0.0002 15 1.25 1.25 -0.08 7.90 8.21 61.35 0.479 0.878 0.600 1.089
September-10|  -22 0.0001 8 0.53 075 0.68 767 8.79 -54.85 0.578 -0.816 0.362 -0.511
October-10 48 0.0001 8 0.63 047 042 8.13 9219 15,35 0.964 0.265 0.604 0 166
November-10 -57 0.0003 23 188 -1.58 1.02 6.56 10.24 -89.65 (.006 -1.000 0.012 -1.878
Average velociy, ftiyr = 12.16 57.36
Average 38.5 0.00037 Bearing, Northeast= 32.65 Average monthly velocity 1013 0.C00
Standard Deviation 61.9 6.06026 Standard Deviation in monthly velocily 1.767 2059
Errorin Mean 17.9 0.00008  0.1572432
Average yearly velocity 12.157 0.000
Alpha 1.744 2032

Longiludinal  Transverse

‘=monthly velocity times
/ sin {difference in
| T, # .
E / Y .bearmgs)

i d
Ly

326 : /" =monthly velocity times cos
o _ (difference in bearings)

Prepared by: Gredeli Engineering Resources, Inc. December 2012



Construction Permit Application
Proposed Utility Waste Landfill
Ameren Missouri Labadie Energy Center
Franklin County, Missouri

Plume Definition for Cells 3 and 4

Table 2b

Maonthly Moy

East North Resullant Hydraudic Velosity Velocity

Hydaufic Velocity | Component=|Componenl=| Resultant North Conductivity, delta Cos {della | Sin(della | *Cos{delta | "Sin{della
Celis3&4 Morih/Year Azimuth | Gradient |Velocity (fiyr)]  {f/month} S ¥ East Veclor{ Vector 01 fiyr angle angle} angle) angle) angle}
Dec-G8 =70 0.0003 25 2.08 -1.96 0.71 -1.86 0.71 4.642 -136.58 -0.726 -0.687 -1.513 -1.432
January-10 3 0.0004 33 2.75 0.14 2.75 -1.81 346 6.324 -63.58 0.445 -0 896 1.224 -2.463
February-10 -1 0.0001 Ll 0.67 0,13 0.65 -1.94 411 4.482 -77.58 0.215 -0 477 0.143 -0.851
March-10 63 0.0005 42 3.50 3.12 1.69 1.18 5.70 4.561 -3.58 0.998 0.082 3493 -0.219
Aprii-10 84 0.0003 25 2.08 2.07 0.22 3.25 5.92 5.00225 |Average 17.42 0.954 0.299 1.988 0.624
May-10 70 0.0002 17 1.42 133 0.48 4.58 6.40 342 0.938 0.080 1.414 0.084
June-10 105 0.0004 33 275 2.66 -0.71 7.24 5.69 Effeclive 38.42 0.784 0.621 2.155 1,709
July-10 109 0.0004 33 2.75 2.60 -0.90 9.84 4.80 Porosity (n)= 0,35 42.42 0.738 0.675 2.030 1.855
August-10 95 0.0003 25 2.08 2.08 -0.18 11,91 4.62 28.42 0.880 0476 1.832 0981
September-10 47 0.0001 g 0.67 0.49 045 12.40 507 -19.58 0.042 -0.335 0.628 -0.223
Cclober-10 81 0.0002 17 142 1.40 0.22 13.89 5.29 14.42 0.869 0.249 1.372 0.353
November-10 -43 Q0001 8 0.67 -01.45 .48 13.34 578 -109.58 -0.335 -0.942 -01.223 -0.628

Average velocity, fiyr = 14.54 23.42
Average 548 0.00028 Bearing. Northeast= 66.58 Average monthly velocity 1.212 0.000
Standard Deviation 505 0.00014 Standard Devialion in monthiy velogity 1.307 1239
Errorin Mean 14.6 0.00004 0.1280281

Average yearly velocity 14.543 0.00C
Alpha 1078 1.023

Longiudinal  Transversa

=monthly velocity
times sin{difference

/\\\m bearings)

Lo

=monthly velocity times
cos{difference in
bearings)

Prepared by Gredell Engingering Resources, Inc. December 2012



Construction Permit Application
Proposed Utility Waste Landfill
Ameren Missouri Labadie Energy Center
Franklin County, Missouri

Groundwater Monitoring Well Summary

Table 3
Monitoring Well| Upgradient or Northing | Easting Ground Surface Well Depth | Screen Length | Top of Screen Interval
Designation Downgradient Elevation (approx.) | (feet, bgs) {feet) Elevation {approx.)
MwW-1 DG 995574 | 727216 470 25 10 455
Mw-2 DG 995656 | 727662 469 23 10 456
MW-3 DG 995738 | 728106 468 22 10 456
MW-4 DG 995819 | 728547 468 21 10 457
MW-5 DG 095548 | 728812 468 21 10 457
MW-§ DG 995171 | 728206 467 20 10 457
MW-7 DG 994600 | 729389 467 19 10 458
MW-8 DG 994380 | 729642 466 18 10 458
MW-9 DG 994160 | 729805 465 17 10 458
MW-10 DG 983940 | 730147 466 18 10 458
MW-11 DG 993720 | 730400 466 18 10 458
MW-12 DG 993500 | 730653 465 17 10 458
MW-13 DG 993280 | 730905 465 17 10 458
MW-14 DG 993060 | 731158 464 16 10 458
MW-15 DG 992840 | 731410 464 15 10 459
MW-16 DG 992620 | 731663 464 15 10 459
MW-17 DG 992302 | 731681 465 16 10 459
MW-18 DG 991674 | 730925 462 13 10 459
MW-19 DG 092096 | 7301384 463 15 10 458
MW-20 DG 991668 | 729958 463 14 10 459
MW-21 DG 991332 | 729953 463 14 10 459
MwW-22 UG 990940 | 729361 464 15 10 459
MW-23 UG 991102 1728514 465 17 10 458
MwW-24 UG 991822 | 727995 465 17 10 458
Mw-25 UG 992708 | 727524 466 18 10 458
MW-26 UG 993986 | 726913 467 20 10 457
MWw-27 UG 004619 | 726637 468 22 10 456
MW-28 UG 995267 | 726640 469 24 10 455
TMW-1 DG 993795 | 728659 467 19 10 458

Prepared by: GREDELL Engineering Resources, Inc.
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Computer Notes

Design of Ground-Water Monitoring Networks Using

the Monltoring Efficiency Model (MEMO)

by Charkes R. Wilson', Carl M. Einberger', Ronald L. Jackson’, and Richard B. Mercer”

onitoring MM@EMO)MMWwM&MMMMM
metworks, The method simulates the migration of hypothetical coutaminant
of eitermative well etwork designs n detecting the phumes, The
Mmmpdmmmmmmm

plumes from » site and quantifies the efliciency

cousputed detection efficiency provides s basis for optimiring
woeld or would pot be detzcted by & given well Betwork are

peoduced, providing insighit into the benefits of adding, deleting, or moving specific wells.

Introduction

Ground-water monitoring is generally required by reg-
ulatory agencies at hazardous waste sites, salid wraste land-
fills, and other sites where the potential release of chemicals
to the sursurface is a concern. The goals of ground-water
monitoring include verifying reguiatory complisnce and pro-
viding early warning of & chemical release. Although the
intent of such monitoring is to protect human bealth and the
cnvironment, a clear approach for measuring the degree of
protection offered by a monitoring system has not been well
estgbiished. A Monitoring Efficiency Moedel (MEMO)
presentzd in this paper provides a method for quentifying
the efficiency of & given monitoring well network in detect-
ing a potential chemical release, and graphically depicting
areas where releases would not be detected. The method is
an extension and refinement of a physical design approach
suggested by Massmann, Freeze and others and
Frecze, 1987; Freeze et al,, 1990) and Meyer and Brill (1988).
It provides an casily understood way to adjust and optimize
the network design to site and waste conditions, and to
guantify th degree of protection for public and regulatory
review.

*Gokder Associates Ing., Redmond, Washington 98052,

SWestinghouse Hanford Company, Richland, Washington
99352

Received June 1991, revised March 1992, accepied April
1992

Discussion open until Msy 1, 1993,

Vol. 30, No. 6—GROUND WATER —November-December 1992

General

Approach

The technique developed in this paper quantifies the
momitoring efficiency of & given monitoring well network by
determining aress within a potential chemical source area
where a chemical release wonkl or would not be detected by
the monitoring well petwork. Monitoring efficiency is
defined as the ratio of the area of detection to the total area
of the site, For cxample, & determined efficiency of ®
pemtpmdidsthﬂmhmmhsmwmtof
the site would be detected by the monitoring wells, and
relcases ocourring over 10 percent of the site would not be
detected.

The monitoring efficiency solution is determined in the
following manner. A grid of poiestial chemical source
points is defined within the potential source area. At each
potential souree point, a contaminant plume is generaied
using an analytical contaminant transport solution. If the
plume is intersected by a monitoring well before it migrates
beyond a specified boundary, the source point is considered
to be detected. After checking cach grid point to determine
whether the plume released from that point is detected or
not detected, the monitoring efficiency is calculated, and a
map showing areas from which chemical releases would not
be detected is produced.

An illustration of the application of MEMO is shown
in Figure 1. Critical geometric elements are the potential
source area(s), a grid of potential source points, the buffer
zone boundary, and monitoring well locations, The buffer
zo_nebmmdaryisdeﬁmdutheiiminowbichaplumem
mhdmitshoukibed&ned,mdmuthephm
migration limit for “carly warning" detection of a contami-
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Fig. 1. Huateation of MEMO results.

nant releasc. A plume that moves beyond this limit without
derection by a monitoring well is considered 1o be un-
detected. Figure I shows examples of detected and non-
detected plumes and two distinct nondetected regions
defined by source grid points from which generated plumes
were not detected by monitoring wells prior to passing the
buifer zone boundary.

Ground-water flow and contaminant transport
parameters are required to determine the plume dimensions
and configuration. Specific flow and transport input require-
ments will depend upon the plume generation routine used
in the analysis. MEMO currently uses a two-dimensional
plume generation routine based on the two-dimensions]
analytical solution of Domenico and Robbins (1985), but
the methodology incorporated into MEMO can be applied
with other anaiytical contaminant transport solutions.

MEMO is applied using available site-specific and/or
literaturc-based information, Multipie simulations can be
performed to analyze the sensitivity of a specific problem
domain to input parameters. Because MEMO is based upon
a simulation of physical processes, evaluations of the ade-
quacy of the design are determined frem the physical
parameters and processes governing contaminant migra-
tion, rather than upon qualitative judgraents of how many
wells are enough.

966

Plume Generation

MEMO uses a plume generation routine to compute
the sizes and shapes of the plumes from each grid point. The
plume generation routine currently incorporated into
MEMO is based upon the two-dimensional analytical
transport mode} presented in Domenico and Robbins (1985)
and modified in Domenico (1987), This model assumes that
soiute is released along & continuous line source in a uniform
aquifer, and predicts the concentrations that would be
observed at points downstream of that source. The govern-
Ing equation 1s:
C(x, y, 1) = (Co/4) exp {(xv/2D)[1 — (1 + 4kD:/v')'*}}
erfe{{x — vi(1 + 4kDyx/¥) "} 2Dx1)""}

fed[(y + Y/2)/2(Dyx/v)""] = exf[(y = Y/2)/2(Dyx/v)'"})

where C(x, v, 1) = concentration at x, v, ¢, Co = source
concentration; x = distance downstream from the source;
y = transverse distance from the source; k = first-order
radioactive decay constant; Y = width of the source in the
ground water; v = average contaminant velocity; Dy =
longitudinal dispersion coefficient; Dy = transverse disper-
gion cocflicient; and t = time,
The average contaminant velocity is computed as:
v=Ki/Rn

where K = hydraulic conductivity; i = hydraulic gradient;
R = rctardation factor; and n = effective porosity.

The dispersion coeffitients are functions of the contam-
inant velocity, the dispersivities, the retardation factor, and
the diffusion coefficient for the contarninant of interest.

Dy =axv+ Dn/R
Dy=ayv+ Du/R

' where a; = longitudinal dispersivity; ay = transverse dis-

persivity; and Dy, = effective molecular diffusion coefficient
for the contaminant of interest.

MEMO is solved using 2 specified dilution contour,
defined as:

Ca=CafCo

where Ca is the detection standard selected as the limiting
concentration 1o be detected by a monitoring well, and C,,
as defined above, is the source concentration.
Assumptions of the plume generation routine include
negligible vertical ground-water flow and vertical chemical
transport, a uniform ground-water flow fizld, and a contin-
uous line source. The assumption of a uniform flow {ield
implies constant hydrologic and transport propertics and a
uniform hydraulic gradient over the length of the plume,
Significant judgment is required prior to performing
MEMO simulstions for a site, An evaluation of the suitabil-
ity of the model assumptions presemied in the previous
section must be performed on a casc-by-case basis. For
example, it should be recognized that the plume shape
predicted by the model is idealized for uniform aguifer
conditions, and the heterogeneities present at field sites may
causc plumes to assume irregular shapes. As with any



model, care must be taken that erroneous conclusions are
not made based on inadequate assumptions about the prob-
iem domain.

Reguired inpul Parameters

The principal input parameters required for MEMO
are the geometry and discretization of the problem domain,
potential source width, the contaminant transport parame-
ters, and the dilution contour 10 be measured in the monitor-
ing wells. Parameters that are not known from site-specific
field datz must be conservatively estimated. Sensitivity
analyses may be performed to identify critical paramneters
affecting monitoring efficiency predictions.

Gecometry of Problem Domein

Key grometric elements of the problem domain are the
potential source arca(s), monitoring wells to be investigated,
and the location of the buffer zone boundary. Geometric
data are input using a standard coordinate system, and 2
uniform source grid spacing must aiso be specified. The
sensitivity of an cfficiency analysis tothe source grid spacing
should be evaluated, since grid spacing can influcnce the
accuracy of the solution.

Monitoring wells aré located between the potential

source area(s) and the buffer zonc boundary. Plumes that
are not detected by 2 monitoring well prior to contacting the
buffer zone boundary are considered to be “not detected”in
the monitoring efficiency estimate. However, it should not
be inferred that piumes considered “not detected™ for pur-
poses of network design will never be detected. Plumes will
conuntis to expand until steady stawe is reached, and may
eventuaily be detected prior to reaching steady state. Identifi-
cation of a buffer zone is necessary because unless the center
line of a plume directly contacts & monitoring well, the
ieading cdge of the plume will migrate beyond the monitor-
ing well prior to plume detection.

Although a smaller buffer zone width is more conserva-
tive because it will generate a lower apparent monitoring
efficiency, our sensitivity analyses have indicated that
MEMO efficiency predictions are not particularly sensitive
10 buffer zone widths greater than several hundred feet. The
appropriate width for the buffer zone will depend on site-
specific and regulatory conditions. General criteria for
establishing buffer zone widths include distances to prop-
erty boundaries and neighboring dwellings, distances to
ground-water supply wells or surface-water bodies, the
velocity of ground-water movement, and the relative costs
and benefits of providing carly detection of a release, Buffer
zone widths cstablished for hazardous waste facilities in
current regulations vary, but are on the order of hundreds to
thousands of feet. We have used a conservative width of 560
feet for remote sites.

Potential Source Widlh

Vertical migration of contaminants throngh the unsatu-
rated zone to the water table is assumed to creste a source of
contamination in the ground water that generates the con-
tamipant plume. The width of the source in the ground
water will depend upon the dimensions of the release at the

waste site and the subsequent dispersion in the unsaturated
zone. The size and strength of this source may be estimated
from field measurcments if releases have occurred at the site,
or from the size, type of contaminants, and transport mech-
anisms of a hypothetical release from the site.

The data needed to support a rigorous analysis of the
potential source width are often lacking, requiring that this
parameter be conservatively estimated. Smaller source
widths are more conservative because they are more difficult
to detect. “The source width estimate should take into
account the dimensions of the release at the waste sitc and
the effects of migration through the unsaturated zone. The
dimensions of the release at the waste site may be, for
example, the dimensions of & typical waste container at an
uniined site, or may be the dimensions of a potential liner
Jeak at a lined site. Migration through the unsaturated zone
15 usually accompanied by laterat spreading. The source
width may be increased for larger release dimensions and
larger unsaturated zone thicknesses, but the estimated mass
flux of contaminants entering the ground water shouid be
held constant by adjusting the source concentration used 1o
calculate the dilution contour.

Contaminant Transport Perameters

Contaminant transport parameters required for plume
gencration are the direction of ground-water movement, the
average contaminant velocity, and the longitudinal and
transverse dispersivities. Optional contarmnant transport
parameters are the molecular diffusion coefficient and the
first-order radioactive decay constant,

If ground-water ievel data are available for a site, they
can be used to estimate the direction of ground-water
movement. If no water-level data are available, the direction
of ground-water movement may be estimated from regional
hydrogeologicdata or fromsite topography. The sensitivity
of the monitoring cfficiency estimate to variations in
ground-water flow direction shoukd be considered, particu-
larly when no field data are svaiiable. The efficiency of &
particular monitoring well network ¢an be significantly
changed by a change in the ground-water flow direction.

The average contaminant velocity can be approxi-
mated from estimates of the average hydraulic conductivity,
hydraulic gradient, retardation factor, and effective porosity
at the site. With the Domenico and Robbins plume genera-
tion routine, for a plume of 2 given length the shape of the
generated plume is independent of the time required to
develop the plume, if deeay and moiecular diffusion arc
negligible. For exampie, 2 plume that traveled 500 feet in
five years would be predicted to have the same shape as one
that traveled 500 feet in 50 years. Because of this indepen-
dence, for cases where decay and diffusion are negligible, the
monitoring -cfficicncy solution is not dependent on the
bydraulic parameters governing the average contaminant
veiocity, and is not sensitive to the choice of average contam-
inant velocity.

Site-specific dispersivities are rarely available, and must
usually be estimated from available literaturc values for
similar geologic media. Gelhar et al. (1985) provide a source
for such information. Dispersivity values have been reporied

967



to increase as the length of the piume increases, although the
most reliable measured values are the lower estimates. The
selection of values is complicated by the fact that consider-
ably more data arc available for longitudinal than transverse
dispersivitics; thus the uncertainty is higher for the trans-
verse dispersivity. f the data base for transverse dispersivity
cannot support & direct estimate, it can be estimated as a
fraction of the longitudinal value {ay /o, = 0.] is commonly
used). The width of the plume is quite scnsitive to the
transverse dispersivity (ay) and is relatively insensitive to the
longitudinal dispersivity (ax)- Longer, thinner plumes are
harder to detect, and therefore larger values of longitudinal
and smaller values of transverse dispersivity are more con-
servative, For application to a site with unconsolidated silts,
sands, and gravels, the best direct estimate values for trans-
verse and longitudinal dispersivities were § and 28 feet,
respectively, using 2 scale of interest of about 1,000 feet. The
relatively high transverse to longitudinal ratio of about 0.3
was supporied by limited site-specific data. For conserva-
tism, the monitoring network design was based upon 2
transverse dispersivity of 5 feet and a longitudinal dis-
persivity of 35 feet,

For most fizkd situations, the diffusion coefficient is
quits small compared 1o the adiective velocity and can be
negiccted. For sites with very Jow adjective velocities, the
effect of molecular diffusion can be evalusted in a sensitivity
analysis. Radioactive or chemical decay can beincorporated
into the monitoring efficiency study by specifying a first-
order decay constant.

DiHution Contour

The dilution contour {Cay), defined as the ratio-of the
detection standard (Ca,) to the concentration gt the source
of the plume in the ground water (Co), identifies the bound-
ary of the plume used in the monitoring efficiency determi-
nation. The monitoring efficiency is affected by the dilution
contour, because plumes of a given length are shightly wider
for a lower dilution comour than for a higher dilution
contour. The wider plumes would be casier to detect and
fewer monitoring wells would be required o achieve atarget
monitoring efficiency. To provide adequate early warning of
a release, the design should be based npon a dilution con-
tour for the more mobile potential contaminants at the site.

To determine an appropriate dilution contour, the
source strength and detection standard must be estimated.
The source strength is the contaminant concentration at the
piume source within the aguifer, The potential sourcc
strength may be estimated through analysis of ground-water
samples from an identificd source arca where a release has
already occurred, through analysis of the physical condi-
tions of the waste and the site, or through identifying a
threshold source strength that would be of regulatory con-
cern. The first of these approaches is not typically possible,
because monitoring well network designs are generally pre-
pared for sites where relcases have not yet ocourred or have
not been established. In estimating source strength using the
other approaches, release of contaminants from the poten-
tial source area(s) is considered to be continuous and
governed by Jong-term average hydrologic conditions.
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If the mass fiux rate of contaminanis refeased from the
site is assumed to be constant, the strength and width of the
source in the ground water become inverscly related. If the
width of the source increases, such as from a higher esti-
mated dispersion in the unsaturated zone, the strength of the
source must decrease, because the total mass flux of contam-
inant entering the ground water remains constant. Although
the network design is sensitive to changes in cither source
strength or source width when taken independently, it
becomes relatively insensitive when the inverse relationship
bétween these parameters is considered.

" Estimates of source strength based upon the physical
conditions of the waste and the site may be made consider-
ing the amounts and physical states of potential contami-
nants in the waste, the probable mobilization and release
mechanisms into the unsaturated zone, the dispersive effects
occurring in the unsaturated zone, and the rate of ground-
water movement in the underlying aquifer. Factors which
should be considered are whether the waste is in solid or
liguid form, and its potential mobility given the conditions
of release or disposal. The data necessary to rigorously
address the processes of release and subsequent migration to
the ground water are often unavailable, and conscrvative
estimates must be made. .

Estimates of source strength may aiso be based upon
threshold vatues that would be of regulatory concern. This
spproach is useful when the contaminant of concern has an
assigned regulatory standard such as a maximum contami-
nant Jevel (MCL), but its concentration &t the point of
release at the waste site is difficult 1o estimate, for example,
because of a lack of solubility information. This approach

‘has been particularly useful for metals and radionuclides.

The threshold strength of concern is generally considered 1o
be the regulatory standard, and the contaminant concentra-
tion at the source in the ground water would be set to
approximately cqual that standard. This would be more
conservative than estimates based on solubility Emits if the
reguiatory standard is less than the estimated source concen-
tration. However, if the estirnated source concentration is
less than the regulatory standard, it is recommended that the
regulatory standard be used as the source concentration to
avoid an overly conservative design.

Exampie Appiication

MEMO has been employed to design monitoring net-
works for cight waste management arcas on the U.S.
Department of Energy's Hanford Sitein eastern Washington,
Before applying MEMO at a location, the relevant hydro-
geologie data and information on waste characieristics are
assembled and reviewed to develop alternative conceptual
models of the directions and stability of ground-water
movement and the unsaturated zone transport conditions
associated with aiternative release scenarios. Uncertaintics
in parameter values are analyzed in MEMO sensitivity
studies, and uncertainties in the validity of the assumptions
used in MEMO are identified. Higher design monitoring
efficiencies may be used at sites with greater parameter

The data base paramsters for MEMO were developed
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by applying the logic described above. The results of
example applications are shown in Figures 2 and 3 for a
waste site of irregular peometry. The direction of ground-
water flow was assumed to be the same throughout the site.
The following data base was used in this example:

Source Width 20 feet
Buffer Zonc Width 500 feet
Longitudinal Dispersivity 35 feet
Transverse Dispersivity 5 feet
Ca 6.001
Contaminant decay and molecular diffusion were con-
sidered negligible in this example,

Figure 2 shows the MEMO results for a r:iauvely
sparse downgradient network of six wells. The shaded areas
on the figure indicate locations where a release is not pre-
dicted 1o be detected. The influence of the approximately
1,500-foot gaps between the monitoring wells can be sesn in
the sizes of the shaded areas. The efficiency of this network is |
about 73 percent, and is less the minimum target of %0
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Fig. 3. Example MEMO resuits fora petwork of 12 wells,

percent adopted for this cxample Efficiencies may be
improved by adding or adjusting locations of monitoring
wells in the vicinity of the larger shaded areas.

Figure 3 shows the MEMO results for the siteshown in
Figure 2, but with a network of 12 wells. This network
greatly reduces the shaded areas and increases the monitor-
mgeﬁimncyto%pcmmt.'l‘hscﬁ‘mmcy may be unneces-
sarily high for the site, particularly if tbe direction of
ground-water flow is stable. Monitoring wells can be moved,
added, or deleted until a satisfactory network is achieved,
The sensitivity of the final network to uncertainties in
ground-water flow directions or in any of the other input
parameters can akso be cvaluated.

Euture Mode! Development

‘The monitoring efficiency concept of MEMO can be
developed with other assumptions and applications. Some
examples of sreas for futere model development are dis-
cussed in this section.

MEMO currently provides a deterministic solution for
the monitoring efficiency. A probabilistic modzl incorporat-
ing = Mame Cario approach has been considered, with
mez-speuﬁadprobzb&mﬁmomfmm of the fielkd or
Literature-derived input parameters. Rather than producing

a singlc monitoring cfficiency, a range of values would be
produced. Graphical output could present contours of the
frequency of detection of each potential source point, rather
than shading nondetected potential source points,

A thres<limensional ahalytical solution can be incorpo-

rated into MEMO to allow evaluations of nested monitor-

mgmummk;Thcmrwouldspeufymumuousand
screen iritervals for each well. Plume migration would be
Limited byt lanar buffer zonc kmit. MEMO can also be
developed with & two-dimensional or- three-dimensional
finite-difference or finite-tlement contaminant transport
modulz, to allow application to sites where available data
and site complexity suggest that the simplifying assump-
tions of the current analytical solution are inappropriate.,
As an plternative to using the buffer zons concept,

piummhemwbymignunnﬂmcoraﬂwedmmh
stcady state, prior to checking for detection in a monitoring
well. However, if this approach is used, the downgradient
[imit of each plumcwﬂ!w:ymlhthegeometryof
the source arpg. Atsites where ground-watet contamination
is of concern, early Wnrmng of comamination is typically
desired to allow corrective action to be taken. The buffer
zone boundsry serves as the limit for plume migration
before early warning should occur. For this reason, the
buffer zone concept is our preferred configuration for the
model.

Conclusions

MEMO is & method for monitoring well network
design that is quantitative and produces easily understood
graphical output. The computed detection efficiency pro-
vides data for optimization of a monitoring network design
based upon physical processes, The model requires signifi-
cant judgment becanse of the need to obtain or estimate the
mput parameters. The berefits obtained from adding, deiet-
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ing, or moving wells can be readily demonstrated using
raultiple simulations. The model has been found 1o be of
significant value in justifying a network design to both
regulatory agencies and site OWRETS. The approach can be
readily adapted or enhanced to address alternative prob-
lems. For example, the model can b modified for use with
threc-dimensiona! plume generation technigues if required
for a particular site. ltalsocan be developed on a probabilis-
tic basis, to quantify the uncertainty in the design, as an
alternative to the deterministic and conservative approach
described here. The expanded use of MEMO and other
similar design approaches is expected to promole reduction
in the uncertainties inherent in monitoring well network
design.

Avallablilty of Model )
MEMO software and a User's Manual can be obtained
from the authors.
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Linear Regression Plots
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Construction Permit Application
Proposed Utility Waste Landfill
Ameren Missouri Labadie Energy Center

Missouri River Elevation vs Top of Water Table (P-9)
Attachment 4 - Figure 1
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Construction Permit Application
Proposed Utility Waste Landfill
Ameren Missouri Labadie Energy Center

Missouri River Elevation vs Top of Water Table (P-15)

Attachment 4 - Figure 2
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Construction Permit Application
Proposed Utility Waste Landfill
Ameren Missouri Labadie Energy Center

Missouri River Elevation vs Top of Water Table (P-22)

Attachment 4 - Figure 3
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Missouri River Elevation vs Top of Water Table (P-29)

Attachment 4 - Figure 4
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Proposed Utility Waste Landfitl
Ameren Missouri Labadie Energy Center

Missouri River Elevation vs Top of Water Table (P-35)
Attachment 4 - Figure 5
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Construction Permit Application
Proposed Utility Waste Landfill
Ameren Missouri Labadie Energy Center

Missouri River Elevation vs Top of Water Table {P-42)
Attachment 4 - Figure 6
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Construction Permit Application
Proposed Utility Waste Landfill
Ameren Missouri Labadie Energy Center

Missouri River Elevation vs Top of Water Table (P-65)
Attachment 4 - Figure 7
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Construction Permit Application
Proposed Utility Waste Landfill
Ameren Missouri Labadie Energy Center

Missouri River Elevation vs Top of Water Table (P-81)
Attachment 4 - Figure 8
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Construction Permit Application
Proposed Utility Waste Landfill
Ameren Missouri Labadie Energy Center

Missouri River Elevation vs Top of Water Table (P-95)
Attachment 4 - Figure 9
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Missouri River Elevation vs Top of Water Table (P-110)
Attachment 4 - Figure 10
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Missouri River Elevation vs Top of Water Table (P-136)
Attachment 4 - Figure 11
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Missouri River Elevation vs Top of Water Table (P-138)

Attachment 4 - Figure 12
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Missouri River Elevation vs Top of Water Table (P-175)
Attachment 4 - Figure 13
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Missouri River Elevation vs Top of Water Table (P-187)

Attachment 4 - Figure 14
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Leachate Pipe Calculations

Proposed Utility Waste Landfill

Ameren Missouri Labadie Energy Center
January 2013, Revised August 2013

1.0 Introduction

Piping proposed for use at the Ameren Missouri Labadie Utility Waste Landfill (UWL) was
reviewed for capacity and resistance to crushing and buckling under various conditions. First,
capacity for leachate collection piping in the cells and the leachate force mains is estimated.
Second, several scenarios representing a pipe element of the leachate collection system at
some phase of the UWL development was checked for resistance to crushing and buckling.
Sketches of each scenario are included in Section 3.5.

2.0 Pipe Capacity
2.1 Leachate Force Main

Leachate will be pumped to storage or treatment. Leachate pump and pipe requirements are
estimated in this appendix.

Assumptions:

e The worst case flow of 13.4 gpm is in the 31.4-ac Cell 1 (see Appendix O, Table O-1,
Sub Appendix O-11). Prorating this over the 166.5 acres, the flow is 71 gpm.

e The longest run of pipe is anticipated to be 2500 ft (the length of the furthest Cell 3 sump
in southeast corner from Pond 2).

e Leachate will be pumped to a 12-ft diameter, horizontal tank on top of the perimeter
berm and a 3-ft saddle. The elevation difference will be from the bottom of the sump to
15 ft above the top of berm:

488 elevation + 15 ft - 464.2 elevation =38.8 ft.
The head loss is estimated using the Hazen-Williams formula
H;=[(0.00208 x L) / (D;**®*°)] x (100 x Q/ C)"-%°

Where:

h; is the head loss (ft),

L is the length (2500 ft),

D, is the inside diameter of the pipe (in),
Q is the rate of flow (71 gpm), and

C is the friction factor (150 for HDPE).

The inside diameter 4-in nominal diameter DR17 pipe is 3.939 in. The head loss is

H; = 0.00208 x 2500 / 3.939*%%°° x (100 x 71/150)"%° = 8.3 ft

Prepared by GREDELL Engineering Resources, Inc. 2 of 19



Leachate Pipe Calculations

Proposed Utility Waste Landfill

Ameren Missouri Labadie Energy Center
January 2013, Revised August 2013

The total head is: 8.3ft+38.8ft=47.11ft

There are 2 sumps in Cell 1, so the typical pump would only need to handle a rate of 13.4 gpm /
2 = 6.7 gpm (the sumps in the other cells have smaller drainage areas, and, therefore, will have
smaller flows per sump). A review of leachate pump manufacturer's literature revealed that
leachate pump models are available that can produce 10 gpm or more of flow at 50 ft of head
(e.g., EPG SERIES 8 Surepump™).

2.2  Leachate Collection Pipe

The leachate collection pipes in each cell are intentionally oversized. The following calculations
estimate the full-flow capacity of a nominal 6-in DR 11 HDPE pipe at a 0.5 percent slope using
Manning's equation.

Q=149/nxAxR?> X S"?

Where:

Q is the flow (cfs),

n is Manning's n (0.009 for HDPE),

A is the cross-sectional area of the pipe (sq ft),
R is the wetted perimeter (ft), and

S is the slope (0.5 percent or 0.005 ft/ft).
A=nxd*/4

Where d is the inside diameter. For a nominal 6-in HOPE DR 11 pipe, the inside diameter is
5.348 in or 0.446 ft.

A= x (0.4457 ft)* / 4= 0.156 sq ft
P=nxd=nx0.446ft=1.41ft
R=A/P=0.156sqft/1.4ft=0.1111t
Q =(1.49/0.009) x 0.156 x 0.111%°® x 0.0052=0.42 cfs
0.42 cfs x 7.48 gal/cfs x 60 s/min =190 gpm
As previously estimated, the maximum flow in a sump is approximately 7 gpm, but the use of

the lowest flow leachate pump capacity at 11.1 gpm, actual flow is significantly less than the
capacity of the proposed pipe.

Prepared by GREDELL Engineering Resources, Inc. 30f19
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3.0 Crushing and Buckling Scenarios

The methods used to estimate resistance to crushing and buckling follow those published by the
Plastics Pipe Institute (PPI) in its Handbook for PE Pipe (2nd Edition). A conservative CCP unit
weight, 120 pounds per cubic foot (95% compaction of the Standard Proctor), was used for all
crushing and buckling calculations. This unit weight is higher than reported in the typical cell
material profile provided in Scenario 2 (below) because 95% compaction of the CCP is not
anticipated. Therefore, the calculations and reported factors of safety are conservative.

3.1 Scenariol

Scenario 1 represents a leachate collection pipe (DR 11) placed in a trench with rock bedding, a
minimum 12 inches of aggregate protective cover, and live loads. An H20 truck, which is a 20
ton truck with properties defined by The American Association of State Highway and

Transportation Officials (AASHTO), is used for modeling live loads over the pipe.

Determine Total Vertical Load

1. Earth Load - Vertical prism loads

Earth Load (Pg)= WeoverHcover + WheddingHbedding = (120 pcf *1.0 ft) + (125 pcf *1.5 ft)
= 308 psf

Where:

Wyaste = Density of Aggregate Cover = 120 pcf

Hyaste = Depth of Aggregate Cover = 1.0 ft

Wpedding = Density of Bedding = 125 pcf

Hpedaing = Depth of Bedding = 1.5 ft

2. Live Load - Determine loading for an H20 truck using Timoshenko's Equation
for a load directly above the pipe and the Boussinesq Equation for a load
straddling the pipe. Use the greater load to be conservative.

Timoshenko's Equation

H® 3*16,000lb
)= 7@
1.39ft

_ (2.5ft)°
[(0.665 ft)? + (2.5 ft)?]**

I W
Live Load (P.) =——* (1—
A—_\ (r}/Z + H 2)1.5

= 3,366 psf

)

Where:

H = Total Depth of Cover = 2.5 ft

I = Impact Factor = 3 (Typical for unpaved surface)

W,, = Wheel Load = 16,000 Ib (Typical value for H20 truck
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A, = Contact Area = 1.39 ft? (Typical value for H20 truck)
1.39 ft?
r, = Equivalent Radius = ‘/i = 1/L =0.665 ft
V4 V4
Boussinesq Equation

31, Wy H® _3*3*16,000lb* (2.5 ft)*
27r° 27(5.6ft)?

Live Load (P.) = = 65.0 psf

The live load is 130 psf to account for two wheels.

Where:

H = Total Depth of Cover = 2.5 feet

It = Impact Fator =3 (For an unpaved surface)

W,, = Wheel Load = 16,000 Ibs (Typical value for H20 Truck)

x = Horizontal distance from wheel to center of pipe = 5 ft. (assuming truck is 10 ft wide
and centered over pipe)

r = Diagonal distance from wheel to center of pipe =/ x? + H? :\/(5 ft)? + (2.5t)* =
5.6 ft

3. Total Vertical Load
Total Vertical Pressure (Prota) = Pe + P = 308 psf + 3,366 psf = 3,700 psf

Calculate Ring Deflection

1. Ring Deflection — Determine whether the ring deflection is less than the allowable
5% using Spangler’s Modified lowa Formula.

Ring Deflection = (AX J 1 KeeplolPe + Keep P

T 144 3
§ ZE( : j+0.061F3E'
3 (DR-1
=1i4 - (0.1*15 308p53f)+(0.1—3,366psf) - 0016 or 1.6%
(2 231'00()]*(111 1) +(0.061* 0.85 * 3,000 psi)
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1.6 % < 5 %, therefore the ring deflection is within the acceptable range.

Where:

Kgsep = Bedding Factor = 0.1 (Typical Value)

Lp. = Deflection Lag Factor = 1.5 (Typical Value)

Pe = 308 psf (Greater Value Calculated Above)

P. = 3,366 psf (Calculated Above)

E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)
E' = Modulus of Soil Reaction = 3,000 psi  (Assume compacted crushed rock)

E. B
Fs = Soil Support Factor = 0.85 (When: ?N =0.2 and D_d =3)

(0]
DR = Dimension Ratio = 11

Crushing and Buckling Forces

1. Compressive Stress - Determine whether the compressive stress is less than the
allowable 800 psi.

Prow *DR _ 3,700 psf *11
288 288

Compressive Stress (S) = = 141 psi

141 psi < 800 psi, the compressive stress value is within the acceptable range.

Where:
Prota = 3,700 psf (Previously calculated)
DR = Dimension Ratio = 11

2. Allowable Constrained Buckling Pressure - Determine if the buckling pressure is
greater than ProraL (3,700 psf) using Luscher’s Equation.

Constrained Buckling Pressure (Pyc) = 565 RB' E'*%
N 12(DR -1)

_ 5.65

= T\/0.80*0.227*3,000 psii » 21000pst

AT - 87.2 psi = 12,550 psf

12,550 psf > 3,700 psf, the buckling pressure is within the acceptable range

Where:
N = Safety Factor = 2
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. H 1.5t

R = Buoyancy Reduction Factor = 1 - 0.33% =1- 0.332— =0.80

Hew = Groudwater Height Above Pipe = 1.5 ft assuming a maximum 1 ft allowed

on liner plus an addition 0.5 ft.

H = Cover Above Pipe = 2.5 ft

1 B 1

1+ 4 ~00%H - 1+ 40065725
E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)
E’ = Modulus of Soil Reduction = 3,000 psi (Assuming compacted crushed rock)

B’ = Soil Support Factor = =0.227

3.2 Scenario 2

Scenario 2 represents a leachate collection pipe as in Scenario 1, except under the loading
conditions of the UWL at full capacity.

Determine Total Vertical Load

1. Earth load - Vertical prism loads
Earth Load (P E)= WwasteHwaste + Wsoileoil + WbeddingHbedding
= (120 pcf *98 ft) + (120 pcf *2 ft) + (125 pcf *1.5 ft) = 12,188 psf

Where:

Wyaste = Density of Waste = 120 pcf
Hyaste = Depth of Waste = 98 ft

Wsoi = Density of Waste = 120 pcf
Hsoiy = Depth of Waste = 2.0 ft

Wpedding = Density of Bedding = 125 pcf
Hpedaing = Depth of Bedding = 1.5 ft

2. Live Load — No Live Load Exists
P, =0 psf
3. Total Vertical Load

Total Vertical Pressure (Pr) = P, + Pe = 0 psf+ 12,188 psf= 12,188 psf
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Calculate Ring Deflection

1. Rigidity Factor — Use the Watkins- Gaube Method to find Rigidity Factorm
Deformation Factor, and Soil Stress. From this, Ring Deflection can be found and
should be less than the allowable 5%.

12E,(DR-1)° _ 12*3,491psi* (11-1)°

Rigidity Factor (R;) =
Jraty (R E 21,000 psi

= 1,995

Where:

M. L+ £)A=240) _ 4 70005 0+0A=2703)
(Ey7) (1-0.3)

Es = Secant Modulus of Soil =
= 3,491 psi
Assuming, Ms = 4,700 psiand x = 0.3, based on typical values.

DR = Dimension Ratio = 11

E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)

2. Deformation Factor — For Rigidity Factor of 1,995

Deformation Factor (DF) = 1.5

3. Soil Strain
Soil Strain (g)) = — &= 2A88PSL ) bosor 2.4 9%
144E,  144%3,491psi
Where:

Pe = 12,188 psi (previously calculated)
Es = 3,491 psi (previously calculated)

4. Ring Deflection — Determine whether Ring Deflection is less than the allowable

5%.

Ring Deflection (é—xj = &5(%)*DF = 2.4% * 1.5 = 3.6%

M

Since 3.6% < 9%, the ring deflection is within acceptable range.
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Calculate Hoop Stress

3.3

1. Hoop Thrust Stiffness Ratio —

* 1% 1
Hoop Stress Stiffness Ratio (S,) = 1.43M s Feon = 1.4374,700 F_JSI 3.995|n =
EA 21,000 psi *0.60in

1.65

Where:

E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)
A = Pipe Thickness = 0.60 in

Ms = 4,700 psi (Typical Value, From Table 3.12)

reent = radius to pipe centroid = 3.095 in

. Vertical Arching Factor —

Vertical Arching Factor (VAF) = 0.88—0.7 M = 0.88—0.71[£j =0.769
S,+25 1.65+2.5

Hoop Stress — Determine if Hoop Stress is less than the allowable 800 psi using
the radial directed earth pressure (Prp)

Radial Directed Earth Pressure (Prp) = VAF* P = 0.769*12,188 psf = 9,373 psf

Where:
Pe = Vertical Earth Load = 11,403 psf (calculated above)

(Peo +P)DR (9,373psf +0psf)*11

Hoop Stress (S) =
P (5 283 288

= 358 psi

358 psi < 800 psi, therefore the hoop stress is within the acceptable range
Where:
PL =0 psf (No live load)

DR = Dimension Ratio = 11

Scenario 3

Scenario 3 represents a sump riser (DR 17) on the side slope, bedded in a trench, and under a
live load. Loads were treated as if they were normal to the pipe. This is a larger pipe that
contains the sump and pump discharge pipe.
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Determine Total Vertical Load

1. Earth Load - Vertical prism loads

Earth Load (Pg)= WeoverHcover + WheddingHbedding = (120 pcf *1.0 ft) + (125 pcf *1.0 ft)
= 245 psf

Where:

Wyaste = Density of Aggregate Protective Cover = 120 pcf

Hyaste = Depth of Aggregate Protective Cover = 1.0 ft

Wpedding = Density of Bedding = 125 pcf

Hpedaing = Depth of Bedding = 1.0 ft

2. Live Load - Determine loading for a 6,000 Ib (3-ton) skid steer directly above
the pipe using Timoshenko's Equation. According to the PPl Handbook, the
load of a wheel directly over the pipe will be greater than two wheels
straddling the pipe when there is less than 4ft of cover.

Timoshenko's Equation

(2.0 ft)°

W H® . _3*1500lb ,
[(0.53 ft)2 + (2.0 ft)2]*®

Live Load (P,) =——* (1—
(P A ( (rj+H2)1-5) 0.89 ft?
= 489 psf

@ )

Where:

H = Total Depth of Cover = 2.0 ft

I = Impact Factor = 3 (Typical for unpaved surface)
W,, = Wheel Load = 6,000 Ib/ 4 tires = 1,500 Ib

A. = Contact Area = 0.66 ft * 1.33 ft = 0.89 ft*

2
r, = Equivalent Radius = 1/i = 1/0'89 e 0.53 ft
7 7

3. Total Vertical Load

Total Vertical Pressure (Pr) = P, + Pg = 489 psf + 245 psf = 734 psf

Calculate Ring Deflection

1. Ring Deflection — Determine whether the ring deflection is less than the allowable
5% using Spangler’s Modified lowa Formula.
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Ring Deflection = (AX J 1 KeeplolPe + Keep P

D, | 144 :
M ZE( ! j-+0061FSE'

3 (DR-1
1*1.5% 245 psf 1-4 f
=1i4 (0.11.5*245psf ) + (0.1~ 489ps!) = 0.010 or 1.0%
*
2*21,000 *[ L) 4 (0.061*0.3%3,000 psi)
3 17-1

1.0 % < 5 %, therefore the ring deflection is within the acceptable range.

Where:

Kgep = Bedding Factor = 0.1 (Typical Value)

Lp. = Deflection Lag Factor = 1.5 (Typical Value)

Pe = 245 psf (Calculated Above)

P = 489 psf (Calculated Above)

E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)
E' = Modulus of Soil Reaction = 3,000 psi  (Assume compacted crushed rock)

E, B
Fs = Soil Support Factor = 0.3 (When: ?’\' =0.2 and D_d: 1.5)

(0]
DR = Dimension Ratio = 17

Crushing and Buckling Forces

1. Compressive Stress - Determine whether the compressive stress is less than the
allowable 800 psi.

Prow *DR _ 734 psf *17
288 288

Compressive Stress (S) = =43 psi

43 psi < 800 psi, the compressive stress value is within the acceptable range.

Where:
Prota = 734 psf (Previously calculated)
DR = Dimension Ratio = 17

2. Allowable Constrained Buckling Pressure - Determine if the buckling pressure is
greater than ProraL (734 psf) using Luscher’s Equation.

Prepared by GREDELL Engineering Resources, Inc. 11 of 19



Leachate Pipe Calculations

Proposed Utility Waste Landfill

Ameren Missouri Labadie Energy Center
January 2013, Revised August 2013

Constrained Buckling Pressure (Pyc) = 565 RB' E'*%
N 12(DR -1)

.. 21,000 psi

= 255 1 0%0.222%3,000psi L = 47.7 psi = 6,869 ps
; 12017 -1)

6,869 psf > 734 psf, the buckling pressure is within the acceptable range

Where:
N = Safety Factor = 2
, Heow 0ft
R = Buoyancy Reduction Factor = 1 - O.33T =1- 0.33m =1.0

Hew = Groudwater Height Above Pipe = 0 ft because there will be no standing
water on the slope
H = Cover Above Pipe = 2.0 ft

1

—0.065H 1+4e—0.065*2.0

B’ = Soil Support Factor = 1 =0.222

+4e
E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)

E’ = Modulus of Soil Reduction = 3,000 psi (Assuming compacted crushed rock)

Calculate Allowable Live Load Pressure

1. Allowable Live Load Pressure — Calculate live load pressure for a shallow cover
situation. The pressure calculated should be less than the live load.

2
Allowable Live Load Pressure (P.s) = 12w(KH) + 7387.2(1) [S _WD,H ]

ND, ND,2C 288A

_ 12*120 pcf (2.46*2ft)2 N 7387.2*0.094 (3 000 psi_120 pcf *18in*2ftj
2*18in 2*(18in)2 *0.53in_ 288*1.06in
= 7,006 psf

734 psf < 7,006 psf, the allowable live load is in the acceptable range

Where:
w = Average Density of Cover Material = 120 pcf
H = Depth of Cover = 2 ft
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3.4

1+sing _ 1+sin(25) _

- = - =2.46
1-sing  1-sin(25)

K = Passive Earth Pressure Coefficient =

¢ = 25° for a loose silty material

N = Safety Factor = 2

D, = Outside Diameter of Pipe = 18 in

A = Pipe Wall Thickness = 1.06 in (Based in DR of 17)

C = Outer Fiber Wall of Centroid = 0.5t = 0.5*1.06 in = 0.53 in

S = Material Yield Strength = 3,000 psi

t? _ (1.06in)?
12

| = Pipe Wall Moment of Inertia = =0.094

Scenario 4

Scenario 4 represents a pipe (DR 17) in the perimeter berm for carrying leachate to a holding

tank.

Determine Total Vertical Load

1. Earth Load — Vertical prism loads

Earth Load (Pg)= WseiHsoi = (120 pcf *4.0 ft) = 480 psf

Where:
Wsoii = Density of Soil = 120 pcf
Hsois = Depth of Soil Cover = 4.0 ft

Live Load - Determine loading for an H20 truck using Timoshenko's Equation
for a load directly above the pipe and the Boussinesq Equation for a load
straddling the pipe. Use the greater load to be conservative.

Timoshenko's Equation

H3 3*16,0001b
)= — (1
1.39 ft

B (4.0 ft)°?
[(0.665 ft)? + (4.0 ft)2]*°

Live Load (P.) IfWW(l
ve Loa L) = -
AC (r}/2+H2)l.5

= 1,384 psf

)

Where:

H = Total Depth of Cover = 4.0 ft

I = Impact Factor = 3 (Typical for unpaved surface)

W,y = Wheel Load = 16,000 Ib (Typical value for H20 truck
A = Contact Area = 1.39 ft* (Typical value for H20 truck)
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2
r, = Equivalent Radius = Ji = 1/ﬁ = 0.665 ft
V4 T

Boussinesq Equation

31, W, H? _3*3*16,000lb* (4.0 ft)*

Live Load (Py) =
ve Load (F) = — 2 27(6.4ft)’

= 137.0 psf

The live load is 274 psf to account for two wheels.

Where:

H = Total Depth of Cover = 4.0 feet

I = Impact Fator =3 (For an unpaved surface)

W,, = Wheel Load = 16,000 Ibs (Typical value for H20 Truck)

x = Horizontal distance from wheel to center of pipe = 5 ft. (assuming truck is 10 ft wide
and centered over pipe)

r = Diagonal distance from wheel to center of pipe =+ x2 + H 2 :\/(5 ft)? + (4.0 ft)*> =
6.4 ft

3. Total Vertical Load
Total Vertical Pressure (Prota) = Pe + P, = 480 psf + 1,384 psf = 1,864 psf

Calculate Ring Deflection

1. Ring Deflection — Determine whether the ring deflection is less than the allowable
5% using Spangler’s Modified lowa Formula.

Ring Deflection = (AX J 1 KeeplolPe + Keep Pt

T 144 :
M 2Bf_1 +0.061F,E'
3 {DR-1
1 (0.1*1.5*480psf ) + (0.1-1,384 psf )

=0.013 or 1.3%

144 (2*21,000),{ 1

3
+(0.061*0.85* 2,000 psi)
3 17 -1

1.3 % < 5 %, therefore the ring deflection is within the acceptable range.
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Where:

Kgep = Bedding Factor = 0.1 (Typical Value)

Lp. = Deflection Lag Factor = 1.5 (Typical Value)

Pe = 480 psf (Greater Value Calculated Above)

P. = 1,384 psf (Calculated Above)

E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)
E' = Modulus of Soil Reaction = 2,000 psi (Assume compacted coarse grained soil)

E, B
Fs = Soil Support Factor = 0.85 (When: ?N =0.2and =+ =23)

(0]
DR = Dimension Ratio = 17

Crushing and Buckling Forces

1. Compressive Stress - Determine whether the compressive stress is less than the
allowable 800 psi.

Prow *DR _ 1864psf *17
288 288

Compressive Stress (S) = =110 psi

110 psi < 800 psi, the compressive stress value is within the acceptable range.

Where:
Prota = 1,864 psf (Previously calculated)
DR = Dimension Ratio = 17

2. Allowable Constrained Buckling Pressure - Determine if the buckling pressure is
greater than ProraL (1,864 psf) using Luscher’s Equation.

Constrained Buckling Pressure (Pyc) = E RB' E'*L3
N 12(DR -1)

_ 5.65

== \/1.0*0.245*2,000 osi + 21000 psi.

= 40.9 psi = 5,890 psf
12(17 -1)° P P

5,890 psf > 1,864 psf, the buckling pressure is within the acceptable range

Where:
N = Safety Factor = 2
. Heow 0ft
R = Buoyancy Reduction Factor =1 - O.33T =1- 0.33m =1.0

Hew = Groudwater Height Above Pipe = 0 ft because there will be no standing
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water on the slope
H = Cover Above Pipe = 4.0 ft
. 1 1
= Soil Support Factor = 1+ 20 00" = 1 4o 00540 =0.245
E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)

E’ = Modulus of Soil Reduction = 2,000 psi (Assuming compacted coarse grained
soil)

3.5 Scenario Sketches
Scenario 1

_LIVE LOAD, H20 TRUCK, BOTH

WHEELS CENTERED ON TOP OF PIPE
GEOQTEXTILE
FILTER \ CLEAN GRAVEL
AGGREGATE PROTECTIVE COVER 5-0" (MIN.) \ _5"0"(MIN.)
‘\ 1.0% . \ 1.0%

GEOCOMPOSITE R el e NS e e B T
(TOP SIDE) \ FEN
GEOTEXTILE GEOCOMPOSITE
CUSHION (TOP SIDE)
COMPACTED CLAY LINER GEOMEMBRANE
@ax 107 CM/SEC) (PRIMARY LINER)
6"@ SDR 11 LEACHATE COLLECTION/REMOVAL _ I\— SUBGRADE
LATERAL (PERFORATED HDPE PIPE) \

LEACHATE COLLECTION LATERAL TRENCH
(ALTERNATE)

N.TS,
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Scenario 2

Permanent Cover:
12" Vegetative Cover
12" Clay Cover

40mil HDPE membrane
(textured one side)

Non-Ponded CCP
Unit Wgt. 112 PCF

EL. 4831

Previously Ponded Fly Ash

Unit Wgt. 90 PCF \ '

12" Protective
Aggregate Layer

12" Leachate Gravel
Collection Layer (if used)

Non-woven Geofabric

W

60mil HDPE
double-textured —
Compacted Clay Liner Sy
Unit Wgt. 115 PCF N
Varies "‘
EL. 468 to
EL. 476
//

Natural Stratified Soils
For liquefaction Analyses:
liquefiable strata assigned

resisdual cohesive strength. With Leachate Gravel
Collection Layer

N

Varies
"] EL. 554 Crest ]
7] EL. 565 Max. |
Geo-Net |
Composite Z é

With Geo-Net
Composite

Typical Cell Material

Profile

NOT TO SCALE
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Scenario 3
LIVE LOAD, 3 TON SKID STEER, FRONT

GEGTEXTILE & REAR WHEEL DIRECTLY OVER PIPE
FILTER CLEAN GRAVEL
AGGREGATE PROTECTIVE COVER 6"@ SDR 11 HDPE RISER PIPE
50" [ (CLEANOUT) , .

| GEOCOMPOSITE
GEOCOMPOSITE 18"@ SDR 17 SOLID HDPE N R 3 (TWO SIDED)
(TWO SIDED) SUMEREER PICE = 3 \ GEOTEXTILE (CUSHION)
COMPACTED CLAY LINER 1.3 40" 9" \  GEOMEMBRANE
(1 X 10-7CM/SEC) 8.0" (PRIMARY LINER)

NOTES: 1. PERPENDICULAR TO SLOPE.
2. EXTEND GEOTEXTILE A MINIMUM OF
5' FROM TOP SLOPE OF TRENCH.

SECTION: SUMP RISER TRENCH

NTS

Prepared by GREDELL Engineering Resources, Inc. 18 of 19



Leachate Pipe Calculations

Proposed Utility Waste Landfill

Ameren Missouri Labadie Energy Center
January 2013, Revised August 2013

Scenario 4
LEVEL SENSOR LEAD — - :;Eq‘g_mm CONTROL
ELECTRIC MOTOR LEAD —
HDPE BLIND FLANGE WITH

DUCTILE IRON BACKUP RINGS

STRAIGHT THRU DISCONNECT —

LIVE LOAD, H20 TRUCK, -
WHEELS STRADDLING PIPE

| TN N

\
CONCRETE PAD /

48"

4"G SDR 11 HDPE __
FORCE MAIN

L HOSE COUPLING

__ONE WAY
CHECK VALVE

HOSE COUPLING / /
ELECTRIC SUBMERSIBLE PUMP

TYPICAL LEACHATE PUMP STATION

WITH LEACHATE FORCE MAIN

N.T.S
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heeled Sump Drainer
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More details at www.epgco.com

With no-splice, chemical and abrasion resistant motor and sensor leads,
the SurePump is easy to install and assures greater system integrity in

aggressive environments.

The multistage centrifugal pump design enables smaller diameter
pumps to be used in high discharge head applications. SurePump

'*% models are available for flow rates from 2 to 1,200 gpm.

=
)

Al stainless steel construction for maximum
performance in aggressive environments,

Patented vent valve Equipped with EPG's E-Glide™ bearings, the

system purges air SurePump lasts longer and performs bereer,

from the sump drainer ‘

preveniting pu.t_np aiclock. Unique design places ar least
. four wheels in conracr with

SurePump motors are designed for riser pipe surface at all times

use in aggressive environments and assuring easy installation

are available in a variety of voltages - and retrieval of the pump.

and in single or three phase models.

SurePump suns cooler than other pumps

because the intake screen is located below the
motor. The sealed top assures thar the liquid is
only drawn from the bottom, over the moror.

SurePump sump drainer as a sealed unit with bortom
intake provides maximum pump down levels in
horizoneal, vertical or indlined applications,

The patented submersible level sensor is mounted along the central axis of the sump
drainer, is removable from the borrom and assures accurate, repeatable level control.
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SERIES 8 SurePump™
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If the following curves do not meet your needs,
specialist. Custom pumps in additional sizes,

SurePump™

mp Capacities

please call us at 800-443-7426 and ask for an application
flow rates and head are available.

05770.0000 ERIES 1,

o773 000 'SERIESS | 4ns T

05772—0000

~05782-0000 _4

TSP: Submersible Pump

VSD: Verrical Sump Drainer with no level sensor

05774-0000 |
V57750600 | "SHES 3330 75ACPM 8578340
05776-0000 | SERIES 15 | 4510 95 GPM

The SurePumps are available in the following configurations:

. VSDPT: Verdcal Sump Drainer with integral level sensor

WSDPT: Wheeled Sump Drainer with integral level sensor for side slope riser applications

WSD: Wheeled Sump Drainer without integral level sensor for side slope riser applications

Bullerin 0005

@ 2003 EPG Comnanies Tne



.

SERIES 8 SIZE 4 WHEELED SUMP DRAINER

LEVEL SENSOR CABLE PORT
(PLUGGED)
| &
MOTOR ©
LEAD PORT
665"
5.250"
VENT PORT 375 1iETNET
4] - @ ul
ROTATED 45 I B} ROTATED 45
LEVEL SENSOR CABLE PORT
Lo ©)
MOTOKR e
LEAD PORT
5.250"
VENT PORT 7~ 375" LL2NPY
ROTATED 45° ; @& i ROTATED 45¢
I *AFFROX. BHITONG WELHT *APREOX, BHIPRNG WHGHT
MODEL| HP |PHASE| 4 B C -] |MODEL| HP [PHASE| A B Lo
81 | 050 Yo l3272 | 3160 | 3085 [ LYY 67.7% 87 | 200 1 | 4821 | 47.09 | 4634 | 9481 59.81
g1 | 050 3 13272 [31.60 | 30.85 | 6279 62.79 87 | 200 3. | 4671 | 4559 [ 4484 | 9065 95.65
8.2 | 075 1| 3550 | 3438 | 33.63 | 68.95 68.95 88 | 300 1 | 5836 | 574 | 5649 | 12669 | 13145
8.2 0.75 3 3550 | 3438 | 33.63 68.95 68.95 88 300 3 3536 | 5424 | 5349 | 11336 11836
83 | 100 1 |32 [ 3702 | 3637 | 7508 80.08 89 | 300 1 | 60.61 |sage |se.04 | 52897 | 13347
83 1.00 3 38.2¢ | 37.12 | 3637 75.08 80,08 85 3.00 3 57.01 | 5589 | 55.14 | 11564 120.64
B4 | LOO 1 | 3985 ! 3877 | 38.02 | 7736 8236 £10 | 500 1 | 6766 | 6654 ['6579 | 15091 5551
84 1.00 3 35.89 | 3877 | 3B.02 77.36 82.36 8-i6 | 500 3 6166 | 6054 | 5879 | 13125 13625
85 | 130 1 [ 4340 ;4229 | 4154 | 8609 91.0% 411 | 5001 1 | 6331 )6819 |67dd | 1550 | 158D
85 | 150 3 [415¢ |s042 | 3067 [ 79.6¢ BG4 811 | 500 3 | 6331 | 6219 | 6144 [ 18353 | 13853
86 | 20D T | 4656 | 4544 ; 4469 | 9253 97.53 812 | 5.00 1 | 7096 | 69.84 | €9.09 | 15547 | 16047
B.£ 200 3 £5.06 | 4394 | 43.19 88.37 93.37 812 | 500 3 6496 | 63.84 | 63,09 | 13581 | I4C.B]

NOTE: ALL DIMENSIONS ARE IN INCHES.

*SHIPPING WEIGHT INCLUDES
WSD»: CRATE, 50° OF 14-4 MOTOR LEAD, 50' OF 1/8" 88 CABLE.
WSDPT: CRATE, 50' OF 144 MOTOR LEAD, 50' OF 1/8" S5 CABLE,
1EVEL SENSOR AND CABLE

057740010 ' . © 2003 EPG Companiss Inc.
SurePump is 3 Reg. TM of EPG Companits Ing,



Ameren Missouri Labadie UWL
Leachate Pump Calculation
Pump Horsepower far leachate lines for cells to leachate holding at Pond 1
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ISCO Industries: HDPE Pipe and Piping Solutions Page 1 of 1

Pipe Type: DIPS _Mn

Pipe Diameter: 3

Pipe SDR: SDR 11 ‘

Flow Raw:(GPM) 283

Pipe Lengthe(fip 140

Pipe L. 1.:(in) a2 :
Wall Thickness:(1n) W
Pressure Rating: % :
Flow Velociy:{{vsec) ?TQWW: (BT g

cad loss: (U - e JOR3(100/0) 352
Head loss: (100 fect 164 (g B8t es5,

System Pressure loss: {psi) 5%ﬁw

[ Cakulate.-§. Reses §l < Print Form.:.{

‘Disclamier: Th
our knowledge, current

¥ regzent calculations normally used to
size high-density polvethyl pipe. ISCC Indusrtries, LLC does not
zccept respeoasibility for > use and/or applicarion of these
‘programs. Each project ov applicatin has its own set of conditions
jand irpus variables. The intrepretation and use of tnese iriput ‘u

http://www.isco-pipe.com/media... 11/6/2012 11/6/2012



[SCO Industries: HDPE Pipe and Piping Solutions Page 1 of 1

Pipe Tvpe: _-DiPS §
Pape Diameter: W:i____!
Pipe SDR: ‘sor1 E

Pipe Length:(fiy 140

Pipe 1. D.:(im) 589 )
Wall Thickness:{in) &%? ))))))
Pressure Ratmg: ?160_ '''' Ai
Flow Velocity:(ftsce) 078 = (gD AUBT09, g2y
= (1001552
Head foss: (/100 feey 0085 '12;?527;}1(3;[(),;(5; X
! B2 365

System Pressure loss: (psi) .8.04

[:Calouiate [ Reser.§ - Prnt Form. . §

Disclamier: The calculations in =
aur knowledgs, current and rspré d 033
#ize high-densicy polyethylene pipe.  IS0G 3 LLT does not
accept sponeibility for the use and/or appiication of these

pregrams. Each project or applicatin hag its own eet of conditions
and input variables. The intrepretation and use of these input e

http://www.isco-pipe.com/media... 11/6/2012 11/6/2012



ISCO Industries: HDPE Pipe and Piping Solutions

Pipe Type: wrs
Pipe Diametes: M
Pipe SDR: ECEmn |
Flow Rate:{GPM) %g ___________
Pipe Length:(#) *{46—

Pipe 1 D.ng 580
Wall Thickness:(in} Ow627 o
Pressure Rating: :160_ ;
Flow Velocity:( fisec) 037 i 4 PA0TO9,42,
) ] S = 2831004031852
Head loss: (/100 feet)  0.011 { ; S}‘i (1‘11(;%;(5 }) X
q ot

System Pressure loss: (psi) 0_61_

{..Calculate:. | Reset .. PrintFom. |

Disclamisyr: The calculations in this program are, to the best of
cur knewledge, curveat and
sige high-deneity poiyesthyl

programs. Eaclh project or appiicatin has its cown sef of
and inpur variables. The intrepretation and use of these input

http://www.isco-pipe.com/imedia... 11/6/2012

present calculations normalliv used to
& pipe. ISCO Industries, LLC doss not

Page 1 of 1
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1SCO Industries: HDPE Pipe and Piping Solutions

Pipe Tvpe: WSNWW&
Pipe Diamieter: Tm“n

Pipe SIR: WME
Flow Rate:(GPM) 283

Pipe Lengthe(fty 340

ipe 1L D.(in) 734

Wall Thickness:(in} E)Ef; )))))

Pressure Rating: B0 ur

Flow Veloeity:{usec) 5? mmmmm = (40870942

Head loss: ({7100 teet) ‘0,003
' g s

Systens Pressure Joss: (psi) 000 o

[-Calculate.. J Reset § -« Print Eorm.. |

ez 2083(100/C)
LSS’-iiSGSS)

gr: The calculations

Discla
our

cize I ~der polyethylene pipe. 1SC0 Industr
spongibility for the use and/or applicati

in this program areg,
. current and repregent caloulationg sniormel

te the best of

v wsed Lo
. LLC dees not
r of these

programs. Rach project or applicatin has its own seb of condicions
and input variabliss. The intrepretarion and use of these input

http://www.isco-pipe.com/media...

11/6/2012
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Ameren MO Labadie Energy Center
Computer Worksheet
Leachate Pemping to Holding Tank(s)
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Appendix Y(b)

Estimated Maximum Settlements
Leachate Collection Pipe Profile



Ameren Missouri Labadie Energy Center
Utility Waste Landfill
Franklin County, MO
January 2013

Estimated Maximum Settlements
for Leachate Collection Pipe Profile
Appendix Y(b)

A graphical analysis of the effect of long-term settlement due to the weight of utility
waste on the leachate collection pipe is shown on the following page and detail number
1 on sheet 18 of the drawings. Analysis indicated that long-term settlement would cause
a negative pipe slope within the approximately 180 feet of pipe length upstream of the
leachate collection sump. The negative slope occurs because the maximum long-term
settlement is estimated to be approximately 2.2 feet on the interior of the landfill, while it
is estimated to be approximately 0.8 feet at the leachate collection sump. If the pipe
were installed with a 0.5% slope running all the way to the sump, future settlement could
reduce the final pipe slope to about -0.2%.

To mitigate this risk, it is proposed to slightly steepen the design slope of the leachate
collection trenches from the head of the collection pipe to the sumps in order to provide
a minimum post-construction, post-settlement pipe grade of 0.5%. The proposed design
trench bottom grades are elevation 465.0 at the sump low point and elevation 467.0 at
an inflection point 200 feet upstream from the sump low point. Laying out the trenches
and sumps for excavation to these fixed elevations will provide a maximum installed
leachate collection line slope of 0.6% from the head of the line to the inflection point, and
a slope of 1.0% from the inflection point to the sumps.

Prepared by GREDELL Engineering Resources, Inc. Page 1 of 1
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Appendix Y(c)

Water Management
Calculations



Ameren Missouri Labadie Energy Center
Utility Waste Landfill
Franklin County, MO
January 2013

Appendix Y(c)
Water Management Calculations

Leachate and stormwater are planned to be managed on site. The following calculations
describe the capacity needed for water storage and pumping.
1. Leachate Fiow
Cell 1 HELP Model results for leachate flow:
s Operational condition is worst case (Appendix O, Sub Appendix O -11).
e For the Operational condition for Cell 1.
s (Geocomposite drainage layer on the bottom and side slope:

o Peak Daily Volume is: 13.4 gpm or 19,296 gpd.
o Average Annual Volume is: 321,394 cu. ft./yr or 2,404,000 gallons per year.

o Aggregate material drainage fayer on the bottom and a geocomposite layer on the
side slope:

o Peak daily leachate flow is: 11.7 gpm or 16,848 gpd.
o Average Annual Volume is: 320,708 cu. ft./yr or 2,399,000 gallons per year.

For Cell 3 at 57.1 acres; estimate the leachate volumes by pro-rating maximum peak daily flows
using the ratio of the size of Cell 3 (57.1 acres) to Cell 1 {31.4 acres) or 1.819 (rounded).

o Peak daily leachate flow is; 21.3 gpm or 30,672 gpd.
o Average Annual Volume is: 584,616 cu. ft./yr or 4,367,000 gallons per year.

2. Stormwater Flow

Cell 1 HELP Model results for stormwater flow:
o Peak daily stormwater runoff is: 1,683,913 gpd

Estimating the maximum daily stormwater runoff using the ratio of Cell 3 to Cell 1:
s Peak daily stormwater runoff is: 3,063,000 gpd.

3. Estimate the Volume of Onsite Reuse of Leachate andfor Stormwater Runoff

Prepared by GREDELL Engineering Resources, Inc. Page 1 January 2013



Onsite water (leachate or stormwater runoff) usage:

¢ Reuse for CCP Moisture Canditioning Estimate:

o The daily CCP generation rate for the first five years: 2,300,000 CY. The ratio of fly
ash to bottom ash is 70% to 30%.

o Therefore, the annual volume of fly ash generation is:

o (2,300,000 CY /5)x0.70 = 322,000 CY/ year;

o At 22% moisture by volume for conditioning, the water usage is 70,840 CY per year
or 1,912,680 cubic feet (cf) or 14,306,846 gallons per year for CCP moisture
conditioning.

o This equates to an average daily water demand of 39,200 gpd, or an average flow
rate of 27 gpm.

o Usage for Dust Control on Haul Roads:

o Onsite water usage for dust control on onsite haul roads:

o Assume an application rate of 0.25 inches {depth) per hour applied 6 hours per day
or 1.5 inches per day.
Assume a road width of 12 feet and a ¥ miie of onsite haul road.
Volume is 12" x 1320’ x0.25"hr x 6 hr/day/(127/1") = 1,980 cf per day
Volume is 1,980 cf/day x 7.48 gallons/cf = 14,810 gpd for dust control
Volume is 14,810 gpd x 5 days/wk x 52 weeks/yr = 3,850,600 gallons per year for
dust control.
This equates to an average daily water demand of 10,550 gpd, or an average flow
rate of 7.3 gpm.

0 0 O 0

Q

Estimated Total Volume of Potential Onsite Reuse: 18,157,446 gallons per year or
approximately 34.3 gpm.

4. lLeachate Storage

The estimated required onsite leachate tank storage volume is calculated for the average
annual volume from the HELP model results:

o Cell 1 Initial = 4.2 gpm x 1440 = 6,048 gpd = 2,207,520 gallons per year

o Cell 3 Initial = 6,048 x 57 ac/31 ac = 10,998 gpd = 4,014,312 gallons per year

o Cell 1 Operational = 4.6 gpm x 1440 = 6,624 gpd = 2,417,760 gallons per year

o Cell 3 Operational = 6,624 x 57 ac/ 31 ac = 12,180 gpd = 4,445,559 gallons per year

Therefore, a 10,000 gallon onsite storage tank will provide for an average of 0.8 days storage of
the average annual leachate flow for Cell 3. One (1), 10,000 gallon horizontal tank would be 12
feet in diameter by 30 feet long. One or more tanks can be utilized based on the actual
leachate flow and the demand for onsite reuse.

Backup leachate management will be at an off site POTW.
Backup stormwater management wilt be through the Labadie Energy Center's plant stormwater

management system, which will be dependent on current NPDES operating permit
requirements.

Prepared by GREDELL Engineering Resources, Inc. Page 2 January 2013



Appendix Y(d)

Flood Mitigation
Calculations



Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
Franklin County, Missouri
January 2013, Revised August 2013

Appendix Y(d)
Flood Mitigation Calculations

Pumping Rates for Flood Water Protection — Cell 3

Known:
Average Area of Cell 3 between floor and 480 ft. elev. = 49 ac

Average Bottom Elevation of Cell 3 from CADD surface = 471.2 ft
100-year Flood Elevation = 484 ft

Depth of water is estimated using the method described in Figure 7 of Appendix J. The density of
water is substituted for the density of CCP to estimate the water fill depth need to protect against
uplift during a flood. The inside toe of the slopes where the gravel drainage layer terminates is
considered the critical location in the liner system that is most sensitive to hydrostatic uplift. The
end-of-construction ballast against uplift at this location is equal to 2-feet of clay liner and 1-foot of
protective cover. With estimated densities of 115 pounds per cubic foot (pcf) and 125 pcf,
respectively, the ballast of 355 pounds per square foot (psf) at this location is the lowest at any

point on the liner. Required elevations are determined by adding “H” values plus liner and cover
thickness to elevation 466 feet.

Hinside cell = (Houtside cenl X 62.4 pcf x 1.1 — 355 psf) / 62.4 pcf
Houtside cell = 484 ft — 466 ft (lowest bottom of liner elevation) = 18 ft
Hinside cen = (18 ft X 62.4 pcf x 1.1 — 355 psf) / 62.4 pcf = 14.1 ft (elev. 483.1 ft)
49 ac x 43,560 sf/ac x (483.1 - 471.2 ft) = 25,399,836 cf
25,399,836 cf x 7.48 gal/cf = 189,990,773 gal
Assume pumping will occur for 10 days, 24 hours per day:
10 days x 1,440 min/day = 14,400 min

Pumping rate = 189,990,773 gal / 14,400 min = 13,194 gpm
A pumping rate of 13,194 gpm, pumping 24 hours per day, is required to fill Cell 3 in 10 days for
100-year flood protection. High capacity pumps and power equipment necessary for pumping are

readily available from equipment dealers and contractors within the St. Louis metropolitan area in
the event of a major flood.

Prepared by: January 2013, Revised August 2013
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Fill Volume for Flood Mitigation

For each cell of the UWL, when there is an impending flood event that creates floodwater levels
that exceed the minimum elevation of CCPs inside the active cell, CCPs will be placed at an
accelerated rate in the active cell until it reaches an elevation sufficient to counterbalance uplift
pressure during a flood. Again using the method described in Figure 7 of Appendix J, the
minimum elevation of CCP’s is determined as follows:

HCCP = (HOutside Cell X 62.4 pCf x1.1-355 pSf) /93.0 pCf
Houtside cell = 484 ft — 466 ft (lowest bottom of liner elevation) = 18 ft
Heep = (18 ft X 62.4 pef x 1.1 — 355 psf) / 93.0 pcf = 9.5 ft (elev. 478.5 ft)

A fill elevation of 478.5 feet provides sufficient ballast to resist the uplift pressure on the clay liner
created by 100-year flood elevation of 484 feet, with a factor-of-safety of 1.1.

Fill volumes for each cell are estimated in the attached Table. Cell 3 has the largest estimated fill

volume of 578,000 CY at elevation 478.5 ft. At a rate of 10,000 CY/day, it would take 58 days to
fill to elevation 478.5 ft.

Flood Mitigation Culvert Design for Stormwater Ponds

The maximum anticipated rate of floodwater rise is estimated at 5-feet in 24-hours at the
proposed site. To mitigate this flood risk, it is proposed to install pipe culverts with the capacity to
intake water at a rate that will raise the pond levels at least 5-feet in 24 hours while limiting
excess uplift head on the liner to less than 3-feet. The proposed pipe culverts were modeled with
their flowline at elevation 472 feet, and a maximum headwater at the inlet of 2-feet.

The maximum volume in any 5-foot elevation interval in the stormwater ponds occurs in Pond 2.
From elevation 478 feet to 483 feet, the volume is 19.8 acre-feet (see Table N-8, Appendix N).
Based on a water elevation rise of 5 feet per day, the required inflow rate through a culvert in
cubic feet per second (cfs) is:

(19.8 acre-feet/day)*(43,560 ftzlacre)*(1 day/24 hours)*(1 hour/3600 sec) = 10.0 cfs

Based on the assumption of 2 feet of headwater on the pipe inlet at all times and an inflow
discharge value of 10.0 cfs, the proposed diameter for a HDPE pipe culvert is 24 inches. Based
on a pond berm design with a 12-foot top width at 488 elevation, 3:1 side slopes, and a culvert
pipe at 472 elevation, the culvert pipe will be approximately 110 feet in length. A “duckbill”
elastomeric valve is proposed to be installed on the culvert outlet to prevent backflow and
subsequent loss of water. Additionally, a mechanical check valve is proposed to be installed in
the pipe to control flow into the stormwater pond and to provide redundant backflow protection.

Solution of culvert design is by determination of flow under given headwater and tailwater
conditions. The two critical conditions of flow through the proposed culvert are full pipe flow and
partial pipe flow. These two conditions can be analyzed by their controlling element; inlet and/or
outlet control.

Full pipe flow is a critical condition with submerged inlet and free fall outlet. This condition can be
defined through a capacity equation given by:

g=a/2gH /4/1+ Ke + Kdv + KcL

Prepared by: January 2013, Revised August 2013
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Where:
g=flow capacity (cfs)
a=conduit cross-sectional area (ftz)
H=head causing flow (ft.) = 2’ — 0.6*pipe diameter = 0.8’
Ke=entrance loss coefficient
Kc=friction loss coefficient from pipe
Kdv= duckbill valve friction loss coefficient
L=length of conduit (ft.)
g=acceleration due to gravity (32 ft/s’)

g=T (1)*+/2*32*.8 )/,/1+.78+1.0+(0.0165*110 )
q=10.50 cfs

Friction loss due to the mechanical check valve does exist, however the loss values are
negligible. Under the conditions of full pipe flow, a 24-inch diameter design culvert is acceptable
since the pipe discharge, q (10.5 cfs) is greater than the calculated minimum pond inflow
requirement of 10.0 cfs.

Under submerged inlet and submerged outlet conditions, H=2 ft. and the outlet flow capacity
using the above equation is 16.6 cfs, which exceeds the 10 cfs minimum pond inflow
requirement.

The second critical flow condition is orifice controlled partial flow. This condition is illustrated by a
submerged inlet and a free fall outlet. This condition can be defined by a capacity equation given

as:
g=aC,/2gh
Where:
g=flow capacity (cfs)
a=conduit cross-sectional area (ft%)
C=coefficient for a sharp-edged orifice (0.6)
g=acceleration due to gravity (32 ft/s’)
h= head to the center of the orifice (ft.)

g=1 (1)*0.6*/2*32*1

q=15.1 cfs

Under the conditions of orifice controlled partial flow, a 24-inch diameter culvert is acceptable
since Qoutiow (15.1 cfs) is greater than the required Q0w (10.0 cfs). The value of h=1 foot is the
minimum value for a 24” culvert under the specified condition. As h increases, the outflow
capacity increases, which continues to satisfy the condition of outflow capacity > inflow capacity.

Prepared by: January 2013, Revised August 2013
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Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
Flood Elevation vs. Fill Volumes

Appendix Y(d)

January 2013
100-yr Required . - : . :
Cell Flood CCP | MeanEL. | Floor Area | Area at 480 | Volume to || 'e t© Fill with Varying Daily Disposal Rates (days)

Elevation | Elevation | Cell Floor | (acres) | EL. (acres) |Fill Cell (cy)| 1,000 2,000 4,000 8,000 10,000
(ft) (ft) CY/day | CY/day | CYiday | CY/day | CY/day

1 484 4785 471.1 24.9 27.0 311,000 311 156 78 39 32

2 484 478.5 4715 31.2 33.8 368,000 368 184 a2 46 37

3 484 478.5 471.2 46.9 51.3 578,000 578 289 145 73 58

4 484 478.5 471.5 37.7 40.8 444 000 444 222 111 56 45

Notes

Volumes are estimates only, based on:
e Areas from permit drawings.
The mean cell floor elevations were determined from CADD surfaces.
Cell fill volumes were estimated using the average-end-area method.
For the purposes of this table, it was estimated that the minimum CCP elevation to prevent hydrostatic uplift of the liner is 478.5 ft.
For the purposes of this table, the cell areas at 478.5 ft and 480 ft are considered equivalent.

Prepared by GREDELL Engineering Resources, Inc.
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Ameren Missouri Labadie Power Plant
Utility Waste Landfill
Franklin County, Missouri
January 2013

Appendix Y(e)
Geosynthetics Design Calculations

The following anchor trench and slope stability design is based on three-foot
horizontal to one-foot vertical slope utilizing a 60-mil HDPE textured
geomembrane, a 250-mil Geocomposite with double sided 6 ounce per square
yard non-woven needlepunched geotextile, and a 40-mil geomembrane. The
calculations were performed through use of the equations provided in the book
“Designing with Geosynthetics”. Three conditions were analyzed: bottom liner
slope stability, anchor trench design for the utility waste landfill's bottom liner and
internal tensile stress within the bottom liner side slope layers.

Reference:

1. Koerner, R.M., Designing with Geosynthetics, 5" Edition, Prentice Hall, Upper Saddle
River, New Jersey, 2005

2. Koerner, R.M., Designing with Geosynthetics, 2" Edition, Prentice Hall, Upper Saddle
River, New Jersey, 1990

3.  Coduto, D.P., Geotechnical Engineering Principles and Practices, Prentice Hall, Upper
Saddle River, New Jersey, 1999

4, Held, R.J., Soil Survery of Franklin County, Missouri, United States Department of
Agriculture: Soil Conservation Service, 1989

5.  GSE HD Smooth Geomembrane; Product Data Sheet; GSE Lining Technology, LLC:
Houston, TX, REV 5MAR2012.

6. GSE HD Textured Geomembrane; Product Data Sheet; GSE Lining Technology, LLC:
Houston, TX, REV 09APR2012.

7. GSE FabriNet HF Geocomposite; Product Data Sheet; GSE Lining Technology, LLC:
Houston, TX, REV 01MAY2012.
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Appendix Y(e) Notes

Slope Stability of Liner, Anchor Trench Pullout, and Liner Layer Stress Calculation

Calculations Required:
1. Failure due to sliding of leachate collection protective cover.
2. Failure due to anchor trench pullout of geomembrane and geocomposite.
3. Failure due to tensile stress in liner layers.

1. Side Slope Cover Material Stability on 3(H):1(V) Slope

From Koerner (5™ Edition) the stability of the system is achieved if all interface friction
angles (0) are greater than the slope angle (B). The Factor of Safety (F.S.) will be
determined by the use of Equation 5.22 (pg. 492, 5" Ed.) where & is the lowest
numerical interface friction angle. Interface friction angles are taken from Table 5.6,
Koerner, 2" Edition, and Table 5.7, Koerner, 5" Edition.

B= tan”(;_ ) = 18.43°

tan o

tan S
6clay—ge:c;memlar.':\ne: 26° > 18.43°

F.S. =

Ogeomembrane-geotextile = 32" > 18.43
6geotextiIe—protectivecover‘_' 30" >18.43

_ tan26°
"~ tanl8.43°

The slope is stable with a F.S. of 1.5.

2. Anchor Trench Depth and Runout Calculations
Check design detail to determine if proposed runout and anchor trench depth provides
adequate F.S.

Koerner gives detailed equations for calculating required depth and runout on pgs. 500-
506 (5™ Ed.). Rearranging Eq. 5.26, one can solve for runout length (Lro), anchor trench
depth (dat), or allowable stress (Taion). The allowable stress was solved for and input to
a spreadsheet to expedite calculations. The equation was used as follows:

dX05%y (K, —K )]+d ,[0(K, K )]+ Lglo,(tand, +tand, )]
[cos S —sin ftan o, |

Tatow=

Attached to these calculations are printouts of the inputs and results for this calculation.

Prepared By: 1 January 2013
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In order to determine certain friction angles some assumptions were made about the
material to be used for berm construction which affects the anchor trench soil as well as
the cover soil on top of the liner runout. It was assumed that stock piled soil from the top
18 inches of onsite soil would be used.

Onsite soils are predominately Blake-Waldron Complex classification as determined
using the cares website. USDA soil survey of Franklin County, Missouri (1989) defines
Blake-Waldron as CL, CL-CH soil with plasticity indices ranging from 10-45 within the
top 24, giving an average of approximately 26.0. For calculation purposes P, was
chosen to be 30.0. Using Fig. 13.17 from Coduto (pg. 489), this gives an effective
friction angle of approximately 27°. This soil will also have a compacted unit weight of

approximately 115 Ib/ft’ .

The interface friction angle between the geomembrane and the material directly above
and below it must be taken from published data until more site specific data are known.
. for the geomembrane-CCL inferface will be selected from Table 5.6 from Koener 2™
Edition. Detail 5/17 on Sheet 17 shows the geometry of the designed anchor trench and
runout.

To determine if the liner or geocomposite will pullout of the anchor trench the calculated
Taiow Was compared to the Tpesign Obtained from the manufacturer’s specifications. If
Taiow > Toesign the liner (or composite) will yield before anchor trench pullout occurs.

For 60 mil textured HDPE Geomembrane:

TDesign = 22 kN/m
Tallow = 44.88 kN/m
Taiow > Tpesign, therefore no pullout

F.S.= ————T“”"W =20
Design
For 250 mil Geocomposite with 6 0z/sq yd non-woven,
needle-punched Geotextile:
Tpesign = 9.60 KN/m
Taiow = 49.31 KN/m
Taiow > Toesign, therefore no pullout

T
F.S. = —dv - 51

Design

3. Tensile Stress Calculations within Liner Layers

N = Wcos(B)
W= Wc-TC

B = slopeangle = tan™ (%) =18.43°

Prepared By: 2 January 2013
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H . = HeightofCover = 2.0'
L¢ = LengthofSlope = 53.8'
7. =130pcf

¢ =26°

WC=HcLs Ve
Tc=o, tangH . = K, 0, (tang)H .

Te = (1-sin(26))(2))(130 pcf)(2')(tan(26))= 142 Ib/t
We = (2)(53.8')(130 pcf) = 14,000 Ib/ft

W = 14,000 — 142 = 13,858 Ib/ft
N = 13,858%co0s(18.43) = 13,147 Ib/ft

a.) Shear Forces in Geocomposite

F

above

= N *tan(d,)

F,

below

= N *tan(Jd, )

F, = (13,147)tan 25 = 6130.5b / f
F, = (13,147) tan 32 = 8215.21b/ fi

Therefore Geocomposite is not in tension

b.) Shear Forces in Geomembrane

Fabove = Fbelowgﬁ‘omcompasite = 82152’[[) /ﬁ
F,, =Ntans, =(13,147)tan 26 = 6412 21b/ fi
F,  >F,

above below

Therefore the Geomembrane is in tension

G = (e W) = (134 pcf )(100) = 13,400 psf = 93.1psi

cep

131lb/in .
Gall,membmne = _6~6T}1— = 2] 38pSl
Fo=Ta - 2185 554
e} 93.1

max

Therefore the geomembrane is acceptable.
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Ameren Missouri
Labadie Energy Center UWL
Anchor Trench & Runout Calculations for 40 mil Geomembrane

Design Data & Material Properties
Allowable Stress in Geosynthetic (kPa), 0410w

Thickness of Geosynthetic (m), t,

Side Slope Ratio (V:H), 1

Side Slope Angle (degrees), B
Angle of Shearing Resistance between Geosynthetic &
adjacent material BELOW Geosynthetic (degrees), 8,

Angle of Shearing Resistance between Geosynthetic &
adjacent material ABOVE Geosynthetic (degrees), &,

Unit Weight of Runout Cover Material (kN/m3), Yeum
Thickness of Runout Cover Material (m), toy

Applied Normal Stress from Cover Material (kPa), o,

Unit Weight of Soil in Anchor Trench (KN/m°), yar

Angle of Shearing Resistance of Fill Soil in Trench (degrees),
@, (Typically the same as ®p)

Angle of Shearing Resistance of Soil in Trench Wall
(degrees), ®p (Typically the same as ®,)

Allowable Force in Geosynthetic (kN/m), Tpesian 15.00
Active Earth Pressure from Trench Fill, K, 0.45
Passive Earth Pressure from Trench Wall, Kp 2.20

Calculate Length of Runout (Lge) for Given Depth of Anchor Trench (d,r)
Depth of Anchor Trench (m), dat
Length of Geosynthetic Runout Required (m), Lgo

Calculate Depth of Anchor Trench (d,;) for Given Length of Runout (Lgo)
Length of Geosynthetic Runout (m), Lgo . ‘
Depth of Anchor Trench Required (m), day 0.00

Calculate Allowable Force in Geosynthetic and Fa
Length of Geosynthetic Runout (m), Lgo
Depth of Anchor Trench (m), day ’
Allowable Force in Geosynthetic (kKN/m), Tai ow ] ' 2472
Factor of Safety, F.S. 1.6
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Ameren Missouri
Labadie Energy Center UWL
Anchor Trench & Runout Calculations for 60 mil Geomembrane

Design Data & Material Properties
Allowable Stress in Geosynthetic (kPa), oa ow

Thickness of Geosynthetic (m), t,

Side Slope Ratio (V:H), 1

Side Slope Angle (degrees), B
Angle of Shearing Resistance between Geosynthetic &
adjacent material BELOW Geosynthetic (degrees), O,

Angle of Shearing Resistance between Geosynthetic &
adjacent material ABOVE Geosynthetic (degrees), 3

Unit Weight of Runout Cover Material (kN/m3), Yeum
Thickness of Runout Cover Material (m), tcy

Applied Normal Stress from Cover Material (kPa), o, 16.52
Unit Weight of Soil in Anchor Trench (kN/ma), 7%

Angle of Shearing Resistance of Fill Soil in Trench (degrees),
@, (Typically the same as ®p)

Angle of Shearing Resistance of Soil in Trench Wall
(degrees), ®p (Typically the same as ®,)

Allowable Force in Geosynthetic (kN/m), Tpesian 23.00
Active Earth Pressure from Trench Fill, K, 0.38
Passive Earth Pressure from Trench Wall, Kp 2.66

Calculate Length of Runout (L) for Given Depth of Anchor Trench (d,y)
Depth of Anchor Trench (m), dat
Length of Geosynthetic Runout Required (m), Lgo

Calculate Depth of Anchor Trench (d,;) for Given Length of Runout (Lgg)
Length of Geosynthetic Runout (m), Lgo
Depth of Anchor Trench Required (m), dat

Calculate Allowable Force in Geosynthetic and Factor of Safety
Length of Geosynthetic Runout (m), Lgo
Depth of Anchor Trench (m), dar
Allowable Force in Geosynthetic (kN/m), Ta ow 44.88
Factor of Safety, F.S. 2.0
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Ameren Missouri
Labadie Energy Center UWL
Anchor Trench & Runout Calculations for 250 mil Geocomposite

Design Data & Material Properties
Allowable Stress in Geosynthetic (kPa), 0a 0w

Thickness of Geosynthetic (m),

Side Slope Ratio (V:H), 1:]

Side Slope Angle (degrees), B
Angle of Shearing Resistance between Geosynthetic & adjacent material BELOW
Geosynthetic (degrees), o,

Angle of Shearing Resistance between Geosynthetic & adjacent material ABOVE
Geosynthetic (degrees), 5,

Unit Weight of Runout Cover Material (kN/m®), yeu

Thickness of Runout Cover Material (m), toy

Applied Normal Stress from Cover Material (kPa), o,

Unit Weight of Soil in Anchor Trench (kN/m®), yar

Angle of Shearing Resistance of Fill Soil in Trench (degrees), ®, (Typically the same as
®Pp)

Angle of Shearing Resistance of Soil in Trench Wall (degrees), ®p (Typically the same as
)

Allowable Force in Geosynthetic (kN/m), Tpesien 9.60
Active Earth Pressure from Trench Fill, K, 0.38
Passive Earth Pressure from Trench Wall, Kp 2.66

Calculate Length of Runout (Lo) for Given Depth of Anchor Trench (dar)
Depth of Anchor Trench (m), dat «
Length of Geosynthetic Runout Required (m), Lro 0.00

Calculate Depth of Anchor Trench (d,r) for Given Length of Runout (Lgo)
Length of Geosynthetic Runout (m), Lgo
Depth of Anchor Trench Required (m), dat

Calculate Allowable Force in Geosynthetic and Factor of Safety
Length of Geosynthetic Runout (m), Lgg

Depth of Anchor Trench (m), dat
Allowable Force in Geosynthetic (kN/m), Ta i ow 49.31
Factor of Safety, F.S. 5.1
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PRODUCT DATA SHEET

GSE HD Smooth Geomembrane
METRIC

(]

AT THE CORE:

An HDPE geomembrane

GSE HD is a smooth high density polyethylene (HDPE) geomembrane manufactured
with the highest quality resin specifically formulated for flexible geomembranes. This

product is used in applications that require excellent chemical resistance and endurance

properties. used in applications that
require excellent chemical
resistance and endurance
properties.
Pl'ﬂlllll}l spﬂﬂlfll}allﬂns These product specifications meet GRI GM 13
Tested Property Test Method ‘ Frequency Minimum Average Value
0.75 mm 1.00 mm 1.50 mm 2.00 mm 2.50 mm
Thickness, (minimum average), mm ASTM D 5199 every roll 0.750 1.00 1.50 2.00 2.50
Lowest individual reading 0.675 0.90 1.35 1.80 225
Density, g/cm? ASTM D 1505 90,000 kg 0.940 0.940 0.940 0.940 0.940
Tensile Properties (each direction) ASTM D 6693, Type IV | 9,000 kg
Strength at Break, N/mm Dumbbell, 50 mm/min 20 27 40 53 67
Strength at Yield, N/mm m 15 22 29 37
Elongation at Break, % G.L. 50 mm 700 700 700 700 700
Elongation at Yield, % G.L. 33 mm 12 12 12 12 12
Tear Resistance, N ASTM D 1004 20,000 kg 93 125 187 249 3
Puncture Resistance, N ASTM D 4833 20,000 kg 240 320 480 640 800
Carbon Black Content, % (Range) ASTM D 1603*/4218 | 9,000 kg 20-30 20-30 20-30 20-30 20-30
Carbon Black Dispersion ASTM D 5596 20,000 kg Note® Note® Note® Note® Note®
Notch Constant Tensile Load, hr ASTM D 5397, 90,000 kg 300 300 300 300 300
Appendix
Oxidative Induction Time, min ASTM D 3895, 90,000 kg >100 >100 >100 >100 >100
200°C; O, Tatm
TYPICAL ROLL DIMENSIONS
Roll Length®, m 341 265 71 131 104
Roll Width®, m 6.86 6.86 6.86 6.86 6.86
Roll Area, m? 2,341 1,819 171 899 m

NOTES:

« ®Dispersion only applies to near spherical agglomerates. 9 of 10 views shall be Category 1or 2. No more than 1 view from Category 3.

* @Roll lengths and widths have a tolerance of +1%.

* GSE HD Smooth is available in rolls weighing approximately 1,800 kg.

« All GSE geomembranes have dimensional stability of +2% when tested according to ASTM D 1204 and LTB of <-77° C when tested according to ASTM D 746
* *Modified.

GSE is a leading manufacturer and marketer of geosynthetic lining products and services. We’ve
built a reputation of reliability through our dedication to providing consistency of product, price
and protection to our global customers.

Our commitment to innovation, our focus on quality and our industry expertise allow

us the flexibility to collaborate with our clients to develop a custom, purpose-fit solution. ENVIRONMENTAL™

For more information on this product and others, please visit us at
[ m"un"'"v n“Ns n[EP ] GSEworld.com, call 800.435.2008 or contact your local sales office.

This Information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this Information.
Specifications subject to change without notice. GSE and other trademarks in this document are registered trademarks of GSE lining Technology, LLC in the United States and certain
foreign countries. REV 3JULY2012



PRODUCT DATA SHEET

GSE HD Textured Geomembrane
METRIC

(]

AT THE CORE:

An HDPE geomembrane
used in applications
that require increased
frictional resistance,
excellent chemical
resistance and
endurance properties.

GSE HD Textured is a co-extruded textured high density polyethylene (HDPE)
geomembrane available on one or both sides. It is manufactured from the highest

quality resin specifically formulated for flexible geomembranes. This product is used in
applications that require increased frictional resistance, excellent chemical resistance and

endurance properties.

Pl'ﬂlllll}l spﬂﬂlfll}allﬂns These product specifications meet GRI GM13
Tested Property Test Method m Minimum Average Value
0.75 mm 1.00 mm 1.50 mm 2.00 mm 2.50 mm
Thickness, (minimum average), mm ASTM D 5994 every roll 0.750 1.00 1.50 2.00 2.50
Lowest individual reading 0.675 0.90 1.35 1.80 2.25
Density, g/cm?, (min.) ASTM D 1505 90,000 kg 0.940 0.940 0.940 0.940 0.940
Tensile Properties (each direction) ASTM D 6693, Type IV | 9,000 kg
Strength at Break, N/mm Dumbbell, 50 mm/min 8 10 16 21 26
Strength at Yield, N/mm m 15 22 29 37
Elongation at Break, % G.L. 50 mm 100 100 100 100 100
Elongation at Yield, % G.L. 33 mm 12 12 12 12 12
Tear Resistance, N ASTM D 1004 20,000 kg 93 125 187 249 3
Puncture Resistance, N ASTM D 4833 20,000 kg 200 267 400 534 667
Carbon Black Content, % (Range) ASTM D 1603*/4218 | 9,000 kg 20-30 20-30 20-30 20-30 20-30
Carbon Black Dispersion ASTM D 5596 20,000 kg Note® Note® Note® Note® Note®
Asperity Height, mm ASTM D 7466 second roll 0.40 0.45 0.45 0.45 0.45
Notch Constant Tensile Load®, hr ASTM D 5397, 90,000 kg 300 300 300 300 300
Appendix
Oxidative Induction Time, min ASTM D 3895, 90,000 kg >100 >100 >100 >100 >100
200°C; O,, 1atm
TYPICAL ROLL DIMENSIONS
Roll Length®, m Double-Sided Textured 253 213 158 122 101
Single-Sided Textured 308 238 165 125 101
Roll Width®, m 6.86 6.86 6.86 6.86 6.86
Roll Area, m? Double-Sided Textured 1,736 1,461 1,084 837 693
Single-Sided Textured 213 1,633 1132 858 693

NOTES:

« ®Dispersion only applies to near spherical agglomerates. 9 of 10 views shall be Category 1or 2. No more than 1view from Category 3.

« @NCTL for GSE HD Textured is conducted on representative smooth geomembrane samples.

* ®Roll lengths and widths have a tolerance of +1%.

* GSE HD Textured is available in rolls weighing approximately 1,800 kg.

* All GSE geomembranes have dimensional stability of £2% when tested according to ASTM D 1204 and LTB of <-77° C when tested according to ASTM D 746.
* *Modified.

GSE is a leading manufacturer and marketer of geosynthetic lining products and services. We’ve
built a reputation of reliability through our dedication to providing consistency of product, price
and protection to our global customers.

Our commitment to innovation, our focus on quality and our industry expertise allow

us the flexibility to collaborate with our clients to develop a custom, purpose-fit solution. ENVIRONMENTAL™

For more information on this product and others, please visit us at
[ m"un"'"v n“Ns n[EP ] GSEworld.com, call 800.435.2008 or contact your local sales office.

This Information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this Information.
Specifications subject to change without notice. GSE and other trademarks in this document are registered trademarks of GSE lining Technology, LLC in the United States and certain
foreign countries. REV 03JULY2012



GSE FabriNet HF Geocomposite

METRIC

GSE FabriNet HF geocomposite consists of a 6.3 mm thick GSE HyperNet HF geonet
heat-laminated on one or both sides with a GSE nonwoven needle-punched geotextile.
The geotextile is available in mass per unit area range of 200 g/m?2 to 540 g/m2 The

geocomposite is designed and formulated to perform drainage function under a range

of anticipated site loads, gradients and boundary conditions.

Product Specifications
Tested Property
Geocomposite

Transmissivity®, m2/sec
Double-Sided Composite
Single-Sided Composite

Ply Adhesion, g/cm

Geonet Core® - GSE HyperNet HF
Transmissivity®, m2/sec
Density, g/cm?®

Tensile Strength (MD), N/mm
Carbon Black Content, %
Geotextile®®

Mass per Unit Area, g/m?
Grab Tensile, N

Puncture Strength, N

AOS, US sieve® (mm)
Permittivity, (sec™)

Flow Rate, Ipm/m?

UV Resistance, % retained

Geonet Core Thickness, mm
Roll Width®, m
Roll Length®, m

Roll Area, m?

| DURABILITY RUNS DEEP |

‘ Test Method ‘ Frequency
ASTM D 4716 1/50,000 m?
ASTM D 7005 1/4,600 m?
ASTM D 4716
ASTM D 1505 1/4,600 m?
ASTM D 5035/7179  1/4,600 m?
ASTM D 1603®/4218  1/4,600 m?
ASTM D 5261 1/8,300 m?
ASTM D 4632 1/8,300 m?
ASTM D 4833 1/8,300 m?
ASTM D 4751 1/50,000 m?
ASTM D 4491 1/50,000 m?
ASTM D 4491 1/50,000 m?
ASTM D 4355 once per
(after 500 hours) formulation

NOMINAL ROLL DIMENSIONS

ASTM D 5199

1/4,600 m?

Double-Sided Composite
Single-Sided Composite

Double-Sided Composite
Single-Sided Composite

5x10*
15x10°%

178

3x10°
0.94
9.6
20

200
710
395
0.212
15
4,480
70

6.3
4.5

701
79.2

321
362

‘ Minimum Average Roll Value

200 g/m? 270 g/m?

5x10*
15x10°%

178

3x10%
0.94
9.6
20

270
975
525
0180
13
3,865
70

6.3
4.5

64.0
79.2

293
362

PRODUCT DATA SHEET

[*]

AT THE CORE:

A 6.3 mm thick GSE
HyperNet HF geonet
heat-laminated on one

or both sides with a
nonwoven needle-punched
geotextile.

335 g/m?

3x10*
1x10°%

178

3x10%
0.94
9.6
20

335
1155
725
0150
1.0
3,050
70

6.3
4.5

64.0
76.2

293
348

[Product specifications continued on back]

w’

ENVIRONMENTAL™



PRODUCT DATA SHEET

[*]

AT THE CORE:

A 250 mil thick HyperNet
HF geonet heat-laminated
on one or both sides with a
nonwoven needlepunched
geotextile.

Product Specifications [continued]

NOTES:

« MAOS in mm is a maximum average roll value.

« @Gradient of 0.1, normal load of 10,000 psf, water at 70°F between steel plates for 15 minutes. Contact GSE for performance transmissivity value for use in design.
®Component properties prior to lamination.

“@Refer to geotextile product data sheet for additional specifications.

®Roll widths and lengths have a tolerance of \1%.

®Modified.

GSE is a leading manufacturer and marketer of geosynthetic lining products and services. We’ve
built a reputation of reliability through our dedication to providing consistency of product, price
and protection to our global customers.

Our commitment to innovation, our focus on quality and our industry expertise allow

us the flexibility to collaborate with our clients to develop a custom, purpose-fit solution. ENVIRONMENTAL™

For more information on this product and others, please visit us at
[ m"un"'r" n“Ns n[EP ] GSEworld.com, call 800.435.2008 or contact your local sales office.

This Information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this Information.
Specifications subject to change without notice. GSE and other trademarks in this document are registered trademarks of GSE Lining Technology, LLC in the United States and certain
foreign countries. REV 23MAY2012
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DEMONSTRATION: BASE OF A UTILITY WASTE LANDFILL LINER
IN INTERMITTENT CONTACT WITH GROUND WATER

1.0 INTRODUCTION

The Missouri Solid Waste Management Rules for utility waste disposal (reference Chapter 11, Utility
Waste Landfill) were effective on July 30, 1997, in response to statutory changes to the Missouri Solid
Waste Management Law. The statutory changes were intended to distinguish the physical and chemical
characteristics of utility waste from the sanitary and demolition wastes that were the focus of the original
solid waste management Rules (reference Chapter 3, Sanitary Landfill, and Chapter 4, Demolition
Landfill), as well as to address other unique issucs of the clectric power generation industry. Chapter 11
is patterned after Chapter 3 and Chapter 4, which were originally created in 1973 in response to the new
Missourt Solid Waste Management Law.

10 CSR 80-11.010(1) General Provisions, states the overall intent of the rule, stating in part;

This rule is intended to provide for utility waste landfill operations that will have minimal
impact on the environment. The rule sets forth requirements and the method of
satisfactory compliance to ensure that the design, construction and operation of utility
waste landfills will protect the public health, prevent nuisances and meet applicable
environmental standards. The reguirement subsections contained in this rule delineate
minimum_levels of performance required of anv utility waste landfill operation.  The
satisfactory complionce subsections are presenfed as the authorized methods by which
the objectives of the requirements can be realized.  The satisfactory complionce
subsections are based on the practice of land{illing utility waste._ If technigues other than
those listed as satisfactorv complionce in desion or operation are used, it is the
obligation of the utilitv waste landfill owner/operator to demonstraie to the department in
advance that the technigues to be emploved will satisfyv the requirements. Procedures for
the techniques shall be submitted to the department in writing and approved by the
department in writing prior to being employed. [emphasis added)]

Ameren Missouri recognizes that, if they choose to “...utilize techniques other than those listed as
satisfactory compliance in the design and operation...” of the utility waste landfill, they must
*...demonstrate to the department in advance that the techniques to be employed will satisfy the
requirements...”

The Missouri Department of Natural Resources™ rules for utility waste landfills (UWL) stipulate in
10 CSR 80-11.010(4)(B)6 that:

If the base of the landfill liner will be in contact with ground water, the applicant shall
demonstrate to the department’s satisfaction that the ground water will not adversely
impact the liner.

In addition, 10 CSR 80-11.010(8)(B)1.C requires that the plans shall include:

Ground water clevation and proposcd scparation between the lowest point of the lowest
cell and the predicted maximum water table elevation;

REITZ & JENS, INC. 1



Demonstration: Base of UWL Liner in Intermittent Contact with Ground Water 2
Ameren Missouri Labadie Energy Center UWL Solid Waste Disposat Area

The lowest point of the base of the clay liner for the cells will be at el. 466, which is 2 feet above the
“natural water table™ as defined in the following section. The bottom of the clay liner in the lowest sumps
will probably be in intermittent contact with the ground water. In accordance with 10 CSR 80-11.010(1),
this document has been prepared to demonstrate that the ground water intermittent contact will not
adversely impact the compacted clay liner in the sumps, per 10 CSR 80-11.010(4)(B)6, based upon the
interpretation that this regulation is applicable to the sumps because they are integral with the cells.

It is the objective of this report to provide the technical and regulatory basis for;

e demonstrating the impacts of an intermiftent high ground water table on the composite
bottom liner (specifically the bottom compacted clay liner and the HDPE membrane liner
on top of the compacted clay liner) arc negligible;

o evaluating the environmental impact of this site condition on the projected usc of the
UWL; and

s demonstrating that the characteristics of the compacted clay liner and the proper design
of the UWL will continue to function as designed in compliance with the intent of the 10
CSR 80-11.010 to minimize environmental hazards and comply with applicable ground
water and surface water quality standards and requirements throughout the life and post-
closure of the UWL.

Section 2.0 of this report provides a summary discussion of the technical basis of the siructural and
hydraulic engineering properties of compacted clay liners (CCLs) and the potential impact to CCLs from
intermittent contact with ground water in the protection of surface water and ground water quality.
Section 3.0 provides an overview of the impact to the environmental protections provided to surface water
and ground water by the utility waste landfill's CCL under intermittent contact with the unconfined
ground water. Finally, Scction 4.0 identifies the specific requirements of 10 CSR §0-11.010 that
potentially require demonstration of satisfactory compliance with the requirements of the Utility Waste
Landfil] design and operational standards.

1.1 Brief Project Description

The Labadie UWL will be developed on property contiguous with the boundary of property upon which
the Labadiec Encrgy Center is situated, on the right descending (south) overbank area of the Missouri
River between River Miles 56.88 and 57.38. The existing ground surface ranges from about el. 471 to el.
465" below the current footprint of the UWL. The areas of lower ground surface elevations (below about
el. 464) located in the southcast region of the site have been excluded from the proposcd developed arca
of the UWL.

The proposed UWL is located in the alluvial deposits adjacent to the Missouri River. As demonstrated in
. . . . . . 2 .
the Detailed Site Investigation (DSI) for this project” the ground water levels are strongly influenced by

" Elevations herein refer to the North American Vertical Datum of 1988 (NAVDSS8) which is the datum used in FEMA"s new
Flood Insurance Rate Maps {FIRM). NAVDES corrects many of the problems with the earlier NGVD of 1929,

* Detalled Site Investigation Report for Ameren Missouri Labadie Power Plant Proposed Utility Waste Disposal Area,
Frankiin County, Missouri, dated February 4, 2011, revised March 30, 2011. Approved by Missouri Department of Natural
Resources, Division of Geology and Land Survey on April 8, 2011,
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the Missouri River (see Appendix W or page 39 of DSI Report). Because the Missouri River is an “open
river,” that is not controlled by a dam in the vicinity of the Labadic Energy Center, the level of the
Missouri River and hence the natural water table at the site are constantly changing. Therefore, the
Natural Water Table is never under static hydrologic conditions.

The UWL site is currently protected from regular Missouri River flooding by the Labadic Bottom Levee
District agricultural levee with heights at or near the 100-year flood clevation. In the unlikely event that
the agricultural levee is overtopped or breached, the UWL site is further protected from direct Missouri
River flood currents by the Labadie Energy Center itself which is upstream and higher than the 500-year
flood elevation, crcating a low velocity shadow, or incffective flow arca, over the entire UWL site. The
regulatory 100-year base flood elevation (BFE) of 483.98 at the upstream cnd of the UWL site became
ctfective on October 18, 2011, The 500-year flood elevation at this river station 1s reported by FEMA to
be 487.55. By comparison, the flood crest at this location in August 1993 was about el. 483.6.

The Labadic UWL will be divided into four distinct internal drainage zones or cells. The lowest point of
cach drainage area is designed to be cl. 468 (top of composite liner), while the highest point of each cell
bottom will be el. 474 to 476 (top of composite liner). The majority of the UWL bottom is designed to
have a minimum % slope and will have a “blanket drain™ as a part of the leachate collection system. In
addition to the blanket drain, each cell will have a 6-inch diameter collection pipe running generally
perpendicular to the outside edge of the landfill at an approximate 0.5% slope.

Each collection pipe will discharge into a small fcachate sump (approximate size 15 feet by 20 feet). The
bottom of thc composite clay liner in the sumps is designed to be at el. 463.0. With settlement, the
bottom of the clay of the composite liner in the sumps is estimated to be at el. 462.2. The 15 sumps
represent less than 0.15% of the entire UWL acreage. Additionally, the sumps will be gravel filled and
are expected to have one to three feet of water in them under normal operating conditions.

2.0 TECHNICAL BASIS

In the 1980°s through the mid-1990°s, compacted clay liners and composite liners were the subject of
significant research and technical discussion due to increasing regulatory requirements on industrial and
municipal landfills. The base of knowledge regarding compacted clay liner was cstablished on a national
level and the technical requirements were widely adopted as ‘state of the art” Missouri’s current utility
waste landfill requircments were adopted tn the mid-1990"s and closely follow the prevailing technical
basis for compacted clay liners. The Labadie UWL utilizes a two-foot thick composite liner system
{compacted clay liner overlain by a flexible membrane liner). An intermittent high ground water table
will first come in contact with the bottom of the compacted clay liner in the sumps. Therefore, the focus
of the technical discussion is on the lower compacted clay liner, not the upper flexible membrane liner.

2.1 Requirements of Compacted Clay Liner

The compacted clay liner must have the following characteristics (10 CSR 80-11.010(6)(B)):
1) For a composite liner, includes a lower component that consists of at least a 2-foot layer

of compacted soil with a hydraulic conductivity (k) of no more than 1x10 cnv/sec., and
compacted to 95% of standard Proctor (ASTM D699} maximum dry unit weight {yg mas)

REITZ & JENS, INC,
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with the moisture content at the time of compaction between optimum moisture content
(Wopt) and 4% above wy,, or within other ranges of density and moisture such that are
shown to provide for the liner to have a k < 1x107 cm/sec.

2) The soils used for the compacted clay liner shall have the following minimum
specifications:

Be classified as low plastic clay (CL), high plastic clay (CH) or sandy clay (SC).

Have more than 30% particle sizes by weight passing U.S. #200 sieve (0.075mm).

Have an Atterberg liquid limit (LL) > 20%

Have an Atterberg plasticity index (P1) > 10%.

TOw

Daniel and Koerner {1993} reported that the degree of saturation of clay liners placed with this criteria
ranges from 71% to 98%, and averages 85%. That is, the voids in the soil matrix may still contain some
air as well as water. The technical questions in regard to the clay liner are: 1) If the GWT is above the
bottom liner for a long cnough time, could the compacted clay liner become saturated; and 2) what are
the potential ramifications of the compacted clay liner becoming saturated? Frank et al (2005) reported
that a compacted clay liner which had been under 0.31m of water for 14 years did not become fully
saturated. The report theorized that this is due to the very high capillary stresses in the matrix of the
compacted clay which could not be overcome by high external hydrostatic pressure. Therefore, the
internal shear strength and hydraulic properties of the compacted clay lmer were not affected.

The proposed design of the cells for the Labadie UWL will use a clay liner with a maximum hydraulic
conductivity of 1x107 cm/see, which provides an additional factor of safety that the hydraulic
conductivity will not exceed the required maximum cven if changes to the clay liner should occur. This
report will demonstrate that the initial permeability of the clay liner, even at the more stringent than
required 1x107 cm/sec permeability, will not be impacted by intermittent contact with groundwater.

2.2 Definition of Natural Ground Water Table at Labadie UWL Site

This section was submitted to the Missouri Department of Natural Resources and Franklin County as a
separate report titled “Design Basis for Ground Water Level,” dated April 9, 2012, to present a rational
definition of the “Natural Water Table™ as it applies to this site, as a basis for the design of the Labadie
UWL.

The daily average levels of the Missouri River at the Labadic Energy Center from December 3, 1999,
through November 9, 2010, were used in the analyses of the hydrogeology of the site for the DSI because
these are the only Missouri River readings close to the site. The 3973 readings arc plotted in Figure 32
(attached) from the DSI Report. The graph of the data demonstrates the highly variable nature of the
Missouri River level at the site. The highest level in the data is el. 475.4 which occurred on September
16, 2008. The lowest statistically significant level in the data with multiple occurrences is ¢l 4453,
Below is a table of the frequencies of the Missouri River levels in 2-foot intervals from these data:

Rerrz & JENS, INC,
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Frequencies of Missouri River Levels at Labadic Encrgy Cenier (2000-2010)

Y%
Range No. % Greater
474.475.4 3 0.08%

472-473 12 0.30% 0.38%
4£70-471 52 1.31% 1.69%
468-469 75 1.89% 3.57%
466-467 77 1.84% 5.51%
464-465 132 3.32% 8.83%
462-463 187 471%  13.54%
460-461 225 566% 19.20%
458-459 263 8.62%  25.82%
456-457 348 8.76%  34.58%
454-455 365 9.19%  43.77%
452-453 518 13.04%  56.81%
450-451 801 20.16%  78.97%
448-449 577 14.52%  91.49%
393-448 338 8.51% 100.00%

The ground water levels at the site were monitored monthly for the DSF from December 2009 through
November 2010. Thesc findings arc summarized in Appendix W. The data show that the alluvial aquifer
discharges toward the Missouri River during periods of relatively low flow, during which time the ground
water levels below the site will be 1 to 3 feet above the Missouri River level. However, when the
Missouri River is above approximate ¢l. 461 for a sustained period, the ground water flow reverses and
the ground water levels approach the level of the Missouri River near the river (in the northwest portion of
the site) and about 5 feet or more below the river level over the majority of the site.

This is demonstrated in the graph of the average water table c¢levations versus the Missouri River
elevation in Figure 1 of Appendix W. From lune 5, 2010, through July 5, 2010, the Missouri River
clevation at the plant was above el. 465.1, and reached a maximum of ¢l. 471.3. During this period, the
average ground water table below the site rose to el. 464, with the average ground water table
approaching el. 465 in the northwest portion of the site. The level of the Missouri River at the plant also
was above el. 465 between May 13 and May 30, 2010, with a maximum level of el. 472.8. During this
shorter duration of sustained high river levels (18 days compared to 30 days in Junc and July), the average
ground water table beneath the site rosc from el. 462.0 to el. 463.0. It can be concluded from these data
that the ground water table beneath the site will rise to about ¢l. 464 when the Missouri River at the plant
is above el. 465 for about 30 days and reaches a maximum level above ¢l. 471 during that period. The
question then becomes “How often do such sustained high Missouri River levels occur at the site?”

From the above table, the Missouri River was at or above el. 465 about 9% of the days from December
1999 through November 2010, and was at or above el. 470 about 1.7% of the days. There were 12
intervals in this decade during which the Missouri River at the plant was above el. 465 for morc than 5
days and peaked above el. 470. However, the Missouri River level was above el. 465 for more than 13
days during only 5 of these 12 intervals:
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Periods of Sustained High Missouri River Levels at Labadic Encrgy Center (2000-2010)

) Maximum
Period No. Days River Elav.
June 3 — July 8, 2008 36 471.6
June 5 —July 5, 2010 30 471.3
May 2 — May 20, 2002 19 473.2
May 13 - May 30, 2010 18 472.8
May 9 — May 21, 2007 13 4719

As stated above, the data from the 12 months of ground water level monitoring at the site indicate that the
maximum average ground water level of about ¢l. 464 will occur when the sustained high Missouri River
level at the Labadie Energy Center exceeds el. 465 for more than 18 days, and probably approaching 30
days, with a peak river level above cl. 471, While the level of the Missouri River at the site has exceeded
el. 470 about 1.7% of the 3973 days from December 1999 through November 2010, an intcrval of
sustained high river levels adequate to create a high average ground water level of el. 464 has occurred
only twice. Therefore, defining el. 464 as the average “Natural Water Table” or ground water level
at the site would appear to be conservative, in that it occurs for a relatively short duration only
about two times in a 10-year period. This Natural Water Table elevation can also be considered the
‘average high groundwater table’ at the Labadie UWL site.

2.3 Potential Technical Impacts of a High Ground Water Table

The potential impacts of a ground water table (GWT}) that is above the bottom compacted clay liner are:

1. potential swelling of the compacted clay liner, particularly if the clay is high plastic (CH) as
defined by ASTM D2487,

2. hydrostatic uplift against the bottom of the compacted clay liner,

3. potential loss of shear strength of the compacted clay liner,

4. potential decrease in the stability of exterior or interior stopes,

5. constructability of a compacted clay liner in a high ground water table, and
6. long-term performance of the composite liner system.

2.3.1 Potential Swelling

High plastic clay (i.e. "CH™ with a LL above 50%) has a tendency to swell when the clay is at low
moisture content. When relatively dry, expansive clay is exposed to free water, then the clay will swell if
it is not confined by a large pressure. The weight of the CCP in the UWL (particularly in the sumps
which are at the lowest elevations) confines the clay liner and therefore reduces this swell potential,
Swelling would imcreasc the void ratio of the clay and could result in a larger hydraulic conductivity. The
clay for the liner will be imported to the site. Part of the laboratory testing to qualify the clay liner
material will include grain size and Atterberg limits to determine the swell potential of the clay soils.

Composite samples of the clay liner material will be compacted in a qualified soil laboratory for hydraulic
conductivity tests for the approval of the clay material. The first step in the hydraulic conductivity test is
to saturate the sample at a low confining pressure (ASTM D5084). Thus, any swelling that may occur
would do so in the test cell, and the hydraulic conductivity that is subsequently measured would already
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be affected by any swelling. Therefore, laboratory testing on the clay liner material will take into account
any swell potential.

2.3.2 Hydrostatic Uplift

Water levels approaching the [00-year flood elevation around the UWL perimeter berms will create a
hydrostatic uplift pressure on the base of the composite liner. Operational procedures to counteract this
potential uplift concern are discussed in Scction 3.3.2.2 and Appendix J of the Construction Permit
Application. Dry cells will be filled with CCPs upon completion to counter any hydrostatic uplift that
might occur.

2.3.3 Loss of Shear Strength

The shear strength of a soil has 2 components: the effective cohesion {c") and the effective internal
friction angle (o'). Unless there is some cementation in the soil matrix, the cohcsive shear strength is
actually very small at very low confining pressures {Terzaghi, Peck, Mesri, 1996). Saturation of a soil
will reduce its shear strength, primarily due to the loss of negative pore pressures, and the impact of the
increase in pore pressure during shearing. Therefore, @' is the critical shear strength property. However,
the arca of a sump is very small compared to the extents of the perimeter berm, so the loss of shear
strength of the clay liner in the sump, i it could occur, will have an insignificant impact on the stability of
the exterior slopes of the UWL. Consolidated-undrained (C-U) triaxial compression tests with pore
pressure measurcments will be run on representative composite clay liner samples. The first step in the C-
U test is to ensure that the sample is saturated (ASTM D4767). Thus, the impact of potential saturation is
already mcorporated in the measurement of ¢'. Therefore, the possible impact of saturation of the
compacted clay lincr, if it could occur, 1s not an issue because the saturated properties used in the analyses
for the UWL will be verified by the laboratory testing of the clay liner material before it is approved for
construction.

2.3.4 Stability of Slopes

A ground water level that 1s at the ground surface results in the minimum factor of safety for the global
stability of any slopc becausc of the reduction in effective confining stress in the natural soils beneath and
beyond the toc of the berm. The internal stability of the waste is not affected by the external ground water
lcvel because the waste 1s isolated from the ground water by the liner. Some of the cases of global
stability of the waste slope and perimeter berm that were analyzed used measured long-term shear
strength properties (¢' and o') and an assumed exterior water level at ground surface. So, the issue of high
ground water levels, or flooding, has been considered i the stability analyses reported in the Construction
Permit Application, including under seismic load and liquefaction potential.

2.3.5 Constructability of Clay Liner in a High Ground water Table

A high ground water table could interfere with the excavation to final subgrade of the bottom liner and
with the compaction of the clay liner, If this condition occurs, the subgrade will be soft and will tend to
pump and rut, making it difficult to properly compact the clay liner. Once the ground water level is about
2 or 3 feet below the subgrade, then it is possible to construct the bottom liner in accordance with the
project specifications. So, a high ground-water could adverscly affect the construction schedule and
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costs, which will be addressed at the time of construction. But the quality and performance of the
properly constructed bottom liner will not be impacted for the reasons presented in the preceding sections.

2.3.6 Long-term Performance of Composite Liner System

The types of clays used in construction of the liner and the methods of construction will preclude potential
negative impacts of infrequent high ground water levels on the long-term performance of the composite
liner system. Also, the long-term properties which were used in the analyses for the UWL, and the
various extreme conditions which were considered (i.c., flooding or earthquake) take into consideration
extreme adverse conditions which may occur during the operating life and post closure performance.
Only one potential impact of an intermittent, high GWT on the bottom liner in the sumps could not be
mitigated by the design and construction of the UWL — the hydrostatic uplift pressure. Therefore, this
impact will be addressed through operational requirements of the UWL.

3.0 ENVIRONMENTAL PROTECTION OF A UTILITY WASTE LANDFILL

As stated in 10 CSR 80-11.010 (1) General Provisions, *The rule sets forth requirements and the method
of satisfactory compliance to ensure that the design, construction and operation of utility waste landfills
will protect the public health, prevent nuisances and meet applicable environmental standards...”. The
individual subsections 10 CSR 80-11.010 imply that the Missouri Solid Waste Management Law and
Rules, as they relate to utility waste, are promulgated primarily to prevent the construction and operation
of solid waste disposal areas from negatively impacting the surface waters, ground water and air, in
particular, typically monitored within a specific zone of impact surrounding the solid waste disposal area,
The following sections discuss the environmental protections provided by the Labadie UWL design and
operation. The focus of this section is on the protection of ground water quality and surface water quality,
because the performance of the CCL does not have a direct impact on air quality.

3.1 Ground Water Quality Protection

Protection of ground water quality is a primary objective of regulatory design and operating requirenients
for utility waste disposal areas. Liers, leachate collection systems, and final cover systems all focus on:
keeping the waste materials relatively dry; minimizing the quantity of leachate formed by the disposal
area; contaimng the leachate within the disposal area; and collecting and removing the leachate from the
disposal arca for further treatment and ultimate disposal outside of the disposal arca environment. With
regard to ground water in intermittent contact with the utility waste landfill liner, the critical issues are:
the continued structural integrity of the liner, both as the base of the landfill and as a component of the
composite liner; and the hydraulic performance of the CCL component of the composite liner to serve its
intended function of containing the leachate within the disposal area. The discussion of specific, potential
technical impacts to the landfill design in Section 2.0 demonstrate that the structural integrity and the
hydraulic performance of the CCL component are not impacted by ground water in intermittent contact
with the utility waste landfill liner. Therefore, the CCL component’s functions of providing a structural
base for the landfill and of containing leachate within the disposal area are not dimimished.
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3.2 Surface Water Quality Protection

Regarding ground water in intermittent contact with the utility waste landfill liner, the continued
structural mtegrity and hydraulic performance of the CCL component of the composite liner to serve its
intended function of containing the leachate within the disposal area indirectly relates to the protection of
surtacc water quality at the Labadic UWL. The design and construction of berms around the perimeter of
each disposal cell to prevent mundation of the utility waste during future Missouri River flood events are
the primary design protection of surface water quality at the Labadic UWL. The proposed operational
plan to contain all stormwater runoff generated inside of the perimeter berms provides the primary
operational protection of surface water quality. The design and operation of the primary stormwater
management systems are not directly impacted by ground water in intermittent contact with the utility
waste landfill liner.

40 DEMONSTRATION OF COMPLIANCE WITH 10 CSR 80-11.010

The *dry tomb” landfill concept seeks to avoid permanent placement of waste below the natural ground
water table, in part, to aveid a direct connection to ground water through a liner leak and to avoid the
long-term infiltration of ground water into the landfill that would require additional post closure care in
the form of increased leachate removal and disposal. The design of the Labadie UWL does not proposc to
permanently place waste below the ground water table. This statement is supported by the original
Detailed Site Investigation for the UWL. In addition, the technical discussions in Section 2.0 of this
report support Ameren Missouri’s position that the intermittent contact of the CCL with ground water
docs not impact the ability of the CCL to satisfactorily meet the requirements of 10 CSR 80-11.010
(Chapter 11, Utility Waste Landfill). This results in Ameren Missouri proposing the use of techniques
other than those listed m [0 CSR 80-11.010 as satisfactory compliance m the design and operation of the
utility waste disposal area. As previously stated, this report provides a demonstration to the Missouri
Department of Natural Resources Solid Waste Management Program that the site conditions at the
Labadie UWL, coupled with the engineering design and operational details, are acceptable from both a
technical and regulatory perspective.

The rule format for Chapter 11 generally includes one section for each specific topic, cach followed by
three subsections [{A) Requirement; (B) Satisfactory Compliance — Design; and (C) Satisfactory
Compliance — Operations]. Scction 4.1 identifies the design and/or operational methods proposed for the
Labadie UWL that require demonstration that the overall requirements of Chapter 11, Utility Waste
Landfill, are met for the site conditions and design of the Labadie UWL.

4.1 Design/Operational Considerations Relative to Unique Labadie UWL Site Conditions

The following sections of the Missourt Solid Waste Management Rules have been identified for specific
summary discussion as a concluston to the demonstration that the Labadic UWL meets the minimum
requirentents of the Missouri Solid Waste Management Rules. The design and/or operational issues
identified are listed below, followed by the regulatory REQUIREMENT [eniphasis added] as identified in
the appropriate rule section or subsections and the specific design and/or operational methods specified by
Chapter 11. Finally, reference is made to the specific technical issues provided in Section 2.0 that support
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the proposed deviation from the specified design and/or operational method. In review, the critical points
of Scction 2.0 are summarized below:

4.1.1

Studies have shown that clay Iiners do not become saturated even when continuously submerged
for years duc to the very high intemal capillary stresses. Thercfore the internal properties of the
clay liner arc unlikely to be affected by intermittent contact with ground water;

The compacted clay liner for the Labadie UWL is designed to have a maximum hydraulic
conductivity of 1x107 cm/sec, which provides an added safety factor that the maximum hydraulic
conductivity of 1107 em/sec required by regulation will not be exceeded. Furthermore, the initial
installed hydraulic conductivity of the CCL will not be impacted by intermittent contact with
groundwater;

The laboratory measurement of hydraulic conductivity of the clay liner allows for any potential
swelling at low confining pressures;

The remote threat of adverse hydrostatic uplift will be addressed through operational procedures
of the UWL;

The minimum internal and interface shear strength propertics assumed for the compacted clay
liner for the design of the UWL will be specified (see Appendix J) and verified for the offsitc clay
liner material; and

The structural stability analyses of the perimeter berms and exterior slopes of the UWL considered
the worst-case condition of a ground water table at the ground surface. Therefore, this condition is
considered in the current design.

INTERMITTENT GROUND WATER CONTACT WITH LANDFILL LINER.

Reeulatorv Citation and Requirement:

10 CSR 80-11.010(4) Site Selection.

(A) Reguirement. Site selection and utilization shall include a study and evaluation of geologic
and hydrologic conditions and soils at the proposed ufility waste landfill and an evaluation of the
environmental effect upon the projected use of the completed utility waste landfill. Applications

for utility waste landfill construction permits received on or after the effective date of this rule

shall document compliance with all applicable siting restriction requirements contained in
paragraphs (4)(B)1. through 5. of this rule.

Regulatorv Design and/or Operational Techniques:

(B)6. If the base of the landfill liner will be in contact with ground water, the applicant shall
demonsirate (o the department’s satisfaction thai the ground water will not adversely impact the
liner.

(B}7.  Owners/operators of proposed utility waste landfills shall demonstrate how adverse
geologic and hydrologic conditions may be altered or compensated for via surface water drainage
diversion, underdrains, sumps, and other structural components. All alterations of the site shall be
detailed in the plans. Precipitation, evapotranspivation and climatological conditions shall be
considered in site selection and design,
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4.1.2.

(B)8.  The results of the detailed site investigation report will be the basis to determine if a
secondary liner, such as a geomembrane, or a leachate collection system is mandatory to ensure
that there is no environmental impact from the landfill. Owner/operators of proposed utility waste
landfills shall make a demonstration based on the following:
A. An evaluation of the physical and/or chemical characteristics of the waste; and
B. Documeniation through modeling, testing, or other research data proving that the
quality of ground water underlying the proposed site will not be affected and that there is
no potential for migration of fluids from the wtility waste landfill.

Discussion of Alternative Desion:

This report provides specific discussion of technical information indirectly required by this
regulation relative to the intermittent contact of the CCL component of the composite liner. As
outlined in the details of Section 2.0, the design of the utility waste landfill for the Labadic Encrgy
Center anticipates the potential for saturated clays and saturated insitu base conditions, as well as
the potential impact of high ground water table conditions intermittently caused by fluctuating
Missouri River levels. No additional design alternatives or changes are considered nccessary, as
supported by the information in the report.

Compliance with Regulatory Requirement:

The CPA for the Labadie UWL addresscs the site sclection and utilization requirements, including
a study and evaluation of geologic and hydrologic conditions and soils at the proposed utility
waste landfill and an cvaluation of the environmental effect upon the projected use of the
completed utility waste landfill.  The technical discussion in Section 2.0 provides additional
“demonstration” relative to the site-specific design with regard to the intermittent contact of the
CCL component of the composite liner.

Bascd on the conclusions of this report, no additional design or operational changes are necessary
to demonstrate that the geologic and hydrologic conditions referenced m 10 CSR 80-11.010(4),
Site Selection, (specifically, the intermittent contact of small portions of the bottom of the landfili
liner) are necessary to demonstrate that the quality of ground water underlying the proposed site
will not be affected and that there is no increased potential for migration of fluids from the
Labadiec UWL. The liner and leachate collection requirements are further discussed in previous
and subsequent portions of this report.

IMPACT OF DSI RESULTS ON LINER AND LEACHATE COLLECTION SYSTEM

DESIGN.

Regulatory Citation and Requirement:

10 CSR 80-11.010(5) Design

(A} Requirement. Plans, addendums, as-built drawings, or other documents which describe the
design, construction, operation, or closure of a ulility waste landfill or which request an operating
permit modification for the utility waste landfill shall be prepared or approved by a professional
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engineer. These documents shall be stamped or sealed by the professional engineer and
submitted to the department for review and approval.

Regulatory Design Requirements:

(4)3. Owners/operators of utility waste fandfills shall demonstrate how adverse geologic and
hydrologic conditions may be altered or compensated for via surface water drainage diversion,
underdrains, sumps, and other sfructural components. All alterations of the site shall be detailed
in the plans.

A. Precipitation, evapotranspiration and climatological conditions shall be considered in
site selection and design.

B. Engineering plans and specifications that have computer model attached to them shall
list the limitations and assumptions of each mode! used in the application.

{A)4. Plans for stability analyses for all stages of construction shall include:

A. Seitlernent and bearing capacity analyses shall be performed on the in-place
foundation material beneath the disposal area. The effect of foundation material
settlement on the liner and leachate collection shall be evaluated;

B. Stability analyses shall be performed on all liner and leachate system components;

C. Leachate collection pipe material and drainage media shall be analyzed to
demonstrale that these components possess structural strength to support maximum
loads imposed by overlying waste materials and equipment;

D. Waste mass stability analyses shall be performed on the disposal area at final waste
grade conditions and at intermediate slope conditions; and

E. Stability analyses shall be performed on all final cover system components, including
an evaluation of the effect of waste setifement on the final cover system components, side
slope liner system components, surface water management system components and gas
migration system components.

Discussion of Alternative Design:

The Detailed Site Investigation (DSI) required by 10 CSR 80-2.015 addressed the precipitation,
cvapotranspiration and climatological conditions considered in original site selection and design.
This included ground water table elevations and the relationship of the Missouri River levels to the
ground water table. This report provides additional technical discussion of this information. In
addition, the models and calculations submitted with the CPA address all stages of construction
and operation of the Labadie UWL.

This report provides additional technical discussion relative to the intermittent contact of the CCL

component of the compostte liner. As outlined in detail in Section 2.0, the proposed design and
operation of the utility waste landfill for the Labadic Encrgy Center anticipates the potential for
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4.1.3.

saturated clays and saturated insitu basc conditions, as well as the potential impact of high ground
water table conditions intermittently caused by fluctuating Missouri River levels. No additional
design alternatives or changes are believed necessary to address 10 CSR 80-11.010 (5).

Compliance with Requlatory Requirement:

In compliance with 10 CSR 80-11.010 (5), Design, this demonstration report has been prepared by
professional engineers, has been reviewed and approved by a professional engineer and bears the
signature and seal of the principal design engincer.

LANDFILL LINER SEPARATION FROM GROUND WATER.,

4.1.4.

Regulatory Citation and Requirement:

10 CSR 80-11.010(8) Water Quality.

{A) Requirement. The location, design, construction and operation of the utility waste landfill
shall minimize environmental hazards and shall conform to applicable ground and surface water
quality standards and requirements. Applicable standards are federal, state or local standards and
requurements that arc legally enforceable.

Regulatorv Desien Reguirements:

{B)}1. Plans shall include

C. Ground waler elevation and proposed separation between the lowest point of the
fowest cell and the predicted maximum water table elevation;

Discussion of Alternative Desion:

This report provides information relative to the proposcd separation between the lowest point of
the lowest cell and the predicted normal water table elevation. In addition, it further evaluates the
potential 1mpact of the intermittent contact of the CCL component of the composite liner. No
additional design alternatives or changes arc believed necessary to address 10 CSR 80-11.010 (8).

Compliance with Regulatory Requirement:

The content of this demonstration report support the conclusion that the regulatory requirement is
met. The proposed design, construction and operation of the utility waste landfill shall minimize
environmental hazards and shall conform to applicable ground and surface water quality standards
and requircments.

DESIGN AND OPERATION OF LINER SYSTEM.

Regulatory Citation and Requirement:

10 CSR 80-11.0710(10) Liner Systems.
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(A) Requirement. A liner shall be placed on all surfaces to minimize the migration of
leachate from the utility waste landfill.

Regulatory Design Reguirements:

(B)1. For a composite liner a lower component that consists of at least a two-foot (2)
fayer of compacied soil with a hydraulic conductivity of no more than 1 x 10° cm/sec. A
compacted soil liner at & minimum shall be consiructed of six to eight-inch (6-8") lifts,
compacted to ninety-five percent (95%) of standard Proctor density with the moisture
content between optimum moisture content and four percent (4%) above the optimum
moisture content, or within other ranges of density and moisture such that are shown to
provide for the liner to have a hydraulic conductivity no more than 1 x 10° cm/sec. For a
single compacted clay liner a component that consists of at least a two-foot (2'} layer of
compacted soil with a hydraulic conductivity of no more than 1 x 107 cm/sec. A
compacted sofif liner at a minimum shall be constructed of six to eight-inch (6-8"} lifts,
compacted {o ninety-five percent (95%) of standard Proctor density with the moisture
content between optimum moisture content and four percent (4%) above the optimum
moisture content, or within other ranges of density and moisture such that are shown fo
provide for the liner to have a hydraulic conductivity of no more than 1 x 107 cm/sec. The
design shall include a detailed explanation of the construction techniques and equipment
necessary to achieve ninety-five percent (95%) of the standard Proctor density under field
conditions. The design also shall include QA/QC procedures to be followed during
consltruction of the liner. The composite liner and the compacted clay liner shall be
protected from the adverse effects of desiccation or freeze/thaw cycles after construction,
but prior to placement of waste. Traffic shall be routed so as to minimize the detrimental
impact on the constructed liner prior to placement of waste. The soils used for this
purpase shall meet the following minimum specifications:

A. Be classified under the Unified Soil Classification Systems as CL, CH, or SC
(ASTM Test D2487-85);

Allow more than thirty percent (30%) passage through a No. 200 sieve (ASTM
Test D1140);

Have a liquid fimit equal to or greater than twenty (20) (ASTM Test D4318-84);

Have a plasticity index equal to or greater than ten (10) (ASTM Test D4318-
84); and

Have a coefficient of permeability equal to or less than 1 x 107 cm/sec for the
compacted clay liner and 1 x 10° cm/sec for the composite liner when
compacted to ninety-five percent (95%) of standard Proctor density with the
moisture content between optimum moisture content and four percent (4%)
above the optimum moisture contenf, when fested by using a flexible wall
permeameter (ASTM D-5084) or other procedures approved by the
departrment;

m OO W

Alternative Design:

The proposed utility waste disposal area will utilize a composite liner that will consist of a 60-mil
HDPE geomembrane liner underfain by two feet of compacted clay liner with a hydraulic
conductivity equal to or less than 1 x 107 em/see. This proposed design significantly exceeded the
performance of the minimum design standards and performance of the two liner options
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prescribed in 10 CSR 80-11.010 (10). Ameren Missouri proactively chose this design to minimize
the migration of lecachate from the utility waste disposal arca and to provide a UWL that will

address anticipated future regulatory revisions.

Compliance with Regulatory Requirement:

The regulatory requirement is met and exceeded by the Labadie UWL proposed composite liner
design. This rcport demonstrates that the intermittent contact of ground water with the CCL
component of the composite liner will not impact the CCL’s design. function or performance.

4.2  Impact on the Construction Permit Application

Following the review and acceptance of this demonsiration by MDNR, this demonstration will be
mcorporated into the approved engineering report and plans required to be maintained throughout the
operating life and post closure care as required by the Solid Waste Disposal Area Operating Permit.
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CONFIDENTIAL BUSINESSINFORMATION

Ameren Missouri Labadie Power Station
Utility Waste Landfill

DESIGN BASIS FOR GROUND WATER LEVEL
April 9, 2012

Introduction and Purpose

The County Commission amended the County’s Unifiaad Use Regulations on October 25, 2011 to
add regulations concerning Non-Utility Waste anditytWaste Landfills (UWL) in Franklin County,
Missouri. Article 10, Section 238(C)(3) of theseemded regulations requires in part that:

c.) The clay or composite soil component at the base of the Utility Waste Landfill
shall be at least two (2) feet above the Natural Water Table in the site area.

Section 238(A)(11) defines “Groundwater” a&/dter below the land surface in the zone of
saturation.”

Section 238(A)(19) defines “Natural Water Table! as

The level at which water standsin a fully saturated unconfined aquifer as measured
by shallow piezometers or wells. The natural water table isunder static hydrologic
conditions and uninfluenced by groundwater pumping or other engineered activities.

The site of the proposed UWL at Ameren Missouribadie Power Station is located in the alluvial
deposits adjacent to the Missouri River. As dertratexd in the Detailed Site Investigation (DSI) for
this project the ground water levels are strongly influencedheyMissouri River (page 39 of DSI
Report). Because the Missouri River is an “opeartf that is not controlled by a dam in the vigyni
of the Labadie Power Station, the level of the MissRiver and hence the natural water table at the
site are constantly changing. Therefore, the NaMater Table is never “under static hydrologic
conditions.”

The amended County Unified Land Use Regulatiormathe Independent Registered Professional
Engineer to review and approve certain UWL requeets after evaluation of a specific UWL site and
consultation with the UWL owner and engineer. Tgaper presents a rational definition of the
“Natural Water Table” as it applies to the sitele# proposed UWL at Ameren Missouri’s Labadie
Power Station, as a basis for design of the UWhis Teport was prepared at the request of Ameren
Missouri by Reitz & Jens, Inc., the Designer of &édor the Labadie UWL.

Brief Project Description

The Labadie UWL will be developed on property cgatius with the boundary of property upon
which the Labadie Power Station is situated, orritite descending (south) overbank area of the

! Detailed Site Investigation Report for Ameren Missouri Labadie Power Plant Proposed Utility Waste Disposal Area,
Franklin County, Missouri, dated February 4, 2011, revised March 30, 208dproved by Missouri Department of Natural
Resoures, Division of Geology and Land Survey onilAp 2011.
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Ameren Missouri Labadie Power Station UWL Page 2
Design Basis for Ground Water Level
April 9, 2012

Missouri River between River Miles 56.71 and 57.38e existing ground surface ranges from about
el. 471 to el. 465below the current design of the UWL. The aredswer ground surface elevations
(below about el. 464)ocated in the southeast region of the site apotential wetlands and therefore
have been excluded from the proposed developedatba UWL.

The UWL site is currently protected from regularskburi River flooding by the Labadie Bottom
Levee District agricultural levee with heights aihear the 100-year flood elevation. In the urlike
event that the agricultural levee is overtoppeldreached, the UWL site is further protected from
direct Missouri River flood currents by the LabaB@wer Station itself which is upstream and higher
than the 500-year flood elevation, creating a l@owity shadow, or ineffective flow area, over the
entire UWL site. The regulatory 100-year basedletevation (BFE) of 483.98 at the upstream end of
the UWL site became effective on October 18, 20Ike 500-year flood elevation at this river station
is reported by FEMA to be 487.55. By comparisbie,ftood crest at this location in August 1993 was
about el. 483.6. The planned top of the constduptzimeter berms of the Labadie UWL will be at el.
488.

Ground Water Levels and Missouri River Data

The daily average levels of the Missouri Riverrat Labadie Power Station from December 3, 1999,
through November 9, 2010, were used in the analysthee hydrogeology of the site for the DSI
because these are the only Missouri River readiloge to the site. The 3973 readings are plotted i
Figure 32 (attached) from the DSI Report. The rajpthe data demonstrates the highly variable
nature of the Missouri River level at the site.eThghest level in the data is el. 475.4 which ol

on September 16, 2008. The lowest level in tha dat¢l. 393.0 which occurred on June 29, 2001.
Below is a table of the frequencies of the Miss®&ivier levels in 2-foot intervals from these data:

Frequencies of Missouri River Levels at Labadie Bo8tation (2000-2010)
%

Range No. % Greater
474-475.4 3 0.08%
472-473 12 0.30% 0.38%
470-471 52 1.31% 1.69%
468-469 75 1.89% 3.57%
466-467 77 1.94% 5.51%
464-465 132 3.32% 8.83%
462-463 187 4.71%  13.54%
460-461 225 5.66%  19.20%
458-459 263 6.62%  25.82%
456-457 348 8.76%  34.58%
454-455 365 9.19%  43.77%
452-453 518 13.04% 56.81%
450-451 801 20.16%  76.97%
448-449 577 14.52%  91.49%
393-448 338 8.51% 100.00%

2 Elevations herein refer to the North American \éaitDatum of 1988 (NAVD88) which is the datum usedrEMA’s
new Flood Insurance Rate Maps (FIRM). NAVD88 cotsenany of the problems with the earlier NGVD 622.
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Ameren Missouri Labadie Power Station UWL Page 3
Design Basis for Ground Water Level
April 9, 2012

The ground water levels at the site were monitonedthly for the DSI from December 2009 through
November 2010. The data show that the alluvialfagdischarges toward the Missouri River during
periods of relatively low flow, during which timbd ground water levels below the site will be Bto
feet above the Missouri River level. However, wkigs Missouri River is above about el. 461 for a
sustained period, the ground water flow reversestla@ ground water levels approach the level of the
Missouri River near the river (in the northwesttpmor of the site) and about 5 feet or more belogv th
river level over the majority of the site.

This is demonstrated in the graph of the averagentable elevations versus the Missouri River
elevation in Figure 31 from the DSI Report. Fraime 5, 2010, through July 5, 2010, the Missouri
River elevation at the plant was above el. 465, r@ached a maximum of el. 471.3. During this
period, the average ground water table below tieersse to el. 464, with the average ground water
table approaching el. 465 in the northwest portibthe site. The level of the Missouri River at th
plant also was above el. 465 between May 13 and30a2010, with a maximum level of el. 472.8.
During this shorter duration of sustained high rilexels (18 days compared to 30 days in June and
July), the average ground water table beneathitdecse from el. 462.0 to el. 463.0. Therefare, i
appears from these data that the ground water lenleath the site will rise to about el. 464 when t
Missouri River at the plant is above el. 465 fooat30 days and reaches a maximum level above el.
471 during that period. How often do such susthimgh Missouri River levels occur at the site?

From the above table, the Missouri River was atbmve el. 465 about 9% of the days from December
1999 through November 2010, and was at or abov&8labout 1.7% of the days. There were 12
intervals during this decade during which the Miss®iver at the plant was above el. 465 for more
than 5 days and during which time the river levalez=ded el. 470. However, the Missouri River level
was above el. 465 for more than 13 days during brdf/these intervals:

Periods of Sustained High Missouri River Levelsabadie Power Station (2000-2010)

. Maximum

Period No. Days River Elev.
June 3 — July 8, 2008 36 471.6
June 5 —July 5, 2010 30 471.3
May 2 — May 20, 2002 19 473.2
May 13 — May 30, 2010 18 472.8
May 9 — May 21, 2007 13 471.9

As stated above, the data from the 12 months afrgtevater level monitoring at the site indicatet tha
the maximum average ground water level of about@}. may occur when the sustained high Missouri
River level at the Labadie Power Station exceed46& for more than 18 days, and probably
approaching 30 days, with a peak river level aktelvd71. While the level of the Missouri River at

the site has exceeded el. 470 about 1.7% of tha 88ys from December 1999 through November
2010, an interval of sustained high river levelsqehte to create a high average ground water ¢dvel
el. 464 has occurred only twic&herefore, the definition of el. 464 as the averag®atural Water
Table” at the site would appear to be an extreme @wnt that occurs for a relatively short duration
only about two times in a 10-year period.

REITZ & JENS, INC.
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Requirements for “Beneficial Use”

The Missouri Department of Natural Resources (MDIN& previously permitted the use of CCR as
fill for “beneficial use” without a clay liner ifite fill was above the normal annual high groundewat
level. Adoption of el. 464 at the proposed sit¢hef Labadie UWL would satisfy this requirement.

Summary

The current Franklin County Land Use regulationrdftlity Waste Landfills require that the clay or
composite soil component at the base of the UtiNgse Landfill shall be at least two (2) feet above
the Natural Water Table in the site area, andtti@tefinition of “Natural Water Table” is the “s§ta
hydrologic conditions uninfluenced by groundwatemping or other engineered activities.”

The site of the proposed UWL at Ameren Missouribadie Power Station is located in the alluvial
deposits adjacent to the Missouri River. As dertrated in the Detailed Site Investigation (DSI) for
this project, the ground water levels are stromgfiyenced by the Missouri River. Because the
Missouri River is an “open river,” the level of tMissouri River and hence the natural water table a
the site is never under truly “static hydrologiaddions.” Based upon the 12 months of monitoiig
ground water levels at the site and almost 11 yefadaily Missouri River level readings at the
Labadie Power Station, the definition of el. 464tesaverage “Natural Water Table” at the site woul
appear to be an extreme event that occurs foatively short duration only about two times in a 10
year period, and therefore would satisfy the intédrihe Franklin County Land Use regulations.

Attachments

Figure 31 from DSI Report, “Monthly Average Watable Elevation VS Missouri River Elevation”
Figure 32 from DSI Report, “Missouri River 10-Yddistorical Data (2000-2010)”

\\fsO1\projects\amerenue\2008012455\design detadgyn basis gwt\design basis-labadie uwl gwt-0208ic
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Ameren Missouri Labadie Power Station
Utility Waste L andfill

DESIGN BASISFOR EXTERIOR BERM S
April 10, 2012

Introduction and Purpose

The County Commission amended the County’s Unifiadd Use Regulations on October 25, 2011 to
add regulations concerning Non-Utility Waste anditytWaste Landfills (UWL) in Franklin County,
Missouri. Article 10, Section 238(C)(3) of theseemded regulations requires in part that:

d.) All “cells” shall be designed and constructealthat they shall be protected by an exterior
berm meeting the following criteria:

I.)  The top of the berm at a minimum shall be eqoidhe five hundred (500) year
flood level in the area of the proposed Utility Walsandfill.

i) ... All berms shall be constructed of concreteement-based material sufficiently
thick for the purpose intended and approved byndependent Registered
Professional Engineer.

The amended County Unified Land Use Regulatiorsnaihe Independent Registered Professional
Engineer to review and approve certain UWL requéets after evaluation of a specific UWL site and
consultation with the UWL owner and engineer. Tgaper will help define the “purpose intended” as
it applies to the exterior berms for the propos&udLLat Ameren Missouri’s Labadie Power Station
and present a recommended design. This reporpreasired at the request of Ameren Missouri by
Reitz & Jens, Inc., the Designer of Record forlthbadie UWL.

Brief Project Description

The Labadie UWL will be developed on property cgatius with the boundary of property upon
which the Labadie Power Station is situated, orritjte descending (south) overbank area of the
Missouri River between River Miles 56.71 and 57.38ie UWL site is currently protected from
regular Missouri River flooding by the Labadie Buwtt Levee District agricultural levee with heights
at or near the 100-year flood elevation. In thikely event that the agricultural levee is oveped

or breached, the UWL site is further protected fidinect Missouri River flood currents by the
Labadie Power Station itself which is upstream laigtier than the 500-year flood elevation, creating
a low velocity shadow, or ineffective flow areagovhe entire UWL site. The regulatory 100-year
base flood elevation (BFE) of el. 483'a8 the upstream end of the UWL site became effectn
October 18, 2011. The 500-year flood elevatiothiatriver station is reported by FEMA to be el.

L All elevations refer to the North American Verfi€atum of 1988 (NAVD88) which is the datum usedriBMA’s new
Flood Insurance Rate Maps (FIRM).

REITZ & JENS, INC. 1
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487.55. By comparison, the flood crest at thistmn in August 1993 was about el. 483.6. The
planned top of the constructed perimeter bermbef tbadie UWL will be at el. 488.

The total area of the UWL when completed will beragimately 280 acres. The UWL will be
constructed in cells, as defined by the Franklini@yp land use regulations, with each cell desigoed
contain a minimum of 5 years of the coal combustesiduals (CCRs) produced by the Labadie Plant.
As planned prior to adoption of the new Land Usgpitations in October 2011, each cell will be fully
surrounded by a perimeter berm. The primary pwpugnded for these berms is to separate the
CCRs in the UWL from coming in contact with floodewa The internal angle of friction of the CCRs
that will be deposited in each cell will be suféiotly high so as to create a stable fill that dusts

require the perimeter berms for stability.

Two types of perimeter berms will be built. Ex¢erberms are those that will form the perimeter of
the fully developed 280-acre UWL. Interior berms those that initially will form a portion of each
cell’'s perimeter, but will ultimately be coveredtiwvCCRs as future cells are developed. Some
exterior berms infrequently may be in contact veittiow of flood water of the Missouri River, but
only when the Labadie Bottom Levee District leveevertopped or breached. The interior berms
may also infrequently come in contact with floodi@rabut the water velocities will be too low to
cause erosion. In both instances a vegetated atmee would provide sufficient erosion protection,
as with standard levee design. Because the CCR amalsperimeter berms are inherently stable,
concrete and/or cement-based material will be osédto prevent possible erosion of the exposed
slopes of perimeter berms that may be subjectetdlolv of flood water.

The general height and geometry of the exterioriatattior berms will be as shown in Figure 1. The
exterior berms will be constructed with compacteiti and the inside slope will be covered with a
composite liner in accordance with the Missouri &&ment of Natural Resources (MDNR)
regulations. The outside slope of the exteriomsewill have a concrete or cement-based layer to
protect against erosion from flood water (the “ms® intended”). Interior berms will be constructed
with a core of CCRs and a compacted clay cap agdtated cover on their outside slope. The
composite liner will extend under the interior beand tie into the exterior slope’s clay cap to
encapsulate the CCRs in accordance with MDNR réigukaand allow extension of the composite
liner beneath the next cell. Both side slopehefgerimeter berms will be 3 horizontal to 1 veittic
(3:1). The top of the perimeter berms will be ¢ansted to el. 488.0, that is 0.45 feet above 0@ 5
year flood level, as required by the Franklin Cgurdand Use regulations. The height of the berms
above existing ground surface will vary but averageut 23 feet.

Berm Design Basis Using Concrete or Cement-Basdéridés

Reitz & Jens has researched and evaluated altegadtir using concrete or cement-based materials
for erosion protection of the exposed slopes ofrgt berms at the Labadie UWL. Our
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recommendation is to incorporate fabric-
formed concrete mats (FCM) constructed
using manufactured fabric forms and cast-in
place concrete (example shown in photo
below). Evenly-spaced sewn filter “windows
or inserted plastic weep holes prevent exces
hydrostatic pressures beneath the FCM as  §
floodwater that may be present from time to
time recedes. Some options include windo
in the FCM to permit growing a vegetative
cover. The forms are typically available in 4-5
6- or 8-inch thicknesses. The required thickneiidoer determined based on the hydraulic conditions
The ducts between the block compartments are litdel 0% of the maximum thickness of the blocks
to achieve flexibility and articulation of the felied FCM, to accommodate differential settlement.
Reinforcing cables may be inserted through thekobmempartments to provide additional strength, if
necessary for severe applications or for slope® @1. The design of the FCM will be based upon
hydraulic analyses of the maximum flow that mayhesom overtopping or a breach of the Labadie
Bottom levee at the worst case location for eactiaeof the exterior berms. The FCM will be
placed on geotextile filter or crushed rock baspravent loss of soll.

Summary

The current Franklin County Land Use regulationrdftlity Waste Landfills require that all exterior
berms be constructed of concrete or cement-bastatiaiaufficiently thick for the purpose intended.
As explained above, the primary purpose intendethiese berms is to separate the coal combustion
residuals in the UWL from coming in contact witbdd water. To comply with these regulations, the
UWL design includes building the exterior bermshaatsoil core and fabric-formed concrete mat
surface to protect the exterior slopes from floowéhat could result from a breach or overtopmhg
the existing Labadie Bottom Levee District leveengl the Missouri River. The FCM has the
following advantages:

» construction uses pre-manufactured fabric forms,

* erosion-resistant concrete face,

» weep holes or “windows” to relieve excess hydrastatessure,

» exposed exterior concrete for visual inspection,

e can be installed without heavy construction equipn(eisturbing surrounding areas),
» articulated to compensate for differential settlatmand

» does not create rigidity within berms that couldsmcracking and piping.

\\fs01\projects\amerenue\2008012455\design dgiaifsheter concrete berm\design basis-labadie uteliex berms-041012.doc
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10/18/11 FEMA 500-YEAR = EL. 487.55 — == SYNTHETIC (HDPE) LINER \
10/18/11 FEMA 100-YEAR BFE (RM 57.38) = EL. 483.98 =N 5
1993 FLOOD CREST = EL. 483.6+ COMPACTED
CLAY LINER

COMPACTED EARTH FILL
EXISTING GRADE

EL. 465+ j

FABRIC-FORMED ARTICULATED
CONCRETE MAT (FCM) OVER
CRUSHED ROCK BASE

Ameren Labadie UWL
RECOMMENDED DESIGN FOR
EXTERIOR BERMS

Reitz & Jens, Inc. Figure 1
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Ameren Missouri Labadie Energy Center
Construction Permit Application for a Proposed Utility Waste Landfill

Franklin County, Missouri

Applicable Regulatory References
Sorted by Regulatory Citation
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RsMo REFORT -
260.205.2 281 Preliminary Site Investigation (PS1)
260.205.7 Appendix E ?ﬁiigzsetr;(;rn?g{igr:crzeg?s;i?n from East Central Solid Waste
560.205.7 15 ;Zigzsetr;c;;?gg:l?z\s;g%nl from East Central Solid Waste
STATE OF MISSOURI DEPARTMENT OF NATURAL RESOURCES
MISSOURI SOLID WASTE MANAGEMENT
10 CSR 80-2 RULES
10 CSR 80- ggggg; TITLE
2,11 Tabie 1A Applicable Regulatory Reference Sorted by Table of Contents
2,11 Table 1B Applicable Regulatery Reference Sorted by Regulatory Citation
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2.020(M{2)A)B) Appendix C Good Standing Certificate
2.010(5) 293 Groundwater Occurrance
2.010(6) 2.8.7 Unstable Areas
2.010(11) 314 Compliance with 10 CSR 80-11.010
2.010(48} 2.8.7 Unstable Areas
2.010(57) 286 Seismic Impact Zone
2.010(67) 1.3 Landfill Owner and Operator
2.010(88) 1.3 Landfill Qwner and Operater
2.010(74) 333 Phased Development
2.010{77) 287 Unstable Areas
2.010{96) 286 Seismic Impact Zone
2.010{114) 2.8.7 Unstable Areas
2.010{118) 314 Compliance with 10 CSR 80-11.010
2.010(118) 314 Compliance with 10 CSR 80-11.010
2.015(1){A) 281 Preliminary Site investigation (PSI)
2.015(1%D) 28.2 Detailed Site Investigation {DS!)
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STATE OF MISSOURI DEPARTMENT OF NATURAL RESOQURCES
MISSOURI SOLID WASTE MANAGEMENT
10 CSR 80-2 RULES {continued)

10 CSR 80- ggggi; TITLE
2.020{2)(A) 1.2 Proposed Facility
2.020(2)(A) 1.3 Landfill Qwner and Operator
2.020(2){A) 2.2 l.egal Description of the Property
2.020(2){A)2.A N/A Construction Permit Application Form
2.020(2)%A)2.C Appendix U Draft FAI
2.020(2)(A)2.D Appendix R Closure and Post-Closure Plan
2.020(2)}A)2.F Appendix G Adjacent Landowners or Landowners within 1000 ft
2.020(2)A)2.G N/A Construction Permit Application Fee - MDNR ($2,000)
2.020(2)(A)2.1 1.4 Applicant Violation History
2.020{2)(A)2.J 3.7.2 Water Quality Permits
2.020(2){A)5 N/A Construction Permit Application Fee - MDNR ($2,000)
2.020(6) Appendix F Franklin County Requirements
2.020(7) Appendix U Draft FAI
2.020(8) Appendix D Hahituzal Violator Disclosure Form
2.020(9)(B)&.C 2.5 Surrounding Land Use
2.020(9%B)8.H Appendix S Utility Waste Landfill Emergency Contacts
2.030(4} Appendix R Closure and Post-Closure Plan
2.070 1.4 Applicant Violation History
3.010 287 Unstable Areas

STATE OF MISSOUR| DEPARTMENT OF NATURAL RESOURCES
MISSOURI SOLID WASTE MANAGEMENT
10 CSR 80-11 RULES

10 CSR 80- gg’ggg; TITLE
11.010 287 Prefiminary Site Investigation (PSi)
11.010 3.1 Description of the Landfill Design
11.010 3.1.1 Project Background Summary
11.010 3.1.2 Technical Background Summary
11.010 314 Compliance with 10 CSR 80-11.010
11.010 Appendix Y Miscellanecus Engineering Calculations
11.010{1) 313 Environmentat Protection
11.010{1) Appendix 2 Groundwater Demonstration and Design Basis Memoranda
11.010(2) 4.3 Solid Waste Accepted
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STATE OF MISSOURI DEPARTMENT OF NATURAL RESOURCES
MISSOURI! SOLID WASTE MANAGEMENT
10 CSR 80-11 RULES {continued)

10 CSR 80- gfgﬁg; TITLE
11.010{2)(A} 3.5 Sclid Waste Acceptad
11.010(2)(B;} 3.5 Solid Waste Accepted
11.010(2)3){16} Figure 3 Entrance Sign Detail
11.010({3} 4.4 Solid Waste Excluded
11.010{3}(A) 3.6 Solid Waste Excluded
11.010(3}(B) 3.6 Solid Waste Excluded
11.010(4) 2.0 Sile Selection
11.010(4) 2.8 Site Selection Location Restrictions
11.010{4)(A) 1.1 Site Background
11.010(4)(5) 311 Project Background Summary
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11.010{4}B}1 Appendix H Floodplain Documentation
11.010{4){B)2 2.84 Wetlands
11.010(4)(B)2 Appendix | Wetland Assessment
11.010(4)B)3 286 Seismic Impact Zone
11.010(4)BY4 287 Unstabie Areas
11.010(4)(B}4.A 292 Bedrock
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11.010(4}B)5 Plan Sheet 3 Project Overview
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11.010{4}(B)5 Plan Sheet 13 Phase 3 Final Grading Plan
11.010{4)(B)5 Plan Sheet 14 Phase 4 Final Grading Plan
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STATE OF MISSOURI DEPARTMENT OF NATURAL RESOURCES
MISSOURI] SOLID WASTE MANAGEMENT
10 CSR 80-11 RULES {continued}

10 CSR 80- gsg,gg:; TITLE
11.010{4)B)5 Figure 2 Sequence of Cell Construction
11.010{4}(B)5.A 2.6 Site Tepegraphy
11.010(4){B)5.A 3.4 Final Contours
11.010(4){B)5.B 2.4 Zoning and Land Use
11.010{4)B}56.B 2.5 Surrounding Land Use
11.010(4){B)5.B 2.7 Utilities
11.013(4)(B)6.C 3.14 General Maintenance of Landfiil Systems
11.010{(4)B}5.C 4.2 Operationat Description
11.010(4)(B)5.C 4.2.1 UWL Disposal Operaticn Operaticnal Description
11.010(4)B)5.C 4,22 Flood impact Mitigation Pian
11.010(4)B)5.D 2.9 Geotechnical Investigations
11.010(4}B)5.D 2.9.1 Soils
11.010(4)(B)5.D Appendix J ggﬁiegt]ﬂeiﬁg Idnavteezti?it]i:r;(fﬁrfonstruction Permit Apgplication by
11.010{4)(B)5.D Appendix K Soll Material Volume and Balance Calculations
11.010{4){B)(6} Appendix Z Groundwater Demonstration and Design Basis Memoranda
11.010{4){C)1 23 Site Access
11.010(5) Plan Sheet 16 Stormwater Pond Storage and Transfer Details
11.016(5) Plan Sheet 17 Liner Details
11.010(5) Pian Sheet 18 Miscellaneous Details 1
11.010(5) Plan Sheet 19 Miscellaneous Details 2
11.010(5) Plan Sheet 20 Leachate Collection Sysiem Details
11.010(5) Plan Sheet 21 Stormwater Drainage Details
11.010(5) Plan Sheet 22 Cross Sections A-A' and B-B'
11.010(5) Plan Sheet 23 Cross Sections C-C' and D-D'
11.010(5) Figure 1 Site Location Map
11.010({5} 3.0 Landfili Design
11.010{5} 3.1 Description of the Landfill Design
o061 T [ AN o
11.010{5)(B) 32 Volume of the Proposed Landfili
11.010(3)(B) 4.0 Landgfiil Gperation
11.010(5){B}1 3.3 Construction Sequence

Prepared by GREDELL Engineering Resources, Ing, Page 4 of 7 January 2013



STATE OF MISSOURI DEPARTMENT OF NATURAL RESOURCES
MISSOURI SOLID WASTE MANAGEMENT
10 CSR 80-11 RULES (continued)

10 CSR 80- §EE§1(‘::SL TITLE
11.010(5)B)1.2 4.1 Construction and Development
11.010(5)(B) 412 Sequence of Phase Construction
11.010(65)(B)3 3.3.1 UWL Construction Sequence
11.010(5)(B)3 3.3.2 UWL Disposal Area Construction Sequence
11.010(5}B)3 3.3.2.1 Phase Construction Sequence
11.010{5)(B)3 3322 Flood Mitigation Plan
11.010(5){B)3 3.3.3 Phased Development
11.010(6)Bi3 411 Phased Development
11.010(6)B) Appendix P Construction Quality Assurance Plan
11.010(6)(B) 4,1.3 Construction Quality Assurance {CQA)
11.010(7) 2.10 Survey Conirol
11.010(73 2102 Permanent Survey Control Points
11.010(7} 41.4 Survey Controf
11.010(73(B) Appendix V Survey Piat
11.010{7){B)1 2.10.1 Boundary Survey
11.010{8) 4.5 Water Quality
11.010(8)}AXB) Appendix W Groundwater Hydraulic Data
11.010(8)(B)1.C 293 Groundwater Occourrence
11.010(8)B)1.C Appendix Z Groundwater Demonstration and Design Basis Memoranda
11.010(8)(B)1.D 293 Groundwater Cccurrence
11.010(8)B)1.F 3.7 Stormwater Management System
11.010(8}(B)1.F 3.7.1 Stormwater Runcff Controls
11.010(8}B)1.F Appendix M Erosion Calculations
11.010{8)(B)1.F Appendix N Stormwater Calculations
11.010{8){B}1.F Appendix G H.E.L.P Model Results
11.010{8){C) Appendix N Stormwater Calculations
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STATE OF MISSOUR! DEPARTMENT OF NATURAL RESOURCES
MISSOURI SOLID WASTE MANAGEMENT
10 CSR 80-11 RULES (continued)

10 CoR 80. REPORT L
11.010(B)C) Appendix O H.E.L.P Mcdel Results
11.010(8)(C) 4,51 Stoermwater Management
11.010(8){CN1 37 Stormwater Management System
11.010(8)(C)1 371 Stormwater Runoff Controls
11.010(9) 4.5 Water Quality
11.010(8)(B} 39 Leachate Management System
11.010(93(B) 3.9.1 l.eachate Generation Rate
11.010(9}(B) 3911 Pre-Closure Generation Rate
11.010(3)(B) 3812 Post-Closure Generation Rate
11.010{8){B} 382 Water Storage and Disposal
11.010(2)C) 452 Leachate Management in the UWL
11.010(10}B) 38 Landfill Liner
11.010(10)(B) 322 Soil Material Volume
11.010(10}B)1 3.82.1 Scil Component
11.010(10)(B)2 3822 Geomembrane Component

11.010(10){B2.(14)A)

Plan Sheet 15

Geomembrane and Cover Details

11.010(10)B¥ 3.8.1 Grading Plan
11.010(10XC) 382 Materials and Construction
11.010(11) 3.10 Groundwater Monitoring
11.010(11) 3.10.2 Groundwater Manitoring System
11.010{11)(A)B) Appendix X Documentation of Groundwater Monitoring Well Design
11.010{11)(C)2 Appendix Q Groundwater Sampling and Analysis Plan
11.010{11)(C)2 453 Groundwater Sampling and Analysis Plan
11.010(11HC)3 3101 Groundwater Quality
11.010(11}(C}6 3.10.3 Corrective Action
11.010(12) 3.13 Air Quality
11.010(12) 46 Air Quality
11.010(12)(B) 4.6.1 Dust Control
11.010(13) 47 Aesthetics
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STATE OF MiSSOURI DEPARTMENT OF NATURAL RESOURCES
MISSOURI SOLID WASTE MANAGEMENT

10 CSR 80-11 RULES (continued)

10 CSR 80- g:g?;g; TITLE
11.010(13) 4.7.1 General Aesthatics
11.010{13)(C}3 472 Mining for Beneficial Reuse
11.010(14) 312 Landfill Final Cover
11.010(14) 4.9 Final Cover Material
11.010{14)}{B} Appendix R Closure and Post-Closure Plan
11.010{14)}B} 3.15 Closure and Post-Ciosure
11.010{14)B} 3.12.1 Materials and Construction
11.010{14}B}1 3.2.2 Soil Material Volume
11.010(14)B)1 3111 Soil Cover Sources
11.010(14)(C) 3121 Materials and Construciion
11.010(14){C) 31211 Soil Comgponent
11.010( 14X C)1 311 Cover Material
11.010(143%C)3 3.1214 Scil Component
11.010(14)(C)7 3122 Vegetation
11.010(144C)10 31214 Scil Component
11.010(1&} 4.8 Equipment and Staffing
11.010{15) 4,10 Compaction
11.010{15)B)1 4872 Equipment Maintenance
11.010{15){B}1 483 Back-Up Equipment
11.010{15){C) 484 Staffing
11.010{15)}C)1 4.8.1 Primary Equipment
11.010(16) 4.11 Safety
11.010(16){BM1 23 Site Access
11.010(18)(B)1 4.0 Landfill Operation
11.010(16)(C)2 2.3 Site Access
T1.010(17) 412 Records
11.01G(17} Appendix T Recordkeeping and Reporting Forms
1T1.010(17HC)Y2.A(D Appendix A Froperty Deeds
11.010(17%C)1.D Appendix L Landfill Life Estimate
11.010(173(C1.D 3.2 Volume of the Proposed Landfill
11.010{17)(Cy1.D 3.2.1 Landfilt Life Expectancy

NOTE: Franklin County Requirement for Erosion Protection, Article 10 Section 238 C 3d is referenced in 3.3.2.3,
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From: Skitt, Barbara S

Sent: Thursday, November 15, 2012 5:39 PM
To: pnwakoby@expl.com

Cc: Reynolds, Renee M; Gerhardt, Kevin J
Subject: Ameren's Labadie Plant UWL Layout

Hi Patrick,

Thank you so much for your time again yesterday. Please find attached the
revised layout of the Labadie UWL landfill. As we discussed the proposed landfill will no
longer require a relocation of the pipe line. The new layout has the toe of the berms set
back 100' off the centerline of the pipeline. The first 2 phases of the landfill will be west
of the pipeline with no impact to the pipeline and phases 3 and 4 are east of the
pipeline. Once phases 3 and 4 are constructed, 2 roads will be installed perpendicularly
over the pipeline. These roads are for Ameren traffic only and are planned to only be
gravel at a height of around 15'. These roads will be constructed in a way as not to
impact the pipeline. These road will be able to be removed in short order if Explorer has
a need to access their pipeline. Phases 1 and 2 have a life expectancy of 10-15 years
after they go in service in 2015. Construction on phase 1 is scheduled for 2014. If you
have any question feel free to call and discuss. Please treat this email and
attachment as confidential.

Have a good evening.

BARBARA S. SKITT
Managing Supervisor
Real Estate Department
T 314.554.2249

C 314.401.8674

F 314.554.2570

E bskitt@ameren.com

Ameren Services
1901 Chouteau Avenue

PO Box 66149, MC 700
St. Louis, MO 63166-6149
Ameren.com

Please consider the environment before printing this e-mail.

The information contained in this message may be privileged and/or confidential and
protected from disclosure. If the reader of this message is not the intended recipient, or an
employee or agent responsible for delivering this message to the intended recipient, you
are hereby notified that any dissemination, distribution or copying of this communication
is strictly prohibited. Note that any views or opinions presented in this message are solely
those of the author and do not necessarily represent those of Ameren. All e-mails are



subject to monitoring and archival. Finally, the recipient should check this message and
any attachments for the presence of viruses. Ameren accepts no liability for any damage
caused by any virus transmitted by this e-mail. If you have received this in error, please

notify the sender immediately by replying to the message and deleting the material from
any computer. Ameren Corporation



OFFICE OF ZONING
ENFORCEMENT
franklin County Courthous
Union, MO 63034

FLOODPLAIN DEVELOPMENT PERMIT/APPLICATION
Application No. 4 g !_’[ 2 “E g Date: FRANKLIN COUNTY MC

TO THE ADMINISTRATOR: The undersigned hereby makes application for a permit lo develop in a floodplain. The work a!bp MFA&N&@ME@N ING DE[

flood protection works, is as described below and in attachments hereto. The undersigned agrees that all such work shall be in accordance with the
requitements of the Floodplain Management Ordinance and with all other applicable county/city ordinances, federal programs, and the laws and
regulations of the State of Missouri.

ﬁm::’mzh/ Missove Nor Detcrmiden

Owner or Agent Date Builder Date

[0 LABADIE POWEE LLanT RD, LABADIE MO (,3055.
Address ! Address
(3t¢) Ss4-2244

Phone Phone

SITE DATA

1. Location: ) - 1/4; - 1/4; Section __ 17 2.0 ; Township o A/ ; Range 2&
Sweet Address /0 LpRADE LOWER PrANT £D. (ABADIE MO bL30SS

2 Type of Development: Filling pa Grading Excavation __ Minimum Improvement
Routine Maintenance Substantial Improvement New Construction ¥ Other

3. Description of Development: Codsr.e YeTrOAN OF U7 et c 7Y WASTE (ANDE

4. Premises: Structure Size /‘//A fi. By N /A fi. Area of Site ¢ O’ 042 852 SqFt
Principal Use {7 7y WASTE Srokag e Accessory Uses (storage, parking, etc.) -
5. Value of lmprovement (fair market) $ /£ 000 . 000 * Pre-Improvement/Assessed Value of Structure $ O
5 3

6. Property Located in a Designated FLOODWAY? Yes v No
¥ LosT EsT,mare FoR F257 Prasc
IF ANSWERED YES, CERTIFICATION MUST BE PROVIDED PRIOR TO THE ISSUANCE OF A PERMIT TO DEVELOP, THAT
THE PROPOSED DEVELOPMENT WILL RESULT IN NO INCREASE IN THE BASE (100-YEAR) FLOOD ELEVATIONS.

7. Property Located in a Designated Floodplain FRINGE? Yes \/ No

8. Elevation of the 100-Year Flood (ID source) Y82, 5 - Y §£3.5 fpaskend o Ft5 0cT ,‘P. 20¢1 NAYDEB NGVD/NAVD
9. Elevation of the Proposed Development Site 45 MGVD 29 GRound £z VAT:-:I:(. Miguest fhnt SeHd ,Nﬁv‘IzIzC'?VD/NAVD
10.  Local Ordinance Elevation/Floodproofing Requirement ___J'/A NGVD/NAVD
Other Floodplain Elevation Information (ID and describe source) A///A

—_
—

12, Other Permits Required? Corps of Engineer 404 Permit: Yes No _v_ Provided
State Department of Natural Resources 401 Permit: Yes No_+" _ Provided -
Environmental Protection Agency NPDES Permit: Yes No_s”  Provided

All Provisions of Ordinance Number . the “Floodplain Management Ordinance”, shall be in Compliance.

PERMIT APPROVAL/DENIAL

Pldns and Specifications Ap:rover.!:m-this ' ‘ *k‘ Day of MARC e L2001

Signature of Developér/Owner

i ¥ T wiedar REAL Estane RIM FLOOODPLAIN MANAGES R

Print Name and Title Print Name and Title

THIS PERMIT IS ISSUED WITH THE CONDITION THAT THE LOWEST FLOOR (INCLUDING BASEMENT FLOOR) OF ANY NEW OR
SUBSTANITALLY IMPROVED RESIDENTIAL BUILDING WILL BE ELEVATED 22— FOOT/FEET ABOVE THE BASE FLOOD
ELEVATION. IF THE PROPOSED DEVELOPMENT IS A NON-RESIDENTIAL BUILDING, THIS PERMIT IS ISSUED WITH THE CONDITION
THAT THE LOWEST FLOOR (INCLUDING BASEMENT) OF A NEW OR SUBSTANITALLY IMPROVED NON-RESIDENTIAL BUILDING
WILL BE ELEVATED OR FLOODPROOFED 2 FOOT/FEET ABOVE THE BASE FLOOD ELEVATION.

THIS PERMIT IS USED WITH THE CONDTION THAT THE DEVELOPER/OWNER WILL PROVIDE CERTIFICATION BY A REGISTERED
ENGINEER, ARCHITECT, OR LAND SURVEYOR OF THE “AS-BUILT” LOWEST FLOOR (INCLUDING BASEMENT) ELEVATION OF ANY
NEW OR SUBSTANTIALLY IMPROVED BUILDING COVERED BY THIS PERMIT.

. THS PERMIT 1= CoTIUGENT LVUPONY AMEREW UE MISSOUR \ssoury
OBTNNING A CoOmsTRUCTION PEBMIT/ FROM TuE Hovember 26, 2007
DEPARTMENT OF 1 hTORAL RESOURCES . WITHOLT THE DR
PE“MH’, THYS RPPeOVAL. W LL BEcome NULL AND VOID %g_,



FRANKLIN COUNTY

Franklin County Highway Department
Eva Gadcke, Highway Administrator

400 EAST LOCUST STREET
ROOM 003A
UNION, MO 63084
MAIN LINE (636) 583-6361
FAX (636)584-0902
July 24, 2013 www.franklinmo.org

Craig Giesmann, PE, PMP

Managing Supervisor

Ameren — Power Operations Service
3700 S. Lindbergh Blvd., MC F-604
St. Louis, MO 63127

RE: Labadie Bottom Road Relocation

Dear Mr. Giesmann,

As part of the proposed landfill plans Labadie Bottom Road, a county road, will need to be relocated and an overpass
from the plant to the landfill will need to be installed. | have been in contact with your engineer, Reitz & Jens, to review
the county design requirements for these improvements. The traffic on this county road is mainly Ameren employees
on the asphalted west end, and agricultural traffic on the graveled east end. We have not worked through final details
of the roadway design or determined the extent of hard surfacing and gravel roadway. Our intent is to work with Reitz

& Jens to come up with final plans for the roadway and submit them to the County Commission for approval.

Conceptually, the proposed relocation and overpass is accepted. The county reserves the right to approve the final plan
details before construction can begin. Please let me know if you need additional information on this subject.

QT
eldmann
Eranklin County Highway Dept.

County Engineer

Sincerely

CC: Mark Vincent
Paul Reitz, Reitz & Jens
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