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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

NOTES:

1. Refer to Figure 2 for proposed monitoring well locations.
2. TMW-1 is a temporary ("sentry") well located immediately east of initial cell construction area (CeJl1).
3. Basis for permanent well locations described in "Documentation of Groundwater Monitoring Well Design"; see Appendix X of Construction Permit Application.
4. Refer to Figure 3 for typical well construction details.

5. MW-1 through MW-21 , and TMW-1, denote generally downgradlent well positions. MW-22 through MW-28 denote generally upgradient well positions.

Monitoring Well Upgradient or Northing Easting Ground Surface Well Depth (feet, Screen Length Top of Screen Interval
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 995548 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 994380 729642 466 18 10 458
MW-9 DG 994160 729895 465 17 10 458
MW-10 DG 993940 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 992096 730184 463 15 10 458
MW-20 DG 991668 729958 463 14 10 459
MW-21 DG 991332 729953 463 14 10 459
MW·22 UG 990940 729361 464 15 10 459
MW-23 UG 991102 728514 465 17 10 458
MW-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
MW-27 UG 994619 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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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 monitorina wells. Proaram
26 months before initial UWL

Initial sampling event Initial groundwater field sampling and laboratory data to
operation Solid Waste Manaqement Proqram (SWMP)

23 months before initial UWL
Second sampling event Groundwater field sampling and laboratory data to SWMPoperation

20 months before initial UWL
Third sampling event Groundwater field sampling and laboratory data to SWMPoperation

17 months before initial UWL
Fourth sampling event Groundwater field sampling and laboratory data to SWMPoperation

14 months before initial UWL
Fifth round of sampling Groundwater field sampling and laboratory data to SWMPoperation

11 months before initial UWL
Sixth round of sampling Groundwater field sampling and laboratory data to SWM Poperation

8 months before initial UWL
Seventh round of sampling Groundwater field sampling and laboratory data to SWMPoperation

5 months before initial UWL Report on field sampling and analytical data distributions

operation Eighth round of sampling and choice of intra-well or inter-well statistics to SWMP.
Includes aroundwater samplina 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 Operatina Permit.

Initial UWL operations beain. N/A N/A

Continue monitoring once per six Semi-annual sampling for routine Groundwater field sampling, laboratory data and statistical
months during May and November detection monitoring report within 90 days of each subsequent sampling event to

SWMP

Prepared by: GREDELL Engineering Resources, Inc. Appendix Q
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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 I)



Ameren Missouri Labadie Energy Center
Groundwater Sampling and Analysis Plan

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

Chemical Constituent Units Method1 PQL2

Aluminum (AI) ug/l 6010B 50
Antimony (Sb) ug/l 7041 5
Arsenic (As) ug/l 7060A 3
Barium (Ba) ug/l 6010B 5
Beryllium (Be) ug/l 6010B 1
Boron (B) ugll 6010B 20
Cadmium (Cd) ug/l 6010B 2
Calcium (Ca) mg/l 6010B 0.05
Chemical Oxygen Demand (COD) mg/l 410.4 10
Chloride mgll 9251 1
Chromium (Cr) ug/l 6010B 10
Cobalt (Co) ug/l 6010B 10
Copper (Cu) ug/l 6010B 10
Fluoride mgll 9214 0.10
Hardness mg/l 2340C NA
Iron (Fe) mg/l 6010B 20
Lead (Pb) ug/l 7421 2
Magnesium (Mg) mg/l 6010B 0.010
Manganese (Mn) ug/l 6010B 5
Mercury (Hg) ug/l 7470A 0.2
Nickel (Ni) mg/l 6010B 10
pH S.U. 9040B NA
Selenium (Se) ug/l 6010B 50
Silver (Ag) ug/l 6010B 10
Sodium (Na) mg/l 6010B 0.05
Specific Conductance umhos/cm 9050A NA
Sulfate mg/l 9036 50
Thallium (TI) ug/l 7841 2
Total Dissolved Solids (TDS) mg/l 2540C 20
Total Organic Carbon (TOC) mg/l 9060 1
Total Organic Halogens (TOX) ugll 9020B 20
Zinc (Zn) ug/l 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
Engineering Resources, Inc.
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Field Equipment Calibration Forms

and Procedures



Field Instrumentation Calibration Log

Calibrated by:

Field Instrument

SIN #

Date Time pH pH
Standards Measurements

Specific
Conductivity

Standard
(Ils/cm)

Specific
Conductivity

Measurement
(Ils/cm)

Oxidation Reduction Potential
Standard (mV)

Oxidation
Reduction
Potential

Measurement
(mV)

Turbidity
Standards

(NTU)

Turbidity
Measurements

(NTU)

I:-0 4.00 '"0
0) ~I: ...

'i: .c
7.00rn '"I:

'01(,)
1Il >. 10.00m m =

Cl

>. 4.00 =
m
Cl ..:.:: ..- 0
0 III 7.00 =..l:1J UI:
W 10.00 :::

Notes:

1413

1413

Temperature
:::

(0G)~ ... ~.-
Standard

'"(mV)

Temperature
'"(0G)~~~ .._-_...

Standard
=(mV)

.....-

0.02 :::-.--- .. . .. ~ ........_.-

10.0 :::

1---- ......- .........
1000 '"

0.02 :::

...-- .......-.-
10,0 :::

~ .._~_._.
1000 :::

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

Oate: _ By: _

Prepared by GREOELL Engineering Resources, Inc.



Temperture!"ORP-
·c I mV
39.3 209.6

_ 39.4 __+' _~
39.5 209.4
39.6 : 209.3
39.7 209.2
39.8 209.2
39.9. Ci~

>40.0 '209.0
40.1 I 208.9
40.2 I 208.8,
40.3 208.8
40.4 208.7
40.5 ! 208.6...

40.6 208.~
40.7 I 208.4
40.8 I 208.4
40.9 i 208.3
41.01".'1. ···208:2·..·.

"41.1 i 208.1
41.2 ! 208.0
41.3 I 2080
41.4 207.9
41.5 I 207.8
41.6 207.7
41.7 207.6
41<8 I 207.6
41.9 ! 207.5

.1:207;4<
42.1 i 207.3
42.21 207.2
42.3 I 207.2
42.4 I 207.1
42.5 .. _~
42.6 I 206.9
42.7 ! 206.8
42.8 206.8
42.9 206.7

..•.•....•.,'. '.'206;6
43.1 206.5
43.2 I 2064
43.3 ...1

1
206.4

43.4 206.3
43.5 206.2
43.6 I 206.1
437 I 206.0
43.8 '206.0
43.9 205.9
44.0.> ····205.8\.
44.1 205.7
44.2 205.6
44.3 205.6
44.4 2055
44.5 205.4
44.6 205.3
44.7 1 205.2
44.8 205.2
44.9 205.1
45.0 205.0

212.1
I 212.0
I 212.0
i 211.9
211.8

! 211.7
i 211.6
211.6

I 211.5
.2f1A·'··

37.1 I 211.3
37.2 I 211.2
37.3 211.2
37.4 I 211.1
37.5 ! 211.0
37.61210:9--'
37.7~
37.8 210.8
37.9 210.7

35.1
35.2
35.3
35.4
35.5
35.6
35.7
358
35.9

36.1
36.2
36.3

--

36.4
36.5
36.6
36.7
36.8
36.9

. 'i'empe'rture ORP
·C mV
32.7 1 214.4
32.8 1214.3-
32.9 I 214.3

'··.. 33.0'214.2,.
33.1 ,I 214.1
33.2 l 214.1
33.3 ! 214.0..

33.4 ! 214.0
33.5 213.9
33.6 213.8
33.7 213.8
33.8 213.7

_. 339 I 213.7
134.0 "2136>
34.1 213.5
34.2 i 213.5
34.3 I 213.4 ..
34.4 ! 213.4
34.5 I 213.3
34.6 I 213.2
34.7 J ;'11.2......
348 I 213.1
34.9 '213.1

1213.0'.
212.9

I 212.8
T'2128~'
, 212.7'"
I 212.6
I 212.5
J 212.4
1 212.4

212.3

228.113.1

232.0
I 231.9
I 2319
I 231..8
I 231.8
231.8
231.7
231.7
231.6

231.6
231.5
231.5
231.4

I 231.4

5.1
5.2
5.3
54
5.5
5.6
5.7
5.8
5.9

6.1
6.2
6.3
6.4

6.5

ORP Interpolation Reference Table
Temperture~j ORP Temperture r-~ORP~ Temperture ORP TempertureT-o'RP Temperture!1 ORP

~ i ~ ~ I ~ ~ ~ ~ I ~ ~,~
0.0 237.0 6.6 : 231.4 13.2 228.1 _._ 19.7 I 223.2 26.3 219.0

_~. 2369 - 6 7 _L~l}~~. 13.3 228.0 19.8_. 223.2 26.4 'j-218.9
~.~ I 236.~_.68 ...~ ~2313 13.4 228.0 19.9 223.1 .. 26.5 218.8

0.3 I ... 2~~ __ ~_~ 31.2 134 1 228.0.20:0 1223;0 26.6 I 218.7
_ .... _Q,.:1: 23~ . ...'-_~~ 31.2 13,5 I 227.9 20.1 222.9 26.7 I 218.6

0.5 : 236 5 _L1~~_31~2 , 13 6 227.8_.32..:~.~2.9 26.8 t. 218.§~ ..
0.6 I 236.4 7.2 231.1 13.t1727.8 20.3 i 222.8 26.9~ 218.5
0.7 I 236.3 7.3 I' 231.1 13.8 227.7 20.4 222.827;012184
0.8 236.2 7.4 I 231.0 13.9 227.7 20.5 ,~,i222.7 27.1 . 218.3
0.9- 236.1 75 I 2310 >.14.0 27.6 20.6 I 222.6~.1.--J_218.2

""'·'.1.0. LCOO.U. 7.6 ! 231.0 14.1 227.5 20.7 i 222.6 27.3 i 218.2
1.1 235.9 7.7 1230.9 142 227.5 20.8 I 222.5 27.4 I 218.1

.. ~:;~_;;;:~;:--i~ i;;~:~._~;;:: ··.·;~:~>I:;;;~.. ;;~ : ;~~:~
1.4 . 235.6 ...··...·.·8.0 .• ,230.8 .• --fr~·--t-f27.3 21.1 I 222.3 27.7 2178-... I .

~ 15 I 2355. 8.1 : 230.8 14.6 I 22U 21.2 I 222.3 27.8 217.8
1---~ __ ~..J~21~4 8.2 H' 2~2..:~ _ ..l.~ 227.2 2U I 222.2 27.9217.7 ..

1.7 I 235.3 8.3 . 230.7 14.8 I 227.1 21.4 I 222.2 I,)R/'\217.6
1.8 4 235.2 8.4 I 230.6 14.9! 227.1- 21.5 I 222.1 28.1 i 2175

~~.'- i 235.1 85 i 230.6 '15,0"227.0 21.6 I 222.0 28.2! 217.4

:;.~:;;~i~ ,_..~:~--;~~- ~~:~:;;~:~;~:~.I;;~:~;~::: ;~;:~
2.2 .. i 234:8 8.8 230.5 15.3 226.8 21.9 221.9 28.5 I 217.2
2.3 . 234.7 8.9 230.4 15.4 i 226.7. 28.6 i 217.1
2.4 I 234.6:<>9.0 15.5 I 226.6 22.1 221.7 28.7~J~:9......

... 2.5' I 234.5 9.1 .. 230.4 15.6 I 226.5 22.2' 221.7 28.8 I 217.0
2.6 I 234.4 9.2 230.3 15.7 I 226.4 22.3 221.6 28.9 216.9
2.7 i 234.3 9.3 ! 230.3 15.8 I 226.4 22.4 221629,01216:8

2~8 ' 234.2 .._3..:i ...~..... _ 23JU .... 15.9 ... [,....226.3... 22.5 ~J 221.5 291 I 216.7
2. ,- 9,5 2302 ···-··"":"··16;O"·':'.:-":.l":':"·-22K2:--:. 22.6 I 221,4 29.2 216.6
3iO r 9.6 ,230.2 16.1! 226.1 .. 22.7 I 221.4 29.3' 216.6
3:1- I 233.9 9.7 I 230.1 16.2 I 2260 22.8 I 221.3 29.4 i 216.5

__ 3.2_ ..L 2~:3J3.... 9.8 • 230.1 D6.3 26.0 229 i 221.3 29.3 .... ' 216.6
_ 3.3 I 233.7 9.9 I ,~1 25.9 230 '221.2.. 29.4 216.5

3 4~ 10.0 i 230.0 165 .8 231 221.1 29.5 216.4
3.5 35 10 1 i 229.9 166 23.2 221.1 29.6 216.3
36 34 --1Q1...~1 2291 1Ji.L ..1_2256 ----..m 221.0 29.7 , 216.2

...-3-7- ....·..- 233 3 ~ 103 I 229.8 168 -r 225.6 23.4 ..- 221 cO 29.8 r 216.2
3.8 233.2 10.4' 229.8 16.9 225.5 23.5 i 220.9 _ 29.9 ....--...,...216.1
3.9 : 233.1 10.5 I 229.717.0\1225.4 23.6 '220.8 ... 30.0,21610<

»40 I 233:..Q.2' 10.6 229.6 17.1 225.3 23.7 I 220.8 30.1....J 215.9
4.1 232.9 107 i 229.6 17.2 225.2 23.8 220.7 30.2 I 215.9

--4:'2--' '232.8 10.8 229.5 17.3, 225.2 23.9 220.7 30.3 215.8
4.3 I 232.7 10.9 229.5 17.4 225.1124.0.220,6.. 30.4 i 215.8

::~ ;;~:~.....~~:~>~;~:~~;:~ I ;;~:~ ;::; ;;~:~ ;~:~: ;~~;
4.6 232.4 11..2 I 229.3 17.7 224.8 24.3 220.4 30.7 I 215.6
4.7 ! 232.3 11.3, 229.2 17.8 224.8 24.4 220.4 ~5.5
4.8 232.2 11.4 229.2 17.9 224.7 24.5 220.3 5.5
4.9 232.1 11.5 229.1 I. 24.6 2202 I

11.6 229.0 18.1 i 224.5 24.7 220.2 311 215.3
11.7 229.0 18.2 224.4 24.8 I 220.1 31.2 215.3
11.8 228.9 18.3 224.4 24.9 220.1 31.3 215.2
11.9 228.9 18.4 224.3 31.4 215.2

.......•..•.,. 18.5 224.2 25.1 219.9 31.5 215.1 ~0.5
12.1 228.7 18.6 I 224.1 25.2 219.8 31.6 215.0 ~0.4
12.2 228.7 18.7 I 224.0 ~19.8 31.7 215.0 38.3 I 210.4
12.3 228.6 18.8 I 224.0 19.7 31.8 214.9 38.4 I 210.3
12.4 228.6 18.9 223.9 2 19.6 31.9 214.9 38.5' 210.2
12.5 ! 228.5.19;0\'.22318< 2 . 219.532.0\'21408> 38.6 210.1
12.6 228.4 19.1 223.7 25.7 219.4 32.1 214.7~. I 210.0
12.7 I 228.4 19.2! 223.6 25.8 219.4 32.2 I 214.7 38.8 210.0
12.8 228.3 19.3 223.6 25.9 219.3 32.3 214.6 38.9 I 209.9
12.9 228.3 19.4! 223.5>21912 32.4 214.6>'39.0,1 209.8

19.5 I 223.4 26.1 219.1 32.5 214.5 39.1 I 209.7
19.6 ! 223.3 26.2 219.0 32.6 214.4 39.2 2096

1-.

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 interpolated fromGeotech Standard ORP measurements.

Prepared by; GREDELLEngineering Resources. 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 results
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.

1. 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).

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

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

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

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

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

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

8. 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
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If the above procedures do not work, refer to Troubleshooting section of instrument instruction
manual.

MeasurinQ 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 buffers 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 to ensure proper response.

Prepared by GREDELL Engineering
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ConductivitvlTemperature Calibration!
Operation Procedures

(Reference EPA Method 9050)

Calibration Procedures
Conductivity will be checked at a minimum of once 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. If 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 (0C).

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 umhos/cm (uS/em).

1. Immerse the temperature/conductivity sensor into the sample.

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

3. Sensors 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
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Oxidation Reduction Potential (ORP) Calibration!
Operation Procedures

(Reference YSI Environmental)

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

1. Select ORP.

2. Immerse the sensor into the calibration solution.

3. 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).

1. Select ORP.

2. Immerse the sensor into the sample.

3. 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 Sampling Log.

5. 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
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Turbidimeter Calibration!
Operation Procedures

(Reference HF Scientific)

The Turbidimeter allows 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 GAL button once.
The "CAL" block will be illuminated 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 (GAL 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 (GAL 2).

5. Repeat steps 2-4 for each calibration standard. When you calibrate on GAL 3
(turbidity free water), the instrument will automatically exit out of calibration returning
back to 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 ml 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 cuvette (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
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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
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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 Condo (Field) 100 P,G 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

Oxidation Reduction 1000 P,G None Det on Site
Potential

Turbidity 1000 P,G None Del. on Site

Inorganics, Non-Metallics

Fluoride 300 P,G HN03 to pH <2 28 1,2

Total Organic Carbon 100 Gb Cool, 4°C; HCI or 28 1
H2S04 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 P,G Cool,4"C 28 Days 1,2,4

Total Organic Halides 2000 G Cool, 4"C; HCI or 7 Days 4
(TOX) H 2 S0 4to pH <2

COD 50 P,G H2S04 to pH <2 28 Days 1

Metals

Total Recoverable 500 P,G HN03 to pH <2 6 Mos 1,2

Mercury 500 P,G HN03 to pH <2 28 Days 1,2

NOTES:
a. Plastic (P) or Glass (G). For metals, polyethylene with an all polypropylene cap is preferred.
b. Use Teflon© lined cap.
c. Silver requires an amber boUle

REFERENCES:
1. Methods for Chemical Analvsis of Water and Wastes, March, 1983, USEPA, 600/4-79-020 and additions

thereto.
2. Test Methods for EvaluatinQ Solid Waste, Phvsical/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, RequiredlRecommended Containers. Volumes. Preservatives, Holdinq Times. and Special

Samplinq 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 TaX TOC COD Broken or
Received TDS 500mL 500mL 125mL Amber 125mL Damaged

1,000mL -1 Total (pi -HN03) (gl -H2SO4) (gl -H2SO4) (pi - H2SO4) Bottles
(pi -none)
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H2S04:::: Sulfuric Acid
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Monitorin(.l Well Field Inspection

Facility: Ameren Missouri Labadie Enerqy Center Utility Waste Landfill
Monitoring Well 10:

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 Outer Casinq: Material =
Condition of Protective Casing: Good -- Damaged

Condition of Locking Cap: Good -- Damaged __

Condition of Lock: Good -- Damaged __

Cond ition 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 Purqinq/Samplinq Device: Type -

Condition: Good -- Damaged __ Missing

Remarks:

Field Certification
Signed Title Date
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Field Sampling Log

Facility: Ameren Missouri Labadie Energy Center UWL

Date: Monitoring Well 10:

Name (Field Sampler):

Gas Detected y N

PURGE INFORMATION:

Method of Well Purge: _

DatelTime Initiated:

Initial Water Level (feet):

GroundWater Elevation (NGVD):

Well Total Depth (feet)_: _

Casing Diameter (feet)_: _

PURGE DATA:

Dedicated?

One (1) Well Volume (ml):

Total Volume Purged (ml):

Well Purged To Dryness?

Water Level after Purge (feet):

Date/Time Completed:

Y / N

Y / N

Purge
Oxidation

Dissolved
Cumulative Temp Specific Conductivity Reduction Turbidity Water

Time Rate
Volume (ml) (0C) pH

(~S) Potential
Oxygen

(NTU) Level
Notes

(ml/min) (mV)
(mg/L)

Prepared by: GREDELL
Engjneering Resources, Inc.

Page 1 of 2



Field Sampling Log

Sampling Information: Date: Monitoring WeIlID:

Melhod of Sampling: low flow, peristaltic pump Dedicated: (0; N

Water Level @ Sampling, Feel:

Monitoring Event: Annual () Semi-Annual ( ) Quarterly (x) Monthly () Other ( )

S D tampllnq a a:

Oxidation
Dissolved

DatelTime
Sample Rate Temp

pH
Specific Conductivity Reduction

Oxygen
Turbidity

ml/min CC) (f-lS) Potential (mg/L) (NTU)
(mV)

Instrument Check Data:

pH Meter Serial #: 1* 4.0 std. '" 1* 7.0 std. '" 1* 10.0 std. 1*

Conduct. Meter Serial #: 1* standard = 1* f-lS reading 1*

Turbidity Meter Serial #: 1* standard = 1* NTU reading 1* NTU

* See instrument calibration log for daily calibration data.

General Information:

Weather Conditions @ time of sampling:

Sample Characteristics:

Sample Collection Order: Per SOP

Comments and Observations:

I certify that sampling procedures were in accordance with applicable EPA and State protocols.

Date: By: Title:

Prepared by GREDELL
Engineering Resources, Inc. page 2 of 2



Volume Tracking Log
Facility Name: Ameren Missouri Labadie Energy Center UWL

WelllD 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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Chain of Custody Record
Date: _ Page: __ of __

Plant Manager 314-992-8201 314-992-8204 Analysis Request Preservation
COIIltact Name P!:IIlI'leNurntll?r Fa:rN~f Code
Ameren Missouri Labadie Energy Center UWL

~ 1 =4"CCtlmpall')'Narre
2= !-lNO,Labadie Bottom Road lP .5

3lre!l'!~ "8 ~ 3"'HC!0
.?:!Labadie, MO 63055 ~ <3 4= H2S0~

CIty. S_. ZIp 0 - CI) 5=NaOH;:: 0 "-Labadie Power Plant Utility Waste Landfill ; ~
~

6'" Other.5
Pr<IIect Name 511eLo<:alIcn ~ .c ~II'l

SamplelD Date TIme Matrix Lab 10 l. ~ ::J /3 CommentsCoRected IX

Special Instructions f Comments (1) REIll1qul51leO By (2) Rellnq'*l1<!<lBy SOt"l'1ef11'II!l315:

(1) DaleI TIme (2) Dale I TIme Mo_ OofSbipau:oo!

(f)comP'!'llY (2) company HAND CAlUtY
USPS FEDX UPS

(1)RE_DBy ~2) Recet\'e<lBy CoC
~ B..esnm'lllItmg:h: (1) Da!>e I TIm •• (2}iJ<ole I TIme

Seal Intact?Circle: FM' Bma:il
Btwril~ (l)CDmpool' (2) Ctlmpany

Yes No
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Ameren Missouri LABADIE Energy Center
Groundwater Sampling and Analysis Plan

Selection of Statistical Procedure Based on Groundwater
Background Data

Collect 8 rounds
of samples

NO

Use intra-well
comparisons

YES

Use inter-well
comparisons

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
Engineering Resources, Inc.

December 2012



Atiaclunent 1: Prediction Infl!rval Test strategy

No

Yes

l,lpp!":r F,edltl1Ot'i UF·,~t
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SourCe: Missouri Department of Natural Resources Solid Waste Management Program DRAFT Technical
Burletrft"Statislical Analysis Plan GL1idance~.4/26/01.



Attachment2.": ControlChart&
NOU-Pttft1hUfmC Pi'edic(ioll Interval Test Strakgy
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"T)P!_', = F'rd( ,c,]

l~i1w--dlt.J11~)nLllYlt!1 P'~iL~

Verified SSI
Present?

~

Yes
,:'"hl;Jt

[t':fJ) ~..1 ~a~~J('H

Source', Missouri Department of Natural Resources Sofid Waste Management Program DRAFT Technical
Bulletin:"Statistical Analysis plan Guidance", 4/26/01



Appendix R

Closure and Post-Closure Plan



Ameren Missouri labadie Energy
Center

Closure and Post-Closure Plan for a
Proposed Utility Waste Landfill

Franklin County, Missouri

Ameren Missouri
Power Operation Services

3700 South Lindbergh Blvd.
St. Louis, Missouri 63127

December 2012

GREDELL Engineering Resources, Inc.
1505 East High Street

Jefferson City, Missouri 65101
Phone: (573) 659-9078
Fax: (573) 659-9079



Ameren Missouri labadie Energy Center
Closure and Post-Closure Plan
Proposed Utility Waste landfill

Franklin County, Missouri

December 2012

Table of Contents

1.0 Introd uction "" "" 1
2.0 Closure Plan "" 1

2.1 Closure Plan Sequencing 1
2.2 Closure Activities 2
2.3 Closure Cost Estimate 3

3.0 Post-Closure Plan 3
3.1 Post-Closure Timeframe 3
3.2 Post-Closure Activities 3
3.3 Post-Closure Cost Estimate "" .4
3.4 Record Keeping 5

4.0 Remedial Action 5
5.0 Financial Assurance Instrument 5

List of Appendices

Appendix 1

Appendix 2

Appendix 3

Appendix 4
Appendix 4A
Appendix 48
Appendix 4C
Appendix 4D
Appendix 4E
Appendix 4F

MDNR "Landfill Closure Guidance" Technical Bulletin, dated
6/2006
MDNR "Preparing Solid Waste Disposal Area Closure and Post-
Closure Plans" Technical Bulletin, dated 6/2006
Agreement for Easement, Notice and Covenant Running with
Land - Franklin County
Closure and Post-Closure Cost Worksheets
Total, All Four (4) Phases

Phase 1: 31.4 Acres
Phase 2: 35.2 Acres
Phase 3: 57.1 Acres
Phase 4: 42.8 Acres
MDNR "Table 1 - Cover Systems Construction and Repair
Costs," dated 11/2010



Closure and Post-Closure Plan
Proposed Utility Waste Landfill

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:

• Landfill Closure Guidance, 6/2006
• Preparing Solid Waste Disposal Area Closure and Post-Closure Plans, 6/2006

2.0 Closure Plan

2.1 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 Celli 31.4 ac Utility Waste Disposal

Phase 2 Cell 2 35.2 ac Utility Waste Disposal

Phase 3 Cell 3 57.1 ac 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 complete
work specified in the closure plan, to monitor 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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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)(8)2.8(1)&(11). 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 to 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 Franklin 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 structures. 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 Construction 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

2.) Stormwater Runoff Controls

Section 3.12, Landfill Final Cover

Section 4.9, Final Cover Material

Plan Sheets 10, 11, 12, 13, 14 and 15

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 trip
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.

2
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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.html).Asindicated 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
landfill.

Appendices 48 through 4E present the individual closure cost estimates for Phases 1, 2, 3, and
4. The individual phase cost estimates may be used to initially decrease the FAI 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

3
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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.o, post-closure financial assurance is not required for utility waste
landfills. However, Ameren Missouri has voluntarily agreed to provide a 20-year post-closure
FAI 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 66149, S1. Louis, Missouri, 63166, (314) 554-2388, regarding any questions 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 fife of
the landfill 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):

Phase 2 (35.2 acres):

Phase 3 (57.1 acres):

Phase 4 (42.8 acres):

Total Closure (166.5 acres):

Post-Closure:

$2,710,161

$3,038,142

$4,928,350

$3,694,105

$14,370,758

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

'"Ameren Missouri has voluntarily agreed to provide a 20-year post-closure
FAf 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 results of the annual review will be
submitted to the MDNR along with any recommendation for revising the amount required for
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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 FA!.

In accordance with Utility Waste Regulation 10 CSR 80-2.030(4)(0), a FAI 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



m
~ Missouri Department of Natural Resources

LandfiH Closure Guidance
Solid Waste Management Program technical bulletin 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.

Afl 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 Solid Waste Disposal
Area Closure and Post-Closure Plans or contact SWMP at (573) 751-5401.

1. Closure Schedule
A Notify 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 to SWMP within at least 30 days of the closure deadline and include
a proposed schedule for completing closure. Extensions will only be granted on a case-by-
case basis. However, the owner or operator must have made considerable efforts in
previously closing the landfill.

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 components of a final cover.

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

0-2487.
2. One foot of vegetative soil.
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8. Landfills With Composite Liners
1. One foot of compacted soil classified as CH, eL, ML, SC or MH as per ASTM

method 0-2487.
2. Geomembrane, equal to 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

underlying geomembrane.
4. Two feet of vegetative soil.

oRecycled Paper



Note: AI/ borrow area soil used for cover construction must be tested by a professional
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 (QAlQC) plan 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 unless approval is granted by the department.
8. 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 erosion 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 application of mulch must be utilized during the time vegetation is to be
established. Mulch is used to help prevent slope erosion, conserve soil 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 mulch.

B. The department 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 foot
evaluated by department personnel. The department reserves the right to determine whether
or not vegetation has been adequately established before closure is approved.
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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 landfill, vertical and horizontal limits of waste placement and any envlronmen
tal control systems at the landfilL (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. S, 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 landfill and the

length of time these systems and the landfill are to be maintained.
5. The location of an boundary markers and benchmarks located at the site.

Note: 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 plat sharr 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 part of closure must

1. Execute an easement with the department or its agents 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 notice and covenant shall
specify the following:

A. The property has been permitted as a sanitary landfill.
B. That use of the land 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 Land, which must be submitted upon completion of closure. This form should be
completed 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 SWMP
approval for final closure of the landfill and that closure funds be released.

A SWMP will conduct a final closure inspection to verify that alf 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
A Missouri Department of Natural Resources technical bulletin Guidance For Preparing

Solid Waste Disposal Area Closure and Post-Closure Plans.
B. U.S. Environmental Protection Agency report Standard Procedures For Planting Vegeta

lion On Completed Sanitary Landfills.
C. University of MIssouri Extension Services document How to Get A Good SoH Sample.
D. University of Missouri Extension Services document Using Your Soil Test Results.

For more information call or write:
Missouri Department of Natural Resources
Solid Waste Management Program
P.O. Box 176
Jefferson City, MO 65102-0176
1-800-361-4827 or (573) 751-5401 office
(573) 526-3902 fax
www.dnr.mo.gov/env/swmp Program Home Page
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1iJ!I' Missouri Department of Natural Resources

Preparing Solid Waste Disposal Area Closure
and Post-Closure Plans
Solid Waste Management Program Technical bulletin 6/2006

Introduction
The Missouri Department of Natural Resource's SoUd 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 importantly to provide a basis for calculating the amount of financial assurance
required for the faciUty. 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
Solid 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.

• Owners of active demolition landfills, utility waste landfills and special waste landfills are
required to provide closure plans.

e Owners of demolition landfills permitted after July 30, 1997, are also required to provide thirty-
year post-closure plans,

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

• Owners of inactive landfHls 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 plans: 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.
o 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.

o Does not apply to inactive facilities (those that have ceased accepting waste).

Cost estimates
• Applies to facilities permitted after the date of this technical bulletin.
o Currently active facilities, and facilities that are permitted but not yet constructed will be re-

qUired to revise their cost estimates with 1he next annual financial assurance update.
o Does not apply to inactive facilities.

aRecycled Paper
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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
systems. 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 plan, 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 only 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 landfills. 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 different 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 wjll 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 control (QNQC)
methods for these systems may not be clearly specified in the approved engineering design.
QAlQC 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 aspect 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.

Schedule
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, including Construction of gas and
surface water control systems. In 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-
closure 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 filted.

•• 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 also indicate the size of each phase.
•• The plan must indicate that Missouri Department of Natural Resources will be notified in

writing at least 180 days before the anticipated last receipt of waste in the landfill; 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
allow the department to grant extensions to these time 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 to allow the department to deter-
mine when various landfill components will be constructed.

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

•• If you have an approved OAfOe 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 OAf
QC plan in the closure plan is sufficient.

•• If you do not have an approved QAfQe plan, the closure plan must include a QAlQe plan for
the final cover system and any component that will be installed as a part of closure. The QAf
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 plans
According to the regulations, post-closure plans must address the maintenance and monitoring
activities required during the post-crosure period. However, most of the monitoring activities are
performed in accordance with approved surface water, groundwater, and gas monitoring plans.
There is no need to reiterate these monitoring plans in great detail in the post-closure plan. A
simple reference is adequate. The plan should focus mostly on maintenance activities.
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The post-closure plan must address the following:
D The plan must show that groundwater monitoring and gas monitoring will be done in accor~

dance with the approved monitoring plans and the terms and conditions of the permit.
D The plan must show that surtace water monitoring, if applicable, will be conducted in accor-
dance with the terms and conditions of any permlt(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 system, the gas control system, the gas monitoring system, the
surface water control system, 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 must be made available to the appropriate department staff
upon request.

Financial assurance and cost estimates
Current regulations require owners of sanitary, demolition, and utility waste landfills to provide a
closure Financial Assurance Instrument (FAI). Sanitary landfill owners are also required to
provide a post-closure FAI. FAls are necessary to ensure that the department has sufficient
funds to properly close and maintain the facility in the event the owner is unable to do so. The
closure FAr may be returned 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
post-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 receiving waste. For owners
of new facilities, a closure FAI is due prior to obtaining the initial construction permit, and a post-
closure FAI is due prior to obtaining the initial operating permit

If the operations are phased, the initial closure FA! 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
pDst-closure costs for the first phase, prus the inseparable post-closure costs fDr 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 common to the entire landfill, such as
annual inspections, gas monitoring, and groundwater monitoring. These inseparable activities
will be required for the entire landfill for the duration of the post-closure period whether or not
subsequent phases are developed. For subsequent phases of new facilities, both the closure
FAI and separable post-closure FAls are due when operatiDn of the phase is requested.

Existing facilities
Owners of existing facilities must have a closure and post-closure FAI 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 phase is requested.

Worksheet
In Drder to determine the amount of funding required for financial assurance, it is necessary to 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
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to determine the funding required for the department to maintain and mon!tor the facility for the
duration of the post-closure period.

To simplify the cost estimation process, the department has developed the attached 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. In
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 poorly
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 not. The department wHf likely hi re a consultant to
determine the most cost-effective method of closure. No one can anticipate all possible sce-
narios, nor is the FA! intended to provide funds for all possible scenarios. It is also difficult to
accurately estimate the costs for complicated systems such as landfill gas collection systems
even under ideal circumstances, much less during a premature closure scenario.

For this reason, the cost estimates are not intended to be extremely detailed or complicated.
They are intended as a simple 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 regulations and any special requirements imposed by the design engineer.
The most important thing is that estimates be reasonably accurate and include costs for all
major aspects of landfill 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 be attached to the worksheet.

Please note that this worksheet only applies to facilities with Subtitle 0 (composite) caps or
standard soil caps (two feet of compacted clay overlain with one foot of vegetative soil). Some
demolition landfills, 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 landfills 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 0 permit has superceded a previous permit, one
worksheet can be completed to account for all 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 permit
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
facility, as subsequent 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
• Gas collection or venting system
• 40 mil low density polyethylene membrane
• Geocomposite drainage net, if applicable
• Vegetative soil
• Surface water controls
• Vegetation
• Borrow area reclamation
• Professional services

Owners of Subtitle 0 facilities must provide an FAI for either an active gas extraction system or a
passive venting system. You must provide an FAI 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 install 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 0 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-Subtitle 0 facilities (with soil caps)
are not required to provide an FAI 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 to be necessary by the design engineer. Again, this will depend entirely on the phase
development and closure sequence discussed previously.

For example, assume that your landfill is large enough that you will eventually be required to
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, if
the landfill closes prematurely after only four phases are in place, the facility wilf 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
because they will be required regardless of whether the fifth phase is ever constructed. You
must at least vent Subtitle D landfills. You must use Form S, 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 calculate your
closure cost for this system, you must complete Form A, the Worksheet for Active
Gas Systems.
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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 sampHng and analysis
• Gas monitoring
• Leachate disposal
• Groundwater monitoring 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 to
provide post-dosure maintenance costs for the system once it is constructed. This is simply
because, once the system has been built, the department will have to maintain it

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 landfill is located. There-
fore, the unit costs in the worksheet are based primarily on R.S. Means publications because
they reffect average national 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 department
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 landfill 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
for closure and post-closure, we must make an assumption as to the availability of borrow soil.
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 FA!. 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 (subtitle 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 FAI 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 inflation, or if the cost estimate changes.

7



To illustrate 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 mitlion and your post-closure cost estimate is $3 million. 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 to increase the FAI annually tor intlation, 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 to update your FAI to match the new cost estimate.
From that point on, the FAI must be increased annually for inflation, but no changes to the cost
estimate will be necessary unless further design changes are approved.

It is important to note that using the worksheet to update a cost estimate will always result in an
estimate in year 2000 dollars. 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 at Commerce. The fPDs
change every quarter depending on the current rate of inflation. You must always use the most
recent IPO when updating a cost estimate or FA!. The most recent IPD can be obtained from the
SoUd Waste Management Program.

Forms Available Online
Closure and Post-Closure Cost Worksheet

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

Form 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 Costs

www.dnr.mo.gov/forms/780-1879.pdf

For more information call or write:
Missouri Department of Natural Resources
Solid Waste Management Program
P.O. Box 176
Jefferson City, MO 65102-0176
1-800-361-4827 or (573) 751-5401 office
(573) 526-3902 fax
www.dnr.mo.gov/env/swmp Program Home Page

8



Appendix 3

Agreement for Easement, Notice and
Covenant Running with land -

Franklin County



Missouri Department of Natural Resources
Solid Waste Management Program

AGREEMENTFOREASEMEN~
NOTICE AND COVENANT RUNNING WITH LAND

(Standard Form 4-11-96)

This Agreement made this DRAFT day of ' 20_,

between the Missouri Department of Natural Resources, hereinafter called Department and

Ameren Missouri, hereinafter called Owner, to satisfy the requirements of the Missouri Solid

Waste Management Law.

WITNESSETH.

Owner wishes to execute an Aqreement for Easement, Notice and Covenant Runninq

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 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.

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 to the Department, its

agents, contractors, successors and assigns an easement in the landfill described above,

together with an easement in the access property owned by landowner 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 landfilf 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.



MO DNR Easement Form
Page 4

IN WITNESS WHEREOF, the parties have hereunto set their hands the day and year

first above written.

OWNER:

Ameren Missouri

DEPARTMENT:

Missouri Department of Natural Resources

Name: Name: DRAFT

Title: Title: Director



MO DNR Easement Form
Page 5

Notary for Owner:

STATE OF MISSOURI )
) ss

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

, a Notary Public in and for the said state,

personally appeared DRAFT

Missouri Department of Natural Resources, known to 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: 166.5Acres



MISSOURI DEPARTMENT OF NATURAL RESOURCES
SOLID WASTE MANAGEMENT PROGRAM
CLOSURE AND POST-CLOSURE COST WORKSHEET TOTAL ACREAGE-ALL PHASES

Page 1 of4M07BO~1BB2 (01-12)
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DATE NAMEOF FACILITY PERMITNUMBER
1/10/13 Ameren Missouri Labadie Utility Waste Landfill

TOTAL PERMITTED ACREAGE TOTAL ACREAGEWITHWASTE IN PLACE TOTAL ACREAGEWITHOFFICIALCLOSUREAPPROVAL/INCLUDINGUNDEVELOPEDAREAS) /INCLUDINGOFFICIALLY CLOSEDAREAS)
SUBTITLE0 I;ON-SUBTITlE D SUBTITLE0 I;ON-SUBTITlE D SUBTITLED I~ON-SUBTITlE 0
166.5 0 0

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

acres for closure 166.5
acres for post-closure 0

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

Ameren Missouri Labadie Utility Waste Landfill (TOTAL ACREAGE)
3. What is the approved final cover system design?
fSl Subtille D: one foot of compacted clay overlain with a geomembrane, a drainage layer and two feet of vegetative soil.
D 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?
~ Yes 0 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 Y. 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
6. What is the approximate volume of soil remaining in the borrow area?
0 Clay (cubic yards)

537,200 VeQetative soil (cubic yards)
7. What is the approved gas control system design?
D Active extraction system 0 Passive venting system 151No gas control system
If you have an active extraction system, check the appropriate box.
Da. Required to control gas migration
Db. Required under NSPS
Dc. Required by other agency (city, county, etc.)
Dd. Specified only by design engineer
If you check box "d", is any part of the active gas system constructed at this time?
DYes DNo If yes, provide a general description of the portion(s) of the system installed.

Note: Ownersof Subtitle D facilities must providea closurefinancial assuranceinstrumentfor either an active extractionsystemor a passivevenling system. You must providea closure FAI for an
active systemonly when you are: 1) Requiredto install the systemby the departmentto control off-sitegas migration,or 2) Requiredto install the systemunder the FederalNewSourcePerformance
Standards,or NSPS,or 3) Requiredto install the systemby another regulatoryagency (city, county,etc.).
If you own a Subtitle 0 facilityand meet any of the conditions,complete FormA. If you own a Subtitle 0 facilityand do not meetany of these conditions,you are only requiredto providea closure
FAI for a passiveventingsystem. CompleteFormB if you own a non-Subtitle0 facility (witha soil cap), you are not requiredto providea closure FAI for a gas control systemat all unlessyou also
meet at leastone of the aboveconditions. If you have installedany portionof an active gas control system. youmust providepost-closuremaintenancefunds for the portionof the system
constructed. Do this by checkingthe appropriatebox on the post-closurecostworksheetand adding that amount to the total.



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

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

o 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?
o(gal/acre/day) 0 HELP model 0 Other (please explain.)

11. If any areas of Ihe landfill have been officially closed, lisl the following information.
Area consisting of acres received official closure years post-closure.

TOTAL ACREAGE-ALL PHASES

Area

Area

Area

Area

MO 780-1882101-12)

consisting of

consisting of

consisting of

consisting of

acres received official closure

acres received official closure

acres received official closure

acres received official closure

years post-closure.

years post-closure.

years post-closure.

years post-closure.

Page 20f4



TOTAL ACREAGE-ALL PHASES

Final Cover System

Subtitle D (Composite cover) 166.5

Non - Subtitle D (soil cover)

Gas Control System

acres x $ 72,910 per acre =
(From Table One)

acres x $ per acre =
(From Table One)

$ 12,139,515.00

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

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

$

$

0.00

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 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.

Total Closure Cost (sum of all lines) (2004 Dollars)

$

$

0.00

12,139,515.00

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

Tolal closure cost 2004 dollars $ 12,139,515.00
$ 14,370,757.86

x current Implicit Price Deflator * I*Please contact the Solid Waste Management Program. 573-526-5401, for the current IPD

MO 760-1692 (01-12)

IPO 2004 4th Qtr = 97.874; IPO 2012 3rd Qtr = 115.860
(115.860 - 97.874) 197.874 = 17.9860/97.874 = 0.1838
CURRENT IPO =1.1838
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TOTAL ACREAGE-ALL PHASES

Inseparable Annual Costs

Annuallandfil! inspection and reporting

Gas monitoring and reporting

Annual groundwater sampling and analysis cost.

Annual groundwater monitoring system maintenance and statistics cost.

o Leachate system maintenance $3,100
(Check if applicable and write this amount in the space provided.)

o Leachate testing $2,250
(Check if applicable and write this amount in the space provided.)

DActive gas extraction system maintenance and utilities $17,600
(Check if applicable and write this amount in the space provided,)

o Passive gas system maintenance $1,600
(Check if applicable and write this amount in the space provided.)

$ ~

$ ~
28 wells x 2,000 = $ 56,000,00

$ 13,700

$ 0.00

$ 0.00

$ 0.00

$ 0.00

o

Separable Annual Costs

Cap repair and maintenance

o Leachate treatment (check if applicable)

o Leachate hauling (check if applicable)

Annual Costs for Other Critical Design Features

o acres x 0

a

acres x a
(From Table One)

x (Cost per gallon) 0.00
(GalfAcrefYear)

acres x 0 x $0.05 =
(GaI/AcrefYear)

$ 0.00

$ 0.00

$ 0.00

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

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

Adjust for Inflation
Adjust Amount for 2004 dollars to present value

$ 0.00

Annual closure cost 2004 Dollars $ x current Implicit Price Defiator*1' Please contact the Solid Wasle Management Program, 573-526-5401, for the current IPD = $

Sum of all annual post - closure costs $ 82,510.86
(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~ears 20 $ 1,650,217.20

MO 780·1882 (01·12) Page 40!4



Appendix 48

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



MISSOURI DEPARTMENT OF NATURAL RESOURCES
SOLID WASTE MANAGEMENT PROGRAM

CLOSURE AND POST-CLOSURE COST WORKSHEET
Phase 1

Pagelof4MO 780~1882 (01-12)
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DATE NAME OF FACILITY PERMIT NUMBER
1/10/13 Ameren Missouri Labadie Utility Waste Landfill

TOTAL PERMITTED ACREAGE TOTAL ACREAGE WITH WASTE IN PLACE
TOTAL ACREAGE WITH OFFICIAL CLOSURE APPROVAL(INCLUDING UNDEVELOPED AREAS) (INCLUDING OFFICIALLY CLOSED AREAS)

SUBTITLE 0 I;ON-SUBTITLE 0 SUBTITLE 0 1;ON-SUBTITLE 0 SUBTITLE 0 I;ON-SUBTITLE 0
166.5 0 0

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

acres for closure
31.4

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?
I5l Subtitle D: one foot of compacted clay overlain with a geomembrane, a drainage layer and two feet of vegetative soil.o 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. l
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?
I5l Yes 0 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 Yomile 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
6. What is the approximate volume of soil remaining in the borrow area?
0 Clay (cubic yards)

537,200 VeQetative soil (cubic yards)
7. What is the approved gas control system design?o Active extraction system 0 Passive venting system IS!No gas control system
If you have an active extraction system, check the appropriate box.
Oa. Required to control gas migration
Db. Required under NSPS
DC. Required by other agency (city, county, etc.)
Od. Specified only by design engineer
If you check box ud", is any part of the active gas system constructed at this time?
DYes DNa If yes, provide a general description of the portion(s) of the system installed.

Note: Owners of Subtitle 0 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 to install the system by another regulatory agency (city, county, etc.).
If you own a Subtitle 0 facility and meet any of the conditions, complete Form A If you own a Subtitle 0 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-Subtitle 0 facility (with a soil cap), you are not required to provide a closure FAI for a gas control system at all unless you also
meet at least one of the above conditions. If you have installed any portion 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 appropriate box on the post-closure cost worksheet and adding that amount to the total.



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

9. List the primary and secondary wastewater treatment plants used for leachate disposal, and the cost of disposal.
(Primary plant) $ 0.0 per gallon (Secondary Plant) $ per gallon.o 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?
(gal/acre/day) 0 HELP model 0 Other (please explain.)

11. If any areas of the landfill have been officially closed, list the following information.
Area consisting of acres received official closure years post-closure.

Phase 1

Area

Area

Area

Area

MO780·j882 (01-12)

consisting of

consisting of

consisting of

consisting of

acres received official closure

acres received official closure

acres received official closure

acres received official closure

years post-closure.

years post-closure.

years post-closure.

years post-closure.
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Phase 1

Final Cover System

Subtitle D (Composite cover) 31.4

Non - Subtitle D (soil cover)

Gas Control System

acres x $ 72,910 per acre =
(From Table One)

acres x $ per acre =
(From Table One)

$ 2,289,374.00

$ 0.00

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

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

$

$

0,00

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 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.

Total Closure Cost (sum of all lines) (2004 Dollars)

$

$

0.00

2,289,374.00

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

Total closure cost 2004 dollars $ 2,289,374.00
$ 2,710,160.94

x current Implicit Price Deflator' /*Please contact the Solid Waste Management Program, 573-526-5401, for the current IPD

MO 780·1882 (01-12)

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

Page 3 of4



Phase 1

Inseparable Annual Costs

Annual landfill inspection and reporting

Gas monitoring and reporting

Annual groundwater sampling and analysis cost.

Annual groundwater monitoring system maintenance and statistics cost.

o Leachate system maintenance $3,100
(Check ifapplicable and write this amount in the space provided.)

o Leachate testing $2,250
(Check if applicable and write this amount in the space provided.)

DActive gas extraction system maintenance and utilities $17,600
(Check if applicable and write this amount in the space provided.)

o Passive gas system maintenance $1,600
(Check if applicable and write this amount in the space provided.)

$ -1,W.O

$ ~
28 wells x 2,000 = $ 56,000.00

$ 13,700

$ 0.00

$ 0.00

$ 0.00

$ 0.00

o

Separable Annual Costs

Cap repair and maintenance

o Leachate treatment (check if applicable)

o Leachate hauling (check if applicable)

Annual Costs for Other Critical Design Features

o acres x 0

o

aacres x
(From Table One)

x (Cost per gallon) O.00 =
(Gall AcrefY ear)

acres x 0 x $0.05 =
(GallAcreNear)

$ 0.00

$ 0.00

$ 0.00

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

Total Annual Post- Closure Cost (2004 Dollars) $69,700

Adjust for Inflation
Adjust Amount for 2004 dollars to present value

$ 0.00

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 $ 82,510.86
(Reduction. On the sixth anniversary of receiving official closure, a facility can reduce the post-closure FAl by one year's worth of fund.)
Total Post-Closure Cost
Annual post-closure costs x~ years20 $ 1,650,217.20

MO 780-1882 (01-12) Page4 af4



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

TOTAL ACREAGE WITH OFFICIAL CLOSURE APPROVAL

;UBTITLE D I;ON-SUBTITLE D

DATE NAME OF FACILITY PERMIT NUMBER

1/10/13 Ameren Missouri Labadie Utility Waste Landfill
TOTAL PERMITTED ACREAGE TOTAL ACREAGE WITH WASTE IN PLACE

{INCLUDING UNDEVELOPED AREASl {INCLUDING OFFICIALLY CLOSED AREASl

1S~~~~TLE D I;ON-SUBTITLE D ;UBTlTLE D 1;ON-SUBTITLE D

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

35.2 0
acres for closure acres for cost-closure

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

Ameren Missouri Labadie Utility Waste Landfill (PHASE 2)
3. What is the approved flnal cover system design?
ISl Subtitle D: one foot of compacted clay overlain with a geomembrane, a drainage layer and two feet of vegetative soil.o Standard soil cover: two feet of compacted clay overlain with one foot of vegetative soil.
(If vour facilitv 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?
ISl Yes 0 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 Yzmile 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

6,
o

miles
What is the approximate volume of soil remaining in the borrow area?

Clay (cubic yards)

537,200 Veaetative soil (cubic yards)
7, What is the approved gas control system design?o Active extraction system 0 Passive venting system ISlNo gas control system
If you have an active extraction system, check the appropriate box,
Oa. Required to control gas migration
Ob. Required under NSPS
Dc. Required by other agency (city, county, etc.)
Dd. Specified only by design engineer
If you check box "d", is any part of the active gas system constructed atthis time?
DYes DNa If yes, provide a general description of the portiones) 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 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 Form A If you own a Subtitle 0 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-Subtitle D facil!ly (with a soil cap), you are not required to provide a closure FAI for a gas control system at all unless you also
meet at least one of the above conditions. If you have installed any portion of an active gas control system, you must provide post-closure maintenance funds for the portion of the system
constructed. 00 this by checking the appropriate box on the post-closure cost worksheet and adding that amount to the total.

MO 780-1862 (01-12) P~ge 1 014



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

g. List the primary and secondary wastewater treatment plants used for leachate disposal, and the cost of disposal.
(Primary plant) $ 0.00 per gallon (Secondary Plant) $ per gallon.

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

10. What is the estimated post·c1osure leachate generation rate and how was it derived?
o (gal/acre/day) 0 HELP model 0 Other (please explain.)

11. If any areas of the landfill have been officially closed, list the fallowing information.
Area consisting of acres received official closure years post-closure.

PHASE 2

Area

Area

Area

Area

MO 780-1882 (01-12)

consisting of

consisting of

consisting of

consisting of

acres received official closure

acres received official closure

acres received official closure

acres received official closure

years post·c1osure.

years post·closure.

years post-closure.

years post·c1osure.

Page 2 of 4



PHASE 2

Final Cover System

Subtitle 0 (Composite cover) 35.2

Non - Subtitle 0 (soil cover)

Gas Control System

acres x $ 72910 per acre =
(From Table One)

acres x $ per acre =
(From Table One)

$ 2,566,432.00

$ 0.00

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

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

$

$

0.00

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 0 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 lolal cost for construction of other critical design features. Attach separate sheet(s) for cost calculations.

Total Closure Cost (sum of all lines) (2004 Dollars)

$

$

0.00

2,566,432.00

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

Total closure cost 2004 dollars $ 2,566,432.00
$ 3,038,142.20

x current Implicit Price Deflator * I"Please contact the Solid Waste Management Program, 573-526-5401, for the current IPD

IPO 2004 4th Qtr = 97.874; IPO 2012 3rd Qtr = 115.860

(115.860 - 97.874) divided by 97.874 = 17.9860 divided by 97.874 = 0.1838 (Current IPO = 1.1838)

MD 780-1862 (01·12) P~gc 3 of 4



PHASE 2

Annual landfill inspection and reporting

Gas monitoring and reporting

Annual groundwater sampling and analysis cost.

Annual groundwater monitoring system maintenance and statistics cost.

o Leachate system maintenance $3,100
(Check if applicable and write this amount in the space provided.)

D Leachate testing $2,250
(Check if applicable and write this amount in the space provided.)

DActive gas extraction system maintenance and utilities $17,600
(Check if applicable and write this amount in the space provided.)

o Passive gas system maintenance $1,600
(Check if applicable and write this amount in the space provided.)

$ ~

$ ~
a wells x 2,000 ;:;; $ 0.00

$ 13,T66

$ 0.00

$ 0.00

$ 0.00

$ 0.00

a

Separable Annual Costs

Cap repair and maintenance

o Leachate treatment (check if applicable)

D Leachate hauling (check if applicable)

Annual Costs for Other Critical Design Features

a acres x a

a

aacres x '"
(From Table One)

x (Cost per gallon) O.00
(Gal/AcrelYear)

acres x a x $0.05 ;:;;
(Gal/AcrelYear)

$ 0.00

$ 0.00

$ 0.00

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

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

Adjust for Inflation
Adjust Amount for 2004 dollars to present value

$ 0.00

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 $ 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 xX\)) years 20 $ 0.00

MO 7S0-1882 {01-12}
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Appendix 40

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



MISSOURI DEPARTMENT OF NATURAL RESOURCES
SOLID WASTE MANAGEMENT PROGRAM

CLOSURE AND POST-CLOSURE COST WORKSHEET
PHASE 3

Pags 1 of 4
MO 780-1882 (01-12)

;II-iI§'Wg~~§f1r;,~I{I§'gN~~'i~r;;Ql)!~I:!P!itg~i;f1g§'i;'fA§I~II!i;§'IflAtA§,Gl:!e'tWA§Ii;(Agti;f{~A~lj;'?QM"gtfl,.r;;.~§:MAXiQ§r;;'Tflr;;{Wgf{~§Hr;;r;;II~II-i·r;;X,¢HClQ$E,·.·'·.·••i •."."·'··'·'·,...
DATE NAME OF FACILITY PERMIT NUMBER
1/10/13 Ameren Missouri Labadie Utility Waste Landfill

TOTAL PERMITTED ACREAGE TOTAL ACREAGE WITH WASTE IN PLACE
TOTAL ACREAGE WITH OFFICIAL CLOSURE APPROVAL(INCLUDING UNDEVELOPED AREASl (INCLUDING OFFICIALLY CLOSED AREAS)

SUBTITLE D I;ON-SUBTITLE 0 SUBTITLE D I;ON-SUBTITLE 0 SUBTITLE D I~ON-SUBTITLE D
166.5 0 0

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

acres for closure
57.1

acres for post-closure
0

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 D: one foot of compacted clay overlain with a geomembrane, a drainage layer and two feet of vegetative soil.
D Standard soil cover: two feet of compacted clay overlain with one foot of vegetative soil.
~f vour facilitv 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?
~ Yes D 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 Y:zmile 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

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

537,200 VeQetative soil (cubic vards)
7. What is the approved gas control system design?
D Active extraction system D Passive venting system E;INo gas control system
If you have an active extraction system, check the appropriate box.
Da. Required to control gas migration
Db. Required under NSPS
Dc. Required by other agency (city, county, etc.)
Dd. Specified only by design engineer
If you check box "d", is any part of the active gas system constructed at this time?
DYes DNo If yes, provide a general description of the portiones) of the system installed.

Note: Owners of Subtitle 0 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 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 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
FAI 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 control system at all unless you also
meet at least one of the above conditions. If you have installed any portion 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 appropriate box on the post-closure cost worksheet and adding that amount to the total.



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

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

o Check if the facility discharges direclly 10a wastewater treatment plant

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

11. If any areas of the landfill have been officially closed, list the following information.
Area consisting of acres received official closure years post-closure.

PHASE 3

Area

Area

Area

Area

MO 7BO·1682 (01-12}

consisting of

consisting of

consisting of

consisting of

acres received official closure

acres received official closure

acres received official closure

acres received official closure

years post-closure.

years post-closure.

years post-closure.

years post-closure.



PHASE 3

Final Cover System

Subtitle D (Composite cover) 57.1

Non - Subtitle D (soil cover)

Gas Control System

acres x $ 72910. per acre =
(From Table One)

acres x $ per acre =
(From Table One)

$ 4,163,161.00

$ 0.00

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

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

$

$

0.00

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 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.

Total Closure Cost (sum of all lines) (2004 Dollars)

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

$

$

0.00

4,163,161.00

Total closure cost 2004 dollars $ 4,163,161.00
$ 4,928,349.99

x current Implicit Price Deflator· /*Please contact the Solid Waste Management Program, 573-526-5401, for the currenllPD

MO 780·1882 (01-121

IPO 2004 4th Qtr = 97.874; IPO 2012 3rd Qtr = 115.860
(115.860 - 97.874) /97.874 =17.9860 divided by 97.874 =0.1838
(CURRENT IPO =1.1838)
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Inseparable Annual Costs

Annual landfill inspection and reporting

Gas monitoring and reporting

Annual groundwater sampling and analysis cost.

Annual groundwater monitoring system maintenance and statistics cost.

o Leachate system maintenance $3,100
(Check if applicable and write this amount in the space provided.)

o Leachate testing $2,250
(Check if applicable and write this amount in the space provided.)

DActive gas extraction system maintenance and utilities $17,600
(Check ifapplicable and write this amount in the space provided.)

o Passive gas system maintenance $1,600
(Check if applicable and write this amount in the space provided.)

$ ~

$ -+,o+ee-

0 wells x 2,000 '" $ 0.00

$ 13,788

$ 0.00

$ 0.00

$ 0.00

$ 0.00

PHASE 3

a

Separable Ann ual Costs

Cap repair and maintenance

o Leachate treatment (check if applicable)

o Leachate hauling (check if applicable)

Annual Costs for Other Critical Design Features

o acres x 0

a

oacres x ;;;;
(From Table One)

x (Cost per gallon) 0.00 ;;;;
(GaI/AcrelYear)

acres x 0 x $0.05;;;;
(GaI/AcrelYear)

$ 0.00

$ 0.00

$ 0.00

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)

Adjust for Inflation
Adjust Amount for 2004 dollars to present value

$0.00

Annual closure cost 2004 Dollars $ x current Implicit Price Defiator*/' Please contact the Solid Waste Management Program, 573-526-5401, for the current IPD;;;; $

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 xXOWears 20 $ 0.00

MO 780-1882 (01-12) Page 4 of 4



Appendix 4E

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



MISSOURI DEPARTMENT OF NATURAL RESOURCES
SOLID WASTE MANAGEMENT PROGRAM

CLOSURE AND POST-CLOSURE COST WORKSHEET PHASE 4

Page 1 of 4MO 780-1882 {01-12}

IHI§!gBK§H~~!~§,Q~gY:,~~Q9i'f~~P:FQR'!tHg§gLf~t?i'~IIlg§IHI(lT"4r.::(::ge1)!A§tgAFI~~••'~A,f.:J;J,L?9Q4;QTH$~§t~AY'!.!§$,TH$WqRR§tlr:gm1FTH$Yc:Hgq$$iLL.··.·,·,;""·'·······,··
DATE NAME OF FACILITY PERMIT NUMBER
1/10/13 Ameren Missouri Labadie Utility Waste Landfill

TOTAL PERMITTED ACREAGE TOTAL ACREAGE WITH WASTE IN PLACE
TOTAL ACREAGE WITH OFFICIAL CLOSURE APPROVAL(INCLUDING UNDEVELOPED AREAS) /INCLUDING OFFICIALLY CLOSED AREAS)

SUBTITLE D I;ON-SUBTITLE D SUBTITLE D I;ON-SUBTITLE D SUBTITLE D I~ON-SUBTITLE D
166.5 0 0

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

acres for closure
42,8

acres for post-closure
a

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

Ameren Missouri Labadie Utility Waste Landfill (PHASE 4)
3. What is the approved final cover system design?
ISJSubtitle D: one foot of compacted clay overlain with a geomembrane, a drainage layer and two feet of vegetative soil.
D 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?
ISJYes D 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 Y..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
6, What is 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?
D Active extraction system D Passive venting system ISJNo gas control system
If you have an active extraction system, check the appropriate box.
Da. Required to control gas migration
Db. Required under NSPS
Dc. Required by other agency (city, county, etc.)
Dd. Specified only by design engineer
If you check box "d", is any part of the active gas system constructed at this time?
DYes DNa If yes, provide a general description of the portiones) 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 to install the system by another regulatory agency (city, county, etc.).
If you own a Subtitle 0 facllity and meet any of the conditions, complete Form A. If you own a Subtitle 0 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-Subtitle D facility (with a soil cap), you are not required to provide a closure FA! for a gas control system at all unless you also
meet at least one of the above conditions, !f you have installed any portion 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 appropriate box on the post-closure cost workSheet and adding that amount to the total.



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

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

o 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?
o (gal/acre/day) 0 HELP model 0 Other (please explain.)

11. If any areas of the landfill have been officially closed, list the following information.
Area consisting of acres received official closure years post-closure.

PHASE 4

Area

Area

Area

Area

consisting of

consisting of

consisting of

consisting of

acres received official closure

acres received official closure

acres received official closure

acres received official closure

years post-closure.

years post-closure.

years post-closure.

years post-closure.

Page 2 of 4



PHASE 4

Final Cover System

Subtitle 0 (Composite cover) 42.8

Non - Subtitle 0 (soil cover)

Gas Control System

acres x $ 72,910. per acre =:

(From Table One)

acres x $ per acre =:

(From Table One)

$ 3,120,548.00

$ 0.00

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

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

$

$

0.00

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 0 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.

Total Closure Cost (sum of all lines) (2004 Dollars)

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

$

$

0.00

3,120,548.00

Total closure cost 2004 dollars $ 3,120,548.00
$ 3,694,104.72

x current Implicit Price Deflator' "Please contact the Solid Waste Management Program, 573-526-5401, for the current IPD

MO 7BO.1BS2(01.12)

IPO 2004 4th Qtr =97.874; IPO 2012 3rd Qtr =115.860
(115.860 - 97.874) 197.874 = 17.9860 divided by 97.874 = 0.1838
CURRENT IPO = 1.1838

P.ge3014



PHASE 4

Inseparable Annual Costs

Annual landfill inspection and reporting

Gas monitoring and reporting

Annual groundwater sampling and analysis cost.

Annual groundwater monitoring system maintenance and statistics cost.

D Leachate system maintenance $3,100
(Check if applicable and write this amount in the space provided.)

D Leachate testing $2,250
(Check if applicable and write this amount in the space provided.)

DActive gas extraction system maintenance and utilities $17,600
(Check if applicable and write this amount in the space provided.)

D Passive gas system maintenance $1,600
(Check if applicable and write this amount in the space provided.)

$ ~

$ 1,~e8

0 wells x 2,000 = $

$ 1O,788

$ 0.00

$ 0.00

$ 0.00

$ 0.00

Separable Annual Costs

$ 0.00

$ 0.00

$ 0,00=acres xO

(From Table One)

x (Cost per gallon) 0.00 =
(Gal/AcreN ear)

acres x a x $0.05 =
(GaI/AcreNear)

a

o

acres x 0a

Annual Costs for Other Critical Design Features

D Leachate treatment (check if applicable)

D Leachate hauling (check if applicable)

Cap repair and maintenance

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

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

$ 0.00

Adjust for Inflation
Adjust Amount for 2004 dollars to present value

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

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)S~years 20 $ 0.00

MO 780-1882 (Ot~121 Page 4 of 4



Appendix 4F

MDNR "Table 1 - Cover Systems Construction
And Repair Costs," dated 11/2010



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

65

----------

CAP REPAIRI MAINTENANCE

43

-..-------------- -- --.-- ..--------,.---------.---.------------------
SUBTITLE D COVER STANDARD SOIL COVER

1 2HAUL
DISTANCE
(Miles) Eas-ement---------NOEasement---+-------EasemenC------+---No Easemen-t -;-- Easement---~ No eas-ement

$525

............... -----.---- ..--- -., ..- ,.---- -.--.--- ..- ------.----- ;, ----.- --.,.-."' -.--.---.---.-,- ..-- -- -..- .- --..--..--.-------........ -------------,-----

---iJo- 1/2 -+ $72,910 $38,300 ' $256 '
1.--------... ~~$7~,910~~_=_~-__=~~~~_~=~,~=~_--= ~~_~_-_$40,30~~[=~~~_~__~__~~~,~~~f____ ·-----$265--;--------------------
1.5 $76_000: $41,390 ' $269 ---

----2------------ --$78,200' ,$43,590; - - --- ------ ---~- ·------$2-78-----

~--~---.- --..-----$79,~~~===____=_---.- -----$44,480 i~=~~~---··-···· -$281-~ ---

'---~-_--__~------- $81,140 _.___ __, $46,530L .. $!9.Cfr ----------
3_5 $82,190 '$47,570 ! $294 :

------- 4·· --, - - ---- $83,730---- --$49~120 -..---_~~??I,
____ 4~~ J-------$87:noT- $53:110 $316 ;

5 i $91,710 ' $57,100 $332 _
-------6 -$9-3-,5-50-:---------------------- $58,940 - -1$340'

---------7 $95,400T-----$60, 780- $347 1
... L__ ._....... . .__L._........ ... _...................•............... __ .

8 $97,240 i $62,630 1$3551
, 9" $99,090· i $64,470 1$362 j

- _. __._. _.1·--------1-0---- .. $10-6)30T-------- $136:290--- ---- $66,320 r-------- -$9::f46o-- $370 !

-----1"1""---- $102,580 ,---- --·--------$67,960 T $376
.... ._ .._ .._.. _ _ __.__..__ _ .1 ._ __ _..... . , ..

12 $104,170 • I $69,560 $383
- . ._ ---.1 1--------.-

13 $105,820-1--- $71,200 $390 I
................. - - - - -----.---.------ ..,-.--- ---- ------.------.- ..--- .. -.-.- - - - - - --

14 $107,410 $72,800 $396 i
15$1 09,010 ...-- -~--- .----$74,395:- .. .-- $402;

16-~- $1~O:~5~]-------=-=-- 1=~ $7_6,_04_0L_---------$4091
! ·-1T------- $112,300 1 $77,680 1$416·

I ..18 $Tf3}390-r-------------------- $79,280 i--- .......----- ·······························$422r···
19-T--- ..-$115;540·· ..$80,9201,-------- ········-$-429--- ----

!
20 _ !=--= $117,130 $82,520_r~=-~__==-~$435-T-

All costs are per acre costs_

Round trip distances should be to the nearest y" mile when less than five miles_ For distances greater than five miles, round trip
distances should be to 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 department, the round trip haul distance is assumed to
be 10 miles_ Enter the correct figure in the Closure Post-Closure Cost Worksheet.

MO 780-1879 (11-10)
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Ameren Missouri Labadie Energy Center

Utility Waste Landfill and Emergency Contacts

December 2012

Utility Waste Landfill 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 5lh St., Washington, Missouri

Labadie Fire Department - (emergency)
(no n-em ergency)

Paul R Pike
Environmental Science Executive
Ameren Services
One Ameren Plaza
1901 Chouteau Avenue
P.O. Box 66149, Me 602
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

9-1-1
(314) 340-4000

9-1-1
9-1-1
(636) 239-8000

9-1-1
(636) 742-2515

Franklin County Sheriff's Department - (emergency) 9-1-1
(non-emergency) (636) 583-2560

Franklin County Department of Health (636) 583-7300
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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** Cell 1: D
Bottom Ash: TPD Cy Cell 2: D
FGD Material: TPD Cy Cel! 3: D

Total CCP: TPD CY Cell 4: D
* TPD ::::Tons Per Day **CY ::::Cubic Yards

Maior Operational Problems, Complaints, or Difficulties:

Corrective Measures or Corrective Actions:

Dust Control Efforts:

Comments:

Landfill Manager or Designated Staff
(signature)



Well ID:

Monthly
Monitoring Well Field Inspection

Date:

Access:
Accessibility: Good Fair __ Poor

Well clear of weeds and/or debris?:

Well identification clearly visible?:

Remarks:

Yes

Yes

No

No

Concrete Pad:
Condition of Concrete Pad:

Depressions or standing water around well?:

Remarks:

Good

Yes __

Inadequate __

No

Protective Outer Casin~r Material =
Condition of Protective Casing:

Condition of Locking Cap:

Condition of Lock:

Condition of Weep Hole:

Remarks:

Well Riser: Material =
Condition of Riser:

Condition of Riser Cap:

Measurement Reference Point:

Remarks:

Dedicated PurQinq/SampJinq Device: Type -

Good __

Good

Good

Good

Good

Good

Yes

Damaged __

Damaged __

Damaged __

Damaged __

Damaged __

Damaged __

No

Condition:

Remarks:

Field Certjfication~

Good

Signed

Damaged __

Title

Missing

Date
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March 29, 2013

LETTER FROM CHIEF FINANCIAL OFFICER

CERTIFIED MAIL: 700231500001 23549891

DIRECTOR
Missouri Department of Natural Resources
P. O. Box 176
Jefferson City, Missouri 65102

Dear Sir or Madam:

I am the chief financial officer of Union Electric
66149, St. Louis, Missouri, 63166-6149. This
financial assurance, as specified in 10 CSR
("SWMR") .

Solid Waste Operating Permit NumbeG20Q5~ 121-LS
Sioux Power Plant Utility Waste Land.fill· .
Sioux Plant, Union Electric Company
8501 N. State Route 94, P.O.I?()x98
West Alton, MO 63386

,.,-,',---"'-'-- -'-:-.,-,-,.

"·"·::i-:-:':;-':,·':::-,.:'·:::.,-._ .. :.-::.::-:'::::;:.._:_::::.:::.::'.... :..,-.:-:':.:::.. ::,: .. -::.'.

Closure Cost Estimate;201?gollars·$1s,()40,071 .
Post-Closure Care: < 2012 dollars $ ·951,91 0

... :.. ,,:.,:.:.,:,,:.,:,.-",":-:-," .... -,.--., --:'-::-:::"':"':':'::'":::'-.'_:_:.:'::':._.-.. '··--::i_:.:::,:'::.::,.:_":"': ....

":.:'_':-'."',".-.--.-:.":::.: ...".:.:'-'--.'-.:::':.,-.: ..

Solid Waste OperEiting Permit Number; pending
Labadie EnergyC~nter Utility Wastetandfill}
Labadie Energy Center,Union Electric§(Jmpany
226 Labadie Power PlantRd., Labadie,MO 63055

<:."-':.',-:. .:.::-":'-.::'-::.
.. '.,:."-.::'::':: ..,. ,._:.=,-:":,,.:,:::,--.,.

Closure Cost Estimate: 2012.d()llars$2,71 0,161
Post-Closure Care: 2012 dc;llars$1 ,650,217

1901 Chouteau Avenue, P. O. Box
of the financial test to demonstrate
Solid Waste Management Rules



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)(0)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:

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

labadie Energy Center Utility Waste landfill
labadie Energy Center, Union Electric Company
226 labadie Power Plant Rd., labadie, MO 63055

2012 dollars $13,040,071
2012 dollars $ 951,910

Closure Cost Estimate:
Post-Closure Care:

Closure Cost Estimate:
Post-Closure Care:

2012 dollars $ 2,71 0,1f31> .
2012 dollars $ 1,650,217

.:",.',' -",'.,

., -- .,'-',':.
'.:"--."'. .-'-',". - ,'.. -', ,'.

'.._-._ .... - -'-"'-.-:"-"-.-.,' .' , .._-:.

2. This firm guarantees, through a corporate guarantee pursuantfo that specified in 1 CSR 80-
2.030(4)(0)6. of the SWMR, the closur~care, post-clbsurecare of the following solid waste disposal
area(s) located in the state of MjssouriO'«D~d or operatedpysubsidiaries of this firm. The current cost
estimate for the closure care and/or po§t:-clo§urecare so guaranteed are shown for each disposal
area(s): NONE . .

".... " ....,-,"-,',".'-. -.,.-.::.--'-.',.-:.... '---.', .. ,'-,"

3. This firm is the owner/operator or guarantor6t thefgllOwirig§oli9waste disposal areas for which
financial assurance for c:losureEtnd/or post-c:I0sLlr~care is demonstrated through a financial test similar
to that specified in 1Oc;$HSO·2.03P(4)(0)6. of the SWMR. The current cost estimates for the closure
and/or post-closure care covered bYithe test arei~hown for each disposal area: NONE

."-'-:":,_.-:':::,:.-.,:: .. -,-,.:.:::,:,:-,.':--' .•.- ->:,-;': .. :.::- .. "".

, 4. This firm is the owner/oPl?ratorofthefollgwiD9 solipwaste disposal areas for which financial assurance
for closurecw.9!9rpost-closurEliqare is delTloll§trated to a state through a financial test or other financial
assurancejnstru.mE;lnts distir}Ctfrom those specified in 10 CSR 80-2.030(4)(0)6. of the SWMR. The
current closure and/6rp()st-d6~ure care cost estimates covered by such financial assurance are shown
foreCichdisposal area:> NONE .' ' .

·,0 •• ""-,'.-:.,-, .'::_ .. : •..•.••• _'.... ",',",

._:_::."'.". .':.-::::::.:<:'.,- "::,'-:-,':,
.:.--,':."-,.:":-, "-"':'_: • ."'0" .-_.

This firmiScrequired to file;:lForm 10kwith the Securities and Exchange Commission (SEC) for the
latest fiscal}i;ear. ..

. --'-,-'-" -".'.
·'.-i-_-":':,::,:',... .:>--:.:.:'.': .•.. ,

The fiscal yearbft9is firm~hds on December 31. The figures for the following items marked with an
asterisk are derivegJromithis firm's independently audited, year-end financial statements for the latest
completed fiscal year$qded December 31 , 2011 .(in millions).



ALTERNATIVE II

examined and am familiar with
based on my inquiry of those

that the submitted

"CERTIFICATION I certify under penaltyorlawm~tl.have
the information submitted in this and all att~cheddC:)RUrllents
individuals immediately for Obt~i.ning thf3ipforrllCition,
information is true, plete.· .. ..

..:'.-.:: .. .-.'_::':-:::.-- ." .. '--_ ..
. - ..,:.-- ..'-:.,.'.":",. '.,

this let1:eris identical to that specified in 10 CSR 80-
on tredate shown immediately below."

ANSWER YES OR NO:

Martin J.
Senior Vice
Chief Financial
Date Signed:

7, Is line 5 at least 2 times line 1? Yes
* 8. Are at least 90% of firm's assets located

If not, complete line 9.
9. Is line 6 at least 2 times line 1?

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: Moodv's -
AS S&P- 888+

3. Date of issuance of bond: March 20, 2009
4. Date of maturity of bond: March 15,2039

* 5. Tangible net worth: $ 4,030.
* 6. Total assets in U.S. (required only if less than 90% of are

located in the U.S.): Not applicable
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Survey Plat 
Revised August 2013 

 
Documents Included: 

 
Explorer Pipeline Letter 

 
Explorer Pipeline Email Correspondence 

 
Survey Plat 





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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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 Landfill 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 DSI
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 comparison 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 OS!. 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-long 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,
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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 hydraulic 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 water table elevation remained slightly
above 459 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 feet
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 (ftlyr). 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
rang ing from 0.1 to 10 ftlyr. However, the report also noted the possibility of hig her 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 2009 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 OSI 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 to the years 2000-2009.
Thus, "unwatering" of the local water table toward the Missouri River may be more prevalent
than what was suggested by the OSI 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 ftlyr, but could be as
high as 584 ft/yr. Higher velocities to the northwest are suggested, where hydraulic gradient
increases.

REFERENCES

1. 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, 2011 by GREOELL Engineering Resources, Inc. and Reitz & Jens, Inc.
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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 Repon for Ameren Missouri Labadie
Power Plant Proposed Utility 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 DSI 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 1800 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 site-wide increases in groundwater levels of between 1.5 and 7.25 feet and a
corresponding increase in hydraulic gradient. As a result, 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 vigorous response to changing river elevations than those areas more
remote 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 DSI report. These data are
provided for review as Attachment 1 to 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
proposed 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,t) = (Co/4) e[(xv/2Dx)[1-( 1+4kDx/v2)1/2]] erfc[[x-vt( 1+4kDx/v2)1/2]/2(Dxt)1/2]

[erf[(y+ Y/2)/2( Dyx/v)1/2]-erf[(y- Y/2)/2(Dyx/v) 1/2]]

Where,

• 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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•• Co = the concentration of the contaminant at the point of release. This value is 1000x the
downgradient contaminant concentration. For example, 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 POls.

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 .

• erfc = complimentary error function

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

• v = average contaminant velocity. The contaminant velocity is calculated as the groundwater
velocity divided by the retardation factor (R). Generally, mobile tracers like chloride 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) .

•• Ox = longitudinal dispersion coefficient. This is a constant used to model spreading of the
wave front in the direction of flow. It 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 t = 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.

o 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.

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

o Oy = 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 Cell 3-4 areas.

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

Illustration: 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.
Desiqn of Ground-Water Monitorinq Networks Usinq the Monitorinq Efficiency Model (MEMO);
GROUNDWATER, v.30, No.6, Nov.-Dec. 1992). This reference provides a specific equation for
modeling the longitudinal 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:

• Leakage 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.

• 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.

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

• 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 alluvial aquifer to ensure early detection in the event of a contaminant release,
as described at the end of this report.

• 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.

• 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.

(I 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 software then uses these data to generate a scaled, 2-
dimensional 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
point 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 overlays
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 (welllD #'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 eastern perimeter of Cell 3 is approximately 330 feet (welllD #'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 10 # MW-18). Well spacing along the eastern perimeter of Cell 4
is between approximately 330 and 500 feet (well 10 #'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. It 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 parts 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 periods 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 OSI 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 levels 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 feet. 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.
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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 (betvveen 451 and 473 feet).
Consequently, it was necessary to examine the historical data presented in that report 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 OSI 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
monitoring 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.
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Ameren Missouri Labadie Energy Center
Proposed Ulility Wasle Landfill
Construction Permit Application

Missouri River Historical Data (2000-2011)
Figure l'
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Construction Permit Application
Proposed Utility Waste Landfill

Ameren Missouri Labadie Energy Center
Franklin County, Missouri

Calculated Groundwater Velocities by Month
Table 1

II Cells 1 and 2 ~I
"·'iDecehibe(21,·ZOO9,;;(.:i

Hydraulic Conductivity (K) Cells 1 & 2 Site K.vg= 5.002 x 10' fUmin
Hydraulic Gradient Ii) i - 0.0007 fUft
Effective Porositv (n \ 0.30 I 0,35 I 0.40
Velocitv (=Kiln\ (ftlvr\ 61 I 53 I 46

5;·:20,1
Hydraulic Conductivity (K) Cells 1 & 2 Site KMg= 5.002 X 10'2 ftlmin
Hydraulic Gradient (i) I - 0.0008 fUft
Effective Porositv (n) 0.30 I 0.35 I 0.40
Velocitv I=KI/n\ IfUvr\ 70 I 60 I 53

bruaryi16'2:01 '
Hydraulic Conductivity (K) Cells 1 & 2 Site Ku,g= 5.002 x 10' ftlmln
Hydraulic Gradient (i) i - 0.0003 fUft
Effective Porositv (n\ 0,30 I 0.35 I 0.40
Velocity ('-Kiln) (ft!yr) 26 I 23 I 20

Hydraulic Conductivity (K) Cells 1 & 2 Site Kavg= 5.002 X 10.2 ft!m~1
Hydraulic Gradient (I) i - 0.0008 ftlft
Effective Porositv (n\ 0.30 I 0.35 I 0.40 II
Velocity (=Ki/n\ (ftlyr) 70 I 60 I 53 II

01
raulic Conductivity (K) Cells 1 & 2 Site Kavg= 5.002 x 10'£ ftlmin
raulic Gradient Ii) I - 0.0002 ftlft
ctive Porosity (n) 0.30 I 0.35 I 0.40
citv I=Ki/n\ lfUvr\ 18 I 15 I 13

Hydraulic Conductivity (K) Cells 1 & 2 Site Kavg= 5.002 X 10.2 fUm~j
Hydraulic Gradient (i) i = 0.0001 fUn
ffective Porosity (n) 0.30 I 0.35 I 0.40

Velocitv (=Ki/n) (ftlyr) 9 I 8 I 7

ydraulic Conductivity (K) Cells 1 & 2 Site Kavg= 5,002 X 10.2 flfmin
ydrauJic Gradient Ii) i - 0,0004 ftlft
ffective Porosity In\ 0.30 I 0.35 I 0.40
'elocitv I=KI/n) (fl!vr) 35 I 30 I 26

OJv!c7;;;.201
Hydraulic Conductivity (K) Cells 1 & 2 Site Kavg= 5.002 X 10.2 ftlmin
Hydraulic Gradient (i) i - 0,0004 fUft
Effective Porosity (n) 0.30 I 0.35 I 0.40
Velocitv I=Ki/n\ (ftlvrl 35 I 30 I 26

~,. '·'~"'<!i:'{'.-:·:;"~'>:;i ;;'-\\~;:::~::'::::A[QU$tJ5j{:2(J~.,:;.':".;::~"~};;: ':'''';:·i:X;<.'--;

Hydraulic Conductivity (K) Cells 1 & 2 Site Ka"g= 5.002 X 10.2 flfml
Hydraulic Gradient Ii) i = 0.0002 ftlft
Effective Porosity (n) 0.30 I 0.35 I ~
Velocity (=Ki/n) (ftlyr)

Hydraulic Conductivity (K) €p~~i~:~;~~;e Kav~:5.0o~ x 10' 1f:min
Hydraulic Gradient (i) i - 0.0001 flfft
Effective Porositv (n\ 0.30 I 0.35 I 0.40
Velocitv (=Kiln) (flfvr\ 9 I 8 I 7

j

Hydraulic Conductivity (K) Cells 1 & 2 Site Kavg= 5,002 X 10.2 flfmin
Hvdraulic Gradient (I) i - 0,0001 ftfft
ffective Porosity (n\ 0.30 I 0,35 I 0.40

velocity (=Ki/n\ (ftlvr) 9 I 8 ! 7

Hydraulic Conductivity (K) Cells 1 & 2 Site Kavg= 5.002 X lO'L fUmln
Hydraulic Gradient (i) i - 0.0003 fUft
Effective Porosity (n\ 0.30 I 0.35 I 0.40
Velocity (-Kiln) (ftlyr) 26 I 23 I 20
Notes

II Cells 3 and 4 II

Hydraulic Conductivity (K) Cells 3 & 4 Site Kavg= 5,567 x 10'2 flImin
HydrauliC Gradient (i) i - 0.0003 flfft
ffective Porosity (n) 0.30 I 0.35 I 0.40

Velocity (-Kiln) (ftlvr) 41 I 35 I 31

Hydraulic Conductivity (K) Cells 3 & 4 Site Kavg= 5.567 x 10' flImln
Hydraulic Gradient (i) i - 0,0004 ftlft
!::ffective Porosity (n) 0.30 I 0.35 I 0.40
Velocity (~Ki/n) (flfyr) 54 I 47 I 41

fUatv:;~Q12(l:1:
Hydraulic Conductivity (K) Cells 3 & 4 Site Kavg= 5.567 X 10.2 fUmin
Hvdraulic Gradient (i) i - 0.0001 flfft
Effective Porosity (n) 0.30 I 0,35 I OAO
Velocity (~Ki/n) (ftlyr) 14 I 12 I 10

Hydraulic Conductivity (K) Cells 3 & 4 Site Kavg= 5.567 x 10.2 fUmin
Hydraulic Gradient (i) i - 0,0005 ftlft
Effective Porosity (n) 0.30 I 0.35 I

040 ~Velocity (~Ki/n) (ftlyr) 68 I 58 I 51

IIHydraulic Conductivity (K) Cells 3 & 4 Site K"g = 5.567 X 10.2 fUmin11""0G~d1""t (I)
i - 0.0003 flfft

tive Porosity (n) 0.30 I 0,35 I 0.40
city (~Kiln) (fl/yr) 41 I 35 I 31

Hydraulic Conductivity (K) Cells 3 & 4 Site Kavg= 5.567 x 10 It/min
Hydraulic Gradient (i) i - 0.0002 ftlft
ffective Porosity (n) 0.30 I 0.35 I 0.40

jjity (~Kiln) (flfyr) 27 I 23 I 20
J'

ulic Conductivity (K) Cells 3 & 4 Site Kavg= 5.567 X 10.2 ftlmin
IIHydraulic Gradient (i) i - 0.0004 ftlft
IIEffective Porosity (n) 0.30 I 0,35 I 0.40
IIVelocily (~Ki/n) (ftlyr) 54 I 47 I 41

,ot
Hydraulic Conductivity (K) Cells 3 & 4 Site Kavg= 5.567 X 10.2 flfmin
Hydraulic Gradient (i) i - 0.0004 flIft
ffective Porosity (n) 0.30 I 0.35 ! 0.40

Velocity (=-Kiln) (flfyr) 54 I 47 I 41

Hydraulic Conductivity (K) Cells 3 & 4 Site Kavg= 5.567 x 10'z ftlmin
Hvdraulic Gradient (i) i - 0,0003 flIft
Effective Porosity (n) 0.30 I 035 I 0.40
Velocity (~Ki/n) (flfyr) 41 I 35 I 31

010
iHydraulic Conductivity (K) Cells 3 & 4 Site Kavg= 5.567 X 10.2 fUmin
Hydraulic Gradient (i) i - 0.0001 fUlt
Effective Porosity (n) 0.30 I 0.35 I 0.40
Velocity (~Ki/n) (fUyr) 14 I 12 i 10

OJ
Hydraulic Conductivity (K) Cells 3 & 4 Site Kavg= 5.567 X 10'< flImin
Hydraulic Gradient (i) i - 0.0002 fUft
Effective Porosity (n) 030 I 0.35 I 0.40
Velocity (-Kiln) aUyr) 27 I 23 I 20

Hydraulic Conductivity (K) Cells 3 & 4 Site K.vg= 5.567 X 10.2 fUmin
Hvdraulic Gradient (i) i - 0.0001 ftlft
Effective Porosity (n) 0.30 I 0.35 I 0.40
Velocity (~Ki/n) (fUyr) 14 I 12 I 10

1. HydrauliC gradient vslues derived using 3-point methods for 12 month monitoring periOd 12/09-11110
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Construction Permit Application
Proposed Utility Waste Landfill

Ameren Missouri Labadie Energy Center
Franklin County, Missouri

Plume Definition for Celis 1 and 2
Table 2a

Monthly Monthly
East North Resultant Hydraulic Velocity Velocily

Hydraulic Velocity Component Component~ Resullant North Conductivity, delia Cas (delia Sin (delia 'Cos(delta 'Sin(delta
Cells 1 & 2 MonthNear Azimuth Gradient Velocity (flIyr) (fVmonth) ~x y East Vector Vector '.01 fVyr angle angle) angle) angle) angle)

Dec-09 -74 0.0007 53 4.38 -4.21 121 .4.21 121 4.642 -106.65 -0.286 -0.958 -1.255 -4.198
Januarv-10 20 0.0008 60 5.01 Ul 4.71 -2.50 5.91 6.324 -12.65 0.976 -0.219 4.886 -1.097
Februarv-l0 -51 0.0003 23 1.88 -1.46 118 -3.96 7.10 4482 -83.65 0.111 ·0,994 0.208 -1.866

March-l0 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
Aoril-10 94 0.0002 15 1.25 1.25 -0.09 U5 928 5,00225 Averaae 61.35 0.479 0.878 0.600 1099
MaY-l0 17 0.0001 8 0.63 0.18 060 1,94 9.88 Effective -15.65 0.963 -0270 0.603 -0.169
June-10 102 0.0004 30 2.50 2.45 -0.52 4.38 9.36 Porosilv nl ~ 0.35 69.35 0.353 0936 0.883 2.343
July-10 115 0.0004 30 2.50 2.27 -1.06 6.65 8.30 8235 I 0.133 0.991 0.333 2482

Auqust-10 94 0.0002 15 1.25 1.25 -0.09 7.90 8.21 61.35-1 0.479 0.878 0.600 1.099
Sentember-l0 -22 0.0001 8 0.63 -0.23 0.58 7,67 8.79 -54.65 0.579 -0.816 0362 -0.511

October-10 48 0.0001 8 0.63 047 0.42 8.13 9.21 15.35 0.964 0.265 0.604 0.166
November-10 -57 0.0003 23 1.88 -1.58 L02 656 10.24 -89.65 0.006 -1.000 0,012 -1.878

Average
Standard Deviation
Error in Mean

0.00037
0.00026
0.00008 0 1572432

Average velOCity.ft/yr ~
Bearing, Northeast~

12.16 57.35
32.65 Average monthly velocity

Standard Deviation in monlhly velocity
L013
1767

0.000
2059

Average yearly velocity
Alpha

12157 0.000
1.744 2.032

Longitudinal Transverse

Prepared by: Gredell Engineering Resources. Inc

32.6

~monthly velocity times
sin (difference in
bearing>1

.~monthly velocity times cas

.(difference in bearingsl

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

l\IlOnffiTy Mi.mHlIY
Easl North ResulLant Hydraulic Velocily Velocily

Hydaulic Velocity Component~ Componenl~ Resultant North Conductivity, delia CDS(delta Sin (delia 'Cos(delta 'Sin(della
Cells 3&4 MonlhlYear Azimuth Gradient Veloclly (fllyr) (ftlmonlh) x y East Vector Vector '.01 fVyr angle angle) angle) angle) angle)

Dec-09 -70 0.0003 25 208 -1.96 071 -1.96 0.71 4642 -136.58 -0.726 -0.687 -1.513 -1A32Januarv-1o 3 0.0004 33 2.75 0,14 275 -1.81 3.46 6.324 -63.58 0445 -0896 1.224 -2.463
Febnuarv-10 -11 0.0001 8 0.67 -0.13 0.65 -1.94 4.11 4.482 -77.58 0.215 -0977 0.143 -0.651March-10 63 00005 42 3.50 3.12 159 U8 5.70 4.561 -3.58 0.998 -0062 3.493 -0.219

April-10 84 0.0003 25 2.08 2.07 022 3.25 5.92 5.00225 Averane 17.42 0.954 0.299 1.988 0.624
Mav-10 70 0.0002 17 1.42 1.33 0.48 4.58 6.40 3.42 0998 0.060 1.414 0084
June-1o 105 0.0004 33 2.75 2.66 -0.71 7.24 5.69 Effective 38.42 0.784 0621 2.155 1.709
Julv-10 109 0.0004 33 2.75 2.60 ·0,90 9.84 4.80 Porositv (n)~ 0,35 42,42 0.738 0.675 2,030 1.855

AUQust-10 95 0.0003 25 2,08 2.08 -018 11.91 4.62 28.42 0.880 0.476 1,832 0.991Seotember-lO 47 0,0001 8 0,67 0.49 0.45 12.40 5,07 -19.58 0942 -0.335 0.628 -0.223Oclober-lO 81 0.0002 17 1.42 140 0,22 13.80 529 14.42 0,969 0.249 1.372 0.353November-lO -43 0,0001 8 0.67 -045 0.49 13.34 5.78 -109.58 -0,335 -0.942 -0.223 -0628

Average
Standard Deviation
Error in Mean

54.8
505
14.6

0,00028
0,00014
0.00004 0.1280281

Average velocity, Illyr ~
Bearing. Northeasl~

14.54
66.58

23.42
Average monlhly veloclly

Standard Devlalion in monthly velocity
1.212
1.307

0.000
1.239
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66.6

Average yearly velocity
Alpha

=monthlv velocitv
times sin(difference
bearingsl

=monthly velocity limes
cos(difference in
bearinp,s)

14.543 0000
1.078 1023

Lonrliludinal Transverse
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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 Downg rad ient Elevation (approx.) (feet, 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 995548 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 994380 729642 466 18 10 458
MW-9 DG 994160 729895 465 17 10 458
MW-10 DG 993940 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 992096 730184 463 15 10 458
MW-20 DG 991668 729958 463 14 10 459
MW-21 DG 991332 729953 463 14 10 459
MW-22 UG 990940 729361 464 15 10 459
MW-23 UG 991102 728514 465 17 10 458
MW-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
MW-27 UG 994619 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. Appendix X
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Computer Notes

Design of Ground-Water Mennerlng Networks Using
the Monitoring Efficiency Model (MEMO)

Abstract
AII.-JytiaIl MoaItoriD&:UicieDcy Model (MEMO) has Mea dn'eIoped to •••• ill dM:dMip of ••••••• well

lHhtClIu. 'I1Ie I!IM:thod__ 1f'l dieIIIipatiDe ofllJpo1btdcal- •.••••••ntplama ••.•••• ad.,--- daeeflicilstq
ala1brMtifeweD •••••. desiplfIII4eW.dac* •••••• TIleal4IJt4IlIIalI~e:IIic:ieDq pI'O'Jidts •••• for~ ••••l.~
tlte deIip. Map althe II1e 1IKnriDI8I'IM from wbictI ••••• 9l'IIaId 01' weald DOt be IIt:Ucted by. zina ~ me
produced, pnFridiD& iatipt iaao the beDeIita or IIIIdia&. ddetiD&. CII' IBUfiIIc tpId&c weIlL

JntroductIcn
Ground-water moDitorius is gmera1Iyrcqajral byrq-

uWory qeDCies at hazardous WUIC lites. solid waste land-
fills. ud other sites wbcn: the potemiaI Jdcue of ~k
to the lumufac:e is a concern. 1hc aoaJs of pouDd-Wall:r
moDiioriDgmcludevcrifyjDgrqull1orycomp1iaDce and pr0-
viding early WIlDing of a e~nt rekase.. Altbough the
intcDt of such moDitoriDgis 10 proteCthuman health lIDdthe
cuviromnent, a clear approach for meuurinB the degree of
protection offered by a mODitoriu.g:system his not been weD
established. A Monitoring EfficieDcy Model (MEMO)
presented in this paper provides a method for qU8lltify:iD&
the efficiency of a given moDitoring well network ill detect~
ing a potCDtial chcmic:a1 release, aDd graphicall:y depicting
areas where releases would not be dcu:ctcd. 1hc method is
an cxtcDSion and n:finc:mCDtof a pbysical design approach
suggested by Massmann. Freeze and otbers(t.otllqm.nn and
Frcczc.1987; Freeze et al., 1990) and Meyer and Brill (1988).
It provides an easily understood way 10 adjust and optimize
the network design 10 site and waste conditions, and to
quantify the degree of protection for public and regulatory
review.

&GokIer Associares lDc., JUdmQ'Dd. Wasbington 98052.
~0UIt; Hanford Company, Jl.icbIaDd. Wasbiqton

99352-
JlIcciwd JIIDt 1991, m'isod Man:h 1!l92,ao::epted April

J992
DilcvaiDD opeD WItilMay 1,1993.

VoL30, No. 6-GROUND WA1'EIl-Noember~Deo:mber 1992

Genend ApproaCh
The tccbDique devdopcd in this paper quantifia the

monit.oriDg dfic:ieDcy of a aivcn moDitoriDgwcJI DCtWOrk by
cIetcrmiaing areas within a potcDtial..JvomnJ 110I.II1% area
wbcn: a~ release would or would not bedetccted by
the moDitoriDa weD oetworL MoDitoriDg c:fIicieDcy is
defiDcd as the ratio of the area of detection 10 the total area
of the site. For example, a detmDiDcd cf6cieDcy of 90
pen:cDt predicts that releases oa:wriDg over 90 pen;:cDl of
the lite: would be dctcctcd by the mollitoriD8 wells, aDd
releases oa:urriDg over 10 pcn:cnt of the lite woukI DOl be
ddectcd

ThemonitoriDg effICiency solution isdetc:rmiDed iDthe
foUowin&:DWmCf. A pid of potcDtial chemical source
points is ddiDcd withiD the potcntialsource ara. At each
potcDtialsource point, • comaminaDt plume is gcncrau:d
using an IID8lytical contaminant traDsport solution. If the
plume is intersc:ctcd by. monitoring weDbefore it migrates
beyond aspedft.cd boundary, thesoutce point is considered
to be deteeted. After t!~ki"l each grid point to determine
whether the plume releued from that point is dete:cted or
not detected, the momtoring efficieucy is calculau:d, and a
map sbowing areas from whichebemica1 n:lcases. would not
be detected is produced.

An illustration. of the application of MEMO is shown
in FJ.gW'C1. Critical geometric elcme:nts arc thepotcntial
source arca(s), a grid of poteDtWlOurce poims. the buffer
ZOIleboUDdaJ;r, and mol1itorin£ wclIlocatiou. The buffer
ZODC bouDda:ry is defined as the limit to which a plume c;an
migrate before it should be dckctcd, aDdlm'CSas the plume
m.igmticm limit for "early wa.miD&-detection or • cont.ami-
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nant release. A plume that moves beyond this limit without
detection by a monitoring wcll is considered· to be: ~
detected. Figure 1 shows examples of detected and non-
detected plumes and two distinct nondetccted regions
defmed by source grid points from which generated plumes
were not detected by monitoring wells prior to passing the
buffet zone boundaIy.

Ground-water flow and contaminant transport
parameters are required to determine the plume cl.imensions
and configuration. Specific flow and transponinput 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-dimensional
analytical solution of Domenico and Robbins (1985), but
the methodology incorporated into MEMO can be:applied
with other analytical contaminant transport solutions.

MEMO is applied using available si~pecif1c and/or
literature-based information. Multiple simulations can be
pcnormed to analyze the sensitivity of a specifIc problem
domain to input parameters. Because MEMO is based upon
a simulation of physical proa:sscs, evaluations of the ade-
quacy of the design are determined from the physical
parameters and processes governing contaminant tnigra-
tion, rather than upon qualitative judgments of how many
wells are enough.

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 model presented in Domenico and Robbins (1985)
and modified in Domenico (1987).1bis model assumes that
solute is released along a continuous line source in a uniform
aquifer, and predicts tbe concentrations that would be
observed at points downstream of that source. The govern-
ing equation is:

C(x, y, t) = (CD/4) exp {(xv/2D",)[1 - (I +4}j)",/~)ln]1

erlc{[x - vt(1 + 4kDx/~)If.l]{2(D",t)m}

{crf[(y+ Y/2){2{Dyx/V)lfl] - erf[(y- Y/2)/2(Dy x/vt'JJ

where C(x. y, t) = concentration at x, y, t; Co = source
concentration; x = distance downstream from the source;
y = transvene distance from the source; k = fU'St-orocr
radioactive decay constant; Y = width of the source in the
grolllld WIW:r; v = average contaminant velocity; Dx =
loJJBitudinal dispersion coefficient; DJ = transverse dispcr-
IioD cocfficicnt; and t = time.

Tbe IM:1'aF contaminant vclocity is computed as:

v= Ki{Rn

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

1hedispenion cocffacients arc functions of the contam-
inant velocity, the dispcrsivities, the retardation factor, and
the diffusion coefficient for the contaminant of inten:sL

Dx = (I",V +DIlI/R

DJ= (lJv + DIII/R

where (Ix = longitudinal dispersivity. OJ = transverse dis-
persivity; and Dl'II=effective molecular diffusion cocflicient
for the contaminant of interest.

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

Cdil =C./CD

where Caa is the detection standard selected as the limiting
concentration to be detected by a monitoring wen, and Co,
as defined above, is the source concentration.

Assumptions of the plume generation routine include
negligible vertical ground-water flow and vertical ~bemical
transport, a uniform ground·water flow field,. and a comin-
uous line source. The assumption of a uniform flow field
implies constant hydrologic and transport properties and a
uniform hydraulic gradient over the length of the plume.

Significant judgment is required prior to performing
MEMO simulations for a site. An evaluation of the suitabil-
ity of the model assumptions presented in the previous
section must be performed on a case-by-case basis. For
example, it should be: recognized that the plume shape
predicted by the model is idealized for uniform aquifer
conditions, and the heterogeneities present at field sites may
cause 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-
lemdomain.

Required Input 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 to be measured in the monitor-
ing wells. Parameters that are not known from 5ile-5pecific
field data must be conservatively estimated. Sensitivity
analyses may be performed to identify critical parameters
affcctiog monitoring efficiency pn:dictions.

Geomeby of Problem DotrUJin
K.eygeometric elements of the problem domain are the

potential source area(s), monitoring wells to be investigated,
and the location of the buffer zone boundary. Geometric
data are input using a standard coordinate: system. and a
uniform source grid spacing must also be specified. The
sensitivity of an efflcicnc:yanalysis to·the source grid spacing
should be cwJuated, ~ srid spacing can infiuena: the
accuracy of the solution.

Monitoring wells in: located between the potential
source area(s) and the buffer zone boundary. Plumes that
arc Dot detected by a monitoring wel.Iprior to contatting the
buffer zone boundary arc considen:d to be '"not detected" in
the monitoring efficiency estimate. However, it should not
be inferred that plumes considcn:d Mnotdetected" for pur-
poses of network design will never be dctcctcd. Plumes will
continue to expand UDtilsteady state is rcacbcd, and may
eventually be detected prior to reaching steady state. Identifi<-
cation of a buffer zone is necessary because unless the center
line of a plume ~y contacts a monitoring well, the
leading edge of the plume will migrate: beyond the monitor-
ing well prior to plume detection.

Although a smaller bufferzoDe width is more conserva-
tivc because it will generate a lowcr appan:nt monitoring
efficiency, our sensitivity analyses have indicated that
MEMO efiiciency predictions arc not particularly sensitive
to buffer zone widths greater than several hundred feel. 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-
eny boundaries and neighboring dwellings, distances to
ground.watef supply wells or surface-water bodies, the
velocity of ground·water movement, and the relative costs
and benefits of providing early detection of a release. Buffer
zone widths csl.ablished for hazardous waste facilities in
current regulations vary, but arc on the order ofbundrcds to
thousands of feet. We have used a conservative width of 500
feet for remote sites.

Potential $oun::e Width
Vertical migration of contaminants through the unsatu-

rated zone to the water table is assumed to create a source of
contamination in the ground water that generateS the con-
taminmll 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 measurements if releases have occurred at the site,
or from the size, type of contaminants, and transpon 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 morc conservative because they are marc diffICUlt
to .detect. The liOun:e width estimate sbould lake into
account the dimensions of the release at the waste site 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 a typical waste container at an
unlined site, or may be the dimensions of a potential liner
leak at a lined 5itc. Migration through the unsaturated zone
is usually accompanied by lateral spreading. The source
width may be increased for larger rclcasc:dimensions and
larger unsaturated zone tbiekn..,:v<;, but the estimated mass
flux of contaminants entering the ground water should be
held constant by adjusting the source concentration used to
ca1culate the dilution contour.

Confllmlnsnt TlIIMpOI'Il'atamefem
Contaminant transport parameters required for plume

generation arc the direction of ground-water movement, the
average contaminaill velocity, and the longitudinal and
transverse dispeTsivities. Optional contaminant transport
parameters arc the moleeular diffusion coefficient and the
first.arder radioactive decay constant.

If JI'ound-water level data arc available for a site, they
can be used to estimate the direction of ground-water
movement, If no water..Jevel data arc available, the direction
of ground-water movement may be estimated from regional
bydrogeologicdata or from site topography. The sensitivity
of the monitoring efficiency estimate to variations in
JI'ound-water flow direction should be considered,particu-
larly when DOfield data arc available. The efficiency of a
particular monitoring well network can be significantly
changed by a change in the ground-water flow din:ction.

The average contaminant velocity can be approx.i~
mated from estimates of the average hydraulic conductivity,
hydraulic gradient, retardation factor, and effective porosity
at tbe site. With the Domenico and Robbins plume genera-
tion routine, for a plume of a given length the shape of the
zeneratcd plume is independent of the time required to
develop the plume, if decay and molecular diffusion are
negligible. For example, a plume that traveled 500 f~t in
fivc years would be predicted to have the same shape as one
that lraveled SOO feet in 50 years. BeQusc of this indepen-
dence, for eases where decay and diffusion are negligible, tbe
monitoringefficienC)' solution is not dependent on the
hydraulic parameters governing the average contaminant
velocity, and is not sensitive to the choice of averagccontam-
inant velocity.

Site-specifte dispersivities arc rarely available, and must
usually be estimated from available literature values for
similar geologic media. Gclhar et a1. (I98S) provide a source
for such information. Dispcrsivity values havc been reponed
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to increase as the length of the plume increases. aJthough the
most reliable measured wlues are the lower estimates. The
selection of wlues is complicated by the fact that consider·
ably more data are awilable for longitudinal than transVerSe
dispersivities; thus the uncertainty is higher for the trans--
verse dispcrsivity.If the data base fortransVCrsc dispersivity
cannot suppona direct estimate, it can be estimated as a
fraction of the longitudinal value (ay j':h ==0.1 is commonly
used). The width of the plume is quite sensitive to the
transverse dispersivity(ay)and is relatively insensitive to the
10ngitudinaJ dispersivity (01). Longer, thinner plumes are
harder to detect. and therefore larger values of longitudinal
and smaller values of transverse dispenivity are more con-
servative. For applic:ation to a site with lJJJCOnsotidatedsilts,
sands, and gravels, the best direct estimate values for trans·
verse and longitudinal dispcrsivities were 8 and 28 feet,
respectively, using _scale of interest of about 1,000 feet. The
relatively high transverse to longitudinal ratio of about OJ
was supporlcd by limited site--speeific data. For conserva-
tism, the monitoring DClWork design was based upon a
traDSVerse dispcrsivity of 5 feet ~and a longitudinal dis-
persivity of 3S feet.

For mOlt field situations, the diffusion coc::ffJcient is
quite small compared to the adjective velocity and can be
neglected. For sites with very low adjective velocities, the
effect of molecular diffusion can be evaluated in a sensitivity
lU1IIlysis. Radioactive or cbemicaI decay can be incorporated
into the monitoring effICiency study by specifying a fIrSt-
order decay coDStaDt.

Dilution Contour
The dilution contour (CcsiJ),defined as the ratio of the

detection standard (elll) to the concentration at the source
of the plume in tbe ground water (Co), identifies the boUDd-
ary of tbe plume used in the monitoring efficiency deterrJli..
nabon. The monitoring efficiency is affected by the dilution
contour, because: plumcs of a given lengthm slightly wider
for a lower dilution contour than for a higher dilution
contour. The wider plumes would be easier to detect and
fewer monitoring wells would be requittd to achieve a target
monitoring efficiency. To provide adequate early warning of
a release, the design sbould be based upon 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
plume source within the aquifer. The potential source
strength may beCSlimated through analysis of ground-water
samples from an identified source area where a release has
already occurred, through analysis of the pbysical condi·
tions of the waste and the site, or through identifying a
threshold source strength that would be of tegulatory con-
cern. The fU'Stof these approaches is not typically possible,
because monitoring well network designs are generaIly pre-
pared for sites where telcases have not yet occurred 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 lODg-term average hydrologic conditions.
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If the mass nux rate of contaminants released from the
site is assumed to be constant, the strength and width of the
source in the ground water become inversely related. H 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 walcr remains constant. A1lbough
the network design is sensitive to changes in either source
strength or source width when taken independently, it
becomes relatively insensitive when the inverse relationship
between these panuneters 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 pbysical 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
sbould be considered are whether the waste is in solid or
liquid fonn. and its potential mobility given the conditions
of release or disposal The data necessary to rigorously
address the processes of Jdease and subsequent migration to
the ground water are often unavailable, and conscnative
estimates must be made.

Estimates of source strength may also be based upon
threshold values that would be of rqulatory concern. This
approach is usefuJ when the contaminlilnt of concern bas an
assigned regulatory standard such as a maximum contami-
nant level (MCL). but its COD=ntration at the point of
release at tbe waste site is difficult to estimate, for example,
because of a lack of solubility information. This approach
'has been particularly useful for metals and radionuclid.es.
The threshold strength of concern is generally considered to
be the regulatory standard, and the contaminant concentra-
tion at the source in tbe ground water wQuld be set to
approximately equal tbat standard. This would be morc
conservative than estimates based on solubility limits if tbe
regulatory standard is less than the estimated source concen--
tration. However, if the estimated sourte concentration is
less than the tegulatory standard, it is recommended that the
regulatory standard be used as the source con=ntration to
avoid an overly conservative design.

Example Application
MEMO bas been employed to design monitoring net-

works for cightwaste management areas on the U.S,
Department of Energy's Hanford Site in eastern Washington,
Before applying MEMO at a location. the relevant hydro.
geologic data and information on waste characteristics are
assembled and reviewed to develop alternative conceptual
models of the directions and stability of ground-water
mavement and the unsaturated zone transpon conditions
associated with alternative release scenarios. Uncertainties
in parameter values are analyzed in MEMO sensitivity
studies, and uncertainties in the validity of the assumptions
used in MEMO an: identified. Higher design monitoring
dJ'1ciencics may be used at sites with greater parameter
uncertainties.

The data base parametm for MEMO were developed



Conctualons
MEMO is a 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 procc5SCS.The model requires signifI-
cant judgment because of the need to obtain or estimate the
input panuneters. The benefits obtained from adding. dclct·
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percent adopted for this example. ~lCicncies ~y. be
improved by adding or adjusting locauons of morutonng
wells in the vicinity of the larger shaded areas.

FJgUIe 3 shows the MEMO results for the site shown in
Figure 2. but with a network of 12 wells. This network
greatJy redw:es the shaded areas and increases the monitor-
ing efficiency to 96 percenL This effICienc:ymay ~ ~
sari1y high for the site. particularly if the direction of
groUDd.waterfiowis stable. Monitoring we1lscan be mOWld.
added, or deleted until a satisfactory network is achieved.
The sensitivity of the final netWork to uncertainties in
ground-water flow dira:t.ions or in any of the other input
parameterS can also be ewJuated.

Future Model Development
The monitoring efficiency concept of MEMO can be

developed with other assumptions and applications. Some
examples of areas for future model development are dis-
cussed in this section.

MEMO cunently provides a deterministic solution for
the DlODitoriDSdficiency. A probabilistic model incorporat.
ing a Monte Carlo approach has· been considered. with
uaer-specWod probabilistic ftmc:tions for ach oftbe fadd or
~ inputparamctcB. Rathertban producing
a siqJc mcmitoring cffJCicDcy. a range of wIucs would be
produced. Onphical output could present contours of the
frcqUCDC)'of dcu:ction of C8Ch potcDtialsource point,. rather
than shad~ uODdcu:ctcd ~tial80urce points ..
. A~aAaIytical80lutiODcan bemcorpo--
rated iQto MEMO to allow evaluations of nested monitor-
ing well DetWPtks. 1m:userwould~we1l1ocations and
screen Ui~ {or each well. Plume migration would be
limited by ~ planar buffer zone limit. MEMO c:an ~o be
developed with a two-dimensional or tlme-dimensional
finite-diffc::reacc or finitc.elcment contaminant tnIDspOrt
module. to allow application to sites where available data
aDd site complexity suggest that the simplifying assump.-
tiODSof the cumnt analytical solution are inappropriate.

As an IIltemJUive to usillB the buffer zone concept,
plumes can be limited by migration time or allowed to reach
steady ~ prior 10~j"l fo~ dettdion in a monito?ng
wdL Howeva'. if this approacll ISused, the downgnu:hent
limit of each ~ plume will vary with the geo~ of
the source ~ At lites where ground-water contammatlon
is of coDCC!'ll>priy w~ of contamination is typically
desired to allow corrective aetion to be taken. The buffer
zone boUDd~ serves as the limit for plume migration
before early warning should occur. For this n:ason, the
buffer zone coDCCptis our preferred confIguration for the
model.
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Fi&.3. Esample MEMO resuD for ••.••. ork of 12 .elk.

by applying the logic described above. .The results of
example applications are shown in FJgW'CS2 and 3 for a
waste site of irregular JCOJDCUY. The diru:tion of p-oUDd-

waletfiow was assumed to be the same throughout the site.
The following data hue was used in this example

Source Width 20 feet
Buffer Zone Width SOOfeet
Loaaitudinal Dispersivity 35 feel
Transverse DispersiYity 5 feet
CaiJ 0.001

Contaminant decay and molecular diffusion were con-
sidered negligible in this exampie.

Figure 2 sh0W5 the MEMO results for a rc1ati't'dy
sparse rlowngradient Detwork of six wells. The shaded areas
on the figure indicate locations where a release is not pre-
dicted to be detected. The infiut'l1Ce of the approximately
I.SOO-footpps between the monitoring wells can be seen in
thesi.zcs ofthcshaded areas. Tbee:ff1Ciencyof this network is .
about 73 percent. and' is less the minimum talgc1. of 90
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mg, or moving wells can be readily demonstrated using
multiple simulations. The model has been found to be of
significant value in justifying a network design to both
regulatory agencies and site owners. The approach can be
readily adapted or enhanced to address altcma.tive prob-
lems. For example, the model can be modified for use with
three-dimensional plume generation techniques if required
for a particular site. It also can be developed on a probabJlis..
tic basis, to quantify the unoertainty in the design, as an
alternative to the detenninistic and conservative approach
described here. The expanded use of MEMO and other
similar design approaches is expected to promote reduction
in the uncertainties inherent in monitoring well network
design.

AvallabUlly of Model
MEMO software and aU ser's Manual can be obtained

from the authors.
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Cells 1 and 2
Plume Model Output for 44 Years

..;50

~1AP ver 1.1 PLUME Simulatlon

ell

Golder ASSOCiates Inc,

Contours at: .00100 .. 01000, .10000
AovectJon time ~ 528.00
Average contaminant velOCltv = 1,0130
Wldth of lJne source = 100.00

Longltudinal disperslvltv ~ 1.74
Transverse dl5persivlty = 2.03
Flrst-order decay constant ~ .OOOE+OD
OJ ffu5JOn coefficient = .OOOE+OO



Construction Permit Application
Proposed Utility Waste Landfill
Ameren Missouri Labadie Energy Center
Cells 3 and 4
Plume Model Output for 44 Years

MAP ver L 1 PLUME Slrnulatlon Golder Associates Inc.

150

o.

<5D

~50 . ::iOU.1

Contours at: .00100 .. 01000, .10000
Advection tlme ~ 528.00
Average contaminant velocIty = 1.2120
Width of line source = 100.00

Longitudinal dlsperslvlty = 1.07
Transverse disoersivltv = 1.02
First-order ~ecav constant = .OOOEtOO
0: ffuslon coeffICIent = .000£+00
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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

475

473

471

469

467
E'
~ 465
N,
a.c 463
co
~ 461
>
1Il

jjj 459~
•...
1Il-~ 457"c
6 455-
•...
C)

453-

451

449~

447-

445-.
445 447 449 451 453 455 457 459 461 463 465 467 469 471

• P-22-SWL ·····················1

1-.-~i~~ar (P-22 SWLxl

GREDELL Engineering Resources, Inc.

Missouri River Elevation (ft)

Appendix X



Construction Permit Application
Proposed Utility Waste Landfill

Ameren Missouri Labadie Energy Center

Missouri River Elevation vs Top of Water Table (P-29)
Attachment 4 - Figure 4
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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-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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Construction Permit Application
Proposed Utility Waste Landfill

Ameren Missouri Labadie Energy Center

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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Construction Permit Application
Proposed Utility Waste Landfill

Ameren Missouri Labadie Energy Center

Missouri River Elevation vs Top of Water Table (P-138)
Attachment 4 - Figure 12
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Proposed Utility Waste Landfill

Ameren Missouri Labadie Energy Center

461

463
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Proposed Utility Waste Landfill

Ameren Missouri Labadie Energy Center

Missouri River Elevation vs Top of Water Table (P-187)
Attachment 4 - Figure 14
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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: 

 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.  

 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).  

 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  

Hf = [(0.00208 x L) / (DI
4.8655)] x (100 x Q / C)1.85 

Where:  
hf is the head loss (ft),  
L is the length (2500 ft),  
DI 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  

Hf = 0.00208 x 2500 / 3.9394.8655 x (100 x 71/150)1.85 = 8.3 ft 
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The total head is: 8.3 ft + 38.8 ft = 47.1 ft 

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 SurepumpTM).  

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 = 1.49 / n x A x R2/3 X S1/2 

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 =  x d2 / 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)2 / 4 =  0.156 sq ft  

P =  x d =  x 0.446 ft = 1.4 ft 

R = A I P = 0.156 sq ft / 1.4 ft = 0.111 ft  

Q = (1.49 / 0.009) x 0.156 x 0.1112/3 x 0.0051/2 = 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.  
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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  Scenario 1  

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 (PE)= wcoverHcover + wbeddingHbedding = (120 pcf  *1.0 ft) + (125 pcf *1.5 ft)  
 = 308 psf  

Where:  
wwaste = Density of Aggregate Cover = 120 pcf 
Hwaste = Depth of Aggregate Cover = 1.0 ft 
wbedding = Density of Bedding = 125 pcf 
Hbedding = 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 

Llve Load (PL) = )
)(

1( 5.122

3

Hr

H

A

WI

c

wf






= )
])5.2()665.0[(

)5.2(1(
39.1

000,16*3
5.122

3

2 ftft

ft

ft

lb


  

= 3,366 psf 
Where:  
H = Total Depth of Cover = 2.5 ft  
If = Impact Factor = 3 (Typical for unpaved surface)  
Ww = Wheel Load = 16,000 Ib (Typical value for H20 truck 
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Ac = Contact Area = 1.39 ft2 (Typical value for H20 truck) 

r   = Equivalent Radius = 


cA
= 



239.1 ft
= 0.665 ft 

Boussinesq Equation  

Live Load (PL) = 2

3

2
3

r

HWI Wf


= 2

3

)6.5(2
)5.2(*000,16*3*3

ft

ftlb


 = 65.0 psf 

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

Where:  
H = Total Depth of Cover = 2.5 feet 
If = Impact Fator =3 (For an unpaved surface) 
Ww = 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 = 22 Hx   = 22 )5.2()5( ftft   = 

5.6 ft 

3. Total Vertical Load  

Total Vertical Pressure (PTotal) = PE + PL = 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 Iowa Formula. 

Ring Deflection = 






 
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


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

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
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= 0.016 or 1.6% 
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1.6 % < 5 %, therefore the ring deflection is within the acceptable range. 

Where: 
KBED = Bedding Factor = 0.1 (Typical Value) 
LDL = Deflection Lag Factor = 1.5 (Typical Value) 
PE = 308 psf (Greater Value Calculated Above) 
PL = 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)  

Fs = Soil Support Factor = 0.85 (When: 
'

'

E

EN  = 0.2 and 
O

d

D

B
= 3) 

DR = Dimension Ratio = 11 

Crushing and Buckling Forces  

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

Compressive Stress (S) = 
288

* DRPTotal  = 
288

11*700,3 psf
 = 141 psi 

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

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

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

Constrained Buckling Pressure (PWC) = 3)1(12
'*'65.5

DR

E
ERB

N
  

= 3)111(12
000,21*000,3*227.0*80.0

2
65.5


psi

psi  = 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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R = Buoyancy Reduction Factor = 1 - 0.33
H

HGW  = 1 – 0.33
ft

ft

5.2
5.1

 = 0.80 

HGW = 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 

B’ = Soil Support Factor = 
He 065.041

1


 = 5.2*065.041
1
 e

= 0.227 

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) 

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 (PE)= wwasteHwaste + wsoilHsoil + wbeddingHbedding  

= psfftpcfftpcfftpcf 188,12)5.1*125()2*120()98*120(   

Where:  
wwaste = Density of Waste = 120 pcf 
Hwaste = Depth of Waste = 98 ft 
Wsoil = Density of Waste = 120 pcf 
Hsoil = Depth of Waste = 2.0 ft 
wbedding = Density of Bedding = 125 pcf 
Hbedding = Depth of Bedding = 1.5 ft 

2. Live Load – No Live Load Exists 

PL = 0 psf 

3. Total Vertical Load 

Total Vertical Pressure (PT) = PL + 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%. 

Rigidity Factor (Rf) = 
E

DREs
3)1(12 

 = 
psi

psi

000,21
)111(*491,3*12 3

= 1,995 

Where: 

Es = Secant Modulus of Soil = 
)1(

)21)(1(






sM  = 
)3.01(

)3.0*21)(3.01(700,4



psi   

= 3,491 psi 

Assuming, Ms = 4,700 psi and   = 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 (εs) = 
s

E

E

P

144
=

psi

psi

491,3*144
188,12

 = 0.024 or 2.4 % 

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 






 

MD

X
 = εs(%)*DF = 2.4% * 1.5 = 3.6% 

Since 3.6% < 9%, the ring deflection is within acceptable range. 
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Calculate Hoop Stress 

1. Hoop Thrust Stiffness Ratio –  

Hoop Stress Stiffness Ratio (SA) = 
EA

rM centS43.1
 = 

inpsi

inpsi

60.0*000,21
095.3*700,4*43.1

= 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) 
rcent = radius to pipe centroid = 3.095 in 

2. Vertical Arching Factor – 

Vertical Arching Factor (VAF) = 











5.2

171.088.0
A

A

S

S
= 












5.265.1

165.171.088.0  = 0.769 

3. Hoop Stress – Determine if Hoop Stress is less than the allowable 800 psi using 
the radial directed earth pressure (PRD) 

Radial Directed Earth Pressure (PRD) = EPVAF* = psf188,12*769.0 = 9,373 psf 

Where: 
PE = Vertical Earth Load = 11,403 psf (calculated above) 

Hoop Stress (S) = 
288

)( DRPP LRD 
 = 

288
11*)0373,9( psfpsf 

= 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 

3.3 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 (PE)= wcoverHcover + wbeddingHbedding = (120 pcf  *1.0 ft) + (125 pcf *1.0 ft)  
 = 245 psf  

Where:  
wwaste = Density of Aggregate Protective Cover = 120 pcf 
Hwaste = Depth of Aggregate Protective Cover = 1.0 ft 
wbedding = Density of Bedding = 125 pcf 
Hbedding = Depth of Bedding = 1.0 ft  

2. Live Load - Determine loading for a 6,000 lb (3-ton) skid steer directly above 
the pipe using Timoshenko's Equation.  According to the PPI 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 

Llve Load (PL) = )
)(

1( 5.122

3

Hr

H

A

WI

c

wf






= )
])0.2()53.0[(

)0.2(1(
89.0
500,1*3

5.122

3

2 ftft

ft

ft

lb


  

= 489 psf 
Where:  
H = Total Depth of Cover = 2.0 ft  
If = Impact Factor = 3 (Typical for unpaved surface)  
Ww = Wheel Load = 6,000 lb/ 4 tires = 1,500 Ib  
Ac = Contact Area = 0.66 ft * 1.33 ft = 0.89 ft2 

r   = Equivalent Radius = 


cA
= 



289.0 ft
= 0.53 ft 

3. Total Vertical Load 

Total Vertical Pressure (PT) = PL + PE = 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 Iowa Formula. 
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Ring Deflection = 






 

MD

X
 = 































'061.0
1

1
3

2144
1

3

EF
DR

E

PKPLK

S

LBEDEDLBED  

=








































)000,3*3.0*061.0(
117

1*
3

000,21*2

)4891.0()245*5.1*1.0(
144

1
3

psi

psfpsf
= 0.010 or 1.0% 

1.0 % < 5 %, therefore the ring deflection is within the acceptable range. 

Where: 
KBED = Bedding Factor = 0.1 (Typical Value) 
LDL = Deflection Lag Factor = 1.5 (Typical Value) 
PE = 245 psf (Calculated Above) 
PL = 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)  

Fs = Soil Support Factor = 0.3 (When: 
'

'

E

EN  = 0.2 and 
O

d

D

B
= 1.5) 

DR = Dimension Ratio = 17 

Crushing and Buckling Forces  

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

Compressive Stress (S) = 
288

* DRPTotal  = 
288

17*734 psf
 = 43 psi 

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

Where:  
PTotal = 734 psf (Previously calculated)  
DR = Dimension Ratio = 17 

2. Allowable Constrained Buckling Pressure - Determine if the buckling pressure is 
greater than PTOTAL (734 psf) using Luscher’s Equation. 
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Constrained Buckling Pressure (PWC) = 3)1(12
'*'65.5

DR

E
ERB

N
  

= 3)117(12
000,21*000,3*222.0*0.1

2
65.5


psi

psi  = 47.7 psi = 6,869 psf 

6,869 psf > 734 psf, the buckling pressure is within the acceptable range 

Where: 
N = Safety Factor = 2 

R = Buoyancy Reduction Factor = 1 - 0.33
H

HGW  = 1 – 0.33
ft

ft

0.2
0

 = 1.0 

HGW = Groudwater Height Above Pipe = 0 ft because there will be no standing 
water on the slope 
H = Cover Above Pipe = 2.0 ft 

B’ = Soil Support Factor = 
He 065.041

1


 = 0.2*065.041
1
 e

= 0.222 

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. 

Allowable Live Load Pressure (PLA) = 





 

A

HwD
S

CND

I

ND

KHw o

oo 288
)(2.7387)(12

2

2

  

= 





 

in

ftinpcf
psi

ininin

ftpcf

06.1*288
2*18*120000,3

53.0*)18(*2
094.0*2.7387

18*2
)2*46.2(120*12

2

2

 

= 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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K = Passive Earth Pressure Coefficient = 



sin1
sin1




 = 
)25sin(1
)25sin(1




 = 2.46 

  = 25° for a loose silty material 
 N = Safety Factor = 2 
 Do = 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 

 I = Pipe Wall Moment of Inertia = 
12

2t
 = 

12
)06.1( 2in

 = 0.094 

3.4 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 (PE)= wsoilHsoil = (120 pcf  *4.0 ft) = 480 psf  

Where:  
wsoil = Density of Soil = 120 pcf 
Hsoil = Depth of Soil Cover = 4.0 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 

Llve Load (PL) = )
)(

1( 5.122

3

Hr

H

A

WI

c

wf






= )
])0.4()665.0[(

)0.4(1(
39.1

000,16*3
5.122

3

2 ftft

ft

ft

lb


  

= 1,384 psf 
Where:  
H = Total Depth of Cover = 4.0 ft  
If = Impact Factor = 3 (Typical for unpaved surface)  
Ww = Wheel Load = 16,000 Ib (Typical value for H20 truck 
Ac = Contact Area = 1.39 ft2 (Typical value for H20 truck) 
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r   = Equivalent Radius = 


cA
= 



239.1 ft
= 0.665 ft 

Boussinesq Equation  

Live Load (PL) = 2

3

2
3

r

HWI Wf


= 2

3

)4.6(2
)0.4(*000,16*3*3

ft

ftlb


 = 137.0 psf 

The live load is 274 psf to account for two wheels. 

Where:  
H = Total Depth of Cover = 4.0 feet 
If = Impact Fator =3 (For an unpaved surface) 
Ww = 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 = 22 Hx   = 22 )0.4()5( ftft   = 

6.4 ft 

3. Total Vertical Load  

Total Vertical Pressure (PTotal) = PE + PL = 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 Iowa Formula. 

Ring Deflection = 






 

MD

X
 = 































'061.0
1

1
3

2144
1

3

EF
DR

E

PKPLK

S

LBEDEDLBED  

=






































)000,2*85.0*061.0(
117

1*
3

000,21*2
)384,11.0()480*5.1*1.0(

144
1

3

psi

psfpsf
= 0.013 or 1.3% 

1.3 % < 5 %, therefore the ring deflection is within the acceptable range. 



Leachate Pipe Calculations 
Proposed Utility Waste Landfill 

Ameren Missouri Labadie Energy Center 
January 2013, Revised August 2013 

 

 
Prepared by GREDELL Engineering Resources, Inc.      15 of 19 
 

Where: 
KBED = Bedding Factor = 0.1 (Typical Value) 
LDL = Deflection Lag Factor = 1.5 (Typical Value) 
PE = 480 psf (Greater Value Calculated Above) 
PL = 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)  

Fs = Soil Support Factor = 0.85 (When: 
'

'

E

EN  = 0.2 and 
O

d

D

B
= 3) 

DR = Dimension Ratio = 17 

Crushing and Buckling Forces  

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

Compressive Stress (S) = 
288

* DRPTotal  = 
288

17*864,1 psf
 = 110 psi 

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

Where:  
PTotal = 1,864 psf (Previously calculated)  
DR = Dimension Ratio = 17 

2. Allowable Constrained Buckling Pressure - Determine if the buckling pressure is 
greater than PTOTAL (1,864 psf) using Luscher’s Equation. 

Constrained Buckling Pressure (PWC) = 3)1(12
'*'65.5

DR

E
ERB

N
  

= 3)117(12
000,21*000,2*245.0*0.1

2
65.5


psi

psi  = 40.9 psi = 5,890 psf 

5,890 psf > 1,864 psf, the buckling pressure is within the acceptable range 

Where: 
N = Safety Factor = 2 

R = Buoyancy Reduction Factor = 1 - 0.33
H

HGW  = 1 – 0.33
ft

ft

0.4
0

 = 1.0 

HGW = 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 

B’ = Soil Support Factor = 
He 065.041

1


 = 0.4*065.041
1
 e

= 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 
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Scenario 2 
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Scenario 3 
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Scenario 4 
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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 Cell 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 Cell = (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. 
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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 x 1.1 – 355 psf) / 93.0 pcf 
 

HOutside Cell = 484 ft – 466 ft (lowest bottom of liner elevation) = 18 ft 
 

HCCP = (18 ft x 62.4 pcf 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 ft2/acre)*(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: 

 

q= a 2gH / KcLKdvKe1   
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Where: 
q=flow capacity (cfs) 
a=conduit cross-sectional area (ft2) 
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/s2) 

 

q= π (1)2* .8*32*2 )/ 110*(0.01651.0.781  ) 

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:  

q=aC gh2  

Where: 
q=flow capacity (cfs) 
a=conduit cross-sectional area (ft2) 
C=coefficient for a sharp-edged orifice (0.6) 
g=acceleration due to gravity (32 ft/s2) 
h= head to the center of the orifice (ft.) 

 

q= π (1)2*0.6* 1*32*2  
q=15.1 cfs 

 
Under the conditions of orifice controlled partial flow, a 24-inch diameter culvert is acceptable 
since qoutflow (15.1 cfs) is greater than the required qinflow (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. 
 
 

























PRODUCT DATA SHEET

AT THE CORE:
An HDPE geomembrane 

used in applications that 

require excellent chemical 

resistance and endurance 

properties.

GSE HD Smooth Geomembrane 
METRIC

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.

Product Specifications 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  
Lowest individual reading

ASTM D 5199 every roll 0.750          
0.675

1.00          
0.90

1.50           
1.35

2.00           
1.80

2.50        
2.25

Density, g/cm3 ASTM D 1505 90,000 kg 0.940 0.940 0.940 0.940 0.940

Tensile Properties (each direction) 
Strength at Break, N/mm
Strength at Yield, N/mm
Elongation at Break, %
Elongation at Yield, %

ASTM D 6693, Type IV
Dumbbell, 50 mm/min

G.L. 50 mm                     
G.L. 33 mm  

9,000 kg
20
11
700
12

27
15
700
12

40
22
700
12

53
29
700
12

67
37
700
12

Tear Resistance, N ASTM D 1004 20,000 kg 93 125 187 249 311

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 2.0 - 3.0 2.0 - 3.0 2.0 - 3.0 2.0 - 3.0 2.0 - 3.0

Carbon Black Dispersion ASTM D 5596 20,000 kg Note(1) Note(1) Note(1) Note(1) Note(1)

Notch Constant Tensile Load, hr ASTM D 5397,  
Appendix

90,000 kg 300 300 300 300 300

Oxidative Induction Time, min ASTM D 3895, 
200°C; O

2
, 1 atm

90,000 kg >100 >100 >100 >100 >100

TYPICAL ROLL DIMENSIONS

Roll Length(2), m 341 265 171 131 104

Roll Width(2), m 6.86 6.86 6.86 6.86 6.86

Roll Area, m2 2,341 1,819 1,171 899 711

NOTES:

• (1)Dispersion only applies to near spherical agglomerates. 9 of 10 views shall be Category 1 or 2. No more than 1 view from Category 3.

• (2)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.

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

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.

For more information on this product and others, please visit us at 
GSEworld.com, call 800.435.2008 or contact your local sales office.



PRODUCT DATA SHEET

AT THE CORE:
An HDPE geomembrane 
used in applications 
that require increased 
frictional resistance, 
excellent chemical 
resistance and  
endurance properties.

GSE HD Textured Geomembrane
METRIC

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.

Product Specifications  These product specifications meet GRI GM13

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 
Lowest individual reading

ASTM D 5994 every roll 0.750 
0.675

1.00          
0.90

1.50           
1.35

2.00           
1.80

2.50        
2.25

Density, g/cm3 , (min.) ASTM D 1505 90,000 kg 0.940 0.940 0.940 0.940 0.940

Tensile Properties (each direction) 
Strength at Break, N/mm
Strength at Yield, N/mm
Elongation at Break, %
Elongation at Yield, %

ASTM D 6693, Type IV
Dumbbell, 50 mm/min

G.L. 50 mm                     
G.L. 33 mm  

9,000 kg
8
11
100
12

10
15
100
12

16
22
100
12

21
29
100
12

26
37
100
12

Tear Resistance, N ASTM D 1004 20,000 kg 93 125 187 249 311

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 2.0 - 3.0 2.0 - 3.0 2.0 - 3.0 2.0 - 3.0 2.0 - 3.0

Carbon Black Dispersion ASTM D 5596 20,000 kg Note(1) Note(1) Note(1) Note(1) Note(1)

Asperity Height, mm ASTM D 7466 second roll 0.40 0.45 0.45 0.45 0.45

Notch Constant Tensile Load(2), hr ASTM D 5397, 
Appendix

90,000 kg 300 300 300 300 300

Oxidative Induction Time, min ASTM D 3895, 
200°C; O

2
, 1 atm

90,000 kg >100 >100 >100 >100 >100

TYPICAL ROLL DIMENSIONS

Roll Length(3), m Double-Sided Textured 
Single-Sided Textured

253
308

213
238

158
165

122
125

101
101

Roll Width(3), m 6.86 6.86 6.86 6.86 6.86

Roll Area, m2 Double-Sided Textured
Single-Sided Textured

1,736
2,113

1,461 
1,633

1,084
1,132

837
858

693
693

NOTES:

• (1)Dispersion only applies to near spherical agglomerates. 9 of 10 views shall be Category 1 or 2. No more than 1 view from Category 3.

• (2)NCTL for GSE HD Textured is conducted on representative smooth geomembrane samples.

• (3)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.

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 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.

For more information on this product and others, please visit us at 
GSEworld.com, call 800.435.2008 or contact your local sales office.



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. 

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/m2 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 Test Method Frequency Minimum Average Roll Value

Geocomposite 200 g/m2 270 g/m2 335 g/m2

Transmissivity(2), m2/sec  
Double-Sided Composite 
Single-Sided Composite

ASTM D 4716 1/50,000 m2

5 x 10-4 
1.5 x 10-3

5 x 10-4 
1.5 x 10-3

3 x 10-4 
1 x 10-3

Ply Adhesion, g/cm ASTM D 7005 1/4,600 m2 178 178 178

Geonet Core(3) – GSE HyperNet HF

Transmissivity(2), m2/sec ASTM D 4716 3 x 10-3 3 x 10-3 3 x 10-3

Density, g/cm3 ASTM D 1505 1/4,600 m2 0.94 0.94 0.94

Tensile Strength (MD), N/mm ASTM D 5035/7179 1/4,600 m2 9.6 9.6 9.6

Carbon Black Content, % ASTM D 1603(6)/4218 1/4,600 m2 2.0 2.0 2.0

Geotextile(3,4)

Mass per Unit Area, g/m2 ASTM D 5261 1/8,300 m2 200 270 335

Grab Tensile, N ASTM D 4632 1/8,300 m2 710 975 1,155

Puncture Strength, N ASTM D 4833 1/8,300 m2 395 525 725

AOS, US sieve(1) (mm) ASTM D 4751 1/50,000 m2 0.212 0.180 0.150

Permittivity, (sec-1) ASTM D 4491 1/50,000 m2 1.5 1.3 1.0

Flow Rate, lpm/m2 ASTM D 4491 1/50,000 m2 4,480 3,865 3,050

UV Resistance, % retained ASTM D 4355
(after 500 hours)

once per 
formulation

70 70 70

NOMINAL ROLL DIMENSIONS

Geonet Core Thickness, mm ASTM D 5199 1/4,600 m2 6.3 6.3 6.3

Roll Width(5), m 4.5 4.5 4.5

Roll Length(5), m Double-Sided Composite 
Single-Sided Composite

70.1 
79.2

64.0 
79.2

64.0 
76.2

Roll Area, m2 Double-Sided Composite 
Single-Sided Composite

321 
362

293 
362

293 
348

 [Product specifications continued on back]



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:
•	(1)AOS	in	mm	is	a	maximum	average	roll	value.
•	(2)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.
•	(3)Component	properties	prior	to	lamination.
•	(4)Refer	to	geotextile	product	data	sheet	for	additional	specifications.
•	(5)Roll	widths	and	lengths	have	a	tolerance	of	\1%.
•	(6)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.

For more information on this product and others, please visit us at 
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 Managcment Rules for utility waste disposal (reference Chapter 11, Utility
Waste Landfill) were effective on ] uly 30, 1997, in rcsponsc to statutory changes to the Missouri Solid
Waste Management Law. The statutory changcs were intcndcd 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 issues of the electric power generation industry. Chapter 11
is patterned after Chapter 3 and Chapter 4, which were originally created in 1973 in response to the new
Missouri Solid Waste Management Law.

10 CSR 80-11.0 JO(I) 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 requirement subsections contained in this rule delineate
minimum levels ofperliJr/nance required of an)! utilit)! Ii/aste landfill ooeratioll. The
satisfactorv como/iance subsections are rJresented as the authorized methods bv which
the obiectives of the requirements can be realized The satislaetorv comolianc'e
subsections are based on the oraetiee o(landfillinfj; utilifF wastc. If techniques other than
those listed as satislactorv c01J1vliance in design or overation are used, it is the
obli,?ation of the utilitv lvaste landllll owner/operator to demonstrate to the department in
advance that the techniques to be emploved will satis{v the requirements. Procedures for
the tcchniques shall be submitted to the department in writing and approved by the
department in writing prior to being employed. [emphasis addedJ

Ameren Missouri recognizes that, if they choose to utilize techniques other than those listed as
satisfactory compliance in the design and operation " of the uti Iity waste landfill, they must
" ... demonstrate to the department in advance that the techniques to be employed wi II satisfY the
requirements ..:'

The Missouri Department of Natural Resources' rules for utility waste landfills (UWL) stipulatc 111

10 CSR 80-11.010(4)(B)6 that:

If the basc 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 80-11,01 0(8)(B) I.C requircs that thc plans shall include:

Ground water elcvation and proposcd scparation bctwcen the low cst 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
Ameren Missouri Labadie Energy Center UWL Solid Waste Disposal Area
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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 sLlmps
will probably be in intermittent contact with the ground water. In accordance with 10 CSR 80-11.0] O(I),
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 IO CSR 80-] 1.0]O(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 bas1s for:

• demonstrating the impacts of an intermittent high ground water table on the composite
bottom 11ner(specifically the bottom compacted clay liner and the HOPE membrane liner
on top of the compacted clay liner) are negligible;

• evaluating the environmental impact of this site condition 011 the projected use of the
UWL; and

• demonstrating that the characteristics of the compacted clay liner and the proper design
of the UWL will continue to function as designed 1n compl1ance with the intent of the 10
CSR 80-11.0 IO 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 structural and
hydraulic engineering properties of compacted clay liners (CCLs) and the potential impact to CCLs from
intermittent contact with ground water in thc 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, Section 4.0 identifies the specific requirements of 10 CSR 80-11.010 that
potentially require demonstration of satisfactory compliance with the requirements of the Utility Waste
Landfill design and operational standards.

1.1 Brief Proiect Description

The Labadie UWL will be developed on property contiguous with the boundary of property upon which
the Labadie Energy 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.
4651 below the current footprint of the UWL. The areas of lower ground surface elevations (bclow about
el. 464) located in the southeast region of the site have been excluded from the proposed developed area
of the UWL.

The proposcd UWL is located in the alluvial deposits adjacent to the Missouri River. As demonstrated in
the Detailed Site Investigation (OST) for this project2 the ground watcr levels are strongly influenced by

I Elevations herein refer to the North American Vertical Datum of 1988 (NA VD88) which is the datum used in FElVIA's new
Flood Insurance Rate Maps (FIRM). NA VDSS corrects many of the problems with the earlier NOVD of ]929.
2 Detailed Site Investigation Report/i)r Ameren Alissonri Lahodie Power Plant Proposed UtiWv Waste Disposal Areo.
Franklin COIlI1~V, Missouri, dated February 4, 20 I ], revised March 30, 20 I], Approved by Missouri Department of Natural
Resources, Division of Geology and Land Survey on April 8, 20 II.

REITZ & lENS, INC.



Demonstration: Base of UWL Liner in Intermittent Contact with Ground Water
Ameren Missouri Labadie Energy Center UWL Solid Waste Disposal Area

3

the Missouri River (see Appendix W or page 39 ofDSI Report). Because the Missouri River is an "open
river:' that is not controlled by a dam in the vicinity of the Labadie 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 Labadie Bottom Levee
District agricultural levee with heights at or near the] OO-year flood elevation. In the unlikely event that
the agricultural levee is overtopped or breached, the UWL site is further protected fi'om direct Missouri
River flood currents by the Labadie Energy Center itself which is upstream and higher than the SOD-year
flood elevation, creating a low velocity shadow, or ineffective flow area, over the entire UWL site. The
regulatory ]OO-year base flood elevation (BFE) of 483.98 at the upstream end of the UWL site became
effective on October 18, 2011. The 500-year flood elevation at this river station is reported by FEMA to
bc 487.55. By comparison, the flood crest at this location in August] 993 was about el. 483.6.

The Labadie UWL will be divided into four distinct internal drainage zones or cells. The lowest point of
each drainage area is designed to be el. 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 wi II discharge into a small leachate sump (approximate size ]5 feet by 20 feet). The
bottom of the composite clay liner in the sumps is designed to be at el. 463.0. With settlement, thc
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] 980'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 established 011 a national
level and the technical requirements were widely adopted as 'state of the art' Missouri's current utility
waste landfill requirements were adopted in 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 80-1 1.0]0(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] x] 0-5 cm/sec., and
compacted to 95% of standard Proctor (ASTM 0699) maximum dry unit weight (yd,maJ

REITZ & JENS, INC.



Demonstration: Base of UWL Liner in Intermittent Contact with Ground Water
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with the moisture content at the time of compaction between optimum moisture content
(WOpI) and 4% above wop\, or within other ranges of density and moisture such that are
shown to provide for the liner to have a k ::: 1x 10-5 em/sec.

2) The soils used for the compacted clay liner shall have the following minimum
specifications:
A. Be classified as low plastic clay (CL), high plastic clay (CH) or sandy clay (SC).
B. Have more than 30% particle sizes by weight passing U.S. #200 sieve (0.075111111),
C. Have an Atterberg liquid limit (LL) ::::20%
0, Have an Atterberg plasticity index (PI):::: 10%,

4

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: ]) If the GWT is above the
bottom liner for a long enough 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 0.31 m 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 cxternal hydrostatic pressure. Therefore, the
internal shear strength and hydraulic properties of the compacted clay liner were not affected.

The proposed design of the cells for the Labadie UWL will use a clay liner with a maximum hydraulic
conductivity of 1x I0-7 cm/sec, which provides an additional factor of safety that the hydraulic
conductivity will not exceed the required maximum even 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 Ix 10-7 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 Grollnd 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 Labadie Energy Center from December 3, 1999,
through November 9, 2010, were used in the analyses of the hydrogeology of the site for the DSl because
these arc 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 el. 445.3.
Below is a table of the frequencies of the Missouri River levels in 2-foot intervals from these data:
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0.38%
1.69%
3.57%
5.51%
8.83%
13.54%
19.20%
25.82%
34.58%
43.77%
56.81%
76.97%
91.49%
100.00%

%
0.08%
0.30%
1.31%
1.89%
1.94%
3.32%
4.71%
5.66%
6.62%
8.76%
9.19%
13.04%
20.16%
14.52%
8.51%

No.
3
12
52
75
77
132
187
225
263
348
365
518
801
577
338

Range
474-475.4
472-473
470·471
468-469
466-467
464-465
462-463
460-461
458-459
456-457
454-455
452-453
450-451
448-449
393-448

Frequencies of Missouri River Levels at Labadic Encrgy Ccnter (2000-2010)
%

Greater

The ground water levels at the site were monitored monthly for the DST from December 2009 through
November 2010. These findings are 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 I to 3 feet above the Missouri River level. However, when the
Missouri River is above approximatc el. 461 for a sustained period, the ground watcr 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 elevations versus the Missouri River
elevation in Figure I of Appendix W. From lune 5, 2010, through July 5, 2010, the Missouri River
elevation at the plant was above el. 465.1, and reached a maximum ofel. 471.3. During this period, the
avcrage ground water table below the site rose to el. 464, with the average ground watcr 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, 20 10, with a maximum 1cvcI of el. 472.8. During this
shorter duration of sustained high river levels (18 days compared to 30 days in lune and July), the average
ground water table beneath the site rose 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 el. 464 when the Missouri River at the plant
is above el. 465 for about 30 days and reaches a maximum level above el. 471 during that period. The
question then becomes ·'How often do such sustained high Missouri River levels occur at the siteT

From the above table, the Missouri River was at or above el. 465 about 9% of the days from December
1999 through November 20 I0, 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 more 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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36
30
19
18
13

No. DaysPeriod

Periods of Sustained High Missouri River Levels at Labadie Energ , Center (2000-2010)
Maximum
River Elev.
471.6
471.3
473.2
472.8
471.9

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 eI. 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 pcak river level above el. 471. While the level of the Missouri River at the site has exceeded
el. 470 about ] .7% of the 3973 days from December 1999 through November 2010, an interval of
sustained high river levels adequate to create a high average ground water level of cl. 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 I"elatively short duration only
about two times in a lO-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 HiQh Ground Water Table

The potential impacts of a ground water table (GWT) that is above the bottom compacted clay liner are:

I. 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 slopes,
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 SwellinQ

High plastic clay (i.e. "CH" with a LL above 50%) has a tendency to swej[ 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 increase 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 IDO-ycar 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 Section 3.3.2.2 and Appendix J of the Construction Permit
Application. Dry cells will be fil1ed with CCPs upon completion to counter any hydrostatic uplift that
might occur.

2.3.3 Loss of Shear StrenQth

The shear strength of a soil has 2 components: the effective cohesion (c') and the effective internal
friction angle (0'). Unless there is some cementation in the soil matrix, the cohesive shear strength is
actually very sma)) 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, 0' is the critical shear strength property. However,
the area 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, if it could occur, will have an insignificant impact on the stability of
thc exterior slopes of the UWL Consolidated-undrained (C-U) triaxial compression tests with pore
pressure measuremcnts 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 incorporated in the measurement of 0'. Therefore, the possible impact of saturation of the
compacted clay liner, if it could occur, is 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 levcl that is at the ground surface results in the minimum factor of safety for the global
stability of any slope because of the reduction in effective confining stress in the natural soils beneath and
beyond the toe of the berm. The internal stability of the waste is not affected by the external ground water
level because the waste is 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 (c' and 0') and an assumed exterior water level at ground surface. So, the issue of high
ground water levels, or flooding, has been considered in the stability analyses reported in the Construction
Permit Application, including under seismic load and liquefaction potential.

2.3.5 Constructability of Clav Liner in a HiQh Ground water Table

A high ground water table could interfere with the excavation to final sub grade of the bottom liner and
with the compaction of the clay liner. If this condition occurs, the subgrade wil1 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 adversely 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 Lon~-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 propenies which were used in the analyses for the UWL, and the
various extreme conditions which were considered (i.e., 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 Qualitv Protection

Protection of ground water quality is a primary objective of regulatory design and operating requirements
for utility waste disposal areas. Liners, leachate collection systems, and final cover systems all focus on:
keeping the waste materials relatively dry; minimizing the quantity of leachate formed by thc disposal
area; containing the leachate within the disposal area; and collecting and removing the leachate from the
disposal area for further treatmcnt and ultimate disposal outside of the disposal area environmcnt. 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 arca, 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 diminished.
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Regarding ground water in intermittent contact with the utility waste landfill liner, the continued
structural integrity 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
surface water quality at the labadie UWL. The design and construction of berms around the perimeter of
each disposal cell to prevent inundation of the utility waste during future Missouri River flood events are
the primary design protection of surface watcr 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 storm water
management systems are not directly impacted by ground water in intermittent contact with the utility
waste landfill liner.

4.0 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 avoid 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 propose 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 sllpport 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 in 10 CSR 80-11.010 as satisfactory compliance in 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 fi·om both a
technical and regulatory perspective.

The rule format for Chapter I I generally includes one section for each specific topic, each followed by
three subsections [(A) Requirement; (B) Satisfactory Compliance - Design; and (C) Satisfactory
Compliance - Operations]. Section 4.1 identifies the design and/or operational methods propos cd for the
Labadie UWL that require dcmonstration that the overall requirements of Chaptcr 11, Utility Waste
landfill, arc met for the site conditions and design ofthc Labadie UWL.

4.1 Desi~mlOperationalConsiderations Relative to Unique Labadie UWL Site Conditions

The following sections of the Missouri Solid Waste Management Rules have been identified for specific
summary discussion as a conclusion to the demonstration that the Labadie UWl meets the minimum
requirements of the Missouri Solid Wastc Management Rules. The design and/or operational issues
identified arc listed below, followed by the regulatory REQUIREMENT [emphasis 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 Section 2.0 are summarized below:

• Studies have shown that clay liners do not become saturated even when continuously submerged
for years due to the very high intemal capillary stresses. Therefore 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 Ix I0~7em/see, which provides an added safety factor that the maximum hydraulic
conductivity of Ix I0.5 em/see 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 properties assumed for the compacted clay
liner for the design of the UWL will be specified (see Appendix J) and verified for the offsite 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.

4.1.1 INTERMITTENT GROUND WATER CONTACT WITH LANDFILL LINER.

Regulatorv Citation and ReQuirement:

10 CSR 80-11.010(4) Site Selection.
(A) Requirement. Site selection and utilization shall include a study and evaluation (~fgeologic
and hydrologic conditions and soils at the proposed utility waste landfl/! and an evaluation of the
environmental eif(xt upon the projected use of the completed utility l,vaste lanqfl/!. Applications
fl.)r uti/ity waste lanqfill construction permits received on or after the effective date 0/ this rule
shall document compliance vvith all applicable siting restriction requirements col1tained in
paragraphs (4)(Bj1. through 5. o/this rule.

Regulatorv Design and/or Operational TechniQues:

(B) 6. if the base ~lthe landfill liner will be in contact with ground water, the applicant shall
demonstrate to the department's satisfaction that the ground water will not adverse~F impact the
liner.

(B) 7. O~vners/operators of proposed utility waste landfills shall demonstrate hmv adverse
geologic and hydrologic conditions may be altered or compensatedfor via sur/ace water drainage
diversion, underdrains, sumps, and other structural components. All alterations ~fthe site shall be
detailed in the plans. Precipitation, evapotranspiration and climatological conditions shall be
considered in site selection and design.
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(B)8. The results (~l the detailed site investigation report lvill be the basis to determine il a
secondmy liner, such as a geomembrane, or a leachate collection system is mandatOTY to ensure
that there is no environmental impact/i'om the landjill. Olvner/operators olproposed utility waste
landfills shall make a demonstration based 0/1 thefollowing:

A. An evaluation olthe physical and/or chemical characteristics olthe waste; and
B. Documentation through modeling, testing, or other research data proving that the
quality olground water underlying the proposed site lvillnot be alTected and that there is
no poten/ialfor migration ~/fluidsFol71 the utility waste lanc!fill.

Discussion of Alternative Desi2:u:

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 uti lity waste landfill for the Labadie Energy
Center anticipates the potential for saturated clays and saturated insitu base conditions, as well as
the potential impact of high ground watcr tab]c conditions intermittently caused by fluctuating
Missouri River levels. No additional design alternativcs or changes are considered necessary, as
supported by the information in the report.

Compliance with Re2:ulatorv Requirement:

The CPA for the Labadie UWL addresses the site selection and utilization requirements, including
a study and evaluation of geologic and hydrologic conditions and soils at the proposed utility
waste ]andfill and an cva]uation of the environmental effect upon the projected use of the
completed utility waste landfi]1. 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.

Based on the conclusions of this report, no additional design or operation a] changes are necessary
to demonstrate that the geologic and hydrologic conditions referenced in 10 CSR 80-11.01 O(4),
Site Selection, (specifically, the intermittent contact of small portions of the bottom of the landfill
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 potentia] for migration of fluids from the
Labadie UWL. The liner and leachate collection requirements are further discussed in previous
and subsequent pOliions of this report.

4.1.2. IMPACT OF DSI RESULTS ON LINER AND LEACHATE COLLECTION SYSTEM
DESIGN.
ReQulatorv 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 utility 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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(A)3. Owners/operators of 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.

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 shalf
list the limitations and assumptions of each model used in the application.

(A)4. Plans for stability analyses for all stages of construction shall include:

A. Settlement 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
demonstrate 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 settlement on the final cover system components, side
slope liner system components, surface water management system components and gas
migration system components.

Discussion of Alternative Desi~:m:

The Detailed Site Investigation (DSI) required by [0 CSR 80-2.015 addressed the precipitation,
evapotranspiration 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 constmetiol1
and operation of the Labadie UWL.

This report provides additional technical discussion relative to the intermittent contact of thc CCL
component of the composite liner. As outlined in detail in Section 2.0, the proposed design and
operation of the utility waste landfill for the Labadie Energy Center anticipates the potential for
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saturated clays and saturated insitu base conditions, as v,Iell as the potential impact of high ground
water table conditions intermittently caused by fluctuating Missouri River levc]s. No additional
design alternatives or changes arc believed necessary to address] 0 eSR 80-11.0] 0 (5).

Compliance with Re~ulatorv Requirement:

In compliance with 10 eSR 80-11.0 10 (5), Design, this demonstration report has been prepared by
professional engineers, has been reviewcd and approved by a professional engineer and bears the
signature and seal of the principal design engineer.

4.1.3. LANDFILL LINER SEPARATION FROM GROUND WATER.

ReQulatorv 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 requircments. App]icable standards are federal, state or local standards and
requircmcnts that arc legally enforccab]c.

Re2u lator" Desi211 Requirements:

(8)1. Plans shall ;nclude

C. Ground water elevation and proposed separation between the lowest po;nt of the
lowest cell and the pred;cted max;mum water table elevation;

Discussion of Alternative Deshw:

This report provides information relative to the proposed separation between the lowest point of
the lowest cell and the predicted normal water table elevation. In addition, it further evaluates the
potential impact of the intermittent contact of the eeL component of the composite liner. No
additional design alternatives or changes arc believed necessary to address 10 eSR 80-11.010 (8).

Compliance with Re2ulatol'V Requirement:

The content of this dcmonstration report support the conclusion that the regulatory requirement is
met. The proposed design, construction and operation of the utility waste landfill shall minimize
environmcntal hazards and shall conform to applicable ground and surface water quality standards
and requirements,

4.1.4. DESIGN AND OPERATION OF LINER SYSTEM.

Re~ulatorv Citation and Requirement:

10 CSR 80-11.010(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 landfiff.

Regulatorv Design ReQuirements:

(B) 1. For a composite liner a lower component that consists of at least a two-foot (2)
layer of compacted soil with a hydraulic conductivity of no more than 1x 10-5 cm/sec. A
compacted soil liner at a minimum shall be constructed 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 1x 10-5 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 10-7 cm/sec. A
compacted soil liner at a minimum shaff be constructed 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 of no more than 1 x 10-7 cm/sec. The
design shaff 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 sha/! include QA/QC procedures to be fof/owed during
construction 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
purpose sha/! meet the foffowing minimum specifications:

A. Be classified under the Unified Soil Classification Systems as CL, CH, or SC
(ASTM Test 02487-85);

B. Allow more than thirty percent (30%) passage through a No. 200 sieve (ASTM
Test 01140);

C. Have a liquid limit equal to or greater than twenty (20) (ASTM Test 04318-84);
D. Have a plasticity index equal to or greater than ten (10) (ASTM Test 04318-

84); and
E Have a coefficient of permeability equal to or less than 1 x 10-7 cm/sec for the

compacted clay liner and 1 x 10-5 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 content, when tested by using a flexible waff
permeameter (ASTM 0-5084) or other procedures approved by the
department;

Alternative Design:

14

The proposed utility waste disposal area will utilize a composite liner that will consist of a 60-mil
HDPE geomembrane liner underlain by two feet of compacted clay liner with a hydraulic
conductivity equal to or less than 1 x ]0-7 cm/sec. 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). Amercn Missouri proactively chose this design to minimize
the migration of leachate from the utility waste disposal arca and to provide a UWL that will
address anticipated future regulatory revisions.

Compliance with Re!=lulatorv ReQuirement:

The regulatory requirement is mct and exceeded by the Labadie UWL proposed composite liner
design. This rep0I1 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 demonstration by MDNR, this dcmonstration will be
incorporated 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 BUSINESS INFORMATION  
 

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 Unified Land Use Regulations on October 25, 2011 to 
add regulations concerning Non-Utility Waste and Utility Waste Landfills (UWL) in Franklin County, 
Missouri.  Article 10, Section 238(C)(3) of these amended 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” as “Water below the land surface in the zone of 
saturation.” 
 
Section 238(A)(19) defines “Natural Water Table” as: 
 

The level at which water stands in a fully saturated unconfined aquifer as measured 
by shallow piezometers or wells.  The natural water table is under static hydrologic 
conditions and uninfluenced by groundwater pumping or other engineered activities. 

 
The site of the proposed UWL at Ameren Missouri’s Labadie Power Station is located in the alluvial 
deposits adjacent to the Missouri River.  As demonstrated in the Detailed Site Investigation (DSI) for 
this project1 the ground water levels are strongly influenced by the Missouri River (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 Labadie Power Station, 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 amended County Unified Land Use Regulations allow the Independent Registered Professional 
Engineer to review and approve certain UWL requirements after evaluation of a specific UWL site and 
consultation with the UWL owner and engineer.  This paper presents a rational definition of the 
“Natural Water Table” as it applies to the site of the proposed UWL at Ameren Missouri’s Labadie 
Power Station, as a basis for design of the UWL.  This report was prepared at the request of Ameren 
Missouri by Reitz & Jens, Inc., the Designer of Record for the Labadie UWL. 
 
Brief Project Description 
 
The Labadie UWL will be developed on property contiguous with the boundary of property upon 
which the Labadie Power Station is situated, on the right descending (south) overbank area of the 

                                                 
1 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, 2011.  Approved by Missouri Department of Natural 
Resoures, Division of Geology and Land Survey on April 8, 2011. 
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Missouri River between River Miles 56.71 and 57.38.  The existing ground surface ranges from about 
el. 471 to el. 4652 below the current design of the UWL.  The areas of lower ground surface elevations 
(below about el. 464)  located in the southeast region of the site are in potential wetlands and therefore 
have been excluded from the proposed developed area of the UWL. 
 
The UWL site is currently protected from regular Missouri River flooding by the Labadie Bottom 
Levee District agricultural levee with heights at or near the 100-year flood elevation.  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 Power Station itself which is upstream and higher 
than the 500-year flood elevation, creating a low velocity shadow, or ineffective flow area, over the 
entire UWL site.  The regulatory 100-year base flood elevation (BFE) of 483.98 at the upstream end of 
the UWL site became effective on October 18, 2011.  The 500-year flood elevation at this river station 
is reported by FEMA to be 487.55.  By comparison, the flood crest at this location in August 1993 was 
about el. 483.6.  The planned top of the constructed perimeter berms of the Labadie UWL will be at el. 
488. 
 
Ground Water Levels and Missouri River Data 
 
The daily average levels of the Missouri River at the Labadie Power Station 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 are 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 level in the data is el. 393.0 which occurred on June 29, 2001.  
Below is a table of the frequencies of the Missouri River levels in 2-foot intervals from these data: 
 

Frequencies of Missouri River Levels at Labadie Power Station (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 Vertical Datum of 1988 (NAVD88) which is the datum used in FEMA’s 
new Flood Insurance Rate Maps (FIRM).  NAVD88 corrects many of the problems with the earlier NGVD of 1929. 
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The ground water levels at the site were monitored monthly for the DSI from December 2009 through 
November 2010.  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 about el. 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 elevations versus the Missouri River 
elevation in Figure 31 from the DSI Report.  From June 5, 2010, through July 5, 2010, the Missouri 
River elevation at the plant was above el. 465.1, and reached a maximum of el. 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 June and 
July), the average ground water table beneath the site rose from el. 462.0 to el. 463.0.  Therefore, it 
appears from these data that the ground water table beneath the site will rise to about el. 464 when the 
Missouri River at the plant is above el. 465 for about 30 days and reaches a maximum level above el. 
471 during that period.  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 during this decade during which the Missouri River at the plant was above el. 465 for more 
than 5 days and during which time the river level exceeded el. 470.  However, the Missouri River level 
was above el. 465 for more than 13 days during only 5 of these intervals: 
 

Periods of Sustained High Missouri River Levels at Labadie Power Station (2000-2010) 

Period No. Days Maximum 
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 of ground water level monitoring at the site indicate that 
the maximum average ground water level of about el. 464 may occur when the sustained high Missouri 
River level at the Labadie Power Station exceeds el. 465 for more than 18 days, and probably 
approaching 30 days, with a peak river level above el. 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 interval of sustained high river levels adequate to create a high average ground water level of 
el. 464 has occurred only twice.  Therefore, the definition of el. 464 as the average “Natural Water 
Table” at the site would appear to be an extreme event that occurs for a relatively short duration 
only about two times in a 10-year period. 
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Requirements for “Beneficial Use” 
 
The Missouri Department of Natural Resources (MDNR) has previously permitted the use of CCR as 
fill for “beneficial use” without a clay liner if the fill was above the normal annual high ground water 
level.  Adoption of el. 464 at the proposed site of the Labadie UWL would satisfy this requirement. 
 
Summary 
 
The current Franklin County Land Use regulations for Utility Waste Landfills require that 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, and that the definition of “Natural Water Table” is the “static 
hydrologic conditions uninfluenced by groundwater pumping or other engineered activities.” 
 
The site of the proposed UWL at Ameren Missouri’s Labadie Power Station is located in the alluvial 
deposits adjacent to the Missouri River.  As demonstrated in the Detailed Site Investigation (DSI) for 
this project, the ground water levels are strongly influenced by the Missouri River.  Because the 
Missouri River is an “open river,” the level of the Missouri River and hence the natural water table at 
the site is never under truly “static hydrologic conditions.”  Based upon the 12 months of monitoring of 
ground water levels at the site and almost 11 years of daily Missouri River level readings at the 
Labadie Power Station, the definition of el. 464 as the average “Natural Water Table” at the site would 
appear to be an extreme event that occurs for a relatively short duration only about two times in a 10-
year period, and therefore would satisfy the intent of the Franklin County Land Use regulations. 
 
Attachments 
 
Figure 31 from DSI Report, “Monthly Average Water Table Elevation VS Missouri River Elevation” 
Figure 32 from DSI Report, “Missouri River 10-Year Historical Data (2000-2010)” 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
\\fs01\projects\amerenue\2008012455\design details\design basis gwt\design basis-labadie uwl gwt-040912.doc 
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CONFIDENTIAL BUSINESS INFORMATION 
 

Ameren Missouri Labadie Power Station 
Utility Waste Landfill 

DESIGN BASIS FOR EXTERIOR BERMS 
April 10, 2012 

 
Introduction and Purpose 
 
The County Commission amended the County’s Unified Land Use Regulations on October 25, 2011 to 
add regulations concerning Non-Utility Waste and Utility Waste Landfills (UWL) in Franklin County, 
Missouri.  Article 10, Section 238(C)(3) of these amended regulations requires in part that: 
 
d.) All “cells” shall be designed and constructed so that they shall be protected by an exterior 

berm meeting the following criteria: 
 
 i.) The top of the berm at a minimum shall be equal to the five hundred (500) year 

flood level in the area of the proposed Utility Waste Landfill. 
 

ii) … All berms shall be constructed of concrete or cement-based material sufficiently 
thick for the purpose intended and approved by the Independent Registered 
Professional Engineer. 

 
The amended County Unified Land Use Regulations allow the Independent Registered Professional 
Engineer to review and approve certain UWL requirements after evaluation of a specific UWL site and 
consultation with the UWL owner and engineer.  This paper will help define the “purpose intended” as 
it applies to the exterior berms for the proposed UWL at Ameren Missouri’s Labadie Power Station 
and present a recommended design.  This report was prepared at the request of Ameren Missouri by 
Reitz & Jens, Inc., the Designer of Record for the Labadie UWL. 
 
Brief Project Description 
 
The Labadie UWL will be developed on property contiguous with the boundary of property upon 
which the Labadie Power Station is situated, on the right descending (south) overbank area of the 
Missouri River between River Miles 56.71 and 57.38.  The UWL site is currently protected from 
regular Missouri River flooding by the Labadie Bottom Levee District agricultural levee with heights 
at or near the 100-year flood elevation.   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 Power Station itself which is upstream and higher than the 500-year flood elevation, creating 
a low velocity shadow, or ineffective flow area, over the entire UWL site.  The regulatory 100-year 
base flood elevation (BFE) of el. 483.981 at the upstream end of the UWL site became effective on 
October 18, 2011.  The 500-year flood elevation at this river station is reported by FEMA to be el. 

                                                 
1 All elevations refer to the North American Vertical Datum of 1988 (NAVD88) which is the datum used in FEMA’s new 
Flood Insurance Rate Maps (FIRM).   
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487.55.  By comparison, the flood crest at this location in August 1993 was about el. 483.6.  The 
planned top of the constructed perimeter berms of the Labadie UWL will be at el. 488. 
The total area of the UWL when completed will be approximately 280 acres.  The UWL will be 
constructed in cells, as defined by the Franklin County land use regulations, with each cell designed to 
contain a minimum of 5 years of the coal combustion residuals (CCRs) produced by the Labadie Plant.  
As planned prior to adoption of the new Land Use regulations in October 2011, each cell will be fully 
surrounded by a perimeter berm.  The primary purpose intended for these berms is to separate the 
CCRs in the UWL from coming in contact with floodwater.  The internal angle of friction of the CCRs 
that will be deposited in each cell will be sufficiently high so as to create a stable fill that does not 
require the perimeter berms for stability. 
 
Two types of perimeter berms will be built.  Exterior berms are those that will form the perimeter of 
the fully developed 280-acre UWL.  Interior berms are those that initially will form a portion of each 
cell’s perimeter, but will ultimately be covered with CCRs as future cells are developed.  Some 
exterior berms infrequently may be in contact with a flow of flood water of the Missouri River, but 
only when the Labadie Bottom Levee District levee is overtopped or breached.  The interior berms 
may also infrequently come in contact with flood water, but the water velocities will be too low to 
cause erosion.  In both instances a vegetated cover alone would provide sufficient erosion protection, 
as with standard levee design.  Because the CCR mass and perimeter berms are inherently stable, 
concrete and/or cement-based material will be used only to prevent possible erosion of the exposed 
slopes of perimeter berms that may be subject to the flow of flood water. 
 
The general height and geometry of the exterior and interior berms will be as shown in Figure 1.  The 
exterior berms will be constructed with compacted soil and the inside slope will be covered with a 
composite liner in accordance with the Missouri Department of Natural Resources (MDNR) 
regulations.  The outside slope of the exterior berms will have a concrete or cement-based layer to 
protect against erosion from flood water (the “purpose intended”).  Interior berms will be constructed 
with a core of CCRs and a compacted clay cap and vegetated cover on their outside slope.  The 
composite liner will extend under the interior berm and tie into the exterior slope’s clay cap to 
encapsulate the CCRs in accordance with MDNR regulations and allow extension of the composite 
liner beneath the next cell.  Both side slopes of the perimeter berms will be 3 horizontal to 1 vertical 
(3:1).  The top of the perimeter berms will be constructed to el. 488.0, that is 0.45 feet above the 500-
year flood level, as required by the Franklin County Land Use regulations.  The height of the berms 
above existing ground surface will vary but average about 23 feet. 
 
Berm Design Basis Using Concrete or Cement-Based Materials 
 
Reitz & Jens has researched and evaluated alternatives for using concrete or cement-based materials 
for erosion protection of the exposed slopes of exterior 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 excess 
hydrostatic pressures beneath the FCM as 
floodwater that may be present from time to 
time recedes.  Some options include windows 
in the FCM to permit growing a vegetative 
cover.  The forms are typically available in 4-, 
6- or 8-inch thicknesses.  The required thickness will be determined based on the hydraulic conditions.  
The ducts between the block compartments are limited to 10% of the maximum thickness of the blocks 
to achieve flexibility and articulation of the finished FCM, to accommodate differential settlement.  
Reinforcing cables may be inserted through the block compartments to provide additional strength, if 
necessary for severe applications or for slopes up to 2:1.  The design of the FCM will be based upon 
hydraulic analyses of the maximum flow that may result from overtopping or a breach of the Labadie 
Bottom levee at the worst case location for each section of the exterior berms.  The FCM will be 
placed on geotextile filter or crushed rock base to prevent loss of soil. 
 
Summary 
 
The current Franklin County Land Use regulations for Utility Waste Landfills require that all exterior 
berms be constructed of concrete or cement-based material sufficiently thick for the purpose intended.  
As explained above, the primary purpose intended for these berms is to separate the coal combustion 
residuals in the UWL from coming in contact with flood water.  To comply with these regulations, the 
UWL design includes building the exterior berms with a soil core and fabric-formed concrete mat 
surface to protect the exterior slopes from floodwater that could result from a breach or overtopping of 
the existing Labadie Bottom Levee District levee along 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 hydrostatic pressure, 
• exposed exterior concrete for visual inspection, 
• can be installed without heavy construction equipment (disturbing surrounding areas), 
• articulated to compensate for differential settlement, and 
• does not create rigidity within berms that could cause cracking and piping. 

 
\\fs01\projects\amerenue\2008012455\design details\perimeter concrete berm\design basis-labadie uwl exterior berms-041012.doc 
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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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260.2052 2.R1 Preliminary Site Investigation (PSI)

260205.7 Appendix E Request for Recommendation from East Central Solid Waste
Manaqement District, Reqion I

260205.7 1.5 Request for Recommendation from East Central Solid Waste
Manaqement District, Region I

STATE OF MISSOURI DEPARTMENT OF NATURAL RESOURCES
MISSOURI SOLfD WASTE MANAGEMENT

10 CSR 80-2 RULES

10 CSR 80- REPORT
TITLE

SECTION

2,11 Table 1A Applicable Regulatory Reference Sorted by Table of Contents
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2.010(5) 2.9.3 Groundwater Occurrence
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MISSOURI SOLID WASTE MANAGEMENT
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11.010(4)(C)1 2.3 Site Access

11.010(5) Plan Sheet 16 Stormwater Pond Storage and Transfer Details

11.010(5) Plan Sheet 17 Liner Details

11.010(5) Plan Sheet 18 Miscellaneous Details 1

11.010(5) Plan Sheet 19 Miscellaneous Details 2

11.010(5) Plan Sheet 20 Leachate Collection System Details

11.010(5) Plan Sheet 21 Stormwater Drainage Details

11.010(5) Plan Sheet 22 Cross Sections A-A' and B-8'

11.010(5) Plan Sheet 23 Cross Sections C-C' and 0-0'

11.010(5) Figure 1 Site Location Map

11.010(5) 3.0 Landfill Design

11.010(5) 3.1 Description of the Landfill Design

11.010(5)(A)4 Appendix J Report Titled "Geotechnical Engineering Report for Construction
Permit Application" bv Reitz & Jens, dated November 2012

11.010(5)(8) 3.2 Volume of the Proposed Landfill

11.010(5)(8) 4.0 Landfill Operation

11.010(5)(8)1 3.3 Construction Sequence
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11.010(5)(B)1.2 4.1 Construction and Development

11.01O(5)(B) 4.1.2 Sequence of Phase Construction

11.01O(5)(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 3.3.2.2 Flood Mitigation Plan

11.010(5)(B)3 3.3.3 Phased Development

11.010(5)(8)3 4.1.1 Phased Development

11.010(6)(B) Appendix P Construction Quality Assurance Plan

11.010(6)(B) 4.1.3 Construction Quality Assurance (CQA)

11010(7) 2.10 Survey Control

11.010(7) 2.10.2 Permanent Survey Control Points

11.010(7) 4.1.4 Survey Control

11.010(7)(B) Appendix V Survey Plat

11.010(7)(B)1 2.10.1 Boundary Survey

11.010(8) 4.5 Water Quality

11.010(8)(A)(B) Appendix W Groundwater Hydraulic Data

11.010(8)(B)1.C 2.9.3 Groundwater Occurrence

11.010(8)(B)1.C Appendix Z Groundwater Demonstration and Design Basis Memoranda

11.01O(8)(8)1.D 2.9.3 Groundwater Occurrence

11.010(8)(B)1.F 3.7 Stormwater Management System

11.010(8)(B)1.F 3.7.1 Stormwater Runoff 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 0 H.E.L.P Model Results

11.010(8)(C) Appendix N Stormwater Calculations
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STATE OF MISSOURI DEPARTMENT OF NATURAL RESOURCES
MISSOURI SOLID WASTE MANAGEMENT

10 CSR 80-11 RULES (continued)

10 CSR 80-
REPORT
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11.010(8)(C) Appendix 0 H.E.LP Model Results

11.010(8)(C) 4.5.1 Stormwater Management

11.010(8)(C)1 3.7 Stormwater Management System

11.010(8)(C)1 3.7.1 Stormwater Runoff Controls

11.010(9) 4.5 Water Quality

11.010(9)(B) 3.9 Leachate Management System

11.010(9)(B) 3.9.1 Leachate Generation Rate

11.010(9)(B) 3.9.1.1 Pre-Closure Generation Rate

11.010(9)(B) 3.9.1.2 Post-Closure Generation Rate

11.010(9)(8) 3.9.2 Water Storage and Disposal

11.010(9)(C) 4.5.2 Leachate Management in the UWL

11.010(10)(8) 3.8 Landfill Liner

11.010(10)(8)1 3.2.2 Soil Material Volume

11.010(1O)(B)1 3.8.2.1 Soil Component

11.010(10)(8)2 3.8.2.2 Geomembrane Component

11.01O(10)(B)2.(14)(A) Plan Sheet 15 Geomembrane and Cover Details

11.010(10)(8)4 3.8.1 Grading Plan

11.010(10)(C) 3.8.2 Materials and Construction

11.010(11) 3.10 Groundwater Monitoring

11.010(11) 3.10.2 Groundwater Monitoring 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 4.5.3 Groundwater Sampling and Analysis Plan

11.010(11)(C)3 3.10.1 Groundwater Quality

11.010(11 )(C)6 3.10.3 Corrective Action

11.010(12) 3.13 Air Quality

11.010(12) 4.6 Air Quality

11.010(12)(B) 4.6.1 Dust Control

11.010(13) 4.7 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-
REPORT
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11,010(13) 4,7.1 General Aesthetics

11,010(13)(C)3 0.2 Mining for Beneficial Reuse

11.010(14) 3.12 Landfill Final Cover

11.010(14) 49 Final Cover Material

11.010(14)(8) Appendix R Closure and Post-Closure Plan

11.010(14)(8) 3,15 Closure and Post-Closure

11,010(14)(8) 3.12.1 Materials and Construction

11.010(14)(8)1 3.2.2 Soil Material Volume

11.010(14)(B)1 3.11.1 Soil Cover Sources

11.010(14)(C) 3.12.1 Materials and Construction

11.010(14)(C) 3.12.1.1 Soil Component

11.010(14)(C)1 3.11 Cover Material

11.01O(14)(C)3 312.1.1 Soil Component

11.010(14)(C)7 3.12.2 Vegetation

11.010(14)(C)10 3.12.1.1 Soil Component

11.010(15) 4.8 Equipment and Staffing

11.010(15) 4.10 Compaction

11.010(15)(8)1 4,82 Equipment Maintenance

11.010(15)(8)1 4.8.3 Back-Up Equipment

11.010(15)(C) 4.8A Staffing

11.010(15)(C)1 4.8.1 Primary Equipment

11.010(16) 4.11 Safety

11.010(16)(8)1 2.3 Site Access

11.010(16)(8)1 4,0 Landfill Operation

11.Q10(16)(C)2 2.3 Site Access

11.010(17) 4.12 Records

11.010(17) Appendix T Recordkeeping and Reporting Forms

11.010(17)(C)2.A(I) Appendix A Property Deeds

11.010(17)(C)1'o Appendix L Landfill Life Estimate

11.010(17)(C)1'o 3.2 Volume of the Proposed Landfill

11.010(17)(C)1'o 3.2.1 Landfill 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 
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