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Appendix K
Soil Material Volume and Balance Calculations

Appendix K contains calculations of soil needed (required) for construction of the
Ameren Missouri Labadie Energy Center Utility Waste Landfill (UWL), and the sail
available on-site for the construction. Soil is required for construction of the four general
components of the UWL: perimeter berms; liner system; intermediate cover; and final
cover system. Operational cover (intermediate) is proposed based on the characteristics
of the coal combustion products (CCPs) that will be placed in the UWL.

The perimeter berms are designed with 3:1 side slopes, with a typical berm height of 23
feet, and a 12-foot wide access road on top of the berm. The exterior perimeter berm
slopes will be lined with a 2.2-in thick, fabric-formed articulated concrete mat. A 2-feet
thick compacted clay liner will be placed on the inside slope of the berm to tie-in with the
landfill liner in each phase.

The UWL'’s final cover system will be two (2) feet of nominally compacted soil capable of
sustaining vegetation, underlain by a geotextile cushion, which is underlain by a
geomembrane liner.

Three general soil types will be used for construction of the UWL components: Liner-
guality, non liner-quality, and vegetative soil. Liner-quality soil describes clayey soils
that would meet the requirements of 10 CSR 11.010(10)(B)1 for the landfill liner. Non
liner-quality soil describes low plastic clayey soil, silty soils, or sandy soils present at the
site. Non liner-quality soils would not be suitable for the landfill liner, but would be used
for the construction of the core of the perimeter berms. Vegetative soil describes soils
that are capable of sustaining vegetation for the UWL final cover or the outside slopes of
the perimeter berms.

The following table summarizes the pertinent acreages and berm volumes for each utility
waste landfill component. The acreages and berm volumes were determined from the
AutoCAD drawings that depict the three storm water ponds and the layout of the four
disposal phases.

UWL Component Design Parameters Notes/Comments
Phase 1 Cell 1: 31.4 acres Stormwater Pond 1: 5.7 acres
Phase 2 Cell 2: 35.2 acres

Prepared by GREDELL Engineering Resources, Inc. Page 1 of 2




Phase 3 Cell 3: 57.1 acres Stormwater Pond 2: 4.4 acres
Phase 4 Cell 4: 42.8 acres Stormwater Pond 3: 3.4 acres
. . Includes Cells 1 through 4,
Total Permitted Disposal 166.5 acres excludes the Stormwater
Area
Ponds.
Stormwater Pond 1 5.7 acres Area at 488’ contour
Stormwater Pond 2 4.4 acres Area at 488’ contour
Stormwater Pond 3 3.4 acres Area at 488’ contour
Total Area for Excavation 180.0 acres Includes Phases 1 through 4
and the Stormwater Ponds.
Final “Top of Landfill” Area 73.7 acres Final "flat” top of UWL at
closure.
Final EXterfrreilde Slopes 92.8 acres Final slopes at closure.
Total Final Area for 166.5 acres Total Acreage Requiring
Closure Final Cap

All calculated volumes of soil, both needed and available, are rounded up to the nearest
1,000 yd®.

The total soil balance for Phases 1 through 4 and the three stormwater ponds, for clay
liner, final cap (top and side slopes), and all perimeter berms, reveals a total soil
shortage of 2,750,000 CY of on-site soils within the foot print of Phases 1 through 4 and
the three stormwater ponds.

Soils available: 1,260,000 CY
Soils needed: (perimeter berms, liner, intermediate and final cover): 4,010,000 CY
Net soil balance for the landfill: -2,750,000CY

An estimated 2,600,000 CY of liner-quality soil is available from a borrow area in
Callaway County on property owned by Ameren Missouri. This is greater than the
639,000 CY of liner-quality soil needed. A contractor will supply additional soil for berm
core fill and vegetative cover.
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Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
Franklin County, Missouri

December 2012, REVISED August 2013

Appendix K
Soil Material Volume and Balance Calculations

Note: All calculated volumes are rounded to the nearest 1,000 CY.
Stripping depth of 1.63 ft is the required minimum for volume of final cover.
Soil balance calculations utilized the minimum stripping depth required.
Stripping depth of 1.75 ft is recommended.

Lifetime Construction: Phases 1 through 4 and Stormwater Ponds

ESTIMATE OF TOTAL SOIL NEEDED

ESTIMATE OF NOMINALLY COMPACTED FINAL COVER SOIL NEEDED
SOIL TYPE REQUIRED: Vegetative
Volume (CY) = Area (AC) x 43,560 SF/AC x 2 ft x 1.1 [shrinkage factor] / 27 CF/CY

Total Area 166.5 AC
Total Volume of 2 ft Nominally Compacted Final Cover 166.5 AC= 591,000 CY
ESTIMATE OF UWL LINER SOIL REQUIRED

SOIL TYPE REQUIRED: Liner Quality
Volume (CY) = Area (AC) x 43,560 SF/AC x 2 ft x 1.1 [shrinkage factor] / 27 CF/CY

Disposal Areas 166.5 AC= 591,000 CY
Pond Areas 13.5 AC= 48,000 CY
Total Area 180.0 AC

Total Volume of 2 ft Liner for Disposal Area and Ponds 180.0 AC= 639,000 CY

ESTIMATE OF GENERAL FILL NEEDED UNDER UWL
SOIL TYPE REQUIRED: Non-Liner Quality
From CADD cut/fill volumes - design grade to existing grade.
Volume of General Site Fill Under UWL & Pond Floors 780,000 CY

ESTIMATE OF PERIMETER BERM CORE FILL SOIL NEEDED
SOIL TYPE REQUIRED: Non-Liner Quality

Phase 1 204,115 CY
Phase 2 165,531 CY
Phase 3 393,858 CY
Phase 4 293,945 CY
Pond 1 99,269 CY
Pond 2 93,713 CY
Pond 3 65,730 CY
Total Perimeter Berm Volumes 1,316,162 CY

ESTIMATE OF GENERAL FILL NEEDED TO REPLACE 1.63' STRIPPING UNDER UWL
SOIL TYPE REQUIRED: Non-Liner Quality
Volume (CY) = Area (225 AC) x Depth (1.63 ft) x 43,560 SF/AC / 27 CFICY

Volume of Fill to Replace 1.63-ft Stripping in Construction Footprint 592,000 CY

From CADD cut/fill volumes - design grade to existing grade, less 2-ft clay liner on slope.
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Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
Franklin County, Missouri

December 2012, REVISED August 2013

Appendix K
Soil Material Volume and Balance Calculations

ESTIMATE OF INTERMEDIATE COVER (IC) NEEDED
SOIL TYPE REQUIRED: Non-Liner
Assumes reuse of IC and maxium area requiring IC < 57 AC

Volume of Intermediate Cover

ESTIMATE OF TOTAL SOIL NEEDED

Intermediate Cover
Volume of Intermediate Cover Soil Needed

Liner and Cover Systems

Volume of Final Cover Soil Needed

Volume of Liner Soil Needed

Total Needed for Liner and Final Cover Systems

General Fill and Perimeter Berm Soil Needs

Volume of General Site Fill Under UWL & Pond Floors
Volume of Perimeter Berm Core Fill Soil Needed
Volume of 1.63-ft. Stripping Replacement

Total Needed for General Fill and Perimeter Berm

Estimated Total Volume of Soil Needed

ESTIMATE OF SOIL-SPECIFIC REQUIRMENTS

Volume of Liner Quality Soil Needed

Volume of Vegetative Quality Soil Needed
Volume of Non-Liner Quality Soil Needed
Estimated Total Volume of Soil Needed

Volume (CY) = Area (57 AC) x Depth (1 ft) x 43,560 SF/AC / 27 CFICY

92,000 CY

92,000 CY

591,000 CY
639,000 CY

1,230,000 CY

780,000 CY
1,316,000 CY
592,000 CY

2,688,000 CY

4,010,000 CY

639,000 CY
683,000 CY
2,688,000 CY

4,010,000 CY

ESTIMATE OF TOTAL SOIL AVAILABLE

Liner Quality Soil to be Excavated from the Construction Footprint
Vegetative Soil to be Excavated from the Construction Footprint
Non-Liner Quality Soil to be Excavated from the Construction Footprint
Total Soil to be Excavated from the Construction Footprint

Liner Quality Soil to be Excavated from the Borrow Area
Made to equal liner soil needed. No surplus from borrow inclued
Vegetative Soil to be Excavated from the Borrow Area
Non-Liner Quality Soil to be Excavated from the Borrow Area
Total Soil to be Excavated from the Borrow Area

Volume of Liner Quality Soil Available
Volume of Vegetative Soil Available
Volume of Non-Liner Quality Soil Available
Total Soil Available

Assumes 1.63 ft of vegetative soil will be excavated from the 225 AC area, 5% swell.

0CYy
621,000 CY
0CY

621,000 CY

639,000 CY

0CY
0CY

639,000 CY

639,000 CY
621,000 CY
0CYy

1,260,000 CY
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Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
Franklin County, Missouri

December 2012, REVISED August 2013

Appendix K
Soil Material Volume and Balance Calculations

SOIL BALANCE FOR PHASES 1 THROUGH 4 AND THE STORMWATER PONDS

TOTAL SOIL BALANCE
Estimated Volume of Soil Needed 4,010,000 CY
Estimated Volume of Soil Avaiable 1,260,000 CY
Soil Balance -2,750,000 CY

SOIL SPECIFIC BALANCE
Estimated Volume of Liner Quality Soil Needed 639,000 CY
Estimated Volume of Liner Quality Soil Available 639,000 CY
Liner Quality Soil Balance 0CY
Estimated Volume of Vegetative Soil Needed 683,000 CY
Estimated Volume of Vegetative Soil Available 621,000 CY
Vegetative Quality Soil Balance -62,000 CY
Estimated Volume of Non-Liner Quality Soil Needed 2,688,000 CY
Estimated Volume of Non-Liner Quality Soil Available 0 CY
Non-Liner Quality Soil Balance -2,688,000 CY

LANDFILL SYSTEMS BALANCE
Estimated Liner Quality Soil for Liner Needed 639,000 CY
Estimated Liner Quality Soil for Liner Available 639,000 CY
Liner and Cover System Liner Quality Soil Balance 0CY
Estimated Volume of Vegetative Soil for Cover Systems Needed 683,000 CY
Estimated Volume of Vegetative Soil for Cover Systems Available 621,000 CY
Cover Sytem Vegetative Soil Balance -62,000 CY

GENERAL FILL AND PERIMETER BERM BALANCE
Estimated Volume of General Fill and Permieter Berm Core Fill Needed 2,688,000 CY
Estimated Volume of General Fill and Permieter Berm Core Fill Available 0CYy
General Fill and Perimeter Berm Core Fill Balance -2,688,000 CY
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Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
Franklin County, Missouri

January 2013

Appendix L
Landfill Life Estimate

The life of the proposed utility waste landfill (UWL) is estimated based on projected waste
volume production rates and the calculated net UWL volume. The total UWL volume was
estimated using CADD to measure the volume between a surface 2-feet below the final
cover (to adjust for the final cover thickness of 2-feet} and a surface 1-foot above the top-
of-liner {to adjust for the protective cover thickness of 1-foot). The net UWL volume was
then determined by deducting a volume equal to the area of the relatively flat floor (146.6
acres) times a thickness of 1-foot, to account for the volume occupied by the leachate

drainage aggregate [ayer.
Gross UWL Airspace Volume = 16,513,000 CY
Drainage Layer Volume = 1 ft x 146.6 AC x 43,560 SF/AC x 1 CY/ 27 CF = 236,500 CY
Protective Cover Volume = 1 ft x 166.5 AC x 43,560 SF/AC x 1 CY/ 27 CF = 268,600 CY
Final Cover Voiume = 2 ft x 166.5 AC x 43,560 SF/AC x 1 C¥Y/27 CF = 537,200 CY
Net Waste Velume = 16,513,000 — 236,500 - 268,600 - 537,200 = 15,470,700 CY
Two wet flue gas desulfurization (WFGD) systems will come on line at different times,

increasing the rate of coal combustion product (CCP) generation over time. The
generations rates projected are:

2015 to 2019, 2.3 MCY,

2020 to 2024, 2.9 MCY,

2025 to 2029, 3.6 MCY, and

2030 and after, 3.8 MCY every five year period or 760,000 CY/year.”

The amount of landfill volume remaining after the first 15 years would be:
15.5 MCY - 2.3 MCY - 2.9 MCY - 3.6 MCY = 6.7 MCY

The years of life available in the remaining volume is:
6.7 MCY / 760,000 CY/year = 8.8 years

The total landfill life is:
15.0 + 8.8 = 23.8 years

" CCP production estimates are drawn from the Reitz & Jens Design Basis dated October
16, 2012.
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Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
Franklin County, Missouri
December 2012

Amendments to Erosion Calculations
Appendix M

EROSION PROTECTION CALCULATIONS

The stormwater drainage structures were checked for erosion confrof by utilizing the Erosion
Controi Materials Design Software 4.3 (ECMDS) by North American Green {NAG). This software
analyzes erodibility of various channel/slope configurations. The channel/slope is analyzed for
erodibitity based upon soil type, cover, flow-rate, velocity, Manning's number and channel grade.
Channel sections representative of the side slope benches and letdown ditches have been
analyzed for erosion using riprap.

SUMMARY OF DESIGN ANALYSIS

1. Typical Landfill Slope Erosion Protection

The typical top of landfill was modeled for erosion using ECDMS, which uses a version of the
Revised Universa! Soil Loss Equation {(RUSLE). The top of the iandfill is designed with a
minimum 2 percent slope. The maximum distance along the 2 percent slope is 550 ft. The
annual soil loss of 0.013 inches per year is iess than the permissible 0.03 inches per year, and is
considered acceptable (a standard value in ECDMS; see Table 1 and Figure 1a).

The typical side slope was also modeled for erosion using ECDMS. The 3:1 side slope of 225 ft
is broken into two sections of approximately 117 ft and 108 ft by a bench at 520 feet elevation.
Both segments have annual soil losses less than 0.03 in. The segment with the targer annuat soil
loss eroded ai a rate of 0.017 in/yr {see Tabie 1 and Figures 1a and 1b).

Siope length 108 ft 554 ft elev.

520 fi elev.

Slope length = V(elev. diff y*+{3 x elev. diff.y’

Slope length 117 § \

3:1 side slopes
483 ft elav.

2. Typical Diversion Structure on Top of Landfill

Flow from the top of the landfill will be directed to the letdowns using diversion structures. The
typical diversion structure would have a slope of up to 1 percent, a denth of 1 ft, and side siope of
50:1 and 3:1. ECMDS was used {0 calculate shear siress resulting from the maximum flow of 4.5
cfs (half the maximum flow in a letdown}. Shear stresses were within permissible levels (see
Table 1 and Figure 2).
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3. Typical Landfili Letdown Structure

The standard letdown design to be utilized at the Ameren Missouri Labadie Power Plant Utility
Waste Landfill (8 ft wide boftom and 3.1 side slopes) was checked for permissible shear stress
using two fypes of cover {reinforced vegetation and 22-in riprap). ECMDS was used {o calculate
shear stress resulting from the maximum flow of 8.9 ¢fs on the 3:1 bottom slope of the letdowns.
The letdown structure flow was calculated in Appendix N using the Rational method, a 25-year, 1-
hour storm, the largest area drained by a letdown structure. Shear stresses were within
permissible levels (see Table 1 and Figure 3a and 3b).

4. Typical Bench

Benches on the side slope are proposed. They will be at 520 ft elevation and have 1 percent
botiom slopes. The hench side slopes will be 3:1 on one side and 10:1 on the other, with a depth
of 1.5 ft. As with the letdown structures, these were modeled using ECMDS. The permissible
shear stress for a fair stand of vegetation is greater than the estimated shear stress created by a
flow of 4.5 cfs (half the maximum flow in a letdown; see Table 1 and Figure 4),

5. Perimeter Ditch

The standard perimeter ditch to be utilized at the Ameren Missouri Labadie Power Plant Utility
Waste Landfill (9 ft wide bottom and 3:1 side slopes) was checked for permissible shear stress
using a fair stand of unreinforced vegetation. ECMDS was used to calculate shear stress
resulting from the maximum flow of 36 cfs. Shear stresses were within permissible levels (see
Table 1 and Figure 5).

Prepared by GREDELL Page 2 of 2 December 2012
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TABLES



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

Summary Table of Erosion Control

Table 1
Limitations
Structure Description of Cover and Conditions Safety Limiti
P Factor 'miting Permissible | Calculated
Factor
, X Unreinforced vegetation with a fair stand . . .
232 iL . .013
1a | Typical Top of Landfill of bunch growth 2.2 Soif Loss 0.03 infyr 0 infyr
117 feet of ith Il . . .
1 | Typical Side Siope Below Bench O:gg:zrg\ﬂ;ﬁver with an excellent stand | 5 564 | Soif Loss 0.03infyr | 0.013 infyr
. . 108 feet of cover with a good stand of . . .
T | Side SI Ab Bench 1.81 S 0.03 017 in/
ypical Side Slope Above Benc mixed bunch and sod growth 6 oil Loss 03 infyr 0 infyr
Typical Di [ T f i d i i '
5 yplcg iversion Structure on Top o Unreinforced vegetation with a fair stand 9.04 Shear Stress | 4.20 psf 0.46 psf
Landfill of bunch growth
3da | Typical Letdown Reinforced vegetation 1.55 Shear Stress | 7.00 psf 4.52 psf
3b | Typical Letdown RipRap 1.23 Shear Stress | 7.33 psf 5.98 psf
Unreinf i ith a fai
4 | Typical Bench nreinforced vegetation with a fair stand | ¢ 4| spear stress | 4.20 psf | 0.65 psf
of bunch growth
d of mixed b h
5 | Typical Perimeter Ditch ;zai:ta” of mixed bunch and sod 70.17 | Shearstress | 0.035psf | 0.000499 psf
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Ameren Missouri Labadie Pawer Plant

Proposed Utility Waste Landfill
Franklin County, Missouri

Appendix M

Typical Top of Landfill

Figure 1a

Morth Americar, Green - ECMDS Vetsion 4.3

1073172012 0810 AMICOMPUTED BY:

FROJECT NaME: Ameren Missour Labadie {PAGJECT NO . SLOPE DESCRIPTION: Twpical Top of Lendhi
Country i United States B
State/Region Missour ‘:g Siope Gradisnl = 501
City 5L Louis i
Annual R Factor 210 o
Total Stope Length [ft] L] :
Piotection Type Pamianent :_v_f
Freay oaps Pozebond Dmomstbes
Bagsining Fenih _'f‘_E Eab Ve [L-00)
Adjusted B Value 218 5510
Siope Gradient (H: 1} 50
Soit Type Sit Loam ‘:é
K Facter i0.33 Net te Seale
Soif Loss Tolesance fin} _QDDS
Beach | Cum_Bist. Material | Wegetation Type | Density J ASL J ASL 51T SF Remarks
Beoin] End {zrowth Habit bate | mat
| W {in} | {in} fin]

1 6 RS0 Esth. Veg  jBunch Type B0-78% HO134F03 003 2232 STABLE

2

2

TR [T Camposite 81340073

Venetation Densitp=Percentage of soll coverage provided by wagstation
451 bare=bverage Sol Losy potential of unprotected sof {uniform inches]
MELbare=Maximum Soil Loss potertial on unprolected sof [uriform inches)

SLT=Soi Loss Talerance for slope segmerst funifarm nches)
CompositesAverage 2ol ks from total slops length fundorm inches)

Sr=Salely Factor

C=Cover material pedormance lactor {Fraction of soit
ASLmatsAverage Sof Loss potential wimalenal {usifom inches)
MSLmat=Madinum Sol Loss patential w/matesial fursfom inches]

logs of unprotected)



Ameren Missouri Labadie Power Plant
Proposed Utility Waste Landfill
Franklin County, Missouri

Appendix M

Typical Side Slope

Figure 1b

INeith American Greer - ECMDS Yersion 4.3

f6/14/2072 04:31 FMICOMPUTED BY:

PROJECT NAME. Ameren Mizzoun Labadie IPROJELT MO {5LOPE DESCRIPTION:
Country Uniled States :j
State/Hegion Missour ':é Slope Gradient = 3:1
City 5L Louis -l
Annual B Factor 1218 ;
Tatal Slope Length {ft) 225
Protection Type Peirnanent _:g Fub Ven  (C=0007)
Pegloetion Par i
Haminmeg Mo E ‘”é
Adjusted B Value rs 2215 Bsth veg  (L=0.003)
Skope Giadient fH:1) 3
Soit Type Silt Loam :vé
K Fartor 033 Nat to Scale
Sail Loss Tolerance [in} a3
Reach | Cusm. Dist, Hatenal Vegelation Type | Density fASL [ASL SLY SF Aematks
Begin] End Growth Habit bare | mat
| Wy (i} § {in} {in]

1 ] 108 |Eslb.Veg.  fMix [Both Sod/Bunch) | »=85% | 236040.817 apa| 1816 STABLE

2 e |225  |Eetb.ven  [SodFormer »=85% H4.37810012 003 | 2284 STABLE

3

fl 225 Compozite 34050 M5

Vegetation Density=FPeicentage of soil coverage provided by vegetation
A5 bare=tverage Soil Lass potential of unprotected sl furmfom: inchiss)
MSLbars=Mammum 5ol Loss potential on unprotected soll funiform nches)
SLT=50il Lose Tolersnce for slope segment uniform inches)
Composite=fiverage soil loss from total stope length funiform inches}

C=Lover materist perfoimance factor Fraction of soff loss of unpratested)
A5 mat=grerage Sol Lass polertial w/matenal lurdfom inches)
MELmat=Masximur: Sof Loss potentiat w/matenal luniform inches]
SF=%afety Factor



Ameren Missouri Labadie Power Plant
Proposed Utility Waste Landfili

Franklin County, Missouri
Appendix M
Typical Diversion Structure on Top of Landfill

Figure

2

Morth American Green - ECMDS Version 4.3

110/31/2012 108:15 AMICOMPUTED BY:

PROJECT HAME: Ameren Missous Labadie IPROJECT ND).
FROM STATION/REACH: {TO STATHINREACH: IDRAINAGE AREA: iDESIGN FREGUEWTY:
HYDRAULIC RESULTS Unveiorced Vegetation (n=0.250]
Tiischaige | Peak Flaw [Velocty ffpe)} Area (s ft) [ Hydreulic Metmal mrebtorced Y egelation [nsl)
[ofs] Pesind This] Radiusli] | Depth (it}
45 1o 13 1468 037 0.74
LINER RESULTS Hotto Scele
Matting Tepe Yegetation Characterislioy
Fieach 5 tability Analysis) Peimissible Celculated Safety Factor Remarks
Siaple Patten Brase | Clos | Type |Densty| Shea Stiess | Shear Stiess
[pst {psf)
Straight Unreinfarced Yegetation | Mix {B0-75% 4,20 048 SB4 STABLE
Sait Sit Loam 0.a3s 0.0 4847 STABLE

“Bagk !q_lr!pifk.'sv_.c_l‘_&_gr



Ameren Missouri Labadie Power Plant
Proposed Utility Waste Landfill
Franklin County, Missouri
Appendix M
Typical Reinforced Vegetation Letdown Structure
Figure 3a

Horth Smerican Green - ECMDS Version 4.3

110/31/2012 106:17 AMICOMPUTED BY:

PROJECT NAME: Ameter Missouti Labadie IPROJECT MO.:
FROM STATION/REACH: ITO STATIORREALH: DAAINAGE AREA: IDESIGN FREQUENCY:
HYDRAULIC RESULTS
- - SC250 [n=0.082)
Discharge | Feak Flow [Velosity [fps Area (sqft] | Hpdraulic MNommat
jeis) Period (st Badiuslit] | Desth (it
E 1.0 474 188 0.20 822
Botiom
30 Width = 8.00 ft an
LINER RESULTS Hotto Scala
Mattmg Type Wengetalion Chasactenistiog
Reach S tabilty Analpsis| Permissible Caiculated Safety Factor Remarks
Staple Pattem Fhase | Cioss | Tepe |Densip] 5hed Stiasy | Shaar Stress
st} fpsi}
Straght ST Venetation Zz b M |75-95% 7.08 452 1.55 STABLE
Staple £ Sal Sit Loam 25060 {147 332 STABLE

; Ba’c?_ ibi%}pﬁi_&'ﬁe_er



Ameren Missouri Labadie Power Plant
Proposed Utility Waste Landfill
Frankiin County, Missouri
Appendix M
Typical Riprap Letdown Structure
Figure 3b

Honh Ametican Green - ECMDS Version 4 3

110/31/2012 0% 19 AM COMPUTED BY:

{PROJECT NAME: Amerer Missar | abadie PROJECT HO.:
{FROM STATION/REACH: TO STATIOH/REACH, IDRAINAGE AREA: {DESIGN FREQUENEY:
H¥YDBAULIC RESULTS )
Discharge | Faak Flow [Welocty fps)| Aiea (sqf] | Hydaulic Noimal Fiack Ripiap {n=0.100]
fcls} Peiicd fhts] Raduslfi) | Depth: [t
83 1.0 349 25§ 026 n23

LINER RESULTS

Hot to Scale

Matting Type Wegetation Charactenistios
RAeach S tabity Analyay Permizsible Calculated Salety Factor Femarks
Staple Pattem Phase | Ciass | Type Joensiy| ShearStess | Shear Stess
fpsf] {psh}
Straight Fock Riprap | Urwegetated 7.33 558 1.23 STABLE
22m

: Béqk o iﬁ_but ._Si_iiee_f



Ameren Missouri Labadie Power Plant
Proposed Utility Waste Landfill
Franklin County, Missouri

Appendix M
Typical Bench
Figure 4
Narth Amelican Green - ECMOS Yersion 4,3 [e/3172012 10820 AMICOMPUTED BY
PROJECT NAME: Ameren Missour Labadie {PAOJECT NI -
FROM STATIONZREACH: Y0 STATION/REACH IDRATNAGE AREA: {DESIGN FRELUENCY:
HYDRAULIC RESULTS Unteinforced Vegetation [n0.146)
Dischaige | Peak Flow {Velocity ffns)] dtea {sa it | Hydraulic Mormal feminiced Yegelaton N
[els) Perind fvs] Baduslit | Depth 1t}
K5 1.0 64 700 65 104 !
M 5=00100
-
\\
M
_Botlom
100 Width =003 # 3.0
LINER RESULTS Mot to Scals
Matting Tvpe Yegetation Charactershos
Heach Crabiity Anslss Pesmissible Calculated Safety Factor Remarks
Staple Pattem Phase | Ulass | 1ype |Densiyf ohes Stiess | Shear Stress
{psH (psf)
Shaight Unpeinlareed Vegetation L |Bunch |50-75% 4.28 0ES £.4% STABLE
Suil Sit Loam Qo35 0004 .08 STABLE

| Béck o I_nb.ut Srger



Ameren Missouri Labadie Power Plant
Proposed Utility Waste Landfill
Franklin County, Missouri

Appendix M

Typical Perimeter Berm

Figure 5

Fodh American Green - ECMDS Version 4.3

110/3172012 108:23 AMICOMPLTED BY:

PEOJECT HEME: Ameren Miszoun Labadie

iPROJECT NO.:

FROM STATION/REACH:
HYDRAULIC RESULTS

Y0 STATION/REACH:

Discharge | Peak Flow [Velociy [fps]| Areafsqlt) | Hydraubs Norma!
fels} Pericd [his] Radusfitf | Depth i
[ED 10 0.32 11274 i 481

DRAINAGE AREA DESIGN FREQLENCY

Uriginforsed Wegetation {n=.034]

™, 5 =00001

Botlom
3a Width= 3001t 30
UNER RESULTS Notta Scale
Matting Type Wegetation Charactendice
Reach S Labilty Analysis Pemszible Caiculated Safety Facior Rematks
Staple Patlens Phase ] Ciass | Typs [Density Shear Skess | Shear Stess
fpsf] [p=f]
Straight {nrenforced Yegetslion C  |8unch [50-75%] 4.20 003 139.99 STABLE
Soit S Loam 0435 0000493 Wz STARLE
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Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
December 2012

Appendix N

STORMWATER DRAINAGE STRUCTURE SUMMARY

10 CSR 80-11.010 {8}B}1.F.li of the Missouri Solid Waste Management Regulations requires
that “On-site drainage structures and channels shall be designed io prevent flow onto the active
portion of the utility waste landfil during peak discharge from at least a twenty-five (25)-year
storm....” 10 CSR 80-11.010 (8)B)1.F 1l of the Missouri Solid Waste Management Regulations
requires that "On-site drainage structures and channels shail be designed to collect and control at
least the water volume resulting from a twenty-four (24)-hour, twenty-five (25)-year storm.” In this
document, the capacities of the stormwater drainage structures are calculated and compared to
expected storm flows using the Rational Method equation. Channel design calculations utilized a
1-hour, 25-year storm intensity as the basis for estimating runoff and peak discharge. The 1-hour
intensity storm results in a larger peak flow than the 24-hour intensity storm. Pond storage
capacity calculations utilized the 24-hour, 25-year storm intensity for the peak design volume.

Drainage Areas and Flows

To determine the spacing of letdown structure, limits on the grade within the side benches were
set. The flow line of the benches were set at a grade of 200H:1V (0.5%), and were limited to a
depth of 1.5 feet difference in elevation along the length of the bench. Using those limits, the
letdown structures were spaced approximately 600 feet apart, with benches rising away in both
directions from each letdown structure. Figure N-1 shows the locations of letdown structures.
The first letdown ditch is expected to be built in line with the eastern side of Pond 1 in Cell 1.
From this location, letdown structures are numbered proceeding clockwise around the footprint of
the landfill. Ponds are located on Figure 1 and are numbered in the order they are expected to
be constructed. :

Table N-1 is a summary of the letdown structures and is set up to indicate which pond will serve
each letdown structure. The letdown structure flows are directed to the nearest pond. Table N-1
lists:

e alocation at a letdown structure or pond,

o the distance along the perimeter of the side-slope crest,

o the side slope area below the top of slope which is conservatively assumed to callect in
the perimeter ditch at the letdown ditch,

s the side slope area below the top of slope is also assumed to flow into the perimeter ditch

through the letdown structure,

the sum of the total drainage area flowing in the letdown structure,

the sum of all areas served by the perimeter ditch at and above the letdown struciure,

the flow contribuied to the perimeter ditch at each letdown structure, and;

the cumulative flow in the perimeter ditch at the location of each letdown structure.

The table is set up to allow convenient coerdination with the tables estimating the water profiles in
the perimeter diich.
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Capacity
The Rational Method was used to estimate the landfill's runoff. The rational method equation is:

Q=CIA

Where: Q is the flow rate (cfs)
C is the runoff coefficient {unitless)
| is the rainfall intensity {in/hr)
A is the drainage area {acres)

A runoff coefficient of C=0.4 is used and is considered represeniative for low to moderate
permeability soils with emergent ground cover on steep slopes.

Areas served by side benches and letdowns are expected to be less than 11 acres each. For a
25-yr, 1-hr storm, the expected rainfall is 2.63 in‘hr and the anticipated runoff from 11 acres is:

Q=0.4 X 263 in/hr X 11 ac X 43,560 ft*/ac X 1 f/12in X 1 hr/3,600 s = 11.67 cis

The 25-yr, 1-hr storm intensity (2.63 in/hr} is used as more conservative than the 25-yr, 24-hr
storm intensity of 5.6 in. The 24-hr storm intensity would require the flow to be adjusted by
dividing by 24 hours; 5.6 in/f24 hr. = 0.233 in/hr. The storm intensity table is found in Rainfall
Frequency Atlas of the Midwest by Floyd A. Huff and James R. Angel, Table 7
{http/iwww.sws uiuc.edu/pubdoc/Bl ISWSB-71.pdf). Capacity for flow was evaluated for top of
slope diversion berms, intermediate bench diversion berms (side benches) and letdown
structures. The largest flow of 11.67 cfs is also used in Appendix M to test the stability of these
structures for erosion during peak flow.

Manning’s equation was used to calculate the flow capacity of the three types of drainage
features: top of slope diversion berms; intermediate bench diversion berm; and letdown
structures. Manning’s equation is:

Q = (1.49n)(A)NrHY? (s)"*

Where: Q is the flow rate (cfs)
n is Manning's coefficient of roughness {unitless)
A is the drainage area (fiQ)
ry ie the hydraulic radius (ft}, which equals A/P,,, where P, is the wetted
perimeter, and
s is the slope (ft/ft).

Manning's equation is also used to define the water profile in the perimeter ditch.
Top of Slope Diversion Berms

The purpose of the top of slope diversion berms is to inhibit rill erosion on the upper part of the
fandfill cap and at the top of the 3:1 slope. Diversion berms are placed on the cap to direct run-off
to the letdown structures. The diversion berms are simple mounds of soll constructed as a V-
notch channel. The berms are modeled with Manning’s equation using a triangular cross-section
with side slopes of 3:1 and 50:1 {2%). The following calculation shows the capacity of a berm
carrying 0.5 ft. of water with a flow line of one-half percent {(0.5%), using a typical n value of .020
for the coefficient of roughness, and an area of 6.63 sq. ft.
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Q = (1.49/0.020)(6.63)(0.25)°(0.005)"2 = 13.9 ¢fs > 11.67 cfs

This capacity exceeds the flow anticipated at each individual letdown structure shown on Table
N-1.

Intermediate Bench Diversion Berm (Side Benches)

The intermediate benches are 1.5 ft deep and have a flowline of one-half percent (0.5%). They
have a triangular cross-section with side slopes of 10H:1V and 3H:1V. When full, they have a
cross-sectional area of 14.625 sq. fi., a wetted perimeter of 19.8 ft and a hydraulic radius of 0.74
ft. The coefficient of roughness is 0.025.

Q = (1.49/0.025)(14.625)(0.74)**(0.005)"* = 50.4 cfs > 11.67 cfs

This capacity exceeds the flow anticipated at each individual letdown structure shown on Table
N-1.

Letdown Structure

The letdowns are 1.5 ft deep and have a maximum flowline slope of 33% (3:1). They have a
trapezoidal cross-section with and 8 ft bottom and 3:1 side slopes. When full, they have a cross-
sectional area of 18.8 sq. ft., a wetted perimeter of 17.5 ft and a hydraulic radius of 1.1 ft. The
typical coefficient of roughness equail to 0.035 was used.

Q = (1.49/0.035)(18.8)(1.1)*%(0.33)" =492 cfs > 11.67 cfs

Table N-1 and Figure N-1 (see attached) show the estimated areas served and the estimated
flows from each berm and letdown structure.

Perimeter Ditch

Because the perimeter ditch is long and flat and it is expected to flow at a “subcritical’ level.
Therefore, Manning’s equation used alone does not mode! its capacity well. A combination of
Manning’s equation and Bernoulli's equation were used to describe the flow in the perimeier
ditch. Bernoulli's equation is

H=P/5 + vi2g +Z

Where: H is the energy measured as depth of water {ft.)
P is the pressure on the water, taken as zero for open systems
8 is gamma, the unit weight of water {Ib/ft)
v is the velocity of water (fps)
g is the gravity constant (32 fpsz)
Z is the elevation of the fluid element (ft.)

Bernoulli's equations were used to estimate the energy at each letdown structure leading to a
specific stormwater pond. Manning’s equation was used to estimate the slope of the energy fine
between the letdown structures. The perimeter ditch was broken into sections between letdowns
(see Figure N-1). The depth of flow at the structure was adjusted to estimate the slope of the
energy line necessary to maich the distances between letdown structures or a letdown structure

Prepared by GREDELL
Engineering Resources, Inc. Page 3of 6 December 2012



and the center of the entrance into a stormwater pond. The combination of these equations is
used to evaluate the length of the perimeter ditch and the assumption of non-uniform flow.

The flow for the landfill, calculated using the rational method as described above, was
proportionally divided between each section and is shown as a cumulative value approaching
each pond.

An energy balance was applied to each section to determine the head loss and rise in depth.
Bernoulli’'s and Manning's equations were used to calculate the depth of flow and elevation of the
water level in the perimeter diich. The attached tables summarize these calculations and show
the estimated water elevations in each section (see Tables N-2 to N-7). Since these ponds are
built at different times during the life of the iandfill, consideration was given to the stormwater
volumes to those ponds as each cell is constructed. The ponds generally serve the following
cells:

e Pond1 Cells 1and 2 Tables N-2 and N-3
« Pond?2 Cells 3and 4 Tabies N-4 and N-5
s Pond3 Cells 3and 4 Tables N-6 and N-7

Ponds are placed around the Ameren Labadie Energy Center utility waste landfill where space
allowed and to minimize the length of flow in the perimeter diich. The ditch is modeled with a flat
bottom width of 6 feet. At a 3:1 slope, two feet (2 ft.) of cover requires 6 feet of the perimeter
ditch space. The difference is the placement of soil cover on the initial phases allows for
subseguent development of celfs without having the amount of infiltration on the caps. The
maximum water elevation in the perimeter ditch {for all modeled conditions is 485 §i., which is less
than the perimeter berm top elevation of 488 ft.

Stormwater Inlet Crests

Runoff flow enters the ponds over stormwater inlet crests constructed in the top of the perimeter
berm. These inlets were modeled as broad-crested weirs. Vennard suggests estimating the flow
over a broad-crested weir by calculating the flow over the unit length of the weir using the
following equation:

q= (2/3)3,’2 X g‘EfE X E3!2

Where: g is the flow per unit width of a broad-crested weir {cfs/ft.)
g is the gravity constant (32 fps2)
E is the height of the energy line calculated for the entrance to the pond (ft.)

Since the constraints are dependent with not only the flow rate going into the stormwater ponds,
but also the weir length of the pond, both elements must be considered. The stormwater
collection ponds have the following minimum weir lengths at elevation 483 feet:

Pond 1: 217 ft.
Pond 2: 65 fi.
Pond 3: 300 ft.

The lowest estimated energy grade line coming into any single pond is 0.511 ft. at the influent to
Pond 1. Pond 1 has a weir iength of 217 ft (see Table N-3). Pond 1 also has the largest design
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flow at a combined, estimated 69.77 cfs (see Pond 1, Table N-1). Using the equation above, the
capacity of the influent structure to Pond 1 is caiculated as:

Q = (2/3)7432)"%(0.646)*% = 1.59 cfs/it.
1.59 ¢fs/ft * 217 ft = 345 cfs > 69.77 cfs

Therefore, the influent structure to Pond 1 has sufficient capacity for the anticipated design flow.

Pond 2 has the shortest weir length, with a weir length of 65 ft. Pond 2 has an estimated energy
grade line of 1.064 ft. (see Pond 2, Table N-5}. The combined, estimated design flow into Pond 2
is estimated at 50.37 cfs.

Q = (2/3)%(32)"%(0.836)"" = 2.35 cfs/ft.
2.35 cfs/ft * 65 ft = 152.75 cfs > 50.37 cfs

Therefore, the influent structure to Pond 2 has sufficient capacity for the anticipated design flow.

it is concluded that the influent structures for the stormwater collection ponds have adequate flow
capacity based on their respective weir length and the estimated height of energy grade line
entering the ponds.

Stormwater Ponds

Three stormwater ponds will be placed around the landfill for stormwater runofi storage and
management. They are identified as Pond 1, collecting runoff from Cells 1 and 2; Pond 2,
collecting runoff from Cells 3 and 4; and Pond 3, collecting runoff from Cells 3 and 4. Tables N-8
through N-10 provide stage-storage data for Ponds 1 through 3, respectively. Run-off volumes
were calcufated using Rational Method theory {i.e., run-off Volume=CIA, where | = rainfall in total
inches). A runoff coefficient of C= 0.4 is considered representative of low to moderate
permeability soils with emergent ground cover on steep slopes.

A runoff coefficient of C= 1 is used for the stormwater ponds to reflect that any direct rainfalt to
the pond surface will accumulate completely to the pond’s stored volume.

The following table compiles the estimated, maximum runoff volumes to each pond during the 25-
year, 24-hour design storm event of 5.6 inches. These pond volumes were checked to see if this
volume is availabie at each respective pond to contain the design storm:

Pond 1 5.7 acres 5.6 in.=0.47ft c=1 2.7 acre-feet
Cells 1 and 2 66.6 acres 5.6 in.=0.47 ft. c=0.4 12.4 acre-feet
Total= 15.1 acre-feet

Pond 2 4.4 acres 5.6 in.= 0.47 ft. c=1 2.1 acre-feet
Cells 3 and 4 47.8 acres 56in.=0.47 fi. c=0.4 9.0 acre-feet
Total= 11.1 acre-feet

Pond 3 3.4 acres 5.6 in.= 0.47 ft. c=1 1.6 acre-feet
Celis 3and 4 52.1 acres 5.6 in.=0.47 ft. c=0.4 9.8 acre-feet
Total= 11.4 acre-feet
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The ponds have been designed with an inlet spillway elevation of 483 feet, and are to bhe
maintained at a minimum 3 foot depth {water surface elevation of approximately 471 feet} to
inhibit aquatic vegetation. Based on the stage-storage data found in Tables N-8, N-9 and N-10,
the following initial maximum water surface elevations have been determined for each pond that
represents the 25-year, 24-hour storm runoff volume. All maximum water elevations are well
below a water surface elevation of 483 feet, which is the elevation of the bottom of the perimeter
ditch. Therefore, if properly managed, the ponds have excess capacity for the anticipated 25-
year, 24-hour storm runoff volume.

Respective Pond Min Elevation (ft.) | Max Elevation (ft.) C""‘.’rsa%‘l’:di"g
Pond 1 471 478 N-8
Pond 2 471 480 N-9
Pond 3 471 477 N-10

Temporary Perimeter Ditch Crossings

As phased consiruction proceeds, the UWL operator may elect to retain interior berms and their
top-of-berm roads during subsequent UWL phases. If interior berms are retained, it will be
necessary to provide culverts through the intermediate berms at their intersection with the
perimeter diiches. Preliminary culvert sizes have been estimates based on the arrangement of
letdown ditches and ponds described by the previous discussion. For the purposes of these
preliminary size estimates, we have assumed inlet control and one foot of headwater at the
culvert inlets. These culvert sizes were estimated using standard hydraulic charts and equations,
and the 25-year, 1-hour design storm event (2.63 infhr).

. Recommen
Accumulative mended

Culvert System Letdown(s) Max. Flow {cfs) Dia&f:e?rzin)

East Culvert-Cells 1 and
2 45867 22.01 30
West Culvert-Celis 1
and 2 7,8,9,10 26.22 36
East Culvert-Cells 3 and
4 17 6.69 15
West Culvert-Cells 3
and 4 25,26 14.62 24
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TABLES



Ameren Labadie Energy Center Utility Waste Landfill
Area and Flow At Each Letdown Structure
25-yr, 1-hr Event
Table N-1
. . Side Slope Cumulative
Location Distance Area Top Area | Total Area| Total Area Arca Flow
in letdown, accumulative,
(Tt} (ac) {ac} (sf} {ac) (ac) (cfs) cis)
LETDOWNS 1-11 (Cells 1 & 2)
Flow to Pond 1
Rotating Clockwise from East Side of Qutiet Pond 1
Letdown 2 500 217 1.89 176796 4.06 4.06
Leidown 3 940 2.75 5.42 356250 8.18 12.24
Leldown 4 1450 2.1 3.4 228750 5.25 17.49
Letdown 5 1850 2.73 1.40 180000 4.13 21.62
lLetdown & 2500 2.51 1.91 192500 4.42 26.04
Letdown 7 3000 2.53 4.42 302813 6.95 32.89
Flow to Pond 1
Rotating Counter Clockwise from East Side of Outlet Pond 1
Leldown 1 220 4.19 2.48 290400 6.67 5.67
}Leldown 11 1020 4.19 4.15 363281 8.34 15.01
Leldown 180 1550 2.48 4.82 317813 7.30 22.30
Leidown § 1950 3.80 2.97 295000 6.77 29.07
Letdown 8 2920 2.59 1 161250 3.70 32.78
LETDOWNS 12-28 {Cells 3 & 4)
Flow to Pond 3
Rotating Clockwise from East side of Pond 3
Letdown 14 0 3.24 2.85 265200 6.09 6.08
Leldown 15 500 2.51 2.81 244400 5.61 11.70
Leldown 16 950 2.81 3.04 234800 5.85 17.56
Flow to Pond 2
Rotating Counter-Clockwise from West side of Qutiet Pond 2
Letdown 18 860 4.82 2.18 305000 7.00 7.00
Letdown 17 1360 2.81 3.50 274860 6.31 13.31
Flow to Pond 2
Rotating Clockwise from East side of Outlet Pond 2
Letdown 19 600 4.53 1.42 269200 5.95 5.95
PLeldown 20 1100 2.87 4,88 342300 7.86 13.81
Leldown 21 1600 2.87 1.03 170000 3.80 17.71
Letdown 22 2100 2.87 1.26 180000 4.13 21.84
Letdown 23 2600 3.46 0.09 184800 3.56 25.40
Letdown 24 3040 517 0.53 248000 5.69 31.09
Letdown 25 3790 2.70 3.47 268500 6.17 33.82
Flow to Pond 3
Rotating Counter-Clockwise from East-Side of Outlet Pond 3
Letdown 13 320 1.32 0.22 67200 1.54 1.54
Leldown 12 960 3.40 1.32 205900 473 6,27
Leldown 29 1780 2.70 1.29 170000 3.90 1017
Letdown 28 2240 2.53 2.53 220000 5.05 15.22
Letdown 27 2640 2.41 2.41 210000 4,82 20.04
lLetdown 26 3120 1.89 5.72 331600 7.61 27.66
lLetdown 25 3330 2.70 3.47] 268800 5.17 33.82
Inputs 25-yr,_1-br starm
[Intensity ] 2.63]in ]
{€ Factor I 0.4}unilless |
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Ameren Labadie Energy Center Utility Waste Landfill
Perimeter Ditch Water Profile: 25-yr, 1-hr event

Elevation for Stated Flow
Clockwise from Pond 1

Table N-2
Seen® 3 Sengn= 3 Bas(‘f’t;"i'dth 9 Mannings N = 0.02 So{it)= 0 Runeff Factor for 2.63 in/ br rainfall= 0.017
Channel Siope of . . . .
. Adjusted | Adjusted . 2 -~ Hydraulic . Total True . Distance
Elevation Depth Bolm.m Water Base Height Area Vetocity vYi2g | Specific Energy Radius Slope 5-50 Distance Distance Distance Location from Cubvert Q
Elevation Surface
. Chnangein
. Specfic Energy -}
(ft) (ft) {ft} [ft/ft) {ft} [£13) {sf) [£13] {ft) (ftif) [{i%iid] (ft) {4 (ft) {ft} {cfs)
483,59 0.5¢ 483 6.35 1.898 0.0580 0.646 0 0 Pond 1 0 1206
0.83 0.0011528 2082 AR N T S 1.24E-03 | 1.24E-03 528 528
484 22 1.22 483 .00 1.2200 15.45 2.288 0.0797 1.300 500 Letdown 2 500 3500
0.31 0.0007271 S BT R VLT, SOTOIEE § 6.19E-04 | 6.10E-04 426 955
484 53 1.53 483 8.00 1.5300 20.79 1.476 0.0338 1.564 940 Letdown 3 940 30.89
0.13 0.00926086 i R QR B 0 I 1 2.21E-04 | 2.21E-04 499 1453
484.68 1.86 483 5.00 1.6600 23.21 0.949 0.0140 1.674 1450 Letdown 4 1450 22.02
004 0.0001138 0817, R VN VKK RS st 1 9.48E-05 | 9.48E-05 351 1805
484.70 1.70 483 9.00 1.7000 23.97 0586 0.0073 1.707 1850 Letdown & 1850 16,48
0.04 5.238E-05 (.58 SREEH0365E 4.78E-05 | 4.76E-05 764 2568
484.74 174 483 ¢.00 1.7400 2474 0487 0.0037 1.744 2500 Letdown & 2500 12.06
001 2.724E-05 (R Vet 0.008 50 2.09e-05 | 2.09E-05 367 2936
484.75 175 483 8.00 1.7500 24.94 0.296 0.0014 1.751 3000 Letdown 7 3900 7.37
Noles: .
1. Rainfall event used is 25-yr, 1-hr storm which produces 2.63 inches of rain. 4800 o
2. Longitudinal slope of channel assumed to be as stated for So. 487.50
3. Flows are split generally at half the distance between the entrances to the pond along the perimeter ditch. ABT LD o
4. Flows coming te a letdown structure and from below the bench served by the letdown slructure are combined as lhe flow at the letdown structure 286.50 - Water
for madeling purposes. ’ profile in
5. Model is adapted from lllustrative problem on page 380 in "Elementary Fiuid Mechanics” by John Yennard, Wiley and Sons, 1961. ABEBQ - v e ditch
F: 3 o0 ——————
48500 - s
FEP T RS- 2 o
©ABADD i
© 4g350 %
483,00 -
Q 1000 4000

Prepared by Gredet

Engingering Resources, Inc.

2000 3000

December 2012




Ameren Labadie Energy Center Utility Waste Landfill
Perimeter Ditch Water Profile: 25-yr, 1-hr event
Elevation for Stated Flow

Counter Clockwise from Pond 1

Table N-3
Soe= 3 8. = 3 Baift;"ﬂdm 9 Mannings N = 0.02 So (ft)= 0 RunoHf Factar for 2.63 in/ hr rainfatl= 0.017
Channel Slope of . . . .
. Adjusted Adjusted . 2 e Hydraulic : N Total True - Distance
Elevation | Depth Bouo}m Water Base Haight Area Velocity vi2g Specific Energy Radius Siope S-S50 Distance Distance Distance Location from Culvert Q
Elevation Surface
Change in Speckis’ /| -Average -
-Energy
{ft) (ft) [£13] (i) (f) (ft} (sf} [ft) {f) (ft) i) {fufL} {ft} {ft) (ft) (ft) {cfs)
48359 0.58 483 8.35 1.868 0 0860 0.646 £.489 0 g Pong 1 g 12.06
0.37 0.0018655 24737 S O ABR 0.628 2.06E-03 | 2.06E-03 222 vy
483.86 0.96 483 $.00 0.8600 11.40 3.048 0.1443 1.104 0.757 220 Letdown 1 220 3477
0.78 0.00085613 2.083: PR 11 ROttt IR AN 1 by 8.04E-04 | 8.04E-04 741 1013
484.72 1.72 483 .00 1.7200 24.36 1.137 0.0201 1.740 1.225 1020 Letdown 11 1020 27.70
0.07 0.0001422 0:.9387 0,058 1.246 1.18E-04 | 1.18E-04 492 1508
484.79 1.78 483 .00 1.7900 2572 0.733 0.0083 1.788 1.266 1550 Letdown 10 1650 18.85
0.03 5.652E-05 0.578 LO19 1273 4.40E-05 | 4 40E-05 442 1647
484.82 1.82 483 39.00 18150 622 0.424 0.0028 1.818 1.280 1950 Letdown & 1950 11.11%
0.02 1.269F-05 : VRO 1285 1.06E-06 | 1.06E-05 1182 3120
484.83 1.83 483 9.00 1.8300 268.52 0.148 .0003 1.830 1.289 2920 Letdown 8 2920 3.93
Notes: a85.0
1. Rainfall event used is 25-yr, 1-hr storm which produces 2.63 inches of rain. 48?'5
2. L.ongiudinat slope of channe! assumed (o be a3 staled for So. 487'0 "
3. Flows are split generally at half the distance between the entrances to the pond along the perimeler dilch. -486‘5 Water
4. Flaws coming to a tetdown struclure and from below the hench served by the letdown structure are combined as the flow al the letdown structure 485'0 . profile in
for medeling purposes. 485:5 N ditch
5. Model is adapted from Illustrative problem on page 380 in “Elementary Fluid Machanics” by John Vennard, Wiley and Sons, 1981, 4850 - o _— HC
N L4
T AR
4840 & -
ag35 @
483.0
4825 -
4820 -
0 1000 2000 3000 4000
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Ameren Labadie Energy Center Utility Waste Landfill

Perimeter Ditch Water Profile: 25-yr, 1-hr event

Elevation for Stated Flow
Clockwise from Pond 2

Table N-4
Base
Sepen= 3 Sergne= 3 . Width 9 Mannings N = 0.02 So(ft}=0 Runoff Factor for 2.63 inf hr rainfali= 0.017
)=
Channel | Slope of . N . Distance
Efevation | Depth Bottom Water Adjusted Ad;lfsmd Area | Velocity | v¥2g | Specific Energy Hydra'ulsc Slope S-S0 Distance .Tota| ‘True Location from Q
. Base Height Radius Distance Distance
Elevation | Surface Culvert
ift) (£) {ft) (Er/EE)} (ft} (ft) (s} tft) (f1/1t) (fL/eey [414] (¥} (ft) () (cfs)
48380 0.80 483 9.12 0.2453 0 0 Pondg 2 0 36.3
1.03 0.001709 : : 1.35E-03 | 1.35E-03 603 603 600
484.83 1.83 483 9.00 1.8300 | 256.52 0.0290 Letdown 18 600 36.3
0.19 0.000208 S 1.83E-04 | 1.83E-04 481 1083 1100
484.83 1.93 483 9.00 19300 | 28.54 0.0171 Letdown 20 1100 29.9
0.06 0.000411 : 9.44E-05 | 9.44E-D5 541 1624 1600
484.09 1.99 483 9.00 1.6800 | 28.79 0.0082 Letdown 21 1600 21.6
9,03 5.5E-05 i : L 4.94E-05 | 4.94F-05 545 2170 2100
485.02 2.02 483 9.00 2.0200 | 3042 G.0051 Letdown 22 2100 17.5
2,01 3.76E-05 i : 2.90E-05 | 2,90E-05 266 24386 2600
485.03 2.03 483 9.00 2.0300 | 30.63 0.0028 Leldows 23 2600 13.71
0.02 1.88E-05 i) : S 1.52E-05 1 1.52E-05 891 3327 3040
486.056 2.05 483 9.00 20450 13085 0.0014 | etdown 24 3040 9.3
0.00 581E-06 ey SR 2.59E-06 1 2.59E-06 423 3749 3760
485.06 2.05 483 9.00 20475 | 31.00 0.0000 Letdown 25 3790 3.3
Notes; ABED oo
1. Rainfall event used is 25-yr, i-hr storm which produces 2.63 inches of rain. o
2. Longitudinal slope of channel assumed fo be as stated for So. ABLE o e e e
3. Flows are split generally af half the distance between the entrances to the pond along the perimeter ditch. J:E v ) R Water
4. Flows coming to a letdown structure and from below the bench served by the letdown struclure are combined as 1he flow at the letdown structure A86.5 e profi!e in
for modeling purposes. A86.0 e . ditch
5. Model is adapted from lllustrative problem on page 380 in "Elementary Fluid Mecharics” by John Vennard, Wiley and Sons, 1961. BBEE o o e .
485.0 PR T e &
ABAS ... ¢ o e
484»0 ...........
483.5 -
483.0 -
’ o 1000 2000 3000 4000
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Ameren Labadie Energy Center Utility Waste L.andfill
Perimeter Ditch Water Profile: 25-yr, 1-hr event

Elevation for Stated Flow

Counter Clockwise from Pond 2

Table N-5
Base
Sepen= 3 Sergn =3 Width 9 Mannings N = 0.02 So{fy=10 Runoff Factar for 2,63 inf hr rainfall= 0.0%7
(=
Channel Slope of R . . Distance
Elevation | Depth Bottom Water Adjusted Ad"','s'md Area | Velocity | v¥2g | Specific Energy Hydra?ullc Stope S-S0 Distance .Total ~True Lacation from Q
p Base Height Radius Distance | Distance
Elevation Surface Culvert
: 'A\_'.re_'rhge_-. C'l;an'ge'ib_ S“'p'é_é_{?é -It»??rt:ugl?c
Velacity - Energy. | TR
(ft} (ft) {ft) {{t/t) {ft} {ft) {sf) (fps) [fth {ft} [ft} [Aifiis] [ft/ft) (1t} (Y 3] (ft) [cis)
483.80 0.80 483 9,12 1.530 0.0363 0.536 0.649 0 o] Pond 2 0 14
036 0.000431 283 3380 0767+ 4.05E-04 | 4.05E-04 836 836 860
484.16 1.16 483 9.00 1.1600 14.48 0.975 0.0148 1.175 0888 Latdown 18 860 14
0.06 0.000128 0704 G0 048 T 0006 1.03E-04 | 1.03E-04 468 1304 1360
484.22 122 483 9.00 1.2200 15.45 0.433 0.0029 1.223 0.924 Letdown 17 1360 7
Notes: s
1. Rainfall event used is 25-yr, 1-hr storm which produces 2.63 inches of rain ABBD e
2. Longitudinal slope of channel assumed to be as stated for So. 48715
3 Flows are split generally at half the distance between the enlrances lo lhe pond alang the perimeter ditch. 487.0 Wat
4. Flows coming to a leldown structure and from below the bench served by the leldown structure are combined as the flow at the letdown structure 486.5 a ?r i
for medeling purposes. P profile in
5. Model is adapied from lllusirative problem on page 380 in "Elementary Fluid Mechanics” by John Vennard, Wiley and Sons, 1961. : ditch
ABG.E e e e
ags.0 -
L7 I — R
484.0 - ht *.
4835 -
483.0
500 1000 1500
Prepared by Gredeli December 2012
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Ameren Labadie Energy Center Utility Waste Landfill
Perimeter Ditch Water Profile: 25-yr, 1-hr event

Elevation for Stated Flow

Clockwise from Pond 3

Table N-6
Base
Sgpen® 3 Serign= 3 Width 9 Mannings N = 0.02 So{ft)=0 Runeff Factor for 2,63 inf hr rainfall= 0.017
(ft}=
Channel Slope of . . . Distance
Elevation | Depth Bottom Water Adjusted Adp.'!sted Area | Veijocity v"'jzg Specific Energy Hydra'ullc Slope S-S50 Distance .Total 'True Location from Q
. Base Height Radius Distance Distance
Elevation Surface Culvert
Average: ~ Changein o
Velocity. - Specfic Energy
{ft) {ft) (fty (Ft/et) {ft) ity {sf) {fps) {ft) (it} {ftift) (ftit) {ft) (ft) (§t} (ft) {cfs)
483.72 0.72 483 8.04 1.742 C.0471 0.767 O 0 Ford 3 0 14
¢.00 ¢ HE 2,028 03600 1.50E-03 [ 1.50E-03 24 24 4
483.72 072 483 2.00 0.7200 804 2,317 0.0833 0.803 Letdown 14 0 19
0.41 0.000848 LETIRGR .338 i e 7.00E-04 | 7.00E-04 483 508 500
48413 1.13 483 9.00 1.1300 14.00 0.868 8.0117 i.142 Letdown 15 500 12
Notes: 488
1. Rainfall event used is 25-yr. 1-hr storm which produces 2.63 inches of rain. Qe
2. Longitudinal siope of channel assumed to be as stated for So, 4875 -
3. Flows are split generally al haif the distance between the entrances to the pond along the perimeter ditch. 487.0 Water
4 Fiows coming to a letdown structure and from befow the bench served by the letdown struciure are combined as the flow a! the letdown struclure ABES - file i
for modeiing purposes. “a88.0 Pro ttle in
5. Model is adapted from IHustraiive problem on page 380 in "Elementary Fluid Mechanics” by John Vennard, Wiley and Sons, 1961, 285.5 - ditch
485.0 ~- . . B
B 15T S ———————— . .
4B4.0 - L2
4835 Q .
"483,0
o 200 400 500
Prepared by Grede!! December 2012
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Ameren Labadie Energy Center Utility Waste Landfill

Elevation for Stated Flow
Counter Clockwise from Pond 3

Perimeter Ditch Water Profile: 25-yr, 1-hr event

Table N-7
Separ™ 3 Sopm = 3 Bas(;;"fd‘h g Mannings N = 0.02 Soiff)= 0 Runoff Factor for 2.63 in/ hr rainfalls 0,017
Slope .
Chanpel . . . Distance
Etevation | Depth Bottom of Adjusted Ad"’,'swd Area | Velocity vi12g | Specific Energy Hydra.ul:c Slope S-S50 Distance Totai ,Tme Location from Q
R Water Base Height Radius Distance | Distance
Elevation Culvert
Surface)
Average | Changein’ Averag?
-'Ve[ocity Specfic Energy - Hydraulic
L Radius
{ft} {ft) {ft} {tift) () (f) {sf} {fps) () ) {F) {fHet) {ftife) {ft} (ft) () {ft} (cfs)
A83.72 0.72 483 5.04 4.058 0.2557 0.976 0.593 0 0 Pond 3 0 32.61
0.81 0.0024 . 2.813 0.582 . 0.853 1.77E-03 | 1.77E-03 334 334 320
484.53 1.53 483 9.00 1.5300 20.79 1.568 0.0382 1.568 1.113 Letdown 13 320 32.61
0.20 £.0003 1.415 0187 a2 2.94E-04 | 2.94E-04 835 969 960
484.73 1.73 483 9.00 1.7300 24.55 1.262 0.0247 1.755 1.231 Letdown 12 9680 30.97
G.14 0.0002 1.108 0.12% 1.271 1.81E-04 | 1.61E-04 803 1772 1780
484.87 1.87 483 9.00 1.8700 27.32 0.950 0.0140 1.884 1.312 Letdown 29 1780 25,98
0.05 0.0001 - 0.860 0.045 1.326 9.21E-05 | 9.21E-05 491 2282 2240
484.92 1.92 4183 900 1.9200 28.34 0.770 0.0092 1.929 1.340 Leldown 28 2240 21.82
G.03 7E-05 0.670 0.021 . 1.347 - | 5.47E-05 | 5.4TE-05 381 2643 2640
484.95 1.45 483 9.00 1.9450 28.85 0.570 0.0051 1.950 1.355 Letdown 27 2640 16.46
0.02 3E-05 0.480 - 0.013 1.359 277E-05 | 2.77E-D5 480 3123 3120
484.968 1.96 483 9.00 1.9610 2919 £.389 0.0023 1.963 1.364 Letdown 26 3120 11,36
0.00 2E-05 . 0.250 - -0.002 . 1,365 7.50E-06 | 7.50E-06 246 3360 3330
484.97 1,97 483 9.00 1.9650 29.27 0112 0.0002 1.965 1.366 Leldown 25 3330 3,27
Nates: 488.0
1. Rainfall event used is 25-yr, 1-hr storm which produces 2.63 inches of rain. 4875 -
2. Longitudinal slope of channel assumed to be as stated for So. 487.0 :
3. Flows are split generafly at half the distance between the entrances 10 the pond along the perimeter ditch. o Water
4. Flows coming to a feldown structure and from below the bench served by the letdown structure are combined as the llow at the leldown structure 186.5 profile in
for modeling purposes. 4860 ditch
5. Model is adapted from lHustrative problem on page 380 in "Eiementary Fluid Mechanics” by John Vennard, Wiley and Sons, 1961, 4B5.5
485,00 e e o
4845 - b
484.0
483.5
4830 e
1000 2000 3000 4000
Prepared by Gredell December 2012
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Prepared by GREDELL

468 Pond Bottom

471 Minimum working depth
483 Reserve for storm

484 Maximum high water

487  Flood protection elevation

Ameren Labadie Energy Center Utility Waste Landfill
Stormwater Management Pond 1
Pond Volume Calculations
Table N-8
Base Width of Pond in feet 373
Base Length of Pond in feet 573
Rise of Slope in feet 1
Run of Slope in feet 3
WIDTH [LENGTH |WATER AVERAGE (VOLUME PER |TOTAL VOLUME [TOTAL VOLUME [CAPACITY |REMAINING |Elevation
LEVEL AREA INCREMENT |OF POND OF POND IN USE CAPACITY
(FT) (FT) (SQFT) {(VOLIFT) (CUFT) (ACRE FEET) {ACRE FEET|{(ACRE FEET){FEET)
373 573 468
379 579 1 108,293 108,293 108,293 2.5 f— e 460
385 585 2 111,167 111,167 219,459 5.0 e o 470
391 591 3 114,077 114,077 333,536 7.7 -—-- o 471
397 597 4 117,023 117,023 450,558 10.3 0.0 34.3 472
403 603 5 120,005 120,005 570,563 13.1 28 31.5 473
409 609 6 123,023 123,023 693,585 15.9 56 287 474
415 615 7 126.077 126,077 818,662 18.8 8.5 25.8 475
421 621 8 129,167 129,167 948,828 21.8 11.4 22.8 476
427 627 9 132,293 132,293 1,081,121 24.8 14.5 19.8 477
433 633 10 135,455 135,455 1,218,575 279 17.6 16.7 478
439 639 11 138,653 138,653 1,355,228 311 20.8 13.5 479
445 645 12 141.887 141,887 1,497,114 34.4 24.0 10.2 480
451 651 13 145,157 145,157 1,642,271 37.7 27.4 6.9 481
457 657 14 148,463 148,483 1,780,733 41.1 30.8 3.5 482
463 663 15 151,805 151,805 1,842,538 446 34.3 0.0 483
469 669 16 155,183 155,183 2,097,720 48,2 37.8 484
NQTES: 1 The table is valid for a triangular pand with & uniform interior side stope.
2 The table utilizes the 'end area method’ of volume estimation ulilizing the area of each one foot increment of pond depth, beginning at the
bellom.
3 The volume due to the bottom slope below the 488 feet efevation was not cansidered in the capacily volume calcufations. A minimum
depth of three feet in the pond battom is planned at all times.
4 The upper three feet of the pond are not counted in the capacily volume calculations due 1o the need to maintain a minimum freeboard to
prevent wave damage above the maximum water level at alt times.
Elevation:

Three feet of waler to preveni growth of objectionable vegetation.
25 year, 24 hour storm event.

Three feet below emergency spiflway.

Height of emergency spillway.

' Rainfal} intensities are from RAINFALL FREQUENCY ATLAS OF THE MIDWEST by Floyd A. Huif and James R. Angel, Midwestern Climate Center,
1892, hitp:/www.sws, uiuc.edu/pubdoc/B/ISWSB-71 pdf

Engineering Resources, Inc.

December 2012



Ameren Labadie Energy Center Utility Waste Landfill
Stormwater Management Pond 2
Pond Volume Caiculations
Table N-9
Base Width of Pond in feet 144
Base Length of Pond in feet 714
Rise of Slope in feet i
Run of Slope in feet 3
WIDTH [LENGTH [WATER AVERAGE |VOLUME PER [TOTAL VOLUME {TOTAL VOLUME [CAPACITY REMAINING |Elevation
LEVEL AREA INCREMENT |OF POND OF POND IN USE CAPACITY
(FT} (FT) (SQFT) (VOL/ET) {CUFT) {ACRE FEET) {ACRE FEET|(ACRE FEETH(FEET)
144 714 468
150 720 1 105,408 105,408 105,408 24 P e 469
156 726 2 110,628 110,628 216,036 5.0 e — 470
162 732 3 115,920 115,820 331,956 7.6 0.0 42.0 471
168 738 4 121,284 121,284 453,240 104 2.8 39.2 472
174 744 5 126,720 126,720 579,960 13.3 57 36.3 473
180 750 6 132,228 132,228 712,188 16.3 8.7 33.3 474
186 756 7 137,808 137,808 849,996 18.5 11.9 30.1 475
102 762 8 143,460 143,460 993,456 22.8 15.2 26.8 476
198 768 9 149,184 149,184 1,142,640 26.2 18.6 23.4 477
204 774 10 154,980 154,980 1,297,620 29.8 22.2 19.8 478
210 780 11 160,848 160,848 1,458,468 335 25.9 16.2 479
216 786 12 166,788 166,788 1,625,256 37.3 29.7 12.3 480
222 792 13 172,800 172,800 1,798,056 41.3 337 8.4 481
228 798 14 178,884 178,884 1,976,940 45.4 37.8 4.2 482
234 804 15 185,040 185,040 2,161,980 49.6 42,0 0.0 483
240 810 16 191,268 191,268 2,353,248 54.0 46.4 484
NOTES. 1 The table is valid for a rectangular pond with a uniform interior side slope.
2 The table utilizes the 'end area method’ of volume estimation utifizing the area of each one foot increment of pond depth, beginning at the
bottom.
3 The volume due (o the boltom sfope below the 468 feet elevation was not considered in the capacity volume calculations. A minfmum
depth of three feet in the pond bottom is planned at all times.
4 The upper three feet of the pond are not counted in the capacity volume calculations due to the nead to maintain a minimum freeboard to
prevent wave damage above the maximum water level at all times.
Elevation:
468 Pond Bottom
471 Minimum working depth Three feet of water to prevent grawth of objecticnable vegetation.
483 Reserve for storm 25 year, 24 hour storm event.
484  Maximum high water Three feet below emergency spillway.
487 Flood protection elevation

Prepared by GREDELL
Engineering Resources, inc.

Height of emergency spillway.

! Rainfall intensities are from RAINFALL FREQUENCY ATLAS OF THE MIDWEST by Floyd A. Huff and James R. Angel, Midwestern Climate
Center, 1992, http:/fwww . sws.uiuc.edu/pubdoc/BASWSB-71.pdf

December 2012



Prepared by GREDELL

Ameren Labadie Energy Center Utility Waste Landfill
Stormwater Management Pond 3
Pond Volume Caiculations
Tabie N-10
Base Width of Pond in feet 233
Base Length of Pond in feet 598
Rise of Slope in feet 1
Run of Slope in feet 3
WIDTH |LENGTH IWATER AVERAGE (VOLUME PER |TOTAL VOLUME |TOTAL VOLUME [CAPACITY |REMAINING (Elevation
LEVEL AREA INCREMENT | OF POND OF POND IN USE CAPACITY
(FT) (FT) {SQ FT) {VOL/FT) (CU FT) (ACRE FEET)} {ACRE FEET|(ACRE FEET){FEET)
233 568 468
239 604 i 70,923 70,823 70,923 1.8 = e 469
245 610 2 73,452 73,452 144,374 3.3 mm o 470
251 616 3 76,017 76,017 220,391 5.1 - o 471
257 622 4 78,618 78,618 299,008 6.9 0.0 24.0 472
263 628 5 81,255 81,255 380,263 8.7 1.9 22.2 473
269 6§34 6 83,928 83,928 464,190 10.7 3.8 20.2 474
275 640 7 86,637 86,637 550,827 12.8 5.8 18.2 475
281 646 8 89,382 89,382 640,208 14.7 7.8 16.2 476
287 652 9 92,163 92,163 732,371 16.8 9.9 14.1 477
203 658 10 94,980 94,980 827,350 19.0 12.1 11.9 478
299 664 11 97,833 97,833 925,183 21.2 14.4 9.7 479
305 670 12 100,722 100,722 1,025,904 236 16,7 7.3 480
311 676 13 103,647 103,647 1,129,551 259 19.1 5.0 481
317 682 14 106,608 106,608 1,236,158 28.4 21.5 25 482
323 688 15 109,605 109,605 1,345,763 309 24.0 0.0 483
329 694 16 112,638 112,638 1,458,400 335 26.6 484
NOTES 1 The table is vaiid for a triangular pend with a uniform interior side slope.
2 The table utilizes the 'end area method' of volume estimation utilizing the area of each one foot increment of pond depth, beginning at the
bottom.
3 The volume due to the bottom slope below the 468 feet elevation was not considered in the capacity volume calculations. A minimum
depth of three feet in the pond betlom is planned at all times.
4 The upper three feet of the pond are not counted in the capacity volume calculations due to the need to maintain a minimum freeboard to
prevent wave damage above the maximum water level at all times.
Elevation:
468 Pond Bottom
471 Minimum warking depih Three feet of water to prevent growth of objectionable vegetation,
483 Reserve for storm 25 year, 24 hour storm event.
484  Maximum high water Three feet below emergency spillway.
487 Flood protection elevation Height of emergency spifiway.

Engineering Resources, Inc,

* Rainfall intensities are from RAINFALL FREQUENCY ATLAS OF THE MIDWEST by Floyd A. Huff and James R. Angel, Midwestern Climate
Center, 1992, hitp//www_sws.uivc.edu/pubdo/BASWSB-71 .pdf

December 2042
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Appendix O

H.E.L.P Model Results



Ameren Missouri Labadie Energy Center
Utility Waste Landfill
Franklin County, MO
December 2012

H.E.L.P. Model Summary Results
Appendix O

This appendix summarizes the H.E.L.P. model results. The model cases and inputs follow
the liner and leachate collection design details provided on Sheets 16 through 19 of the plan
sheets. Version 3.07 of the Hydrologic Evaluation of Landfill Performance (H.E.L.P.)
computer model was used to evaluate the anticipated performance of the design of the
leachate collection and cover systems for selected cases. Three cases were modeled: 1.}
The initial Coal Combustion Products (CCP) placement, 2.} An “operational” condition, and
3.) The final closed condition. The cases are described below.

Table O-1 (Cell 1), Summary of H.E.L.P. Model Results & Input Parameters, provides a
summary of the results from the H.E.L.P. model cases. H.E.L.P. model reports for each
case listed in Table O-1 are included in sub-appendices. For consistency, the following
assumptions were made:

o The aggregate drainage layer is unaffected by textile intrusion.

» The geocomposite drainage layer is affected by textile intrusion as described by
Robert M. Koerner in “Designing with Geosynthetics”, fifth edition published in 2005
(Table O-2).

» Where textile intrusion is anticipated, the amount of intrusion resulting from the
maximum height of CCP placed on the geocomposite is modeled beginning with the
initial placement of CCP and is held constant as additional CCP was placed on the
finer.

¢« The drainage layer is not affected by biclogical clogging.

e Initial moisture content was user specified in all cases. All layers, where applicable,
were modeled at field capacity except for fly ash, which was modeled at 0.22 vol/vol
(Provided by Reitz & Jens, Inc.).

The H.E.L.P. Model evaluations were run using precipitation, temperature, solar radiation,
and evapotranspiration for St. Louis, Missouri and soil data for the Ameren Missouri Labadie
Energy Center UWL. The H.E.L.P. model cases were run for appropriate periods and the
peak daily values are presented to represent worst-case conditions.

Properties of the various materials for design of the layers were considered. The H.E.L.P.

Model cases utilizing an aggregate drain layer with a minimum hydraulic conductivity of 0.25
cm/sec and only the initial layer of CCP indicates that the minimum value of hydraulic

i0f5



conductivity of locally available aggregate materials resulted in less head on the liner than
the regulatory limit of 12 inches. The particle gradation of the protective layer above the
drain layer was designed to prevent the fine fly ash from migrating into, and plugging, the
drain layer. The protective layer gradation analysis is provided in memo by Bruce Dawson,
P.E., dated June 22, 2012 (Appendix O-1). For the alternate use of geocomposites, the
manufacturer's stated transmissivity, shown on the product sheets, was reduced using
Koerner's method (Table O-2).

Results in Table O-1 are reported for the cases of initial, operating and closed conditions, for
aggregate material and geocomposite drain layers for: (1) the 1% base (floor) for the landfill,
(2) the 33% side slope; (3) and the Schroeder approximation. Results for the maximum
head on the liner, peak daily leachate flow, average annual leachate flow and the annual
leachate volume are reported.

The potential effect of geotextile intrusion in the drainage layer was evaluated for the initial
placement of CCP over a geocomposite drainage layer. The product data sheets (Appendix
0O-1} are summarized in the attached table titled “Effect of Reduction Factors on Hydraulic
Conductivity”, Table O-2. The H.E.L.P. Model cases for the geocomposite drain layer were run
with a resultant hydraulic conductivity of 1.3 cm/sec as specified by the GSE PermaNet HL
(100z/yd®) geocomposite in Table O-2. The transmissivities reported for each geonet are
converted into hydraulic conductivity by dividing the transmissivity by the thickness of the geonet.
These transmissivities are further reduced by factors for creep, chemical clogging, geotextile
intrusion and particie clogging in a method proposed by Koerner in Designing with Geosynthetics
5" Edition. Koerner divided (reduced) the transmissivity by each factor. The reduction factors
assumed by Koerner are also summarized in the attached table. A brief description of each of
the reduction factors follows:

Creep is the deformation of the geonet under an applied load. The pressure from coal
combustion products will reduce the thickness of the geocomposite. Published values
for creep are used where available, otherwise a value of 1.8 was assumed. Creep was
not considered an influence for gravel.

Chemical clogging occurs when dissolved substances form a precipitate that deposits
in the drainage layer. Most of the coal combustion products are expected to have low
solubilities in water. A value of 1.8 was assigned to reduce transmissivity by 55% for
both the gravel and the geocomposite,

Geotextile intrusion occurs when the geotextile is forced into the geonet. For bonded
geotextile-geonet-geotextile composites, this intrusion is considered. A factor of 2 has
been assigned to account for geotextile intrusion into the geonet. For the 12 inch gravel
layer, geotextile intrusion is not expected to be a significant problem.

Particle clogging from infiltration occurs when particles fill in the openings in the
geotextile. In a similar way to a coffee filter protecting the drain in a coffee pot from

20f5



plugging, the geotextile serves to protect the geonet or gravel from plugging. Koerner
handles particle clogging as a filtration problem. To be consistent with this analysis, the
transmissivity was reduced by a factor of 1.8 to account for particle clogging. Dawson
provides analysis of local materials to be used to prevent particle clogging.

Koerner also suggests biological clogging. This clogging of the geonet or gravel occurs
when microbes have a supply of organic nutrients and water. The disposal of coal
combustion products is not anticipated to supply organic nutrients to the extent that a
sanitary fandfilt might. Therefore, it is assumed that biological clogging will not affect
the drainage layer and the factor is set at 1.

Taken together, these reductions on the hydraulic conductivity result in a more-than ten-fold
reduction in the published values for the geocomposite materials.

The cases modeled include initial, operating and closed conditions. The H.E.L.P. model
runs are identified by the conditions modeled and the material used in the leachate
collection layer. The case identification numbering system is also explained below:

Condition

~ Initial candition is identified by "I" and models the initial phase of construction with
waste still below the top of berm. This condition is modeled for a pericd of seven

years (7 yr.).

o AM signifies aggregate materials used for the leachate drainage layer and is
layered (top down) as;

Coal Combustion Products. {vertical percolation)

A protective layer of graded aggregate to keep fly ash from migrating
into the leachate collection layer. (vertical percolation)

Geotextile separator between the protective layer and the aggregate
materials of the leachate collection layer. (not included in HE.L.P
model)

Aggregate materials are clean aggregate with a minimum hydraulic
conductivity. (lateral drainage or leachate collection layer)

A geomembrane liner (primary liner} is next. (synthetic barrier)
Finally, a layer of 2-foot thick compacted clay soil (secondary liner) in
contact with the geomembrane to form the composite liner. (soil
barrier)

+ (Case ldentification Numbers 1, 2 and 3 indicate modeling of
the 1% floor of the cell, the 33% inner side slope of the cell
and the Schroeder approximation of the floor and side slope of
the cell. Schroeder's approximation is used to approximate
the longest length to the leachate collection pipe in order to
accurately estimate head on the liner. It was used for the Initial
and Qperational cases to model the combined effects of the

3o0f5



33% sidewall and 1% floor of the bottom liner. The equation
for Schroeder's Approximation (L") is: length of the bottom
slope * (volume of water from the bottom + volume of water at
sidewali) / volume of water from the bottom
{L'=Lb*(Vb+Vs)/Vb}. Schroeder's approximation was not used
on the final, closed condition case. Dr. Paul Schroeder of the
USCOE, provided this approximation to the Missour
Department of Natural Resources in response to a question
about a very long side siope at another landfill. It is used here
to make sure no extreme flows are being missed.

¢ The designation like R0Q3, is reserved for the use of revisions
to any particular run using the format of Rxxx, where xxx is the
run number.

o GE signifies geocomposites used in the leachate collection layer and is
layered (top down) as:

Coal Combustion Products. (vertical percolation)

A protective layer of graded aggregate to keep fly ash from migrating
into the leachate collection layer. (vertical percolation)

The geocomposite is manufactured as a composition of geotextile
fabric-geonet-geotextile fabric. {lateral drainage or leachate collection
layer)

A geomembrane liner (primary liner) is next. {synthetic barrier)

Finally, a layer of 2-foot thick compacted clay soil (secondary liner) in
contact with the geomembrane to form the composite liner. ({soil
barrier)

# Qperating condition models the placement of coal combustion products above the
top of the perimeter berm and having an additional layer of soil placed as an
intermediate cover for the cell. The intermediate cover is used for both the
aggregate material and the geocomposite leachate models. The operating
conditions were modeled for a period of 25 years.

» Closed condition models the placement of a final cap over the top of landfill. For
both aggregate materials and geocomposite leachate collection it is modeled as:

A vegetative soil layer to support grasses. {(vertical percolation)

A geotextile used as a cushion and drainage layer. {lateral drainage)
A geomembrane liner is used as a primary liner to prevent water from
getting to the coal combustion products. {(vertical barrier)

Layering below follows the pattern in the operating and initial
conditions.

The operating condition is found to be the case that produces the most leachate. The
precipitation falling on the initial layer of CCP has little chance for storage in the CCP
column. It is more quickly transported to the leachate drainage layer and geomembrane
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liner. The hydraulic head forces this water to flow into the leachate collection system. If the
maximum hydraulic head can be maintained below the regulatory limit under the case of
initial CCP placement, placement of additional CCP allows for more storage of water within
the CCP mass and may lower the maximum hydraulic head on the geomembrane liner.

The H.E.L.P. model cases are sensitive to the length of the flow path of leachate in the
drainage layer. As proposed, Phase 1/Cell 1 has the longest flow path present in any of the
phases of the UWL. Cell 1 is also the cell that is opened first. The longest distance of 541
feet was scaled from the toe of slope fo the leachate collection system perpendicular to
contours. The side slope was also modeled and the impact on flow was incorporated using
the Schroeder approximation.

As proposed, Phase 3/Cell 3 is expected to have the maximum leachate flow present in any
of the phases of the UWL due to size (57 acres). The largest leachate collection zone in
Cell 3 is smaller than the largest collection zone in Cell 1. The longest distance of 400 feet
(as scaled from the dividing break-line in the leachate collection zone perpendicular to the
leachate collection line contours) is significantly shorter than Cell 1. Therefore, Cell 1
represents the worst case scenario.

Critical cases presented indicate that the design parameters proposed will meet the
regulatory standards for effectively collecting leachate while not allowing a hydrauiic head
on the liner that exceeds the regulatory limit of 12-inches. These cases are summarized on
Table O-1 with H.E.L.P. results in Appendices O-2 through O-13.

The H.E.L.P. model results indicate that the leachate collection, liner and cover systems
meet regulatory requirements. The model results also indicate that peak leachate flows and
maximum hydraulic head on the bottom liner occurs during the intermediate operation of
each cell when there is an average 20-foot thickness of CCP over the liner and leachate
collection system, and intermediate cover is in place. Therefore, the worst case is expected
to be short-lived and the performance of the liner and leachate collections system is
expected to improve as additional CCP is placed in the disposal cell. After closure, the
leachate generation rates drop substantially.
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Ameren Missouri
Labadie Energy Center Utility Waste Landfill
Franklin, County Missouri

TABLE O-1: SUMMARY OF HELP MODEL RESULTS & INPUT PARAMETERS

for Cell 1
Peak Daily Leachate | Average Annual Leachate .
Rainfall
Volume Volume
Sub Appendix | CaseNo. | Acr Case Madeled Drainage | Drainage | (X T Flow Flow A
ppen ase No. es ase Modele Layer Material [ Length {ft} Lii:_r {in) N GPM (GPAD) 3 GPM {GPAD) ;::gr Peak Baily,
{ft'/day) See Notes (ft'tyear) See Notes 5 {ft*/day)
586 5&6 {ft"/year)
initial Waste Placement Condition - Modeled at 7 Years - 7 ft of Waste - No Intermediate Gover
Cell 1 using Aggregate Material in the A
02 IAMTR003 | 281 |leachate collection system for the 1% ggregale 541 0.540 746 NA 91,489 NA NA NA
. Material
botlom slope of the landfill.
Cell 1 using Aggregate Materials in the
0-3 IAM3R003 | 31.4 |cachate collection system. Use Aggragale 725 07 812 | 42(1934) | 108533 | 15(70.8) | 3869852 | 296354
Schroeder's approximation for drainage Malerial
length {See Note 3).
Celi 1 using Geocomposite in the leachate
0-4 IGE1R0O03 28.1 jcollection system for the 1% bottom slope of] Geocomposite 541 0.114 803 NA 91,742 NA NA NA
the landfill.
Cell 1 using Geocemposites in the leachate
0-5 IGE2R003 3.3 [collection system for the 33% side slopes of} Geocomposite 60 0.012 253 NA 20,904 NA NA NA
the landfiil.
Cell 1 using Geocomposies in the leachate
0-6 IGE3R003 | 31,4 |COllection system. Use Schroeder's Geocomposite | 712 0.149 887 46(211.3) | 108979 | 16(71.1) | 3.860852 | 296.354
approximation for drainage length
{See Note 3).

Notes located on Page 3 of 3
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Labadie Energy Center Utility Waste Landfill

Ameren Missouri

Franklin, County Missouri

TABLE 0-1: SUMMARY OF HELP MODEL RESULTS & INPUT PARAMETERS

for Cell 1
Peak Daily Leachate | Average Annual Leachata Rainfall
Volume Volume
Drainage Drainage Maximum Flow FI
di . Head ow
Sub Appendix | Case No. | Acres Case Modeled Layer Material | Length (f9)| " (?:) 1y | GPMGPAD) o GPM {GPAD) T:ng Peak Daily
(ftVday) | seeNotes | (7723 | seq Notes a (ft*iday)
586 586 (ft"/year)
Intermediate Operating Condition - Modeled at 25 Years - 20 ft of Waste - Intermediate Cover

Cell 1 Operating Condition with Inlermediate

07 OAMIROC3 | 284 |COVer using Aggregate Materials in the Aggregate 5441 1.437 2,060 NA 287,168 NA 3,411,430 | 350.891
leachale callection system far the 1% Material
bottom slope of the landfill.
Cell 1 Operating Condilion wilh Intermediate
Cover using Aggregate Materials in the Adareaate

-8 OAM3R003 31.4 |leachate colleclion syslem. Use l\?‘lgate?ial 637 1.66 2,254 11.7 (536.9) 320,708 4.6 (209.3) 3,812,060 392,099
Schroeder’s approximation for drainage
length {See Note 3).
Cell 1 Operaling Condition with Intermediaie

0-9 OGE1R003 | 281 |COver using Geocomposites in in the Geocomposite | 541 0.336 2,368 NA 287,681 NA 3,411,430 | 350,891
leachate collection system for the 1%
bottom slope of the landfill.
Cell 1 Operaling Condition for 33% side

O-10 OGE2R003 | 3.3 [S5/0PeS wilh Intermediate Cover using Geocomposite | 60 0.016 375 NA 36,856 NA 400,631 | 41,208
Geocomposites in the leachale collection
system.
Cell 1 Cperating Condition with
Intermediale Cover using Geocomposiles in

-1 OGE3R003 | 31.4 [the leachate collection system, Use Geocomposite 627 04 2,571 13.4 (612.5) 321,394 4.6(209.8) | 3,812,060 | 392,099
Schroeder's approximation for drainage
length (See Note 3},

Noles located on Page 3 of 3
Prepared by GREDELL Engineering Resources, Inc. Page 2 of 3 December 2012



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

TABLE O-1: SUMMARY OF HELP MODEL RESULTS & INPUT PARAMETERS

for Cell 1
Peak Daily Leachate | Average Annual Leachate .
Rainfall
Volume Volume
Drainage Drainage Maximum Fi FI
di . C oW oW
Sub Appendix | CaseNo. | Acres ase Modeled Layer Material | Length (ft) S::I ::) qay) |OFM (GPAD) o GPM (GPAD) ‘:":T:ﬁg:’ Peak Daily
(ftiday) See Notes (ft'iyear) See Notes o {ft'iday)
586 586 {ftfyear)
Closed Condition - Modeled at 30 Years - ~58 ft of Waste - Final Cover
Celi 1 Closed Conditicn with Final Cover )
0-12 CAMIR002 | 31.4 |USinG Aggregate Materials in the leachate Aggregate 541 1.322 241 1.1(50.3) 22,376 0.3(14.6} | 3,785,646 | 392099
collection system for the 1% bottom slope of} Material
the landfill.
Celi 1 Closed Candition with Final Cover
0-13 CGE1R003 | 31.4 |USing Geocomposites in the leachate Geocomposite | 541 0.044 346 1.8 (82.4) 23,252 0.3(15.2) | 3785646 | 392.099
collection system for the 1% bottom slope of
the landfiil.
Notes:

1 Leaf Area Index (LAI) values for the Initial & Operational cases were set al 0.5 to assume bare ground conditions. LAl vaiues for the Closed condition were set at 2.0 lo assume average
ground conditions. LAl values ranges for the L abadie area arz from 0 to 4.5,

2 Geotexlile layers at the bottorn of the leachate collection proteciive cover and at the battom of the Aggregale Material layer are not included in the HELP model cases. The k values of these
layers are similar to their adjacent layers and their rejatively small thickness make their affect negligible.

3 Schroeder's approximaticn is used 1c approximate the fongest length to the leachate collection in order to accuralely eslimate head on the liner. It was used for the Inftial and Operationa! cases
lo model the combined effects of the sidewall and floor of the bottom liner. The equation for Schroeder’s Approximation {L"yis: tength of the bottom slope * (volume of water from 1he hottom +
volume of waler at sidewall) / volume of water from the bottom {L'=Lb*(Vb+Vs)Vb}. Schroeder's approximation was nol used on the closed condition.

4 Depth of waste placement on side slope cases are an average height of waste averfunder slope.

5 Gallons per minute (GPM} is calculated from the reported peak and average daily volume in cubic feet per day and cubic feet per year, respeclively, within the HELP mode! cases.

6 Gallons per acre per day (GPAD) is calculated from the reperled peak amd average daily volume in cubic feel per day and cubic feet per year, respectively, within the HELP model cases.

7 Schroeder's Approximation was not used for Closed condition cases since no feachate was generated.

8 Vegelalive soil modeled as Silt Loam (ML),

9 Initiaf moisture cantent was user specified in all cases. Al layers (where applicable) were modeled at field capacity except for Fly Ash, which was modeled al 0.22 volivol {from R&J).

10 SCS curve numbers were determined by the HELP model in aif cases.
11 HELP Model Case No. Description:

Character 1: Denotes the landfili condition modeled. | - initial waste placement, O - intermediate operating, C - closed

Characters 2 - 3: Denole the type of leachale collection system modeled. GE - geocomposite, AM - aggregate material.

Character 4: Denoles the location along the bottom liner that was modeled. 1 - fioor (botiorn at 1%). 2 - side slope al 33%, 3 - Schroeder's Approximation
Characters 5 - 8: Reserved fer the use of revisions lo any particular run using the formal of Rxxx. where xxx is the run numober.

12 NA - Not applicable values in the sum of leachate flow or precipitation.

Prepared by GREDELL Engineering Rescurces, Inc.
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Ameren Missouri
Labadie Energy Center Utility Waste Landfill
Franklin County, Missouri

EFFECT OF REDUCTION FACTORS ON HYDRAULIC CONDUCTIVITY

For geonet with two sided geotextile

Reduction Factors assumed by Koerner in Designing with Geosynthetics, 5th Ed. 2005

Table O-2
GECNETWITH GEOTEXTILE
INTRUSION GEQNET REDUCTION FACTORS
RESULTANT
HYDRAULIC CHEMICAL [| GEOTEXTILE | PARTICLE HYDRAULIC
MANUFACTURER / MODEL THICKNESS "TRANSMISSIVITY  {lcoNDUCTIVITY]  CREEP CLOGGING || INTRUSION | CLOGGING || CONDUCTIVITY
NUMBER MILS CM MYSEC CMYSEC. CMISEC FACTOR FACTOR FACTOR FACTOR CM/SEC
GSE PermaNet TRx (Soz/yd®) 300 0.76 | 2.2E-03 22 28.9 1.80 1.80 2 1.80 2.5
GSE PermaNet HL. {100z/yd®) 270 0.69 1.0E-03 10 14.6 1.80 1.80 2 1.80 1.3
GSE PermaNet UL (10oz/yd”) 300 0.76 1.0E-03 10 13.1 1,80 1.80 2 1.80 1.1

NOTES:

Prepared by GREDELL Engineering Resources, Inc.

1. Transmissivity as reported for various geocomposites fram manufacturer's product data sheets.

December 2012
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1505 E. High Street

Jefferson City, Missouri 65101 o GREDE . Englnee“ng -;-:

Telephone No. (573} 659-9078 .
Fax No. (573) 659-5079 ..::_Besources, l“c- <

To: Rick Roberts, P.E.
From: Bruce Dawson, P.E.
CG: Tom Gredell, P.E.
Date: G/22/2012

Re: Reitz & Jens:Labadie UWL/Protective Cover Specification Development

Proposed Specification Language:

Protective cover shall consist of a well-graded aggregate with a particle size between 9.5 mm and
0.075 mm, with 0 to 10 percent passing the No. 100 U.S. Sieve, a dx, particle size of (approximately)
0.5 to 0.9 mm, and a d;5 particle size of {approximaiely) 0.2 to 0.4 mm.

Background:

MoDOT conerete sand {Missouri Standard Specifications for Highway Construction Section

1005):

% Passing 3/8" {9.5mim}): 100

% Passing Nao. 4 {(4.75 mm): 95-100
% Passing No. 8 {2.38 mm}. 70-100
% Passing No. 16 {1.20 mm): 45-90
% Passing No. 30 {0.599 mm)}: 15-65
% Passing No. 50 {0.297 mm): 5-30
% Passing No. 100 {0.152 mmy}: 1-10

Estimated Coefﬁcsent of Permeability per Eq. 2.4, Peck Hanson Thornburn, p. 40:
k=CD;.’, where C=100/cm-sec and D is expressed in centimeters
for the above gradation, Dy, will be belween 0.0297 and 0.0152 centimeters;
k is therefore estimated to be between 0.023 cm/sec and 0.088 cm/sec

Filter criteria per Tahle 2.2, Peck Hanson Thomburn, p. 49:

Non-uniform, sub-rounded particles: R50 between 12 and 58; R15 between 12 and 40

Fly ash (from Reilz & Jens Fig 3-1, Labadie): ds approx. 0.027 mm, dss approx. 0.02 mm

Missouri River Sand (from examination of select sieve results from Washington Sand Co.):
Dgy approx, 0.5 t0 0.9 mm, dys approx. 0.2 to 0.35 mm

Resuliant ratios: Rs between 1€ and 33, R45; between 10 and 18.

Conclusion:
"Typical’ Missouri river sand dredged for concrete sand will protect Fly ash, per PHT Table 2.2 criteria,

Notes:

Develop “Note 5" in Detail Drawings o address Protective Cover Material requirements. Compare to
similar material requirements note for non-carbonate aggregate drainage materiaf and provide similar,
parallel language.

Page 1



GSE Nonwoven Geotextiles

& 9
GSE Momwoven Seolextiles are a family of stezple fiber needlepunched geotextiles. The i‘ff E
. . . *

geotextiles are manufactured using an advarced manufacturing and quatity system to

proguce the most untfornt and consistent nonwoven nasdiepunched gectextile cusrentiy AT THE CORE:

available in the industry. GS5E combines a fiter selectinn and approval system with an
in-lme quality controf and a state-of-the-ar{ lzboratory to ensure that every roif shipped for separation, tiitration,

meets custoner specificat:ons,
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GSE Permalet HL Gescomposite

GSE Permaiet ML (High Load) geccompaosite 1= manufactured with a GSE PermaNet
HL gecnet heat-bonded on one or zolh sides with 2 GS5F nonwoven needle-gunched
geotextile. The geotextile is available inmass per unit area range of 6 oz/yd® Lo

16 0z yel The creep resstant structure of the product ensdses contnuous How
performance over a broad range of conditions and tong durations, The geacomposite
works as an efficient drainage medium and is idezl for extremely high compressive

stress apphcslians,

Product Specifications
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A highiced geocomposite

[

with g creep-resistant
sirucilive that ensures

continucus fiow

Product Specitications [continved]
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GSE PermaNet UL Geocomposite

GSE PermaNet UL {Ultra Load) geccomnposde s manufactured with a GSE PermaNet

UL geonet heat-bonded on ore or both sides with a GSE nonwoven needle-punched

AT THE CORE:

Avery high comgressive

geotextile. The geotextile is available in mass per unit area range of 6 oz/vd® to 16 oz/yd-.
The creep resistant structure of this groduct ensures continous Bow performance over
s?reng‘th gencomposie

Wiih & creeperesisiant
siruciure thal ensures
eortinucus flow parfor
mance over g broad range
of condiiions and long
durations,

a broad range of conditions and long durations. The geacomposite works as an efficient

dramage medwm and is ideal for extremely bigh compressive stress applications,
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AT THE CORE:

A very high comprassive
strength gescomposiis
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siructure that ensur
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GSE FabriNet TRx Geocomposite

GSE Hyperiet TRx geonet is produced with a unique one step process that coextrudes

cree t
laminated t¢ 8 nonwoven geolextile filtration medis. This product zckigves high in-situ
transmizsivity from optimelly orented flow channels thet mamtain porosity because

of the intrusion and creep resistant nature of the triaxial structure, The geocomposiie
provides contmuous performance over a broac range of conditions. |F s well suited for
use In surface water collection and removal systems, gas venting, and landfil! drainage

applications,

Prnﬂuct Saecliica!mns
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

HELP MODEL VERSION 3.07 {1 NOVEMBER 1597}
DEVELCPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

**
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* ok
* %
* &
*
* %
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* *
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PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATICN DATA FILE:
EVAPOTRANSPIRATION DATA:
DESIGN DATA FILE:

SOIL AND

: \HELP\ALPSRG12
C:\HELP\ALPEVE12

C:\HELP\BLPPR512.
C:\HELF\ALPTES1Z.
C .D13
.D11
C:\HELP\INPUTS\IAMI1R003.D10

D4
D7

OUTPUT DATA FILE: C: \HELP\OUT\IAM1R003.0OUT

TIME: 18:23

DATE: 10/30/2012

LA RS A SR EA SRS S AL NSRS R R ENEEEEEEEER S LRSS ER SRR ESEEAREREEEEEREEREEEEEREIN I IEEEEE

TITLE:

Ameren Misscuri Labadie Proposed Utility Waste Landfill

R A R E R R RS R RS R SR EER SRR R AR EE SRS EREEREREEEEEEEEEEEREREREEEEE B R X R

NOTE:

EFFECTIVE SAT. HYD. COND. = 0.4999999B7000E-04 CM/SEC
SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY

NOTE:

COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 30
THICKNESS =
POROSITY =
FIELD CAPACITY =
WILTING POINT =
INITIAL SOIL WATER CONTENT =

84.00 INCHES
0.5410 VOL/VOL
0.1870 VOL/VOL
0.0470 VOL/VOL
0.1935 VOL/VOL

1.

FOR ROCT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

INITIAL MOISTURE CONTENT CF THE LAYERS AND SNOW WATER WERE

34



TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 0
THICKNESS = 12.00 INCHES
POROSITY 0.4170 VOL/VOIL
FIELD CAPACITY = 0.0450 VOL/VCL
WILTING POINT = 0.0180 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0513 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.500000007000E-01 CM/SEC

LAYER 3
TYFPE 2 - LATERAL DRAINAGE LAYER

MATERIAL TEXTURE NUMBER 0
THICKNESS = 12.00 INCHES
POROSITY 0.3970 VOL/VOL
FIELD CAPACITY = 0.0320 VOL/VOTL
WILTING POINT = 0.0130 VOL/VQL
INITIAL S5CIL WATER CONTENT = 0.0322 VOL/VCL
EFFECTIVE SAT. HYD. COND. = 0.250000000000 CM/SEC
SLOPE 1.00 PERCENT
DRAINAGE LENGTH = 541.0 FEET

LAYER 4
TYPFE 4 - FLEXIBLE MEMBRANE LINER

MATERIAL TEXTURE NUMBER 35
THICKNESS = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VCOL
WILTING POINT = 0.00C0 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. = (,1l999998996000E-12 CM/SEC
FML PINHOLE DENSITY = 2.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 2.00 HOLES/ACRE
FML PLACEMENT QUALITY = 3 - GOOD



TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16

THICKNESS = 24 .00 INCHES

POROSITY = 0.4270 VOL/VOL

FIELD CAPACITY = 0.4180 VOL/VOL

WILTING POINT = 0.3670 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.4270 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.100000Q001000E-06 CM/SEC
GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #30 WITH BARE
GROUND CONDITICNS, A SURFACE SLOPE OF

A SLOPE LENGTH OF 541. FEET.

SCS8 RUNOFF CURVE NUMBER = 26.70
FRACTICON OF AREA ALLOWING RUNOFF = 100.¢C
AREA PROJECTED ON HORIZONTAL PLANE = 28.100
EVAPCRATIVE ZONE DEPTH = 1z2.0
INITIAL WATER IN EVAPORATIVE ZONE = 2.751
UPPER LIMIT OF EVAPORATIVE STORAGE = 6.492
LOWER LIMIT OF EVAPORATIVE STORAGE = 0.564
INITIAL SNOW WATER = 0.000
INITIAL WATER IN LAYER MATERIALS = 27.5056
TOTAL INITIAL WATER = 27.505
TOTAL SUBSURFACE INFLOW = 0.0cC

NOTE: EVAP
ST

STATION
MAXTMUM
START O
END OF

EVAPOTRANSPIRATION AND WEATHER DATA

OTRANSPIRATION DATA WAS OBTAINED FROM

. LOUIS MISSOURI

LATITUDE =
LEAF AREA INDEX =
F GROWING SEASON (JULIAN DATE) =
GROWING SEASON (JULIAN DATE} =

EVAPORATIVE ZONE DEPTH =

AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE

ANNUAL WIND SPEED =
15T QUARTER RELATIVE HUMIDITY =
ZND QUARTER RELATIVE HUMIDITY =
3RD QUARTER RELATIVE HUMIDITY =
4TH QUARTER RELATIVE HUMIDITY =

38
0

12,
10.

73

67.
71.
4.

1.% AND

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

.70 DEGREES
.50

o8

300
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NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR 5T. LOUIS MISSCURI

NORMAL MEAN MCONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NQV JUN/DEC
1.72 2.14 3.28 3.55 3.54 3.73
2.63 2.55 2.70 2.32 2.53 2.22

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURI

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP BPR/OCT MAY /NOV JUN/DEC
28.60 33.80 43.20 56.10 65.60 74.80
78.90 77,00 69.70 57.90 44.60 34.20

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FCR ST. LOUIS MISSOURI
AND STATION LATITUDE = 38.70 DEGREES

IR EEEEEE RS E RS SRR EEEEEEREE LSRR SRR E SR EEREEEEREREEEEERESEEEEEEREEEERTEEIEE LR XX T FE T F

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 7

PRECIPITATICN
TOTALS 1.71 2,08 3.24 3.42 3.42 5.13
3.06 2.47 2.32 2.38 2.97 1.75
STD. DEVIATIONS 0.89 1.386 0.81 1.50 1.81 1.30
1.568 1.66 1.35 1.37 l1.62 1.07
RUNOFF
TOTALS 0.497 0.870 1.175 0.942 1.125 1.82%
1.003 0.656 0.709% 0.709 1.119 0.290
STD. DEVIATIONS 0.245 0.749 0.885 0.695 1.168 0.610

0.787 0.592 0.583 0.721 0.845 0.351



EVAPOTRANSFIRATION

TOTALS 0.462 0.941 2.235 3.028 2.582 3.234
2.423 1.923 1.446 1.278 1.318 0.780
STD. DEVIATIONS 0.162 0.484 0.287 0.647 0.931 0.%66
0.645 0.594 0.%01 0.536 0.214 0.214

LATERAL DRAINAGE COLLECTED FROM LAYER 2

TOTALS 0.0850 0.0745 0.080¢C 0.095¢ 0.1163 0.0949
0.0621 0.03218 0.031¢0 0.0575 0.0759 0.0520

STD. DEVILTIONS 0.0801 0.0650 0.0768 0.0839 0.0793 0.0517
0.0357 0.0257 0.0182 0.0510 0.068¢S 0.0740

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000C

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0o00 0.000C 0.0000

BVERAGES 0.1046 0.1005 0.0985 0.1221 0.1432 0.1207
0.0765 0.0381 0.0395 0.0708 0.0966 0.1133

STD. DEVIATIONS 0.0986 0.0926 0.0946 0.1067 0.0977 0.0658
.0232 0.0628 0.0876 0.0811
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AVERAGE ANNUARL TOTRLS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 7
S NeHss cu. FEET PERCENT
SRECTPITATION 33.55  ( 3.610)  3463147.5  100.00
RUNOFF 10.923 ( 2.5198) 1114135.75 32,171
EVAFOTRANSPIRATION 21.782 { 2.0850) 2222852.00 64.186
LATERAL DRAINAGE COLLECTED 0.896%2 { 0.59928) 91488.367 2.64177

FROM LAYER 3



PERCOLATICN,/LEAKAGE THROUGH g.00C008 { 0.00005} 8.339% 0.00024
LAYER 5

AVERAGE HEAD CN TCP 0.084 ¢ 0.063)
OF LAYER 4

CHANGE IN WATER STORAGE 0.340 { 1.3845) 34663.22 1.001

LE RS ES R SRR E RS LRSS ES R RS ER SRS REREEREEEREEEEEEEREEREREJEEERIEI I IR I I IR S S SRR
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 7
T nemms) (en. Fro
BRECIPITATION C2e0 265207781
RUNOFF 1.8%¢ 193292.578¢C
DRAINAGE COLLECTED FROM LAYER 3 0.00731 745,625413
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000001 0.062%¢
AVERAGE HEAD ON TOP OF LAYER 4 0.279
MAXIMUM HEAD ON TCF OF LAYER 4 0.540

LOCATION OF MAXIMUM HEAD IN LAYER 3

(DISTANCE FRCM DRAIN) 17.6 FEET
SNOW WATER 1.38 140818.5620
MAXTMUM VEG, SOTIL WATER (VOL/VOL) C.3792
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0470
*%%  Maximum heads are computed using McEnroe's eguations. *#**

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Envircnmental Engineering
Vol. 11%, No. 2, March 1993, pp. 262-270.
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FINAL WATER STORAGE AT END OF YEAR 7
""""""""""""" LavER  (momes)  (vorjvon)
B 18,3273 02182
2 0.8886 0.0741
3 0.4199 0.0350
4 0.0000 0.C0000Q
5 10.2480 0.4270

SNOW WATER 0.000
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HYDROCLOGIC EVALUATION OF
HELP MODEL VERSION 23.07

DEVELOPED BY ENVIRONMENTAL

LANDFILL PERFCRMANCE

(1 NOVEMBER 1997)

LABORATORY

USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABCRATORY
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LA R RS S SRR EEE SR SRR SRR S SRR R SRS EE R EREEREEREREEEEEEEEREERRERE I K R R I R e 1

PRECIPITATION

TIME:

18:36

DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

nonNnMnaonn

DATE: 10/30/2012

: \HELP\ALFPR612 .D4
:\HELP\ALPTEG12.D7
: \HELP\ALFSR&12.D13
:\HELP\ARLPEVE12 .D11
: \HELP\ INPUTS\ IAM3R003.D10
: \HELP\QUTY\ IAM3R003.0UT

A A SR SRR R R R RS R RS SRS EREERSEEEEEEEREEEEEEEREEEEEREEREERERIEEER XX S E EE TR R R

TITLE:

Ameren Missouri Labadie Proposed Utility Waste Landfill

IR A RS R RS EEEEEE LSS EE SRR EREEREREREREEEREEREEREEREEEEEEEEEEEREEEEEEEEEEEEIEERETEE

NOTE:

0.49999998700CE-04 CM/SEC

INCHES

VCOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL

INITIAL MOISTURE CONTENT
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM,
LAYER 1
TYPE 1 - VERTICAL PERCOLATICN LAYER

MATERTAL TEXTURE NUMBER 30
THICKNESS = 84.00
POROSITY = 0.5410
FIELD CAPACITY = 0.1870
WILTING POINT = 0.0470
INITIAL SOIL WATER CONTENT = 0.1945
EFFECTIVE SAT. HYD. COND. =

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY

1.

FOR ROOT CHANNELS IN TOFP HALF OF EVAPORATIVE ZONE.

OF THE LAYERS AEND SNOW WATER WERE

34



TYPE 1 - VERTICAL PERCQLATION LAYER

MATERIAL TEXTURE NUMBER 0
THICENESS = 12.00 INCHES
POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0180 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0498 VOL/VOL
EFFECTIVE ESAT. HYD. COND. = 0.500000007000E-01 CM/SEC

LAYER 3
TYPE 2 - LATERAL DRAINAGE LAYER

MATERIAL TEXTURE NUMBER 0
THICKNESE = 12.00 INCHES
FOROSITY = 0.3970 VOL/VOL
FIELD CAPACITY = 0.0320 VOL/VOL
WILTING POINT = 0.0130 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0322 VOL/VOL
EFFECTIVE SAT. HYD. COND.. = 0.250000000000 CM/SEC
SLOPE = 1.00 PERCENT
DRAINAGE LENGTH = 725.0 FEET

LALYER 4
TYFE 4 - FLEXIBLE MEMBRANE LINER

MATERIAL TEXTURE NUMEBER 35
THICKNESS = 0.06 INCHES
POROQSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING POINT = 0.0000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VCL
EFFECTIVE SAT. HYD. COND. = 0.19999999%6000E-12 CM/SEC
FML PINHOLE DENSITY = 2.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 2.00 HOLES/ACRE
FML PLACEMENT QUALITY = 3 - GOOD



TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMEER 186

THICKNESS = 24.00 INCHES

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

INITIAL SO0IL WATER CONTENT

EFFECTIVE

G

H

SAT. HYD. COND.

0.4270 VOL/VOL
0.100000001000E~06 CM/SEC

ENERAL DESIGN AND EVAPORATIVE ZCONE DATA

NOTE: SCS8 RUNOFF CUEVE NUMBER WAS COMPUTED FRCM
SOIL DATA BASE USING SOIL TEXTURE #30 WITH BARE
GROUND CONDITIONS, A SURFACE SLCPE OF

A SLOPE LENGTH OF 725, FEET.
5CS5 RUNOFF CURVE NUMEER = 96.60
FRACTION OF AREA ALLOWING RUNOFF = 100.0Q
AREA PROJECTED ON HORIZCONTAL PLANE = 31.400
EVAPCORATIVE ZONE DEPTH = 12.0
INITIAL WATER IN EVAPORATIVE ZONE = 2.864
UPPER LIMIT OF EVAPORATIVE STORAGE = 6,492
LOWER LIMIT OF EVAPORATIVE STORAGE = 0.564
INITIAL SNOW WATER = 0.000
INITIAL WATER IN LAYER MATERIALS = 27.572
TOTAL INITIAL WATER = 27.872

TOTAL SUBSUR

i
(=)

FACE INFLOW .00

EVAPOTRANSPIRATICN AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FRCM

ST

STATION
MAXTMUM
START O

END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH

AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE

. LOUIS MISSOURT

LATITUDE
LEAF AREA INDEX
F GROWING SEASCN (JULIAN DATE)

It

il

ANNUAL WIND SPEED =
18T QUARTER RELATIVE HUMIDITY =
2ND QUARTER RELATIVE HUMIDITY =
3RD QUARTER RELATIVE HUMIDITY =
4TH QUARTER RELATIVE HUMIDITY =

38
0

12.

10

73.
67.
71.
74 .

DEFAULT

1.% AND

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

.70 DEGREES
.50

g8
300
0 INCHES
.40 MPH
00
00
0o
00

o° S A o =



NOTE: PRECIPITATICN DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURI

NORMAL MEAN MONTHLY PRECIPITATICN (INCHES)

JAN/JUL FEB/RUG MAR/SEP APR/OCT MAY /NQV JUN/DEC
1.72 2,14 3.28 3.55 3.54 3.73
3.63 2.65 2.70 2.32 2.53 2.22

NOTE: TEMPEEATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURI

NCRMAL MEAN MCNTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAaY /NOV JUN/DEC
28.60 33.80 43.20 56.10 65.60 74 .80
78.90 77.00 6£9.70 57.80 44 .60 34.20

NOTE: SCLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURT
AND STATICN LATITUDE = 38.70 DEGREES

kkhkhkFdRhkhkdhkhkrdhhkhbhhkdhkhhhbhhhbhbhrdbdhkhkhhdbhdhkhdhhdhhdbhrdr kbbb hr ko hkhdxkdxr bk hkdkh okt h kit

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 7

PRECIPITATION
TOTALS 1.71 2.08 3.24 3.42 3.42 5,13
2.06 2.47 2,32 2.38 2.97 1.75
STD. DEVIATIONS 0.89 1.36 0.81 1.50 1.81 1.30
1.58 1.66 1.35 1.37 l1.62 1.07
RUNCFF
TOTALS 0.495 0.864 1.152 0.915 1.0865 1.790
0.968 0.641 0.689 0.706 1.089 0.283
STD. DEVIATICNS 0.241 0.742 0.885% 0.683 1.148 0.601

0.729 0.577 0.572 0.739 0.831 0.342



EVAPOTRANSPIRATION

TOTALS 0.465 0.954 2.257 3.008 2.61¢9 3,299
2.410 2.152 1.455 1.242 1.312 0.784
STD. DEVIATIONS 0.171 0.485 0.282 0.675 1.015 0.880
0.814 l1.029 0.330 0.508 0.268 0.209
LATERAL DRAINAGE COLLECTED FROM LAYER 3
TOTALS 0.0910 0.0802 0.0855 0.1013 0.1152 0.0928
0.0644 0.0345 0.0358 0.0665 0.0848 6.1003
STD. DEVIATIONS 0.0845 0.0751 0.0805 0.0853 0.0843 0.0607
0.0376 0.0248 0.0165 0.05853 0.0744 0.0785
PERCOLATION/LEAKAGE THRQUGE LAYER 5
TOTALS 0.0000 0.0000 0.0000 0.0000C 0.0000 0.0000
¢.0000 0.000C0 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000C 0.c0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 c.0000
AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
DATILY AVERAGE HEAD ON TOP OF LAYER 4
AVERAGES 0.1501 0.14459 0.1411 0.1728 0.1801 0.1583
0.1063 0.0570 0.0611 0.1097 0.1445 0.1655
S8TD. DEVIATIONS 0.1324 0.1353 0.1328 0.1454 0.13¢1 0.1034
0.0620 0.0411 0.0282 0.0578 0.1268 0.12%96

(E 2SR SRR R RS SRS S SRR RS R ERELEREERSREEREEEEREESREREERRESEEEEERESRSEE I ISR EE X TS TE R TR TIT
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 7
S newEs cu. FEET pERCENT
PRECTBITATION 33.95 ( 3.610)  3869851.5  100.00
RUNOFF 10.697 { 2.5448) 1219280.12 31.507
EVAPOTRANSPIRATION 21.857 { 2.0606) 2502747.50 64.673
LATERAL DRAINAGE COLLECTED 0.95219 { 0.63655) 108532.078 2.80455

FROM LAYER 3



PERCOLATION/LEAKAGE THROUGH 0.00011 ( 0.00007} 12.764 ¢.00033
LAYER 5

AVERAGE HEAD CN TOP 0.133 ¢ 0.0889)
OF LAYER 4

CHANGE IN WATER STORAGE 0.345 ( 1.3618; 39275.45 1.015

ER R RS S R S e R R R R R R R T R I I O O e U
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 7
- mems) v oery
PRECIPITATION ““;T;6 77777 ;;é;;;j;é;*”
RUNOFF 1.874 213547 .0620
DRAINAGE COLLECTED FROM LAYER 3 0.00712 811.63214
PERCOLATION/LEAKAGE THROUGH LAYER & 0.000001 0.08%58
AVERAGE HEAD ON TOP OF LAYER 4 0.364
MAXTIMUM HEAD ON TOP OF LAYER 4 0.705

LOCATION OF MAXTMUM HEAD IN LAYER 23

(DISTANCE FROM DRAIN) 23.2 FEET
SNOW WATER i.38 157357.0240
MAXTIMUM VEG. SOIL WATER (VOL/VOL) 0.3778
MINIMUM VEG. SOIL WATER (VOL/VOL) c.0470
*+%  Maximum heads are computed using McEnroe's equations. +**+

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University cf Kansas
ASCE Journal cf Environmental Engineering
Vol, 112, No. 2, March 1983, pp. 262-270.
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FINAL WATER STCRAGE AT END OF YEAR 7
““““““““““““““““ lavER  (mcwEs)  (worsvon
e 18,3947 o.2190
2 0.8023 0.0752
3 0.4397 0.0366
4 0.0000 0.0000
5 10.248¢0 0.4270

SNOW WATER 0.000

[ EE SR EERS SRS SRS R RS SRS RSl REEEERE R R RRERERRERREREREERE KR R e E R RS
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* % **
* % * *
* ok HYDRCLOGIC EVALUATICN OF LANDFILL PERFORMANCE bl
* HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) * %
** DEVELOPED BY ENVIRCNMENTAL LABORATORY * %
** USAE WATERWAYS EXPERIMENT STATION * %
* % FOR USEPA RISK REDUCTION ENGINEERING LABORATORY *x
* % * &
* % * ok

AR EE R LSRR EEE S LSSl E sl Sl SRSt RN EEREEEEEREREEEEREEEER R I I e
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PRECIPITATION DATA FILE: : \HELP ALPPR612.D4

C
TEMPERATURE DATA FILE: C:\HELP\ALPTE&12.D7

SOLAR RADIATION DATA FILE: C:\HELP\ALPSR&12.D13
EVAPOTRANSPIRATICN DATA: C:\HELP\ALPEV&12.D11

SOIL AND DESIGN DATA FILE: C:\HELF\INPUTS\IGE1R0C3.D10
QUTPUT DATA FILE: C: \HELP\OUT\IGE1R003,QUT

TIME: 15:22 DATE: 10/30/2012

[EEE R E SR EERE SRS A RS A RS RS ER SR ESEEEEEEEEEREEEESEEEERERESEESE RS ER B K EE LR

TITLE: 2Ameren Missouri Labadie Proposed Utility Waste Landfill

IR R R RS A RS LS SRS AT E N EREEEEEEESEEEEEREEREEEREEERERERERE SRR R TR EE S IR T I I i

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

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS = 84.00 INCHES
POROSITY = 0.5410 VOL/VOL

FIELD CAPACITY = 0.1870 VOL/VOL
WILTING POINT = 0.0470 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.15325 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.499999987000E-04 CM/SEC

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1,34
FOR RCOT CHANNELS IN TOP HALF OF EVAPORATIVE ZCNE.



TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 0
THICKNESS = 12.00 INCHES
POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY 0.0450 VOL/VOL
WILTING POINT = 0.0180 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0513 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.500000007000E-01 CM/SEC

LAYER 3
TYPE 2 - LATERAL DRAINAGE LAYER

MATERIAL TEXTURE NUMBER 0
THICKNESS = D.69 INCHES
POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL
INITIAL SCIL WATER CONTENT = 0.0114 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 1.29999995000 CM/SEC
SLOPE = 1.00 PERCENT
DRAINAGE LENGTH = 541.0 FEET

LAYER 4
TYPE 4 - FLEXIBLE MEMBRAENE LINER

MATERIAL TEXTURE NUMBER 35
THICKNESS = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING POINT = 0.0000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND, = 0.19999%99%6000E-12 CM/SEC
FML PINHOLE DENSITY = 2.00 HOLES /ACRE
FML, INSTALLATION DEFECTS = 2.00 HOLES/ACRE
FML, PLACEMENT QUALITY = 3 - GOOD



TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16

THICENESS = 24 .00 INCEES
POROSITY = 0.4270 VOL/VCL

FIELD CAPACITY = 0.4180 VOL/VOL
WILTING POINT = 0.3670 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.4270 VOL/VOL
EFFECTIVE SAT. HYD., COND. = 0.100000001000E-06 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE

NUMBER WAS COMPUTED FROM DEFAULT

SOIL DATA BASE USING SOIL TEXTURE #30 WITH RARE

GR
A

SCS RUNOFF C
FRACTION OF
AREA PROJECT
EVAPORATIVE
INITIAL WATE
UPPER LIMIT
LOWER LIMIT
INITIAL SNOW
INITIAL WATE
TOTAL INITIA
TOTAL SUBSUR

NOTE : EVAP
ST

STATION
MAXTMUM
START ©
END OF

EVAPORA
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE

OUND CONDITICNS, A SURFACE SLOPE OF
SLOPE LENGTH OF ©541. FEET.

URVE NUMBER = 86.70

AREA ALLOWING RUNOFF = 100.0

ED ON HORIZONTAL PLANE = 28.10
ZONE DEPTH = 1z2.0

R IN EVAPORATIVE ZONE = 2.75
OF EVAPORATIVE STORAGE = 6.49
OF EVAPORATIVE STORAGE = 0.56
WATER = 0.00
R IN LAYERE MATERIALS = 27,12
L. WATER = 27.12
FACE INFLOW = 0.00

EVAPOTRANSPIRATION AND WEATHER DATA

OTRANSPIRATICN DATA WAS ORTAINED FROM

. LOUIS MISSOURI

LATITUDE =
LEAF AREA INDEX =
F GROWING SEASON (JULIAN DATE) =
GROWING SEASON (JULIAN DATE} =
TIVE ZONE DEPTH =
ANNUAL WIND SPEED =
15T QUARTER RELATIVE HUMIDITY =
ZND QUARTER RELATIVE HUMIDITY =
3RD QUARTER RELATIVE HUMIDITY =
4TH QUARTER RELATIVE HUMIDITY =

0

1
2
4
0
7
7

38
0

1z2.
10.

73
67

71.
74 .

1.% AND

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

.70 DEGREES
.50

98
300

0 INCHES
40 MPH
.00
.00
oo
0o

o of of of =



NOTE: PRECIPITATION DATE WAS SYNTHETICZLLY GENERATED USING
COEFFICIENTS FOR 8T. LOUIS MISSQURI

NORMAL MEAN MONTHLY PRECIPITATION {(INCHES)

JAN/JUL FEB/RUG MAR/SEP RPR/OCT MAY/NCV JUN/DEC
1.72 2.14 3.28 3.55 3.54 3.73
3.63 2.55 2.70 2.32 2,853 2.22

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSQURI

NORMAL MEAN MONTHLY TEMPERATURE {(DEGREES FAHRENHEIT}

JRN/JUL FEB/AUG MAR/SEP EPR/OCT MAY/NOV JUN/DEC
28.80 33.80 43.20 56.10 65.60 74 .80
78.80 77.00 69.70 57.90 44 .60 34.20

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURI
AND STATION LATITUDE = 38.70 DEGREES

IS R AR EA S SRS SRS EEE SRR SRR SR RE RS SRR EEREEEREEEEEREEERSEEEREEIR IR I IS I I P i gy g i3

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 7

JEN/JUL FEB/RUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 1.71 2.08 3.24 3.4z 3.42 5.13
31.08 2.47 2.32 2,38 2.97 1.75
STD. DEVIATIONS 0.89 1.3¢ 0.81 1.50 1.81 1.30
1.58 1.66 1.35 1.37 l1.62 1.07
RUNOFF
TOTALS 0.497 0.870 1.175 0.942 1.125 1.8258
1.003 0.656 0.708 0.709 1.119 0.290
STD. DEVIATIONS 0.245 0.749 0.885 0.695 1.168 0.610

0.757 0.582 0.583 0.721 0.845 0.351



EVAPOTRANSPIRATION

TOTALS 0.462 0.941 2.235 3.ozg 2.582 32.234
2.493 1.993 1.4456 1.278 1.218 0.780
STD. DEVIATIONS 0.165 0.484 0.287 0.647 0.931 0.966
0.645 0.594 0.501 0.536 0.214 0.214

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS 0.0846 0.0737 0.0798 0.1030 0.117% 0.0878
0.0533 0.0256 0.0338 0.0642 0.0804 0.0953

STD. DEVIATIONS 0.0789 0.0691 0.0769 0.0874 0.0751 0.0459
0.0333 0.0234 0.0220 0.0612 0.0717 0.0748

TOTALS g.0000 0.0000 0.000¢C 0.00cO 0.0000 0.0000
0.0000 0.0000 0.0000C 0.0000 0.0000 0.0000

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

AVERAGES 0.0200 0.0191 0.01889 0.0252 0.0275 0.0215
0.0126 0.00e61 0.0083 0.0152 0.0197 0.0226
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BVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR VYEARS 1 THROUGH 7
S ncHES cu. FEET PERCENT
PRECTPITATION 3395 ( 3.610)  3463147.5  100.00
RUNCFF 10.922 ( 2.5188) 1114135.75 32.171
EVAPOTRANSPIRATION 21.7582 { 2.0850) 2222852 .00 64.186
LATERAL DRAINAGE COLLECTED 0.835941 ( 0.59344} 91742.234 2.64910

FROM LAYER 3



PERCOLATICN/LEAKZLZGE THROUGH 0.00002 ( 0.00001) 2.038 0.C0006
LAEYER &

AVERAGE HEAD ON TOF 0.018 ¢ 0.012)
OF LAYER 4

CHANGE IN WATER STORAGE 0.337 { 1.3648) 34415.69 0.93%4

LR R R R SRR RS SRS ERENESEREEEEENES RN AR RS EE R RS R EEEEESREE & B e e L

I R e S B e e B i I R R R R R R R I B I R I I S T O O

PEAK DAILY VALUES FOR YEARS 1 THROUGH 7
T wemes) qcw. Fro
PRECTPITATION R 265207781
RUNCFF 1.896 192382.5780Q
DRAINAGE COLLECTED FROM LAYER 3 0.00787 802.88251
PERCOLATION/LEAKAGE THROUGH LAYER & 0.000000 0.01516
AVERAGE HEAD ON TOP OF LAYER 4 0.058
MAXIMUM HEAD ON TOP OF LAYER 4 0.114

LOCATION OF MAXIMUM HEAD IN LAYER 3

(DISTANCE FROM DRAIN) 5,0 FEET
SNOW WATER 1.38 140819.5620
MAXIMUM VEG. SOIL WATER {VOL/VOL} 0.3732
MINIMUM VEG. SOIL WATER (VOL/VOL} 0.0470
**% Maximum heads are computed using McEnroe's sequations. +=x+

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas
ASCE Journal of Envircnmental Engineering
Vol. 1192, No. 2, March 1993, pp. 262-270.
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FINAL WATER STCRAGE AT END OF YEAR 7
""""""""""""""" taveR  (memEs)  (vo/von
1 15,3273 o.2182
2 0.8886 0.0741
3 0.0246 0.0357
4 0.0000 0.0000
5 10.248¢ 0.4270

SNOW WATER 0.C¢00
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.07
DEVELOPED

(1 NOVEMBER 1997)
BY ENVIRONMENTAL LABORATORY

USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY
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PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

TIME:

4

DATE: 10/

C:\HELP\ALPPRA12
C:\HELP\ALPTE612
C

:\HELP\ALPSR612.
C:\HELP\ALPEV612.

D4
.D7

D13
D11

C:\HELE\INPUTS\IGEZR003.D10
C: \HELP\OUT\IGEZR00Q3.0QUT

30/2012

AR R SRR SR EREEEEEEEE SRR SRS SRR R RS SR SRS EEREREEREEREEEREEEEEEEEZEEEREEJEER EIE IR

TITLE:

Ameren Misscuri Labadie Proposed Utility Waste Landfill

(SRR S EE SRR SR SR LS A SRS RS RS R ERESEEREERERESEEREREEEEEEREEEEEEEEEEE R R EEE T -

NOTE:

COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1

MATERIAL

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND. = 0.499999987000E-04 CM/SEC
SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED EY

NOTE:

FOR ROOT

- VERTICAL PERCOLATION LAYER

TEXTURE NUMBER 30

42,00 INCHES
0.5410 VOL/VOL
0.1870 VOL/VOL
0.0470 VOL/VOL
0.2199 VOL/VOL

1.

CHANNELS IN TOP HALF OF EVAPORATIVE ZONE,

INITIAL MOISTURE CONTENT OF THE LZYERS AND SNOW WATER WERE

34



TYPE 1 - VERTICAL PERCOLATICN LAYER

MATERIAL TEXTURE NUMBER 0
THICENESS = 12.00 INCHES
POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY 0.0450 VOL/VOL
WILTING POINT = 0.0180 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0528 VOL/VOL
EFFECTIVE SAT. HYD. COND, = 0.500000007000E-01 CM/SEC

LAYER 3
TYPE 2 - LATERAL DRAINAGE LAYER

MATERIAL TEXTURE NUMBER 0
THICKNEZES = 0.69 INCHES
FORCEITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL
INITIAL S0IL WATER CONTENT = 0.0100 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 1.29999995000 CM/8EC
SLOPE = 33.33 PERCENT
DRAINACGE LENGTH = 60.0 FEET

LAYER 4
TYPE 4 - FLEXIBLE MEMERANE LINER

MATERIAL TEXTURE NUMBER 235
THICKNESS = 0.06 INCHES
PORCSITY : 0.0000 VOL/VCL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING POINT = 0.0000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.00C0 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
FML PINHOLE DENSITY = 2.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 2.00 HOLES/ACRE
FML PLACEMENT QUALITY = 3 - GOCD



TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16

THICKNESS = 24,00 INCHES
POROSITY = 0.4270 VOL/VQL

FIELD CAPACITY = 0.4180 VOL/VOL
WILTING POINT = 0.3670 VOL/VQL
INITIAL SOIL WATER CONTENT = 0.4270 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.100000001000E-08 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: S8CS8 RUNOFF CURVE

50

NUMBER WAS COMPUTED FROM DEFAULT

IL DATA BASE USING SOIL TEXTURE #30 WITH BARE

GROUND CONDITICNS, A SURFACE SLOPE OF

A SLOPE LENGTH OF 60. FEET.
5C5 RUNOFF CURVE NUMBER = g7.0¢0
FRACTION OF RREA ALLOWING RUNOFF = 100.0
AREA PROJECTED ON HORIZONTAL PLANE = 3.300
EVAPORATIVE ZONE DEPTH = 12.0
INITIAL WATER IN EVAPORATIVE ZONE = 2.962
UPPER LIMIT OF EVAPORATIVE STORAGE = 6.492
LOWER LIMIT OF EVAPCRATIVE STORAGE = 0.564
INITIAL SNOW WATER = 0.000
INITIAL WATER IN LAYER MATERIALS = 20,124
TOTAL INITIAL WATER = 20.124
TOTAL SUBSURFACE INFLOW = 0.00

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATICN DATA WAS OBTAINED FROM

ST

. LOUIS MISSOURI

STATION LATITUDE =

MAXIMUM
STAERT O
END OF

LEAF AREA TNDEX =
F GROWING SEASON (JULIAN DATE} =
GROWING SEASON (JULIEZN DATE) =

EVAPORATIVE ZONE DEPTH =

AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE

ANNUAL WIND SPEED =
15T QUARTER RELATIVE HUMIDITY =
2ND QUARTER RELATIVE HUMIDITY =
3RD QUARTER RELATIVE HUMIDITY =
4TH QUARTER RELATIVE HUMIDITY =

38
0

12.

10
73
&7

71.
74,

1.% AND

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

.70 DEGREES
.50

98
300
0 INCHES
.40 MPH
.00
.00
0o
00

P oP

o° o\



NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURT

NORMAL MEAN MONTHLY PRECIPITATICN {INCHES}

JAN/JUL FEB/AUG MAR/SEP APR/0OCT MAY/NOV JUN/DEC
1.72 2.14 3.28 3.55 3.54 3.73
3.63 2.55 2.70 2.32 2.53 2.22

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURI

NORMAL MEEN MONTHLY TEMPERATURE {(DEGREES FRHRENHEIT)

JAN/JUL FEEB/AUG MAR/SEP APR/OCT MAY /NCV JUN/DEC
28.640 33.80 43.20 56.10 65.60 74 .80
78.5840 77.00 69.70 57.90 44,60 34,20

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURI
AND STATION LATITUDE = 38.70 DEGREES

IR SR RS LRSS SRS RS R RS R REEEERSEREREREEREEEEEEEREESERLEREERESEREER B IER IR I I I S

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 7

JEN/JUL FEB/RUG MAR/SEF APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 1.71 2.08 3.24 3.42 3.42 5,13
3.06 2.47 2.32 2.38 - 2.97 1.75
STD. DEVIATIONS 0.89 1.36 0.81 1.50 1.81 1.30
1.58 1.66 1.35 1.37 l.62 1.07
RUNOFF
TOTALS 0.507 0.889 1.245 1.036 1.208 1.986
1.0393 0.720 0.766 0.767 1.194 0.21z2
STD. DEVIATIONS 0.257 0.773 0.878 0.747 1.195 0.629

0.809 0.624 0.624 0.759 0.881 0.37¢9



EVAPOTRANSPIRATICN

TOTALS 0.4862 0.938 2.218 2.882 2.536 3.000
2.134 1.840 1.360 1.107 1.207 0.759%9
STD. DEVIATICNS 0.168 0.481 0.305 0.650 0.541 0.%21
0.606 0.836 0.814 0,458 0.251 0.207

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS 0.10459 0.1204 0.1E58¢% 0.1257 0.1343 0.1955
0.2012 0.1718 0.13594 0.1282 0.1346 0.1299

S5TD. DEVIATIONS 0.0508 0.0786 0.0822 0.0604 0.190% 0.1581
0.0832 0.0726 0.0467 0.0489 0.0539 0.0408

TOTALS 0.0000 0.0000C 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000C 0.0000 0.0000 0.0000 0.0000

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

AVERAGES 0.0002 0.0002 0.0003 0.0002 0.0002 0.0003
0.0003 0.0003 0.0002 0.0002 0.0002 0.0002
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS} FOR YEARS 1 THROUGH 7
S ewes cu. FEET PERCENT
PRECIPITATION “;;j;;*’“”;"“";j;ia} ___;5é;é;j;“‘ iééjgé“"'
RUNOFF 11.722 { 2.5523) 140417.73 34.526
EVAPOTRANSPIRATICN 20.443 { 1.9893) 244887.45 60.213
LATERAL DRAINAGE COLLECTED 1.74498 ( 0.72759) 20903.158 5.13965

FROM LAYER 23



PERCOLATION/LEAKAGE THROUGH 0.00000 { 0.00000} 0.013 0.00000
LAYER 5

AVERAGE HEAD ON TOP 0.000 { 0.000}
OF LAYER 4

CHANGE IN WATER STORAGE 0.041 { 1.0396) 495,82 0.122

R R SR EREEEEEEEEEEEREEEEEEEEE RS S LR SRR E SRR EERE R R EEEE R I I I IR e T g e

LR S RS R EEEEEEEEEREEEETESEEEEERESEEEEREEREEREESEEREEEREEREEREER I I I S 0 - S G g P

PEAK DAILY VALUES FOR YEARS 1 THROUGH 7
T anemss) (o Ery
SRECTPITATION 260 31145 308
RUNOFF 1.2940 23245.04459
DRAINAGE COLLECTED FRCM LAYER 3 0.02107 252.41108
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000000 0.00008
AVERAGE HEAD ON TOP OF LAYER 4 0.001
MAXIMUM HEAD ON TOP OF LAYER 4 0.012

LOCATION OF MAXIMUM HEAD IN LAYER 3

(DISTANCE FROM DRAIN) 0.0 FEET
SNCW WATER 1.38 16537.5293
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3556
MINIMUM VEG. SOIL WATER (VOL/VOL} 0.0470
*%%  Maximum heads are computed using McEnroe's equations., *#x

Reference: Maximum Saturated Depth cover Landfill Liner
by Bruce M. McEnrce, University of RKansas
ASCE Journal of Envircnmental Engineering
vol. 119, No. 2, March 1993, pp. 262-270.
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FINAL WATER STOREAGE AT END OF YEAR 7
************** LAvER  (wewss)  (voufvo)

e 0.2876 02011
2 0.8712 0.0726
3 0.0072 0.0105
4 0.0000 0.0000
5 10.2480 0.4270

SNOW WATER 0.000
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

HEL

DEVELOPED

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

P MODEL VERSION 3.07 {1 NOVEMBER 1997}

BY ENVIRONMENTAL LABORATORY

USAE WATERWAYS EXPERIMENT STATION
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PRECIPITATION

DATA FILE:
TEMPERATURE DATA FILE:

C:\HELP\ALPPR612
C:\HELP\ALFTEF12

SOLAR RADIATION DATA FILE: C:\HELP\ALPSRG12

EVAPOTRANSFIRATION DATA:

: \HELP\ALPEV612

.Da
.D7
.D13
.D11

C
S80IL AND DESIGN DATA FILE: C:\HELP\INPUTS\IGE2R003.D10
C: \HELP\QUT\IGE3IR0O03.0UT

QUTPUT DATA FILE:

TIME:

18:17

DATE

: 10/30/2012

kkkhkhkdthkkhkhkhkhkhkkdtdrr b hk Akt drdrhddhkthathddhrdhrdharkhkkrhddthkkhkhddbhbdabhorhrdhdrddw

TITLE:

2meren Missouri Labadie Propcsed Utility Waste Landfill

dhdkdhkkkhkk ki kkhkkkikkdkhkkddhbhddhhhhbrharkddhdhrdhkhdhkhdhkhddrkdkdrdxrxdrkdhrhkdhrhbrhrbhkdhhbdkdwrxn

NOTE :

THICEKNESS
POROSITY
FPIELD CAPACITY =
WILTING POINT =
INITIAL SOIL WATER CONTENT

EFFECTIVE

NOTE:

FOR

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW
COMPUTED AS NEARLY STEADY-STATE VALUES

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 30

SAT. HYD. COND. = 0.49999%987000E-04 CM/SEC
SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY

84.00 INCHES
0.5410 VOL/VOL
0.1870 VOL/VOL
0.0470 VOL/VOL
0.1945 VOL/VOL

1

ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZAQNE.

WATER WERE
BY THE PROGRAM.

.34



TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMEBER 0
THICKNESS = 12.00 INCHES
POROSITY 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POQINT = 0.0180 VOL/VOL
INITIAL $0IL WATER CONTENT = 0.04%8 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.500000007000E-01 CM/SEC

LEYER 3
TYPE 2 - LATERAL DRAINAGE LAVER

MATERIAL TEXTURE NUMBER 0
THICKNESS = 0.69 INCHES
POROSITY = 0.8500 VOL/VQOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0114 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 1.29999995000 CM/SEC
SLOPE 1.00 PERCENT
DRAINAGE LENGTH = 712.0 FEET

LAYER 4
TYPE 4 - FLEXIBLE MEMBRANE LINER

MATERIZL TEXTURE NUMBER 35
THICKNESS = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING FOINT = 0.0000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0,199999996000E-12 CM/SEC
FML PINHCLE DENSITY 2.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 2.00 HOLES/ACRE
FML PLACEMENT QUALITY = 3 - GOCD



TYPE 3 - BARRIER SOIL LINEER
MATERIAL TEXTURE NUMBER 16

THICEKNESS = 24 .00 INCHES
POROSITY = 0.4270 VOL/VOL

FIELD CAPACITY = 0.4180 VOL/VOL
WILTING POINT = 0.3670 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.4270 VOL/VOL
EFFECTIVE SAT. HYD. CCND. = 0.100000001000E-06 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS5 RUNOFF CURVE NUMBER WAS CCMPUTED FRCM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #30 WITH BARE
GROUND CCNDITICNS, A SURFACE SLOPE CF
A SLOFE LENGTH OF 712. FEET.

8CS RUNOFF CURVE NUMBER = $6.60
FRACTION OF AREA ALLOWING RUNOFF = 100.0

AREA PROJECTED ON HCORIZONTAL PLANE = 31.400
EVAPORATIVE ZONE DEPTH = 12.0

INITIAL WATER IN EVAPORATIVE ZCNE @ 2.864
UPPER LIMIT OF EVAPORATIVE STORAGE = 6.492
LOWER LIMIT OF EVAPORATIVE STORAGE = 0.564
INITIAL SNOW WATER = 0.000
INITIAL WATER IN LAYER MATERIALS = 27.1%94
TOTAL INITIAL WATER = 27.194
TOTAL SUBSURFACE INFLOW = 0.00

EVAPCTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FRCOM

5T

STATION
MAXIMUM
START O
END OF

. LOUIS MISSOURI

LATITUDE

LEAF AREA INDEX

F GROWING SEASCN (JULIAN DATE)
GROWING SEASON (JULIZN DATE) =

EVAPORATIVE ZONE DEPTH =

AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE

ANNUAL WIND SPEED =
15T QUARTER RELATIVE HUMIDITY =
Z2ND QUARTER RELATIVE HUMIDITY =
3RD QUARTER RELATIVE HUMIDITY =
4TH QUARTER RELATIVE HUMIDITY =

38
Q

1z.

10
73
67

71.

74

1.% AND

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

.70 DEGREES
.50

98
300
0 INCHES
.40 MPH
.00
.00
00
.00

o o of of =



NOTE: PRECIFITATICN DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSCURI

NOEMAL MEAN MCNTHLY PRECIPITATION (INCHES)

JLN/JUL FEB/AUG M&R/SEP AFR/OCT MAY /NOV JUN/DEC
1.72 2.14 3.28 3.55 3.54 3.73
3.63 2.55 2.70 2.32 2.53 2.22

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURT

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL, FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
28.60 33.80 43.20 56.10 65.50 74,80
78.30 77.00 65.70 57.90 44 .60 34.20

NOTE: SCOLAR RADIATICN DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSCURT
AND STATICMN LATITUDE = 38,70 DEGREES

AR A RS EEREESEESENEEEEENEESEREREEEREEREEREEEEEEREREEEFEEEESE IR T I I R e g e g X 1

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 7

PRECIPITATICN
TOTALS 1.71 2.08 3.24 3.42 3.42 5.13
3.06 2.47 2.32 2.38 2.87 1.75
STD. DEVIATIONS 0.85 1.36 0.81 1.50 1.81 1.30
1.58 1.66 1.35 1.37 1.62 1.07
RUNCFF
TOTALS 0.495 0.864 1.152 0.915 1.095 1.790
0.968 0.641 0.689 0.706 1.029 0.283
STD. DEVIATIONS 0.241 0.742 0.889 0.683 1.148 0.601

0.729 0.577 0.572 0.73¢ 0.831 0.342



EVAPOTRANSPIRATION

TOTALS 0.465 0.854 2.257 3.008 2.618 3.299
2.410 2.152 1.455 1.242 1.312 0.784
STD. DEVIATIONS 0.171 0.485 0.292 0.675 1.015 0.9280
0.814 1.029 0.930 0.508 0.268 0.208

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS 0.0897 0.0802 0.0843 0.1100 0.1162 0.0843
0.0532 0.0260 0.0403 0.0764 0.05%09 0.1046

STD. DEVIATIONS 0.0829 0.0754 0.0793 0.0200 0.0818 0.052Z8
0.0332 0.0216 0.0263 0.0730 0.0782 0.0785

TOTALS 0.CQ000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.000C0 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

DAILY AVERAGE HEAD ON TOF OF LAYER 4

AVERAGES 0.0279 0.0274 0.0263 0.0354 0.0362 0.0272
0.0166 0.0081 0.0130 0.0238 0.0283 0.03Z6

(]
=]
b2
n
2]
[
o
28]
tn
[92]
o

.0247 0.0z290 0.0255 0.0170
. 0085 0.0228 0.0252 0.0248
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS} FOR YEARS 1 THROUGH 7
S ewss cv. FEET PERCENT
PRECTPITATION 23095 ( 3.610) 38698515 100.00
RUNOFF 10.697 { 2.5448) 121%9280.12 31.507
EVAPOTRANSPIRATION 21,857 { 2.0608) 2502747 .50 64 .673
LATERAL DRAINAGE COLLECTED 0.95610 ( 0.63050) 108578.195 2.81608

FROM LAYER 3



PERCOLATION/LEAKAGE THROUGH 0.00003 {( 0.00002) 2.975 0.00008
LAYER 5

AVERAGE HEAD ON TOP 0.025 | 0.017}
OF LAYER 4

CHANGE IN WATER STORAGE 0.341 { 1.3369} 38843.12 1.004

[E RS R EEEE LRSS E RS RS SRS RS SR EER SR RREREEREERESEENRESEESESREEEIE IR IR I I I I I I - )
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 7
- (mcsEs)  (cw. P,
PRECIPITATION “V;jéé wwwww ;;ég;;ii;;"“
RUNOFF 1.874 213547.0620
DRAINAGE COLLECTED FROM LAYER 3 g.00777 886.12292
PERCOLATION/LEAKAGE THROUGH LAYER & 0.000000 0.02144
AVERAGE HEAD ON TOP OF LAYER 4 0.075
MAXIMUM HEAD ON TOP OF LAYER 4 0.149

LOCATION OF MAXTMUM HEAD IN LAYER 3

{(DISTANCE FROM DRAIN) 5.8 FEET
SNOW WATER 1.38 157357.0940
MAXIMUM VEG. SOIL WATER ({VOL/VOL) 0.3778
MINIMUM VEG. SOIL WATER {VOL/VOL) 0.0470
**+  Maximum heads are computed using McEnrce's equations. *+*x*

Reference: Maximum Saturated Depth over Landfill Liner
bv Bruce M. McEnroe, University of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, Ne. 2, March 1933, pp. 262-270.
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FINAL WATER STORAGE AT END OF YEAR 7
““““““““““““““““ waveR  (memes)  wor/von
. 18,3947 02100
2 0.2023 0.0752
3 0.0346 0.050:z2
4 0.0000 0.0000
5 10.2480 0.4270

SNOW WATER 0.00C
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HYDROLOGIC EVALUATION COF LANDFILL PERFORMANCE

HELP MODEL VERSICN 3.07

(1 NOVEMBER 1997}

DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATICN
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

* %k
* x
* &
* *x
w &
w &
* *
* %
* %

IR EEEEE AR R AR SRS EEEREEEE L SR ESERERERESEREESEEEIEIIRIEIREE TN I T I 30 I I I I I I g PR

LEEEE SRS S S EEREEEEEEEEEEEEEESERER S EEEEEESERSESESE RS ESEEEEERIE R X B I I I e

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:

EVAPOTRANSPIRATTION DATA:
SOIL AND DESIGN DATA FILE:

: \HELP\ALPPR612.D4
: \HELP\ALPTE612.D7

: \HELE\ALPEV612.D11
: \HELE\ INFUTS\OAM1R003 .D10

C
C
SOLAF RADIATION DATA FILE: C:\HELP\ALPSRE12.D13
C
C
C

CUTPUT DATA FILE:

TIME:

19:29

DATE: 10/30/2012

: \HELE\QUT\OAM1RQ03.QUT

[ E X E R R LR L E R R E R R L R RS RS A NS R EEEEE TR SRR EEEEEEREEEE TR

TITLE:

Ameren Misscuri Labadie Proposed Utility Waste Landfill

IS RS R R A SRS RS ESElSlEtl SRRl RSl R SRS Ell ARl EESSEESRSSREREEREREEEEEREESEREINES]

NOTE:

NOTE:

COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICRL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 3
THICKNEESS =
POROSITY =
FIELD CAPACITY =

WILTING POINT

INITIAL SCIL WATER CONTENT

EFFECTIVE SAT. HYD. CCND. =

SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY
FOR ROOT CHANNELS IN TCP HALF OF EVAPCRATIVE ZONE.

12.00 INCHES
0.5018 VOL/VOL
0.2840 VOL/VOL
0.1350 VOL/VOL
0.3062 VOL/VOL

0.190000006000E-03 CM/SEC

1

INITIAL MOISTURE CCNTENT CF THE LAYERS AND SNOW WATER WERE

.34



TYPE 1 - VERTICAL PERCOLATION LA&YER
MATERIAL TEXTURE NUMBER 30
THICKNESS 240.00 INCHES
POROSITY = 0.5410 VOL/VOL
FIELD CAPACITY 0.1870 VOL/VOL
WILTING POINT = 0.0470 VOL/VOL
INITIAL SOIL WATER CONTENT 0.1947 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.4298295287000E~04

H

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER C

THICKNESS = 12.00 INCHES

POROSITY = 0.4170 VCOL/VOL

FIELD CAPACITY = 0.0450 VOL/VOL

WILTING POINT = 0.0180 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.0455 VOL/VOL

EFFECTIVE SAT. HYD., COND. = 0.500000007000E~-C1
LAYER 4

TYPE 2 - LATERAL DRATINAGE LAYER
MATERIAL TEXTURE NUMEER 0

THICKNESS = 12.¢0 INCHES
POROSITY = 0.3970 VOL/VOL
FIELD CAPACITY = 0.0320 VOL/VOL
WILTING POINT = 0.0130 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0321 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.250000000000
SLOPE = 1.00 PERCENT

DRAINAGE LENGTH 541.0 FEET

il

CM/ SEC

CM/SEC

CM/SEC



TYFE 4 - FLEXIBLE MEMBRANE LINER

MATERIAL TEXTURE NUMBER

.06
.0000
.0000
.0000
.0000

THICENESS =
POROSITY
FIELD C&PACITY =
WILTING POINT =
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND. =
FML PINHOLE DENSITY =
FML INSTALLATION DEFECTS =
FML PLACEMENT QUALITY =

3 -

2.
2.

35

0o
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TYPE 3 -~ BARRIER SOIL LINER

MATERIAL TEXTURE NUMBER

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

24.
0
0
0
0

16
00

L4270
.4180
.3670
L4270

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

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

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
S0IL DATA BASE USING SOIL TEXTURE # 9 WITH BARE
GROUND CONDITICNS, A SURFACE SLOPE OF

& SLOPE LENGTH OF 720.

SCS RUNOFF CURVE NUMBER

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

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

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

FEE

It

T.

91

100.

28

.30

.100

.675
.01z2
.620
.0Q0
BT
.577
.00

2.% RBND

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



EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

ST. LOUIS MISSQURI
STATION LATITUDE = 38.70 DEGREES
MAXIMUM LEAF AREA INDEX = 0.50
START OF GROWING SEASCN (JULIAN DATE) = 98
END OF GROWING SEASON (JULIAN DATE} = 300
EVAPORATIVE ZONE DEPTH = 12,0 INCHES
AVERAGE ANNUAL WIND SFEED = 10.40 MFH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 73.00 %
AVERAGE ZND QUARTER RELATIVE HUMIDITY = 67.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 71.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 74.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSCURI

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/RUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
1.72 2.14 3.28 3.55 3.54 3.73
3.63 2.55 2.70 2.32 2.53 2.22

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURI

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/RUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
28.60 33.80 43.20 56.10 65.60 74 .80
78.90 77.00 69.70 57.30 44 .60 34,20

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USTING
COEFFICIENTS FOR ST. LOUIS MISSOURT
AND STATICHN LATITUDE = 38.70 DEGREES

hkkhkdhkdhkrhkhkkdrdddhrrrdrrrdddddrrradhaxrkbhkhkbrdrhhkhkd bk hr b hkrhhkhkddr ke k ks krdkhhkdkdrtkhd

AVERAGE MONTHLY VALUES IN INCHEHES FOR YERRS 1 THROUGH 25



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

PRECIPITATION
TOTALS 1.48 2.08 3.12 3.53 3.24 4.61
3.36 2.45 2.96 2,30 2.13 2.18
STD. DEVIATIONS 0.86 1.11 0.97 1.36 1.58 2.13
1.90 1.28 1.45 1.31 1.49 1.08%
RUNOFF
TOTALS 0.391 0.787 0.587 0.212 0.265 0.654
0.392 0.109 0.224 0.151 0.218 0.1le61
STD. DEVIATIONS 0.452 0.654 0.824 0.222 0.351 0.754
0.548 0.144 0.217 0.199 0.266 0.2156
EVAPOTRANSPIRATION
TOTALS 0.569 0.697 2.472 3.4%94 2.909 3.987
3.079 2.410 2.233 1.795 1.364 0.859
STD. DEVIARTICNS 0.318 0.474 0.482 0.952 1.133 1.415
1.345 1.087 1.145 0.670 0.51z2 0.255

LATERAL DRAINAGE COLLECTED FROM LAYER 4

TOTALS 0.2985 0.2211 0.2083 0.2099 0.1671 0.1134
0.1469 0.2314 0.2721 0.3079 0.3115 0.3273

STD. DEVIATIONS 0.1400 0.1112 0.1310 0.1158 0.0888 0.0735
0.13289 0.1607 0.1621 0.1665 0.1407 0.1348

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

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
6.0000 0.0000 0.0000 0.0000 0.0000 0.0000

AVERAGES 0.3676 0.2981 0.2565 0.2670 0.2058 0.1443
0.1808 0.2850 0.3462 0.37%2 0.3963 0.4030

STD. DEVIATIONS 0.1725 0.1487 0.1613 0.1474 0.1093 0.0935
0.1637 0.1979 0.2063 0.2051 0.1790 0.1660
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FCR YEARS 1 THRCUGH 25
S emes cu. pEET SERCENT
PRECTPITATION 3344 ( 4.389) 34114202 100,00
RUNOFF 4.161 ( 1.6271} 424391.19 12.440
EVAPOTRANSPIRATION 25.868 ( 3.1274) 2638658.00 77.348
LATERAL DRAINAGE COLLECTED 2.8152% ( 1.21086) 287167.750 8.41781

FROM LAYER 4

PERCOLATION/LEAKAGE THROUGH 0.00023 ( 0.00009) 23.651 0.00068
LAYER &
AVERAGE HEAD ON TOP 0.294 ¢ 0.126}

OF LAYER 5

CHANGE IN WATER STORAGE 0.600 { 2.1564) 61188.54 1.7%4

R RS R AR SR RS EE R R R AR SRR ER AR EREREEEREAER S ERSEEEE R R EE SR I I I I I I 3P R U I R X 3

(A SRR RS R EEELEEEEEESEEEEEREEEREEEEEE R SRR EREEEEREEEEEEEE IR K I I R 2 g S0 e ST S

PEAK DAILY VALUES FOR YEARS 1 THRCUGH 25
S memes) (v T
PRECIPITATION __;jié ————— ;ééééét;;é——
RUNOFF 1.975 201463.10%90
DRAINAGE COLLECTED FROM LAYER 4 0.020192 2059.2128%
FERCOLATION/LEAKAGE THROUGH LAYER 6 0.000002 0.15823
AVERAGE HEAD ON TOF OF LAYER 5 0.771
MAXTMUM HEAD ON TOP OF LAYER & 1.437

LOCATION OF MAXIMUM HEAD IN LAYER 4

{DISTANCE FROM DRAIN} 6.4 FEET
SNOW WATER 2.22 225988.4530
MAXIMUM VEG. SOIL WATER {VOL/VOL) 0.4152

MINIMUM VEG. SCIL WATER {(VOL/VOL) 0.1350



***  Maximum heads are computed using McEnroe's eguationg. ***
Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnrce, University of Kansas

ASCE Journal of Environmental Engineering
vol, 119, No. 2, March 1593, pp. 262-270.
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FINAL WATER S8TORAGE AT END OF YEAR 25

LAYER (INCHES) (VOL/VOL)}
1 2.6733 .o2z8
z 61.7891 0.2575
3 1.0614 0.0885
4 0.6015 0.0501
5 0.0000 0.0000
6 10.2480 0.4270
SNOW WATER 0.201

IR R AR R R R R R L ERELEELEEEEEEEEEEEEREEEEEEEEE R R T A I S R R A R I S
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* %

* X

* % HYDROLOGIC EVALUATICN OF LANDFILIL. PERFORMANCE
* % HELP MCDEL VERSION 3.07 (1 NOVEMBER 1597)
* % DEVELOPED BY ENVIRONMENTAL LABORATCRY

* % USAE WATERWAYS EXPERIMENT STATION

* * FOR USEPA RISK REDUCTION ENGINEERING LABORATORY
* % ’
* %

* *
* %
* %
* %
* %
* x
* *
* %
* &

IEE SR EE RS SRR S EREREREEE SRR S S EEREEEREREEEESEEREREEERIESEESEEEEE I TR R g T Xk 3

IR S AR SRS S SRR L SR EEE RS RS ERREERRRELEREEEREEREEEE SRR EEREEEEEEE ISR I I I I Y

PRECIPITATION DATA FILE: C:\HELP\ALFPRE12.D4
TEMPERATURE DATZ FILE: C:\HELP\ALPTE612.D7

SOLAR ERDIATION DATA FILE: C:\HELP\ALPSR&12.D13
EVAPOTRANSPIRATION DATZ: C: \HELP\ALPEV612.D11

SOIL AND DESIGN DATA FILE: C:\HELP\INPUTS\OAM3R(003.D10
OUTPUT DATA FILE: C:\HELP\OUT\OAM3R003.0UT
TIME: 11:18 DATE: 10/31/2012

IR SRS SRS RS EEREESE S SR SRR REERRRRERREREEREREEEEREEEEEREEEREERE KRR E R s g E R

TITLE: Ameren Missouri Labadie Proposed Utility Waste Landfill

ISR SRS EE S ES RS AR NEEEREERS SRS SRR REEEEEEEREEEEEREEEEIE SRR I R I P T i R g S

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE

COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 9

THICKNESS = 12.00 INCHES

POROSITY = 0.5010 VOL/VOL
FIELD CAPACITY = 0.2840 VOL/VOL
WILTING FOINT = 0.1350 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3062 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.190000006000E-03 CM/SEC

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1.

FOR RQCOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

34



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 30

THICKNESS = 240.00 INCHES

POROSITY = 0.5410 VOL/VOL

FIELD CAPACITY = 0.1870 VOL/VOL

WILTING POINT = 0.0470 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.1947 VOL/VCL

EFFECTIVE SAT. HYD. COND. = 0.49%9%99987000E~04
LAYER 3

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS = 12.00 INCHEES

PORCSITY = 0.4170 VOL/VOL

FIELD CAPACITY = 0.0450 VOL/VOL

WILTING POINT = 0.0180 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.0455 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.500000007000E-01
LAYER 4

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS : = 12.00 INCHES
POROSITY = ¢.3370 VOL/VOL
FIELD CAPACITY = 0.0320 VOL/VOL

WILTING PBOINT 0.0130 VOL/VOL
INITIAL SOIL WATER CONTENT 0.0321 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.250000000000
SLOEE = 1.00 PERCENT
DRAINAGE LENGTH = 637.0 FEET

CM/SEC

CM/SEC

CM/SEC



TYPE 4 - FLEXIBLE MEMBRANE LINER

MATERIAL TEXTURE NUMEBER
= .06
.00Q0
.0000
.ooQ0
.ooo0c

THICENESS =
PCROSITY =
FIELD CAPACITY =
WILTING PCINT =
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY =

It

H

3 -

2.
2.
GO

35

00
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TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMEER

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

H

24 .
0
0
0
0

16
00

L4270
.4180
.3670
L4270

INCHES
VOL/VOTL
VOL/VOL
VOL/VOI,
VOL/VOL
0.199999996000E-12 CM/SEC
HOLES /ACRE
HOLES /ACRE

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

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCE& RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SCIL TEXTURE # 9 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF

A SLOPE LENGTH OF 720.

SCS RUNOFF CURVE NUMEER

FRACTICN OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

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

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

FEE

T.

.30

.400

.675
.012
.620
.000
577
.B77
.00

2.% AND

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



EVAPOTRANSPIRATION AND WEATHER DATR

NOTE: EVAPOTRANSPIRATION DATAE WAS OBTAINED FROM
5T. LOUIS MISS0URT

STATION LATITUDE 38.70 DEGREES

MAXTIMUM LEAF AREA INDEX = 0.50

START OF GROWING SEASCON (JULIAN DATE) = og

END OF GRCWING SEASON (JULIAN DATE) = 300
EVAPORATIVE ZONE DEPTH = 12.0 INCHES
AVERAGE ANNUAL WIND SPEED = 10.40 MPFH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 73.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 6&7.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 71.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 74.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURI

NORMAL MEAN MONTHLY PRECIPITATION {INCHES)

JAN/JUL FEB/RUG MAR/SEP APR/OQCT MAY/NOV JUN/DEC
1.72 2.14 1.28 3.55 31.54 3.73
3.63 2.55 2.70 2.32 2.53 2.22

NOTE: TEMPERATURE DATE WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURI

NORMAL MEAN MONTHLY TEMPFERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NCV JUN/DEC
28.60 33.80 43.20 56.10 65.60 74.80
78.80 77.00 69.70 57.90 44 .60 34.20

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURT
AND STATION LATITUDE = 38.70 DEGREES

SRR LR R LRSS LR LR SRR EEE SRR ES LSRR EEREE R EEEEE R R S R 1

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 25



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

PRECIPITATION
TOTRELS 1.48 2.08 3.1z 3.53 3.24 4.61
3.36 2.45 2.96 2.30 2.13 2.18
STD. DEVIATIONS 0.86 1.11 0.87 1.36 1.58 2.13
1.90 1.28 1.45 1.31 1.49 1.08
RUNOFF
TOTRLS 0.321 0.787 0.587 0.212 0.265 0.654
0.392 0.109 0.234 0.151 0.218 0.161
STD. DEVIATIONS 0.452 0.654 0.824 0.222 0.351 0.754
0.548 0.144 0.217 0.19¢% 0.266 0.215
EVAPOTRANSPIRATION
TOTALS 0.568 0.697 2.472 3.494 2.9089 3.8287
3.079 2.410 2.233 1.795 1.364 0.859
STD. DEVIATIONS 0.318 0.474 0.492 0.953 1.133 1.415
1.345 1.087 1.145 0.670 0.512 0.285

LATERAL DRAINAGE COLLECTED FROM LAYER 4

TOTALS 0.2996 0.2250 0.2108 0.2098 0.1710 0.1167
0.1446 0.2252 0.2684 0.3054 0.3103 0.3268

S5TD. DEVIATIONS 0.13%86 0.1117 0.1294 0.1155 0.0896 0.0728
0.1266 0.1571 0.1604 0.1663 0.1416 0.1353

PERCOLATION/LEAKAGE THROUGH LAYER ¢
TOTALS 0.00C0 0.0000 0.0000 0.c000 0.0000 0.0000

0.0000C 0.0000 0.0000 0.0000 0.0000 0.0000

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

BVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)

AVERAGES 0.4344 0.3571 0.3057 0.3144 0.2480 0.1748
0.208986 0.3265 0.4022 0.4429 0.4649 0.4739

STD. DEVIATIONS 0.2025 0.175%9 0.1877 0.1730 0.1299 0.1091
0.183¢ 0.2278 0.2403 0.2411 0.2122 0.1962

kxwkhkhkhhkrhkhkhhhkhhkbdrdrhkhbdrdhdbhdrdbhdbhddrbhhdbrbdrhbdb bbb b r kb dr kT dhhkdd o h k& *x
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AVERAGE ANNUAL TOTALS & {(STD. DEVIATIONS) FOR YEARS 1 THROUGH 25
S eEEs cu. smer PERCENT
PRECTPITATION 3344 ( 4.389)  3812089.7  100.00
RUNOFF 4.161 ( 1.6271) 474230.69 12.440
EVAPOTRANSPIRATION 25.8¢68 { 3.1274) 2948536.00 77.348
LATERAL DRAINAGE COLLECTED 2.81367 ( 1.21238) 320707.656 8.41298

FROM LAYER 4

FERCOLATION/LEAKAGE THRCUGH 0.00027 ( 0.00011) 30.642 0.00080
LAYER 6
AVERAGE HEAD ON TOF 0.346 0.149)

OF LAYER &

CHANGE IN WATER STORAGE 0.601 { 2.1597) 68554 .64 1.798

IR RS AR R SRR EREER RS SRR R AREESE RS S S R REEREEE R EEEEEERE R R R L E e R
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PEAK DAILY VALUES FOR YEARS 1 THERCUGH 25
S amemsy (ew. P
PRECIFPITATION ﬁféj;; ----- ;;;6;ét5;;__
RUNOFF 1.975 225122 4840
DRAINAGE CCLLECTED FROM LAYER 4 0.01977 2283 .52466
PERCOLATION/LERKAGE THROUGH LAYER & 0.000002 0.20126
AVERAGE HEAD ON TCP OF LAYER &5 0.88%
MAXTIMUM HEAD ON TCOP OF LAYER & 1.65¢9

LOCATION OF MAXIMUM HEAD IN LAYER 4

{DISTANCE FRCM DRATN) 42.3 FEET
SNOW WATER 2.22 252828.0310
MA¥IMUM VEG. SOIL WATER {VOL/VOL) 0.4152

MINIMUM VEG. SOIL WATER {VOL/VOL) 0.1350



***+  Maximum heads are computed using McEnroe's squations. +*x#
Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnrce, University of Kansas

ASCE Journal of Environmental Engineering
vol. 119, No. 2, March 1993, pp. 262-270,

IR RS R RS RS SRR SRS SR RS SR RS RS EEREREEEREEEREREEEEERESEJIEE I I K I g g g g e R

LE SRS EASE RS ERE SRS RS EEEE SRRl SRS RERE R R R R R LR R R R R R R R EE R E RS

FINAL WATER STORAGE AT END OF YEAR 25

LAYER { INCHES ) (VOL/VOL)
e 26732 o.2228
2 61.7891 0.2575
3 1.0614 0.0885
4 0.6412 0.05324
5 0.0000 0.0000
[ 10.2480 0.4270
SNOW WATER 0.201

LR T RS SRS AR R R R A EREEREEEEEREEEREEEESEREEEEEEEREEEEEEEEEREEEREEESE X EEEEE TR E T SIS RN
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 3.07 {1 NOVEMBER 1997}
DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION
FOR USEPA RISK REDUCTION ENGINEERING LAEBORATORY

* %
* ok
* %
* &
*
* *
* *
*
* *

AR R EE RS RS E SRS AR S AR R LR AR EREEEREEEEEEEEREEE SRR ER R I I I S I

LEE RSN RS SRR S SRS SRS SRS RS EERE NS ERERSEREEREEEEESEEEEREREEE B E R R I I I P U

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:

C:\HELP\ALPPRE12.D4
C:\HELP\ALPTEG1Z.D7

SOLAR RADIATION DATA FILE: C:\HELP\ALPSR612.D13
EVAPOTRANSPIRATION DATA: C:\HELP\ALPEV£12.D11

SOTL AND DESIGN DATA FILE:
OUTPUT DATA FILE:

TIME:

18:55

C
C:\HELP\QUT\OGEIR003

DATE: 10/30/2012

.0uT

: \HELP\ INPUTS\OGELRO003.D10

khkdkkhkkFrhrhkrdrhkdrrrhrrhdkdhdrdrhdhdkd oo drrrrdrrdrrardhrdbdedrrdddddh bk dbrd hhdrdhhrhhktdhkrrhrdhk

TITLE:

Ameren Missocuril Labadie Proposed Utility Waste Landfill

IR S SRS AL E S S SRR E R REEREEREE AR R R RS R R REEREE R R R R R EEEEEREEESEEESEEEE EEEER T

NOTE:

COMPUTED AS NEARLY STEADY-STATE VALUES BY THE

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER

THICKNESS = 12,
POROSITY = 0.

FIELD CAPACITY = 0
WILTING PCINT = 0

INITIAL SOIL WATER CONTENT = 0.

EFFECTIVE SAT. HYD.

NQTE :

FOR ROOT CHANNELS IN TOP HALF

S
oo
5010

.2840
L1350

3062

INCHES

VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE

PROGRAM.

COND. = 0.190000006000E-03 CM/SEC
SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1.34

OF EVAPORATIVE ZONE.



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERTAL TEXTURE NUMBER 30

THICKNESS = 240.00 INCHES

POROSITY = 0.5410 VOL/VOL

FIELD CAPACITY = 0.1870 VOL/VOL

WILTING POINT = 00,0470 VOL/VOL

INITIAL S0OIL WATER CONTENT = 0.1947 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.499999987000E-04
LAYER 3

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMEBER 0

THICKNESS = 12.00 INCHES
POROSITY = 0.4170 VOL/VOL
FIELD CRPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0180 VOL/VOL

0.0455 VOL/VOL
0.500000007000E~-01

INITIAL S0IL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

i

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMEER 0

THICKNESS = 0.68% INCHES
POROSITY = 0.8500 VOL/VOL
FIELD CRPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL
INITIAL SCIL WATER CONTENT = 0.0102 VCL/VOL
EFFECTIVE SAT. HYD. COND. = 1.28999996000

SLOPE = 1.00 PERCENT
DRAINAGE LENGTH = 541.0 FEET

CM/SEC

CM/8EC

CM/SEC



TYPE 4 - FLEXIBLE MEMBERANE
MATERIAL TEXTURE NUMBER

= .06
.0000
.0000
.0000
. 0000

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

FML PINHOLE DENSITY =
FML INSTALLATICN DEFECTS
FML PLACEMENT QUALITY =

il

3 -

2.
2.
GO

35

00
00
oD

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER

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

24,
0.
o.
0
a.

16
o0
4270
4180

.3670

4270

LINER

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

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

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 9 WITH BARE
GROUND CONDITICNS, A SURFACE SLOPE OF

A SLOPE LENGTH OF 720.

SCS8 RUNOFF CURVE NUMBER

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

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

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

FEE

T.

21.
1040.

28

30

.100

L6756
.012
.620
.000
.200
.200
.00

2.% BND

PERCENT
ACRES
INCHES
INCHES
TINCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YELR



EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTRINED FROM

ST. LOUIS MISSOURI
STATICN LATITUDE = 38.70 DEGREES
MAXTMUM LEAF AREA INDEX = 0.50
START OF GRCWING SEASON (JULIAN DATE) = 98
END OF GROWING SERASON (JULIAN DATE) = 300
EVAPORATIVE ZONE DEPTH = 12.0 INCHES
AVERAGE ANNUAL WIND SPEED = 10.40 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 73.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 67.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 71.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 74.00 %

NOTE: FPRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURI

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/RAUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
1.72 2.14 3.28 3.55 3.54 3.73
3.63 2,55 2.70 2.32 2.53 2.22

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST, LOUIS MISSOURI

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/RUG MAR /SEP APR/OCT MAY/NOV JUN/DEC
2B.60 33.80 43.20 56.10 65.60 74 .80
T8.90 77.00 £9.70 57.30 44 .60 34.20

NOTE: GSOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURI
AND STATICN LATITUDE = 38.70 DEGREES

tIE R SRS S RS R RS ERS R RS RS RSl SRSt SRRt EEEEEREEREERERSEERI R I IR E LI I I eI I i S R

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 25



JAN/JUL FEEB/AUS MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATICN
TOTALS 1.48 2.08 3.12 3.53 3.24 4.61
3.36 2.45 2.96 2.30 2.13 2.18
STD. DEVIATIONS 0.86 1.11 0.37 1.36 1.58 2.13
1.90 1.28 1.45 1.31 1.4% 1.08
RUNCFF
TOTALS 0.391 0.787 0.587 0.212 0.265 0.654
0.382 0.10% 0.234 0.151 0.218 0.1le1l
STD. DEVIATICNS 0.452 0.654 0.824 0.222 0.351 0.754
0.548 0.144 0.217 0.189 0.2656 0.215
EVAPOTRANSPIRATION
TOTALS 0.56%2 0.627 2.472 3.494 2.508 3.987
3.078 2.41¢0 2.233 1.795 1.364 0.855%
STD. DEVIATIONS 0.318 0.474 0.492 0.953 1.133 1.415
1.345 1.087 1.145 0.670C 0.512 0.255

LATERAL DRAINAGE COLLECTED FRCM LAYER 4

TOTALS 0.2822 0.2075 0.2035 0.2088 0.1508 0.1063
0.15%99 0.2529 0.2804 0.3148 0.3142 0.3278

STD. DEVIATIONS 0.1408 0.1104 0.135% 0.1175 0.0870 0.0816
0.153¢ 0.16%2 0.1658 0.1653 0.1374 0.1332

TCTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.c000 0.o00Q0 0.0000 0.0000 0.0000 0.0000
.0000 0.0000 0.0000 0.0000 0.0000 0.0000

o

DAILY AVERAGE HEAD CON TOP COF LAYER 5

AVERAGES 0.06%27 0.0542 0.0486 0.0517 0.0360 0.0262
0.0382 0.0604 0.0691 0.0751 0.0775 0.0782

STD. DEVIATICNS 0.0336 0.0287 0.0324 0.02%0 0.0208 0.0201
0.0367 0.0404 0.0408 0.0385 0.0339 0.0318

IS SRS SR SRR SRS RS RSt Al RSl SRRl ARt ESSEERRESEEREREEEESEREEEEEENEE R IR RS TR TR
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FCR YEARS 1 THRCUGH 25
S mewss cu. FEsr PERCENT
PRECTPITATION 33,44 ( 4.389)  allaze.2  100.00
RUNOFF 4.161 ( 1.6271} 424381.19 12.440
EVAPOTRANSPIRATION 25.868 { 3.1274) 2638658.00 77.348
LATERAL DRAINAGE COLLECTED 2.82031 { 1.206159} 287680.218 8.43284

FROM LAYER 4

PERCCLATION/LEAKAGE THROUGH 0.00005 ( 0.00002) 5.415 0.00016
LAYER 6
AVERAGE HEAD ON TCP 0.057 ( 0.024)

OF LAYER 5

CHANGE IN WATER STORAGE 0.595 { 2.1461} 60694,28 1.77%9

ISR R RS SR EESEE RS EREREREERERRER R EREE R Rl ER SRR EEEREEREREE R R E EE LR L gy

A AR SR EREENEE SR EEEREERESEREEEEER S SRR EEREEEESEEEEEEEEEEREERE LRI I I I I I S e et

PEAK DAILY VALUES FOR YEARS 1 THROUGH 25
e s
PRECIFPITATION __;T;é _____ égaééaj;;;-_
RUNOFF 1.875 201462.1030
DRAINAGE COLLECTED FRCOM LAYER 4 0.02321 2367.64014
PERCOLATION/LEAKAGE THROUGH LAYER 6 0.000000 0.04056
AVERAGE HEAD ON TOP OF LAYER 5 0.172
MAXIMUM HEAD ON TOP OF LAYER 5 0.336

LOCATION OF MAXIMUM HEAD IN LAYER 4

(DISTANCE FROM DRATN) 12.3 FEET
SNOW WATER 2.22 225988 .4530
MAXTIMUM VEG. SOIL WATER {(VOL/VOL) 0.4152

MINIMUM VEG. SOIL WATER {VOL/VOL) 0.1350



**+  Maximum heads are computed using McEnroe's equations. ++x*
Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnrce, University of EKansas

ASCE Journal of Environmental Engineering
Vol. 11%, No. 2, March 1893, pp. 262-270.

IR A S SRR RS RS REEREEEEERE RS EES AR SRR SRR SRR EEEEEEEEEREEEE R K I R e e B B I
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FINAL WATER STCRAGE AT END OF YEAR 25

LAYER {INCHES) {(VOL/VOL)
e 26733 0.2228
2 61.7851 0.2575
3 1.0614 0.0885
4 0.1028 0.1490
5 0.0000 0.0000
& 10.2480 0.4270
SNOW WATER 0.201

IS 2 R R R R R R R R RS E R ESE RS RS T EREEREEEREEEREERE RS X RN R R R I R O TR g S G IR
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

HELP MODEL VERSION 3.07

FOR USEPZ RISK REDUCTION ENGINEERING LABCRATCORY

(1 NOVEMBER 1997}
DEVELOPED BY ENVIRCNMENTAL LABCRATORY
USAE WATERWAYS EXPERIMENT STATION

* %
*
* %
* &
* &
* *
* *
* %

* *
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IR R EEEE RS SRS LR AN S LR ERE R AR REEEREEREEREREEEREESEREEEEREEEEEE X EEEEE SRy R LT

PRECIPITATICN DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATICN DATA:
DESICN DATA FILE:
OUTPUT DATA FILE:

SOIL AND

TIME: 19:

9

noonoonon

DATE: 10/30/2012

: \HELP\ALPPR612 .D4
:\HELP\ALPTEE12.D7
: \HELP\RALPSE612.D13
:\HELP\ALPEVE12.D11
:\HELP\INPUTS\OGE2R003.D10
: \HELP\OUT\OGE2R003.0UT

IR RS RS EEE SRS RS R R E R ER LR SRR R E R R R EEREE R R R R I I R I I I S

TITLE:

Ameren Missouri Labadie Proposed Utility Waste Landfill

IR RS SRR R R R A SR ERE S EREE RS EEEEEREERERREEEEEEEEEEEEEEEEEEREEEEESEER SR E R S I ST

NOTE:

0.130000006000E-03 CM/SEC

INCHES

VOL/VOL
VOL/VOL
VOL/VOL,
VCL/VOL

COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.
LAYER 1
TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 9
THICKNESS = 12.00
PORCEITY = 0.5010
FIELD CAPACITY = 0.2840
WILTING POINT = 0.1350
INITIAL SOIL WATER CONTENT = 0.3111
EFFECTIVE SAT. HYD. CCND. =

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED RBRY

FOR ROOT CHANNELS IN TOP

1.

HALF CF EVAPCRATIVE ZONE.

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNCW WATER WERE

34



TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 30

THICKNESS = 120.00 INCHES

POROSITY = 0.5410 VOL/VOL
FIELD CRPACITY = 0.1870 VOL/VOL
WILTING POINT = 0.0470 VOL/VOL
INITIZL SOIL. WATER CONTENT = 0.2011 VOL/VOL
EFFECTIVE SAT. HYD. COND, = 0.499959987000E-04

TYPE 1 - VERTICRL PERCOLATION LAYER
MATERTAL TEXTURE NUMBER 0

THICKNESS = 12.00 INCHES

POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0180 VOL/VOL

0.0473 VOL/VOL
0.50C000007000E-01

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 2 - LATERAL DREAINAGE LAYER
MATERTIAL TEXTURE NUMBER 0

THICKNESS = 0.69 INCHES
POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0100 VOL/VCL
EFFECTIVE SAT. HYD. COND. = 1.28989996000
SLOFE = 33.33 PERCENT

DRAINAGE LENGTH = 60.0 FEET

CM/SEC

CM/SEC

CM/SEC



TYPE 4 - FLEXIBLE MEMBRANE LINER

MATERIAL TEXTURE NUMEER
= .06
.go0Q
.Q000
L0000
,0000

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

3 -

2.
2,
GO

35
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TYPE 3 - BARRIER SOIL LINER

MATERIAL TEXTURE NUMBER

THICKNESS =
POROSITY =
FIELD CAPRCITY =
WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

1]

24 .
0
0.
0.
0.

1&
0o

L4270

4180
3670
4270

INCHES
VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL
0.195999996000E-12 CM/SEC
HOLES/ACRE
HOLES /ACEE

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

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SC5 RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 9 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF

A SLOPE LENGTH OF 720.

S5CS RUNOFF CURVE NUMEER

FRACTION OF AREA ALLOWING RUNOFF
ARER PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

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

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

FEE

T.

.30

L300

. 734
.01z
.620
. 000
.694
.6594
.00

2.% AND

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



EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS COBTAINED FROM

8T. LOUIS MISSOURI
STATION LATITUDE = 38.70 DEGREES
MAXTMUM LEAF AREA INDEX = 0.50
START OF GROWING SEASON (JULIAN DATE) = e8
END OF GROWING SEASON {(JULTIAN DATE) = 300
EVAPCORATIVE ZONE DEPTH = 12.0 INCHES
AVERAGE ANNUAL WIND SPEED = 10.40 MPH
AVERAGE 18T QUARTER RELATIVE HUMIDITY = 73.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = &7.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 71.00 %
AVERAGE 4TH CQUARTER RELATIVE HUMIDITY = 74.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR 5T. LOUIS MISSCURI

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APE/QCT MAY /NOV JUN/DEC
1.72 2.14 3.28 3,65 3.54 3.73
3.63 2.55 2.70 2.32 2.53 2.22

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR 5T. LOUIS MISSQURI

NORMAL MEAN MONTHLY TEMPERATURE {(DEGREES FAHRENHEIT}

JAN/JUL FEE/RUG MAR/SEP APR/QCT MAY /NOV JUN/DEC
28.60 33.80 43.20 56.10 65.60 74 .80
78.90 77.00 £9.70 57.390 44 .60 34,20

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FCR ST. LOUIS MISSOURI
AND STATION LATITUDE = 38.70 DEGREES

[E R R SRR RS SRS LSS AR SRS E RS EEE RS RARS SRR ERSRRSRSEEEEEEEREESEEEEEXEREERITEEEEEEEEE

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 25



JEN/JUL FEB/RAUG MAR/SEP APR/CCT MAY/NOV JUN/DEC

PRECIPITATICN
TOTALS 1.48 2.08 3.1z2 3.53 3.24 4.61
3.326 2.45 2.86 2.30 2,13 2.18
STD. DEVIATIONS 0.86 1.11 0.97 1.36 1.58 2.13
1.90 1.28 1.45 1.21 1.49 1.0%
RUNCFF
TOTALS 0.324 0.796 0.601 0.222 0.271 0.8671
0.404 0.112 0.243 0.1532 0.222 0.1le7
STD. DEVIATICHNS 0.455 0.656 0.824 0.237 0.357 0.76%
0.558 0.14¢ 0.222 0.209 0.268 0.220
EVAPOTRANSPIRATION
TOTALS 0.567 0.695 2.466 3.485 2.923 3.582
3.074 2.428 2.243 1.783 1.378 0.857
S8TD. DEVIATIONS 0.317 0.472 0.489 0.%834 1.114 1.4092
1.344 1.07¢ 1.129 0.666 0.4895 0.254

LATERAL DRAINAGE COLLECTED FROM LAYER 4

TOTALS 0.25586 0.1840 0.1851 0.201e 0.1607 0.1715
0.2841 0.33132 0.3130 0.3359 0.3121 0.3079

STD. DEVIATICHNS 0.1270 0.098%81 0.1028 0.1071 0.1131 0.1270
0.2319 0.2140 0.1787 0.1565 0.1247 0.1157

PERCOLATION/LEAXAGE THROQUGH LAYER 6
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

DAILY AVERAGE HEAD ON TOP OF LAYER G5

AVERAGES 0.00C4 0.0003 0.0003 0.0003 0.0003 0.0003
0.0005 0.0005 0.0005 0.0005 0.0005 0.0005

STD. DEVIATIONS 0.0002 0.0002 0.0002 0.0002 0.0002 0.00023
0.0004 0.0003 0.0003 0.0003 0.0002 0.0002
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AVERAGE ANNUAL TOTRLS & (STD. DEVIATIONS) FOR YERRS 1 THRQUGH 25
S emes cu. FEEr PERCENT
PRECTPITATION 33.46 ( 4.389)  400630.5  100.00
RUNOFF 4,257 { 1.6530) 50989,73 12.727
EVAPOTRANSPIRATION 25.892 { 3.1254) 310166.03 77.419
LATERAL DRAINAGE COLLECTED 3.07670 { 1.26999) 36855.824 9.1994¢

FROM LAYER 4

PERCOLATION/LEEKAGE THROUGH 0.00000 ( 0.00000) 0.015 0.00000
LAYER &
AVERAGE HEAD ON TOP 0.000 ¢ 0.000)

OF LAYER &

CHANGE IN WATER STORAGE 0.21% ( 1.7240; 2618.90 0.654

R R R RS R EEEEE AR R R AR AR R R R R R R R R RS ER SRR S SRR EREEREEEEERESEEEEREEEE T EICE IR
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 25
- ~eums) (v rr,
PRECIPITATION Csaa 41207762
RUNOFF 2.008 24057.4727
DRAINAGE COLLECTED FROM LAYER 4 0.03123 374 .08154
PERCOLATION/LEAKAGE THROUGH LAYER 6 0.000000C 0.00002
LVERAGE HEAD ON TOP OF LAYER 5 0.00z2
MAXTIMUM HEAD ON TOP OF LAYER 65 0.01l6

LOCATION OF MAXTMUM HEAD TN LAYER 4

(DISTANCE FROM DRAIN) 0.0 FEET
SNCW WATER 2.22 26539.5703
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4162

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1350



**%  Maximum heads are computed using McEnroe's equations. #**
Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Xansas

ASCE Journal of Environmental Engineering
Vol., 112, No. 2, March 1993, pp. 262-270.
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FINAL WATER STORAGE AT END OF YEAR 25

LAYER (INCHES} (VOL/VOL)
e 26890 o.2241
2 29.8731 0.2498
3 1.0424 0.0869
4 0.0062 0.01C0
5 0.0000 0.0000
& 10.2480 0.4270
SNOW WATER 0.201
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

HELP MODEL VERSION 3.07 (1 NOVEMBER 1987}
DEVELOPED BY ENVIRONMENTAL LABORATORY

USAE WATERWAYS EXPERIMENT
FOR USEPA RISK REDUCTION ENGINEERING LABORATCORY

STATION

* %
* *
* ok
x &
* %
* %
* %
* %
w ok
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PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOTRANSPIRATICON DATA:
SCIL AND DESIGN DATA FILE:
QUTPUT DATA FILE:

TIME:

18:15

C:\HELP\ALPPR612
: \HELP\ALPTE612

DATE: 10/30/2012

c

C:\HELP\ALPSR6&12.
C: \HELP\RLPEV&12.
C
C

.D4
.D7

D13
D11

: \HELP\ INPUTS\OGE3R003.D1C
: \HELP\QUT\OGE3R(C03 .QUT

khkhkhkxxdhkxhkhrdkdbhkrdhadbhhkadhhdkddbdbkhdbdtdhdbdbdhddbdhhdbhdhkrdhdbrhkdbddrhhhohbhhhrehbhbhrddbxdhdhrhkhn

TITLE:

Ameren Misscuri Labadie Proposed Utility Waste Landfill

L E S RS SRR S S S SRS SRR R SRR E SRR EEEEES R AR RS AR SRRl AR R R SRR LR RS EREEEREESEREERESERS]

NOTE :

EFFECTIVE SAT. HYD. COND. = 0.190000006000E-03 CM/SEC
SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED

NOTE :

INTITIAL MOISTURE CONTENT OF

COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 9
THICKNESS =
POROSITY =
FIELD CAPACITY =
WILTING POINT =
INITIAL SOIL WATER CONTENT =

12.00
0.501¢0
0.2840
0.1350
0.3062

INCHES
VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL

BY

1.

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE,

THE LAYERS AND SNOW WATER WERE
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TYPE 1 - VERTICAL PERCOLATICN LAYER
MATERIAL TEXTURE NUMBER 30

THICKNESS = 240.00 INCHES

POROSITY = 0.5410 VOL/VOT,

FIELD CAPACITY = 0.1870 VOL/VOL

WILTING POINT = 0.0470 VOL/VOL

INITIAL SOIL WATER CONTENT = 0.1947 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.499999987000E-04
ILAYER 3

TYPE 1 - VERTICAL PERCOLATICN LAYER
MATERTAIL, TEXTURE NUMBER 0

THICKNESS = 12,00 INCHES

PCROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0180 VOL/VCL
INITIAL SOIL WATER CONTENT = 0.0455 VOL/VOL

EFFECTIVE SAT. HYD. COND. 0.500000007000E~01

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0

THICENESS = 0.69 INCHES
POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VCL
INITIAL SOIL WATER CONTENT = 0.0102 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 1.28959896000
SLOPE = 1.00 PERCENT

DRAINAGE LENGTH = 6527.0 FEET

CM/SEC

CM/SEC

CM/SEC



TYPE 4 - FLEXIBLE MEMERANE
MATERIAL TEXTURE NUMBER
.06
.0000
.0000
.0000
.000Q

THICKNESS a
POROSITY =
FIELD CAPACITY =
WILTING POINT =
INITIAL SOIL WATER CONTENT =
EFFECTIVE SAT. HYD. COND. =
FML PINHOLE DENSITY =
FML INSTALLATION DEFECTS =
FML PLACEMENT QUALITY =

3 -

2.
2.

35

0Q
00

GOOD

TYPE 3 - BARRIER SOIL LINER

MATERIAL TEXTURE NUMEER

THICKNESS =
POROSITY

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

24.
0
0
0.
0

16
oo

L4270
L4180

3670

L4270

LINER

INCHES
VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL
0.1999992996000E-12 CM/SEC
HOLES/ACRE
HOLES /LCRE

INCHES
VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOTL,
0.100000001000E~06 CM/SEC

GENERAL DESIGN AND EVAPCOCRATIVE ZONE DATA

NOTE: SCS8 RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SCOIL TEXTURE # & WITH EARE
GROUND CONDITIONS, A SURFACE SLOPE OF

A SLOPE LENGTH OF 720.

S8CS RUNOFF CURVE NUMBER _
FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

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

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

FEE

T.

21

100.

a1

.30

.400

.675
.012

.620

.000
L200
.200
.00

2.% AND

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



EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

S5T. LOUIS MISSOURI
STATION LATITUDE = 38.70 DEGREES
MAXIMUM LEAF AREA INDEX = 0.50
START COF GROWING SEASCN (JULIAN DATE) = 98
END OF GROWING SEASON (JULIAN DATE) = 300
EVAPORATIVE ZONE DEPTH = 12.0 INCHES
AVERAGE ANNUAL WIND SPEED = 10.40 MPH
AVERAGE 18T QUARTER RELATIVE HUMIDITY = 73.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = §7.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 71.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 74.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR 5T. LCUIS MISSOURI

NORMAL MEAN MONTHLY PRECIPITATION (INCHES})

JAN/JUL FEE/AUG MAR /SEP APR/OCT MAY /NOV JUN/DEC
1.72 2.14 3.28 3.55 3.54 3.73
3.63 2.55 2.70 2.32 2.53 2.22

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR 5T. LOUIS MISSOURI

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEE/AUG MAR /SEP APR/OCT MAY /NOV JUN/DEC
28.60 33.80 43.20 56.10 65.60 74 .80
78.90 77.00 69.70 57.30 44 .60 34.20

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSCURI
AND STATION LATITUDE = 38,70 DEGREES

I EE R RS R RS R RS R SRR LR Rt Rl Rl RSl R SRR R RN EEEEEREEREEER EE R R R R R R I S O S

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 25



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

PRECIPITATION
TOTALS 1.48 2.08 3.12 3.53 3.24 4.61
3.3¢6 2.45 2.96 2.30 2.13 2.18B
STD. DEVIATIONS 0.86 1.11 0.97 1.36 1.58 2.13
1.90 1.28 1.45 1.31 1.49 1.08
RUNOFF
TOTALS 0.3%91 0.787 0.587 0.212 0.265 0.654
0.382 0.10% 0.2234 0.151 0.218 0.1el
STD. DEVIATIONS 0.452 0.654 0.824 0.222 0.351 0.754
0.548 0.144 0.217 0.1%83 0.266 0.215
EVAPOTRANSPIRATION
TOTALS 0.569 0.697 2.472 3.494 2.90¢ 3.987
3.079 2.410 2.233 1.785 1.364 0.858
STD. DEVIATIONS 0.318 0.474 0.492 0.953 1.133 1.415
1.345 1.087 1.145 0.870 0.51z2 0.255
LATERAL DRAINAGE COLLECTED FROM LAYER 4
TOTALS 0.2834 0.2093 0.2037 0.2101 0.1532 0.1068
0.1577 0.2502 0.27%¢6 0.314¢0C 0.3139 0.3278
STD. DEVIATIONS 0.14085 0.1104 0.1354 0.1173 0.0871 0.0788
0.1512 0.16é85 0.1654 0.1657 0.1378 0.1334
PERCOLATION/LEAKAGE THROUGH LAYER &
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.C0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.oQo0 0.0000 0.0000 0.0000

AVERAGES 0.0B12 0.06&34 0.0563 0.0600 0.0424 0.0305
0.0426 0.0692 0.079¢9 0.0BGSB 0.0897 0.0807
STD. DEVIATIONS 0.0330 0.0332 0.0375 0.0335 0.0241 0.0228
0.0418 0.0466 0.0473 0.0458 0.0394 0.0368
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS} FOR YEARS 1 THROUGH 25
S NeHES cu. FEer PERCENT
PRECTPITATION 33.44 ( 4.389) 28120597 100.00
RUNOFF 4.161 { 1.6271} 474230.69 12.440
EVAPOTRANSPIRATION 25.868 ( 3.1274) 2948536.00 77.348
LATERAL DRAINAGE COLLECTED 2.8B1968 ( 1.20674) 321384.000 8.43098

FROM LAYER 4

PERCOLATION/LEAKAGE THROUGH 0.00006 { 0.00002} 6.895 0.00018
LAYER &
AVERAGE HEAD ON TOP 0.066 | 0.028}

OF LAYER 5

CHANGE IN WATER STORAGE 0.596 ( 2.1473} 67891.99 1.781

IR RE R R LR RS ELEEEEEE AR R AR RS EREEAEEEERSESREREREEREEREEREEEEREEEEREEEEEEERE N EIEE
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 25
S (momss)  (ow. e
PRECIPITATION __;i;; _____ ;;;6;&?5;;““
RUNOFF 1.975 225122.4840
DRAINAGE COLLECTED FROM LAYER 4 0.02255 2570.84790
PERCOLATION/LEARKAGE THROUGH LAYER 6 g.ooogoo 0.05047
AVERAGE HEAD ON TOP OF LAYER & 0.153
MAXIMUM HEAD ON TOP OF LAYER 5 0.378

LOCATION OF MAXIMUM HEAD IN LAYER 4

(DISTANCE FROM DRAIN} 13.6 FEET
SNOW WATER 2.22 252528.0310
MAXIMUM VEG. SOIL WATER {(VOL/VOL) 0.4152

MINIMUM VEG. S0IL WATER (VOL/VOL) 0.1350



**+%  Maximum heads are computed using McEnroe's equaticons. #*#*
Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, Univergity of Kansas

ASCE Journal cf Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.
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FINAL WATER STORAGE AT END OF YEAR 25

LAYER (INCHES} (VOL/VOL)
1 2.6733 o.2228
2 61.7891 0.2575
3 1.0614 0.0885
4 0.1182 0.1713
5 0.0000 0.0000
& 10.2480 0.4270C
SNOW WATER 0.201
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSICN 3.07 {1 NOVEMBER 1557}
DEVELCPED BY ENVIRONMENTAL LABORATCRY
USAE WATERWAYS EXPERIMENT STATION
FOR USEP2 RISK REDUCTICN ENGINEERING LABCRATCRY

*
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* ok
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PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:
EVAPOCTRANSPFIRATICN DATA:
S0IL AND DESIGN DATA FILE:
OUTPUT DATZ FILE:

TIME:

10:41

: \HELP\ALPPRE12Z

: \HELP\ALPSRG12
: \HELP\ALPEV612

OO0 an

DATE: 11/ €/2012

: \HELP\ALETEG12Z2.
.D13

.D11

: \HELP\INPUTS\CAMIRC02 .D10
: \HELP\OUT\CAM1R(C02.0UT

D4

D7

hkkhkdkhkdhkhkkrkkrhkkrkhdhkhhhdhhrdhrhrhdhrdhdddhddhddhbdrdhadddtrdddrhrhktdrx bkt hdhddhdhit

TITLE:

Ameren Missouri Labadie Proposed Utility Waste Landfill
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NOTE:

EFFECTIVE SAT. EHYD. COND.

NOTE :

COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAZL TEXTURE NUMBER S
THICENESS =
POROSITY =
FIELD CAPACITY =
WILTING POINT =
INITIAL SCIL WATER CONTENT =

It

24.00 INCHES
0.5010 VOL/VOL
0.2B40 VOL/VOL
0.1350 VOL/VOL
0.3739 VOL/VOL

0.190000006000E-03 CM/SEC
SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1.

FOR ROCT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

INITTAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE

34



TYPE 4 - FLEXIBLE MEMERANE LINEER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING POINT = 0.0000 VOL/VOL
INITIAL SOIL WATER CCNTENT = 0.0000 VOL/VOL
EFFECTIVE SAT, HYD. COND, = 0.199999996000E~-12 CM/SEC
FML PINHOLE DENSITY = 2.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 2.00 HOLES/ACRE
FML PLACEMENT QUALITY = 3 - GOOD

LAYER 3

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 30

THICKNESS = 700.00 INCHES

POROSITY = 0.5410 VOL/VOCL
FIELD CRPACITY = 0.1870 VCL/VOL
WILTING POINT = 0.0470 VOL/VCL

0.1871 VOL/VOCL
0.499959987000E-04 CM/SEC

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 1 - VERTICAL PERCCLATION LAYER
MATERIAL TEXTURE NUMEBER 0

THICKNESS = 12.00 TNCHES

POROSITY = 0.4170 VOL/VOL
FIELD CAPACITY = 0.0450 VOL/VOL
WILTING POINT = 0.0180 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0586 VOL/VCL

EFFECTIVE SAT. HYD. COND. = 0.500000007000E-01 CM/SEC



TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0

THICFKNESS = 12.00 INCHES
PCROSITY = 0.3970 VOL/VOL

FIELD CAPACITY = 0.0320 VOL/VOL
WILTING FOINT = 0.0130 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0333 VOL/VOL
EFFECTIVE SAT. HYD. COND. = (0.250000004000E-01 CM/SEC
SLOPE = 1.00 PERCENT

DRATINAGE LENGTH 541.0 FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICFKNESS = 0.06 INCHES
PCROSITY = 0.0000 VOL/VOCL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING POINT = 0.0000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
FML PINHOLE DENSITY = 2.0¢0 HOLES /ACRE
FML INSTALLATION DEFECTS = 2.00 HOLES/ACRE
FML PLACEMENT QUALITY = 3 - GOOD

LAYER 7

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16

THICFKNESS = 24.00 INCHES
POROSITY = 0.4270 VOL/VOL
FIELD CAPACITY = 0.4180 VOL/VOL

WILTING POINT = 0.3670 VOL/VOL
INITIAL SOIL WATER CONTENT 0.4270 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.100000001000E-06 CM/SEC



GENERAL DESIGN AND EVAPORATIVE ZCNE DATA

NOTE: SCS RUNOFF CURVE NUMEBER WAS COMPUTED FRECM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE # 9 WITH 2
POOR STAND OF GRASS, A SURFACE SLOPE COF 2.%
AND A SLOPE LENGTH OF 720. FEET.

S8CS RUNCOFF CURVE NUMEER = B6.70

FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
AREA PRGJECTED ON HORIZONTAL PLANE = 31.400 ACRES
EVAPORATIVE ZCNE DEPTH = 12.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 3.684 TINCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 6.012 INCHES
LOWER LIMIT OF EVAPCORATIVE STORAGE = 1.620 INCHES
INITIAL SNOW WATER = 0.000 INCHES
INITIAL WATER IN LAYER MATERIALS = 151.282 INCHES
TOTAL INITIAL WATER = 151.282 INCHES
TOTAL SURBRSURFACE INFLOW = 0.00 INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE : EVAPCTRANSPIRATION DATA WAS OBTAINED FROM

ST. LOUIS MISSOURI
STATION LATITUDE = 38,70 DEGREES
MAXIMUM LEAF AREZA INDEX = 0.50
START OF GRCWING SEARSON (JULIAN DATE} = 98
END OF GROWING SEASON (JULIAN DATE) = 300
EVAPORATIVE ZONE DEPTH = 12.0 INCHES
AVERAGE ANNUAL WIND SPEED = 10.40 MPH
BVERAGE 18T QUARTER RELATIVE HUMIDITY = 73.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 67.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 71.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 74.00 %

NCTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FCR 8T. LOUIS MISSCOURI

NORMAL MEAN MONTHLY PRECIPITATION {INCHES)

JAN/JUL FEB/AUG MAR/SED APR/OCT MAY /NOV JUN/DEC
1.72 2.14 3.28 3.55 3.54 3,73
3.63 2.55 2.70 2,32 2.53 2,22

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR 8ST. LOUIS MISSOURI



NORMAL MEAN MCNTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC
28.60 33.80 43.20 56.10 65.60 74.80
78.90 77.00 69.70 57.90 44 .60 34.20

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
CCEFFICIENTS FOR ST. LOUIS MISSOURT
AND STATICON LATITUDE = 38.70 DEGREES
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AVERAGE MONTHLY VALUES IN INCHES FCOR YEARS 1 THROUGH 30

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

PRECIPITATION
TOTALS 1.56 2.15 3.09 3.37 3.44 4.42
3.38 2.66 2.75 2.18 2.16 2.06
STD. DEVIATIONS 0.95 1.09 0.82 1.36 1.56 2.04
1.87 1.38 1.45 1.28 1.38 1.14
RUNOFF
TOTALS 0.526 1.225 0.908% 0.418 0.276 0.480
0.247 0.059 0.080 0.07%9 0.154 0.203
STD., DEVIATIONS 0.576 0.548 0.8%51 0.628 0.455 0.841
0.428 0.136 0.108 0.278 0.318 0.442
EVAPOTRANSPIRATION
TOTALS 0.579 0.686 2.414 3.3598 3.182 4.117
3.512 3.155 2.504 1.805 1.402 0.887
STD. DEVIATIONS 0.344 0.463 0.611 0.935 1.054 1.402
1.254 1.03¢9 1.067 0.693 0.423 0.239

PERCOLATION/LEAKAGE THROUGH LAYER 2

TOTALS 0.0682 0.05606 0.0887 0.0863 0.0837 0.0804
0.0777 0.0700 0.0627 0.0653 0.066% 0.07689

STD. DEVIATIONS 0.0184 0.0152 0.0147 0.0121 0.0099 0.0108
.0070 0.0078 0.0098 0.01e2 0.0174
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LATERAL DRAINAGE COLLECTED FROM LAYER 5

TOTALS 0.0153 0.0134 0.0155 0.0149 0.0146 0.0147
0.016s8 0.0178 0.0182 0.01¢20 0.0181 0.o0180

STD. DEVIATIONS 0.0150 0.0131 0.0150 0.0144 0.0143 0.0140
0.0153 0.0164 0.0167 0.0177 0.0172 0.0174

TOTALS 0.c000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.c000 0.00C0 0.0000 0.0000 0.0000
0.0000 0.0000Q 0.0000 0.Q000 0.0000 g.0000

AVERAGES 14.2640 13.71%8 18.308% 18.4126 17.3077 17.1844
16.0783 14.4826 13.3825 12.4937 14.2739%9 15.8825

STD. DEVIATIONS 3.7982 3.4051 3.0151 2.5653 2.0399 2.3181
1.8348 1.4688 1.6871 2.0460 3.4631 3.5892

DAILY AVERAGE HEAD ON TOF OF LAYER &

AVERAGES 0.1884 0.1818 0.1911 0.1893 0.1803 0.1872
0.2049 0.2201 0.2310 0.2343 0.2300 0.2222

STD. DEVIATIONS 0.1851 0.1768 0.1850 0.1829 0.1764 0.1785
0.188% 0.2025 0.2130 0.2178 0.2185 0.2149
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AVERAGE ANNUAL TOTALS & {(S8TD. DEVIATIONS) FOR YERRS 1 THROUGH 30
B Newss cu. FEET PERCENT
PRECTPITATION 3321 ( 4.731)  3785646.0  100.00

RUNOFF 4,657 { 2.0913) 530826.37 14.022
EVAPOTRANSPIRATION 27.651 { 3.0855) 3151747.00 83.255
PERCOLATION/LEAKAGE THROUGH 0.88864 ( 0.09272} 101289.297 2.67561

LAYERE 2



AVERAGE HEAD ON TOP 15.566 { 1.626)
OF LAYER 2

LATERAL DRAINAGE COLLECTED 0.1%631 ( 0.18384) 22375.322 0.58106
FROM LAYER 5

PERCOLATION/LEAKAGE THROUGH 0.00016 ( ©0.00014) 18.739 0.00050
LAYER 7
AVERAGE HEAD ON TOP 0.205 ( 0.182)

OF LAYER 6

CHANGE IN WATER STORAGE 0.708 { 1.5221) 80679.05 2.131
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 30
S (mewes) (v T
PRECIPITATIOCN ——;t;; _____ ;;;a;éjgg;n_
RUNCFF 2.442 278376.6560
PERCOLATION/LEAKAGE THROUGH LAYER 2 0.003767 429.34015

AVERAGE HEAD ON TOFP OF LAYER 2 24.000
DRAINAGE COLLECTED FROM LAYER 5 0.00185 210.67238
PERCOLATION/LEAKAGE THROUGH LAYER 7 g.000001 0.18320
AVERAGE HEAD ON TOP OF LAYER 6 0.706
MAXIMUM HEAD ON TOP OF LAYER 6 1.322

LOCATION OF MAXIMUM HEAD IN LAYER &

{DISTARNCE FROM DRAIN} 34 .3 FEET
SNCW WATER 2.43 276996 .6250
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.5010
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1350
*%%  Maximum heads are computed using McEnroe's equations. ***
Reference: Maximum Saturated Depth over Landfill Liner

by Bruce M. McEnrcoe, Universgity of Kansas
ASCE Journal of Environmental Engineering
Vol. 119, No. 2, March 1993, pp. 262-270.
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FINAL WATER STORAGE AT END CF YEAR 30

LAYER (INCHES) (VOL/VOL})
e 04425 03934
2 0.0000 0.0000
3 151.3888 0.2163
4 0.8053 0.0671
5 0.6318 0.0527
& 0.0000 0.0000
7 10.2480 0.4270
SNOW WATER 0.00Q0
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Appendix O-13
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* *
* % *
* ok HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **
* ok HELP MODEL VERSION 3.07 {1 NOVEMBER 18%87) L
* ok DEVELOPED BY ENVIRONMENTAL LABORATORY *
**x USAE WATERWAYS EXPERIMENT STATION *
* % FOR USEPA RISK REDUCTICN ENGINEERING LABORATORY *
* * ok
=k * %
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PRECIPITATION DATA FILE: : \HELP\ALPPR&12 .D4

C
TEMPERATURE DATA FILE: C:\HELP\ALPTEG12.D7

SOLAR RADIATICN DATA FILE: C:\HELP\ALPSR612.D13
EVREPCTRANSPIRATION DATA: C:\HELP\ALPEV&12.D11

SOIL AND DESIGN DATA FILE: C:\HELP\INPUTS\CGE1R003.D10
OUTPUT DATA FILE: C: \HELP\OUT\CGE1R003.0UT

TIME: 10:46 DATE: 11/ 6/2012
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TITLE: Ameren Missouri Labadie Proposed Utility Waste Landfill
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NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNCW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PRCGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL: TEXTURE NUMBER S

THICENESS = 24 .00 INCHES

POROSITY = 0.5010 VOL/VOL
FIELD CAPACITY = 0.2840 VOL/VOL
WILTING POINT = 0.1350 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3739 VOL/VOL

EFFECTIVE SAT. HYD. CCND. 0.190000006000E-03 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1.34
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

1



TYPFE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICENESS =
PCROSITY =
FIELD CAPACITY =
WILTING POINT =
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML, INSTALLATION DEFECTS
FML PLACEMENT QUALITY =

It

B

0.06

0.0000
0.0000
0.0000
0.C0000

INCHES

VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL

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

2.00
2.00
3 - GOOD

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 30

THICKNESS
POROSITY =
FIELD CAPACITY

WILTING POINT =
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

700.00
0.5410
0.1870
0.0470
0.1871

INCHES

VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL

0.4955935%87000E-04

TYPE 1 - VERTICAL PERCOLATICN LAYER
MATERIAL TEXTURE NUMBER G

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

12.00
0.4170
0.0450
0.0180
0.0586

INCHES

VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL

CM/SEC

0.50000C007000E-01 CM/SEC



TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER a

THICKNESS = 0.69 TNCHES
POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0143 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 1.299989995000 CM/SEC
SLOPE = 1.00 PERCENT
DRAINAGE LENGTH = 541.0 FEET

LAYER 6

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL
WILTING POINT = 0.0000 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VCL
EFFECTIVE SAT. HYD. COND. = 0.199999986000E-12 CM/SEC
FML PINHOLE DENSITY = 2.00 HOLES/ACRE
FML INSTALLATION DEFECTS = 2.00 HOLES/ACRE
FML PLACEMENT QUALITY = 3 - GOOD

LAYER 7

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16

THICKNESS = 24.00 INCHES
POROSITY = 0.4270 VOL/VCL
FIELD CAPACITY = 0.4180 VOL/VOL

WILTING POINT = 0.32670 VOL/VOL
INITIAL SOIL WATER CONTENT 0.4270 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.100000001000E-06& CM/SEC



GENERAL DESIGN AND EVAPORATIVE ZCNE DAT2AZ

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FRCM DEFAULT
SOTIL DATA BASE USING SOIL TEXTURE # % WITH A
POOR STAND OF GRASS, A SURFACE SLOPE OF 2.%
AND A SLOPE LENGTH OF 720. FEET.

S5CS RUNOFF CURVE NUMEER = 86.70

FRACTION OF ARER ALLOWING RUNOFF = 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 31.400 ACRES
EVAPORATIVE ZONE DEPTH = 12.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 3.684 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = &£.012 INCHES
LOWER LIMIT OF EVAPQORATIVE STORAGE = 1.620 INCHES
INITIAL SNOW WATER = 0.000 INCHES
INITIAL WATER IN LAYER MATERIALS = 150.892 INCHES
TOTAL INITIAL WATER = 150.892 INCHES
TOTAL SUBSURFACE INFLOW = .00 INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

ST. LOUIS MISSOURI
STATION LATITUDE = 3B.70 DEGREES
MAXTIMUM LEAF AREA INDEX = 0.50
START OF GROWING SEASON (JULIAN DATE} = o8
END OF GROWING SEARSON {(JULIAN DATE) = 200
EVAPORATIVE ZCONE DEPTH = 12.0 TINCHES
AVERAGE ANNUAL WIND SPEED = 10.40 MFH
AVERAGE 18T QUARTER RELATIVE HUMIDITY = 73.00 %
AVERAGE 2ZND QUARTER RELATIVE HUMIDITY = 67.00 %
AVERAGE 2RD QUARTER RELATIVE HUMIDITY = 71.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 74.00 %

NOTE: PRECIPITATICON DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR 5T. LOUIS MISSCURI

NORMAL MEAN MONTHLY PRECIPITATION {INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
1.72 2.14 3.28 3.55 3.54 3.73
3.63 2.55 2.70 2.32 2.53 2.22

NQOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURT



NOEMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FER/AUG MAR/SEP APR/OCT MARY /NOV JUN/DEC
2B.60 33.80 43.20 56.10 65.60 74 .80
78.90 77.00 £9.70 57.90 44 .60 34.20

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR S5T. LOUIS MISSCOURI
AND STATION LATITUDE = 38.70 DEGREES
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 30

PRECIPITATION
TOTALS 1.56 2.15 3.09 3.37 3.44 4.42
3.38 2.66 2.75 2.18 2.16 2.06
STD., DEVIATIONS 0.95 1.0¢8 0.92 1.26 1.56 2.04
1.87 1.38 1.45 1.28 1.38 1.14
RUNCFF
TOTALS 0.526 1.225 0.502 0.418 0.276 0.480
0.247 0.059 0.080 0.079 0.154 0.203
STD. DEVIATIONS 0.576 0.948 0.8%91 0.6229 0.455 0.841
0.428 0.136 0.108 0.278 0.218 0.442
EVAPOTRANSPIRATICON
TOTALS 0.579 0.686 2.414 3.399% 3.192 4.117
31.512 3.155 2.504 1.805 1.402 0.887
STD. DEVIATICNS 0.344 0.463 0.611 0.935 1.054 1.402
1.294 1.038 1.0867 0.683 0.423 0.239

PERCOLATION/LEAKAGE THROUGH LAYER 2

TOTALS 0.0692 0.0606 0.0887 0.0862 0.0837 0.0804
0.0777 0.0700 0.0627 0.0653 0.066%9 0.076%

STD. DEVIATIONS 0.0184 0.0152 0.0147 0.0121 0.00098 0.0108
0.0088 0.0070 0.0078 0.0098 0.0162 0.0174



LATERAL DRAINAGE COLLECTED FRCM LAYER 5

TOTALS 0.0108 0.0127 0.0198 0.0117 0.0128 0.0188
0.0231 0.0227 0.0215 0.0191 0.0160 0.0150

STD. DEVIATIONS 0.0110 0.0127 0.0210 0.0144 0.0145 0.0167
0.0210 0.0217 0.02089 0.0201 0.0179 0.01e9

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000C
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.c000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

AVERAGES OF MCNTHLY AVERAGED DAILY HEADS (INCHES)

AVERAGES 14.2640 13.7198 18.3089 18.4126 17.3077 17.1844
16.0783 14.4826 13.3825 13.45937 14.273% 15.8825

STD. DEVIATICNS 3.7982 3.4051 3.0151 2.5653 2.0398 2.3181
1.8348 1.4688 1.6871 2.04860 3.4631 3.58852

DAILY AVERAGE HEAD ON TOP OF LAYER &

AVERAGES 0.0026 0.0033 0.0047 0.0028% 0.0030 0.00486
0.0055 0.0054 0.0052 0.0045 0.00389 0.0036

STD. DEVIATICONS 0.0026 0.0033 0.0050 0.0035 0.0034 0.0041
0.0050 0.0052 0.0051 0.0048 0.0044 0.0040
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THEROUGH 30
S mewss cu. FmET SERCENT
PRECTPITATION 3321 ( 4.731)  378%646.0  100.00

RUNOFF 4.657 ( 2.0919) 530826.37 14.022
EVAPOTRANSPIRATION 27.651 ( 3.0955) 3151747.00 83.255
PERCOLATION/LEAKAGE THRCUGH 0.88864 { 0.09279) 1012839.297 2.67561

LAYER 2



AVERAGE HEAD ON TOFP 15.566 { 1.626}
OF LAYER 2

LATERAL DRAINAGE COLLECTED 0.203%2 ( 0.1%117) 23251.387 0.61420
FROM LAYER 5

PERCOLATION/LEAKAGE THROUGH 0.00001 ( ©0.00000) 0.773 0.00002
LAYER 7
AVERAGE HEAD ON TOP 0.004 0.004)

OF LAYER 6

CHANGE IN WATER STORAGE 0.700 { 1.5276) 79820.97 2.108
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 30
e
PRECIPITATION “';?é; ----- ;;;6ééj6;;_-
RUNOFF 2.442 278376.6560
PERCOLATION/LEAKAGE THROUGH LAYER 2 0.003767 429.324015

AVERAGE HEAD ON TOP OF LAYER 2 24 .000
DRAINAGE COLLECTED FROM LAYER 5 0.00303 345.25888
PERCOLATION/LERKAGE THROUGH LAYER 7 0.000000 0.00762
AVERAGE HEAD ON TOP OF LAYER & 0.022
MAXIMUM HEAD ON TOP OF LAYER 6 0.044

LOCATION OF MAXTMUM HEAD IN LAYER G

(DISTANCE FROM DRAIN) 1.3 FEET
SNCOW WATER 2.43 276996 .6250
MAXIMUM VEG. SCOIL WATER {(VOL/VOL} 0.5010
MINIMUM VEG. SOIL WATER {VOL/VOL} 0.1350
*+%  Maximum heads are computed using McEnrce's egquations. **+

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnrce, University of Kansas
ASCE Journal of Envirconmental Engineering
Vel. 119, No. 2, March 1993, pp. 2&62-270.
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FINAL WATER STORAGE AT END OF YE&ZR 30

LAYER {INCHES) {(VOL/VOL)

olsazs 0.3934
2 0.0000C 0.0000
3 151.3888 0.2163
4 0.8053 0.0671
5 0.0164 0.0237
3 0.0000 0.0000
7 10.2480 0.4270

SNOW WATER 0.000
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Appendix P

Construction Quality Assurance Plan
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1.0 INTRODUCTION

The Missouri Department of Natural Resources Solid Waste Management Program (MDNR-
SWMP) requires construction quality assurance (CQA) and construction quality control (CQC)
on landfill components to ensure quality landfill construction. Manufacturing Quality Control
(MQA) and Manufacturing Quality Assurance (MQA)} are also typically completed for the
manufactured components of a landfill such as HDPE liners and pipe. CQA is typically
performed by a party independent of the Owner/Operator {Owner) and contractor to document
the quality of construction on key landfill components. CQC procedures are typically performed
by the contractor andfor owner throughout construction to ensure that landfill components are
constructed in accordance with applicable construction standards and specifications. MQA is
typically performed by the contractor and may also be performed by a party independent of the
Owner, while MQC is typically performed by the manufacturer. The technical guidance
document entitled Quality Assurance and Quality Control for Waste Containment Facilities
(EPA/600/R-93/182) produced by the U.S. Environmental Protection Agency specifically defines
the roles that CQA, CQC, MQA, and MQC play during landfill construction:

o CQA: Construction Quality Assurance is a planned system of activities that provides the
owner and permitting agencies assurance that the facility was constructed as specified
in the design. CQA includes field inspections, verifications, audits, and evaluations of
materials and workmanship necessary to determine and document the quality of the
constructed facility. CQA refers to the measures taken by the CQA agent to assess if
the contractor or installer is in compliance with the plans and specifications for a project.

o CQC: Construction Quality Control is a planned system of inspections and materials
testing that are used to directly monitor and control the quality of a construction project.
CQC is frequently performed by the owner, earthwork contractor and/or geosynthetics
installer and is necessary to achieve quality in the constructed or installed system. CQC
refers to measures taken to determine compliance with the requirements for material
and workmanship as stated in the plans and specifications for the project.

o MQC: Manufacturing Quality Control is a planned system of inspections that is used to
directly monitor and control the manufacture of a material. MQC is normally performed
by the manufacturer of geosynthetic materials to determine compliance with the
requirements for materials and workmanship.

»  MQA: Manufacturing Quality Assurance is a planned system of activities that provides
assurance that the materials were constructed as specified, and refers to measures
taken by the MQA organization, such as manufacturing facility inspections, verifications,
audits, and evaluation of raw materials and geosynthetic products.

Typical landfill components that require CQA and/or CQC procedures are:

o Subgrade Excavation and/or Backfilling
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e Low Permeability Soil Liner/Cover
¢ (Geomembrane Liner

e«  (Geotextiles and/or Geccompaosites
e Drainage Materials

The manufacturer(s} of geosynthetic materials will be required to furnish with their bids
documentation of a written, effective MQC program. One component of the manufacturer's
MQC program will be a MQA program by an independent, qualified testing agency that will
provide documentation with certifications that the manufactured products comply with the
requirements for material and workmanship as stated in the plans and specifications for the
project.

This Plan is specific to the CQA activities to be completed by an independent third-party and
addresses the soil, geosynthetic, and drainage components of the compaosite liner, leachate
drainage and collection and finai cover systems to be constructed for the Utility Waste Landfill
(UWL) at the Ameren Missouri Labadie Energy Center site in Franklin County, Missouri. This
plan has been prepared in general conformance with the State of Missouri Solid Waste
Management Rules, and Franklin County Regulations.

This document outlines methods of construction, quality assurance testing procedures, safety
and reporting requirements to be followed during construction of the earthwork, liner, and final
cover systems at the Labadie UWL. The specific CQC program that will be followed during
installation of the landfill components is not included with this document. However, the CQA
agent for earthwork, liner and final cover construction for the UWL will coordinate with the
contractor(s) and CQC personnel to ensure that construction is in accordance with the approved
permit documents, materials’ manufacturers and suppliers standards and specifications and
other available plans and specifications. If the CQC efforts appear to be insufficient, the CQA
agent will coordinate with the contractor(s) to ensure that the permit documents, and plans and
specifications are adhered to. The CQA procedures outlined in this document fulfill all
requirements of the Missouri Solid Waste Management and Franklin County Regulations and
will, by themselves, provide the information and documentation necessary to certify that landfill
components were constructed in accordance with the approved permit documents.

A copy of this plan will be maintained at the UWL for use during landfill phase development and
final cover construction. Any revisions to the CQA Plan shall require a permit modification to be
reviewed by the MDNR-SWMP. The MDNR-SWMP must be kept informed throughout all
phases of construction. The MDNR-SWMP and Franklin County Independent Registered
Professional Engineer (IPRE) will review all records and results from the implementation of the
CQA Plan as part of any Operating Permit Application and Request for Authorization to Operate
any area or phase of the UWL.
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2.0 GENERAL CONDITIONS

2.1 Responsibility and Authority

Ameren Missouri is ullimately responsible for the implementation of this CQA Plan. The
following is a list of responsible personnel:

Owner's Representative

A representative of Ameren Missouri shall be responsible for coordination between the Owner,
the construction crew, and the third party CQA Engineer. With the MDNR-SWMP's prior
approval, the Owner may delegate this authority, and correspondingly, be responsible to see
that the CQA Plan is followed.

CQA Engineer

A professional engineer licensed to practice in Missouri shall be retained by the Ameren
Missouri to provide on-site Construction Quality Assurance observations and testing. The CQA
Engineer will prepare a final report demonstrating that the substantial requirements of this CQA
Plan were implemented. The final report will include the MQC submittals from the
manufacturer(s} and the MQA submittals from the independent MQA agencies. In addition, the
CQA Engineer or his designee will coordinate, through Ameren Missouri, with the contractor(s)
and/or installer(s) and their CQC personnel for the purposes of sharing MQC, MQA, CQA and
CQC information. Should it become apparent to the CQA Engineer or his designee that
construction quality does not meet the standards established in the Construction Permit; the
CQA Engineer will inform the Owner's Representative of the apparent deficiencies so
appropriate adjustments can be made. The CQA Engineer will be employed by an organization
that operates independently of the Owner, construction contractor(s), landfill operator, and/or
permit holder. The CQA Engineer will be responsible for certifying that construction was
completed in substantial compliance with the engineering plans and specifications approved by
the Construction Permit. Components of the bottom composite liner system, leachate drainage
and collection system or final cap system will be not constructed unless the CQA Engineer or
the CQA Inspector is present.

CQA Inspector

The CQA Engineer will designate one or more CQA Inspector{s) to perform the duties of the
CQA Engineer when they are not present on site or when the extent of the project requires
inspection by more than one person. A CQA Inspector shall be a qualified, experienced
individual who is able to act for the CQA Engineer to provide necessary on-site CQA
observations and testing. The CQA Inspector will document on-site construction activities in a
Daily Field Activities Report. An example of this report is included in Appendix A. No
component of the bottom composite liner system, leachate drainage and collection system or
final cover system will be constructed unless the CQA engineer or CQA inspector is present.
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2.2 Inspection and Testing

This CQA Plan describes the inspection and testing of eight critical components of the landfill
containment system:

Test pad canstruction and testing

Subgrade preparation

Compacted soil liner (bottom)

Geomembrane liner

Geotextile

Leachate Drainage and collection system components
Geocomposites

Protective Aggregate Layer

Final Cover system

O NS0k LN =

©w

The following sections outline minimum requirements and guidelines to be followed during
execution of the CQA Plan. Information pertaining to the specific tests, testing frequency, level
of detail and consistency in reports is presented in each section.

Throughout the construction activities, communication will play a major role in completing a
successful construction project and achieving the requirements of the approved plans,
specifications, and permit documents. At a minimum, the following communications guidelines
will be met:

s Pre-Construction Meeting: A meeting involving the Owner, CQA personnel, and the
contractor(s) will take place prior to the start of construction. This meeting should
include discussion of each party's responsibilities, lines or means of communication,
procedures for changes or problems, CQA procedures and requirements, level of the
MDNR-SWMP and [PRE involvement, and other issues as they pertain to the
construction project.

» Weekly Progress Meetings: Regularly scheduled meetings between CQA personnel
and the contractor(s) will take place during project construction to review and discuss
such topics as previous work, future work, construction problems, schedule revisions,
and other issues that require attention.

o Other Meetings: Unscheduled meetings will take place as required to address issues
such as construction progress and changed conditions as circumstances dictate.

Under all circumstances, the MDNR-SWMP and the IPRE will be given seven days advance
notification prior to the start of any test pad construction; excavation of subgrade; placement of
soil liner components; and placement of geosynthetic materials. It is understood that the
MDNR-SWMF reserves the right to inspect the compacted scil liner during the initial placement
of liner and during placement of the geomembrane.
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2.3 Floodplain Issues Related to Construction

If a flooding event occurs during cell finer construction, the contractor will be required to monitor
the flood conditions and levels outside the cell being constructed. The conitractor will be
required to monitor the excess hydrostatic uplift pressures on the composite liner. If required by
the Owner's Representative, the contractor will be required to mitigate heave due to excess
hydrostatic uplift pressures on the composite liner either by placing ballast material on the liner
or by flooding the lined area as directed by the Owner's Representative. The contractor will be
required to remove the ballast material or water and to restore the Work to the pre-flood
condition prior to continuing with construction.
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3.0 SOIL LINER CONSTRUCTION

The compacted soil portion of the UWL composite bottom liner system is to be constructed and
tested in accordance with the approved permit documents and this CQA Plan. This section
covers material conformance testing, general construction procedures, testing during
construction, and frequency requirements.

» A test pad will be constructed for soils that will be used for liner construction. For the
Ameren Missouri Labadie Energy Center utility waste landfill conformance testing of
available soil materials will be performed prior to test pad construction to demonstrate
that the soils meet the required specifications.

3.1 Materials Conformance Testing

Soils to be used for liner construction will be classified, excavated, segregated, and stockpiled
under the observation of an experienced soils technician.

Prior to construction of the compacted soil component of the liner system, representative
samples of the stockpiled materials proposed for use will be collected and tested. This testing
will verify that the soils to be used for construction meet project specifications as determined by
this pre-qualification testing. The following tests may be performed as prescribed by the CQA
Engineer (ASTM standards and tests designations refer to the latest approved version):

Test Method Test Description

ASTM D 2216 Laboratory Determination of Water (Moisture) Content of Soil and Rock
by Mass

ASTM D 2487 Standard Practice for Classification of Sails for Engineering Purposes

ASTM D 4318 Liquid Limit, Plastic Limit, and Plasticity Index of Soils (Atterberg Limits)

ASTM D 422 Particle Size Analysis of Soils

ASTM D 1140 Amount of Soils Finer than the No. 200 Sieve

ASTM D 698 Laboratory Compaction Characteristics of Scil using Standard Effort

(Note: The Modified or Reduced Proctor Tests may be substituted or
added to the Standard Proctor Test as necessary.}

ASTM D 4767 Standard Test Method for Consolidated Undrained Triaxial Compression
Test for Cohesive Soils

ASTM D 5084 Hydraulic Conductivity of Saturated Porous Materials Using a Flexible
Wall Permeameter
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ASTM D 2487 Classification of Soils for Engineering Purposes (Unified Soil
Classification System)

Soil selected for liner construction must have a group symbol of CL, CH, or SC according to the
Unified Soil Classification System. In addition, each soil used for construction must meet the
following criteria:

o Allow more than 30 percent passage through a No. 200 sieve

¢ Have a liquid limit equal to or greater than 20

s Have a plasticity index equal to or greater than 10

e Have a coefficient of permeability equal to or less than that specified in the Project
documents, that is 1x10® or 1x107 centimeters per second (cm/sec) or less when
compacted to a density and moisture content deemed acceptable by preconstruction
testing and test pad construction

o Shall meet or exceed the minimum shear strength properties, both internal and interface
with other materials, utilized in the geotechnical design (reference Appendix J of the
Construction Permit Application).

Soils meeting all of the above requirements will be used to construct a test pad in accordance
with Section 3.2 of the CQA Plan.

After completing the conformance testing described above, the CQA Engineer will complete the
appropriate testing and data evaluation needed to develop a compacted soil placement range
for the selected borrow material. The placement range will be developed based on previous
laboratory testing of the borrow material, if available, as well as the test results obtained from
preconstruction testing. The placement range (i.e., "acceptable zone") shall be developed in
accordance with the method developed by D.E. Daniel and C.H. Benson (1990), “Water
content-density criteria for compacted soil liners”, J. Geotech. Engrg. ASCE, 116 (12), 1811-
130, and soil placement based on the appropriate moisture and dry unit weight values related to
the maximum specified hydraulic conductivity. It will be used in conjunction with quality
assurance testing during soil liner/final cover construction to achieve the required permeability.

3.2 TestPad

10 CSR 80-4.010 (10) (C) of the Missouri Solid Waste Regulations requires that a test pad be
constructed prior to compacted soil liner construction. Test pad(s) will be constructed following
the bottom liner construction techniques. The test pad(s) will verify that the construction and
CQA procedures to be used for actual compacted soil liner will provide an adequate liner
system. Tests will be completed in a manner that allows evaluation of soil types, construction
methods, and/or soil amendments required to achieve the installed liner characteristics
approved in the construction permit. Results from test pad construction and changes to
proposed construction methods will be submitted to the MDNR-SWMP and IPRE as a Test Pad
Construction Report.
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MDNR-SWMP and the IPRE will be notified at least 7 days prior to commencing test pad
construction activities. Construction procedures for the test pad shall be in accordance with
Section 3.4 of this CQA Plan. The test pad will be constructed using the same methods and
with the same equipment that will be used to construct the compacted soil liner. The test pad
will be large enough to allow construction equipment the room to successfully complete required
passes and compaction. Since the test pad will evaluate the construction means and methods
to be used during compacted soit liner construction, the procedures used to construct the test
pad must be thoroughly documented. The CQA Engineer or their designee will observe all
activities completed during test pad construction. Documentation information will include at
least the following:

¢ Source of liner material and associated prequalification testing data

» Make, model, weight, and any other unique information {e.g., compactor pad foot height)
for the equipment used during test pad construction (e.g., CAT 815F compactor)

« Methods of soil material placement and compaction including soil hauling and unloading
operations, soil spreading, and number of compactor passes

o Description of scarification methods, if utilized

o Moisture conditioning methods used, including equipment, frequency of procedures, and
apparent results

e Survey control methods for documenting compacted lift thickness and final pad
thickness

« Methods used to prevent damage to completed lifts

¢« Methods used to prevent placement of deleterious materials

¢ Methods used to prevent placement of frozen material or the placement of material on
frozen ground, if appropriate

¢ Frequency and methods used for calibrating testing equipment

e Testing results inciuding test pad location, test locations, moisture and density resuits,
and their relationship to hydraulic conductivity based on prequalification testing

At the completion of test pad construction, verification testing will be completed in accordance
with the following testing schedule:

e« Two laboratory hydraulic conductivity tests will be performed utilizing the Flexible Wall
Permeameter Test (ASTM D 5084) on undisturbed samples obtained from the
completed test pad. Soil samples will be collected by pushing Shelby tubes at random
locations on the test pad

» Bulk samples will be taken to the laboratory for Liquid Limit (LL) and Plasticity Index (P1)
and Standard Proctor Compaction tests

o One in-situ hydraulic conductivity test will be performed on the completed test pad using
a Sealed Double Ring Infitrometer Test (ASTM D 5093) or a series of 5 Bouiwell
Permeameter Tests (ASTM D 6391-99)
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+ Two test pits will be excavated in the test pad to observe interlift bonding of the test pad.
The test pits will be located at random locations in an effort to view representative test
pad soil profiles

e Laboratory consolidated-undrained triaxial compression tests will be performed on
Shelby tube samples obtained from the test pad to verify the shear strength properties.

Photographs of the verification testing procedures and locations will be taken for visual
documentation of the testing.

Should the tests described above indicate that the construction procedures resulted in an
insufficient liner system, a new test pad will be constructed using modified procedures and/or
materials as agreed to by the CQA Engineer and contractor, and approved by the MDNR-
SWMP and the IPRE.

Should the tests described above indicate that the construction procedures resulted in an
acceptable liner system; a summary report shall be prepared and submitted to the MDNR-
SWMP and IPRE that describes the construction and testing procedures that were used. The
report will include the documentation information described above as well as related test results
and photographs. The CQA Engineer will certify the report prior to submittal to the MDNR-
SWMP. The report will be approved by the MDNR-SWMP and IPRE prior to the construction of
additional portions of the liner system.

3.3 Compacted Soil Liner Subgrade Preparation

The CQA Engineer and/or designated CQA Inspector will ensure that the compacted soil liner
subgrade preparation/construction is completed in accordance with the approved plans and
specifications. In addition, the CQA Inspector will identify unexpected conditions encountered
during subgrade construction/preparation and record changes to the plans and construction
procedures on the as-built drawings. At a minimum, the designated personnel will complete the
following:

 Observe and record the placement of subgrade fill on a regular basis

o Verify that soft, organic or other unacceptable materials are removed prior to filt
placement

o Verify that subgrade construction is in accordance with the applicable sampling, testing,
and survey program(s)

» Prior to soil liner placement, inspect the subgrade for soft spots, pumping, or deleterious
materials and verify recompaction or removal and replacement of identified areas

o Verify that all debris, including plant materials such as trees, stumps, and roots, and
rocks of size large enough to interfere with proper placement/compaction are removed
prior to subgrade construction and preparation

o Prevent the placement of frozen materiai or the placement of material on frozen ground

o Record the types of compaction equipment utilized for subgrade construction

= Periodically photograph the subgrade construction and finished subgrade surface
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o Verify that prior to compacted soil liner placement, the upper 6 inches of subgrade
materiai is disked, recompacted, and graded to provide a workable surface

» Ensure the finished subgrade is surveyed on a maximum interval of 100 feet center to
center, and a maximum interval of 100 feet along each line where a break in slope
occurs.  Sumps or other similar features shall also be identified. The survey shall be
completed by a Missouri registered surveyor to confirm and document subgrade
elevations and to establish break-line and other design features of the landfill. The
purpose is to ensure that the soil liner, when constructed, is continuous over the bottom
footprint of the permitied waste disposal boundary and meets the minimum thickness
specified for the project.

3.4 Compacted Soil Liner Construction Procedures

Prior to construction of the soil liner, the subgrade will be graded to the elevations specified on
the project plans +/- 0.1 foot. The soil liner material will be placed in accordance with the
criteria and procedures developed during preconstruction soil testing, test pad construction,
and/or in accordance with project specific guidelines. Construction progress shall be monitored
with the initial subgrade survey in combination intermediate surveying during construction, as
necessary.

The liner will be placed in accordance with the project specifications, geotechnical report, and
approved test pad procedures. Generally, soils will be placed in 6" to 8" thick lifts and
compacted to the approved moisture and density tolerances. The soils will be compacted with
equipment that kneads, compacts, and interbonds the soil from the bottom of the lift up.
Material conditioning procedures and compaction equipment rolling patterns will be consistent
with those used in the approved test pad construction, but may be evaluated and modified as
necessary to yield a workable, consistent, and suitable liner material placement.

3.5 Quality Assurance Monitoring and Testing

A CQA Inspector, under the supervision of the CQA Engineer, will be present on site to monitor
the placement and compaction of the soil liner. A qualified CQA Inspector or CQA Engineer will
provide visual classification of borrow soils during landfill construction.

Field moisture and density tests will be performed at a minimum frequency of one per 10,000
square feet per lift and will be completed with a nuclear density gauge in substantial compliance
with ASTM D 2822 and 3017. Moisture and density test locations will be selected randomly;
however, tests will not be grouped together horizontally or vertically from one lift to another.
Results of the moisture and density tests will be recorded on a Nuclear Density Gauge Test
Record, similar to the one provided in Appendix A. The nuclear density gauge shall be
calibrated in accordance with manufacturer's instructions and ASTM 3017-88 requirements.
Nuclear density gauges will be standardized in accordance with manufacturer's
recommendations daily or more frequently. Unstable or erratic gauges will not be used for
quality assurance testing.

-10-
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Should the results of field moisture and density tests fall outside the placement range or
"acceptable zone", as determined in the test pad construction report, the lift in question will be
reworked and retested. The area to be reworked will be bounded by the nearest passing
moisture/density test locations as delineated by the CQA Inspectors. Drying, wetting, additional
compaction, or a combination thereof will be used to bring the nonconforming area to an
acceptable level.

The final liner surface will be smooth and free of large angular particles or foreign objects that
may damage the geomembrane liner or prevent contact between the geomembrane and soil
liner. The final liner surface will also meet other conditions required by the geomembrane
manufacturer or installer for installation of the geomembrane component of the composite liner
system.

During soil liner construction, verification testing will be completed to ensure that the borrow
material being used for construction has not changed in a manner that greatly affects its
engineering properties. The following table indicates the prescribed tests and their approximate
frequencies for completion during construction.

Test Method Freguency

Atterberg Limits 1 test per 5,000 cubic yards of material placed

(ASTM D 4318) and for each change of material type

Particle Size 1 test per 5,000 cubic yards of material placed

(ASTM D 422) and for each change of material type

Moisture-Density Relationship | 1 test per 10,000 cubic yards of material placed

(ASTM D 6398) and for each change of material type

Hydraulic Conductivity 1 test per 5,000 cubic yards of material placed and for
(ASTM D 5084) each change of material type.

If the borrow material does not meet the criteria for the testing described in the table above,
additional laboratory soil tests will be completed to define an acceptable placement range for
the non-conforming material. Alternatively, a new test pad can be constructed as described in
Section 3.2 to verify that the soils are liner grade materials and the proper placement range. If
liner quality soils are stockpiled on site prior to the beginning of placement, a reduced frequency
of verification testing will be requested.

To maintain the integrity of the compacted soil component of the liner or final cover system, thin
walled steel tube samples {(e.g., Shelby tube) for laboratory hydraulic conductivity testing
through the completed liner will be avoided whenever possible. Instead, documentation of the
required hydraulic conductivity will be provided by the initial materials conformance testing,
including development of an acceptable placement range, and quality cantrol/quality assurance
monitoring, observation, and testing during construction, most notably moisture and density

testing.

11-
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Prior to geomembrane installation over the compacted bottom soil liner or final cover, the
moisture content of the compacted soil will be maintained to control desiccation cracking. |If
desiccation cracks are observed in excess of 1 inch deep, the surface will be lightly scarified,
moisture conditioned, recompacted, regraded, and rolled to provide a smooth surface for
geomembrane instailation.

3.6 Thickness Verification

An independent surveyor licensed to practice in the State of Missouri will verify the thickness of
the compacted soil portion of the liner after completion. The independent surveyor will operate
independently of the landfill operator, construction contractor, Owner, and permit holder. The
surveyor may be employed by the CQA Engineer. Prior to construction of the compacted soil
liner, a survey will be completed on a minimum of 100-foot grid system. Additional survey shots
will be taken at 100-foot intervals along each line where a break in slope occurs to document
the top of subgrade elevations. At the completion of compacted soil liner construction, a survey
will be completed at the same approximate locations to verify the required soil component
thickness was achieved. Acceptabie tolerances for surveying shall be +0.1 foot for elevations
and +1.0 foot for horizontal coordinates. Al results must indicate a liner thickness equal to or
greater than that required by the plans and specifications.

-12-
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4.0 FLEXIBLE MEMBRANE LINER

The geomembrane portion of the compaosite liner and final cover systems will be constructed
and tested in accordance with the approved permit documents, this CQA Plan, and the
manufacturer's recommendations and specifications. This section covers material conformance
testing, construction methods, and testing requirements.

4.1 Materials Conformance Testing

Prior to construction of the geomembrane portion of the bottom liner or final cover system, the
CQA Engineer will obtain one geomembrane sample per 100,000 square feet of geomembrane
to be installed. The following tests will be performed by the CQA Engineer to verify that the
geomembrane conforms to the proiject specifications and the manufacturer's MQC/MQA
documentation:

¢ Thickness (ASTM D 5199)

o Density (ASTM D 1505)

e Tensile Properties (e.g., strength, elongation) (ASTM D 638, Type V)
o Tear Resistance (ASTM D 1004)

o Puncture Resistance (ASTM D 4833)

o Notched Constant Tensile Load (ASTM D 5397)

o Carbon Black Dispersion (ASTM D 5596)

e Carbon Black Content (ASTM D 1603).

For each of the properties listed above, the material will meet current industry standards for the
geomembrane material type (e.g., HDPE, smooth) and thickness. Deviations from this testing
protocol due to changes in test methods or industry standards may be approved by the CQA
Engineer with prior approval by the MDNR-SWMP and IPRE.

For the bottom liner system in the Labadie UWL (Cells | through 4), 60-mil textured (both sides)
HDPE will be used for the bottom inside slopes of the perimeter and interior berms. Smooth 60-
mil HDPE will be used in the center of each cell from the interior toe of the perimeter berm of
each disposal area.

Far the final cover system construction, 40-mil smooth HDPE will be used on the top or crown of
the landfill. Textured {both sides) 40-mil HDPE will be used on the side slopes.

The CQA Engineer cr their representative will log all rolls of geecmembrane material that arrive
on site and review the manufacturer's MQC certification documentation. Each roll will be
documented on a Material Inventory Log similar to that found in Appendix A. Storage of
geomembrane material will be in a manner that reasonably protects the material from puncture,
denting, deformation of rolls, and other damaging situations, in accordance with the
manufacturer's recommendations, prior to its deployment. UV sensitive geosynthetics should
be stored in undamaged opaque coverings and protected from standing water during storage.
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4.2 Construction Procedures

At the conclusion of soil liner or cover construction, the geomembrane liner will be installed by a
third-party geosynthetics contractor in accordance with acceptable industry standards and the
manufacturer's recommendations, standards, guidelines, and specifications. The
geomembrane supplier or installer will develop a panel layout diagram in accordance with
industry standards. The panel layout diagram will be designed so that the majority of the
geomembrane seams run perpendicular not paraliel with the side slopes, so that no horizontal
{parallel with slopes) geomembrane seams are within five (5) feet of grade breaks, such as the
toe and top of slopes. The manufacturer will provide the panel diagram to the CQA Engineer.

The subgrade will be compacted to provide a firm, unyielding foundation sufficient for all
deployment vehicles to move about the construction area without rutting and pumping. The
geomembrane installer will complete a Subgrade Acceptance Form for inclusion in the
construction documentation report.

Anchor trenches will be excavated to the lines and widths shown on the construction documents
developed in accordance with the approved permit documents. Sharp bends and edges in the
anchor trench will be minimized to avoid potential stresses to the geomembrane.

Geomembrane panels will be installed and immediately assigned a number according to a panel
numbering system. Panels will be physically identified in the field with a grease pencil or other
durable material for reference during seaming and testing operations and project records.
Destructive and nondestructive test locations as well as repair locations will be appropriately
identified for documentation purposes. Panels will be deployed with a rubber-tired, front loader
and special roller bar to assist with unrolling the geomembrane paneis at specified locations.
Care will be taken to minimize traffic and prevent equipment from damaging the geomembrane
or supporting subgrade surface. Sandbags or other approved loading shall be used as
necessary to prevent uplift of panels by the wind. Panels will not be deployed in areas of
standing water or on frozen subgrade. Any damage to panels during deployment will be noted
and repaired by patching and/or spot welding as approved by the CQA Engineer. No more
panels will be deployed than can be seamed during that day, unless securely ballasted to
prevent movement prior to seaming. A Panel Placement Form will be completed by the CQA
Inspector for all panels deployed (see Appendix A}.

Steps will be taken to prevent water from getting under the geomembrane during and after
deployment. "Shingling” of the panels or completion of seaming for those panels deployed prior
to the end of the workday will be used as appropriate to minimize the potential for such
occurrence. Additionally, temporary or permanent berms will be constructed where necessary
to redirect surface water away from the construction area.

4.3 Quality Assurance Monitoring and Testing
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The CQA Inspector will visually inspect the panels for direct contact between the clay liner and
the panel surface. It is imperative that the geomembrane maintain intimate contact with the
compacted sail liner surface. The CQA Inspector will monitor for panel and seam defects or
damage and mark any location of concern for follow-up repair. The geomembrane panels will
be seamed together using double wedge fusion welding equipment supported by extrusion
welding equipment where conditions make fusion welding impractical. Photo documentation of
geomembrane installation and repair procedures will be included in the final CQA Report.
Quality assurance monitoring and testing will follow the manufacturer's recommendations or
industry standards for installation and seaming.

4.3.1 Trial Welds

Prior to seaming the geomembrane panels, trial welds will be made by the welding equipment to
be used during that day's work and tested. The trial welds will be made by the same
machine/operator combination and under the same conditions as will be encountered during
actual seaming operations for that day. Trial welds will be made at the beginning of each
workday, at approximately 4 to 5 hour intervals thereafter, and whenever a new welding
machine/operator combination begins work.

For fusion trial welds, testing will include “shear” tests on five samples and top and bottom
“peel” tests on five samples each. For extrusion trial welds, five samples will be tested for shear
strength and five samples shall be tested for bottom peel strength.

Four out of each five samples tested must meet the following criteria for the test weld to be
considered acceptable:

Shear Test

s Exhibit elongation of the parent material prior to parent material failure
 Meet or exceed the required bonded seam strength for either fusion or extrusicn welds,
whichever is applicable

Peel Test

s Exhibit film tear bond with less than 10 percent separation of the seam
+ Meet or exceed the required bonded seam strength for both fusion and extrusion welds

Should trial welds fail, adjustments will be made to the welder, as necessary, and new
specimens will be welded and tested. If repeat tests also fail, the subject welding machine
will not be used for seaming until deficiencies are corrected and passing trial welds are
achieved. All trial welds will be documented by the CQA Inspector on a Trial Weld Log. An
example of a Trial Weld Log is included in Appendix A.

4.3.2 Panel Seaming

The CQA Inspector will observe typical panel welding to assure the welding area is kept
generally clean and free of moisture, dirt, and debris. "Fish mouths” and wrinkles at seam
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overlaps that cannot be welded will be cut out and patched with an extrusion welded patch that
is approximately round or rectangular with rounded corners. A seam number will be assigned to
each seam that reflects the two panels being joined. The CQA Inspector will measure the
seams and record the measurements on a Panel Seaming Form similar to the one found in
Appendix A. Alternatively, seam layout and dimensions may be determined by locating the
corners with Global Positioning System (GPS) equipment capable of identifying locations to an
accuracy of £ 1-foot. Additional information to be documented includes date and time of
seaming, the welder's initials, machine number, machine speed, and set temperature.

4.3.3 Non-Destructive Testing

All seams that are welded during installation of the geomembrane liner will be non-destructively
tested by the Geomembrane Contractor and overseen by the CQA Inspector to check the
integrity of the seams. Non-destructive tests will be conducted using the air pressure test or the
vacuum test.

Air pressure testing will be completed on seams that have been welded with a fusion welder
(wedge welder) using an air pump capable of sustaining 25 to 30 pounds per square inch (psi)
of pressure. The Geomembrane Contractor will follow the following procedures:

o Seal one end of the seam channel to be tested

s Insert sharp, hollow needle or other approved pressure feed device with a pressure
gauge into the sealed end of the seam

e Energize the air pump to verify the unobstructed passage of air through the seam
channel. Should the verification fail, locate the obstruction and test the seam on both
sides of the obstruction

o Seal the other end of the seam channel

¢ Energize the air pump to a pressure of between 25 and 30 psi, close valve, and allow 2
minutes for the injected air to reach equilibrium in the channel prior to recording the
initial pressure reading

a  Sustain pressure for 5 minutes and note the final pressure reading

s If the air pressure decreases by more than 4 psi during the initial 5-minute test period,
locate the faulty area of the seam, make repairs, and retest

o If the air pressure test passes, the air channel should be cut at the opposite end of the
seam from the gauge to deflate the seam channel. Keep a record of appropriate test
information on a Non-Destructive Test Log similar to the one included in Appendix A.

Vacuum Test

Vacuum testing will be completed on seams that have been welded with an extrusion welder or
when the geometry of a seam makes it impossible or impractical to test using the air pressure
test. The Geomembrane Contractor shall follow the following procedures:
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if testing a fusion weld trim excess overlap from the seam edges

s Wet the area to be tested with a socapy liquid solution

» Place the vacuum box assembly over the wetted area and apply sufficient pressure to
"seat” the box on the test area

» Create a vacuum of 3 to 5 psi to the box, using the pressure gauge on the box to
observe pressure readings

¢ Once a tight seal is verified, observe the area for approximately 15 seconds looking for
recurring soap bubbles on the seam

¢ |If leaks (bubbles) are observed, mark the location of each leak for repair

e [f no leaks are detected, release the pressure on the vacuum box and move to the next
adjacent test location maintaining a minimum 3-inch overlap if applicable

e Maintain a record of appropriate test information on a Non-Destructive Test Log similar

to the one included in Appendix A

If specific locations exist where non-destructive testing is not possible or practical, seams will be
tested by an alternate method accepted by the CQA Engineer.

4.3.4 Destructive Testing

Destructive testing is conducted to evaluate the strength of welded seams. Destructive testing
should be minimized to preserve the integrity of the liner system. Destructive test samples will
be taken at an average of once per 500 feet of seam length. The Geomembrane Contractor will
foliow the following procedures:

o The CQA Inspector will identify seam locations to be sampled and tested. All destructive
sample locations will be marked on the geomembrane liner, indicating appropriate
information including test number, seams tested and date.

« The Geomembrane Contractor will cut three samples at the selected location: one each
for the Geomembrane Contractor, the CQA Inspector, and the Owner's archive. Each
sample will be a minimum of 12 inches wide by 18 inches long (or according to minimum
iaboratory requirements) with the seam centered lengthwise. For fusion welded seams
the geomembrane contractor will field test fifteen (15) 1-inch wide test specimens, ten
{10) for peel strength and five (5) for shear strength per UWL cell. Five (5) of the peel
specimens must come from the top weld, and five (5) must come from the bottom weld.
For extrusion welded seams the geomembrane contractor will field test ten (10) 1-inch
wide test specimens, five (5) for peel strength and five (5) for shear strength. Welded
seam tested strengths must equal or exceed the requirements of the Geosynthetic
Institute (GSI} Test Method GM19 (10/3/2011) for 60-mil HDPE component of the
composite liner and the 40 mil HDPE component of the final cover system.

Shear Test

o All five test specimens must meet or exceed the required bonded seam strength
for either hot wedge seams or extrusion fillet seams, whichever is appropriate
o Shear percent elongation should exceed 50% at break
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Peel Test

o All ten (or five out of five) test specimens must meet or exceed the required
bonded seam strength for either hot wedge seams or extrusion fillet seams,
whichever is appropriate

o Peel separation (incursion depth) should not exceed 25%

e« The Owner or CQA Inspector will coordinate with an independent third-party laboratory
to perform the same test procedures on the samples retained by the CQA Inspector.

o Failing tests will be addressed by the procedures outlined below. Such criteria will apply
to both the field tests and the third-party [aboratory tests. Should environmental
conditions during testing detrimentally affect field test results, the laboratory tests will
govern

o The CQA Inspector will document pertinent destructive test information on a Destructive
Test Log similar to the one in Appendix A

Procedures for Destructive Test Failure:

o Two additional destructive samples will be taken one on each side of the failed
test location at least 10 feet from its location

o The same testing procedures as described above will be followed to determine
whether the additional samples pass or fail

o If the additional tests pass, the portion of the seam between two passing test
locations will either be reconstructed or cap stripped

o If either of the additional tests fails, the process will be repeated until a seam
length is bounded by two passing tests. At that point, the seam between the two
passing test locations will either be reconstructed or cap stripped

o All repaired or replaced seams will be non-destructively tested to verify their
integrity. Repairs will be noted on a Repair Report Form similar to the one found
in Appendix A

4.3.5 Defects and Repairs

The CQA Inspector and Geomembrane Contractor will monitor the geomembrane liner and
seams for defects, holes, blisters, and signs of damage during installation. Portions of the
geomembrane or seams that show flaws, destructive test locations, and portions of seams that
fail destructive or non-destructive tests will be repaired. Repairs will be completed using
patching, extrusion welding, cap stripping, or other means approved by the CQA Inspector.
Repairs will be non-destructively tested using methods described in Section 4.3.3 and
documented on a Repair Report Form similar to the one in Appendix A.
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5.0 GEOTEXTILE

Geotextile fabric required for the project will be installed by a qualified third-party contractor.

Geotextile fabric required for the project will be installed and tested in accordance with the
approved permit documents and the manufacturer's guidelines, standards and specifications.
Care will be used during construction to ensure that geotextile materials are not damaged.
Geotextile filter fabric panels that are placed will be overlapped and bonded together to maintain
placement in accordance with the manufacturers or suppliers standard for bonding of adjacent
panels of geotextile.

The CQA Engineer or his representative will log all rolls of geotextile material that arrives on site
and review the manufacturer's QC certification documentation. Each roll will be documented on
a Material Inventory Log similar fo that found in Appendix A. Storage of geotextile material will
be in @ manner that reasonably protects the material from puncture, denting, deformation of
rolls, and other damaging situations prior to its deployment. UV sensitive geosynthetics will be
stored in undamaged opaque coverings and protected from standing water during storage.
Photo documentation of geotextile storage, installation, and repair procedures will be included in
the final CQA Report.

5.1 Materials Conformance Testing

Prior to installation the contractor will supply the CQA Engineer with MQC and MQA information
and testing documentation on the supplied materials conformance with the design specifications
for geotextiles or the CQA Engineer shall obtain one geotextile sample per 100,000 square feet
of material to be installed for MQA testing. The following MQC and MQA tests will be performed
to verify that the geotextile conforms to the project specifications:

o Mass per unit area (ASTM D 5261/ASTM D 3776); Thickness (ASTM D 5199)

o Grab Tensile (ASTM D 4632)

o Permittivity (ASTM D 4491} (if material is to be used as a filter layer)

o Apparent Opening Size (ASTM D 4751) (if material is to be used as a filter layer)
s Shear strength properties of interface with other gecsynthetics, CCPs and soils

For each of the properties listed above, the material shall meet current industry standards for
the geotextile material type (e.g., woven, non-woven) and unit weight. Deviations from this
testing protocol due to changes in test methods or industry standards shall be allowed with the
approval of the CQA Engineer.

5.2 Construction Procedures

In general, the geotextile will be installed according to the manufacturer's recommendations and
the project specifications. Proper documentation of the installation will be provided. At a
minimum, the following guidelines shall be followed:
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Deployed geotextile will be weighted at its edges during times of excessive wind

Care will be taken when cutiing geotextile in place to not cut or damage other associated
geosynthetic materials

Care will be taken to avoid frapping rocks or other sharp objects between geotextile and
geomembrane layers

Tears or rips in geolextile materials will be patched with like geotextile material
Geotextiles may be overlapped, stapled, sewn or fusion weided in accordance with the
manufacturer's instructions and project specifications
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6.0 LEACHATE COLLECTION SYSTEM

The two primary components of the leachate collection system include the aggregate drainage
layer or geocomposite drainage net and associated leachate collection pipes. This section
covers material conformance testing and general CQA requirements to ensure the leachate
collection system is constructed in accordance with the construction and permit documents.
Material conformance testing and general CQA observations required for the geocomposite
drainage net are discussed in Section 7.0 of this report.

6.1 Aggregate Drainage Layer

Aggregate to be used in the drainage iayer will be non-carbonate, well-graded aggregate with a
minimum permeability of 0.25 cm/sec and particle diameter of 0.425 mm to13.0 mm. Aggregate
placement/spreading techniques that minimize the potential for damage to the underlying
geomembrane liner will be used. Specifically, aggregate will be placed by advancing the
aggregate in fingers across the geotexiile cushion layer overlying the geomembrane. Low
ground pressure equipment such as a lightweight, wide-tracked dozer will be used for spreading
the aggregate. During aggregate drainage layer installation, periodic visits to the site will be
made by the CQA Inspector to observe and document installation procedures.

Prior to placement of the aggregate, representative samples of the stockpiled materials
proposed for use will be collected and tested. One sample shall be taken from for every 5,000
CY of aggregate. This testing shall verify that the aggregates to be used for construction meet
project specifications as determined by this pre-qualification testing. The following tests may be
performed as prescribed by the CQA Engineer:

Test Method Test Description
ASTM C 136 Test Method for Sieve Analysis of Fine and Coarse Aggregates
ASTM C 117 Standard Test Method for Materials Finer than 75-um (No. 200} Sieve in

Mineral Aggregates by Washing

ASTM D 5084 Hydraulic Conductivity of Saturated Porous Materials Using a Flexible
Wall Permeameter

An independent surveyor licensed to practice in the state of Missouri will verify the thickness of
the aggregate drainage layer. The surveyor will be independent of the landfill contract operator,
construction contractor, Owner, or permit holder. The surveyor may be employed by the CQA
Engineer. Following completion of the aggregate drainage layer, a final survey shall be
completed on a minimum 100-foot grid system and at 100 foot intervals at along the perimeter
to document the top of aggregate elevations. These survey points will be in the same general
locations as the subgrade and top-of-clay-liner surveys to allow calculation of drainage layer
thickness. Acceptable tolerances for surveying shail be 0.1 foot for elevations and +1.0 foot for
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horizontal coordinates. All results must indicate an aggregate drainage layer thickness equal to
or greater than that required by the plans and specifications.

Once the non-carbonate gravel is in place, a geotextile filter will be laid over the top of the
gravel and then covered with a single 12 inch layer of aggregate protective cover, to protect the
liner, drainage tayer, and pipes from damage during construction and initial filling operations.

6.2 Leachate Collection Piping

Leachate collection piping will be instalied in accordance with the approved permit documents.
The CQA Inspector will observe the placement of the piping to verify that the appropriate slope
on the pipe has been achieved. Additionally, visual observation of piping connections will be
made to document proper connection of pipe segments and orientation of perforated pipe,
where applicable. The placement location of the leachate collection system piping will be
documented by a survey by the CQA Engineer or Independent Surveyor at minimum intervals of
100 feet laterally along the pipe length and at changes in horizontal or vertical direction.
Acceptable tolerances for surveying shall be 0.1 foot for elevations and +1.0 foot for horizontal
coordinates. The survey locations will be used to verify the pipe has the appropriate slope.
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7.0 GEOCOMPOSITE

Geocomposite material may be installed as an alternate leachate drainage layer instead of the
aggregate drainage layer over the geomembrane liner. Geocomposite material will be instailed
by a qualified contractor. The geocomposite manufacturer will develop a panel layout diagram
in accordance with industry standards for the ieachate drainage layer as shown on the plan
sheets. The manufacturer will provide the panel layout diagram of the geocomposite drainage
layer to the CQA Engineer.

Geocomposite material will be tested and installed in accordance with the approved permit
documents and manufacturer's installation instructions. Care must be used during construction
to ensure that geocomposite materials and geomembrane layer are not damaged.

The CQA Engineer or his representative will log all rolls of geocomposite material that arrive on
site and review the manufacturer's QC cerification documentation. Each roll will be
documented on a Material Inventory Log similar to that found in Appendix A. Storage of
geocompaosite material will be in a manner that reasonably protects the material from puncture,
denting, deformation of rolls, and other damaging situations prior to its deployment. UV
sensitive geosynthetics will be stored in undamaged opaque coverings and protected from
standing water during storage. Photo documentation of the geocomposite drainage layer
storage, installation, and repair procedures will be included in the final CQA Report.

7.1 Materials Conformance Testing

Prior to installation of the geocomposite, the CQA Engineer shall obtain one geocomposite
sample per 100,000 square feet of material to be installed for materials conformance testing or
obtain equivalent MQA and MQC materials conformance testing from the supplier or installer.
The following materials conformance tests and results shall verify that the geocomposite
material conforms to the project specifications:

e Ply Adhesion (ASTM D 413)
o Thickness (ASTM D 5109)
e Transmissivity (every fifth sample) (ASTM D 4716)

For each of the properties listed above, the material shall meet current industry standards for
the geocomposite material type. Deviations from this testing protocol due to changes in test
methods or industry standards will be approved by the CQA Engineer.

7.2 Construction Procedures

In general, the geocomposite will be installed in compliance with the manufacturer's
requirements and the project specifications. Proper documentation of the installation will be
required. At a minimum, the following guidelines will be followed:

= Deployed geoccomposite will be weighted at its edges during times of excessive wind
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Geocomposite to be deployed on slopes will first be anchored and rolled down the slope
in a controlled manner

Geocomposite will not be deployed horizontally across slopes unless approved by the
CQA Engineer

Care will be taken when cutting geocomposite in place to not cut or damage other
associated geosynthetic materials

Care will be taken to avoid trapping rocks or other sharp objects between geocomposite
and geomembrane layers

Tears or rips in the geotextile portion of the geocomposite will be patched with like
geocomposite material. Patches will be a minimum of 2 feet beyond the edges of the
hole or tear

Adjacent geocomposite rolls will be joined according to project specifications and
manufacturer’s instructions. At a minimum the following procedures will be followed:

Tears or rips in geotextile portion of the geocomposite will be patched with like
geocompaosite material

Adjacent edges of the geonet along the length of the geocomposite roll will be placed
with the edges of each geonet overlapping each other by 4 inches minimum

The adjacent edges will be joined by tying the geonet structure with plastic {not metal)
cable ties spaced every 5 feet along the roll length

Adijoining geocomposite rolls (end to end) across the roll width should be shingled down
in the direction of the slope, with the geonet portion of the fop overlapping the geonet
portion of the bottom geocomposite a minimum of 12 inches across the rolf width

Where the geocompaosite is anchored in an anchor trench, the geonet portion shouid be
tied every 6 inches along the geocomposite edges
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8.0 PROTECTIVE COVER

This section covers material conformance testing and general CQA requirements to ensure the
aggregate protective cover layer is constructed in accordance with the construction and permit
documents.

8.1 Aggregate Protective Cover Layer

The aggregate protective cover layer shall consist of well-graded non-carbonate aggregate with
a particle size between 9.5 mm and 0.075 mm, with O to 10 percent passing the No. 100 U.S.
Sieve, a ds; particle size of approximately 0.5 to 0.9 mm, and a dys particle size of approximately
0.2 to 0.4 mm. Aggregate protective cover placement/spreading technigues that minimize the
potential for damage to the underlying geotextile layer and aggregate drainage layer will be
used. Specifically, aggregate protective cover wiil be placed by advancing the aggregate in
fingers across the underlying geotextile filter layer. Low ground pressure equipment such as a
lightweight, wide-tracked dozer will be used for spreading the aggregate. During aggregate
prolective cover layer installation, periodic visits to the site will be made by the CQA Inspector to
observe and document installation procedures.

Prior to placement of the protective cover layer aggregate, representative samples of the
stockpiled materials proposed for use will be collected and tested. One sample will be taken
from for every 5,000 CY of aggregate. Testing will verify that the aggregates meet project
specifications as determined by this pre-qualification testing. The following tests may be
performed as prescribed by the CQA Engineer:

Test Method Test Description
ASTM C 136 Test Method for Sieve Analysis of Fine and Coarse Aggregates
ASTM C 117 Standard Test Method for Materials Finer than 75-pm (No. 200) Sieve in

Mineral Aggregates by Washing

ASTM D 5084 Hydraulic Conductivity of Saturated Porous Materials Using a Flexible
Wall Permeameter

An independent surveyor licensed to practice in the state of Missouri will verify the thickness of
the aggregate protective cover layer. The surveyor will be independent of the landfill contract
operator, construction contractor, Owner, or permit holder. The surveyor may be employed by
the CQA Engineer. Following completion of the aggregate protective cover layer, a final survey
will be completed on a minimum 100-foot grid system and at 100 foot intervals along the
perimeter to document the top of aggregate protective cover layer elevations. These survey
points will be in the same general locations as the subgrade and top-of-clay-liner surveys to
allow calculation of protective cover layer thickness. Acceptable tolerances for surveying shall
be +0.1 foot for elevations and £1.0 foot for horizontal coordinates. . All results should show an

D5



Construction Quality Assurance Plan
Utility Waste Landfill
Ameren Missouri Labadie Energy Center

December 2012
aggregate protective layer thickness equal to or greater than that required by the plans and
specifications.
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9.0 FINAL COVER CONSTRUCTION

The final cover system will consist of two (2) feet of soil cover overlying a geotextile layer
overlying a 40 mil thick HDPE geomembrane layer on the final top and side slopes of the UWL.
The two feet of nominally compacted soil of the final cover system will be constructed and
tested in accordance with the approved permit documents and this CQA Plan. This section
covers material conformance testing, general construction procedures, and testing
requirements.

9.1 Materials Conformance Testing

Prior to construction of the nominally compacted soil component of the side slope final cover
system, representative samples of the soil materials proposed for use will be collected and
tested to verify that the soils meet the project specifications determined by the pre-qualification
testing. The soils utilized for the final cover system shall consist of soils classified as CH, CL,
ML, SC, and MH soils types according to the Unified Soil Classification System. The CQA
Engineer will verify that the soil selected for use in the final cover and the associated placement
ranges are capable of meeting the minimum shear strength properties, both internal and
interface with geosynthetics and soils, utilized in the geotechnical design (reference Appendix J
of the Construction Permit Application). Soil used for the nominally compacted soil layer on the
side slopes and top should be adequate to establish and support vegetation.

9.2 Nominally Compacted Soil Construction Procedures

The nominally compacted soil layer of the final cover system will be placed over the geotextile
cushion layer above the 40-mil smooth and textured HDPE geomembranes on the final top
portion and the side slopes of the UWL. The soil used for the nominally compacted layer should
be adequate to establish and support vegetation.

9.3 Quality Assurance

The quality assurance monitoring and testing program for the nominally compacted layer of the
final cover system utilizes the same program as that of the compacted clay liner (see Section
3.5). Thickness verification will be completed for the nominally compacted scil portions of the
final cover as described in Section 3.6.
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10.0 MISCELLANEOUS HDPE PIPING

This section applies to miscellaneous HDPE piping, including stormwater and leachate transport
lines and pump intake lines.

10.1 Butt, Heat Fusion Welds

All HDPE pipe and fittings shall be joined using butt, heat fusion welds. All joints will be made in
compliance with the manufacturer's recommended practice for heater surface temperature,
heating time, applied pressure and cooling time, subject to the CQA Engineer's approval. All
joints will be made by trained technicians qualified by the manufacturer and using equipment
and controlled procedures approved by the manufacturer.

Pipe joints will be stronger than the pipe itself under both tension and hydrostatic loading
conditions. The joints will be leak-tight, homogeneous and uniform throughout. The contractor
will submit written documentation certifying compliance with the manufacturer's standard
specifications and CQA plan for the butt, heat fusion technique.
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11.0 REPORTING

Proper documentation of the CQA process is an important aspect of construction
documentation. In addition to the completion of the forms and logs mentioned previously, the
following reports will be completed.

11.1 Daily Reports

The CQA Inspector will provide daily written reports to the CQA Engineer during the days when
inspections are made. These reports will include information about the work accomplished each
day; tests and observations that were made; and descriptions of the adequacy of the work
performed. The reports will include the following as appropriate:

e Date, project name, location, cell involved in construction, equipment utilized, and
personnel involved in major activities

= Description of weather conditions, including temperature, cloud cover, and precipitation

e Description of the type of construction, inspection, and testing activity for the day

s Location of construction activity for the day

o Location of tests completed

o Discussion of construction methods (i.e., equipment make/model, number of compactor
passes, etc.) as they relate to the previous cell or test pad construction

¢ Results of construction activity (i.e., first lift completed, sump completed, etc.)

= Description of construction materials used including reference to certifications, test
results, etc.

e Location of observation activity or location from which the sample(s) were obtained:
Standard methods and frequency used for tests

o Results of testing performed (passing or failing); Equipment calibration results

¢ Construction or testing problems and required actions

« Photographic documentation of construction progress including time, date, location, and
name of photographer

» Signature of the CQA Inspector

Appendix A includes example CQA forms, which provide an acceptable format the required
information that may be used by the CQA Engineer, including:

e Daily Activities Field Report

= Nuclear Density Gauge Test Record
e« Material Inventory Log

s Panel Placement Log

s Trial Weld Log

s Panel Seaming Log

o Non-Destructive Test Log

o Destructive Test Log
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e Repair Log

These forms may be modified based on the final project features requiring CQA/CQC oversight.

11.2 Design Change Documentation

On occasion it may be necessary to modify the design during construction activities. The
Owner, MDNR-SWMP, and IPRE must approve changes to the design or deviation from the
permit documents.

11.3 Deviation from CQA Plan

During the course of construction, deviations from the CQA Plan may be necessary due to
various construction issues, permit modifications, regulatory changes, new technology, or
changes to accepted standards. Deviations from this CQA Plan will be documented and
approved by the Owner and the CQA Engineer.

11.4 Final Documentation Report

At the completion of each cell's liner and leachate collection system construction, or closure of
specified area of the landfill, the CQA Engineer will prepare a final CQA Report for submittal
with the initial cell's Operating Permit Application (or the Request for Authorization to Operate
for subsequent cells) to the MDNR-SWMP and Frankiin County. This report will bear the CQA
Engineer's Missouri Professional Engineer's seal and date. The CQA Report will contain the
following information:

o A certification (signed, sealed, and dated) by the CQA Engineer stating that the
construction of the cell has been completed in substantial compliance with the
engineering design, CQA Plan and the facility Construction Permit

e As-built drawings (signed, sealed, and dated) by the CQA Engineer or the licensed
survey certification (signed, sealed, and dated) by a Missouri registered land surveyor or
a Missouri Professional Engineer

o CQA field data and laboratory test resuits

e CQA inspection records and photographs

The final CQA Report and Operating Permit Application will be submitted to the MDNR-SWMP
prior to the cell receiving its first load of waste.
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DAILY FIELD ACTIVITIES REPORT

Client Nama: Date:
Start Time:

Stop Time:

Project Location:

Task:

Weather information

Contractors, Personnel, and Equipment On Site

Work Areas/Boundaries

Testina Equipment Used/Observed and Calibration/Re-Calibration Documentation

Tests Completed/Observed

Work CommentsIObsar;.rations and Test Results

CQA Monitoring Technician




Nuclear

Density Gauge Test Record e i—

Client Name:
Project Name: Material Designation:
Target Dry Density: Slandard Density:
Project Number: Target Moislure Range: Standard Moisture:
Project Location: Target Percent Compaction:
Lift Probe Wet Water Dry Water Percent
Test-Lift Material Range ) Depth Density Weight Density Content | Compaction Pass/
Number Designation {in.} Location (in.} {pef) {ibs.) {pch) {%) {%) Fail




Material Inventory Record

Date

Page of
CQA Techniclan

Client Name; Project Nama:
Project Location:

Project Number:
Material Type:

Roll Size
Date Roli Lot/ Width Length Area QC Docs Date
Received No. Balch (it {ft) (sq. ) | Received Used Remarks




Panel Placement Record

Client Name:

Project Location:

Date .F’age of

CQA Technictan

Project Name:

Project Number:

Pane! Roll Panel Panel
Time Number Number Length (ft) | widih () Panel Location/Comments




Trial Weld Record

Date Page of
COA Technictan
Client Name: Specifications: mij
Praject Name:
Wedge Extrusion
Project Number: Peel (P) = =
Project Localion: Shear {3} = =
of bones
Trial Weid Ambient | Inslallers | Machine | Machine Waeld Seamer Test Values Fass/ | Type of
Number Tima Temp Qc Number {Properiies Type Initials Ibsfinch Fall Maleriat Comments

S NP

—

G UW'UM‘EOU'UW"GO‘!'UCD'UU!'&M"UCO'UW"UW?UJ'UG?“UCD‘HCO'UU!'UW"G




Seam/Non-Destructive Test Record

Date

Page of
COA Tectwichan
Client Name; Project Name;
Project Locatlon:
Project Number:
Seaming Information Non-Destruclive Tesling Information
Seam Seam | Seamer| Machinel Trial Direction | Westher/| Destrugt Date { Addn'l | Tester FPressure Time Vacuum Location/
Time Number Lenglh; Initials | Number | Weld # | Seamed Temp | Number{ Comments Tosled | Test#'s] Initiats | Start] Endg [+l 5tant End| PIF | Box PIF] . Comments

S N

..-.-{




] . Date Page of
Non-Destructive Test Record COR Technizan
Client Name: Project Name:
Project Location:
Project Number:
Test Seam Tester Pressure Time Vacuum
Number | Number Initials . Start - End H- Slar End PIF Box PIF Location/Comments

——— ]




B Dals Page of
Destructive Test Record CaR Tachician
Client Name: Specifications: mil
Project Nama:
Wedge Extrusion
Project Number: Peel(P) = =
Project Location: Shear(S) = =
of bones
Sample | Inslaller's| Seam Weld Machine | Seamer Test Values Field Lab
D QG Number Type Number | Inifials . tbsfinch Pass/Fail | Pass/Fail Location

S RNPLE

B U

| 3] 0{ 3 0RO U WD U)W 0] "0 | T T A D[ O] ULl "0 W 0| W3 T B3 011 02 U

P—




Re pa E r Reco rd D?Il(a).ﬂ Tecﬁnlcian P o

Client Name:

Project Name:
Project Location:

Project Number:

Repair Panel/ Repair | Machine | Repair Repair Test Trial Weld] Tester Tes.l

Number | Seam Crew Number Type Size Date Number | initials P/F Location/Comments

S W\P\’E
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1.0 INTRODUCTION

This sampling and analysis plan (SAP) has been prepared by GREDELL Engineering
Resources, Inc. for the proposed Ameren Missouri Labadie Utility Waste Landfill, located
adjacent to the Labadie Energy Center and approximately two and one-haif miles northeast
of the town of Labadie and immediately southeast of the Missouri River in northeast
Franklin County, Missouri. The proposed utility waste disposal area and surrounding areas
to the north, south, and east are currently used primarily for agricultural (row-crop)
production. The Labadie Energy Center is located immediately to the west. Labadie
Bottom Road marks the approximate western boundary of the site and Davis Road marks
the eastern boundary of the site. The general iocation is shown on Figure 1.

The SAP has been prepared consistent with the rules and regulations promulgated by the
Missouri Department of Natural Resources Solid Waste Management Program (SWMP)
and the Division of Geology and Land Survey (DGLS), found under 10 CSR 80-
11.010(11)}C)2. through 10 CSR 80-11.010(11)}C)6. and 10 CSR 23-4, respectively. This
SAP includes the following information: QA/QC procedures to be followed during both field
sampling and laboratory analyses; groundwater sample preservation and shipment
procedures; a chain-of-custody procedure; and discussion of statistical methods to be
followed in the evaluation of groundwater samples gathered in accordance with this plan.
Site-specific technical reports were also consulted during development of this plan. They

include:

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 GREDELL Engineering Rescurces, Inc. and Reitz
& Jens, Inc.

Construction Permit Application for Utility Waste Landfill, Ameren Missouri Labadie
Energy Center, prepared by Reitz & Jens, Inc. and GREDELL Engineering
Resources, Inc.

This SAFP is being submitted as an appendix to the solid waste disposal area construction
permit application referenced above. The SAP focuses on the implementation of
appropriate sampling and analysis procedures for the establishment of a groundwater
detection monitoring system at the proposed utility waste landfill. This SAP will help
ensure that the landfill development proceeds in an environmentally socund fashion,
consistent with Solid Waste Management Law and Rules.
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2.0 FACILITY LOCATION

The proposed Labadie UWL is located within the alluvial floodplain of the Missouri River in
northeastern Franklin County approximately two and one-half miles northeast of the town
of Labadie and six miles north of intersection of State Hwy 100 and Interstate 44 (Figure
1). The National Geodetic Survey indicates the site lies within the northwestern part of
Township 44 North, Range 2 East. Portions of the area are part of the “historic” Spanish
Land Grant survey system identified as “SUR”. The site is located within sections 17 and
20, SUR 384, and SUR 1735. The site has had a historica! land use of agriculture.

Groundwater levels are largely influenced by fluctuations in Missouri River level. Depth to
groundwater is relatively shallow and varies from two to 13 feet, but levels were noted in
some instances to rise up to, and during infrequent high-river stages, may slightly exceed
ground surface elevation. Hydraulic gradients are also shallow. Minimum values range
from 1.990 x 10 ft/ft to 6.161 x 107 fuft {0.015 to 0.33 ft/mi). Maximum values range from
3.517 x 107 fi/ft to 5.534 x 107 ft/ft (3 to 18 ft/mi). Calculated hydraulic conductivity values
range from 9.47 x 107 to 2.15 x 107 fest per minute (ftYmin), and average 4.91 x 107
ft/min. These values fall within the range of hydraulic conductivity values typically ascribed
to coarse and medium sand deposits.
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3.0 FACILITY BACKGROUND

The Ameren Missouri Labadie Utility Waste Landfill is being proposed as a landfill site to
accommodate the waste generated from the flue gas desulfurization units, fly ash, and
bottom ash.

The proposed UWL covers a waste boundary area of approximately 166.5 acres of the
813-acre landfill permit boundary within the Ameren Missouri Labadie Energy Center
Property. The entire site is zoned by Franklin County as Agricultural Non-Urban (ANU).
Improvements within the Labadie UWL permit boundary include the 166.5-acre waste
disposal area, stormwater management ponds permitted separately as no discharge
wastewater facilities under Missourj Clean Water Law, soil stockpile areas, flood protection
berms, perimeter stormwater control structures, site access roads, perimeter security
fencing, buffer zones, and groundwater monitoring. '

in order to ensure that groundwater is protected a series of groundwater monitoring weils are
proposed for installation both upgradient and downgradient of the UWL. Periodic sampling of
the groundwater monitoring well system is required under Missouri's Solid Waste Management
Regulations, 10 CSR 80-11.010{11).
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40 PROPOSED GROUNDWATER MONITORING SYSTEM

The proposed groundwater monitoring system consists of 28 permanent wells and one
temporary well (Figure 2). Each well will monitor shallow groundwater contained within the
unconfined alluvial aquifer that underlies the site as recommended in the Detailed Site
Investigation. The wells that generally are downgradient from waste disposal boundaries
are designated MW-1 through MW-21. The wells that generaily are upgradient from waste
disposal boundaries are designated MW-22 through MW-28. Individual well location and
depth information is summarized in Table 1. The table also lists a temporary monitoring
well (TMW-1) that will serve as a “sentry” for the initial operations within Cell 1. It will be
used to supplement water quality data derived from the permanent downgradient wells
located along the eastern perimeter of Cell 3.

Justification for the location of the proposed permanent well system is presented in
Appendix X of the Construction Permit application. The proposed wells will be installed
prior to acceptance of waste. TMW-1 will be removed when Cell 3 becomes operational.

41 Well Construction

All monitoring well drilling and construction will be completed in accordance with the
Missouri Monitoring Well Construction Code of regulations found in 10 CSR 23-4. A typical
monitoring well construction detail for the proposed well installation is provided as Figure 3.
Well depths will be in general accordance with Table 1 to ensure full submersion of each
10-ft screen interval. Some allowances may have to be made in actual well location to
ensure they do not conflict with planned landfill development, terrain or subsurface
irregularities, overhead power lines, or similar encumbrances. This in turn will affect actual
well depths, which are based on ground surface elevations.

Drilling and well construction will be completed by a properly permitted monitoring well
installation contractor.  Drilling logs and monitoring well construction details will be
completed subsequent to installation activities and inserted into Appendix 1 of this SAP at
a later date.

Proposed monitoring wells will be located such that reasonable access can be gained for
the purpose of maintenance and repairs. The surrounding natural drainage will not be
impaired. Each well will be placed so as to facilitate surface water drainage surrounding
the well.

4.2 Well Development or Redevelopment

Each well will be developed with the use of either disposal bailers or a non-dedicated,
submersible pump. In no event will the method used introduce any contaminants into the
wells. A minimum of three well volumes of water will be removed or until the well is
effectively “dry”. A “well volume” includes both the filter pack and casing, as measured
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from the base of the well to the initial static water level. In addition, the volume of potable
water introduced into the well bore while drilling and/or constructing the well, if any, will be
removed.

Field measurements of groundwater temperature, pH, and specific conductivity will be
recorded during the development process. Field measurements will continue until both
temperature and specific conductivity have stabilized to within ten percent between three
successive readings. Similarly, pH readings should stabilize within 0.2 pH units.

In addition to the above, development records will include documentation of both pre- and
post-development water levels. Final clarity of the water will also be noted.

Redevelopment will be undertaken when 20 percent of the well screen is occluded by
sediments, as determined during routine measurements of the depth of the well taken
during field sampling events.
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5.0 SAMPLING FREQUENCY - DETECTION MONITORING

Detection monitoring is required at all monitoring wells. The sampling frequency required
by 10 CSR 80-11.010(11}C} is twice yearly during the months of May and November,
except for initial background water quality monitoring following well installation and prior to
operation. The rule requires a minimum of four independent samples to be collected from
each well. This requirement ailows identification of background concentrations contained
in the shallow alluviai aquifer using a statistically valid number of sampling events.
Background water quality data are critical to identify in order to allow comparison with
subsequent sample analysis to determine if statistically significant increases in target
contaminants are present within the groundwater.

The proposed schedule for background water quality sampling at the Ameren Missouri
Labadie Utility Waste Landfill is presented in Table 2. The intent of the schedule is to
provide eight independent rounds of background data prior to the start of operations. The
eight sets of data (from the four minimum sampling events required by the rule plus four
additional sampling events) will better define the spatial variability of groundwater quality
across the footprint of the disposal area. The degree of spatial variability will ultimately
determine the statistical approach to be used in the evaluation of detection monitoring
results.

Detection Monitoring will include analysis of the parameters listed in Appendix 1 of 10 CSR
80-11.01C. Those parameters are listed for reference in Appendix 2.
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6.0 FIELD SAMPLING EQUIPMENT - QA/QC PROCEDURES

All field personnel must read and familiarize themselves with the protocol established in
this section. All personnel involved in the sampling process must wear Level D Protective
clothing as defined by OSHA. This includes, but is not limited to, safety boots/shoes,
safety glasses, and disposable gloves. No smoking is allowed during sampiing. A first aid
kit must be accessible to field personnel during each well sampling event.

The following equipment, at a minimum, will be available in the field during each sampling
event: purging and sampling equipment, both dedicated and non-dedicated; an electronic
water level measurement device, pH, temperature, specific conductivity, oxidation-
reduction potential (ORP), and turbidity meters; sample containers, and coolers.

The probes and attachments of each pH, temperature, specific conductivity, oxidation-
reduction potential (ORP), and turbidity meter will be hand washed in a laboratory grade,
non-phosphate detergent, followed by a triple rinse in distilled water. The meters will then
be calibrated in accordance with manufacturer's recommendations or as otherwise
specified in the Field Equipment Calibration Forms and Procedures included in Appendix 3.
Any malfunction will be corrected or the meter will be replaced.

Sample containers will be pre-cleaned by the contract laboratory by washing in a faboratory
grade, non-phosphate detergent, triple rinsed in distilled water, and sufficiently dried to
remove all moisture. The sample containers will be checked/inventoried for proper
container volume, material, preservatives, labels and any observed defects (e.g.,
preservative leakage) at the time of receipt from the laboratory and documented on the
Groundwater Sampling Bottle Inventory form (Appendix 4).

Prior to collecting a sample, the following decontamination procedures will be implemented.

1. Purging and Sampling Equipment will be handled and decontaminated as
necessary to prevent contamination of the weills.

a. If non-dedicated purging and sampling equipment is used, it will be
thoroughly decontaminated and tested by collecting an equipment blank
prior to use {see Section 7.4 Equipment Blank).

b. If disposable bailers are used in the purging and sampling of the wells, they
will be new, single-use bailers for each well and purging/sampling event.
Used disposable bailers, even if decontaminated, are not acceptable.

c. H dedicated pumps or bailers are used, care will be taken to prevent cross
contamination.



GROUNDWATER SAMPLING AND ANALYSIS PLAN
Ameren Missouri Labadie Energy Center Utility Waste Landfil}
December 2012

2. Water level measuring device, including sensor probe and the entire length of
graduated tape will be washed in laboratory grade, non-phosphate detergent
followed by a triple rinse in distiled water.

a. As the tape is reeled back onto the carrying spooi, it will be wiped and dried
using clean, dry paper towels.

3. During sampling, carefully iower the purging and sampling equipment into the well,
handling it only with clean, disposable gloves. Do not drop any equipment into the
well. The intake of the sampling equipment should be suspended above the base of
the well to avoid churning of particulate matter within the sump.

4. After each well is sampled or during sampling events, as necessary, disposable
gloves should be discarded, hands washed with soap and water, and fresh
disposable gloves applied before the next sampling.

5. After use, the purging and sampling equipment will be washed in laboratory grade,
non-phosphate detergent followed by a triple rinse with distilled water, prior to any
further use.

6. Should purging and sampling equipment malfunction or not be available for use
during the sampiing event, substitute equipment or a bailer may be used.

7. All handiing of the bailer will be with clean disposabie gloves. Gloves must be
changed as often as necessary, particularly if contact is made with other
substances during the bailing process. The bailer must not be allowed to contact
any foreign substance, in which case the bailer will be promptly replaced,
regardiess of condition.

8. Lightweight, high tensile strength line or a similar product used in conjunction with
the disposable bailers or reel systems will be discarded and replaced each time a
well is sampled.

If dedicated pumps are used, care should be taken to prevent any foreign objects from

being part of the sampie. The outside of the sample discharge tubing should be cleaned
to prevent introduction of foreign objects into the sample container.

10
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7.0 GROUNDWATER SAMPLES - QA/QC PROCEDURES

7.1 General

Precautions must be taken during both sampling and shipping procedures to ensure
representative groundwater is obtained. Sample blanks and sample duplicates are
therefore required to guard against and/or identify accidental, “induced” contamination from
these sources. Sample blanks include trip blanks, field blanks, and equipment blanks.
Sample duplicates are self-explanatory, but can include both matrix spike and matrix spike
dupilicates. Each of these quality control features is explained more fully as follows.

7.2  Trip Blanks

Trip blanks are prepared in the laboratory. They are designed to detect contamination
resulting from improper or inadequately cleaned containers, sampie coolers used for
transport, or from chemical preservatives. A trip blank is prepared by filling an
appropriately sized container with distilled water and any applicable chemical preservative.
It is then shipped to the sample site and subsequently accompanies groundwater samples
on the “trip” back to the laboratory. Trip blanks must be clearly identified as such along
with the analyses to be performed on them. At a minimum, one trip blank per sampling
event will be collected.

7.3 Field Blanks

Field blanks are prepared in the field. A field blank is prepared by directly filling an
appropriately sized container with laboratory-supplied deionized water. Field blanks are
used to detect contamination resulting from changed ambient air conditions. They also
serve as a check against trip blanks. Field blanks should be clearly identified in the
sampler’s field notes and appropriately labeled to ensure its later identification in laboratory
analytical results. One field blank will be collected per sampling event.

7.4 Equipment Blanks

Equipment blanks are prepared in the field when non-dedicated sampling equipment is
used. They are used to ensure that non-dedicated equipment is properly decontaminated.
This is accomplished by collecting a sample of distilied water passed through non-
dedicated equipment after they have been decontaminated. Equipment blanks should also
be collected anytime new, dedicated equipment is introduced into the water sampling
precess. Equipment blanks should be clearly identified in the sampler’s field notes and
appropriately labeled to ensure its later identification in laboratory analytical results. At a
minimum, one equipment blank per sampling event will be collected.

7.5 Sample Duplicates

Sample duplicates are independent samples collected as close in time as possible as the
original sample from any given well. They are stored and analyzed separately from the
original sample and are a check on the precision of the sampling and analytical process.

11
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Sample duplicates must immediately follow original sample collection of any given chemical
parameter. Because they serve as a check on the reproducibility of data generated by the
analytical laboratory, labeling should follow a format that does not overtly divulge the true
identity of the sample on the sample labels or on the chain-of-custody sheet. [t should be
clearly identified in the sampler’s field notes and appropriately labeled to ensure its later
identification in laboratory analytical results. One sample duplicate will be collected for
every 20 samples. At a minimum, one sample duplicate per sampling event will be
collected.

7.6  Matrix Spikes

Matrix spikes are prepared in the laboratory by adding a known amount of target analyte to
a sample prior to preparation and analysis. They are used to determine the bias of a
method in a given sample matrix.

7.7  Matrix Spike Dupiicates

Matrix spike duplicates are intra-laboratory split samples containing identical
concentrations of target analytes. They are used to substantiate matrix spike sampies.

12
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8.0 FIELD SAMPLING PROCEDURES

8.1 General

Upon arrival at each monitoring well, its physical condition must be documented. Appendix
5 contains a Monitoring Well Field Inspection form that must be filled out for each well each
time it is sampled. Any irregularities in the condition of the well must be immediately
reported and corrective action implemented prior to the next sampling event.

8.2 Water Level Measurements

The next procedure is to obtain water level measurements. They must be obtained
immediately prior to any attempt to purge the well. All water levels measuring equipment
will be thoroughly decontaminated as previously described and checked for wear and
abrasion prior to use. Clean, disposable gloves will be worn. All measurements must be
recorded to +0.01 foot and should be based on a permanent reference point located at the
top of the well, the elevation of which is established by a licensed surveyor.

Once the sample is coliected, it is also necessary to measure the depth of the well. This is
required to determine if the well screen is partially blocked by sediment, thus inhibiting
recharge. If accumulated sediment obstructs more than twenty percent of the well screen
height, it will be reported and arrangements made to redevelop the well prior to the next
sampling event. Record all data gathered during water level measurements on the Field
Sampling Log form provided in Appendix 6.

Ensure the well cap is clean prior to replacing after measurements are complete. Do not
leave the well cap off for any reason, even for brief periods, unless purging immediately
commences.

8.3 Purging

The next procedure is to purge the wells. There are two potential methods for purging the
wells: Purge/Recover Sampling method; and Low-Flow Sampling method. Each method is
acceptable, if the procedures are diligently followed. Each method is described separately
below. All purge volumes must be documented on the Volume Tracking Log form provided
in Appendix 6.

Purge/Recover Sampling: If using dedicated purge and sampling equipment, the
following paragraph does not apply. If non-dedicated purge and sampling equipment is
used, the wells should be purged in an order that precludes any potential cross-
contamination. Typically, the upgradient wells are purged prior to the downgradient wells.

Purging must occur prior to any sampling, because water standing in the well may be
unrepresentative due to physical and/or chemical alteration. Each well will be purged by
removing at least three well volumes of water or until purge parameters stabilize. A well

13
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volume is considered the sum of the saturated portion of the well casing pius the saturated
portion of the filter pack, which is roughly equivalent fo an effective pore volume of 30
percent. The calculated volumes are based on the height of the water column above the
established base of the well as measured immediately prior to purging. Filter pack heights
must also be known. Well construction information for this facility will be placed in
Appendix 1 following construction of the wells.

Wells will be purged using either dedicated bailers or other suitable purging and sampling
equipment. Al handling of purging equipment will be done wearing clean disposable
gloves. Purge water will be poured into a graduated container sufficient to ailow accurate
measurement of the volume of water cobtained. Once a well volume is obtained,
temperature, specific conductivity, pH, oxidation-reduction potential (ORP) and turbidity will
be recorded. Temperature must be measured first, followed by specific conductance ORP,
pH, and lastly by turbidity. !t is important to measure specific conductance and ORP prior
to pH due to the potential presence of salts on the pH probe unit. All meters will be
calibrated and checked for proper operation foliowing manufacturer’'s recommendations or
as otherwise outlined in Appendix 3. The clarity {turbidity) of the water will be noted.
Cloudy, turbid water must be minimized.

Low—Flow Sampling Method: When using dedicated low flow pumps and automatic
purge parameter sensors, such as the YSI 5083 Flow Cell, the following procedures will be
followed to assess the stability of a water sample. At a minimum, all water will be purged
from the line between the low-flow pump and the automatic sensors. This will be done by
allowing a minimum of one volume within the connecting sampling tubing to flow from the
well before assessing the stability of the water sample.

To be considered stable, the reading from each respective purge parameter sensor will be
compared to the previous two values (collected at least one minute apart), and will be
within the following limits:

o pH +-0.2 S.U.

o Specific Conductance +/- 20 umhos/cm

o Temperature +-1C

o Oxidation-Reduction Potential +/- 20 millivolts

o  Turbidity +/- 1 NTU (optional)

or

o 10 percent for SC, temperature, ORP and turbidity and +/- 0.2 S.U. for
pH

If one-quarter inch (%) tubing is used to connect the low flow pump to the automatic
sensor, it takes cne minute to purge 26 feet of tubing at 250 ml/minute.
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Once sampling is complete, properly dispose of all purge water. Record all purge data on
the Field Sampling Log form provided in Appendix 6.

8.4 Sampling

The next procedure is the actual sampling of the well. As much as practical, sampling
should take place within two hours of the final purge event. In some instances, the
recharge characteristics of the screened interval may be such that the two-hour stipulation
is not feasible. In that event, sampling should be performed nc later than 24 hours after
final purging. Wells should be sampled in the order that precludes as much, to the extent
practical, any potential cross-contamination. Typically, the upgradient wells are purged
prior to the downgradient wells. Samples from each well will be collected in the following
order, based on their sensitivity to volatilization:

e TOX

= TOC

o TDS

o Metals

o Non-metals
s COD

Samples must be carefully decanted into the appropriate sample container. Agitation must
be minimized to avoid altering the chemical makeup of the sample. If well pumps are
being used, care should be taken to prevent any contaminant from the exterior of the
sample tubing from contaminating the water sample. Field filtration of samples is not
allowed under 10 CSR 80-11.010(11}C)2.B. Consequently, sample clarity must be
documented and efforts made to minimize increasing turbidity beyond what naturally
occurs in the well environment. Once a sample is retrieved, it will be preserved according
to the guideline provided in Appendix 4. Samples requiring storage at low temperature will
be immediately placed in coolers packed with ice. The temperature of the storage coolers
will be monitored to ensure appropriate temperatures are maintained. All sampling data
will be documented on the Field Sampling Log form provided in Appendix 8.
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9.0 SAMPLE TRANSPORT AND DELIVERY, CHAIN-OF-CUSTODY

A chain-of-custody procedure is necessary to ensure the integrity of samples from the time
of colflection through delivery and final analysis. A sample is considered in someone’s
custody if:

it is in that person’s physical possession;

In view of that person once he/she has taken possession;

Has been secured by that person so as to prevent tampering, or;

Has been placed by that person in an area restricted to authorized personnel.

N =

Any person with custody as defined above must comply with the procedures established
herein.

Prior to transport, the person collecting the samples must properly label each sample
container and complete a Chain-of-Custody Field Record form. An example chain-of-
custody field record form is provided in Appendix 7. Each label must be secured to the
container and the following information clearly described on the label in indelible marker or
pen:

s Collector's name

¢ Date and time of sampling
e Monitoring Well ID

o Sample D

e Preservative(s) used, if any
o Required analytical test(s)

If the sample cooler(s) used for transport is not tamper proof, each sample container must
also have a tamper proof seal affixed by the collector across the lid. A chain-of-custody
summarizing the samples to be transported is also required. This form should be prepared
by the collector and completed upon final sampling. A copy of the form{s) should
accompany the person responsible for transporting the samples so that it can be included
with the final analytical report as support documentation. The sample collector aiso
initializes the chain-of-custody record process. [t is his/her responsibility to ensure that the
record is maintained upon relinquishment of the samples for transport to the laboratory.

When samples are transported, the carrier assumes responsibility for the chain-of-custody
record and for ensuring safe transport of the samples to the laboratory. The carrier must
recognize the contents of the shipment, the potential hazards they entail, and demonstrate
an understanding of the proper handling precautions to be used during transport. The
carrier is responsible for ensuring that all samples are properly stored to avoid leakage or
breakage. Sample coolers should be checked to ensure required temperatures are
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maintained and any additicnal ice is added as necessary. Do not use dry ice during
transport. The carrier must also ensure that all relevant shipping manifests are properly
and fully completed. Other individuals who might accompany the carrier must be advised
of the nature of the shipment and must not be allowed direct contact with any of the

samples.

Any transfer of samples from one carrier to another must be accompanied by the chain-of-
custody record and the above process repeated prior to relinquishment of the samples.
The carrier must deliver the samples to the laboratory as soon as practicable after
sampling, generally no later than 48 hours. The carrier should ensure that the samples are
delivered to the person in the laboratory qualified to receive samples prior to
relinquishment of the chain-of-cusiody record to that individual.

The laboratory should assign a specific individual to be responsible for the samples. This
individual should first inspect the condition of the sample containers and any seals, and
then reconcile the information on sample labels with that listed on the chain-of-custody
record prior to signing the record. This individual should then assign laboratory numbers to
each sample, enter these numbers on the laboratory logbook and on each sample
container label, and should store the samples in a secured storage area until ready for
analysis. This individual is ultimately responsible for completion of the chain-of-custody
record and for ensuring that it forms part of the final analytical report.
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10.0 ANALYTICAL LABORATORY - REPORTING AND QA/QC
PROCEDURES

The contract laboratory must have the ability to produce reliable quantitative results in
accordance with established protocol. At a minimum, the laboratory must use analytical
methods that will achieve the nominal target reporting limits for the MDNR Appendix |
groundwater monitoring parameters listed in Appendix 2. Adequate levels of accuracy,
precision, and completeness must be maintained.

10.1 Accuracy

Accuracy is defined as the degree of agreement between the measured amount of a
species and the amount actually known to be present, expressed as a percentage. To
achieve an adequate appraisal of accuracy, spikes and/or control samples should be made
for one of every twenty samples analyzed. Minimum levels for accuracy should be listed in
specific laboratory quality assurance plans.

10.2 Precision

Precision is a measure of the reproducibility of analytical results, generally expressed as a
Relative Percent Difference. To achieve an adequate appraisal of precision, duplicate
analyses should be performed for every one in twenty samples. Minimum levels for
precision should be listed in specific laboratory quality assurance plans.

The relative standard deviation is a measure of the variability of the results from an
analytical procedure. The relative standard deviation is calculated by taking the difference
between a sample resuit, x, and the average of sample results from numerous laboratories,
Xpar, TOr each analyte divided by Xua: [(X-Xsar)/Xoar €Xpressed as a percentagel].

The relative percent difference is the difference, by analyte, between the results of
duplicate sample divided by the average value for those samples [(x:-x)/(( x1+ x;)/2)
expressed as a percentage]. It is a measure of the variation in the results of an analyte for
duplicate samples.

if the results for duplicate samples of an analyte for relative percent difference are within
2.5 times the percent relative standard deviation, the analytical data for the parameter may
be accepted as being comparable results. If the resuits of an analyte for duplicate samples
for relative percent difference are not within 2.5 times the percent relative standard
deviation, the results of the analyte should be checked for comparability.

10.3 Completeness

Completeness is a comparison of the amount of valid data acquired to the amount of valid
data planned to be obtained, expressed as a percentage. Should the percentage of
completeness fall below 90 percent for the analytical results of any given sampling event,
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the laboratory should be prepared to present a corrective action narrative prior to receiving
further groundwater samples.

10.4 Reporting Requirements

Minimum reporting requirements for the laboratory responsible for analytical results of
groundwater monitoring well samples are as follows:

1.

A table summary of all analytical test methods used in the analysis, including
references for each to the method manual and test method number.

A summary of all analytical results. This must include use of appropriate units,
reporting Practical Quantitation Limit (PQL), and appropriate signature on all
data sheets. Units must be shown for each analyte. Data cannot be method
blank corrected. Data must be appropriately flagged.

A complete chain-of-custody form(s). A complete form includes name and
affiliation of sample collector, time and date of sampling, and all appropriate
signatures denoting custody changes. The chain-of-custody farm should be an
ariginal or a highly legible copy.

A completed copy of the field sampling log(s} contained in Appendix 6 of this
Sampling and Analysis Plan.

Method detection limits must be established for all metals analysis. Method
blank results are required.

All inorganic results will be accompanied by a Quality Assurance data form that
includes minimum detection limits, method bilanks, field or trip blanks, and lab
replicate. If spiked samples are used, these data will aiso be included.

Supplemental laboratory data will include a summary that chronicles laboratory procedures,
inciuding date of sampling, sample receipt, preservation, preparation, analysis, and
approval signature of the results.

Once laboratory analytical data are received, facility personnel must in turn submit the data
to MDNR-SWMP in report farm for review and comment within 90 days of the date of

sampling.

Information to be contained in the report should include the following:

Clearly state the purpose of the submittal (i.e. either detection or assessment
monitoring).

Supply a copy of field notes, including all field data sheets.
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Provide unaltered copies of the ‘raw” analytical data. A summary table is also
recommended, but cannot take the place of the “raw” data.

Include the completed chain-of-custody form(s}.

Summarize the data validation procedures.

Summarize groundwater fiow direction and hydraulic gradient. Compare and
contrast with previous data. Supply an updated water table (potentiometric)
map prepared by a properly qualified individual.

Provide a statistical analysis summary using approved methods, including
discussion of any statistically significant increase over established background

values.

Note any deviations from the Sampling and Analysis Plan that may have taken
place during the sampling event.

Provide electronic submission of groundwater data in a format and method
prescribed by the MDNR-SWMP.
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11.0 STATISTICAL ANALYSIS

The statistical analysis procedure(s) used for the Ameren Missouri Labadie Utility Waste
Landfill {UWL) were selected tc be consistent with the requirements of 10 CSR 80-
11.010(11)(C)5. The statistical analysis plan below was developed for this facility and is
submitted for review and approval.

This section contains a general discussion of the type of statistics chosen for the facility.
The type of statistics chosen reflects the understanding that the site is located in a flood
plain, and the shallow alluvial groundwater will be monitored.

11.1 Characterization of Well Network and Selection of Statistics

Upon installation of permanent groundwater monitoring wells, the Labadie Energy Center
wilt follow the schedule for sampling shown in Table 2. After eight rounds of background
sampling, a report will be prepared comparing the distribution of data for each parameter in
both the upgradient and downgradient wells. Comparisons may include Box Plots for
median, quartile and extreme values and Kruskal Wallis tests for comparison of
populations at a 0.05 level of significance or other tests as appropriate. If downgradient
well data are not comparable to upgradient well data, intra-well statistics will be considered
for future comparisons. If data from one or more upgradient wells are comparabie to the
downgradient well(s) data, inter-well statistics will be considered for future comparisons.

11.2 Prediction Intervals or Other Statistical Tools

Parametric and non-parametric prediction intervals will be used as discussed below. The
types of statistics to be used include parametric and non-parametric prediction intervals.
For intra-well comparisons, the paramefric and non-parametric prediction intervals will be
defined by the data from previous samples collected at the well being reviewed. For inter-
well comparisons, the parametric and non-parametric prediction intervals will be defined by
the data from previous samples coliected at the upgradient well(s).

Below is a specific discussion on the implementation for the statistics listed above.
Prediction intervals for parametric and non-parametric distributions are recommended.
Most computer statistical software programs include distribution testing with the
appropriate selection of normal, log normal or non-parametric distribution. Some statistical
software programs use the Ladder of Powers concept in an attempt to normalize data.
Prediction intervals may include samples with results below detection limits by using either
the Cohen or Aitchison approximaticns for a limited number of non-detects,

11.3 Choice of Statistical Test for Limited Data

The following restrictions apply to these statistical methods recommended in Section 11.2
depending on the number of samples that have been collected:
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o Sample size < 4 — do not run statistics

¢ Sample size > 4 but £ 8 — may use Poisson Prediction Limit Test or similar tests as
a cursory review of parameter concentrations. Elevated parameters from this test
are not Statistically Significant Increases (SSls), but are parameters that will need
to be looked at more closely when the sample size is greater than 12

e Sample size > 8 — use recommended Statistical methods

11.4 Non-Detects

There are [imitations on the use of statistical procedures if analytical results do not detect a
parameter. Examples are as follows:

o For non-detects = 76 percent and < 100 percent, use a non-parametric inter-well
prediction interval testing with the Upper Prediction Limit {(UPL) = to the largest non-
outlier value.

o For non-detects equal to 100 percent, use a non-parametric prediction interval
testing with the Upper Prediction Limit (UPL) = the Practical Quantitation Limit
(PQL). The analytical laboratory will maintain the lowest PQL practicable.
Significant changes in PQL (+ 25 percent) will be avoided as much as practicable.

+ For non-detects < 25 percent, use PQL divided by two, or Cohen’s Adjustment, and
check for normality. The SWMP may approve use of a median PQL.

e For non-detects 2 25 percent and < 75 percent, use Cohen’s Adjustment or a
modified Aitchison's Adjustment (also known as the maodified delta method), and
check for normality.

11.5 Normality Testing

The purpose of normality testing is to determine whether the background data is normally
distributed or if it can be normalized through transformation. Data that is normally
distributed or that can be normaiized will be evaluated using a parametric statistical tool.
Data that is not normal will be evaluated using a non-parametric statistical tool. Examples
of normality testing incfude:

s For sample population £ 50 — Shapiro-Wilk Test or equivalent
e« For sample population > 50 - Shapiro-Francia Test or equivalent

Show normality testing on at least the original data, data residuals, and natural
logarithmically transformed data or data transformed by the Ladder of Powers concept.

11.6 Outlier Testing

Since most of the software packages available use either the t-test or Dixon’s method for
determining outiiers and neither of these methods can determine muiltiple outliers the
SWMP has developed the following procedure to be used in determining outliers.
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Screen data first by using Probability Plots and Time Series Plots. The Time Series Plot
and the Probability Plots will aid in determining whether there are multiple possible outliers
or a single possible outlier. The time Series Plot is used along with the Probability Plots to
screen for possible outliers, a screening tool. The possible outliers are the points on the
Probability Plots that appear out of alignment with the rest of the data. Care should be
taken when using Probability Piots because non-normal data will also have points out of
alignment as compared to the rest of the data. In addition, the Probability Plots will help
determine if the numerical tests should be evaluated using log-transformations or
transformed by the Ladder of Powers concept.

Determine the Median value for the Data to be processed. The median was chosen
because the median value is not changed by either high or low vaiues. This value is the
screening toof to be used in the steps listed below:

o Use the screening tool to determine what values are possible outliers. The Time
Series Plots could aid in the identification. If the number of possible outliers is
equal to one, run the outlier test on that one value. If there are no possible ouiliers
identified, do not screen for outliers. If there is more than one possible outlier
proceed to the next step.

e Determine if one or more of the possible outliers could mask the other outliers. For
example, for possible outlier values of 194, 290, 332, 838 and 1630, 1630 could
mask 838 as an outlier. When masking can occur, each possibie outlier should be
tested with the other possible outliers not used in the calculations. In the example
given, tag the value of 1630 and then run the outlier test on the value of 838. If the
value 838 is an outlier then the value 1630 would also be an outlier and removed
from the data set as confirmed outlier.

e If the outlier test would be run on the complete data set of 194, 290, 332, 838 and
1630, to determine if 1630 was an outlier, the value of 838 would not be an outlier if
the value 1630 were not an oultlier.

Aiso, when looking at the initial sample values, use the time series plots to determine if
these initial values are within reasonable limits as compared to the other early samples.
Some parameters have high readings the first few times a well is tested and these higher
readings could mask a trend if they are not removed early in the monitoring program.
Simply relying on a computer program to determine outliers without looking at the data
through a visual means can give erroneous results.

There are different outlier tests depending on the number of samples:

o Use only Dixon’'s Test if the sample size is < 25.
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* Use Rosner's Test, if available, only if the sample size is = 20. Rosner’s Test is able
to test for either single or for multiple outliers. Although Rosner’s test avoids the
problem of masking when muiltiple outliers are present in the same data set, it is not
immune to the related problem of swamping. Swamping refers to a block of
measurements all being labeled as outliers even though only some of the
observations are actually outliers. This potential pitfall seems to be in properly
identifying the total number of possible outliers. Following the screening procedure
above should minimize the problem of swamping:

o Outliers can only be excluded for the analytical event in which they are
determined.

o Previously determined outlier results wiil be re-checked when background is
updated to confirm that these results are still outliers and not included in the
background database.

o Last date cutliers of compliance well comparisons must not be excluded
from current analysis.

o Outlier screening will never be applied to the current (future values)
monitoring data of control charts.

Other types of outlier test, besides those mentioned previously, may be used.

11.7 Prediction Interval Testing

When inter-well comparisons are being used, compare inter-well Upper Prediction Limit
(UPL) to each downgradient well's last date value. Inter-well UPL is calculated from all
dates of upgradient well background data.

When using intra-well comparisons, compare the UPL from previous sampling to the
results by constituent of the current round of sampling results by constituent.
11.8 Procedures for Response to Future SSI's

This section contains a general discussion on the re-sampling strategy for any parametric
or non-parametric inter-well prediction interval methods, re-sampling used to verify SSi's.
An S8l is not proven:

e If the pooled background sample size (n) is £ 10, there is one resample out of two
samples that does not show an S8/ for the parameter; or
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if the pooled background sample size (n) is > 10, the single resample does not
show an S8 for the parameter

This sampling strategy is identified in flow charts provided in Appendix 8.

If an SS1 is confirmed, current (1997) Missouri Solid Waste Management Rules require the
following procedures [Reference 10 CSR 80-11.010(11)}C)6].

“6. Response lo statistical analysis.

A.

If the comparison for the upgradient wells shows a stalistically significant increase
(or pH change) over background, the owner/operator shall submit this information
fo the department.

If the comparisons for downgradient wells show a statistically significant increase
(or pH change), resulting from the landfill, over background, the owner/operator
shall within ninely (90) days of the last sampling event obfain additional
groundwater samples from those downgradient wells where a statistically significant
difference was defected, split the samples in two (2), and obtain analyses of all
additional samples to determine whether the significant statistical difference was a
resuft of laboratory error.

If the additional samples show a statisticalfy significant increase (or pH change)
over background, the owner/operator must demonstrate to the department within
ninety (90) days that a source other than the utility waste landfill caused the
contamination or that the statistically significant increase resulted from an error in
sampling, analysis, statistical evaiuation or natural variation. If the owner/operator
cannot make this demonstration to the department, the owner/operator shall submit
a plan to the department for a groundwater assessment monitoring program and
implement the program as described in subparagraphs (11)(C)6.D. through H. of
this rule. The plan shall specify the folfowing:

(1) The number, location and depth of wells;

(1) Sampling and analytical methods for the monitoring parameters listed in
Appendix | of this rule on a quarterly basis;

(I1l) Evaluation procedures, including any use of previously gathered groundwater
quality information;

(V) The rate and extent of migration of the contaminant plume in the groundwater;
and

(V) The concentrations of the contaminant plume in the groundwater.

After obtaining the results from the initial or subsequent sampling events required in
subparagraph (11){(C)6.B. the owner/operator shalf -

(1) Within fourteen (14) days, nolify the department and place a notice in the
operating record identifying the constituents that have been detected;
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(1) Within ninety (90) days, and on a quarterly basis after that, resample all wells
and conduct analysis for all constifuents listed in Appendix [ to this rule and notify
the department of the constituent concentrations. A minimum of one (1) sample
from each well sampled (background and downgradient) shail be collected and
analyzed during these sampling events;

(Ifl) Establish background concentrations for any new constituents detected during
subsequent mornitoring events; and

(IV) Establish groundwater protection standards for all new constituents detected
during subsequent monitoring evernts.

E. If the concentration of all constituents listed in Appendix | to this rule are shown to
be at or below background levels as established in paragraph (11)(C)3. of this rule
for two (2) consecutive sampling periods, the owner/operator may reinstate
detection monitoring at the utility waste landfill as specified under subparagraph
(11)(C}3.C. of this rule.

F. If the concentrations of any constituents listed in Appendix | of this rule are above
background values, but all concentrations are below the groundwater protection
standard established under subparagraph (11)(C}6.D. of this rule using the
statistical procedures in paragraph (11}(C)5. of this rule, the owner/operator shall
notify the department and the department may require the owner/operator to--

(1) Continue assessment monitoring, or
(i) Develop a corrective measures assessment, or both.

G. ffone (1) or more constituents listed in Appendix | of this rule are detected at fevels
above the groundwater protection standard as established under subparagraph
(11)(C)6.D., the owner/operator shall--

(1) Provide the department with a report assessing potential corrective measures;
(1) Characterize the nature and extent of the release by installing additional
monitoring wells as necessary; install at least one (1} additional monitoring well at
the facility boundary in the direction of contaminant migration and sample this weli
in accordance with paragraph (11)(C)6. of this rule and, if required by the
department, notify all persons who own the land or reside on the land that directly
overlies any part of the plume of contamination if contaminants have migrated off-
site if indicated by sampling of wells; and

(I} Continue assessment monitoring as per the groundwater quality assessment
plan, and implement the approved corrective action program specified in part
(11)(C)6.G. (1) of this rule.

H. The results of implementation of the assessment monitoring program shall be
submitted to the department at the end of each year or an alternate time period
approved by the department.”

Prior to implementing a response to a future SSi, it is recommended that the Missouri

Code of State Regulations be reviewed to determine if the Solid Waste Management Rules
regarding Response to Statistical Analysis have been revised.
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11.9 Current MDNR Protocols

The following profocols are currently used by MDNR'’s Solid Waste Management Program
in managing groundwater monitoring data for solid waste disposal areas and in evaluating
that data for statistically significant increases (SSI's)

The SWMP has previously not allowed a verified SSI or its verification resample value(s) to
be excluded as outliers from the database for control charts if the previcusly specified
resample strategy shows that only the “future measurements” plot, including resample(s)
measurement(s), does not exceed the “SCL - limit” line.

o« Re-sampling SSI's must be conducted a minimum of one quarter later from the
previous sampling event. MDNR’s in-house laboratory or subcontractor will be
given the option to split samples for each re-sampling event.

s |f a subset of background data is to be excluded, or if a previous excluded subset of
background data is to be re-included for statistical analysis, a request for
modification to the approved statistical analysis plan must be submitted to and
approved by the SWMP before implementation. This requirement does not include
the data that would be temporarily excluded because of outlier testing during a
single statistical analysis event.

s See Appendix 8, Attachment 1 for a flow diagram for implementing Prediction
Intervais.

o« See Appendix 8, Attachment 2 for a flow diagram for Non-Parametric Prediction
Intervals for data that is non-normal or for data that cannot be normalized.,

Prior to utilizing various MDNR protocols for statistical analysis of groundwater monitoring

data, it is recommended that the SWMP be contacted to obtain updated recommendations
on current protocols and/or policies.
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Construction Permit Application
Proposed Utility Waste Landill
Ameren Missouri Labadie Energy Center
Franklin County, Missouri

Groundwater Sampling and Analysis Plan
Groundwater Monitoring Well Summary

Table 1
Monitoring Well | Upgradient or . . Ground Surface Well Depth (feet, | Screen Length | Top of Screen Interval
. . . Northing | Easting . ]
Designation Downgradient Elevation {approx.) bgs) {feet) Elevation {approx.)
MW-1 DG 995574 727216 470 25 10 455
MW-2 DG 095656 727662 468 23 10 456
MW-3 DG 995738 728106 468 22 10 456
MWW -4 DG 995319 728547 468 21 10 457
MW-5 DG 995548 728812 468 21 10 457
MW-6 DG 295171 729206 467 20 10 457
MW-7 DG 994600 | 729389 467 19 10 458
MW-8 DG 9954380 728642 466 18 10 458
MW-9 DG 9884160 729895 465 17 10 458
MW-10 DG 993940 730147 466 18 10 458
MW-~11 DG 993720 730400 466 18 i0 458
MW-12 DG 993500 730653 465 17 10 458
MW-13 DG 993280 730905 465 17 10 458
MW-14 DG 093060 [ 731158 464 16 10 458
MW-15 DG 992840 731410 464 15 10 459
MW-16 DG 932620 731663 464 15 10 459
MwW-17 BG 992302 | 731681 465 16 10 459
MW-18 DG 201674 730925 462 13 10 458
MW-19 b6 932096 730184 463 15 10 458
MW-20 DG 991668 729958 463 14 10 459
MVV-21 DG 991332 729953 463 14 10 459
Mw-22 UG 990940 729361 464 15 10 459
MW-23 UG 081102 728514 465 17 10 458
MwW-24 UG 991822 727995 465 17 10 458
Mw-25 uG 992708 | 727524 466 18 10 458
MW-26 UG 993986 | 726913 467 20 10 457
MW-27 UG 994619 | 726637 468 22 10 456
MW-28 UG 005267 | 726640 469 24 10 455
| TMW-1 DG 993795 | 728650 467 19 10 458
NOTES:

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

3. Basis for permanent well localions described in "Documentation of Groundwater Monitoring Well Design™; see Appendix X of Construction Permit Application.

4. Refer lo Figure 3 for typical well construction details.
3. MW-1 through MW-21, and TMW-1, denote generally downgradient well positions. MW-22 lhrough MW-28 denole generally upgradient wall positions.

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 Iltem to Be Completed Reports to MDNR
27 or 28 months before initial UWL Install and develop groundwater Monitoring well installation records to Wellhead Protection
operation monitoring wells. Program
26 months before initial UWL Initial sampling event Initial groundwater field sampling and laboratory data to
operation pling Solid Waste Management Program (SWMP)
23 monthz?gﬁg:;;mtlal UwL Second sampling event Groundwater field sampling and laboratory data to SWMP
20 monthsog:igirj(;;mtlal UwL Third sampling event Groundwater field sampling and laboratory data to SWMP
17 monthsoggizzic;;mtlal UwL Fourth sampling event Groundwater field sampling and laboratory data to SWMP
4 monthsogzigzii;mhal UwL Fifth round of sampling Groundwater field sampling and laboratory data to SWMP
1 monthsos:i:;ie;;nltial UWL Sixth round of sampling Groundwater field sampling and laboratory data to SWMP
8 monthsobpi‘:);'golzltral UWL Seventh round of sampling Groundwater field sampling and laboratory data to SWMP
5 months before initial UWL ‘ ‘ Report on flefd.sampling aa?d analytical (jat_a distributions
operation Eighth round of sampling and choice of intra-well or inter-well statistics to SWMP.
Includes groundwater sampling data.
2 months before initial UWL Submit Request for Operating Permit to MDNR-SWMP has 60 days to review the submittal and
operation MDNR make a decision on the Operating Permit.
Initial UWL operations begin. N/A N/A

Continue monitoring once per six
months during May and November

Semi-annual sampling for routine
detection monitoring

Groundwater field sampling, laboratory data and statistical
report within 80 days of each subsequent sampling event to

SWMP

Prepared by: GREDELL Engineering Resources, Inc.
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Appendix 1

Driller’s Logs and
Monitoring Well Construction Details



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



Appendix 2

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



Ameren Missouri Labadie Energy Center
Groundwater Sampling and Analysis Plan

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

Chemical Constituent Units Method' PQL?

Atuminum (Al) ug/l 60108 50
Antimony (Sh) ug/l 7041 5
Arsenic (As) ugfl 70G0A 3
Barium (Ba} ug/l 6010B 5
Beryilium (Be) ug/l 6010B 1
Boron {B) tigft 6010B 20
Cadmium (Cd) ugh 6010B 2
Calcium {Ca) mg 60108 0.05
Chemical Oxygen Demand (COD) mg/l 410.4 10
Chleride mg/l 9251 1
Chromium {Cr) ug/| 6010B 10
Cobalt (Co) ug/l 6010B 10
Copper {Cu) ugll 6010B 10
Fluoride mg/} 9214 0.10
Hardness mo/i 2340C NA
Iron (Fe) mg/l 6010B 20
Lead (Pb} ug/l 7421 2
Magnesium (Mg) mg/| 60108 0.010
Manganese {Mn) tgfi 60108 5
Mercury (Hg) ughl T470A 0.2
Nickel (Ni) mg/l 6010B 10
pH SHUR 9040B NA
Selenium (Se) ug/| 6010B 50
Silver (Ag} ug/l 6010B 10
Saodium {Na) mg/| 6010B 0.05
Specific Conductance umhosfcm 9050A NA
Sulfate mg#t 9036 50
Thallium ({T#) ug/l 7841 2
Total Dissolved Solids (TDS) mg/l 2540C 20
Total Organic Carbon {TCC) mg/| 9060 1
Total Organic Halogens {TCX) ugf! 9020B 20
Zinc {Zn} g 6010B 10
Ground Water Elevation feet NA NA
1. Suggested Methods refer to analytical procedure numbers used in EPA Report SW-846 "Test Methods for

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

Engineering Resources, Inc.



Appendix 3

Field Equipment Calibration Forms
and Procedures



Calibrated by:

Field Instrumentation Calibration Log

Field instrument

SN #
Oxidation
Specific Specific R .- -
Turbidit
. pH pH Conductivity | Conductivity | Oxidation Reduction Potential Reductt_on Turbidity urbidity
Date Time Potential Standards | Measurements
Standards| Measurements Standard Measurerment Standard (mV)
(us/cm) fem) Measurement {NTU) {NTU)
H {us (mV)
. _§ 400 | = Tempoeé:rature _ 0.02 -
o ® (°C)
£ 5 . 1413 | = = 100 |=
g 3 700 = Standard | _ ‘
o Y -
@ 10.00 | = (mv) 1000 |=
.- 400 | = Ternpoerature - 0.02 -
& C)
S %
%g 700 ) = 1413 = Stanc\ijard - N 0.0 -
m
w 10.00 | = (mV) 1000 |=
Notes:

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

Date:

By:

Prepared by GREDELL Engineering Resources, Inc.




ORP interpolation Reference Table

Temperture | ORP | Temperture | ORP |Temperture| ORP | Temperture] ORP | Temperture; ORP | Temperfure: ORP |Temperture] ORP
°C my °C my °C my oG my °C mV °C mv °C mv
0.0 237.0 6.6 231.4 13.2 228 1 16.7 2232 26.3 219.0 a7 214.4 38.3 2086
0.1 236.9 6.7 231.3 13.3 228.0 19.8 2232 26.4 218.9 32.8 2143 35.4 209.5
0.2 236.8 6.5 231.3 13,4 228.0 19.9 2231 26.5 218.8 328 214.3 395 209.4
0.3 236.7 8.9 231.2 13.4 228.0 [noa2000000022300 26.6 218.7 |-ii33000 002442 30.6 209.3
0.4 236.6 | o T0NTT 32 13.5 227.9 20.1 2229 26.7 2186 33.4 214.1 30.7 209.2
0.5 236.5 7.1 231.2 13.6 327.8 20.2 2229 6.8 218.6 33.2 214.1 30.8 209.2
0.6 236.4 7.2 2511 13.7 227.8 20.3 2228 26.9 218.5 33.3 214.0 30.9 208.1
0.7 236.3 7.3 231.1 13.8 2277 20.4 2228 12700002184 33.4 214.0 [o4000 0 200.0¢
0.8 236.2 7.4 231.0 13.8 2277 20.5 222.7 27.1 218.3 a3.5 213.9 401 208.9
0.9 236.1 7.6 231.0 [ELiA0 2276 20.6 2226 27.2 218.2 33.8 213.8 40.2 208.8

S 23800 7.6 231.0 14.1 227.5 20.7 2226 27.3 218.2 33.7 213.8 40.3 2083
1.1 235.9 7.7 230.9 14.2 227.5 20.5 2225 27.4 218.1 33.8 2137 40,4 208.7
1.2 2358 78 230.9 14.3 2074 20.9 2225 275 218.0 33.8 213.7 40.5 208.6
1.3 235.7 7.9 230.8 14.4 227.4 |oiiproniingaog 27.6 217.9  |5B3405 2138 40.6 208.5
1.4 2356 |80 28080 14,5 297.3 21.1 2223 277 217.8 34.1 2135 40.7 208.4
15 235.5 8.1 230.8 14.6 207.2 21.2 2223 078 2178 34.2 213.5 40.8 208.4
1.6 235.4 8.2 230.7 14.7 227.2 21,3 2222 27.9 217.7 34.3 713.4 40.9 208.3
17 235.3 83 230.7 14.8 227.1 21.4 2222 [z i R217.60 34.4 213.4 |zH410 50a2080
1.8 235.2 5.4 2306 14.9 227.1 21.5 222.1 28.1 217.5 34.5 213.3 41,1 208.1
1.8 235.1 8.5 2306 | AB0 PR 21.6 222.0 28.2 217.4 34.6 2132 41.2 208.0
200 235 8.6 230.6 5.1 226.9 21.7 222.0 28.3 217.4 34.7 213.2 41,3 208.0
2.1 234.9 8.7 230.5 15.2 226.8 21.8 221.9 28.4 217.3 34.8 213.1 41.4 207.9
2.2 234.8 2.8 220.5 15.3 2268 21.9 221.9 28.5 217.2 349 213.1 415 207.8
2.3 224.7 8.9 230.4 15.4 226.7 o022l 28.6 2171 |53h05 21807 41,6 207.7
2.4 234.6 | 00000 R304 15.5 226.6 22.1 2217 28.7 217.0 35.1 212.9 41.7 207.8
25 234.5 8.1 230.4 15.6 226.5 22.2 221.7 28.8 217.0 35.2 212.8 207.8
2.6 234.4 g2 230.3 15.7 226.4 22.3 2218 28.9 216.9 35.3 212.8 207.5
27 234.3 9.3 230.3 15,8 206.4 224 2218 |5 2000 n 2188 35.4 212.7 0747
2.8 234.2 2.4 230.2 15.9 226.3 22.5 221.5 29.1 216.7 35.5 2126 207.3
29 2341 9.5 230.2 |60 226720 22,6 221.4 29.2 2166 35.6 212.5 207.2

SO0 23400 9.6 230.2 16.1 226.1 227 221.4 29,3 216.6 357 212.4 207.2
a1 233.9 9.7 230.1 16.2 226.0 228 221.3 29.4 216.5 35.8 212.4 207.1
3.2 233.8 9.5 2301 16,3 226.0 22.0 221.3 29.3 216.6 35.8 212.3 207.0
3.3 233.7 9.9 230.0 16.4 2259 |0n@3i0 s 29.4 2165 |30 2228 426 206.0
3.4 233.6 |oox10.00 00 230050 16.5 225.8 23.1 2211 26.5 216.4 38.1 2121 42.7 206.8
35 2335 10.1 229.9 16.6 225.7 23.2 2214 26,6 216.3 212.0 428 206.5
3.6 233.4 10.2 229.9 16.7 225.6 23.3 221.0 20.7 26,2 212.0 429 206.7
3.7 233.3 10.3 229.8 16.5 225.6 23.4 221.0 293 216.2 211,90 |50 480 05 52066
3.8 233.2 10.4 229.5 16.9 225.5 23.5 220.9 29.9 216.1 211.8 43,1 206.5
39 233.1 10.5 2207 DiiEAT0 02050 23.6 2208 [HE0B0.0nse1e0 s 211.7 43.2 206.4

A 2330 10.6 229.6 17.1 225.5 23.7 2208 30.1 215.9 211.6 43.3 206.4
4.1 2329 10.7 2729.6 17.2 225.2 23.8 220.7 30.2 2159 211.6 43.4 206.3
4.2 232.8 10.8 229.5 17.3 225.2 23.9 220.7 30.3 215.8 211.5 435 2062
4.3 2327 10.8 229.5 17.4 2254 2400000 22006! 30.4 2i5.8 S IR 436 206.1
4.4 232,68 |Enidanniihi22e.4n 17.5 225.0 24.1 220.5 30.5 215.7 211.3 437 206.0
45 2325 11.1 229.3 17.6 224.9 24.2 220.5 30.6 215.6 211.2 43.8 20B.0
45 2324 11.2 229.3 17.7 224.8 24.3 220.4 0.7 215.6 211.2 43.9 205.9
4.7 232.3 11.3 229.2 17.8 224.8 24.4 220.4 30.8 2155 2111 B4 k2088
45 232.2 11.4 229.2 17.9 224.7 24.5 220.3 30.9 215.5 37.5 211.0 44.1 205.7
49 232.1 1.5 2201 |EB0 2Ry 24.6 2202 |5003100 2158 37.6 210.9 44,7 205.6

B0 P8R0 11.6 229.0 18.1 2245 24.7 220.2 31.1 215.3 37.7 210.8 44.3 205.6
5.4 232.0 11.7 2200 18.2 224.4 24.8 2201 3.2 215.3 378 210.8 44.4 205.5
5.2 231.9 11.8 228.9 18.3 2244 24.9 220,1 31.3 215.2 37.8 210.7 44,5 205.4
5.3 231.8 11.8 228.9 18.4 224.3 w2800 2o 31.4 2152 Fii3804 1210060 446 2055
5.4 231.8 1205 2eee 18.5 2242 25.1 219.9 315 215.1 38.1 210.5 44.7 205.2
5.5 2318 12.1 2287 18.6 2241 25.2 219.8 31.6 215.0 38,2 210.4 44.8 205.2
5.6 231.8 12.2 2287 18.7 224.0 25.3 219.8 31.7 215.0 38.3 210.4 44.9 2051
5.7 231.7 12.3 278.6 18.8 224.0 25,4 219.7 31.5 214.8 38.4 210.3 45.0 205.0
5.8 231.7 12.4 228.6 18.9 2239 255 219,6 31.9 2149 38,5 210.2
59 231.6 12.5 2285 |iaeineiio2ass 25.6 2195 |3z iioiae 38.6 210.1

R e L L 12.6 228.4 16.1 223.7 25.7 219.4 3z 214.7 38.7 210.0
6.1 2316 19.2 2236 25.8 219.4 32.2 214.7 T 388 210.0
6.2 2315 193 223.6 256 219.3 32.3 214.6 38.9 208.9
6.3 231.5 19.4 223.5 [Hgefciiiie1ee 32.4 2146 | 03000 0 ng008 Y
8.4 231.4 18.5 223.4 261 2191 32.5 2145 39.1 209.7
8.5 231.4 19.6 223.3 26,2 219.0 32.6 214.4 39.2 209.6

Note: Standard ORP measuremants C, 5, 10, 15, 20, 28, 30, 35, and 40 were provided by Gectech Environmental Equipment, Inc.
The rest of the standard ORP measuremenis were inlerpeialed from Geotech Standard ORP measurements.

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




FIELD EQUIPMENT CALIBRATION PROCEDURES

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

pH Calibration/Operation Procedures
(Reference EPA Method 9040)

The field pH meter will be calibrated each day water samples are collected. Calibration 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.

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

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

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

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

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

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

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

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

For detailed calibration and temperature compensation procedures, consult meter instruction

manual.

pH Measurement

1.

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

2. Allow reading to stabilize.

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

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

Resources, Inc.



FIELD EQUIPMENT CALIBRATION PROCEDURES

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

Measuring Hints

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

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

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

4. Stir all 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 December 2012
Resources, Inc.



FIELD EQUIPMENT CALIBRATION PROCEDURES

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

Calibration Procedures

Conductivity will be checked at a minimum of cnce per day using commercial traceable
standards in the 1000 and 10,000 mmhos/cm range and recorded on the Field Instrumentation
Calibration Log. Calibration checks outside of a £ 10% range are not acceptable and will
require the sensor replacement and/or re-check of the standards. 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 (°C).

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

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

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

Immerse the temperature/conductivity sensor into the sample.

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

3. 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 December 2012
Resources, Inc.
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Oxidation Reduction Potential {ORP) Calibration/
Operation Procedures
(Reference YS! Environmentai)

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

Select ORP.
2. Immerse the sensor into the calibration solution.

Use the keypad to enter the correct value of the calibration solution you are using at
the current temperature (Refer to the Appendix 3 ORP Interpoiation 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 vaiues on the Field Sampling Log in millivolts {(mV).

Select ORP.
2. Immerse the sensor into the sample.

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

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

Low-Flow cell calibration
The manufacturer's recommended procedures shall be followed for low-flow cell calibration. A

copy of these procedures is to be made a part of this sampling and analysis plan.

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

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

Turbidimeter Calibration
The instrument was calibrated and tested prior to leaving the factory. The instrument requires

three (3) standards to be calibrated.

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

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

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

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

5. Repeat steps 2-4 for each calibration standard. When you calibrate on CAL 3
(turbidity free water), the instrument will automatically exit out of calibration returning
back 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 December 2012
Resources, Inc.
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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 December 2012
Resources, Inc.
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Ameren Missouri LABADIE ENERGY CENTER
Groundwater Sampling and Analysis Plan

Sample Container and Preservation Guidelines

Measurement Volume Container’ Preservative Max. Holding Reference
Req., Times
(ml)
Specific Cond. {Field) 100 P, G None Det. on Site 1
pH (Field) 50 P, G None Det. on Site 1,2
Temperature (Fieid) 1000 P.G None Det. on Site 1
Oxidation Reduction 1000 P.G None Det. on Site
Potential
Turbidity 1000 PG None Det. on Site
Inorganics, Non-Metallics
Fluoride 300 P, G HNO; to pH <2 28 1,2
Total Organic Carbon 100 Gp Cool, 4°C; HCl 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 1,24
Total Organic Halides 2000 G Cool, 4°C; HCior 7 Days 4
(TOX) Ha804 to pH <2
COoD a0 P, G H2504 to pH <2 28 Days 1
Metals
Total Recoverable 500 P.G HNQO3 to pH <2 6 Mos 1,2
Mercury 500 P, G HNO3 to pH <2 28 Days 1,2
NOTES:
a. Plastic (P) or Glass (G). For metals, polyethylene with an ail polypropylene cap is preferred.
b. Use Teflon® lined cap.
C. Silver requires an amber bottle
REFERENCES:
1. Methods for Chemical Analysis of Water and Wastes, March, 1983, USEPA, 600/4-79-020 and additions
thereto.

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

3. Guidelines Establishing Test Procedures for the Analysis of Pollutant Under the Clean Water Act",
Environmental Protection Agency, Code of Federal Requlations (CFRY), Title 40, Part 136.

4. MDNR-FS5-001, Required/Recommended Containers, Volumes, Preservatives, Holding Times, and Special
Sampling Considerations, Randy Crawford, Trish Rieilly, Water CQuality Monitoring Section, MDNR ESP
September 17, 2003




Groundwater Sampling Bottle Inventory

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

Bottles delivered by:

H,SO, = Sulfuric Acid
HNQO, = Nitric Acid
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Monitoring Well Field Inspection

Facility:

Ameren Missouri Labadie Energy Center Ufility Waste Landfill

Monitoring Well 1D:

Name (Field Sampler):

Date:

Access:
Accessibility:

Good

Well clear of weeds and/or debris?: Yes

Well identification clearly visible?: Yes

Remarks:

Fair

Poor
No
No

Concrete Pad:
Condition of Concrete Pad:

Depressions or standing water around well?:

Remarks:

Good

Yes

Inadequate

No

Protective Quter Casing:

Material =

Condition of Praotective Casing: Good

Condition of Locking Cap:
Condition of Lock:
Condition of Weep Haole:

Remarks:

Gaood
Good
Good

Damaged
Damaged
Damaged

Darmaged

Well Riser: Material =
Condition of Riser:

Condition of Riser Cap:

Measurement Reference Point:

Remarks:

Goaod
Good

Yes

Damaged
Damaged

No

Dedicated Purging/Sampling Device:

Condition: (Good

Remarks:

Type -

Damaged

Missing

Field Certification

Signed

Title

Date
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Field Sampling Log and
Volume Tracking Log Forms



Facility:

Date:

Field Sampling Log

Ameren Missouri Labadie Energy Center UWL

Name {Figld Sampler):

Gas Detected

Monitoring Well ID:

Y / N

PURGE INFORMATION:

Method of Well Purge: Dedicated? N
Date/Time Initiated: One (1) Well Valume {mi):
Initial Water Level (feet): Total Volume Purged (mi}):
GroundWater Elevation (NGVD}: Weil Purged To Dryness? N
Well Total Depth (feet). Water Level after Purge (feet):
Casing Diameter (feet): Date/Time Completed:
PURGE DATA:
Purge Oxidation Dissolved
Ti F\:]azge Cumulative | Temp H Specific Conductivity| Reduction Oxvaen Turbidity Water Not
fme ) Volume (ml} {°C) P (1S) Potential ¥9 (NTU) Level otes
(ml/min) (mV) (mg/L)

Prepared by: GREDELL
Engineering Resources, Inc.

Page 1 of 2




Sampling Information: Date:

Fieild Sampling Log

Monitoring Well (D;

Method of Sampling: jow flow, peristaitic pump Dedicated: ® /N
Water Level @ Sampling, Feet:
Monitoring Event: Annual {) Semi-Annual { ) Quarterly {x) Monthly () Other (3
Sampling Data;
Oxidation | by e ived
) Sample Rate Temp Specific Conductivity Reduction Turbidity
Date/Time ml/min ¢C) pH (1S) Potential | O%98T 1Ty
(MV) {mgfL)
Instrument Check Data:
pH Meter Serial #: 1* 40sid, = 1* 7.0sid. = 1* 10.0 sid. i*
Conduct. Meter Serial #: 1* standard = 1* RS reading = 1* HS
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:
Sampie Characteristics:

Sample Coliection Order:

Comments and Observations:

Per SOP

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

Well ID

Tally notes

Total Volume
(mL)

Note: Each Tick mark is equal to 1000 mL or 1L.
Total volume based on a 1L graduated cylinder.




Appendix 7

Example Chain-of-Custody
Field Record Form



Chain of Custody Record

Date: Page: of
Plant Manager 314-992-8201 314-992-8204 Analysis Request Preservation
Contat] Mame THonE NUTmBeT Fax Namber Code
Ameren Missouri Labadie Energy Center LWL,
Curnpany Hame ﬁ 14t
Labadie Bottiom Road .§ = 2= HNOy
Bireed AQOTEss. o ‘E 3 = HCt
Labadie, MO 63055 = 8 g 4 = H,50,
T, SO, 2P 2 5 i 5 = NaOH
Labadie Power Piant Utility Waste Landfill ¥ *’5’ B = Other
Proect Name BT Lo -g = ,g
Sample ID Date Time | Matrix | eow |E£|2|Z| & c t
Collected L o o omments
Special nstructions / Comments {1} RelnguUisied By 127 Heinquished By Sampier InFE:
[k Diata { THE 12} Dae ¢ Time Matod of Skipmert
(1} Company 42} Company HAND CARRY
USFS FHDX UPS
. \1) Fecomed By 12} Heoetved By Col
Rowp Threapgh:
Cirle: Fax Hemail fbsterTme )b mime Seal Intact?
; ! T} Comi 2} Cor|
Bruril address: 1) Company ey company Yes  No
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Decision Flow Charts



Ameren Missouri LABADIE Energy Center
Groundwater Sampling and Analysis Plan

Selection of Statistical Procedure Based on Groundwater
Background Data

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

NO

Use intra-well
comparisons

A

Prepare Report on data
» comparisons for SWMP

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

Prepared by GREDELL December 2012
Engineering Resources, Inc.




Attachment I: Prediction Interval Test Strategy

A
No
N=g? A
Yes
) Mo Is Detection Yes
! "]'_:!‘ ' Frequency
=25%7
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No
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No
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R

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



Altackment 2: Centrol Chart &
Non-Paramelric Prediction Inferval Test Strategy

No
N> 8? A
Yes
o No I3 Detection Yes
| Frequency
<25 %7
. 15 Detection Na P T
Frequency .o
> 07 e iy [
Yes
B
Mo .
Can Data Be TR
Normalized? -~ v
- By
Yes
N "!t- <t
. .o “leoos= of I O
b "; - F,. o B! i Y2
B B
5 Inatial SST Mo
Present?
No
No Yes Yes Deme
N>12? OK?
Ves No
LT Wi
¥
Verified SSI ®s K
Present? i

Source’ Missouri Department of Natural Resources Solid Waste Management Program DRAFT Technical
Butlletin “Statistical Analysis Plan Guidance”, 4/26/01
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Closure and Post-Closure Plan

Propesed 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 Cell 1 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 menitor or maintain the utility waste disposal area, and/or
to take remedial action during the post-closure period [10 CSR 80-2.020(2)(B)2.A]. Ameren

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

has been recorded with the recorder of deeds in Franklin County. The notice and covenant will
specify all items outlined in 10 CSR 80-2.020(2)(B)2.B(1)&(I). A copy of the Draft Agreements
for Easement, Notice and Covenant Running with Land are provided in Appendix 3.

Following completion of closure activities, a letter and supporting documentation will be
submitted 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 Frankiin County approve closure of
the fandfill 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 piat 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 Section 3,12, Landfill Final Cover
Section 4.9, Final Cover Material
Plan Sheets 10, 11, 12, 13, 14 and 15
2.) Stormwater Runoff Controls Section 3.7, Stormwater Management System
Section 4.5.1, Stormwater Management
Plan Sheets 16 and 21
Appendix N

Ameren Missouri has the required quantity of soil suitable for construction of the final cap on
their property. At closure, all soil will be obtained from on-site stockpiles or other areas within
the permit boundary. The right of MDNR to utilize such soil for construction of the final cap and
closure of the landfill will be provided through a binding, legal agreement between MDNR and
Ameren Missouri, prior to issuance of the operating permit. The estimated average round 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.
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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.htmi). As indicated on the worksheet, the cost estimates or
unit costs utilized in the calculations are in 2004 dollars. Costs are adjusted to third quarter
2012 dollars using the latest Implicit Price Deflators for Gross Domestic Product as determined
by the U.S. Bureau of Economic Analysis.

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

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

Appendices 4B through 4E present the individual closure cost estimates for Phases 1, 2, 3, and
4, The individual phase cost estimates may be used to initially decrease the FAI and then
incrementally increase the amount of the closure FA! 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 landfili after closure, The post-closure maintenance period begins when MDNR agrees that
the fandfill, or a Phase of the landfill, has been properly closed. Post-closure maintenance will
continue for 20 years from the date of final closure of the Phase or the landfill.

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

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

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

1.) Landfili 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 Manitoring, Section 3.10 and Section 4.5.3, Groundwater Sampling
and Analysis Plan

3.3 Post-Closure Cost Estimate

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

The purpose of the post-closure cost assurance for the Ameren Missouri Labadie Utility Waste
Landfill is to assure that sufficient funds are available to maintain and test the groundwater
monitoring system. The estimated cost for completing this post-closure care has been derived
from the Closure and Post-Closure Cost Worksheet contained in the MDNR Scolid 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, 3t. Louis, Missouri, 63166, (314) 554-2388, regarding any guestions or issues with
the landfill. Also during this period, all landfill records will be maintained by Ameren Missouri at
the same address.

4.0 Remedial Action

If Ameren Missouri is required to develop a corrective action plan for the landfill during the life of
the 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): $2,710,161
Phase 2 (35.2 acres): $3,038,142
Phase 3 (57.1 acres): $4,928,350
Phase 4 (42.8 acres): $3,694,105
Total Closure {166.5 acres): $14,370,758

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

*Ameren Missouri has voluntarily agreed to provide a 20-year post-closure
FAI for continued groundwater monitering 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

5
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closure and post-closure financial assurance funding. [f 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. [f modifications to the plan are necessary, the revised closure and/or
post-closure plan will be submitted to the MDNR along with the revised FAI.

In accordance with Utility Waste Regulation 10 CSR 80-2.030(4)(D), a 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
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[£]& Missouri Department of Natural Resources

Landfill Closure Guidance

Solid Waste Management Program iechnical bulietin

6/2006

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

All owners ar operators applying for ciosure approval must have a department approved closure/
post-closure plan. For further information regarding the preparation of closure/post-closure
plans, see SWMP's technical bulletin entitled Guidance For Preparing Sofid Waste Disposal
Area Closure and Post-Closure Plans or contact SWMP at (573) 7561-5401.

1. Closure Schedule
A, Notity 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 ciosure deadiine 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 landfiil,

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 componants of a final cover,

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

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

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

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

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

AR

4. Two feet of vegetative soil.
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Note: All 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 (QA/QC) pian must
be followed to ensure the cover is not damaged in any way.

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

B. The compacted soil layer shail 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 {o 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 quidelines
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 ciover,

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. Muich 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 depariment reserves the right to determine whether
or not vegetation has been adequately established before closure is approved.



5. Submittals for Closure Approval

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

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

ings.)

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

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

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

B. Asurvey 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.
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 controt systems in place at the landfili and the
length of time these systems and the landfill are to be maintained.

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

Note: Filing of Survey Flat:

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

within 30 days of the filing.

C. Owners or operalors 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 agenis to enter the
site to monitor, maintain, or take remedial action during the 30 year
post-closure period.

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

specify the following:

A. The propenty has been permitted as a sanitary jandfill.
B. That use of the land which interferes with the
closurefpost-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
compieted concurrently with the survey plat,
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6. Closure Approval/Denial
Upon completion of the above closure activities, the permittee must request from the SWNMP
approval for final closure of the landfill and that closure funds be released.

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

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

7. Recommended Guidance

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

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

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

0o @ >

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

{873) 526-3902 fax

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

Preparing Solid Waste Disposal Area Closure
and Post-Closure Plans

Solid Wasle Management Program Technical builetin 6/2008

Introduction

The Missouri Depariment of Natural Resource’s Solid Waste Management Program has devel-
oped this technical bulletin to help landfill owners prepare closure and post~closure pltans. 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
reguired for the facility. Closure and post-closure pians 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.

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

« 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 landfills permitted after July 30, 1997, are required to
provide twenty-year post-closure plans.

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

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

ing facilities:
Text of the plan

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

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

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

Cost estimates

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

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

T
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The Solid Waste Management Program recommends that the ciosure and post-closure plans be
a separate document rather than a section, or appendix, of the overal] 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 cantrol 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 pians, and the maintenance activities.

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

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

Closure Plan

According to the regulations, closure plans must inciude 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 cpposed to newer ones.

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

the final cap system and other systems that will be built during closure, such as the gas control
system and the surface water control system. There is no need to repeat these construction
methods in detail in the closure plan. However, the quality assurance/quality contro (QA/QQC)
methods for these systems may not be clearly specified in the approved engineering design.
QA/QC is an important part of closure since it forms the basis for the engineering certification
that the facility was properly closed. It includes things such as laboratory and field testing of
soils and membranes as well as survey control. It is essential to address this aspact of con-
struction in one way or another. Whife 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. [n other words, the closure sequence should already be laid out
in sufficient detail in these phase development drawings. However, for older facilities, phase
development drawings more than likely do not exist and should be included in the closure post-

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 filled.

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

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

For phased closure, the plan must 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 landil; ar, for

phased development, in any particular phase.

= The plan must indicate that closure will begin within 30 days of the last receipt of waste in the
landfill or phase and will be completed within 180 days of beginning closure. The regulations
aliow the department 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 iacilities 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.

= For phased facilities without approved phase development drawings, the closure pian 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 QA/QC plan for your facility that addresses the current regulatory
requirements and construction verification procedures for the final cover system and other
components to be installed or constructed as a part of closure, a simple reference to the Qa/
QC plan in the closure plan is sufficient.

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

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

Post-closure pians
According to the reguiations, post-closure plans must address the maintenance and monitoring

activities required during the post-closure 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 maonitoring plans in great detail in the post-closure plan. A
simpte reference is adequate. The plan should focus mostly on maintenance activities.



The post-closure pian must address the following:

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

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

* The pfan 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 requsst.

Financial assurance and cost estimates

Current regulations require owners of sanitary, demolition, and utility waste landfills to provide a
closure Financial Assurance instrurnent (FAI). Sanitary landfill owners are aiso 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 FAI may be returned if final closure has been approved in writing by the department. A
portion of the post-ciosure 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-ciosure 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 requirarnents, 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 FAl is due prior to obtaining the initial construction permit, and a post-
closure FAl is due prior to obtaining the initial operating permit.

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

Existing facilities

Owners of existing facilities must have a closure and post-closure FAI in place for any area of
the fandfill 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 order 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
4



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

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 responsibie party, or the responsible party will be unwilling or
unable to perform closure or post-closure activities. There is no other reasan for the department
to assume these responsibilities. In this scenario, it is quite likely that the facility has been pooriy
managed, either operationally, financiafly, 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 iower, 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 will likely hire a consultant to
determine the most cost-effective method of closure. No one can anticipate all possible sce-
narios, nor is the FAI 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 simpie method of providing a reasonable amount of money to allow the
department to evaluate the condition of the fandfil and close it in accordance with the minimum
requirements of the regulfations and any special requirements imposed by the design engineer.
The most important thing is that estimates be reasonabily accurate and inciude costs for ali
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 far 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 panty 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 D (composite) caps or
standard soil caps ({two feet of compacted clay overlain with one foot of vegetative soil). Some
demolition iandfills, utility waste landfills, and special waste landfiils 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 bulietin.

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

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

+ Compacted clay cap

+ (as collection or venting system

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

» Vegetative soil

» Surface water controls

= Vegetation

» Borrow area reclamation

« Professional services

Owners of Subtitle D facilities must provide an FAI for either an active gas extraction system or a
passive venting system. You must provide an FAIl for an active system only if you are:

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

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

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

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

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

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

the above conditions.

For simplicity, the worksheet costs are the same for active extraction wells and passive vents.
Costs for wells or vents must be included in the cost estimate for the phase in which they wili 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 wilt 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 cther words, if
the landfill closes prematurely after only four phases are in place, the facility will be below the
threshold limit and only a passive venting system will be required. The costs for the gas vents
for each of the first four phases must be included in the FAI cost estimates for those phases
because they will be required regardiess of whether the fifth phase is ever constructed. You
must at least vent Subtitie D landfifls. You must use Form B, the Worksheet for Passive Gas
System, through the first four phases. However, when you request to operate the fifth phase,
since this will cause you to reach the threshold fimit, you must now convert the passive vents to
active extraction wells, install connecting piping, and the blower/flare station. To calcuiate your
closure cost for this system, you must complete Form A, the Worksheet for Active

Gas Systems.



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

* Site inspections

« Erosion repair and revegetation of final cap

= Groundwater sampling and analysis

« (Gas monitoring

« Leachate disposal

» Groundwater monitoring system maintenance and repair
+ Gas monitoring system maintenance and repair

+ (as 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-closure maintenance costs for the system once it is constructed. This is simply
because, once the systemn has been buitt, the department will have to maintain it.

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 fandfiil s located. There-
_fore, the unit costs in the worksheet are based primarily on R.S. Means publications because
they reflect average national wage rates. A detailed analysis of the unit costs is availabie upon

reguest.

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 landfiii 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 soll.
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 FAI. 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 landfil 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 FAl is a document ensuring that a reasonable amount of money is guaranteed to the depart-
ment to complete closure and post-closure activities. it is based on the cost estimate. The
amount of money must be updated annually for infiation, or if the cost estimate changes.



To itlustrate this, we will use the following example:

Assume that, once your cost estimate is revised to match the figures in the technical bulletin
your closure cost estimate is $2 million and your post-closure cost estimate is $3 miflion. If };ou
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 FAl annually for inflation, as outlined below.
However, assume that at some point you are required by the department to install an-active gas
system to control a gas migration, or add two groundwater-monitoring wells., You must submit a
new worksheet accounting for the increased closure or post-closure cost for the modification.
Once the modifications and new cost estimate are approved by the Solid Waste Management
Program, you will be required at that time to update your FAl 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 dolfars. 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 Defiator (IPD) for tha
Gross Domestic Product as determined by the U.S. Department of Commerce. The [PDs
change every quarter depending on the current rate of inflation. You must always use the most
recent |PD when updating a cost estimate or FAI. The most recent IPD can be obtained from the

Solid Waste Management Program,

Forms Available Online
Closure and Posi-Closure Cost Worksheet

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

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

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

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
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Missouri Department of Natural Resources
Solid Waste Management Program

AGREEMENT FOR EASEMENT,
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 Agreement for Easement, Notice and Covenant Running

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

PART OF SECTIONS 8 AND 17 AND PART OF U.S. SURVEY 98 IN TOWNSHIP 44 NORTH,
RANGE 2 EAST OF THE FIFTH PRINCIPAL MERIDIAN, FRANKLIN COUNTY, MISSOURI,
DESCRIBED AS 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 PEGREES 52 MINUTES
36 SECONDS WEST, 208.05 FEET; THENCE SOUTH 60 DEGREES 39 MINUTES 30
SECONDS WEST, 331.03 FEET,; THENCE SOUTH 62 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 092 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 SCUTH 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 pian, or to monitor or
maintain the site if specified in a post-closure plan, or to take remedial action during the post-
closure period. "Closure plan”, "post-closure plan®, and "post-closure period" are defined
pursuant to the Missouri Solid Waste Management Law and for the purpose of this agreement

are described in permit number DRAFT . If the landfill is accessible only

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

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

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

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

covenant running with the land.



MO DNR Easement Form
Page 4

IN WITNESS WHEREOF,

first above written.

OWNER:

the parties have hereunto set their hands the day and year

DEPARTMENT:

Ameren Missouri

Name:

Missouri Department of Natural Resources

Name: DRAFT

Title:

Title: Directar




MO DNR Easement Form

Page 5
Notary for Owner:
STATE OF MISSCURI )
yss
COUNTY OF )
On this day of , 20___, before me personally appeared

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

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

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

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

DRAFT

Notary Public

Commission in County.

My Commission Expires:

Notary for Missouri Department of Natural Resources

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

Missouri Department of Natural Resources, known 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

Comrissioned in County.

My Commission Expires:
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Closure and Post-Closure Cost Worksheets



Appendix 4A

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



MISSOURI DEPARTMENT OF NATURAL RESOURCES
SOLID WASTE MANAGEMENT PROGRAM

g @ CLOSURE AND POST-CLOSURE COST WORKSHEET

TOTAL ACREAGE-ALL PHASES

VORKSHEET IS ONLY REQUIRED FOR THOSE

TIES THAT ACCERT WASTE AFTER JAN. 1

NAME OF FACILITY T PERMIT NUMBER

1/10/13 Ameren Missouri Labadie Utility VWaste Landfill

TOTAL PERMITTED ACREAGE TOTAL ACREAGE WITH WASTE IN PLAGE

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

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

Ameren Missouri Labadie Utility Waste Landfill (TOTAL ACREAGE)

3. Whatis the approved final cover system design?

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

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

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

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

B Yes ] No

9. What is the average round-trip distance from the landfill (or phase) to the borrow area? Round trip distance should be to the nearest % mile if less than five miles. If more
than five miles, round frip 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 assurmed
fo 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 sail (cubic yards)
7. What is the approved gas control system design?
(] Active extraction system [ ] Passive venting system ] No gas control system
If you have an active extraction system, check the appropriate box.
[la. Required to control gas migration
[(Jb. Required under NSPS
[lc. Required by other agency (city, county, etc.)
[1d. Specified only by design engineer
If you check box “d”, is any part of the active gas system constructed at this time?
[C¥es [INo  If yes, provide a general description of the portion(s) of the system installed.

Note: Owners of Subtifle D facilities must provide a elosure financial assurance instrument for either an active extraction system or a passive venting system. You must provide a closure FAl for an
active system only when you are: 1} Required to install the system by the 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 facifity and meet any of the conditions, complete Forrm A, 1f you own a Subtitte D facility and do not meet any of these conditions, you are only required {o provide a closure
FAl for a passive venting system. Complete Form B if you own a non-Subtitle D facility (with a soil cap), you are not required to provide a closure FAI for a gas controf systemn 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 apprapriate box on the post-closure cost worksheet and adding that amount to the total.

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



TOTAL ACREAGE-ALL PHASES

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

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

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

10. What is the estimated post-closure leachate generation rate and how was it derived?
0 (galfacre/day) ] HELP model [] 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.
Area consisting of acres received official closure , years post-closure.
Area consisting of acres received official closure , years post-closure.
Area consisting of acres received official closure , years post-closure.
Area consisting of acres received official closure ! years post-closure.

MO 780-1882 (01-12)

Page 2 of 4



TOTAL ACREAGE-ALL PHASES

SCLOSURE COSTS

Final Cover System

Subtitle D {Composite cover) 166.5 acresx $ 72,910 peracre= $ 12,139,515.00
{From Table One)

Non — Subtitle D (soil cover) acres x 3 per acre = $ 0.00
{From Table One)

Gas Control System

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

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

Note: Owners are not required to provide an FAI for an active gas system unless required to insiall the system for one of the reasons listed under section 7 of this worksheet.
However, owners of Subtitle D landfilis 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
tnclude total cost for construction of other critical design features. Attach separate sheef(s) for cost calculations. $ 0.00
Total Closure Cost (sum of aif lines) (2004 Dollars) 5 12,138,515.00

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

Total closure cost 2004 dollars $ 12,139,515.00 % current Implicit Price Deflator * /“Please contact the Solid Waste Management Program, 573-526-5401, for the current IPD
5
14,370,757.86

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

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




TOTAL ACREAGE-ALL PHASES

inseparable Annﬁai Costs

Annual landfill inspection and reporting $ s

Gas monitoring and reporting % il

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

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

[ Leachate system maintenance $3,100 $ 0.00

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

[ Leachate testing $2.250 $ 000

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

OlActive gas extraction system maintenance and ufilities $17.600 g 000

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

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

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

Separable Annual Costs

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

[[1 Leachate treatment (check if applicable) 0 acres x 0 % (Cost per galion) 0.00 = § 0.00
(Gal/AcrefYear)

[ Leachate hauling {check if applicable) 0 acres x 0 x $0.05 = $ 0.00
{Gal/AcrefYear)

Annual Costs for Other Critical Design Features

include total annual cost for maintenance of other critical design features. Attach separate sheet{s) for cost calcutations. g 0.00

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

Adjust for Inflation

Adjust Amount for 2004 dollars to present value

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

Sum of all annual post — closure costs $ 8251086

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

Annual post-closure costs x X¥years 20 § 1.650217.20

MO 780-1BB2 (0112 Page 4 of 4




Appendix 4B

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



MISSOURI DEPARTMENT OF NATURAL RESQOURCES
SOLID WASTE MANAGEMENT PROGRAM

CLOSURE AND POST-CLOSURE COST WORKSHEET

&
g

& |l

Phase 1

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

DATE NAME OF FACILITY PERMIT NUMBER

1/10/13 Ameren Missouri Labadie Utility Waste Landfill

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

SUBTITLE D NON-SUBTITLE B SUBTITLE D NON-SUBTITLE D SUBTTLED NON-SUBTITLE D

166.5 0 0 0 0 0

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

314
acres for closure acres for post-closure
2. Description of area {cell number, etc.)

Ameren Missouri Labadie Utility Waste Landfill (PHASE 1)

3. What is the approved final cover system design?

A Subtitle D: one foat of compacted clay overlain with a geomembrane, a drainage layer and two feet of vegetative soil,

[] Standard soif cover: two feet of compacted clay overlain with ane foot of vegetative sail.

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

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

A Yes [l No

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

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

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

Note: Owners of Subtitle D facilities must provide a closure financial assurance instrument for either an active extraction system or a passive venting system. You must provide a closure FAl 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, ar NSPS, or 3) Required to install the system by another regulatery agency (city, county, etc.).

If you own a Subtitie D facility and meet any of the conditions, complete Form A, If you own a Subtifle D facility and do not meet any of these conditions, you are only required to provide a closure
FAl for a passive venting system. Complete Form B if you own a non-Subtitle D facifity {with a soil cap), you are not required to provide a closure FAl for a gas control system at all uniess you also
meet at least ene 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 tatal.

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



FPhase 1

11.

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

9. List the primary and secondary wastewater {reatment plants used for leachate disposal, and the cost of disposal.

(Primary plant) joo per gallon (Secondary Plant) % per gallon.

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

10. What is the estimated post-closure leachate generation rate and how was it derived?

(galiacre/day) [] HELP model [] Other (please explain.)
OFFIGIALL

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

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

MG 780-1882 (0112}

Page 2.0 4



Phase 1

Final Co\réf Sy;tem
Subtitte D (Composite cover) 31.4 acres x § 72,910 per acre = $ 2,289.374.00
(From Table One)
Non — Subtitle D {soil cover) acres x § per acre = $ 0.00
(From Table One}
Gas Control System
Active extraction system (Complete Form A and write the amount in the right column.) $ 0.00
Passive gas venting system {Compleie Form B and write the amount in the right column.) $ 0.00
Note: Owners are not required to provide an FAI for an active gas system unless required to install the system for one of the reasons fisted under section 7 of this worksheet.
However, owners of Subtitie D landfills are required to provide an FAl for a passive gas system if they do not provide one for an active system.
Other Critical Design Features
Include total cost for construction of other critical design features. Attach separate sheet(s) for cost calculations. $ 0.00

Total Closure Cost (sum of all lines} (2004 Dollars) $ 2,289,374.00

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

Total closure cost 2004 doliars § 2.289,374.00 x current Implicit Price Deflator * /*Please contact the Solid Waste Management Program, 573-526-5401, for the current IPD
$
2,710,160.94

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

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




Phase 1

Inseparable Annual Costs

Annual landfill inspection and reporting L3 =000

Gas monitoring and reporting 3 e acaad

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

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

[] Leachate system maintenance $3,100 $ 0.00

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

[ Leachate testing $2,250 § 0.00

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

[CJActive gas extraclion system maintenance and utilities $17.600 g 000

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

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

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

Separable Annual Costs

Cap repair and maintenance 0 acres X 0 = $ 000
{From Table One)

[ Leachate treatment (check if applicable) 0 acres x U x (Cost per gallon) 0.00 = $ 0.00
(Gal/Acre/Year)

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

Annual Costs for Other Critical Design Features

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

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

Adjust for Inflation

Adjust Amount for 2004 dollars to present value

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

Sum of all annual post — closure costs $ 8251088

{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 5% year520 g 1.650.217.20

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



Appendix 4C

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



MISSOURI DEPARTMENT OF NATURAL RESOURCES
SOLID WASTE MANAGEMENT PROGRAM

@ CLOSURE AND POST-CLOSURE COST WORKSHEET

PHASE 2
NLY REQUIRED FOR THOSE FAGILITIES THAT ACCEPT WASTE AFTER JAN. 1, 2004 OTHERS MAY USE THE WORKSHEET IF THEY CHOOSE.
NAME OF FACILITY PERMIT NUMBER
1/10/13 Ameren Missouri Labadie Utility Waste Landfill
TOTAL PERMITTED ACREAGE TOTAL ACREAGE WIiTH WASTE IN PLACE
(INCLUDING UNDEVELOPED AREAS) (INCLUDING OFFICIALLY CLOSED AREAS) TOTAL ACREAGE WITH OFFICIAL CLOSURE APPROVAL
SUBTITLE D NON-SUBTITLE D SUBTITLED NON-SUBTITLE D SUBTITLED NON-SUBTITLE D
166.5 0 0 0 0 0
1. How many acres is this financial assurance instrument intended for?
352
acres for closure acres for posi-closure
2. Description of area {cell number, etc.)
Ameren Missouri Labadie Utility Waste Landfill (PHASE 2)
3. What is the approved final cover system design?
Subtitle D: one foot of compacted clay overlain with a geomembrane, a drainage layer and two feet of vegetative soil,
[] Standard soil cover: two feet of compacted clay overlain with one foot of vegetative soil.

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

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

K Yes ] No

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

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

537,200 vegetative soil (cubic yards)

7. Whatis the approved gas control system design?

[1 Active extraction system  [] Passive venting system & No gas control system

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

[Ja. Required to control gas migration

[CIb. Required under NSPS

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

[]d. Specified only by design engineer

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

[ves CINo  If yes, provide a general description of the portion(s) of the system installed.

Note: Owners of Subtitle D facilities must provide a closure financial assurance instrument for either an active extraction system or a passive venting system. You must provide a closure FALl 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 systern by another reguiatory agency {city, county, etc.).

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

MC 780-1882 (01-12)
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PHASE 2

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

0 wells
9. List the 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.

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

10. What is the estimated post-closure leachate generation rate and how was it derived?
0 (galacre/day) 1 HELP modet [] Other (please explain.)

1. If any areas of the landfil have been officially closed, list the following information.

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

MC 780-1882 (01-12)
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PHASE 2

‘CLOSURE COSTS

Final Cover Sys't-é_m

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

Non — Subtile D {soil cover) acres x § per acre = $ 0.00
(From Table Qne}
Gas Control System
Active exfraction system (Complete Form A and write the amount in the right column.) $ 0.00
Passive gas venting system (Complete Form B and write the amount in the right column.) $ 0.00
Note: Owners are not required to provide an FAl for an active gas system unless required 1o install the system for one of the reasons fisted under section 7 of this worksheet.
However, owners of Subtitle D fandfills are required to provide an FAI for a passive gas system if they do not provide one for an active system.
Other Critical Design Features
Include total cost for construction of other critical design features. Attach separate sheet(s) for cost calculations. % 0.00

Total Closure Cost (sum of all lines) (2004 Dcllars) $ 2,566.432.00

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

Total closure cost 2004 dollars § 2,966,432.00 x current implicit Price Deflator * /*Please contact the Solid Waste Management Program, 573-526-5401, for the current IPD
5
3,038,142.20

IPD 2004 4th Qir = 97.874; IPD 2012 3rd Qir = 115.860

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

_POST-CLOSURE COS
Inseparable Annual Costs

Annual landfili inspection and reporting $ —G e

Gas monitoring and reporting $ el

Annual groundwater sampling and analysis cost. 0 wells x2,000= $ 0.00

Annua! groundwater monitoring system maintenance and statistics cost. $ b v

[ Leachate system maintenance $3,100 $ 0.00

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

[J Leachate testing $2,250 $ 000

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

[JActive gas extraction system maintenance and utilities $17.800 g 000

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

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

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

Separable Annual Costs

Cap repair and maintenance ¢ acres xo = $ 0.00
{(From Tahle One}

[ Leachate treatment (check if applicable) 0 acresx 0 x (Cost per galtony 0.00 = 5 0.00
{Gal/AcrefYear)

[] Leachate hauling (check if applicahle) 0 acres x 0 %x$0.05 = g 0.00
{Gal/Acre/Year)

Annual Costs for Other Critical Design Features

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

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

Adjust for Inflation

Adjust Amount for 2004 dollars to present value

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

Sum of all annual post - closure costs $ 000

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

Annual post-closure costs x)8R years 20} 5 0.00
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Appendix 4D

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

G
4

&l

PHASE 3

WORKSHEET IS ONLY

QUIRED FOR THOSE FACILITIES THAT ACCEPT WASTE AFTER JAN, . OTHERS MAY USE THE WORKSHEET IF THEY CHOOSE

“DATE

NAME OF FACILITY PERMIT NUMBER

11013 Ameren Missouri Labadie Utility Waste Landfili

TOTAL PERMITTED ACREAGE TOTAL ACREAGE WITH WASTE IN PLACE

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

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

Ameren Missouri Labadie Utility Waste Landfill (PHASE 3)

3. What is the approved final cover system design?

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

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

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

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

& Yes ] No

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

0.5 rmiles
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?

[ Active extraction system ] Passive venting system No gas controt system

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

[Ja. Required to control gas migration

[Ib. Required under NSPS

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

[d. Specified only by design engineer

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

[OYes UNo  If yes, provide a general description of the portion{s) of the system installed.

Note: Owners of Subtitle D facilities must provide a closure financial assurance instrument for either an active extraction system or a passive venting system. Yau must provide a closure FA| for an
active system only when you are; 1) Required to instail the system by the department to contral 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
FAl for a passive venting system. Complete Form B if you own a nen-Subtitle D facility (with a soil cap), yout ate not required to provide a closure FAl for a gas conirol system at ajl unless you also
meet at Jeast one of the above conditions. If you have installed any portion of an active gas control system, you must pravide 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.
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PHASE 3

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

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

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

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

11. Fany areas”of the fandfill have been officially closed, list the following information.

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

MO TEG- 1802 (01-12)
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PHASE 3
CLOSURE COSTS =

Final Cover System

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

Non — Subtitle D (soil cover) acres x $ per acre = $ 0.00
(From Table One)
Gas Control System
Active extraction system (Complete Form A and write the amount in the right celumn.} g 0.00
Passive gas venting system (Complete Form B and write the amount in the right column.} $ 0.00
Note: Owners are not required to provide an FAIl for an active gas system unless required to install the system for cne of the reasons listed under section 7 of this worksheet.
However, owners of Subtitte D landfills are required to provide an FAI for a passive gas system if they do not provide one for an active system.
Other Critical Design Features
Include totaf cost for construction of other critical design features. Attach separate sheet(s) for cost calculations. $ 0.00

Total Closure Cost {sum of ail lines) (2004 Dollars} $ 4,163,161.00

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

Total closure cost 2004 dollars § 4.163,161.00 x current Implicit Price Deflator * /*Please contact the Solid Waste Management Program, 573-526-5401, for the current IPD
3
4,928,349.99

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

 POST-CLOSURE COST

Inseparable Annual Costs

Annual landfill inspection and reporting 3 =866~

Gas monitoring and reporting % i

Annual groundwater sampling and analysis cost. 0 welsx2,000= $ 0.00

Annual groundwater monitoring system maintenance and statistics cost. 3 e

[] Leachate system maintenance $3,100 § 0.00

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

[ Leachate testing $2,250 g 000

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

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

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

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

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

Separable Annual Costs

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

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

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

Annual Costs for Other Critical Design Features

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

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

Adjust for Inflation

Adiust Amount for 2004 dollars to present value

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

Sum of alt annual post — closure costs $ o000

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

Total Post-Closure Cost

Annual post-closure costs x XXyears 20 § 000
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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

G
-

@

 WORKSHEET IS ONLY REQUIRED FOR THO

E FACILITIES THAT ACCEPT WASTE AFTER JAN. 1, 2004, OTHERS MAY USE THE WORKSHEET IF THEY CHOOSE.

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

TOTAL PERMITTED ACREAGE TOTAL ACREAGE WITH WASTE IN PLACE

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

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

Ameren Missouri Labadie Utility Waste Landfill (PHASE 4)

3. What is the approved final cover system design?

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

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

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

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

Bl Yes "l No

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

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

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

[Ja. Required to controf gas migration

[Ib. Required under NSPS

[CJc. Required by other agency (city, county, efc.)

[Jd. Specified only by design engineer

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

Cyes [CINo  if yes, provide a general description of the portion(s) of the system installed.

Note: Owners of Sublitle 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 ¢he system by the department to controf off-site gas migration, or 2) Required ta install the system under the Federal New Source Perfarmance
Standards, ar NSPS, or 3) Required to install the system by another regulatory agency (city, county, etc.).

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

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

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

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

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

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

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

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

MG 780-1883 (03-12)
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PHASE 4

| CLOSURECOSTS.

Final Cover System

Subtitle D {Composite cover) 42.8 acres x $ 72,910. per acre = $ 3.120,548.00
(From Table Cne)

Non — Subtitle D (soil cover) acres x § per acre = $ 0.00
(From Table One}
Gas Control System
Active extraction system (Complete Form A and write the amount in the right column.) $ 0.00 )
Passive gas venting system (Complete Form B and write the amount in the right column.) $ 0.00
Note: Owners are not required to provide an FA! for an active gas system uniess required to install the system for one of the reasons listed under section 7 of this worksheet.
However, owners of Subtitle D landfills are required to provide an FAl for a passive gas system if they do not provide one for an active system.
Other Criticai Design Features
Include total cost for construction of other critical design features. Altach separate sheet(s) for cost calculations. 5 0.00

Total Closure Cost (sum of alf lines) (2004 Dollars) 5 3,120,548.00

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

Total closure cost 2004 dollars § 3,120,548.00 x current Implicit Price Deflator * /*Please contact the Solid Waste Management Program, 573-526-5401, for the current IPD
$ 3,694,104.72

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

“POST-CLOSURE COSTS

Inseparable Annual Costs

Annuat tandfill inspection and reporting 5 i

Gas monitoring and reporting 5 b~

Annual groundwater sampling and analysis cost. 0 wells x 2,000 = 3

Annual groundwater monitoring system maintenance and statistics cost. % el B

[] Leachate system maintenance $3,100 $ 0.00

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

] Leachate testing $2,250 $ 000

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

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

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

[ Passive gas system maintenance $1,600 g 000

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

Separable Annual Costs

Cap repair and maintenance 0 acres xO = $ 0.00
(From Tabie One)

[ Leachate treatment {check if applicable) 0 acres x U x (Cost per gallony 0.00 = $ 0.00
{Gal/Acre/Year)

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

Annual Costs for Other Critical Design Features

Include total annual cost for maintenance of other ¢rifical design features. Attach separate sheet(s) for cost cafculations. g 000

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

Adjust for Inflation

Adjust Amount for 2004 dollars o present value

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

Sum of all annual post — closure costs $ 000

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

Annual post-closure costs xXKyears 20 $ 0.00
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Appendix 4F

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



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

HAUL

SUBTITLE D COVER

STANDARD SQOIL COVER

CAP REFAIR/ MAINTENANCE

All costs are per acre costs.

DISTANCE ! 2 3 4 5 6
‘ {Miles) Easement No Easement Easement No Easement Easement No easement
—p 112 e $72,910 $36,300 $256
1 $74.910 $40,300 $265
1.5 $76.000 $41,390 $269
2 $78.200 $43,590 $278
25 $79,100 $44,480 §281 |
3 $81,140 $46,530 $290
35 $82,190 $47,570 $294
4 $83,730 $49,120 $300
aE 567 720 53170 R
5 $91,710 $57.100 $332
6 $93,550 $58,940 $340
- 5400 50,750 e
8 $97,240 $62,630 $355
9 $99,090 $64,470 $362 |
10 $100,930 | $136,290 $66,320 $93,460 $370 £525
11 102,560 367,960 o 376 '
12  $104,170 $69,560 $383
13 $105,820 $71,200 $390
14 " §107,410 $72,800 3396
15 - $109,010 $74,390 §402
16 " $110,650 $76.040 $409
17 §112,300 $77,680 $416
18 $113,890 $79,280 $422
"""" 19 $115,540 $80,920 $429
___________________ 55 ST e ST

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

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

Utility Waste Landfill Emergency Contacts



Ameren Missouri Labadie Energy Center

Utility Waste Landfill and Emergency Contacts

December 2012

Utility Waste Landfiil Contact Persons:

Tom C See

Safety Supervisor

Ameren Missouri Labadie Energy Center
226 Labadie Power Plant Rd

Labadie, MO 63055

(314) 992-8246

(314) 540-3289 cell

David Strubberg

Plant Manager

Ameren Missouri Labadie Energy Center
226 Labadie Power Plant Rd

Labadie, MO 63055

(314) 992-8201

{314) 853-7584 cell

Emergency Contact Phone Numbers:

Labadie Utility Waste Landfill, after hours:

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

Hospital

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

901 East 5" St., Washington, Missouri

Labadie Fire Department — (emergency)

(non-emergency)

Paul R. Pike

Environmental Science Executive
Ameren Services

One Ameren Plaza

1801 Chouteau Avenue

P.O. Box 66149, MC 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

1
) 340-4000

(636) 239-8000

9-1-1
(636) 742-2515

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

(non-emergency)

Franklin County Department of Health

(636) 583-2560

(636) 583-7300



Appendix T

Recordkeeping and Reporting Forms



Ameren Missouri Labadie Energy Center Utility Waste Landfill

Utility Waste Landfill Operating Permit #

Franklin County, Missouri

DAILY REPORT- General Operations

Date:

Weather Information:

Site Visitors:
DAILY REPORT- Utility Waste Landfill Operations

Coal Combustion Products Received: Circle Appliable Units Disposal Location:
Fly Ash: TPD * CY** celt1: [
Bottom Ash: TPD cY cel2. [
FGD Material: TPD CY Cell3: []

Total CCP: TPD cY Cell4: []

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

Major Operational Problems, Complaints, or Difficulties:

Corrective Measures or Corrective Actions:

Dust Control Efforts:

Comments:

Landfill Manager or Designated Staff

(signature)




Monthly
Monitorina Well Field Inspection

Well ID: Date:

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

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

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

Well Riser: Material =

Condition of Riser: Good ____ Damaged_
Condition of Riser Cap: Good Damaged_
Measurement Reference Point: Yes __ No_
Remarks:

Dedicated Purging/Sampling Device: Type -

Condition: Good Damaged Missing

Remarks:

Field Certification;

Signed Title Date
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Draft FAI



March 29, 2013

LETTER FROM CHIEF FINANCIAL OFFICER

CERTIFIED MAIL: 7002 3150 00C1 2354 9891

DIRECTOR

Missouri Department of Natural Resources
P.O. Box 176

Jefferson City, Missouri 65102

Dear Sir or Madam:

{ am the chief financial officer of Union Electric Company, One Ameren Plaza 1901 Chouteau Avenue, P. 0. Box
66149, St. Louis, Missouri, 63166-6149. This letter is:in support of the use of the financial test to demonstrate
financial assuranoe as specified in 10 CSR 80-2. 030( )( )6 of the MISSOUH SO|Id Waste Management Rules

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

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

Solid Waste Operatlng Permit Number pencilng
Labadie Energy Center Utility Waste Landfit
Labadie Energy Centér, Union Electric Company
226 Labadie Power Plant Fid Labadle MO 63055

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



1.

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

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

Closure Cost Estimate: 2012 dollars $13,040,071
Post-Ciosure Care: 2012 dollars $ 951,910

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

Ciosure Cost Estimate: 2012 dollars & 2,710,1_6‘1-" L
Post-Closure Care: 2012 dollars $ 1,650,217

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

Thxs flrm is the owner/operator or guarantor of the, fo[[ew;ng S0l id waste disposal areas Tor which

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

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

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

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



ALTERNATIVE |l

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

located in the U.S.): Not applicable

ANSWER YES OR NO:

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

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

| also hereby certify that:the word ng “of this Ietter is identical to that specified in 10 CSR B80-
2.030{4)(D)6.as such rlles were constituted on t_h_e date shown immediately helow.”

Sincerely,

Slgnature

Martin J. Lyons Jr.
Senior Vice Presndent and i
Chief Financial Oﬁlcer

Date Signed: :




Appendix V

Survey Plat
Revised August 2013

Documents Included:

Explorer Pipeline Letter
Explorer Pipeline Email Correspondence
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P. O. Box 2650

Tulsa, Oklahoma 74101
918-493-5172

Fax 918-493-5148

trmcmaea Akl e

PIPELINE.

Patrick A. Nwakoby
Project Lingineer

January 28, 2013

Ms. Barbara S. Skitt

Managing Supervisor, Real Estate
Ameren Services

PO Box 66149, MC 700

St. Louis, MO 63166-6149

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

Dear Ms. Skitt,

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

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

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

Explorer appreciates the early notification on this project and we look forward to
assisting with this project to ensure its safe completion. If I can be of further assistance,
please call me at (918) 493-5172.

Sincerely,

Patrick Nwakoby



From: Skitt, Barbara S

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

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

Hi Patrick,

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

Have a good evening.

BARBARA S. SKITT
Managing Supervisor
Real Estate Department
T 314.554.2249

C 314.401.8674

F 314.554.2570

E bskitt@ameren.com

Ameren Services
1901 Chouteau Avenue

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

Please consider the environment before printing this e-mail.

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



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

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

PART OF SECTIONS 8 AND 17 AND PART OF U.S. SURVEY 98 IN TOWNSHIP 44
NORTH, RANGE 2 EAST OF THE FIFTH PRINCIPAL MERIDIAN, FRANELIN 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 AN PACIFIC
RAILWAY COMPANY; THENCE DEPARTING SAID NORTHERLY LINE AND ALONG
THE WESTERLY LINE OF SAID “WORTHINGTON HEIRS SUBDIVISION” NORTH 01
DEGREES 28 MINUTES 18 SECONDS EAST, 80.58 FEET TO THE POINT OF BEGINNING
OF THE TRACT HEREIN DESCRIBED; THENCE DEPARTING SAID WESTERLY LINE
SOUTH 71 DEGREES 57 MINUTES 43 SECONDS WEST, 53.86 FEET; THENCE SOUTH 61
DEGREES 52 MINUTES 36 SECONDS WEST, 208.05 FEET; THENCE SQUTH 60
DEGREES 39 MINUTES 30 SECONDS WEST, 331.03 FEET; THENCE 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 35 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, 452.33 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.

SATD TRACT BEING SITUATED IN FRANKLIN COUNTY, MISSOURI AND
CONTAINING 35,422,418 SQUARE FEET OR 813.187 ACRES, MORE OR LESS.
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PROPERTY DESCRIPTION
Ameren Labadie Site
Waste Boundary

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

CCP WASTE BOUNDARY AREA #1

COMMENCING AT THE SOUTHWEST CORNER OF LOT 1 OF "WORTHINGTON
HEIRS SUBDIVISION" AS RECORDED IN PLAT BOOK C, PAGE 25 IN THE
FRANKLIN COUNTY RECORD’S OFFICE, SAID SOUTHWEST CORNER BEING
ON THE NORTHERLY RIGHT OF WAY LINE OF THE CHICAGO (100' W) ROCK
ISLAND AND PACIFIC RAILWAY COMPANY; THENCE DEPARTING SAID
NORTHERLY LINE AND ALONG THE WESTERLY LINE OF SAID
“WORTHINGTON HEIRS SUBDIVISION” NORTH 01 DEGREE 28 MINUTES 18
SECONDS EAST, 4,248.10 FEET TO THE CENTERLINE OF LABADIE ROAD;
THENCE ALONG THE CENTER LINE OF LABADIE ROAD, NORTH 86 DEGREES
48 MINUTES 00 SECONDS WEST, 1,529.46 FEET TO THE POINT OF BEGINNING
OF THE TRACT OF LAND HEREIN DESCRIBED; THENCE LEAVING SAID
CENTERLINE, SOUTH 01 DEGREE 28 MINUTES 49 SECONDS WEST, 822.90
FEET; THENCE ALONG A CURVE TO THE RIGHT, HAVING A RADIUS OF 75.00
FEET, AN ARC DISTANCE OF 117.81 FEET, THE CHORD OF WHICH BEARS
SOUTH 46 DEGREES 37 MINUTES 55 SECONDS WEST, A CHORD DISTANCE
OF 106.07 FEET; THENCE NORTH &8 DEGREES 22 MINUTES 05 SECONDS
WEST, 859.65 FEET; THENCE ALONG A CURVE TO THE RIGHT, HAVING A
RADIUS OF 80.00 FEET, AN ARC DISTANCE OF 87.71 FEET, THE CHORD OF
WHICH BEARS NORTH 56 DEGREES 57 MINUTES 27 SECONDS WEST, A
CHORD DITANCE OF 83.39 FEET; THENCE NORTH 25 DEGREES 32 MINUTES
50 SECONDS WEST, 990.66 FEET; THENCE ALONG A CURVE TO THE RIGHT,
HAVING A RADIUS OF 75.00 FEET, AN ARC DISTANCE OF 35.29 FEET, THE
CHORD OF WHICH BEARS NORTH 12 DEGREES 04 MINUTES 09 SECONDS
WEST, A CHORD DISTANCE OF 34.96 FEET; THENCE NORTH 01 DEGREE 24
MINUTES 33 SECONDS EAST, 554.77 FEET; THENCE ALONG A CURVE TO THE
RIGHT, HAVING A RADIUS OF 75.00 FEET, AN ARC DISTANCE OF 102.25 FEET,
THE CHORD OF WHICH BEARS NORTH 40 DEGREES 27 MINUTES 59
SECONDS EAST, A CHORD DISTANCE OF 94.51 FEET; THENCE NORTH 79
DEGREES 31 MINUTES 26 SECONDS EAST, 1,493.33 FEET; THENCE ALONG A
CURVE TO THE RIGHT, HAVING A RADIUS OF 75.00 FEET, AN ARC
DISTANCE OF 133.09 FEET, THE CHORD OF WHICH BEARS SOUTH 49
DEGREES 38 MINUTES 21 SECONDS EAST, A CHORD DISTANCE OF 116.30
FEET; THENCE SOUTH 01 DEGREE 11 MINUTES 52 SECONDS WEST, 968.55

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

MORE OR LESS.

CCP WASTE BOUNDARY AREA #2

COMMENCING AT THE SOUTHWEST CORNER OF LOT 1 OF "WORTHINGTON
HEIRS SUBDIVISION" AS RECORDED IN PLAT BOOK C, PAGE 25 IN THE
FRANKLIN COUNTY RECORD’S OFFICE, SAID SOUTHWEST CORNER BEING
ON THE NORTHERLY RIGHT OF WAY LINE OF THE CHICAGO (100" W) ROCK
[SLAND AND PACIFIC RAILWAY COMPANY; THENCE DEPARTING SAID
NORTHERLY LINE AND ALONG THE WESTERLY LINE OF SAID
“WORTHINGTON HEIRS SUBDIVISION” NORTH 01 DEGREE 28 MINUTES 18
SECONDS EAST, 2,345.18 FEET TO THE POINT OF BEGINNING OF THE TRACT
OF LAND HEREIN DESCRIBED; THENCE DEPARTING SAID WESTERLY LINE
NORTH 88 DEGREES 18 MINUTES 53 SECONDS WEST, 89.99 FEET; THENCE
ALONG A CURVE TO THE LEFT, HAVING A RADIUS OF 87.00 FEET, AN ARC
DISTANC OF 136.91 FEET, THE CHORD OF WHICH BEARS SOUTH 46 DEGREES
36 MINUTES 13 SECONDS WEST, A CHORD DISTANCE OF 123.21 FEET;
THENCE SOUTH 01 DEGREE 31 MINUTES 18 SECONDS WEST 1,327.21 FEET,
THENCE ALONG A CURVE TO THE RIGHT, HAVING A RADIUS OF 75.00 FEET,
AN ARC DISTANCE 117.81 FEET, THE CHORD OF WHICH BEARS SOUTH 46
DEGREES 31 MINUTES 18 SECONDS WEST, A CHORD DISTANCE OF 106.07
FEET; THENCE NORTH 858 DEGREES 28 MINUTES 42 SECONDS WEST, 656.13
FEET; THENCE ALONG A CURVE TO THE RIGHT, HAVING A RADIUS OF 75.00
FEET, AN ARC DISTANCE OF 49.18 FEET, THE CHORD OF WHICH BEARS
NORTH 69 DEGREES 41 MINUTES 32 SECONDS WEST, A CHORD DISTANCE
OF 48.31 FEET; THENCE NORTH 50 DEGREES 54 MINUTES 22 SECONDS WEST,
275.63 FEET, THENCE ALONG A CURVE TO THE RIGHT, HAVING A RADIUS
OF 75 .00 FEET, AN ARC DISTANCE 68.88 FEET, THE CHORD OF WHICH
BEARS NORTH 24 DEGREES 35 MINUTES 49 SECONDS WEST, A CHORD
DISTANCE OF 66.48 FEET; THENCE NORTH 01 DEGREE 42 MINUTES 45
SECONDS EAST, 1,709.98 FEET, THENCE NORTH 01 DEGREES 37 MINUTES 55
SECONDS EAST, 660.23 FEET; THENCE NORTH 01 DEGREES 29 MINUTES 39
SECONDS EAST, 618.66 FEET; THENCE ALONG A CURVE TO THE RIGHT,
HAVING A RADIUS OF 75.00 FEET, AN ARC DISTANCE OF 120.78 FEET, THE
CHORD OF WHICH BEARS NORTH 47 DEGREES 37 MINUTES 50 SECONDS
EAST, A CHORD DISTANCE OF 108.15 FEET; THENCE SOUTH 86 DEGREES 13
MINUTES 59 SECONDS EAST, 145.38 FEET; THENCE ALONG A CURVE TO THE
RIGHT, HAVING A RADIUS OF 75.00 FEET, AN ARC DISTANCE OF 48.51 FEET,
THE CHORD OF WHICH BEARS SOUTH 67 DEGREES 42 MINUTES 08 SECONDS
EAST, A CHORD DISTANCE OF 47.67 FEET; THENCE SOUTH 49 DEGREES 10

MINUTES 17 SECONDS EAST, 2991.68 FEET; THENCE ALONG A CURVE TO &‘%‘22
THE RIGHT, HAVING A RADIUS OF 75.00 FEET, AN ARC DISTANCE OF 65.97 & G’
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FEET, THE CHORD OF WHICH BEARS SOUTH 23 DEGREES 58 MINUTES 22
SECONDS EAST, A CHORD DISTANCE QOF 63.86 FEET, THENCE SOUTH 01
DEGREE 13 MINUTES 32 SECONDS WEST, §3.05 FEET; THENCE ALONG A
CURVE TO THE RIGHT, HAVING A RADIUS OF 75.00 FEET, AN ARC DISTANCE
OF 117.42 FEET, THE CHORD OF WHICH BEARS SOUTH 46 DEGREES 04
MINUTES 40 SECONDS WEST, A CHORD DISTANCE OF 105.79 FEET; THENCE
NORTH 8% DEGREES 04 MINUTES 12 SECONDS WEST, 1,129.75 FEET; THENCE
ALONG A CURVE TO THE RIGHT, HAVING A RADIUS 75.00 OF FEET, AN ARC
DISTANCE OF 118.58 FEET, THE CHORD OF WHICH BEARS NORTH 43
DEGREES 46 MINUTES 27 SECONDS EAST, A CHORD DISTANCE OF 106.61
FEET; THENCE NORTH 01 DEGREE 31 MINUTES 18 SECONDS EAST, 177.14
FEET; THENCE ALONG A CURVE TO THE LEFT, HAVING A RADIUS OF 75.00
FEET, AN ARC DISTANCE OF 117.60 FEET, THE CHORD OF WHICH BEARS
NQORTH 43 DEGREES 23 MINUTES 47 SECONDS WEST, A CHORD DISTANCE
OF 105.91 FEET; THENCE NORTH 88 DEGREES 18 MINUTES 53 SECONDS
WEST, 60.91 FEET TO THE POINT OF BEGINNING.

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

Groundwater Hydraulic Data



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

Appendix W
Groundwater Hydraulic Data Summary

December 2012

INTRODUCTION

Appendix W contains a summary description and graphical representations of surface water and
groundwater data acquired from the Ameren Missouri Labadie Energy Center proposed Utility
Waste 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 DS
report for this site on file with the Missouri Department of Natural Rescurces, 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 DSI. These readings were
taken from December 2009 through November 2010. Seven additional sets of readings from
select piezometers were obtained between late April and June 2010 fo better evaluate what
short term impacts rising Missouri River elevations have on the groundwater elevations and
gradients beneath the proposed site. The DSl 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 manitoring period, it was determined that the direction of groundwater
flow varied in response to Missouri River elevation. During periods of relatively low river
elevations {November-February) the prevailing direction of groundwater flow was north-
northwest toward the river. During periods of relatively high river elevations (March-October)
the prevailing direction of groundwater flow shifted eastward. These changes in flow direction
can be quite rapid. For example, from the “routine” monthly measurements made on May 11,

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



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

The behavior of groundwater elevations in response to changes in Missouri River stage as
described in the DSI report indicated that at the beginning of the monitoring period (December
2009}, river elevation was below the water table surface. It remained more or less below the
local water table throughout the succeeding three months {January to March 2010} except for
relatively short-term periods (4 to 9 days). Average 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 (ft/yr). 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 scils comprising the alluvial
aquifer. The DSI report indicated that the lower ranges in hydraulic gradient were believed
more representative of prevailing groundwater movement at the site, which results in velocities
ranging from 0.1 to 10 ft/yr. However, the report also noted the possibility of higher groundwater
velocity values in the northwestern part of the site, where hydraulic gradient increases in
response to changes in Missouri River elevation.

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

SUMMARY AND CONCLUSIONS

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

Appendix X
Documentation of Groundwater Monitoring System Design

December 2012

INTRODUCTION

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

This evaluation is based on the resuits of the Detailed Site investigation {(DSI) undertaken in 2009-
2010 and detailed in a report entitled, Detailed Site Investigation Report for Ameren Missouri [ abadie
Power Plant Froposed 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 DS report. They are described at the end of

this report.

BASELINE HYDROLOGIC DATA

Review of the hydrologic data contained in the DS1 Report indicate that a notable feature concerning
groundwater movement is the large temporal fluctuation in overall flow direction in response fo the
rise and fall of Missouri River elevation (refer also to Appendix W). Examination of the monthly
groundwater maps contained in that report (December 2009 through November 2010) demonstrate
that the prevailing direction of flow describes a wide arc approaching 180° as it moves roughly from
north-northwest during periods of low river stage to east-southeast during periods of high river stage.
These temporal changes can be quite rapid. For example, between May 11, 2010 and May 18,
2010, during which period of time the Missouri River rose 12 feet, the prevailing direction of
groundwater movement shifted approximately 90 degrees from northeast to southeast. This shift was
accompanied by site-wide increases in groundwater levels of between 1.5 and 7.25 feet and a
corresponding increase in hydraulic gradient. As a resuit, much of the proposed disposal area
perimeter exhibits both hydraulically upgradient and downgradient conditions with respect to waste
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disposal limits dependent on river stage. Further, areas of the proposed UWL closer to the Missouri
River appear to exhibit a more 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. Conseqguently, 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,1) = (Co/4) e[(xv/2D)[1-(1+4kD,/NV?) 4] erfe][x-vt(1+4kD, V7)Y 2)/2(D.t) "4
[erfl(y+Y/2)/2{Dyx/V)"?]-erf[{y-Y/2)/2(Dvx/v)"]]

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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o C, = the concentration of the contaminant at the point of reiease. This value is 1000x the
downgradient contaminant concentration. For exampie, if an initial chloride concentration of
3,000 mg/l is used, then the target downgradient concentration is equal to 3 mg/l, which is
within generally accepted laboratory PQLs.

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

e erfc = complimentary error function

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

e 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).

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

o 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.

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

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

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

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

Further documentation for the Plume model can be found in a paper authored by Wilson et al. {ref.
Design of Ground-Water Monitoring Networks Using the Monitoring Efficiency Model (MEMOY:
GROUNDWATER, v.30, No. 6, Nov.-Dec. 1992). This reference provides a specific equation for
modeling the 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:

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

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

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

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

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

o The detection limit for the contaminant is sensitive enough to be reported as it moves near a
given well point. This limit is set at cne-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
maonthly 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.

s 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 overiays
were then manipulated so that points of intersection were attained at the 0.001 contour interval.
Those points of intersection along the downgradient sides of the proposed UWL were then
considered the minimum spacing whereupon early detection of a release could be determined. The
modeling effort resulted in the identification of 21 downgradient well locations (Figure 2). Beginning
at the northwestern corner of the site, well spacing along the northern edge of Cell 2 is approximately
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450 feet (well ID #s MW-1 through MW-4). Well spacing between MW-5 and MW-7 is wider since
these wells are farther from the waste disposal limits of Cell 2 due to the location of Pond 2. Well
spacing along the eastemn perimeter of Cell 3 is approximately 330 feet {well ID #s MW-7 through
MW-17). The spacing was increased along the southern edge of Cell 3 to avoid well placement
impacting jurisdictional areas (well ID # MW-18). Well spacing along the eastern perimeter of Cell 4
is between approximately 330 and 500 feet (well ID #s MW-19 through MW-21). Table 3
summarizes location information for the proposed downgradient wells. The table also describes a
temporary monitoring well (TMW-1) that will serve as a “sentry” for the initial operations within Cell 1.
It will be located immediately east (downgradient) of Cell 1 within the utility pipeline corridor (Figure 2)
and used to supplement water quality data derived from the permanent downgradient wells located
aiong the eastern perimeter of Cell 3. TMW-1 wili 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 jocation 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 DSI 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 cormresponding,
progressive rise in groundwater levels in a northwest to southeast direction. Conversely, as the
Missouri River stage decreases, it is accompanied by a progressive drop in groundwater ievels that, if
sustained, eventually reverses the overall direction of groundwater movement back to the northwest.
While these fluctuations were apparent throughout the site, they become more pronounced to the
northwest, as the Missouri River is approached. Piezometric data from that area document
fluctuations in excess of eight feet whereas fluctuations in the southeastern part of the site are
between three and four 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 DS report suggests that the 12-month timeframe
during which piezometric monitoring was in effect at the site (December 2009 to November 2010)
coincided with a period of relatively high Missouri River elevations (between 451 and 473 feet).
Consequently, it was necessary to examine the historical data presented in that 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 DSI were used in the analysis (Attachment 4).
The results show that the water table surface would be expected to drop to 454.5 feet in the extreme
northwestern part of the facility near the location of former piezometer P-9 (Figure 2). Thus, a
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 tow 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 Utility Waste Landfiit
Construction Permit Application

Missouri River Historical Data (2000-2011)
Figure 1*
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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
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Effective F’oroszly {n)

0.35

0.40

[Effective Porosity (n)
- e

Hydraulic Conductivity (K}

26

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

47

41

Cells 3 & 4 Site K,,, = 5.567 x 107 fimin

Hydraulic Gradient (i)

i = 0.0002 fuft

Hydraulic Gradient (i}

i =0.6003 ft/

Effectlve Pﬂrosny {n)

0.35

0.40

0.35

Q.40

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

15 13
Cells 1 & 2 Site K,,; = 5.002 x 107 fUmin Hydraulic Conductivity (K} Cells 3 & 4 Site K,,; = 5.567 x 102 fl'min
|[Hydraulic Gradient (i} i = 0.0001 it Hydraulic Gradient {i} i = 0.0001 ft/ft
|[Edective Porosny( ) 0.30 0.35 0.40 Effective Porosity (n) 0.30 0.35 0.49
i 8 7 Velocily (=Kin) {ftfyr 10

”Céi.ls 1& 2“Sne Kavg

14 12

5,002 x 10 f/min Hydraulic Conductivity {K) Ce]ls 3 & 4 Site K,,, = 5.567 x 107 fiémin
IHydraulic Gradient (/) i = 0.0001 ft/ft Hydraulic Gradieni (i) i = 0.0002 ft/ft
iIEffective Porosity (n) 0.30 0.35 0.40 Effeclive Porosity (n) 0.30 0.35 0.40

Hydraulic Conductivity (K)

Cells 1 & 2 Site Kyq =

8

5.002 x 102 fymin

Hydraulic Conduclivily (K)

“Cells 3 & 4 Site K, =

27

5.567 x 10 ft/min

Hydraulic Gradient {i) i = 0.0003 it [[Hydraulic Gradient (i) i = 0.00071 fufL
Effective Porasity (n) 0.30 0.35 0.40 [Effective Porosity (n) 0.30 0.35 0.40
Velocily {=Kin} {ft/yr) 26 23 20 [[Velocity (=Kiin} (ft/yr} 14 12 10
Notes
1. Hytirautic gradient vafues derived using 3-point methods for 12 month monitaring period 12/08-14/10.
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Construction Permit Application
Proposed Utility Waste Landfill
Ameren Missouri Labadie Energy Center
Frankiin County, Missouri

Piume Definition for Cells 1 and 2

Table 2a

Menthly GEEY

East North Resultan| Hydraulic Velocily Velocily

Hydraulic Velocity Comporent |Componsnt={ Resullant Norih Conductivity, deita Cos (della | Sin(delta | *Cos{della | "Sinidela
Cells 1 & 2 Month/Year Azimuth | Gradient |Velocity (ftiyr)  (ftmonth) =X ¥ fast Vector| Veclor "0 fthyr angle angle} angle) angle} angle)
Dec-09 -74 0.0007 53 4.38 -4.21 121 -4.21 1.21 4.642 -106.65 -0.286 -0.958 -1.255 -4.198
January-10 20 0.0008 ] 5.01 1.71 4.71 -2.50 5.91 6.324 -12.65 0.978 -0.219 4.886 -1.097
February-10 -81 0.0003 23 1.88 -1.46 1.18 -3.96 710 4.482 -83.65 9111 -0,994 0.208 -1.866
March-10 63 0.6008 60 5.01 4.46 2.27 0.50 9.37 4.561 30.35 0.8683 0.505 4322 2.531
April-10 94 0.0002 15 1.25 1.25 -0.09 1.75 9.28 500228  [Average 61.35 0.479 0878 0.600 1.098
May-10 17 0.0001 8 0563 0.18 0.60 1,94 $.88 Effective -16.65 0.963 -0.270 0.603 -0.169
June-10 102 0.0004 30 250 245 -0.62 4.38 938 Porosity {n) = 0.35 69.35 0.353 0.936 0.883 2.343
July-10 115 0.0004 30 250 227 -1.08 6.65 8.20 82.35 0.133 0991 0.333 2482
August-10 94 0.0002 15 1.25 1.25 -0.08 7.90 8.21 61.35 0.479 0.878 0.600 1.089
September-10 -22 0.00014 a 0.63 -D.23 0.58 7.687 4.78 -54.85 0.579 -0.8168 0.362 -0.511
Qstober-10 48 0.0001 8 0.63 047 042 8.13 9219 15.35 0.964 0.265 0.604 0 1686
November-10 -57 0.0003 23 188 -1.58 1.02 6.56 10.24 -89.65 (.006 -1.000 0.012 -1.878

Average velociy, ftiyr = 12.16 57.36
Average 385 0.00037 Bearing, Northeast= 32.65 Average monthly velocity 1.013 0.000
Standard Deviation 61.9 0.00026 Standard Deviation in monthly velocily 1.767 2,059
Errarin Mean 17.9 0.00008 0.1572432

Averzge yearly velocity 12.157 0.000
Alpha 1.744 2032

Longiludinal  Transverse

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

i d
Ly

326 1 /" =monthly velccity times cos
2 _(difference in bearings)

Prepared by: Gredeli Engineering Resources, Inc. December 2012



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

Plume Definition for Cells 3 and 4

Table 2b
Tonthly MGry
East North Resullant Hydraulic Velosity Velacity
Hydaufic Velocity | Component=|Componenl=| Resultant North Conductivity, delta Cos {della | Sin(della ‘Cos{delta | "Sin{della
Cefls3& 4 Morih/Year Azimuth | Gradient |Velocity (fiyr)]  {ft/month} S ¥ East Veclor| Veckor 01 fiyr angle angle} angle) angle) angle}
Dec-G8 =70 0.0003 25 2.08 -1.96 0.71 -1.86 0.71 4.642 -136.58 -0.726 -0.687 -1.513 -1.432
January-10 3 0.0004 33 2.75 0.14 275 -1.81 3486 6.324 -63.58 0445 -0 896 1.224 -2.463
February-10 -1 0.0001 Ll 0.87 0,13 0.65 -1.94 411 4.482 -77.58 0.215 0977 0.143 -0.851
March-10 63 0.0005 42 3.50 3.12 1.59 1.18 5.70 4.561 -3.58 0908 0.082 3493 -0.219
Aprii-10 84 0.0003 25 2.08 2.07 0.22 325 5.92 5.00225 |Average 17.42 0.954 0.299 1.988 0.624
May-10 70 0.0002 17 1.42 133 0.48 4.58 640 342 0.938 0.0680 1414 0084
June-10 105 0.0004 33 275 2.86 -0.71 7.24 5.69 Effective 38.42 0.784 0.621 2.155 1,709
July-10 108 0.0004 33 2.75 2.60 -0.90 9.84 4.80 Parosity (ny= 035 42.42 0,738 0.678 2.030 1.855
August-10 95 0.0003 25 2.08 2.08 -0.18 1191 4.62 2842 0.880 0476 1.832 0891
September-10 47 0.0001 g 0.67 0.49 045 12.40 507 -18.58 0.042 -0.335 0.628 -0.223
Cclober-10 81 0.0002 17 142 1.40 0.22 13.80 5.29 14.42 0.869 0.249 1.372 0.353
November-10 -43 Q0001 8 0.67 -01.45 .48 13.34 578 -109.58 -0.335 -0.942 -01.223 -0.628
Average velocity, fiyr = 14.54 23.42
Average 548 0.00028 Bearing, Northeast= 66.58 Average monthly velocity 1.212 0.000
Standard Deviation 505 0.00014 Standard Devialion in monthiy velogity 1.307 1239
Errer in Mean 14.6 0.00004 0.1280281
Average yearly velocity 14.543 0.000
Alpha 1.078 1023

Longaudinal  Transverse

=monthly wvelocity
times sin{difference

/\»\\m bearinss)

[

66.6

=monthly velocity times
cos{difference in
bearings)

Prepared by: Gredell Engingering Resources, Inc. December 2012



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

Groundwater Monitoring Well Summary

Table 3
Monitoring Well] Upgradient or Northing | Easting Ground Surface Well Depth | Screen Length | Top of Screen Interval
Designation Downgradient Elevation {approx.) | (feet, bgs) {feet) Elevation {approx.)
MW-1 DG 995574 | 727216 470 25 10 455
Mw-2 DG 965656 | 727662 469 23 10 456
MW-3 DG 995738 | 728106 468 22 10 456
MW-4 DG 995819 | 728547 468 21 10 457
MW-5 DG 095548 | 728812 468 21 10 457
MW-6 DG 995171 | 729206 467 20 10 457
MW -7 DG 894600 | 729389 467 19 10 458
MW-8 DG 094380 [ 729642 466 18 10 458
MW-9 DG 994160 [ 729885 465 17 10 458
MW-10 DG 9893840 [ 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 903280 [ 730905 465 17 10 458
MW-14 DG 093060 | 731158 464 16 10 458
MW-15 DG 992840 | 731410 464 15 10 459
MW-16 DG 992620 [ 731663 464 15 10 459
MW-17 DG 992302 | 731681 465 16 10 459
MW-18 DG 991674 | 730925 462 13 10 459
MW-19 DG 092096 | 730184 463 15 10 458
MW-20 DG 991668 | 729958 463 14 10 459
MW -21 DG 991332 | 729953 463 14 10 458
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
MWwW-25 UG 992708 | 727524 466 18 10 458
MW-26 UG 993986 | 726913 467 20 10 457
Mw-27 UG 004619 | 726637 468 22 10 456
MW-28 uG 995287 | 726640 489 24 10 455
TMW-1 DG 993795 | 728659 487 19 i0 458

Prepared by: GREDELL Engineering Resources, Inc.

Appendix X



Attachment 1

Baseline Hydrologic Data Notes



GREDELL Engineering Resources, Inc.

Date: .2~ 2. Page No: | of '

ENVIRONMENTAL ENGINEERING LAND - AIR - WATER
Telephone (573) 659-8078

Prapared By: {0, ¢ _Cag\sgn | Checked By: M(_{_

Proiect: \ g¥padVe Candleveation Reent,

SUb]QCt G{'guﬁ&weﬁw Moeu 0{"!!‘\ %{ﬁ*m

\ O\A p\-\om&‘ 4‘ C:ﬁ'evr\é»wa\m F‘\M \ruj:-crb

( CeMe | cnd 220

Z

2 Ca.\c.u\a.“ﬂ.d “YA"&W\IL Grn&ﬂ.n‘t (\1 F‘\oﬂ\'\'ﬁb . ) y ?/le ;' |

oo 1. 0.0007 F¥/5k
the 2. c.ooo%
whe 3. ©6.006%
sfic 4. O.000%

4lic 5. o.000%
sfb ¢ o.0c01
oo 3. oc.o00h
o 8. o.co04
W 9, o.c00%

ol to, oiceer | .
“’/w Y. ©,000)
o 1. o8003 5

Rvat ' 0.000%% &'«{‘?b ,

&) Printed on Recycled Paper

P12/ p.-e.\/p,a\-'c. (Mt “3

. Calculared K \np.\u\f_‘a ‘From /m.
0\4 P\-nw—+ M\\bomu-:t r.\.vf-h
($rem ©STY

P\ S AL w18 T ‘Pf/n'un
N 5 R T \o"‘- e
DR B 44RO
4 P4 4.56Ix 10 0 "

Ava: s.007x 107" o




GREDELL Engineering Resources, Inc.

ENVIRONMENTAL ENGINEERING

Datet S+ 265 =172 PageNo: | of |
Telephcne (575) 659-9078 Client: Ry ko« ens

Prepared By: 04 .C. . Coc\ yom| Checked By: Mcco Project: \ oMo Al Qg&’i‘?uﬁbw\ -R.rm—’:.
Subxect Cbc'aveé-wo;‘"(w Mcm f\'o\“\ ﬁg %\fb‘\’tm

! O\d P\ncva. 'E- C‘:\‘oUnA.Woc’n.r
Hlows \S_v...c:‘(:o\"b :
&mbfsw¢43

LAND - AIR - WATER

2. C.-Q\C-d\a'\'?-é- “\fag!:'hv\u— C’Dt‘cuktmt (\'2. Moﬂ\:\n‘h

_ e 5q{p-g\{P.\\4r (ot 4"\
. 0.000> Gatd ] o
o. ooo'\-
0.0001
©.0005
©.000%
0.0002,
0. 0004 |\
0.0004
0.0003
o.coDt.
c. 1r:>oo‘2,

_Fﬁp?#rm?wﬂ*

“F\ua o. oooz.‘% oy

- Cn.\r..u\a\‘\’bé. K W\\M..': Q‘-gm /\n O\d 'P\-um. 2. CCLNS '3 onbh ‘51-5 F\N.n- (%‘aﬂ"bfﬂ:b
| I, P-8D, 2.444 o T Qtfcmin

2. P-S3 £33 \0°° fifmin
Ca P31t ARk w107t Chfmin
4. P- &S 248K\ L [ea
5.P- W4 5‘42..4—%\0"1 ?{:-frh\rx ;

RAue 5.6 v 0T L fepn

C¥ Prirted o Recvrdad Paser




Attachment 2

Wilson, C.R., Einberger, C.M.,

Jackson, R.L., and Mercer, R.B. (1992) “Design
of Ground-Water Monitoring Networks Using the
Monitoring Efficiency Model (MEMO)”;
GROUNDWATER, V. 30, No. 6, Nov.-Dec.



Computer Notes

Design of Ground-Water Monitoring Networks Using

the Monltoring Efficlency Model (MEMO)

by Charkes R. Wilsoo', Carl M. Einberges”, Ronald L. Jackson®, and Richard B, Mercer”

the design. Maps of the shte showing sress from which releases

produced, providing izsight into the benefits of adding, deleting, or maving speeific well.

Introduction

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

* Golder Associates Inc., Redmond, Washington 98052,

bWestinghouse Hanford Company, Richland, Weshington
99352

Reeeived June 1991, revised March 1992, eccepied April
1992

Discussion open until Mey 1, 1993,

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

General

Approach
The technique developed in this paper quantifies the
momnitoring efficiency of a given monitoring well network by
determining aress within 2 potential chemical sowrce area
where a chemical release would or would not be detected by
the monitoring well petwork. Monitoring efficiency is
defined as the ratio of the area of detection to the total area
of the site, For example, a determined efficiency of %0
pem!prediﬁsthﬂtﬂmmrhgmﬂmlof
the site would be detected by the monitoring wells, and
relcases oocurring over 10 percent of the site would not be
detected.

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

An lusteation of the application of MEMO is shown
in Figure 1. Critical geometric elements are the potential
source area(s), a grid of potential source points, the buffer
zone baundary, and monitoring well locations, The buffer
m_nebmmdaryi:d:ﬁmdasthclimitmwhichaplumem
mhdmitshuuldbcdumed,mdmuuthcphm
migration limit for “carly warning™ detection of & contami-
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Piume Generauon
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Monzonng Eficoncy - 87%
Fig. I. Duatration of MEMO results.

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

Ground-water flow and contaminant transport
parameters are requzired 10 determine the plume dimensions
and configuration. Specific flow and transport fnput require-
ments will depend upon the plume generstion 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 anaiytical contaminant transport solutions.

MEMO is applied using available site-specific and/or
literature-based informalion. Multiple simulations can be
performed to analyze the sensitivity of a specific problem
domain to input parameters. Because MEMO s based upon
a simulation of physical processes, evaluations of the ade-
quecy of the design arc determined from the physical
parameters and processes governing contaminant migra-
tion, rather than upon qualitative judgments of how many
wells are enough.

966

Plume Generation

MEMO uses 2 plume generation routine to compute
the sizes and shapes of the plumes from each grid point. The
plume gencration routine currently incorporated into
MEMO is based upon the two-dimensional analytical
transport mode} presented in Domenico and Robbins (1985)
and modified in Domenica {1987), This model assumes that
sojute is relcased along a continuous line source in a uniform
aquifer, and predicts the concentrations that would be
obscrved at points downstream of that source. The govern-
ing cquation 1s:
C(x, y,9) = (Co/4) exp {(xv/2D)[1 — (1 + 4kDy/v')"]}
erfc{{x — vt(1 + 4kDy/ V)’ 2(D,1)"*}

ferl[(y + Y/2)/2(Dyx/¥)"] = erfl(y — Y/2)/2(Dyx/v)""}}

where C(x, y, t) = concentration at x, v, t, C, = source
concentration; x = distance downstream from the source;
y = transverse distance from the source; k = first-order
radioactive decay constant; Y = width of the source in the
ground watcr; v = average contaminant velocity; Dy =
longitudinal dispersion coefiicient; Dy = transverse disper-
sion cocflicient; and t = time.
Tke average contaminant velocity is compuied as:
v=Ki/Rn

where K = hydraulic conductivity; i = hydraulic gradient;
R = rewardation facior; and n = effective porosiry,

The dispersion cocfiicients arz functions of the contam-
inant velocity, the dispersivities, the retardation factor, and
the diffusion co=fficient for the contarninant of interest.

D;=ﬂ!1\’+ Dm!R
D,=a,v+ DmIR

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

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

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

Ca=Cal/Co

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



model, care must be taken that erroncous conclusions are
not made based on inadequatc assumptions about the prob-
lemn domain

Required inpul Parameters

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

Geometry of Problem Domein

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

Monitoring wells aré located berween the potential

source arca(s} and the buffer zone boundary. Plumss that
are not detected by @ monitoring well prior to contacting the
buffer zons boundary are considered 1o be “not detected”in
the monitoring efficiency estimate. However, it should not
be inferred that piumes considered “not detecied ™ for pur-
poses of network design will never be detected. Plumes will
continue 1o expand until steady siate is reached, and may
eventualiy be detected prior to reaching steady state. Identifi-
cation of a buffer zone is necessary because unless the center
linc of a plume directly contacts a monitoring well, the
ieading cdge of the plutne will migrate beyond the monitor-
ing well prior to piume detection.

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

Potential Source Widih

Vertical migration of contaminants througi the unsatu-
rated zone to the water Lable is assumed to create a source of
contamination in the ground water that generates the con-
raminant plume. The width of the source in the ground
water will depend upon the dimensions of the release at the

waste sitc and the subssquent dispersion in the unsaturated
zone. The size and strength of this source may be estimated
from field measurements if releases have occurred at Lhe site,
or from the size, type of contaminants, and transport mech-
anisms of & hypothetical relcase from the site.

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

Contaminant Transport Perameters

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

If ground-water level data arc available for a site, they
can be used to estimate the direction of ground-water
movement. 1f no water-level data are available, the direction
of ground-water movement may be estimated from regional
hydrogeologicdata or from site topography. The sensitivity
of the monitoring efficicncy cstimate to variations in
ground-water flow direction should be considered, particu-
larly when no field dats are available. The efficiency of a
particular monitoring well network can be significanily
changed by a change in the ground-water flow direction.

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

Site-specific dispersivities are rarely available, and must
usually he estimated from available literature values for
similar geologic media. Gelhar et al. (I985) provide a source
for such information. Dispersivity values have been reporied

967



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

For most fisld situnations, the diffusion coefficient is
quite small compared to the edjective velocity and can be
negiccted. For sites with very Jow adjective velochies, the
effect of molecular diffusion can be evaluated in a sensitivity
snalysis. Radioactive or chemical decay can be incorporated
into the monitoring efficiency study by specifying a first-
order decay constant.

Diliution Contour

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

To determine an appropriate dilmion contour, the
source strength and detection standard must be cstimated.
The source strength is the contaminant concentration at the
piume source within the aquifer, The potential sourec
strength may be estimated through analysis of ground-water
samples from an identificd source area where a release has
already occurred, through analysis of the physical condi-
tions of the waste and the site, or through identifying a
threshold source strength that would be of regulatory con-
cern. The first of these approaches is not typically possible,
becaust monitoring well network designs are generally pre-
pared for sites where releases 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 long-term average hydrologic conditions.
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If the mass flux rate of contaminanis refcased from the
site it assumed to be constant, the strength and width of the
source in the ground water become inverscly related. If the
width of the source increases, such as from a higher esti-
mated dispersion in the unsaturated zonc, the strength of the
source must decrease, because the total mass flux of contem-
inant entering the ground water remains constant. Although
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
bétween these parameters is considered.

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

Estimates of source strength may also be based upon
threshold vatues that would be of regulatory concern. This
spproach is useful when the contaminant of concern bas an
assigned regulatory standard such as a maximum contami-
pant level (MCL), but its concentration at the point of
reicase at the waste site is difficult to estimme, for exampie,
because of a lack of solubility information. This approach

‘has been particularly useful for metals and radionuclides.

The threshold strength of concen is generally considered to
be the regulatory standard, and the contaminant concentra-
tion at the source in the ground water would be sct Lo
spproximately equal that stendard. This would be more
conservative than estimates based on solubility limits if the
reguiatory standard is less than the estimated source concen-
tration. However, if the estimated source concentration is
less than the regulatory standard, it is recommended that the
regulatory standard be used as the source concentration to
avoid an overly conservative design.

Exampie Application

MEMO has been employed to design monitoring net-
works for eight waste 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
movement and the unsaturated zone transport conditions
associated with aliernative release scenarios. Uncertainties
in parameter values arc analyzed in MEMO sensitivity
studies, and uncertainties in the validity of the assumptions
used in MEMO are identified. Higher design monitoring
efficiencies may be used st sites with greater parameter

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

Source Width 20 feet
Buffer Zonc Width 500 feet
Longitudinal Dispersivity 35 feet
Transverse Dispersivity 5 feer
Ca 0.001
Contaminant decay and molecular dlﬁ'unonwm:con-
sidered negligible in this example,

Figure 2 shows the MEMO resulis for a relatively
sparse downgradient nerwork of six wells. The shaded areas
on the figure indicate locations where a release is not pre-
dicted 10 be detected. The influence of the approximately
1,500-foot gaps between the monitoring wellscan be seen in

the sizes of the shaded arcas. The ¢fficiency of this network is |

about 73 percent, and s less the minimum target of %0
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Fig. 3. Example MEMO resuin for a petwork of 12 welk,

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

Figure 3 shows the MEMO results for the site shownin
Figure 2, but with a network of 12 wells. This network
greatly reduces the shaded areas and increases the monitor-
mg:ﬂincncylo%pcmanThascﬂ'mcncymybeunnm—
sarily high for the site, particularly if the direction of
ground-water flow is stable. Monitoring wells can be moved,
pdded, or deleted until a satisfactory network is achieved.
The sensitivity of the final petwork 1o uncertaintics in
ground-water flow directions or in any of the other input
parameters can also be cvaluated.

Future Model Development

The monitoring efficiency concept of MEMO can be
developed with other assumptions and applications. Some
cxamples of arcas for future model deveiopment are dis-
cussed in this section

MEMO custently provides a deterministic solution for
the monitoring ¢fliciency, A probabilistic mode) mcorporat-
ing 2. Momte Cario approach has been considered, with
m-cpm&dprohb&mﬁmcuom for cach of the field or
Litersture-derived input parameters. Rather than producing
a single monitoring cfficiency, a range of valves would be
produced. Graphical output could present contours of the
frequency of detection of each potential source point, rather
than shading nondetected potential source points.

A {hresdimensional atalytical solution can be incorpo-

rated into MEMO to allow evaluations of nested monitor-

mswellnetmks.Thcmcrwouldspenfyweulounonsmd
screen iritervals for each well. Plume migration would be
limited byl lanar buffer zonc limit MEMO can also be
developed 8 two-dimensional or three-dimensional
finite-difference or finite-tlement contaminant transport
modulz, to allow application to sites where available data
and site complexity suggest that tbe simplifying assump-
tions of the current anslytical solution are inappropriate.
As an plternative to using the buffer zons concept,

plum:scunbel:mued bymipannnﬂmcorallwedtomach
steady state, prior 1o checking for detection in a monitoring
well. However, if this approach is used, the downgradient
limit of each plume will vary with the geometry of
the source arpg. Atsites where ground-watet conlamination
is of concer, garly wnmmg of contamination is typically
desired to allow corrective action to be taken. The buffer
zone boundary serves as the limit for plume migration
before early warning should occur. For this reason, the
buffer zone concept is our preferred configuration for the
model.

Concluslons

MEMO is 8 method for monitoring well network
design that is quantitative and produces easily understood
graphical output The computed detection efficiency pro-
vides data for optimization of a monitoring network design
based upon physical processes, The model requires signifi-
cant judgment becanse of the need to obtain or estimate the
mput parameters. The benefits obtained from adding, delet-
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ing, or moving wells can be readily demonstrated using
multiple simutations. The model has becn found to be of
significant value in justifying @ network design to both
regulatory agencies and site OWTers. The approach can be
readily adapted or enhanced to address alternative prob-
jems. For example, the model can be modilied for use with
three-dimensional plume peneration techniques if required
for a particular site, 1t also can be developed on a probabilis-
tic basis, to quantify the uncertainty in the design, as an
alternative to the deterministic and conservative approach
described here. The expanded use of MEMO and other
similar design approaches is expected to promote reduction
in the uncertaintics inherent in monitoring well network
design.

Avallablilty of Model )
MEMO software and 2 User's Manual can be obtained
from the authors.
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Construction Permit Application
Proposed Utility Waste Landfill

Ameren Missouri Labadie Energy Center
Cells 1 and 2

Plume Model Qutput for 44 Years

=

MAP ver 1.3 PLUME Stmulation Golder Associates Inc.
] L i 13
] 1:;:) 4"u":: 45@. :u'a JHI
Contours at; .00100, .01000, .10000 Lorgitudinal dispersivity = 1.74
Asgvection time = 528,00 Transverse djspersivity = 2.03
Average contaminant velpcaty = 1.0430 First-order decay constant = | QDOE+00

Width aof line saurce = 100.00 Diffusion coefficient =  0DOE+Q0



MAR ver

1.4
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Linear Regression Plots
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Construction Permit Application
Proposed Utility Waste Landfill
Ameren Missouri Labadie Energy Center

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

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

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

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

Attachment 4 - Figure 3
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Construction Permit Application
Proposed Utility Waste Landfili
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 Landfitl
Ameren Missouri Labadie Energy Center

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

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

Missouri River Elevation vs Top of Water Table (P-65)

Attachment 4 - Figure 7
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Construction Permit Application
Proposed Utility Waste Landfill
Ameren Missouri Labadie Energy Center

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

Missouri River Elevation vs Top of Water Table (P-95)
Attachment 4 - Figure 9
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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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Construction Permit Application
Proposed Utility Waste Landfill
Ameren Missouri Labadie Energy Center

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

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

Attachment 4 - Figure 14
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Leachate Pipe Calculations

Proposed Utility Waste Landfill

Ameren Missouri Labadie Energy Center
January 2013, Revised August 2013

1.0 Introduction

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

2.0 Pipe Capacity
2.1 Leachate Force Main

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

Assumptions:

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

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

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

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

Where:

h; is the head loss (ft),

L is the length (2500 ft),

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

C is the friction factor (150 for HDPE).

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

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

Prepared by GREDELL Engineering Resources, Inc. 2 of 19



Leachate Pipe Calculations

Proposed Utility Waste Landfill

Ameren Missouri Labadie Energy Center
January 2013, Revised August 2013

The total head is: 8.3ft+38.8ft=47.1ft

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

2.2  Leachate Collection Pipe

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

Q=1.49/nxAxR*® X s?

Where:

Q is the flow (cfs),

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

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

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

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

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

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

Prepared by GREDELL Engineering Resources, Inc. 30f19
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Ameren Missouri Labadie Energy Center
January 2013, Revised August 2013

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)= WeoverHcover + WheddingHbeading = (120 pcf *1.0 ft) + (125 pcf *1.5 ft)
= 308 psf

Where:

Wyaste = Density of Aggregate Cover = 120 pcf

Hwaste = Depth of Aggregate Cover = 1.0 ft

Whedding = 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

H3 3*16,0001b
)= — (1
1.39 ft

(2.5ft)°

I fWW
Live Load (P) = (1 [(0.665 ft)? + (2.5 ft)]°

A: - (ryz +H 2)1.5
= 3,366 psf

)

Where:

H = Total Depth of Cover = 2.5 ft

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

W,, = Wheel Load = 16,000 Ib (Typical value for H20 truck
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A, = Contact Area = 1.39 ft? (Typical value for H20 truck)

2
r, = Equivalent Radius = ‘/i = 1/ﬁ =0.665 ft
T T

Boussinesq Equation

31,W, H® 3%3%16,000lb* (2.5 ft)?

Live Load (P.) = o ? 22(5.6f0)°

= 65.0 psf

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

Where:

H = Total Depth of Cover = 2.5 feet

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

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

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

r = Diagonal distance from wheel to center of pipe =+/x2 + H? :\/(5 ft)? + (2.5t)* =
5.6 ft

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

Calculate Ring Deflection

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

1 KBED I‘DL I:’E + KBED I:)L

Ring Deflection = Ax
DM

144 3
ZE( ! j +0.061F,E'
3 |\DR-1
:1i4 2*2(0-1 15 308p83f)+(0.1—3,366psf) 0,016 or 1.6%
1,000}( 1 )+(0.061*O.85*3,000psi)
3 11-1
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1.6 % < 5 %, therefore the ring deflection is within the acceptable range.

Where:

Kgsep = Bedding Factor = 0.1 (Typical Value)

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

Pe = 308 psf (Greater Value Calculated Above)

P. = 3,366 psf (Calculated Above)

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

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

(0]
DR = Dimension Ratio = 11

Crushing and Buckling Forces

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

Prow DR 3,700 psf *11
288 288

Compressive Stress (S) = =141 psi

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

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

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

Constrained Buckling Pressure (Pwc) = 565 RB'E'*L3
N 12(DR -1)

21,000 psi

1201-1) = 87.2 psi = 12,550 psf

= 5'—265\/0.80* 0.227*3,000 psi *

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

Where:
N = Safety Factor = 2
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3.2

H 1.
R = Buoyancy Reduction Factor = 1 - 0.33% =1- 0.33% =0.80

Hew = Groudwater Height Above Pipe = 1.5 ft assuming a maximum 1 ft allowed
on liner plus an addition 0.5 ft.
H = Cover Above Pipe = 2.5 ft
1 B 1
1+ 4 ~00%H - 1+ 40065725
E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)
E’ = Modulus of Soil Reduction = 3,000 psi (Assuming compacted crushed rock)

B’ = Soil Support Factor = =0.227

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 + WsoiIHsoiI + WbeddingHbedding
= (120 pcf *98 ft) + (120 pcf *2 ft) + (125 pef *1.5 ft) =12,188 psf

Where:

Wuaste = Density of Waste = 120 pcf
Huaste = Depth of Waste = 98 ft

Wosoi = Density of Waste = 120 pcf
Hsoi = Depth of Waste = 2.0 ft

Whedding = Density of Bedding = 125 pcf
Hbedding = Depth of Bedding = 1.5 ft

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

Total Vertical Pressure (P1) = P_ + Pe = 0 psf + 12,188 psf = 12,188 psf
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Calculate Ring Deflection

1. Rigidity Factor — Use the Watkins- Gaube Method to find Rigidity Factorm
Deformation Factor, and Soil Stress. From this, Ring Deflection can be found and
should be less than the allowable 5%.

12E,(DR-1)° _ 12*3,491psi*(11-1)°

Rigidity Factor (Ry) =
iy (Ro) E 21,000 psi

=1,995

Where:

M. (+ £)A=240) _ 4 70005 0+0A=2703)
(Ey7) (1-0.3)

Es = Secant Modulus of Soil =
= 3,491 psi
Assuming, Ms = 4,700 psiand x = 0.3, based on typical values.
DR = Dimension Ratio = 11
E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)
2. Deformation Factor — For Rigidity Factor of 1,995

Deformation Factor (DF) = 1.5

3. Soil Strain

P. _ 12188psi

= - =0.0240r24%
144E, 144*3,491psi

Soil Strain (&) =

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%.

: . AX
Ring Deflection (D—j = &(%)*DF = 2.4% * 1.5 = 3.6%

M

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

3.3

1. Hoop Thrust Stiffness Ratio —

* 1% 1
Hoop Stress Stiffness Ratio (Sa) = 1ASM s T _ 1.43%4,700ps1 *3.095In _

EA 21,000 psi *0.60in

1.65

Where:

E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)
A = Pipe Thickness = 0.60 in

Ms = 4,700 psi (Typical Value, From Table 3.12)

reent = radius to pipe centroid = 3.095 in

. Vertical Arching Factor —

Vertical Arching Factor (VAF) = 0.88—-0.7 M = 0.88—0.71[£] =0.769
S,+25 1.65+2.5

Hoop Stress — Determine if Hoop Stress is less than the allowable 800 psi using
the radial directed earth pressure (Prp)

Radial Directed Earth Pressure (Prp) = VAF*P. = 0.769*12188 psf = 9,373 psf

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

(Peo +P)DR (9,373psf +0psf)*11
288 288

Hoop Stress (S) = = 358 psi

358 psi < 800 psi, therefore the hoop stress is within the acceptable range
Where:
PL =0 psf (No live load)

DR = Dimension Ratio = 11

Scenario 3

Scenario 3 represents a sump riser (DR 17) on the side slope, bedded in a trench, and under a
live load. Loads were treated as if they were normal to the pipe. This is a larger pipe that
contains the sump and pump discharge pipe.
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Determine Total Vertical Load

1. Earth Load - Vertical prism loads

Earth Load (Pe)= WeoverHcover + WoeddingHbeading = (120 pcf *1.0 ft) + (125 pcf *1.0 ft)
= 245 psf

Where:

Wyaste = Density of Aggregate Protective Cover = 120 pcf

Hwaste = Depth of Aggregate Protective Cover = 1.0 ft

Whedding = Density of Bedding = 125 pcf

Hbedading = Depth of Bedding = 1.0 ft

2. Live Load - Determine loading for a 6,000 Ib (3-ton) skid steer directly above
the pipe using Timoshenko's Equation. According to the PPl Handbook, the
load of a wheel directly over the pipe will be greater than two wheels
straddling the pipe when there is less than 4ft of cover.

Timoshenko's Equation

1w, 3 *
Live Load (P) =——* (1-— H : 15)=3 1,5002Ib(1
A (rP+H?)™"  0.89ft

= 489 psf

B (2.0 ft)°
[(0.53ft)% + (2.0 ft)2]*®

)

Where:

H = Total Depth of Cover = 2.0 ft

I = Impact Factor = 3 (Typical for unpaved surface)
W,, = Wheel Load = 6,000 Ib/ 4 tires = 1,500 Ib

A. = Contact Area = 0.66 ft * 1.33 ft = 0.89 ft*

2
r, = Equivalent Radius = 1/i = 1/0'89 e 0.53 ft
7 7

3. Total Vertical Load

Total Vertical Pressure (Pt) = P + P = 489 psf + 245 psf = 734 psf

Calculate Ring Deflection

1. Ring Deflection — Determine whether the ring deflection is less than the allowable
5% using Spangler’s Modified lowa Formula.
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1 KBED I‘DL I:’E + KBED I:)L

Ring Deflection = (SXJ = 124 :
§ ZE( : j +0.061F,E'
3 \DR-1
:1414 (0.1*1.5 245ps;f)+(0.1—489psf) 0,010 or 1.0%
: 21’000j*( L] 4 (0.061*0.3%3,000psi)
3 17-1

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

Where:

Kgep = Bedding Factor = 0.1 (Typical Value)

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

Pe = 245 psf (Calculated Above)

P = 489 psf (Calculated Above)

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

E, B
Fs = Soil Support Factor = 0.3 (When: ?’\' =0.2 and D_d: 1.5)

(0]
DR = Dimension Ratio = 17

Crushing and Buckling Forces

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

Prow *DR 734 psf *17
288 288

Compressive Stress (S) = =43 psi

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

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

2. Allowable Constrained Buckling Pressure - Determine if the buckling pressure is
greater than ProraL (734 psf) using Luscher’s Equation.
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Constrained Buckling Pressure (Pwc) = 565 RB'E'*L3
N 12(DR -1)

., 21,000 psi

= 25 |1 %0.222*3,000psi ; =47.7 psi = 6,869 psf
> 12(17-1)

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

Where:
N = Safety Factor = 2
, Heow 0ft
R = Buoyancy Reduction Factor = 1 - O.33T =1- 0.33m =1.0

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

1

—0.065H 1+4e—0.065*2.0

B’ = Soil Support Factor = 1 =0.222

+4e
E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)

E’ = Modulus of Soil Reduction = 3,000 psi (Assuming compacted crushed rock)

Calculate Allowable Live Load Pressure

1. Allowable Live Load Pressure — Calculate live load pressure for a shallow cover
situation. The pressure calculated should be less than the live load.

2
Allowable Live Load Pressure (PLn) = 12w(KH) + 7387.2(1) (S _WD,H ]

ND, ND,C 288A

_12*120pcf (2.46*2ft)2 N 7387.2*0.094 (3 000 pSi_120 pcf *18in*2ftj
2*18in 2*(18in)2 *0.53in\ 288*1.06in
= 7,006 psf

734 psf < 7,006 psf, the allowable live load is in the acceptable range

Where:
w = Average Density of Cover Material = 120 pcf
H = Depth of Cover = 2 ft
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3.4

1+sing _ 1+sin(25) _

- = - =2.46
1-sing  1-sin(25)

K = Passive Earth Pressure Coefficient =

¢ = 25° for a loose silty material

N = Safety Factor = 2

D, = Outside Diameter of Pipe = 18 in

A = Pipe Wall Thickness = 1.06 in (Based in DR of 17)

C = Outer Fiber Wall of Centroid = 0.5t = 0.5*1.06 in = 0.53 in

S = Material Yield Strength = 3,000 psi

t* _ (1.06in)?
Y

| = Pipe Wall Moment of Inertia = =0.094

Scenario 4

Scenario 4 represents a pipe (DR 17) in the perimeter berm for carrying leachate to a holding

tank.

Determine Total Vertical Load

1. Earth Load — Vertical prism loads

Earth Load (Pg)= WseiHsoi = (120 pcf *4.0 ft) = 480 psf

Where:
Wsoii = Density of Soil = 120 pcf
Hsoi = Depth of Soil Cover = 4.0 ft

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

Timoshenko's Equation

H® 3*16,000Ib
)= (1
1.39 ft

B (4.0 ft)°
[(0.665 ft)2 + (4.0 ft)2]*®

Live Load (P ) IfWW (1
V L = —
Ac (ry2 I |2)l.5

= 1,384 psf

)

Where:

H = Total Depth of Cover = 4.0 ft

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

W,y = Wheel Load = 16,000 Ib (Typical value for H20 truck
A. = Contact Area = 1.39 ft* (Typical value for H20 truck)
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2
r, = Equivalent Radius = Ji = 1/ﬁ = 0.665 ft
V4 T

Boussinesq Equation

31, W, H® 3%3%16,000lb* (4.0 ft)®
2712 27(6.4 ft)°

Live Load (P,) = =137.0 psf

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

Where:

H = Total Depth of Cover = 4.0 feet

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

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

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

r = Diagonal distance from wheel to center of pipe =+ x2 + H 2 :\/(5 ft)? + (4.0 ft)*> =
6.4 ft

3. Total Vertical Load
Total Vertical Pressure (Prota) = Pe + 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 lowa Formula.

Ring Deflection = (AX J 1 Keeo Lo Pe + Keep P

" 144 3
" 2B L} 0061RE
3 (DR-1
* * _
:114 . (0-1*1.5*480psf) + (0.1-1384psf) 0015 or 135
(2 2;,oooj*[171 1] +(0.061*0.85* 2,000 psi)

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

Kgep = Bedding Factor = 0.1 (Typical Value)

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

Pe = 480 psf (Greater Value Calculated Above)

P. = 1,384 psf (Calculated Above)

E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)
E' = Modulus of Soil Reaction = 2,000 psi (Assume compacted coarse grained soil)

E, B
Fs = Soil Support Factor = 0.85 (When: ?N =0.2and =+ =23)

(0]
DR = Dimension Ratio = 17

Crushing and Buckling Forces

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

P *DR _ 1864psf *17

Compressive Stress (S) =
288 288

=110 psi

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

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

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

Constrained Buckling Pressure (Pwc) = >05 RB'E'*L3
N 12(DR -1)

21,000 psi

= 40.9 psi = 5,890 psf
12(17 -1)° P P

= % \/1.0* 0.245* 2,000 psi *

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

Where:
N = Safety Factor = 2
: Heow 0ft
R = Buoyancy Reduction Factor =1 - O.33T =1- 0.33m =1.0

Hew = Groudwater Height Above Pipe = 0 ft because there will be no standing

Prepared by GREDELL Engineering Resources, Inc. 15 of 19



Leachate Pipe Calculations

Proposed Utility Waste Landfill

Ameren Missouri Labadie Energy Center
January 2013, Revised August 2013

water on the slope
H = Cover Above Pipe = 4.0 ft
. 1 1
= Soil Support Factor = 1 20 00" = 17 4o 00540 =0.245
E = Apparent Modulus of Elasticity of Pipe Material = 21,000 psi (Assume 100 yrs, 73°F)

E’ = Modulus of Soil Reduction = 2,000 psi (Assuming compacted coarse grained
soil)

3.5 Scenario Sketches
Scenario 1

LIVE LOAD, H20 TRUCK, BOTH

WHEELS CENTERED ON TOP OF PIPE
GEOTEXTILE
FILTER CLEAN GRAVEL
AGGREGATE PROTECTIVE COVER 5-0" (MIN.) | _5-0"(MIN.)
K 1.0% 1.0%
)i /i
J ’..

GEOCOMPOSITE

(TOPSIDE)\'_- T e

GEOTEXTILE GEOCOMPOSITE
CUSHION (TOP SIDE)
COMPACTED CLAY LINER ST GEOMEMBRANE
(1 X 20”7 cM/SEC) 24" (PRIMARY LINER)
6"@ SDR 11 LEACHATE COLLECTION/REMOVAL \ SUBGRADE
LATERAL (PERFORATED HDPE PIPE) \

LEACHATE COLLECTION LATERAL TRENCH
(ALTERNATE)

N.TS,
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Scenario 2

Permanent Cover:
12" Vegetative Cover
12" Clay Cover

40mil HDPE membrane
(textured one side)

Non-Ponded CCP
Unit Wgt. 112 PCF

EL. 4831

Previously Ponded Fly Ash

Unit Wgt. 90 PCF \ '

12" Protective
Aggregate Layer

12" Leachate Gravel
Collection Layer (if used)

Non-woven Geofabric

W

60mil HDPE
double-textured —
Compacted Clay Liner Sy
Unit Wgt. 115 PCF N
Varies "‘
EL. 468 to
EL. 476
//

Natural Stratified Soils
For liquefaction Analyses:
liquefiable strata assigned

resisdual cohesive strength. With Leachate Gravel
Collection Layer

N

Varies
"] EL. 554 Crest ]
7] EL. 565 Max. |
Geo-Net |
Composite Z é

With Geo-Net
Composite

Typical Cell Material

Profile

NOT TO SCALE
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Scenario 3
LIVE LOAD, 3 TON SKID STEER, FRONT

GEGTEXTILE & REAR WHEEL DIRECTLY OVER PIPE
FILTER CLEAN GRAVEL
AGGREGATE PROTECTIVE COVER 6"@ SDR 11 HDPE RISER PIPE
50" [ (CLEANOUT) , .

| GEOCOMPOSITE
GEOCOMPOSITE 18"@ SDR 17 SOLID HDPE N R 3 (TWO SIDED)
(TWO SIDED) SUMEREER PICE = 3 \ GEOTEXTILE (CUSHION)
COMPACTED CLAY LINER 1.3 40" 9" \  GEOMEMBRANE
(1 X 10-7CM/SEC) 8.0" (PRIMARY LINER)

NOTES: 1. PERPENDICULAR TO SLOPE.
2. EXTEND GEOTEXTILE A MINIMUM OF
5' FROM TOP SLOPE OF TRENCH.

SECTION: SUMP RISER TRENCH

NTS
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Scenario 4
LEVEL SENSOR LEAD — - :;Eq‘g_mm CONTROL
ELECTRIC MOTOR LEAD —
HDPE BLIND FLANGE WITH

DUCTILE IRON BACKUP RINGS

STRAIGHT THRU DISCONNECT —

LIVE LOAD, H20 TRUCK, -
WHEELS STRADDLING PIPE

| TN N

\
CONCRETE PAD /

48"

4"G SDR 11 HDPE __
FORCE MAIN

L HOSE COUPLING

__ONE WAY
CHECK VALVE

HOSE COUPLING / /
ELECTRIC SUBMERSIBLE PUMP

TYPICAL LEACHATE PUMP STATION

WITH LEACHATE FORCE MAIN

N.T.S
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eeled Sump Drainer
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More details at www.epgco.com

With no-splice, chemical and abrasion resistant motor and sensor leads,
the SurePump is easy to install and assures greater system integrity in
aggressive environments.

The multistage cenrrifugal pump design enables smaller diameter
pumps to be used in high discharge head applications. SurePump
models are available for flow rates from 2 o0 1,200 gpm.

All stainless steel construction for maximum
performance in aggressive cnvironmens,

Parented vent valve Equipped with EPG's E-Glide™ bearings, the

Systemn purges air SurePump lasts longer and performs beter,

from the sump drainer '

preventing pu.t_np 2ir lock. Unique design places a1 least
. four wheels in contacr with

SurePump motors are designed for riser pipe surface at all times

use in aggressive environments and assuring easy installation

are available in a variety of voltages - and retrieval of the pump.

and in single or three phase models.

SurePump runs cooler than other pumps

because the intake screen is located below the
motos. The sealed top assures thar the liquid is
only drawn from the bottom, over the moror,

SurePump sump drainer as a sealed unit with bortom
intake provides maximum pump down Jevels in
borizontal, vertical o inclined applications.

The patented submersible leve! sensor is mounted along the central axis of the sump
drainer, is removable from the botrom and assures accurate, repeatabic level control.
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If the following curves do not meet your needs,
specialist. Custom pumps in addirional sizes,

SurePump™

mp Capacities

please call us at 800-443-7426 and ask for an application
flow rates and head are available.

05770.0000 ERIES 1,

Flow Range

FEeT, iﬁ- H
R ‘.‘

o773 000 'SERIESS | 4ns T

05772—0000

~05782-0000 _4

TSP: Submersible Pump

V3SD: Vertical Sump Drainer with no level sensor

05774-0000 |
V57750600 | "SHES 3330 75ACPM 8578340
05776-0000 | SERIES 15 | 4510 95 GPM

The SurePumps are available in the following configurations:

. VSDPT: Vertical Sump Drainer with integral level sensor

WSDPT: Wheeled Sump Drainer with integral level sensor for side slope riser applicarions

WSD: Wheeled Sump Drainer withour integral level sensor for side slope riser applications
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SurePump™ Horisontel & Vasgical Sump Drainers
S

SERIES 8 SIZE 4 WHEELED SUMP DRAINER

LEVEL SENSOR CABLE PORT
(PLUGGED}
| B
MOTOR ©
LEAD PORT
6.625"
5.250"
VENT PORT © 375 ' 2TNPT
ROTATED 45° f ® ROTATED 45°
LEVEL SENSOR CABLE PORT
Lo (&)
MOTOR hd LEVEL SENSOR
LEAD PORT HOLDER
5.250"
VENTPORT 7 375+ 11/2* NPT
ROTATED 45° ' @& i ROTATED 45¢
I *AFFROX. BHITONG WELHT *AFPEOX. BHIPENG WHGHT
MODEL| HP |PHASE| A B C e Tvam | |MODEL| HP |PHASE| A B (ol s
81 [ 050 1t la27m a0 | 2085 | s279 67.79 57 } 100 1 | 4821 | 47.09 | 4634 | 9481 55.81
&1 | 050 | 3 [3272 [23160 | 3085 | 627 67.79 B7 | 200 | 3. | 4671 | 4589 |4 | s0.5 95.65
82 | 075 1 | 3550 | 3438 | 33.63 | 4895 £8.95 B8 {300 | 1 }5836 |s7ad (5649 | 12669 | 13145
g2 | 075 | 3 [3550 | 3438 | 33.63 | 6895 68.95 88 | 300 | 3 |55386 | 5424 5349 | 1336 | f1as6
83 | 100 1 | 3824 [3702 | 3637 | 7508 80.08 89 | 500 1 | 60.01 |ssae |58l4 | 12897 | 13387
83 | 100 [ 3 i38ad [37a2 | 3637 | 75.08 B0.08 85 {300 | 3 [57.01 |5509 |ssa4 | nised | 1204
B4 | 300 1 {3989 3877 | ae02 | 7na6 B2.36 B10 | 500 | 1 | 67.66 [ 6654 [ 6579 | 15091 | 15581
B4 | 100 | 3 {3989 | 3877 | 3802 | 7736 82.36 Bi0 | 500 | 3 [ 6166 |6nsd [s879 | 13125 | 19625
85 | 150 | 1 (4341 {4229 | 4154 | 8609 91.09 Bl | 500.1 1 6831 [6ml9 644 | 15349 | 15819
85 | 150 [ 3 [4154 [ 4042 | 3067 | 7964 M6 811 [ 500 | 3 | 6331|6219 [6144 [ 19353 | 1369
86 | 200 1 | 4656 | 4544 | 4469 | 9253 97.53 832 | 500 | 1 | 7096 | 6984 | 69.09 | 5547 | 16047
‘86 | 200 | 3 4506 | 4394 | 4309 | 8837 5337 812 | 500 | 3 |6i96 | e384 | @09 | 13581 | 140

NOTE: ALL DIMENSIONS ARE IN INCHES.

*SHIPPING WEIGHT INCLUDES
WSD: CRATE, 50° OF 144 MOTOR LEAD, 50°' OF 1/8" 55 CABLE
WSDPT;: CRATE, 50' OF 144 MOTOR LEAD, 50' OF 1/8" §S CABLE,
LEVEL SENSOR AND CABLE.

057740010 ' . © 2003 EPG Companiss Inc.
SurePump is 3 Reg. TM of EPG Companiss Inc,



Ameren Missouri Labadie UWL

Leachate Pump Calculation
Pump Horsepower for leachate ines for cells to leachate holding at Pond 1

0.25
0.20
& 015 ——cells 1+2
é cell 3
& il cl] 4
5 010
T
0.05
000

0 1 2 3 4 5 6 7 8 9
Leachate Pipe Nominal Size, DIPS SDR 11

Prepared byGREDELL Eng neering Resoruces, Inc.
January 2013
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ISCO Industries: HDPE Pipe and Piping Solutions Page 1 of 1

Fipe Type: _DIPS _Mn
Pipe Diameter: ? E
Pipe SDR: SDR 11 ‘

Pipe Lengthe(fip 140

Pipe 1. 1) :3.21 :
Wall Thickness:(1a) B“Eé"ﬁ“m
Pressure Rating: T(% :
Flow Velociy:{{vsec) ?TEWW: (AT gy

cad loss: (U - e JOR3(100/C) 3520
Head loss: (100 fect 164 (g8t Bes5,

System Pressure loss: {psi) BTLT”

[ Calculate.-§. Reset §l . Print Form.:.{

‘Disclamier: Th
our knowledge, current

% resent calculations normally used to
size high-density polvethyl pipe. ISCC Indusrtries, LLC does not
zccept respeonsibility for > use and/or applicarion of these

‘programs. Each project ov applicatin has its own set of conditions
.and trput variables. The intrepretation and use of tnese iriput ‘u

http://www.isco-pipe.com/media... 11/6/2012 11/6/2012



[SCO Industries: HDPE Pipe and Piping Solutions Page 1 of 1

Pipe Tvpe: _-DiPS §
Pape Diameter: W:i____!
Pipe SDR: ‘sor1 @

Pipe Length:(fiy 140

Pipe 1. D.:(im) 3389 )

Wall Thickness:{in) ﬂﬁ? ))))))

Pressure Ratmg: 7160_ '''' Ai

Fiow Velocity:(fusce) 076 = (gDA08T0%42
s Q08310005

Head Toss: (17100 feet) 0.065

System Pressute loss: (psi) .0.04

[-Ealcuate. § Reset.§ : Prigt.Eorm.: |

Disclamier: The calculations in =
aur knowledgs, current and rspré d 033
#ize high-densicy polyethylene pipe.  IS0G 3 LLT does not
accept sponeibility for the use and/or appiication of these

pregrams. Each project or applicatin hag its own eet of conditions
and input variables. The intrepretation and use of these input e

http://www.isco-pipe.com/media... 11/6/2012 11/6/2012



ISCO Industries: HDPE Pipe and Piping Solutions

Pipe Type: s H
Pipe Diameter: M
Pipe SDR: ESEmN |
Flow Rate:(GPM) Eg ___________
Pipe Length:(#) *{4?—

Pipe 1 D.ng 580
Wall Thickness:(in} OWBZT o
Pressure Rating: :160_ ;
Flow Velocity:fUsec) 037 i g PAORTO9,42,
) ] S = 283100401852
Head loss: (V100 feety D011 5 ey (1}1[;%}5 ; X
g B2 t803

System Pressure loss: (psi) 0_61_

[-Calculete:- ¥ Reset.§ :PrintFom. {

Disclamisr: The calcuilations in this program are, to the best of
cur knewledge, curveat and
sige high-deneity poiysthyl

programs. Eaclh project or appiicatin has its cown sef of
and inpur variables. The intrepretation and use of these input

http://www.isco-pipe.com/media... 11/6/2012

present calculaticns normalliv used to
& pipe. ISCO Industries, LLC doss not

Page 1 of 1
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1SCO Industries: HDPE Pipe and Piping Solutions

Pipe Type: WSNWW&
Pipe Diameter: Tm“n

Pipe SIR: WME
Flow Rate:d(GPM) 283 -

Pipe Lengthe(fty 340

ipe 1L D.(in) 734

Wall Thickness:(in} 578:2737 )))))
Pressure Rating: 180 )
Flow Velocity:fi/sec) 6? mmmmm ={q

Flead loss: (/100 feet)y 0003
' g s

Systens Pressure Joss: (psi) 0.00

[-Calculate.. f Reset § -« Print Form.:.§

0.4087(}0/{12)

ez 2083(100/C)
LSS’-EQSQSS)

gr: The calculations

Discla
our

cize I ~der polyethylene pipe. 1SC0 Industr
spongibility for the use and/or applicati

in this program areg,
. currvent and repregsnt caloulationg niormel

te the best of

v wsed Lo
. LLC dees not
r of these

programs, [Each project or applicabin has it own seb of condicions
and input variabliss. The intrepretarion and use of these input

http://www.isco-pipe.com/media...

11/6/2012
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Ameren MO Labadie Energy Center
Computer Worksheet
Leachate Pumping to Holding Tank(s)
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Appendix Y(b)

Estimated Maximum Settlements
Leachate Collection Pipe Profile



Ameren Missouri Labadie Energy Center
Utility Waste Landfill
Franklin County, MO
January 2013

Estimated Maximum Settlements
for Leachate Collection Pipe Profile
Appendix Y(b)

A graphical analysis of the effect of long-term settlement due to the weight of utility
waste on the leachate collection pipe is shown on the following page and detail number
1 on sheet 18 of the drawings. Analysis indicated that long-term settlement would cause
a negative pipe slope within the approximately 180 feet of pipe length upstream of the
leachate collection sump. The negative slope occurs because the maximum long-term
settlement is estimated to be approximately 2.2 feet on the interior of the landfill, while it
is estimated to be approximately 0.8 feet at the leachate collection sump. If the pipe
were installed with a 0.5% slope running all the way to the sump, future settlement could
reduce the final pipe slope to about -0.2%.

To mitigate this risk, it is proposed to slightly steepen the design slope of the leachate
collection trenches from the head of the collection pipe to the sumps in order to provide
a minimum post-construction, post-settlement pipe grade of 0.5%. The proposed design
trench bottom grades are elevation 465.0 at the sump low point and elevation 467.0 at
an inflection point 200 feet upstream from the sump low point. Laying out the trenches
and sumps for excavation to these fixed elevations will provide a maximum installed
leachate collection line slope of 0.6% from the head of the line to the inflection point, and
a slope of 1.0% from the inflection point to the sumps.

Prepared by GREDELL Engineering Resources, Inc. Page 1 of 1
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Appendix Y(c)

Water Management
Calculations



Ameren Missouri Labadie Energy Center
Utility Waste Landfill
Franklin County, MO
January 2013

Appendix Y(c)
Water Management Calculations

Leachate and stormwater are planned to be managed on site. The following calculations
describe the capacity needed for water storage and pumping.
1. Leachate Fiow
Cell 1 HELP Model results for leachate flow:
s Operational condition is worst case (Appendix O, Sub Appendix O -11).
¢ For the Operational condition for Cell 1:
s (Geocomposite drainage layer on the bottom and side slope:

o Peak Daily Volume is: 13.4 gpm or 19,296 gpd.
o Average Annual Volume is: 321,394 cu. ft./yr or 2,404,000 gallons per year.

o Aggregate material drainage fayer on the bottom and a geocomposite layer on the
side slope:

o Peak daily leachate flow is: 11.7 gpm or 16,848 gpd.
o Average Annual Volume is: 320,708 cu. ft./yr or 2,399,000 gallons per year.

For Cell 3 at 57.1 acres; estimate the leachate volumes by pro-rating maximum peak daily flows
using the ratio of the size of Cell 3 (57.1 acres) to Cell 1 (31.4 acres) or 1.819 (rounded).

o Peak daily leachate flow is: 21.3 gpm or 30,672 gpd.
o Average Annual Volume is: 584,616 cu. ft./yr or 4,367,000 gallons per year.

2. Stormwater Flow

Cell 1 HELP Model results for stormwater flow:
o Peak daily stormwater runoff is; 1,683,913 gpd

Estimating the maximum daily stormwater runoff using the ratio of Cell 3 to Cell 1:
s Peak daily stormwater runoff is: 3,063,000 gpd.

3. Estimate the Volume of Onsite Reuse of Leachate and/or Stormwater Runoff

Prepared by GREDELL Engineering Resources, Inc. Page 1 January 2013



Onsite water (leachate or stormwater runoff) usage:

¢« Reuse for CCP Moisture Caonditioning Estimate:

o The daily CCP generation rate for the first five years: 2,300,000 CY. The ratio of fly
ash to bottom ash is 70% to 30%.

o Therefore, the annual volume of fly ash generation is:

o (2,300,000 CY /5)x0.70 = 322,000 CY/ year;

o At 22% moisture by volume for conditioning, the water usage is 70,840 CY per year
or 1,912,680 cubic feet (cf) or 14,306,846 gallons per year for CCP moisture
conditioning.

o This equates to an average daily water demand of 39,200 gpd, or an average flow
rate of 27 gpm.

¢ Usage for Dust Control on Haul Roads:

o Onsite water usage for dust control on onsite haul roads:

o Assume an application rate of 0.25 inches (depth) per hour applied 6 hours per day
or 1.5 inches per day.
Assume a road width of 12 feet and a 4 miie of onsite haul road.

o

o Volume is 12" x 1320° x0.25%/hr x 6 hr/day/(127°/1") = 1,980 cf per day

o Volume is 1,980 cf/day x 7.48 gallons/cf = 14,810 gpd for dust control

o Volume is 14,810 gpd x 5 days/wk x 52 weeks/yr = 3,850,600 gallons per year for
dust control.

o This equates to an average daily water demand of 10,550 gpd, or an average flow

rate of 7.3 gpm.

Estimated Total Volume of Potential Onsite Reuse: 18,157,446 gallons per year or
approximately 34.3 gpm.

4. Leachate Storage

The estimated required onsite leachate tank storage volume is calculated for the average
annual volume from the HELP model results:

o Cell 1 Initial = 4.2 gpm x 1440 = 6,048 gpd = 2,207,520 gallons per year

o Cell 3 Initial = 6,048 x 57 ac/31 ac = 10,998 gpd = 4,014,312 gallons per year

o Cell 1 Operational = 4.6 gpm x 1440 = 6,624 gpd = 2,417,760 gallons per year

o Cell 3 Operational = 6,624 x 57 ac/ 31 ac = 12,180 gpd = 4,445,559 gallons per year

Therefore, a 10,000 gallon onsite storage tank will provide for an average of 0.8 days storage of
the average annual leachate flow for Cell 3. One (1), 10,000 gallon horizontal tank would be 12
feet in diameter by 30 feet long. One or more tanks can be utilized based on the actual
leachate flow and the demand for onsite reuse.

Backup leachate management will be at an off site POTW.
Backup stormwater management wilt be through the Labadie Energy Center’s plant stormwater

management system, which will be dependent on current NPDES operating permit
requirements.

Prepared by GREDELL Engineering Resources, Inc. Page 2 January 2013



Appendix Y(d)

Flood Mitigation
Calculations



Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
Franklin County, Missouri
January 2013, Revised August 2013

Appendix Y(d)
Flood Mitigation Calculations

Pumping Rates for Flood Water Protection — Cell 3

Known:
Average Area of Cell 3 between floor and 480 ft. elev. = 49 ac

Average Bottom Elevation of Cell 3 from CADD surface = 471.2 ft
100-year Flood Elevation = 484 ft

Depth of water is estimated using the method described in Figure 7 of Appendix J. The density of
water is substituted for the density of CCP to estimate the water fill depth need to protect against
uplift during a flood. The inside toe of the slopes where the gravel drainage layer terminates is
considered the critical location in the liner system that is most sensitive to hydrostatic uplift. The
end-of-construction ballast against uplift at this location is equal to 2-feet of clay liner and 1-foot of
protective cover. With estimated densities of 115 pounds per cubic foot (pcf) and 125 pcf,
respectively, the ballast of 355 pounds per square foot (psf) at this location is the lowest at any

point on the liner. Required elevations are determined by adding “H” values plus liner and cover
thickness to elevation 466 feet.

Hinside cell = (Houtside cen X 62.4 pcf x 1.1 — 355 psf) / 62.4 pcf
Houtside cen = 484 ft — 466 ft (lowest bottom of liner elevation) = 18 ft
Hinside cen = (18 ft x 62.4 pcf x 1.1 — 355 psf) / 62.4 pcf = 14.1 ft (elev. 483.1 ft)
49 ac x 43,560 sf/ac x (483.1 - 471.2 ft) = 25,399,836 cf
25,399,836 cf x 7.48 gal/cf = 189,990,773 gal
Assume pumping will occur for 10 days, 24 hours per day:
10 days x 1,440 min/day = 14,400 min

Pumping rate = 189,990,773 gal / 14,400 min = 13,194 gpm
A pumping rate of 13,194 gpm, pumping 24 hours per day, is required to fill Cell 3 in 10 days for
100-year flood protection. High capacity pumps and power equipment necessary for pumping are

readily available from equipment dealers and contractors within the St. Louis metropolitan area in
the event of a major flood.

Prepared by: January 2013, Revised August 2013
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Fill Volume for Flood Mitigation

For each cell of the UWL, when there is an impending flood event that creates floodwater levels
that exceed the minimum elevation of CCPs inside the active cell, CCPs will be placed at an
accelerated rate in the active cell until it reaches an elevation sufficient to counterbalance uplift
pressure during a flood. Again using the method described in Figure 7 of Appendix J, the
minimum elevation of CCP’s is determined as follows:

HCCP = (HOutside cell X 62.4 pCf x 1.1 - 355 pSf) /93.0 pCf
Houtside cen = 484 ft — 466 ft (lowest bottom of liner elevation) = 18 ft
Heep = (18 ft X 62.4 pef x 1.1 — 355 psf) / 93.0 pcf = 9.5 ft (elev. 478.5 ft)

A fill elevation of 478.5 feet provides sufficient ballast to resist the uplift pressure on the clay liner
created by 100-year flood elevation of 484 feet, with a factor-of-safety of 1.1.

Fill volumes for each cell are estimated in the attached Table. Cell 3 has the largest estimated fill

volume of 578,000 CY at elevation 478.5 ft. At a rate of 10,000 CY/day, it would take 58 days to
fill to elevation 478.5 ft.

Flood Mitigation Culvert Design for Stormwater Ponds

The maximum anticipated rate of floodwater rise is estimated at 5-feet in 24-hours at the
proposed site. To mitigate this flood risk, it is proposed to install pipe culverts with the capacity to
intake water at a rate that will raise the pond levels at least 5-feet in 24 hours while limiting
excess uplift head on the liner to less than 3-feet. The proposed pipe culverts were modeled with
their flowline at elevation 472 feet, and a maximum headwater at the inlet of 2-feet.

The maximum volume in any 5-foot elevation interval in the stormwater ponds occurs in Pond 2.
From elevation 478 feet to 483 feet, the volume is 19.8 acre-feet (see Table N-8, Appendix N).
Based on a water elevation rise of 5 feet per day, the required inflow rate through a culvert in
cubic feet per second (cfs) is:

(19.8 acre-feet/day)*(43,560 ft°/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= a4/2gH /4/1+ Ke + Kdv + KcL

Prepared by: January 2013, Revised August 2013
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Where:
g=flow capacity (cfs)
a=conduit cross-sectional area (ft)
H=head causing flow (ft.) = 2’ — 0.6*pipe diameter = 0.8’
Ke=entrance loss coefficient
Kc=friction loss coefficient from pipe
Kdv= duckbill valve friction loss coefficient
L=length of conduit (ft.)
g=acceleration due to gravity (32 ft/s®)

=T (1)*+/2*32*.8)/,/1+.78+1.0+(0.0165*110)
g=10.50 cfs

Friction loss due to the mechanical check valve does exist, however the loss values are
negligible. Under the conditions of full pipe flow, a 24-inch diameter design culvert is acceptable
since the pipe discharge, q (10.5 cfs) is greater than the calculated minimum pond inflow
requirement of 10.0 cfs.

Under submerged inlet and submerged outlet conditions, H=2 ft. and the outlet flow capacity
using the above equation is 16.6 cfs, which exceeds the 10 cfs minimum pond inflow
requirement.

The second critical flow condition is orifice controlled partial flow. This condition is illustrated by a
submerged inlet and a free fall outlet. This condition can be defined by a capacity equation given

as:
g=aC./2gh
Where:
g=flow capacity (cfs)
a=conduit cross-sectional area (ft?)
C=coefficient for a sharp-edged orifice (0.6)
g=acceleration due to gravity (32 ft/s?)
h= head to the center of the orifice (ft.)

g= 17 (1)**0.6*4/2*32*1

g=15.1 cfs

Under the conditions of orifice controlled partial flow, a 24-inch diameter culvert is acceptable
since gouiow (15.1 cfs) is greater than the required Qinsiow (10.0 cfs). The value of h=1 foot is the
minimum value for a 24" culvert under the specified condition. As h increases, the outflow
capacity increases, which continues to satisfy the condition of outflow capacity > inflow capacity.

Prepared by: January 2013, Revised August 2013
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Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
Flood Elevation vs. Fill Volumes

Appendix Y(d)
January 2013

100-yr Required . - . . :
Cel Flood CCP | MeanEL. | Floor Area | Area at 480 | Volume to || '™® t© Fill with Varying Daily Disposal Rates (days)
Elevation | Elevation | Celi Floor (acres) | EL. (acres) |Fill Cell {cy}| 1,000 2,000 4,000 8,000 10,000
(ft) (ft) CY/day | CY/day | CY/day | CY/day | CY/day
] 484 4785 471.1 24.9 27.0 311,000 311 156 78 39 32
2 484 4785 4715 312 33.8 368,000 368 184 92 46 37
3 484 4785 4712 46.9 513 578,000 578 289 145 73 58
g 484 4785 4715 37.7 40.8 444,000 444 222 171 56 45
Notes

Volumes are estimates only, based on:

Areas from permit drawings.

The mean cell floor elevations were determined from CADD surfaces.
Cell fill volumes were estimated using the average-end-area method.

For the purposes of this table, it was estimated that the minimum CCP elevation to prevent hydrostatic uplift of the liner is 478.5 ft.
For the purposes of this table, the cell areas at 478.5 ft and 480 ft are considered equivalent.

Prepared by GREDELL Engineering Resources, Inc.
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Ameren Missouri Labadie Power Plant
Utility Waste Landfill
Franklin County, Missouri
January 2013

Appendix Y(e)
Geosynthetics Design Calculations

The following anchor trench and slope stability design is based on three-foot
horizontal to one-foot vertical slope utilizing a 60-mil HDPE textured
geomembrane, a 250-mil Geocomposite with double sided 6 ounce per square
yard non-woven needlepunched geotextile, and a 40-mil geomembrane. The
calculations were performed through use of the equations provided in the book
“Designing with Geosynthetics”. Three conditions were analyzed: bottom liner
slope stability, anchor trench design for the utility waste landfill's bottom liner and
internal tensile stress within the bottom liner side slope layers.

Reference:

1.  Koerner, R.M., Designing with Geosynthetics, 5" Edition, Prentice Hall, Upper Saddie
River, New Jersey, 2005

2. Koerner, R.M., Designing with Geosynthetics, 2™ Edition, Prentice Hall, Upper Saddle
River, New Jersey, 1990

3. Coduto, D.P., Geotechnical Engineering Principles and Practices, Prentice Hall, Upper
Saddle River, New Jersey, 1999

4. Held, RJ., Soil Survery of Franklin County, Missouri, United States Department of
Agriculture: Soil Conservation Service, 1989

5.  GSE HD Smooth Geomembrane; Product Data Sheet; GSE Lining Technology, LLC:
Houston, TX, REV 5MAR2012.

6. GSE HD Textured Geomembrane; Product Data Sheet; GSE Lining Technology, LLC:
Houston, TX, REV 09APR2012.

7. GSE FabriNet HF Geocomposite; Product Data Sheet; GSE Lining Technology, LLC:
Houston, TX, REV 01MAY2012.
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Appendix Y(e) Notes

Slope Stability of Liner, Anchor Trench Pullout, and Liner Layer Stress Calculation

Calculations Required:
1. Failure due to sliding of leachate collection protective cover.
2. Failure due to anchor trench pullout of geomembrane and geocomposite.
3. Failure due to tensile stress in liner layers.

1. Side Slope Cover Material Stability on 3(H):1(V) Slope

From Koerner (5" Edition) the stability of the system is achieved if all interface friction
angles () are greater than the slope angle (). The Factor of Safety (F.S.) will be
determined by the use of Equation 5.22 (pg. 492, 5" Ed.) where 5 is the lowest
numerical interface friction angle. Interface friction angles are taken from Table 5.6,
Koerner, 2" Edition, and Table 5.7, Koerner, 5™ Edition.

B= tan'1(;_ ) =18.43"

tan o

tan S
6C'ay-geomembrane= 26° > 18.43°

F.S. =

6geomembrane-geotextile =32">1843
5geotextiIe—protectivecover: 30 > 1843

_ tan26°
"~ tanl8.43°

The slope is stable with a F.S. of 1.5.

2. Anchor Trench Depth and Runout Calculations
Check design detail to determine if proposed runout and anchor trench depth provides
adequate F.S.

Koerner gives detailed equations for calculating required depth and runout on pgs. 500-
506 (5" Ed.). Rearranging Eq. 5.26, one can solve for runout length (Lge), anchor trench
depth (dat), or allowable stress (Tai0w). The allowable stress was solved for and input to
a spreadsheet to expedite calculations. The equation was used as follows:

T How= dAT[O‘S*yAT(KP _Kfi)]+dAT[O-(KP _KA)]+LRO[O-17(tan5u + tan5L)]
oo [cos f—sin ftand, |

Attached to these calculations are printouts of the inputs and results for this calculation.

Prepared By: 1 January 2013
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In order to determine certain friction angles some assumptions were made about the
material to be used for berm construction which affects the anchor trench soil as well as
the cover soil on top of the liner runout. It was assumed that stock piled soil from the top
18 inches of onsite soil would be used.

Onsite soils are predominately Blake-Waldron Complex classification as determined
using the cares website. USDA soil survey of Franklin County, Missouri (1989) defines
Blake-Waldron as CL, CL-CH soil with plasticity indices ranging from 10-45 within the
top 24, giving an average of approximately 26.0. For calculation purposes P, was
chosen to be 30.0. Using Fig. 13.17 from Coduto (pg. 489), this gives an effective
friction angle of approximately 27°. This soil will also have a compacted unit weight of

approximately 115 Ib/ft” .

The interface friction angle between the geomembrane and the material directly above
and below it must be taken from published data until more site specific data are known.
o, for the geomembrane-CCL inferface will be selected from Table 5.6 from Koener 2"
Edition. Detail 5/17 on Sheet 17 shows the geometry of the designed anchor trench and
runout.

To determine if the liner or geocomposite will pullout of the anchor trench the calculated
Taiow Was compared to the Tpeggn Obtained from the manufacturer’s specifications. If
Taiow > Toesign the liner (or composite) will yield before anchor trench pullout occurs.

For 60 mil textured HDPE Geomembrane:

TDesign =22 kN/m
Tallow = 44.88 kN/m
Taiow > Tpesign, therefore no pullout

F.S.= ——T“”"W =20
+ Design
For 250 mil Geocomposite with 6 0z/sq yd non-woven,
needle-punched Geotextile:
TDesign = 9.60 kN/m
Taiow = 49.31 KN/m
Taiow > Tpesign, therefore no pullout

T
F.S. = —o =51

Design

3. Tensile Stress Calculations within Liner Layers

N = Wecos(B)
W= WC-TC

B = slopeangle = tan™ (%) =18.43°

Prepared By: 2 January 2013
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H . = HeightofCover = 2.0
L, = LengthofSlope = 53.8'
. =130pcf

¢ =26°

WC=HCL57 c

Tc=o,, tangH . = Ko, (tan @) H .

Tc = (1-sin(26))(2')(130 pcf)(2’)(tan(26))= 142 Ib/ft
We = (2°)(53.8")(130 pcf) = 14,000 Ib/ft

W = 14,000 — 142 = 13,858 Ib/ft
N = 13,858 cos(18.43) = 13,147 Ib/ft

a.) Shear Forces in Geocomposite

F

above

= N *tan(d,)

F,

below

= N *tan(9, )

F, = (13,147)tan 25 = 6130.5[b / fi
F, = (13,147) tan 32 = 8215.2b/ ft

Therefore Geocomposite is not in tension

b.) Shear Forces in Geomembrane

Fabave = Fbe/owgﬁ'omcompusite = 82 1 Szlb/ﬁ
F, .. =Ntang, = (13,147)tan 26 = 6412.21b/ ft
F > I

above below

Therefore the Geomembrane is in tension

Cmax = Ve (H ) = (134 pcf )(100") = 13,400 psf” = 93.1psi

cep

131 /in

o = = 2138 psi
all ,;membrane O 06i}’l p
Fo=Ca _ 2185 o1y
o 93.1

max

Therefore the geomembrane is acceptable.

Prepared By: 3
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Ameren Missouri
Labadie Energy Center UWL
Anchor Trench & Runout Calculations for 40 mil Geomembrane

Design Data & Material Properties
Allowable Stress in Geosynthetic (kPa), G4 ow

Thickness of Geosynthetic (m), t,

Side Slope Ratio (V:H), 1

Side Slope Angle (degrees), B
Angle of Shearing Resistance between Geosynthetic &
adjacent material BELOW Geosynthetic (degrees), 8,

Angle of Shearing Resistance between Geosynthetic &
adjacent material ABOVE Geosynthetic (degrees), 3

Unit Weight of Runout Cover Material (kN/m®), ycu
Thickness of Runout Cover Material (m), tey

Applied Normal Stress from Cover Material (kPa), o,

Unit Weight of Soil in Anchor Trench (kN/ma), VAT

Angle of Shearing Resistance of Fill Soil in Trench (degrees),
@, (Typically the same as ®p)

Angle of Shearing Resistance of Soil in Trench Wall
(degrees), @ (Typically the same as ®,)

Allowable Force in Geosynthetic (kN/m), Tpesien 15.00
Active Earth Pressure from Trench Fill, K, 0.45
Passive Earth Pressure from Trench Wall, Kp 2.20

Calculate Length of Runout (Lgo) for Given Depth of Anchor Trench (d,7)
Depth of Anchor Trench (m), dat
Length of Geosynthetic Runout Required (m), Lro

Calculate Depth of Anchor Trench (d,r) for Given Length of Runout (Lgg)
Length of Geosynthetic Runout (m), Lgo . ‘
Depth of Anchor Trench Required (m), dat 0.00

Calculate Allowable Force in Geosynthetic and Fa
Length of Geosynthetic Runout (m), Lro
Depth of Anchor Trench (m), dar ,
Allowable Force in Geosynthetic (KN/m), Ta ow ] ' 24.72
Factor of Safety, F.S. 1.6
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Ameren Missouri
Labadie Energy Center UWL
Anchor Trench & Runout Calculations for 60 mil Geomembrane

Design Data & Material Properties
Allowable Stress in Geosynthetic (kPa), 04 ow

Thickness of Geosynthetic (m), t,

Side Slope Ratio (V:H), 1

Side Slope Angle (degrees), B
Angle of Shearing Resistance between Geosynthetic &
adjacent material BELOW Geosynthetic (degrees), &.

Angle of Shearing Resistance between Geosynthetic &
adjacent material ABOVE Geosynthetic (degrees), 8

Unit Weight of Runout Cover Material (kKN/m®), ycu
Thickness of Runout Cover Material (m), tcu
Applied Normal Stress from Cover Material (kPa), o, 16.52
Unit Weight of Soil in Anchor Trench (kN/ma), YaT

Angle of Shearing Resistance of Fill Soil in Trench (degrees),
@, (Typically the same as ®p)

Angle of Shearing Resistance of Soil in Trench Wall
(degrees), @ (Typically the same as ®,)

Allowable Force in Geosynthetic (kKN/m), Tpesien 23.00
Active Earth Pressure from Trench Fill, K, 0.38
Passive Earth Pressure from Trench Wall, Kg 2.66

Calculate Length of Runout (Lgo) for Given Depth of Anchor Trench (dar)
Depth of Anchor Trench (m), dat
Length of Geosynthetic Runout Required (m), Lro

Calculate Depth of Anchor Trench (dt) for Given Length of Runout {Lgg)
Length of Geosynthetic Runout (m), Lgo
Depth of Anchor Trench Required (m), dat

Calculate Allowable Force in Geosynthetic and Factor of Safety
Length of Geosynthetic Runout (m), Lro
Depth of Anchor Trench (m), dar
Allowable Force in Geosynthetic (kN/m), Taiow 44.88
Factor of Safety, F.S. 2.0
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Ameren Missouri
Labadie Energy Center UWL
Anchor Trench & Runout Calculations for 250 mil Geocomposite

Design Data & Material Properties
Allowable Stress in Geosynthetic (kPa), 04 L ow

Thickness of Geosynthetic (m), t,

Side Slope Ratio (V:H), 1:}

Side Slope Angle (degrees), B
Angle of Shearing Resistance between Geosynthetic & adjacent material BELOW
Geosynthetic (degrees), o,

Angle of Shearing Resistance between Geosynthetic & adjacent material ABOVE
Geosynthetic (degrees), 9

Unit Weight of Runout Cover Material (kN/m3), Yem
Thickness of Runout Cover Material (m), tey
Applied Normal Stress from Cover Material (kPa), o,
Unit Weight of Soil in Anchor Trench (kN/m®), yar

Angle of Shearing Resistance of Fill Soil in Trench (degrees), ®, (Typically the same as

®p)

Angle of Shearing Resistance of Soil in Trench Wall (degrees), ®p (Typically the same as

D,)

Allowable Force in Geosynthetic (kN/m), Tpesien 9.60
Active Earth Pressure from Trench Fill, K, 0.38
Passive Earth Pressure from Trench Wall, Kg 2.66

Calculate Length of Runout (Lo) for Given Depth of Anchor Trench (dar)
Depth of Anchor Trench (m), dat !
Length of Geosynthetic Runout Required (m), Lro 0.00

Calculate Depth of Anchor Trench (d,r) for Given Length of Runout (Lg)
Length of Geosynthetic Runout (m), Lgo
Depth of Anchor Trench Required (m), dat

Calculate Allowable Force in Geosynthetic and Factor of Safety
Length of Geosynthetic Runout (m), Lgo
Depth of Anchor Trench (m), dat
Allowable Force in Geosynthetic (kN/m), Ta ow 49.31
Factor of Safety, F.S. 5.1

Prepared By:
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PRODUCT DATA SHEET

GSE HD Smooth Geomembrane
METRIC

(]

AT THE CORE:

An HDPE geomembrane

GSE HD is a smooth high density polyethylene (HDPE) geomembrane manufactured
with the highest quality resin specifically formulated for flexible geomembranes. This

product is used in applications that require excellent chemical resistance and endurance

properties. used in applications that
require excellent chemical
resistance and endurance
properties.
Pl'ﬂlllll}l spﬂﬂlfll}allﬂns These product specifications meet GRI GM 13
Tested Property Test Method ‘ Frequency Minimum Average Value
0.75 mm 1.00 mm 1.50 mm 2.00 mm 2.50 mm
Thickness, (minimum average), mm ASTM D 5199 every roll 0.750 1.00 1.50 2.00 2.50
Lowest individual reading 0.675 0.90 1.35 1.80 225
Density, g/cm? ASTM D 1505 90,000 kg 0.940 0.940 0.940 0.940 0.940
Tensile Properties (each direction) ASTM D 6693, Type IV | 9,000 kg
Strength at Break, N/mm Dumbbell, 50 mm/min 20 27 40 53 67
Strength at Yield, N/mm 1 15 22 29 37
Elongation at Break, % G.L. 50 mm 700 700 700 700 700
Elongation at Yield, % G.L. 33 mm 12 12 12 12 12
Tear Resistance, N ASTM D 1004 20,000 kg 93 125 187 249 3m
Puncture Resistance, N ASTM D 4833 20,000 kg 240 320 480 640 800
Carbon Black Content, % (Range) ASTM D 1603*/4218 | 9,000 kg 20-30 20-30 20-30 20-30 20-30
Carbon Black Dispersion ASTM D 5596 20,000 kg Note® Note® Note® Note® Note®
Notch Constant Tensile Load, hr ASTM D 5397, 90,000 kg 300 300 300 300 300
Appendix
Oxidative Induction Time, min ASTM D 3895, 90,000 kg >100 >100 >100 >100 >100
200°C; O, Tatm
TYPICAL ROLL DIMENSIONS
Roll Length®, m 341 265 71 131 104
Roll Width®, m 6.86 6.86 6.86 6.86 6.86
Roll Area, m? 2,341 1,819 171 899 m

NOTES:

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

» @Roll lengths and widths have a tolerance of +1%.

* GSE HD Smooth is available in rolls weighing approximately 1,800 kg.

* All GSE geomembranes have dimensional stability of +2% when tested according to ASTM D 1204 and LTB of <-77° C when tested according to ASTM D 746.
* *Modified.

GSE is a leading manufacturer and marketer of geosynthetic lining products and services. We’ve
built a reputation of reliability through our dedication to providing consistency of product, price
and protection to our global customers.

Our commitment to innovation, our focus on quality and our industry expertise allow

us the flexibility to collaborate with our clients to develop a custom, purpose-fit solution. ENVIRONMENTAL™

For more information on this product and others, please visit us at
[ m"un"'"v n“Ns n[EP ] GSEworld.com, call 800.435.2008 or contact your local sales office.

This Information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this Information.
Specifications subject to change without notice. GSE and other trademarks in this document are registered trademarks of GSE lining Technology, LLC in the United States and certain
foreign countries. REV 3JULY2012



PRODUCT DATA SHEET

GSE HD Textured Geomembrane
METRIC

(]

AT THE CORE:

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

GSE HD Textured is a co-extruded textured high density polyethylene (HDPE)
geomembrane available on one or both sides. It is manufactured from the highest

quality resin specifically formulated for flexible geomembranes. This product is used in
applications that require increased frictional resistance, excellent chemical resistance and

endurance properties.

Pl'ﬂlllll}l spﬂﬂlfll}allﬂns These product specifications meet GRI GM13
Tested Property Test Method m Minimum Average Value
0.75 mm 1.00 mm 1.50 mm 2.00 mm 2.50 mm
Thickness, (minimum average), mm ASTM D 5994 every roll 0.750 1.00 1.50 2.00 2.50
Lowest individual reading 0.675 0.90 1.35 1.80 225
Density, g/cm?, (min.) ASTM D 1505 90,000 kg 0.940 0.940 0.940 0.940 0.940
Tensile Properties (each direction) ASTM D 6693, Type IV | 9,000 kg
Strength at Break, N/mm Dumbbell, 50 mm/min 8 10 16 21 26
Strength at Yield, N/mm 1 15 22 29 37
Elongation at Break, % G.L. 50 mm 100 100 100 100 100
Elongation at Yield, % G.L. 33 mm 12 12 12 12 12
Tear Resistance, N ASTM D 1004 20,000 kg 93 125 187 249 3m
Puncture Resistance, N ASTM D 4833 20,000 kg 200 267 400 534 667
Carbon Black Content, % (Range) ASTM D 1603*/4218 | 9,000 kg 20-30 20-30 20-30 20-30 20-30
Carbon Black Dispersion ASTM D 5596 20,000 kg Note® Note® Note® Note® Note®
Asperity Height, mm ASTM D 7466 second roll 0.40 0.45 0.45 0.45 0.45
Notch Constant Tensile Load®, hr ASTM D 5397, 90,000 kg 300 300 300 300 300
Appendix
Oxidative Induction Time, min ASTM D 3895, 90,000 kg >100 >100 >100 >100 >100
200°C; O,, 1atm
TYPICAL ROLL DIMENSIONS
Roll Length®, m Double-Sided Textured 253 213 158 122 101
Single-Sided Textured 308 238 165 125 101
Roll Width®, m 6.86 6.86 6.86 6.86 6.86
Roll Area, m? Double-Sided Textured 1,736 1,461 1,084 837 693
Single-Sided Textured 213 1,633 1132 858 693

NOTES:

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

* @NCTL for GSE HD Textured is conducted on representative smooth geomembrane samples.

* ®Roll lengths and widths have a tolerance of +1%.

*« GSE HD Textured is available in rolls weighing approximately 1,800 kg.

* All GSE geomembranes have dimensional stability of £2% when tested according to ASTM D 1204 and LTB of <-77° C when tested according to ASTM D 746.
* *Modified.

GSE is a leading manufacturer and marketer of geosynthetic lining products and services. We’ve
built a reputation of reliability through our dedication to providing consistency of product, price
and protection to our global customers.

Our commitment to innovation, our focus on quality and our industry expertise allow

us the flexibility to collaborate with our clients to develop a custom, purpose-fit solution. ENVIRONMENTAL™

For more information on this product and others, please visit us at
[ I"'"un"'"v n“Ns n[EP ] GSEworld.com, call 800.435.2008 or contact your local sales office.

This Information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this Information.
Specifications subject to change without notice. GSE and other trademarks in this document are registered trademarks of GSE lining Technology, LLC in the United States and certain
foreign countries. REV 03JULY2012



GSE FabriNet HF Geocomposite

METRIC

GSE FabriNet HF geocomposite consists of a 6.3 mm thick GSE HyperNet HF geonet
heat-laminated on one or both sides with a GSE nonwoven needle-punched geotextile.
The geotextile is available in mass per unit area range of 200 g/m?2 to 540 g/m2 The

geocomposite is designed and formulated to perform drainage function under a range

of anticipated site loads, gradients and boundary conditions.

Product Specifications
Tested Property
Geocomposite

Transmissivity®, m2/sec
Double-Sided Composite
Single-Sided Composite

Ply Adhesion, g/cm

Geonet Core® - GSE HyperNet HF
Transmissivity®, m2/sec
Density, g/cm?®

Tensile Strength (MD), N/mm
Carbon Black Content, %
Geotextile®®

Mass per Unit Area, g/m?
Grab Tensile, N

Puncture Strength, N

AOS, US sieve® (mm)
Permittivity, (sec™)

Flow Rate, Ipm/m?

UV Resistance, % retained

Geonet Core Thickness, mm
Roll Width®, m
Roll Length®, m

Roll Area, m?

| DURABILITY RUNS DEEP |

‘ Test Method ‘ Frequency
ASTM D 4716 1/50,000 m?
ASTM D 7005 1/4,600 m?
ASTM D 4716
ASTM D 1505 1/4,600 m?
ASTM D 5035/7179  1/4,600 m?
ASTM D 1603®/4218  1/4,600 m?
ASTM D 5261 1/8,300 m?
ASTM D 4632 1/8,300 m?
ASTM D 4833 1/8,300 m?
ASTM D 4751 1/50,000 m?
ASTM D 4491 1/50,000 m?
ASTM D 4491 1/50,000 m?
ASTM D 4355 once per
(after 500 hours) formulation

NOMINAL ROLL DIMENSIONS

ASTM D 5199

1/4,600 m?

Double-Sided Composite
Single-Sided Composite

Double-Sided Composite
Single-Sided Composite

5x10*
15x10°%

178

3x10°
0.94
9.6
20

200
710
395
0.212
15
4,480
70

6.3
4.5

701
79.2

321
362

‘ Minimum Average Roll Value

200 g/m? 270 g/m?

5x10*
15x10°%

178

3x10%
0.94
9.6
20

270
975
525
0180
13
3,865
70

6.3
4.5

64.0
79.2

293
362

PRODUCT DATA SHEET

[*]

AT THE CORE:

A 6.3 mm thick GSE
HyperNet HF geonet
heat-laminated on one

or both sides with a
nonwoven needle-punched
geotextile.

335 g/m?

3x10*
1x10°%

178

3x10%
0.94
9.6
20

335
1155
725
0150
1.0
3,050
70

6.3
4.5

64.0
76.2

293
348

[Product specifications continued on back]

w’

ENVIRONMENTAL™



PRODUCT DATA SHEET

[*]

AT THE CORE:

A 250 mil thick HyperNet
HF geonet heat-laminated
on one or both sides with a
nonwoven needlepunched
geotextile.

Product Specifications [continued]

NOTES:

« MWAOS in mm is a maximum average roll value.

« @Gradient of 0.1, normal load of 10,000 psf, water at 70°F between steel plates for 15 minutes. Contact GSE for performance transmissivity value for use in design.
®Component properties prior to lamination.

“@Refer to geotextile product data sheet for additional specifications.

®Roll widths and lengths have a tolerance of \1%.

®Modified.

GSE is a leading manufacturer and marketer of geosynthetic lining products and services. We’ve
built a reputation of reliability through our dedication to providing consistency of product, price
and protection to our global customers.

Our commitment to innovation, our focus on quality and our industry expertise allow

us the flexibility to collaborate with our clients to develop a custom, purpose-fit solution. ENVIRONMENTAL™

For more information on this product and others, please visit us at
[ m"un"'r" n“Ns n[EP ] GSEworld.com, call 800.435.2008 or contact your local sales office.

This Information is provided for reference purposes only and is not intended as a warranty or guarantee. GSE assumes no liability in connection with the use of this Information.
Specifications subject to change without notice. GSE and other trademarks in this document are registered trademarks of GSE Lining Technology, LLC in the United States and certain
foreign countries. REV 23MAY2012
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DEMONSTRATION: BASE OF A UTILITY WASTE LANDFILL LINER
IN INTERMITTENT CONTACT WITH GROUND WATER

1.0 INTRODUCTION

The Missouri Solid Waste Management Rules for utility waste disposal (reference Chapter 11, Utility
Waste Landfill) were effective on July 30, 1997, in response to statutory changes to the Missouri Solid
Waste Management Law. The statutory changes were intended to distinguish the physical and chemical
characteristics of utility waste from the sanitary and demolition wastes that were the focus of the original
solid waste management Rules (reference Chapter 3, Sanitary Landfill, and Chapter 4, Demolition
Landfill), as well as to address other unigue issucs of the clectric power generation industry. Chapter 11
is patterned after Chapter 3 and Chapter 4, which were originally crcated in 1973 in response to the new

Missourt Solid Waste Management Law,
10 CSR 80-11.010(1) General Provisions, states the overall intent of the rule, stating in part;

This rule is intended to provide for utility waste landfill operations that will have minimal
impact on the environment. The rule sets forth requirements and the method of
satisfactory compliance to ensure that the design, construction and operation of utility
waste landfills will protect the public health, prevent nuisances and meet applicable
environmental standards. The reguirement subsections contained in this rule delineate
minimum levels of performance required of anv utility waste landfill operation.  The
satisfactory_complionce subsections are presented as the authorized methods by which
the objectives of the requirements can be realized,  The satisfactory compliance
subsections are based on the practice of land{illing utility waste. If technigues other than
those listed as satisfactory compliance in desion or operation are used, it is the
ablication of the utilitv waste landfill owner/operator to demonstrate to the department in
advance that the technigques to be emploved will satisfy the requirements. Procedures for
the technigues shall be submitted to the department in writing and approved by the
department in writing prior to being employed. [emphasis added)]

Ameren Missouri recognizes that. if they choose to ...utilize techniques other than those listed as
satisfactory compliance in the design and operation...” of the utility waste landfill, they must
*...demonstrate to the department in advance that the techniques to be employed will satisfy the
requirements...”

The Missouri Department of Natural Resources™ rules for utility waste landfills (UWL) stipulate in
10 CSR 80-11.010(4)(B)6 that:

If the base of the landfill liner will be in contact with ground water, the applicant shall
demonstrate to the department’s satisfaction that the ground water will not adversely
impact the liner.

In addition, 10 CSR 80-11.010(8)(B)1.C requires that the plans shall include:
Ground water elevation and proposcd separation betwceen the lowest point of the lowest

cell and the predicted maximum water table elevation;

REITZ & JENS, INC. 1



Demonstration: Base of UWL Liner in Intermittent Contact with Ground Water 2
Ameren Missouri Labadie Energy Center UWL Solid Waste Disposat Area

The lowest point of the basc of the clay liner for the cells will be at ¢l. 466, which is 2 feet above the
“natural water table™ as defined in the following section. The bottom of the clay liner in the lowest sumps
will probably be in intermiitent contact with the ground water. In accordance with 10 CSR 80-11.010(1),
this document has been prepared to demonstrate that the ground water intermittent contact will not
adversely impact the compacted clay liner in the sumps, per 10 CSR 80-11.010(4)(B)6, based upon the
interpretation that this regulation is applicable to the sumps because they are integral with the cells.

[t is the objective of this report to provide the technical and regulatory basis for;

e demonstrating the impacts of an intermittent high ground water table on the composite
bottom liner {specifically the bottom compacted clay liner and the HDPE membrane liner
on top of the compacted clay liner) arc negligible;

e evaluating the environmental impact of this site condition on the projected use of the
UWL; and

e demonstrating that the characteristics of the compacted clay liner and the proper design
of the UWL will continue to function as designed in compliance with the intent of the 10
CSR 80-11.010 to minimize environmental hazards and comply with applicable ground
watcr 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 the protection of surface water and ground water quality.
Section 3.0 provides an overview of the impact to the environmental protections provided to surface water
and ground water by the utility waste landfill’s CCL under intermittent contact with the unconfined
ground water. Finally, Section 4.0 identifies the specific requirements of 10 CSR §0-11.010 that
potentially require demonstration of satisfactory compliance with the requirements of the Utility Waste
Landfill design and operational standards.

1.1 Brief Project Descripticn

The Labadie UWL will be developed on property contiguous with the boundary of property upon which
the Labadiec Encrgy Center is situated, on the right descending (south} overbank area of the Missouri
River between River Miles 56.88 and 57.38. The existing ground surface ranges from about el. 471 to el.
465" below the current footprint of the UWL. The areas of lower ground surface clevations (below about
el. 464) located in the southcast region of the site have been excluded from the proposcd developed arca

of the UWL.

The proposed UWL is located in the alluvial deposits adjacent to the Missouri River. As demonstrated in
. . . . . . 2 .
the Detailed Sitc Investigation (DSI) for this project” the ground water levels are strongly influenced by

" Elevations herein refer to the North American Vertical Datum of 1988 (NAVDS8) which is the datum used in FEMA"s new
Flood Insurance Rate Maps {FIRM). NAVDES corrects many of the problems with the earlier NGVD of 1929,

* Detalled Site Investigation Report for Ameren Missouri Labadie Power Plant Proposed Utility Waste Disposal Area,
Frankiin County, Missouri, dated February 4, 2011, revised March 30, 2011. Approved by Missouri Department of Natural
Resources, Division of Geology and Land Survey on April 8, 2011,
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the Missouri River (see Appendix W or page 39 of DSI Report). Because the Missouri River is an “open
river,” that is not controlled by a dam in the vicinity of the Labadic Encrgy Center, the level of the
Missouri River and hence the natural water table at the site are constantly changing. Therefore, the
Natural Water Table is never under static hydrologic conditions.

The UWL site is currently protected from regular Missouri River flooding by the Labadic Bottom Levee
District agricultural levee with heights at or necar 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 Energy Center itself which is upstream and higher than the 500-year
flood elevation, creating a low velocity shadow, or incffective flow arca, over the entire UWL site. The
regulatory 100-year base flood elevation (BFE) of 483.98 at the upstream end of the UWL site became
cffective on October 18, 2011, The 500-year flood elevation at this river station 1s reported by FEMA to
be 487.55. By comparison, the flood crest at this location in August 1993 was about el. 483.6.

The Labadic UWL will be divided into four distinct internal drainage zones or cells. The lowest point of
cach drainage area is designed to be cl. 468 (top of composite liner), while the highest point of each cell
bottom will be el. 474 to 476 (top of composite liner). The majority of the UWL bottom is designed to
have a minimum % slopc and will have a “blanket drain™ as a part of the leachate collection system. In
addition to the blanket drain, each cell will have a 6-inch diameter collection pipe running generally
perpendicular to the outside edge of the landfill at an approximate 0.5% slope.

Each collection pipe will discharge into a small fcachate sump (approximate size 15 feet by 20 feet). The
bottom of the composite clay liner in the sumps is designed to be at el. 463.0. With settlement, the
bottom of the clay of the composite liner in the sumps is estimated to be at el. 462.2. The 15 sumps
represent less than 0.15% of the entire UWL acreage. Additionally, the sumps will be gravel filled and
are expected to have one to three feet of water in them under normal operating conditions.

2.0 TECHNICAL BASIS

In the 1980°s through the mid-1990"s, compacted clay liners and composite liners were the subject of
significant research and technical discussion due to increasing regulatory requirements on industrial and
municipal landfills. The base of knowledge regarding compacted clay liner was cstablished on a national
level and the technical requirements were widely adopted as ‘state of the art” Missouri’s current utility
waste landfill 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 80-11.010(6)(B)):
[} 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 1x107 cnv/sec., and
compacted to 95% of standard Proctor (ASTM D699) maximum dry unit weight (v max)
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with the moisture content at the time of compaction between optimum moisture content
(wop) and 4% above w,y,, or within other ranges of density and moisture such that are
shown to provide for the liner to have a k < 1x107 cnv/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 (0.075mm).
C. Have an Atterberg liquid limit (LL) > 20%
D. Have an Atterberg plasticity index (PI) > 10%.

Daniel and Koerner (1993) reported that the degree of saturation of clay liners placed with this criteria
ranges from 71% to 98%, and averages 85%. That is, the voids in the soil matrix may still contain some
air as well as water. The technical questions in regard to the clay liner are: 1) If the GWT is above the
bottom liner for a long cnough time, could the compacted clay liner become saturated; and 2) what are
the potential ramifications of the compacted clay liner becoming saturated? Frank et al (2005) reported
that a compacted clay liner which had been under 0.31m of water for 14 years did not become fully
saturated. The report theorized that this is due to the very high capillary stresses in the matrix of the
compacted clay which could not be overcome by high external hydrostatic pressure. Therefore, the
internal shear strength and hydraulic properties of the compacted clay lmer were not affected.

The proposed design of the cells for the Labadie UWL will use a clay liner with a maximum hydraulic
conductivity of 1x107 cm/sec, which provides an additional factor of safety that the hydraulic
conductivity will not exceed the required maximum cven if changes to the clay liner should occur. This
report will demonstrate that the initial permeability of the clay liner, even at the more stringent than
required 1x107 cni/sec permeability, will not be impacted by intermittent contact with groundwater.

2.2 Definition of Natural Ground Water Table at Labadie UWL Site

This section was submitted to the Missouri Department of Natural Resources and Franklin County as a
separate report titled “Design Basis for Ground Water Level,” dated April 9, 2012, to present a rational
definition of the “Natural Water Table™ as it applies to this site, as a basis for the design of the Labadie
UWL.

The daily average levels of the Missouri River at the Labadie Energy Center from December 3, 1999,
through November 9, 2010, were used in the analyses of the hydrogeology of the site for the DSI because
these 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 highty 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 lcvel in the data with multiple occurrences is cl. 4453,
Below is a table of the frequencies of the Missouri River levels in 2-foot intervals from these data:
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Frequencies of Missouri River Levels at Labadic Encrgy Cenier (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 1.85% 3.57%
466-467 77 1.94% 5.51%
464-465 132 3.32% 8.83%
462-463 187 471%  13.54%
460-461 225 5.66%  19.20%
458-459 263 6.62%  25.82%
456-457 348 8.76%  34.58%
454-455 365 919% 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%

The ground water levels at the site were monitored monthiy for the DSJ from December 2009 through
November 2010. Thesc findings are summarized in Appendix W. The data show that the alluvial aquifer
discharges toward the Missourt 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 approximate 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 1 of Appendix W. From June 5, 2010, through July 5, 2010, the Missouri River
clevation at the plant was above cl. 465.1, and reached a maximum of ¢l. 471.3. During this period, the
average ground water table below the sitc rose to el. 464, with thc average ground water table
approaching el. 465 in the northwest portion of the site. The level of the Missouri River at the plant also
was above el. 465 between May 13 and May 30, 2010, with a maximum level of el. 472.8. During this
shorter duration of sustained high river levels (18 days compared to 30 days in Junc and July), the average
ground water table beneath the site 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 ¢l. 471 during that period. The
question then becomes “How often do such sustained high Missouri River levels occur at the site?”

From the above table, the Missouri River was at or above el. 465 about 9% of the days from December
1999 through November 2010, and was at or above el. 470 about 1.7% of the days. There were 12
intervals in this decade during which the Missouri River at the plant was above el. 465 for 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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Periods of Sustained High Missouri River Levels at Labadic Encrgy Center (2000-2010)

) Maximum

Period No. Days River Elev.
June 3 — July 8, 2008 36 471.6
June 5 —July 5, 2010 30 471.3
May 2 — May 20, 2002 19 473.2
May 13 - May 30, 2010 18 472.8
May 9 — May 21, 2007 13 4719

As stated above, the data from the 12 months of ground water level monitoring at the site indicate that the
maximum average ground water level of about el. 464 will occur when the sustained high Missouri River
level at the Labadie Energy Center exceeds el. 465 for more than 18 days, and probably approaching 30
days, with a peak river level above cl. 471, While the level of the Missouri River at the site has exceeded
el. 470 about 1.7% of the 3973 days from December 1999 through November 2010, an intcrval of
sustained high river levels adequate to create a high average ground water level of el. 464 has occurred
only twice. Therefore, defining el. 464 as the average “Natural Water Table” or ground water level
at the site would appear to be conservative, in that it occurs for a relatively short duration only
about two times in a 10-year period. This Natural Water Table elevation can also be considered the
‘average high groundwater table’ at the Labadie UWL site.

2.3 Potential Technical Impacts of a High Ground Water Table

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

1. potential swelling of the compacted clay liner, particularly if the clay is high plastic (CH) as
defined by ASTM D2487,

2. hydrostatic uplift against the bottom of the compacted clay liner,

3. potential loss of shear strength of the compacted clay liner,

4. potential decrease in the stability of exterior or interior stopcs,

5. constructability of a compacted clay liner in a high ground water table, and
6. long-term performance of the composite liner system.

2.3.1 Potential Swelling

High plastic clay (i.e. "CH” with a LL above 50%) has a tendency to swell when the clay is at low
moisture content. ' When relatively dry, expansive clay is exposed to free water, then the clay will swell if
it is not confined by a large pressure. The weight of the CCP in the UWL (particularly in the sumps
which are at the lowest elevations) confines the clay liner and therefore reduces this swell potential,
Swelling would increasc 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 subscquently measured would already
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be affected by any swelling. Therefore, laboratory testing on the clay liner material will take into account
any swell potential,

2.3.2 Hydrostatic Uplift

Water levels approaching the [00-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 Scction 3.3.2.2 and Appendix J of the Construction Permit
Application. Dry cclls will be filled with CCPs upon completion to counter any hydrostatic uplift that
might occur.

2.3.3 Loss of Shear Strength

The shear strength of a seil has 2 components: the effective cohesion (c") and the effective internal
friction angle (e'). Unless there is some cementation in the soil matrix, the cohcsive shear strength is
actually very small at very low confining pressures (Terzaghi, Peck, Mesri, 1996). Saturation of a soil
will reducc its shear strength, primarily due to the loss of negative pore pressures, and the impact of the
increase in pore pressure during shearing. Therefore, @' is the critical shear strength property. However,
the 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
the exterior slopes of the UWL. Consolidated-undrained (C-U) triaxial compression tests with pore
pressure measurcments will be run on representative composite clay liner samples. The first step in the C-
U test is to ensure that the sample is saturated (ASTM D4767). Thus, the impact of potential saturation is
already incorporated in the measurement of o'. Therctore, the possible impact of saturation of the
compacted clay liner, if it could occur, 1s not an issue because the saturated properties used in the analyses
for the UWL will be verified by the laboratory testing of the clay liner material before it is approved for
construction.

2.3.4 Stability of Slopes

A ground water lcvel that 1s at the ground surface results in the minimum factor of safety for the global
stability of any slopc becausce of the reduction in effective confining stress in the natural soils beneath and
beyond the toe of the bermi. The internal stability of the waste is not affected by the external ground water
lcvel because the waste 1s isolated from the ground water by the liner. Some of the cases of global
stability of the waste slope and perimeter berm that were analyzed used measured long-term shear
strength properties (¢' and o') and an assumed exterior water level at ground surface. So, the issue of high
eround 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 Clay Liner in a High Ground water Table

A high ground water table could nterfere with the excavation to final subgrade of the bottom liner and
with the compaction of the clay liner, If this condition occurs, the subgrade will be soft and will tend to
pump and rut, making it difficult to properly compact the clay liner. Once the ground water [evel is about
2 or 3 feet below the subgrade, then it is possible to construct the bottom liner in accordance with the
project specifications. Seo, a high ground-water could adversely affect the construction schedule and

REITZ & JENS, INC,



Demonstration: Base of UWL Liner in Intermittent Contact with Ground Water 8
Ameren Missouri Labadie Energy Center UWL Solid Wasie Disposal Area

costs, which will be addressed at the time of construction. But the quality and performance of the
properly constructed bottom liner will not be impacted for the reasons presented in the preceding sections.

2.3.6 Long-term Performance of Composite Liner System

The types of clays used in construction of the liner and the methods of construction will preclude potential
negative impacts of infrequent high ground water levels on the long-term performance of the composite
liner system. Also, the long-term properties which were used in the analyses for the UWL, and the
various extreme conditions which were considered (i.c., flooding or earthquake) take into consideration
extreme adverse conditions which may occur during the operating life and post closure performance.
Only one potential impact of an intermittent, high GWT on the bottom liner in the sumps could not be
mitigated by the design and construction of the UWL — the hydrostatic uplift pressure. Therefore, this
impact will be addressed through operational requirements of the UWL.

3.0 ENVIRONMENTAL PROTECTION OF A UTILITY WASTE LANDFILL

As stated in 10 CSR 80-11.010 (1) General Provisions, *The rule sets forth requirements and the method
of satisfactory compliance to ensure that the design, construction and operation of utility waste landfills
will protect the public health, prevent nuisances and meet applicable environmental standards...”. The
individual subsections 10 CSR 80-11.010 imply that the Missouri Solid Waste Management Law and
Rules, as they relate to utility waste, are promulgated primarily to prevent the construction and operation
of solid waste disposal areas from negatively impacting the surface waters, ground water and air, in
particular, typically monitored within a specific zone of impact surrounding the solid waste disposal arca,
The following scctions 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 guality,
because the performance of the CCL does not have a dircct impact on air quality.

3.1 Ground Water Quality Protection

Protection of ground water quality is a primary objective of regulatory design and operating requirements
for utility waste disposal areas. Liers, leachate collection systems, and final cover systems all focus on:
keeping the waste materials relatively dry; minimizing the quantity of leachate formed by the disposal
area; containing the leachate within the disposal area; and collecting and removing the leachate from the
disposal arca for further treatment and ultimate disposal outside of the disposal arca environment. With
regard to ground water in intermittent contact with the utility waste landfill lincr, the critical issues are:
the continued structural integrity of the liner, both as the base of the landfill and as a component of the
composite liner; and the hydraulic performance of the CCL component of the composite liner to serve its
intended function of containing the leachate within the disposal area. The discussion of specific, potential
technical impacts to the landfill design in Section 2.0 demonstrate that the structural integrity and the
hydraulic performance of the CCL component are not impacted by ground water in intermittent contact
with the utility waste landfill liner. Therefore, the CCL component’s functions of providing a structural
base for the landfill and of containing leachate within the disposal area are not diminished.
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3.2 Surface Water Quality Protection

Regarding ground water in intermittent contact with the utility waste landfill liner, the continued
structural mtegrity and hydraulic performance of the CCL component of the composite liner to serve its
intended function of containing the leachate within the disposal area indirectly relates to the protection of
surface water quality at the Labadic UWL. The design and construction of berms around the perimeter of
each disposal cell to prevent mundation of the utility waste during future Missouri River flood events are
the primary design protection of surface water quality at the Labadic UWL. The proposed operational
plan to contain all stormwater runoft generated inside of the perimeter berms provides the primary
operational protection of surface water quality. The design and operation of the primary stormwater
management systems are not directly impacted by ground water in intermittent contact with the utility
waste landfill liner.

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 support Ameren Missouri’s position that the intermittent contact of the CCL with ground water
docs not impact the ability of the CCL to satisfactorily meet the requirements of 10 CSR 80-11.010
(Chapter 11, Utility Waste Landfill). This results in Ameren Missouri proposing the use of techniques
other than those listed 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 from both a
technical and regulatory perspective.

The rule format for Chapter 11 generally includes one section for each specific topic, each followed by
three subscctions [(A) Requirement; (B) Satisfactory Compliance — Design; and (C) Satisfactory
Compliance — Operations]. Secction 4.1 identifies the design and/or operational methods proposed for the
Labadie UWL that require demonstration that the overall requirements of Chapter 11, Utility Waste
Landfill, are met for the site conditions and design of the Labadie UWL.

4.1 Design/Operational Considerations Relative to Unigue Labadie UWL Site Conditions

The following sections of the Missourt Solid Waste Management Rules have been identified for specific
summary discussion as a concluston to the demonstration that the Labadic UWL meets the minimum
requirements of the Missouri Solid Waste Management Rules. The design and/or operational issucs
identified are 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:

4.1.1

Studies have shown that clay Iimers do not become saturated even when continuously submerged
for years duc to the very high intemnal 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 1x107 cm/sec, which provides an added safety factor that the maximum hydraulic
conductivity of 1x10” em/sec required by regulation will not be exceeded. Furthermore, the initial
installed hydraulic conductivity of the CCL will not be impacted by intermittent contact with
groundwater;

The laboratory measurement of hydraulic conductivity of the clay liner allows for any potential
swelling at low confining pressures;

The remote threat of adverse hydrostatic uplift will be addressed through operational procedures
of the UWL;

The minimum internal and interface shear strength propertics assumed for the compacted clay
liner for the design of the UWL will be specified (see Appendix J) and verified for the offsitc clay
liner material; and

The structural stability analyses of the perimeter berms and exterior slopes of the UWL considered
the worst-case condition of a ground water table at the ground surface. Therefore, this condition is
considered in the current design.

INTERMITTENT GROUND WATER CONTACT WITH LANDFILL LINER.

Reeulatory Citation and Requirement:

10 CSR 80-11.010(4) Site Selection.

(A) Reguirement. Site selection and utilization shall include a study and evaluation of geologic
and hydrologic conditions and soils at the proposed utility waste landfill and an evaluation of the
environmental effect upon the projected use of the completed utility waste landfill. Applications

Jor utility waste landfill construction permits received on or after the effective date of this rule

shall document compliance with all applicable siting restriction requirements contained in
paragraphs (4)(B)1. through 5. of this rule.

Regulatorv Design and/or Operational Techniques:

(B)6. If the base of the landfill liner will be in contact with ground water, the applicant shall
demonstrate (o the department’s satisfaction thai the ground water will not adversely impact the
liner.

(B)7. Owners/operators of proposed utility waste landfills shall demonstrate how adverse
geologic and hydrologic conditions may be altered or compensated for via surface water drainage
diversion, underdrains, sumps, and other structural components. All alterations of the site shall be
detailed in the plans. Precipitation, evapotranspiration and climatological conditions shall be
considered in site selection and design.
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4.1.2.

(B)S.  The results of the detailed site investigation report will be the basis to determine if a
secondary liner, such as a geomembrane, or a leachate eollection system is mandatory to ensure
that there is no environmental impact from the landfill. Owner/operators of proposed utility waste
landfills shall make a demonstration based on the following:
A. An evaluation of the physical and/or chemical characteristics of the waste; and
B. Documemtation through modeling, testing, or other research data proving that the
quality of ground water underlying the proposed site will not be affected and that there is
no potential for migration of fluids from the utility waste landfill.

Discussion of Alternative Design:

This report provides specific discussion of technical information indirectly required by this
regulation relative to the intermittent contact of the CCL component of the composite liner. As
outlined in the details of Section 2.0, the design of the utility waste landfill for the Labadic Energy
Center anticipates the potential for saturated clays and saturated insitu base conditions, as well as
the potential impact of high ground water table conditions intermittently caused by fluctuating
Missouri River levels. No additional design alternatives or changes are considered necessary, as
supported by the information i the report.

Compliance with Regulatory Requirement:

The CPA for the Labadie UWL addresscs the site sclection and utilization requirements, including
a study and evaluation of geologic and hydrologic conditions and soils at the proposed utility
waste landfill and an cvaluation of the environmental effect upon the projected use of the
completed utility waste landfill. The technical discussion in Section 2.0 provides additional
“demonstration” relative to the site-specific design with regard to the intermittent contact of the
CCL component of the composite liner.

Bascd on the conclusions of this report, no additional design or operational changes are necessary
to demonstrate that the geologic and hydrologic conditions referenced m 10 CSR 80-11.010(4),
Site Selection, (specifically, the intermittent contact of small portions of the bottom of the landfili
liner) arc necessary to demonstrate that the quality of ground water underlying the proposed site
will not be affected and that there is no increcased potential for migration of fluids from the
Labadie UWL. The liner and leachate collection requircments are further discussed in previous
and subsequent portions of this report.

IMPACT OF DSI RESULTS ON LINER AND LEACHATE COLLECTION SYSTEM

DESIGN.
Regulatory Citation and Requirement:

70 CSR 80-11.010(5) Design

(A) Requirement. Plans, addendums, as-built drawings, or other documents which describe the
design, construction, operation, or closure of a ulility waste landfill or which request an operating
permit modification for the utility waste landfill shall be prepared or approved by a professional
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engineer. These documents shall be stamped or sealed by the professional engineer and
submitted to the departrment for review and approval.

Regulatory Design Reguirements:

(4)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, evapolranspiration and climatological conditions shall be considered in
site selection and design.

B. Engineering plans and specifications that have computer model attached to them shall
list the limitations and assumptions of each mode! used in the application.

{A)4. Plans for stability analyses for all stages of construction shall inciude:

A. Seftlement and bearing capacity analyses shall be performed on the in-place
foundation material beneath the disposal area. The effect of foundation material
setflement 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 matlerial 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 settlemnent on the final cover system components, side
slope liner system components, surface water management system components and gas
migtation system cormponents.

Discussion of Alternative Design:

The Detailed Site Investigation (DSI) required by 10 CSR 80-2.015 addressed the precipitation,
evapotranspiration and climatological conditions considered in original site selection and design.
This included ground water tablc elevations and the relationship of the Missouri River levels to the
ground water table. This report provides additional technical discussion of this information. In
addition, the models and calculations submitted with the CPA address all stages of construction
and operation of the Labadie UWL.

This report provides additional technical discussion relative to the intermittent contact of the CCL

component of the compostte liner. As outlined in detail in Section 2.0, the proposed design and
operation of the utility waste landfill for the Labadic Energy Center anticipates the potential for
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4.1.3.

saturated clays and saturated insitu basc conditions, as well as the potential impact of high ground
water table conditions intermittently caused by fluctuating Missouri River levels. No additional
design alternatives or changes are believed necessary to address 10 CSR 80-11.010 (5).

Compliance with Regulatory Requirement:

In compliance with 10 CSR 80-11.010 (5), Design, this demonstration report has been prepared by
professional engineers, has been reviewed and approved by a professional engineer and bears the
signature and seal of the principal design engincer.

LANDFILL LINER SEPARATION FROM GROUND WATER.

Regulatory Citation and Reguirement:

710 CSR 80-11.010(8) Water Quality.

{A) Requirement. The location, design, construction and operation of the utility waste landfill
shall minimize environmental hazards and shall conform to applicable ground and surface water
quality standards and requirements. Applicable standards are federal, state or local standards and
requirements that arc legally enforceable.

Regulatory Desien Requirements:

{B)1. Plans shall include

C. Ground water elevation and proposed separation between the lowest point of the
lowest cell and the predicted maximum water tabie elevation;

Discussion of Alternative Design:

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 CCL component of the composite liner. No
additional design alternatives or changces arc believed necessary to address 10 CSR 80-11.010 (8).

Compliance with Reculatory Requirement:

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

4.1.4. DESIGN AND OPERATION OF LINER SYSTEM.

Regulatory Citation and Reguirement:

70 CSR 80-11.010{10) Liner Systems.
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(A) Requirement. A liner shall be placed on all surfaces fo minimize the migration of
feachate from the utility waste landfill.

Regulatory Design Reguirements:

{B)1. For a compasite liner a lower component that consists of at least a two-foot (27)
layer of compacted soil with a hydraulic conductivity of no more than 1 x 10° 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 1 x 10° cm/sec. For a
single compacted clay liner a component that consists of at least a two-foot (2)) layer of
compacted soil with a hydraulic conductivity of no more than 1 x 107 cm/sec. A
compacted soif 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 fo
provide for the liner to have a hydraulic conductivity of no more than 1 x 107 cm/sec. The
design shall include a detailed explanation of the construction techniques and equipment
necessary to achieve ninety-five percent (95%) of the standard Proctor density under field
conditions. The design also shall include QA/QC procedures to be followed during
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 fo minimize the detrimental
impact on the constructed liner prior to placement of waste. The soils used for this
purpose shall meet the following minimum specifications.

A. Be classified under the Unified Soil Classification Systems as CL, CH, or SC
(ASTM Test D2487-85);

B. Aflow more than thirty percent (30%) passage through a No. 200 sieve (ASTM
Test D1140);

Have a liquid fimit equal to or greater than twenty (20) (ASTM Test D4318-84);

Have a plasticity index equal to or greater than ten (10) (ASTM Test D4318-
84); and

Have a coefficient of permeability equal to or less than 1 x 107 cm/sec for the
compacted clay liner and 1 x 10° cm/sec for the composite liner when
compacted to ninely-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 wall
permeameter (ASTM D-5084) or other procedures approved by the
department;

m DO

Alternative Design:

The proposed utility waste disposal area will utilize a composite liner that will consist of a 60-mil
HDPE geomembrane liner underfain by two feet of compacted clay liner with a hydraulic
conductivity cqual to or less than I x 107 em/scc. This proposed design significantly exceeded the
performance of the minimum design standards and performance of the two liner options
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prescribed in 10 CSR 80-11.010 (10). Ameren Missouri proactively chose this design to minimize
the migration of lcachate from the utility waste disposal area and to provide a UWL that will

address anticipated future regulatory revisions.

Compliance with Regulatory Requirement:

The regulatory requirement is met and exceeded by the Labadie UWL proposed composite liner
design. This rcport demonstrates that the intermittent contact of ground water with the CCL
component of the composite liner will not impact the CCL’s design. function or performance.

4.2 Impact on the Construction Permit Application

Following the review and acceptance of this demonstration by MDNR, this demonstration will be
mcorporated into the approved enginecring report and plans required to be maintained throughout the
operating lifc and post closure care as required by the Solid Waste Disposal Area Operating Permit.
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CONFIDENTIAL BUSINESSINFORMATION

Ameren Missouri Labadie Power Station
Utility Waste Landfill

DESIGN BASIS FOR GROUND WATER LEVEL
April 9, 2012

Introduction and Purpose

The County Commission amended the County’s Unified Land Use Regulations on October 25, 2011
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” ad/dter below the land surface in the zone of
saturation.”

Section 238(A)(19) defines “Natural Water Table” as:

The level at which water standsin a fully saturated unconfined aquifer as measured
by shallow piezometers or wells. The natural water table 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 project the ground water levels are strongly influencedhgyMissouri 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 ar
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 Ameref
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

! 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 Naturg
Resoures, Division of Geology and Land Survey on April 8, 2011.
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Ameren Missouri Labadie Power Station UWL Page 2
Design Basis for Ground Water Level
April 9, 2012

Missouri River between River Miles 56.71 and 57.38e existing ground surface ranges from about
el. 471 to el. 465below the current design of the UWL. The aredswer ground surface elevations
(below about el. 464)ocated in the southeast region of the site ar@targial 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 highef

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
the UWL site became effective on October 18, 2011. The 500-year flood elevation at this river statidg

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 gl.

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
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 occurreg

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 Rd8tation (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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Ameren Missouri Labadie Power Station UWL Page 3
Design Basis for Ground Water Level
April 9, 2012

The ground water levels at the site were monitoredthiy for the DSI from December 2009 through

November 2010. The data show that the alluvial aquifer discharges toward the Missouri River durin
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 1
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
Missouri River at the plant is above el. 465 for about 30 days and reaches a maximum level above &
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 Decem
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 le\
was above el. 465 for more than 13 days during only 5 of these intervals:

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

. Maximum

Period No. Days River Elev.
June 3 — July 8, 2008 36 471.6
June 5 —July 5, 2010 30 471.3
May 2 — May 20, 2002 19 473.2
May 13 — May 30, 2010 18 472.8
May 9 — May 21, 2007 13 471.9

As stated above, the data from the 12 months of ground water level monitoring at the site indicate th
the maximum average ground water level of about el. 464 may occur when the sustained high Missg
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 Novembe
2010, an interval of sustained high river levels adequate to create a high average ground water leve
el. 464 has occurred only twic&herefore, 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 a$
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 Wiaahdfill 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 “statig
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 pf
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 1(
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)”

\\fsO1\projects\amerenue\2008012455\design deted&d basis gwt\design basis-labadie uwl gwt-040912.doc
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Ameren Missouri Labadie Power Station
Utility Waste L andfill

DESIGN BASISFOR EXTERIOR BERM S
April 10, 2012

Introduction and Purpose

The County Commission amended the County’s Unified Land Use Regulations on October 25, 2011
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.

i) ... 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 ar
consultation with the UWL owner and engineer. This paper will help define the “purpose intended” g
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 b
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 overtoppe
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, creatin
a low velocity shadow, or ineffective flow area, over the entire UWL site. The regulatory 100-year
base flood elevation (BFE) of el. 483'a8 the upstream end of the UWL site became effectiv

October 18, 2011. The 500-year flood elevation at this river station is reported by FEMA to be el.

L 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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Design Basis for Exterior Berms
April 10, 2012

487.55. By comparison, the flood crest at thistiocain 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
contain a minimum of 5 years of the coal combustion residuals (CCRs) produced by the Labadie Plg
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 protectiof
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. Th
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 50(
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 materia

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 exces
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 conditiof

|92}

The ducts between the block compartments are limited to 10% of the maximum thickness of the blo¢

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, i
necessary for severe applications or for slopes up to 2:1. The design of the FCM will be based upor
hydraulic analyses of the maximum flow that may result from overtopping or a breach of the Labadig
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 intends
As explained above, the primary purpose intended for these berms is to separate the coal combustig
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
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,

e 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.

\\fsO1\projects\amerenue\2008012455\design deterisieter concrete berm\design basis-labadie uwl exterior berms-041012.doc
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GRAVEL ROAD

10/18/11 FEMA 500-YEAR = EL. 487.55 — == SYNTHETIC (HDPE) LINER \
10/18/11 FEMA 100-YEAR BFE (RM 57.38) = EL. 483.98 =N 5
1993 FLOOD CREST = EL. 483.6+ COMPACTED
CLAY LINER

COMPACTED EARTH FILL
EXISTING GRADE

EL. 465+ j

FABRIC-FORMED ARTICULATED
CONCRETE MAT (FCM) OVER
CRUSHED ROCK BASE

Ameren Labadie UWL
RECOMMENDED DESIGN FOR
EXTERIOR BERMS

Reitz & Jens, Inc. Figure 1
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Ameren Missouri Labadie Energy Center
Construction Permit Application for a Proposed Utility Waste Landfiil

Franklin County, Missouri

Applicable Regulatory References
Sorted by Table of Contents

Table 1A
TITLE REFERENCE {10 CSR 80-)
Construction Permit Application Form 2.020{2)}A)2.A
Construclion Permit Application Fee-MDNR {$2.000} 2.020{2){AJ2.G; 2.020(2)A)5
1.0 INTRCDUCTION
1.1 Site Background 11.010{4) A}
1.2 Proposed Facility 2.020{2)A}
13 Landfili Owner and Operator 2.020(2){A); 2.010(67 ) 2.010(68)
1.4 Applicant Violation History 2.020(2)(A)2.1; 2.070
15 EZ%ZZ;:Z;?;?;?CTe;:gaigm from East Central Sciid Wasle 260.205.7 (MO Statute)
2.0 SITE SELECTION 11.010(4)
2.1 Site Location 2.020
2.2 Legai Description of the Property 2,020{2%A}
2.3 Site Access 11.010 (4% CY1: 11.010018)(B)1: 11.010(16)C)2
2.4 Zoning and Land Use 11.010(4¥B¥5.B
25 Surrounding Land Use 11.010{4)B)5.B; 2.020{9}B}8.C
26 Site Topography 11.010{4)¥B}.A
2.7 Utlities 11.010(4)B15.B
2.8 Site Selection Location Restrictions 11.010{4)
2.8.1 Preliminary Site Investigation (PShH 2.015{1){A); 260.205.2 {MO Slatutue);11.010
282 Detailed Site Investigation {DSI) 2.015{1}D)
2.8.3 Fioodplains 11.010{4) B
28.4 Wetlands 11.010{4)(B)2
285 Seismic Impact Zone 11.010{4)(B)3; 2.010(963: 2.010(57)
287 Unstable Areas ;?O?S?jgg(%)?”gﬁm(‘i 14 2.010(7732.010(6%;
29 Geotechnical Investigations 11.010(4)(B)5.D
2.8.1 Soils 11.010{43B)5.0
292 Bedrack 11.010(4}B4.A
2.9.3 Groundwater Occurrence 11.010(8){B}1.C; 11.010{8)B)1.0; 2.010(5}
2.10 Survey Control 11.010(7)
2.10.1 Boundary Survey 11.010(7¥B}1
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TITLE REFERENCE (16 CSR 80-)
2.10.2 Permanent Survey Contrcl Points 11.010{7)

3.0 LANDFH.L DESIGN 11.010(5)

3.1 Description of the Landfiil Design 11.010(5)

3141 Project Background Summary 11.010{4}(5)

3.1.2 Technical Background Summary 11.010(43(5)

313 Environmental Protection 11.010(1)

314 Compliance with 10 CSR 80-11.010 11.010; 2.010(11); 2.010{118}

3.2 Volume of the Proposed Landfill 11.010(5)8B): 11.010(174C¥1.D
3.2 Landfill Life Expectancy 11010174 Cy1.0
322 Soil Material Volume 11.010(10%B}1: 11.010(14)B}

33 Construction Sequence 11.010{5%B}*

3.3.1 UWL Construction Sequence 11.010(5%B}3
3.3.2 UWL Disposa! Area Construction Sequence 11.010{5}B}3
3.3.21 Phase Construction Sequence 11.010{5¥%B)3
3.3.2.2 Fiood Impact Miligation Plan 11.010{65XB)3
33.23 Franklin County Requirement - Erosion Protection Article 10 Section 238 C,3d.}
3.3.3 Phased Development L0 B3 2.010{74)

334 Excavaton to Proposed Subgrade 11.010(5% B33
335 Miscelianecus Construction 11.010(5)}B)3

3.4 Final Contours 11.010{4}B)5.A

35 Solid Waste Accepted 11.010(2)(AY: 11.010(2%B}, 2.010(118}

3.6 Solid Waste Excluded 11.010(33A), 11.010{3%B}

3.7 Stormwater Management System 11.010(8)B)1.F; 11.010(8){C)1
3.7.1 Stormwater Runoff Controls 11.010{8XB)Y1.F; 11.010(8)%C)1
372 Water Qualily Permits 2,020{2%A2.J

3.8 Landfill Liner $1.010(10%B)

3.8.1 Grading Plan 11.010{10% B4
382 Materials and Construction 11.010{10)C)
3.8.21 Soil Component 11.010{10%B)1
3822 Geomembrane Component 11.010{10%B)2
39 Leachate Management System 11.010(9)%B)
3.91 Leachate Generation Rate 11.010(8)B)

3911 Pre-Closure Generalion Rate 11.010(9)B)
39.1.2 Post-Closure Generation Rate 11.010(8)B)
392 Water Storage and Disposal 11.010(8)¥B}

2.10 Groundwater Monitoring 11.010{11)
3.10.1 Groundwater Quality 11.010{11}{C}3
3.10.2 Groundwater Monitoring System 11.010{11)
3.10.3 Corrective Action 11.010{11}Cj6
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3.11 Cover Materiaf 11.010(141CH
3111 Soil Cover Spurces 11.010{14¥B)
3.12 Landfill Final Cover 11.010{14}
392.1 Materials and Construction 11.010014%Cy; 11.010{14%B)
2 Soi Component PROTOTAYC Ji- TLOT0YCR
3.12.2 Vegetation 11.010{14}{Cy7
3.13 Air Quality 11.010{12}
3.14 General Maintenance of Landfili Systems 11.010(4}B)5.C
3.15 Ciosure and Post-Ciosure 11.010{14)B); 2.030{4¥B¥2.0
4.0 LANDFILL OPERATION 11.010(5)(B)
4.1 Construction and Development 11.010(5})(B)1.2
4.1.1 Phased Development 11.010(53(B)3
412 Sequence of Phase Construction 11.010(5)B)
4.1.3 Construction Quality Assurance (CQA) 11.010(6)B}
4.1.4 Survey Control 11.010(7)
4.2 Qperational Description 11.010(4)(B})5.C
4.2.1 UWL Dispeosal Operation Description 11.010{4¥B)5.C
422 Flood impact Mitigation Plan 11.010{4)B)5.C
4.3 Solid Waste Accepted 11.010(2)
4.4 Solid Waste Excluded $1.010(3)
45 Water Quality 11.010{8} 11.010(9)
4.5.1 Stormwater Management 110108} C)
452 Leachate Management in the UWL 11.010{9}C)
453 Groundwater Sampling and Analysis Plan 1L.010{11}{Cx2
4.6 Air Quality 11.010(12}
4.6.1 Dust Contro! 11.010012%B)
a7 Aesthelics 11.010{13}
4.7.1 General Aesthetics 11.010(13)
47.2 Mining for Beneficial Reuse 11.010(13%C)3
4.8 Equipment and Staffing 11.010(15}
4.8.1 Primary Equipment 11.010(151C)1
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4.1 Safety 11.010{16}
412 Records ;‘Eogg]?é;;})};)ogé})(Q) T1.010011); 11.0T0(3%B):
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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

Table 1B

STATE OF MISSOURI REVISED STATUTES {(RSMo)

RSMo gggggz TITLE
260.205.2 2.8.1 Preliminary Site Investigation (PS1)
260.205.7 Appendix E ;iigzzt rfl(:arn?g?:?t:?crzg:;im from East Central Solid Waste
260.205.7 15 ;Zigzztr;cg;?g?;;lrzeé\s;g%nl from East Central Sclid Waste
STATE OF MISSOURI DEPARTMENT OF NATURAL RESOURCES
MISSOURI SOLID WASTE MANAGEMENT
10 CSR 80-2 RULES
10 CSR 80- ggggg; TITLE
2,11 Tabie 1A Applicable Regulatory Reference Sorted by Table of Contents
2.1 Table 1B Applicable Regulatary Reference Sorted by Regulatary Citation
2.020{1){2}A)B} Appendix B Articies of Organization
2.020(M{2}{A)}B) Appendix C Good Standing Cerificate
2.010(5) 293 Groundwater Occurrence
2.010(6) 2.8.7 Unstable Areas
2.010(11) 314 Compliance with 10 CSR 80-11.010
2.010(49} 2.8.7 Unstable Areas
2.010(57) 286 Seismic Impact Zone
2.010(67) 1.3 Landfili Owner and Operator
2.010(88) 1.3 Landfill Owner and Operator
2.010{(74) 3.3.3 Phased Development
2.010{77) 2.8.7 Unstable Areas
2.010{96) 286 Seismic Impact Zone
2.010{114} 287 Unstable Areas
2.010{118) 314 Compliance with 10 CSR 80-11.010
2.010(118) 3.1.4 Comgpliance with 10 CSR 80-11.010
2.015(1){A) 2.8.1 Preliminary Site investigation (PSI)
2.015(1¥D) 282 Detailed Site Investigation {DS!)
2,020 21 Site Location
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STATE OF MISSOURI DEPARTMENT OF NATURAL RESOURCES
MISSOURI SOLID WASTE MANAGEMENT
10 CSR 80-2 RULES {continued}

10 CSR 80- ggggi; TITLE
2.020{2)(A) 1.2 Proposed Facility
2.020{2)(A) 1.3 Landfill Owner and Operator
2.020(2)}{A} 2.2 Legal Description of the Property
2.020(2)}AX2.A N/A Construction Permit Application Form
2.02002)A)2.C Appendix U Draft FAI
2.020(2){A)2.D Appendix R Closure and Post-Closure Plan
2.020(2)}A)2.F Appendix G Adjacent Landowners or Landowners within 1000 ft
2.020(2XA)2.G N/A Construction Permit Application Fee - MDNR ($2,000)
2.020(2)A)2.1 1.4 Appiicant Violation History
2.020¢2)(A)2.J 3.7.2 Water Quality Permits
2.020{2%A)5 N/A Construction Permit Appiication Fee - MDNR ($2,000)
2.020(6) Appendix F Franklin County Requirements
2.020(7) Appendix U Draft FAI
2.020(8) Appendix D Habitual Violator Disclosure Form
2.020(9)(B)8.C 25 Surrounding Land Use
2.020(9%B)8.H Appendix 8§ Utility Waste Landfill Emergency Contacts
2.030(4} Appendix R Closure and Post-Closure Plan
2,070 1.4 Applicant Violation History
3.010 28.7 Unstable Areas

STATE OF MISSOUR| DEPARTMENT OF NATURAL RESOURCES
MISSOURI SOLID WASTE MANAGEMENT
10 CSR 80-11 RULES

10 CSR 80- g:g_gg:; TITLE
11.010 28.7 Preliminary Site Investigation {PS#)
11.010 3.1 Description of the Landfill Design
11.010 3.1.1 Project Background Summary
11.010 31.2 Technical Background Summary
11.010 314 Compliance with 10 CSR 80-11.010
11.010 Appendix Y Miscellaneous Engineering Calculations
11.010{1) 313 Environmentai Protection
11.01041) Appendix Z Groundwater Demonstration and Design Basis Memoranda
11.010(2) 4.3 Solid Waste Accepted
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STATE OF MISSOURI DEPARTMENT OF NATURAL RESOURCES
MISSOUR! SOLID WASTE MANAGEMENT
10 CSR 80-11 RULES {continued)

10 CSR 80- gsg.ﬂg:; TITLE

11.010{2)(A} 3.5 Sclid Waste Accepted

11.010(2)(B} 3.5 Solid Waste Accepted
11.010(2)3){16} Figure 3 Entrance Sign Detail

11.010{3} 4.4 Solid Waste Excluded

11.010{3}(A) 3.6 Solid Waste Excluded

11.010(3}(B) 3.6 Solid Waste Excluded

11.010(4) 2.0 Site Selection

11.010(4) 2.8 Site Selection Location Restrictions
11.010{4)(A) 1.1 Site Background

11.010(4)(5) 311 Project Background Summary
11.010(4)(5) 312 Technical Background Summary
11.010(4)B}1 283 Flcodplains

11.010{4)}B}1 Appendix H Floodplain Documentation
11.010{4)(B)2 2.8.4 Wellands

11.010{4)(B)2 Appendix | Wetland Assessment
11.010(4)B)3 286 Seismic Impact Zone
11.010(4)B¥4 287 Unstabie Areas

11.010(4)(B}4.A 292 Bedrock

11.010{(4)}(B)5 Plan Sheet 1 Cover Sheet

11.010(4)(B)5 Plan Sheet 2 Existing Site Conditions
11.010(43B)5 Plan Sheet 3 Project Overview

11.010{4}(B)}5 Plan Sheet 4 Land Use and Zoning Within 1/4 Mile
11.010{4)(B)5 Plan Sheet 5 Overall Bottom Grading Pian (Top of Liner)
11.010{4){B)5 Plan Sheet 8 Cell 1 Grading Plan (Top of Liner}
11.010{4){B)5 Pian Sheet 7 Cell 2 Grading Plan (Top of Liner)
11.010(4)B)5 Plan Sheet 8 Ceil 3 Grading Plan (Top of Liner)
11.010(4XB)5 Plan Sheet 9 Cell 4 Grading Plan (Top of Liner)
11.010(4)(B)5 Plan Sheet 10 Overall Final Grading Pian
11.010(4)}B)5 Plan Sheet 11 Phase 1 Final Grading Plan
11.010(4)B)5 Plan Sheet 12 Phase 2 Final Grading Plan
11.010{4}(B)5 Plan Sheet 13 Phase 3 Final Grading Plan
11.010{4}(B)5 Plan Sheet 14 Phase 4 Final Grading Flan
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STATE OF MiISSOURI DEPARTMENT OF NATURAL RESOURCES
MISSOURI SOLID WASTE MANAGEMENT
10 CSR 80-11 RULES (continued}

10 CSR 80- EEEE.SEL TiTLE
11.010{4}(B)5 Figure 2 Sequence of Cell Construction
11.010{4}(B)5.A 26 Site Topegraphy
11.010(4){B)5.A 3.4 Final Contours
11.010(4){B)5.B 2.4 Zoning and Land Use
11.010{4)}B}5.B 25 Surrounding Land Use
11.010(4)(B}5.B 2.7 Utilities
11.010(4)B}5.C 3.14 General Maintenance of Landfill Systems
11.010{(4)B}5.C 4.2 Operationat Description
11.010(4)(B)5.C 4.2.1 UWL Disposal Operation Operational Description
11.010(4)B)5.C 422 Flood fmpact Mitigation Pian
11.010(4)B)5.D 2.9 Geotechnical Investigations
11.010{43Bj5.D 2.9.1 Soils
11.010(4)(B)5.D Appendix J g:ic:;egzgﬁ? Idn;tzséti‘?j:jgr;gﬁrTCOnstruction Permit Application by
11.010{4){(B)5.D Appendix K Soll Material Volume and Balance Caiculations
11.010{4){B)}(6} Appendix Z Groundwater Demonstration and Design Basis Memcranda
11.010{4){C}1 2.3 Site Access
11.010(5) Pian Sheet 18 Stormwater Pond Storage and Transfer Details
11.010(5) Plan Sheet 17 Liner Details
11.010(5} Pian Sheet 18 Miscellaneaus Details 1
11.010(5) Plan Sheet 19 Miscellaneaous Details 2
11.010(5) Plan Sheet 20 Leachate Collection Sysiem Details
11.010(5) Plan Sheet 21 Stormwater Drainage Details
11.010(5) Plan Sheet 22 Cross Sections A-A' and B-B'
11.010(5) Plan Sheet 23 Cross Sections C-C' and D-D'
11.010(5) Figure 1 Site Location Map
11.010(5} 3.0 Landfili Design
11.010{5} 3.1 Description of the Landfill Design
11.010{5)(B) 3.2 Volume of the Propeosed Landfili
11.010{5)(B} 4.0 Landfiil Operation
11.010(5){B}1 3.3 Construction Sequence
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STATE OF MISSOURI DEPARTMENT OF NATURAL RESOURCES

MISSOURI SOLID WASTE MANAGEMENT
10 CSR 80-11 RULES {continued)

REPORT

10 CSR 80- SECTION TITLE
11.010(5)B)1.2 4.1 Construction and Development
11.010(5)(B}) 41.2 Sequence of Phase Construction
11.010{6)}B)3 3.3.1 UWL Construction Sequence
11.010(5}B)3 332 UWL Dispcsal Area Construction Sequence
11.010{5}%B)3 3.3.241 Phase Construction Sequence
11.010{5)(B)3 3322 Flood Mitigation Plan
11.010({E}{B)3 3.3.3 Phased Development
11.010{(5)}{Bi3 411 Phased Cevelopment
11.010(6}(B) Appendix F Construction Quality Assurance Plan
11.010(6)(B) 4,13 Construction Quality Assurance {CQA)
11.010(7) 2.10 Survey Conirol
11.010(7} 2102 Permanent Survey Control Points
11.010(7} 414 Survey Controf
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}AXB) Appendix W Groundwater Hydraulic Data
11.010(8)B)1.C 293 Groundwater Occurrence
11.010(8)B)1.C Appendix Z Groundwater Demonstration and Cesign Basis Memoranda
11.010(8)(B)1.D 293 Groundwater Occurrence
11.010(8)B)1.F 3.7 Stormwater Management Sysiem
11.010(8}B}1.F 3.7.1 Stormwater Runcff Controls
11.010(8}B)1.F Appendix M Erosion Caiculations
11.010{8)(B)1.F Appendix N Stormwater Calculations
11.010{8){B}1.F Appendix G H.E.L.P Model Results
11.010{8){C) Appendix N Stormwater Calculations
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STATE OF MISSOUR!I DEPARTMENT OF NATURAL RESOURCES
MISSOURI SOLID WASTE MANAGEMENT
10 CSR 80-11 RULES (continued)

10 CSR 80- SREE(':'I?ISL TITLE
11.010(8)C}) Appendix O H.E.L.P Model Results
11.010(8)(C} 4,51 Stormwater Management
11.010(8%C)1 37 Stormwater Management System
11.010(8)(C)1 371 Stormwater Runcff Controls
11.010(9) 4.5 Water Quality
11.010(8)B} 38 Leachate Management System
11.010(83(B) 381 Leachate Generation Rate
11.010(8}(B) 3911 Pre-Closure Generation Rate
11.010({2)(B}) 3912 Post-Closure Generation Rate
11.010{2){B} 3.82 Water Storage and Disposal
11.010(9)C) 452 Leachate Management in the UWL
11.010(10}B) 3.8 Landfill Liner
11.010(10} B 322 Soil Material Volume
11.010{10}B)1 3.8.2.1 Scil Component
11.010(10)(B)2 3822 Geomembrane Component

11.010(10)}B}2.(14)A}

Plan Sheet 15

Geomembrane and Cover Details

11.010{10)(B}4 3.8.1 Grading Plan
11.010(10XC) 382 Materials and Construction
11.010(11) 310 Groundwater Monitoring
11.010(11) 3.10.2 Groundwazater 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)2 453 Groundwater Sampling and Analysis Plan
11.010{113(C33 31041 Groundwater Quality
11.010¢11}(Ci6 3.10.3 Corrective Action
11.010(12) 3.13 Air Quality
11.010{12) 46 Air Quality
11.010(12)(B} 4.6.1 Dust Controf
11.010(13) 4.7 Aesthetics
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STATE OF MiISSOURI DEPARTMENT OF NATURAL RESOURCES
MISSOURI SOLID WASTE MANAGEMENT

10 CSR 80-11 RULES (continued)

10 CSR 80- ggggg; TITLE
11.010{13} 4.7.1 General Aesthetics
11.010{13)(C}3 472 Mining for Beneficial Reuse
11.010(14) 312 Landfill Final Cover
11.010(14) 4.9 Final Cover Material
11.010{14)}{B} Appendix R Closure and Post-Closure Plan
11.010{14)B} 3.15 Closure and Post-Closure
11.010{14)B} 3.12.1 Materials and Construction
11.010{14)}B}1 3.2.2 Soil Material Volume
11.010(14){B}1 3111 Soil Cover Sources
11.010{14)(C) 31241 Materials and Construction
11.010(14){C) 3.12.1.1 Soil Component
11.010(14)%CY1 an Cover Materiat
11.010(14}C)3 31214 Soil Component
11.010(14}(C)7 3.12.2 Vegetation
11.010(144C)10 31214 Soil Component
11.010(18) 4.8 Equipment and Staffing
11.010{15) 4.10 Compaction
11.010{15)}B)1 4872 Equipment Maintenance
11.010{15){B}1 48.3 Back-Up Equipment
11.010{15)C) 484 Staffing
11.010{15)}C)1 4.8.1 Primary Equipment
11.010(16) 4.11 Safety
11.010¢(16){B}1 2.3 Site Access
11.010(16)(B)1 4.0 Landfill Operation
11.010(16)(C)2 2.3 Site Access
11.010(17) 412 Records
11.010(17) Appendix T Recordkeeping and Reporting Forms
11.010(17%C)2.A(L Appendix A Property Deeds
11.010{(17}C)1.D Appendix L Landfill Life Estimate
11.010(173(Cj1.D 3.2 Volume of the Proposed Landfill
11.010{17)(C}1.D 3.2.1 Landfil Life Expectancy

NOTE: Franklin County Requirement for Erosion Protection, Article 10 Section 238 C 3d is referenced in 3.3.2.3,
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From: Skitt, Barbara S

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

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

Hi Patrick,

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

Have a good evening.

BARBARA S. SKITT
Managing Supervisor
Real Estate Department
T 314.554.2249

C 314.401.8674

F 314.554.2570

E bskitt@ameren.com

Ameren Services
1901 Chouteau Avenue

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

Please consider the environment before printing this e-mail.

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



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

notify the sender immediately by replying to the message and deleting the material from
any computer. Ameren Corporation



OFFICE OF ZONING
ENFORCEMENT
franklin County Courthous
Union, MO 63034

FLOODPLAIN DEVELOPMENT PERMIT/APPLICATION
Application No. 4 g !_’[ 2 “E g Date: FRANKLIN COUNTY MC

TO THE ADMINISTRATOR: The undersigned hereby makes application for a permit lo develop in a floodplain. The work a!bp MFA&N&@ME@N ING DE[

flood protection works, is as described below and in attachments hereto. The undersigned agrees that all such work shall be in accordance with the
requitements of the Floodplain Management Ordinance and with all other applicable county/city ordinances, federal programs, and the laws and
regulations of the State of Missouri.

ﬁm::’mzh/ Missove Nor Detcrmiden

Owner or Agent Date Builder Date

[0 LABADIE POWEE LLanT RD, LABADIE MO (,3055.
Address ! Address
(3t¢) Ss4-2244

Phone Phone

SITE DATA

1. Location: ) - 1/4; - 1/4; Section __ 17 2.0 ; Township o A/ ; Range 2&
Sweet Address /0 LpRADE LOWER PrANT £D. (ABADIE MO bL30SS

2 Type of Development: Filling pa Grading Excavation __ Minimum Improvement
Routine Maintenance Substantial Improvement New Construction ¥ Other

3. Description of Development: Codsr.e YeTrOAN OF U7 et c 7Y WASTE (ANDE

4. Premises: Structure Size /‘//A fi. By N /A fi. Area of Site ¢ O’ 042 852 SqFt
Principal Use {7 7y WASTE Srokag e Accessory Uses (storage, parking, etc.) -
5. Value of lmprovement (fair market) $ /£ 000 . 000 * Pre-Improvement/Assessed Value of Structure $ O
5 3

6. Property Located in a Designated FLOODWAY? Yes v No
¥ LosT EsT,mare FoR F257 Prasc
IF ANSWERED YES, CERTIFICATION MUST BE PROVIDED PRIOR TO THE ISSUANCE OF A PERMIT TO DEVELOP, THAT
THE PROPOSED DEVELOPMENT WILL RESULT IN NO INCREASE IN THE BASE (100-YEAR) FLOOD ELEVATIONS.

7. Property Located in a Designated Floodplain FRINGE? Yes \/ No

8. Elevation of the 100-Year Flood (ID source) Y82, 5 - Y §£3.5 fpaskend o Ft5 0cT ,‘P. 20¢1 NAYDEB NGVD/NAVD
9. Elevation of the Proposed Development Site 45 MGVD 29 GRound £z VAT:-:I:(. Miguest fhnt SeHd ,Nﬁv‘IzIzC'?VD/NAVD
10.  Local Ordinance Elevation/Floodproofing Requirement ___J'/A NGVD/NAVD
Other Floodplain Elevation Information (ID and describe source) A///A

—_
—

12, Other Permits Required? Corps of Engineer 404 Permit: Yes No _v_ Provided
State Department of Natural Resources 401 Permit: Yes No_+" _ Provided -
Environmental Protection Agency NPDES Permit: Yes No_s”  Provided

All Provisions of Ordinance Number . the “Floodplain Management Ordinance”, shall be in Compliance.

PERMIT APPROVAL/DENIAL

Pldns and Specifications Ap:rover.!:m-this ' ‘ *k‘ Day of MARC e L2001

Signature of Developér/Owner

i ¥ T wiedar REAL Estane RIM FLOOODPLAIN MANAGES R

Print Name and Title Print Name and Title

THIS PERMIT IS ISSUED WITH THE CONDITION THAT THE LOWEST FLOOR (INCLUDING BASEMENT FLOOR) OF ANY NEW OR
SUBSTANITALLY IMPROVED RESIDENTIAL BUILDING WILL BE ELEVATED 22— FOOT/FEET ABOVE THE BASE FLOOD
ELEVATION. IF THE PROPOSED DEVELOPMENT IS A NON-RESIDENTIAL BUILDING, THIS PERMIT IS ISSUED WITH THE CONDITION
THAT THE LOWEST FLOOR (INCLUDING BASEMENT) OF A NEW OR SUBSTANITALLY IMPROVED NON-RESIDENTIAL BUILDING
WILL BE ELEVATED OR FLOODPROOFED 2 FOOT/FEET ABOVE THE BASE FLOOD ELEVATION.

THIS PERMIT IS USED WITH THE CONDTION THAT THE DEVELOPER/OWNER WILL PROVIDE CERTIFICATION BY A REGISTERED
ENGINEER, ARCHITECT, OR LAND SURVEYOR OF THE “AS-BUILT” LOWEST FLOOR (INCLUDING BASEMENT) ELEVATION OF ANY
NEW OR SUBSTANTIALLY IMPROVED BUILDING COVERED BY THIS PERMIT.

. THS PERMIT 1= CoTIUGENT LVUPONY AMEREW UE MISSOUR \ssoury
OBTNNING A CoOmsTRUCTION PEBMIT/ FROM TuE Hovember 26, 2007
DEPARTMENT OF 1 hTORAL RESOURCES . WITHOLT THE DR
PE“MH’, THYS RPPeOVAL. W LL BEcome NULL AND VOID %g_,
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