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Amendments to Erosion Calculations
Appendix M

EROSION PROTECTION CALCULATIONS

The stormwater drainage structures were checked for erosion controt 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
erodibifity based upon soll 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 Universal Soil Loss Equation (RUSLE). The top of the landfill is designed with a
minimum 2 percent slope. The maximum distance along the 2 percent glope is 550 it. The
annual soil loss of 0.013 inches per year is less 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 .03 in. The segment with the targer annual soil
loss eroded at a rate of 0.017 infyr (see Table 1 and Figures 1a and 1h).

Slope length 108 f 554 ft elev.

520 f elev.

Siope length = \(elev. diff ¥+(3 x elev. diff.)?

Slope length 1417 & \

3:1 side slopes
483 ft elev.

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 depth of 1 ft, and side siope of
50:1 and 3:1. ECMDS was used to 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 boitom and 3:1 side slopes) was checked for permissible shear stress
using two types of cover {reinforced vegetation and 22-in riprap). ECMDS was used to calculate
shear stress resulting from the maximum flow of 8.9 cfs 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
bottom slopes. The bench 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 leldown 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 siopes) 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).
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Ameren Missouri Labadie Energy Center
Proposed Utility Waste Landfill
Franklin County, Missouri

Summary Table of Erosion Control

Table 1
Limitations
Structure Description of Cover anc¢ Conditions Safety Limitiry
P Factor 'miting Permissible | Calculated
Factor
, ) Unreinforced vegetation with a fair stand . . .
. Soif L . .
1a | Typical Top of Landfill of bunch growth 2.232 oil Loss 0.03 infyr 0.013 inlyr
117 feet of cover with an excellent stand
i i Below B . Soil L 03 . i
1b Typical Side Slope Below Bench of sod growth 2.284 oil Loss 0.03 infyr 0.013 infyr
t of ith
Typical Side Slope Above Bench 108 feet of cover witha good stand of | 1o | g ) oee 0.03iniyr | 0.017 infyr

mixed bunch and sod growth

Typical Di [ T f inforced tati 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
3a | 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

Unreinforced vegetation with a fair stand

4 Typical Bench
ypicai Bbenc of bunch growth

6.49 Shear Stress | 4.20 psf 0.65 psf

d of mixed b h
5 | Typical Perimeter Ditch ;‘(’J‘\j\i;ta” of mixed bunch and sod 7017 | Shearstress | 0.035psf | 0.000499 psf
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Ameren Missouri Labadie Power Plant

Proposed Utility Waste Landfill
Franklin County, Missouri

Appendix M

Typical Top of Landfill

Figure 1a

Horth Americar Green - ECMDS Vetsion 4.3

1073172002 10010 AMICOMPUTED BY:

FROJECT NaME: Smeren Missour Labadie {PACGJECT NO . SLOPE DESCRIFTION: Tupical Ton of Lendhil
Country iUn&led States B
StateRegion Missous ‘:j Stope Bradien! = 501
City St Louis Jj
Annual R Factor 210 o
Total Slope Length [ft] L] :
Protection Type Permanent :_f
Freay oaps Porsbond Dmonstbs
Bagmining Feanih _jj Eab Veg (-0
Adjusted R Value 218 5510
Siope Gradient (H:1} 50
Suoit Type Sit Loam ‘:é
K Facter i3s3 ot to Seale
S9if Loss Tolesance fin} _QU‘US
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

3

TR [T Camposite 81340073

Yegetation Densitp=Percerdage of soil coverage povided by vegstation E=Cover material pedormance lactor [Fraction of soit loss of unprotected]

451 hare=hwerage Sol Losy potential of unprotected sof {uniform inchet]
M5 bare=Manimum Soll Lose potential an unprotected sof [uridferm inches)

SLT =S Loss Talerance for slope segmerst funifom inches)
Eompositesbyverage 2ol ks from total slops length funfonm inches)

ASLmatsAverage Sof Lots potential wimalenal {usifom inches)
MSLmat=Madinum Sol Loss patential w/matesial furfom inches]
Sr=Salely Factor

SCHEDULE CJG-ST1



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

Appendix M
Typical Side Slope
Figure 1b
orth Amerigen Greers - ECMDS Version 4.3 [6/14/2M2 " 10437 PMICOMPUTED BY:
PROJECT NAME . Ameren Mizzoun Labadie IPROJECT NO.: {SLOPE GESCRIPTION:
LCountry United States :‘j
State/Henion Missoun A Slape Gradient = 31
City SL Louis -l
Annual B Facter le18 ;
Total Slope Length {ft) 225

i F: ! -
Protection Type cane = Fotb Vep  (C-0.007)
Fsmlentian Par i
Hopinmag Han g ““é
Adusted B Value 2l 2% Eolb veg (=009
Skope Gradient [H:1) 3
Soit Type Sit Loam :vé
K Factor 033 ot to Scale
Soil Loss Tolerance [in}) EhiE]

Reach | Cusm. Dist, Hatenal Vegelation Type | Density fASL [ASL SLY SF Aematks
Begin] End Growth Habit bare | mat
Ift) [y lin) | {in) (in}

1 1] 108 Estb. Yeg. M [Both Sod/Bunch) | »=95% | 2360{D.817 gpz| 1816 STABLE

2 e |225  |Estb.veg  [Sod Fotmer »=85% [14378{0.013 003 | 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 [uniform nches)
SLT=50il Lose Tolersnce for slope segment funiform inches)
Compositgstverage soll loss from total slope length funiform mches}

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=5afety Factor
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Ameren Missouri Labadie Power Plant
Proposed Utility Waste Landfili
Franklin County, Missouri

Appendix M
Typical Diversion Structure on Top of Landfill
Figure 2
Morth Amenican Green - ECMDS Yersion 4.3 §10/21/2012 0215 AMICOMPUTED BY:
PROJECT MAME: Ameren Missour Labadie IPROJECT HE,.
FROM STATION/REACH: {Te STATION/REACH: {DRAINAGE 25EA: IDESIGN FREGLIENTY:
HYDRAULIC RESULTS Urseiosced ™y o et 250
fiischaige | Peak Flawe [Velocty ffpz)} Area (s ft) [ Hydieulic Hormal mreinferced Vegetalion (<0, 250)
[cfs) Pesod us] Badiusli] | Depth (it}
45 1o 13 1468 jikcn) 074
LINER RESULTS Hok ta Scale
Matting Tepe Yegetation Characterislioy
Feach 5 tability Analysis) Peiissible Calculated Gafely Factor Flemarks
Siaple Patten Brase | Cloms | Type |Densty| Sheat Stiess | Shear Stess
{psh {psf)
Straight Unreinfarced Yegetation | Mix {B0-75% 4,20 048 SB4 STABLE
Sait Sit Loam 0.a3s 0.0 4847 STABLE
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Ameren Missouri Labadie Power Plant
Proposed Utility Waste Landfill
Franklin County, Missouri

Appendix M

Typical Reinforced Vegetation Letdown Structure

Figure 3a

Mosths Bunzrinan Green - ECMDS Yersion 4.3

10/31/2012 106:17 AMICOMPUTED BY:

FPROJECT MAME: Ameten Missou Labadie PROJECT HO.:
FROM STATION/REACH: TR STATIORREALH: IDRAINAGE ARES: IDESIGH FREQUENLCY:
HYDRAULIC RESIHTS
- - SC250 [n=0.082)
Discharge | Peak Flow [Velosity [fps)] Area (sqft] | Hpdraulic Nomat
jeis) Prriod (st Badiuslit] | Desth [t
] 10 474 188 0z 622
Botiom
30 Width = 8.00 ft 1]
LINER RESULTS Hotto Scale
Mattmg Type Wengetalion Chasactenistiog
Feach S tabilty Analpsis| Permissible Calculated Safety Factor Bemartks
Staple Pattem Fhase | Cioss | Tepe |Densip] 5hed Stiasy | Shear Stress
faf fpsf}
Staight SC250 Yegetstion Z 2] Mix |75-95% 708 4572 155 STABLE
Staple £ Sal Sit Loam 25060 {147 332 STABLE
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Ameren Missouri Labadie Power Plant
Proposed Utility Waste Landfill
Frankiin County, Missouri
Appendix M
Typical Riprap Letdown Structure
Figure 3b

o Ametican Green - ECMDS Yersion 4 3

11073172012 106:19 AMICOMPUTED BY:

IPROJECT HAME: Ameren Missolr | abadie IPROJECT HO.:
[FROM STATION/REACH: [TO STATIOH/REACH, IBRAINAGE AREA:
HYDBRAULIC RESULTS
Discharge | Padk Flow [Welocty o) Alea (sqf] | Hydaulic Nomal
fels) Peiicd fhts] Raduslfi) | Depth [t
83 1.0 349 258 026 n23

LINER BESUELTS

[DESIGN FREQUENCY:

Flock Riprap {re0.100]

Motto Scale

Matting Type Wegetation Charactenistios
Feach S tabity Analyay Permizsibie Caloulated Safety Factor Femarks
Staple Pattem Phase | Ciass | Type Joensiy| ShearSuess | Shear Stess
fpsf] {psh)
Straight Fock Riprap | Urwegetated 7.33 558 1.23 STABLE
22m
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Ameren Missouri Labadie Power Plani

Proposed Utility Waste

Landfill

Franklin County, Missouri

Appendix M
Typical Bench
Figure 4
Nartk Amelican Green - ECMDS Version 4,3 [o/31/2012 10820 AMICOMPUTED BY
PROJECT NAME: Ameren Missour Labadie IPROJECT N
FROM STATION/REACH: (Y0 STATION/REACH IDRATNAGE AREL IDESIGN FRECIUENCY:
HYDRAULIC RESULTS Urreiniorced Vegstation [n=0.146]
Discharge | Peak Flow {Velocity (fns)] Area fsq it | Hydrsulic Mormal feminiced Yegelaton N
[els) Perind fvs] Raduslit | Lrepth (1)
U5 10 64 7.00 65 1.04 !
M 5=00100
-
\\
M
Botlom
00 Widh =003 1 3.8
LINER RESULTS Mot to Scals
Matting Tvpe Yegetation Charactershos
Fleach Crabiity Anslss Pemissible Calculated Safety Factor Remarks
Staple Pattem Phase | Ulass | 1ype |Densiyf ohest Stiess | Shear Stress
{psh] [psf)
Shaight Unpeinlareed Vegetation L |Bunch |50-75% 4.28 0ES £.4% STABLE
Suil Sit Loam Qo35 0004 .08 STABLE

SCHEDULE CJG-ST1

| Bick 1 Inpul Sereer



Ameren Missouri Labadie Power Plant
Proposed Utility Waste Landfill

Franklin County, Missouri
Appendix M
Typical Perimeter Berm
Figure &

ok American Green - ECMDS Yersion 4.3

110/31/201 2 10623 AMICOMPUTED BY.

PROJECT HAME: Ameren Missoun Labadie

iPROJECT NO.:

FROM 5 TATION/REACH:

HYDRAULIC RESULTS

[T STATION/REACH:

URAINAGE AREA

DESIGN FREGLIENCY.

Uriginforsed Wegetation {n=.034]

Gischarge | Peak Flow [Velocily [fps]| Arealsqlt) | Hydraubs Homa!
fels} Perigd [his] Radusfitl | Depth i
jecti] 14 032 11274 i 481
., 5 =00001
Botlom
30 Width = 3001 30
UNER RESULTS Notta Seale

Matting Type Wegetation Charactendice
Reach 5 tabiity Analysis Permiszible Cafculated Safety Faclor Rematks

Staple Patlens Phase ] Ciass | Typs [Density Shear Shiess | Shear Shiess

fpsf] [p=f]
Steaight {reenforced Yegetslion € |Bunch[50-75% 4,20 0.03 139.99 STABLE
Soit S Loam 0435 0000493 7 STABLE
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