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Appendix N

STORMWATER DRAINAGE STRUCTURE SUMMARY

10 CSR 80-11.010 (8)(B)1.F.1I of the Missouri Solid Waste Management Regulations requires
that "On-site drainage structures and channels shalf be designed to prevent flow onto the active
portion of the utility waste landfill during peak discharge from at least a twenty-five (25)-year
storm" .." 10 CSR 80-11.010 (8)(B)1.F.lll of the Missouri Solid Waste Management Regulations
requires that "On-site drainage structures and channels shall 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:

• a location at a letdown structure or pond,
• the distance along the perimeter of the side-slope crest,
• the side slope area below the top of slope which is conservatively assumed to collect in

the perimeter ditch at the letdown ditch,
• 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 structure,
• the flow contributed 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 coordination with the tables estimating the water profiles in
the perimeter ditch.
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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)
I is the rainfall intensity (in/hr)
A is the drainage area (acres)

A runoff coefficient of C=O.4 is used and is considered representative 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 2.63 in/hr X 11 ac X 43,560 ft2/ac X 1 ft/12 in X 1 hr/3,600 s = 11.67 cfs

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/24 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://www.sws.uiuc.edu/pubdoc/B/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 = (1.49/n)(A)(rH)2/3(s)1I2

Where: Q is the flow rate (cfs)
n is Manning's coefficient of roughness (unitless)
A is the drainage area (fe)
rH is the hydraulic radius (ft), which equals AiPw, where Pw is the wetted

perimeter, and
s is the slope (fUft).

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
landfill 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 soil 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)2/\0.005)1/2 = 13.9 cfs > 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. ft., 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)2/3(0.005)1/2 = 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 equal to 0.035 was used.

Q = (1.49/0.035)(18.8)(1.1 )2/3(0.33)1/2= 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 model its capacity well. A combination of
Manning's equation and Bernoulli's equation were used to describe the flow in the perimeter
ditch. Bernoulli's equation is

H = PIa + v2/2g +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
a is gamma, the unit weight of water (lb/ft3)

v is the velocity of water (fps)
g is the gravity constant (32 fps2)
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 line
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 match the distances between letdown structures or a letdown structure
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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 ditch. 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 landfill, consideration was given to the stormwater
volumes to those ponds as each cell is constructed. The ponds generally serve the following
cells:

• Pond 1
• Pond 2
• Pond 3

Cells 1 and 2
Cells 3 and 4
Cells 3 and 4

Tables N-2 and N-3
Tables N-4 and N-5
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 ditch. The ditch is modeled with a flat
bottom width of 9 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
subsequent development of cells without having the amount of infiltration on the caps. The
maximum water elevation in the perimeter ditch for all modeled conditions is 485 ft., 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)312 X g112X el2

Where: q 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:
Pond 2:
Pond 3:

217ft.
65 ft.

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 length 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 calculated as:

Q = (2/3)3/2{32)1J2(0.646)3/2 = 1.59 cfslft.

1.59 cfs/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)3/2(32)112(0.836)3/2= 2.35 cfs/ft.

2.35 cfslft * 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 runoff 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 calculated using Rational Method theory (i.e., run-off Volume=CIA, where I = 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 storm water ponds to reflect that any direct rainfall 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 available at each respective pond to contain the design storm:

Pond 1 5.7 acres 5.6 in. = 0.4 7 ft. c=1 2.7 acre-feet
Cells 1 and 2 66.6 acres 5.6 in.= 0.47 ft. c-O.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 5.6 in.= 0.47 ft. c=O.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
Cells 3 and 4 52.1 acres 5.6 in.- 0.47 ft. c=O.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 be
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.) Corresponding
Table

Pond 1 471 478 N-8
Pond 2 471 480 N-9
Pond 3 471 477 N-10

Temporary Perimeter Ditch Crossings

As phased construction 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 ditches. 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 in/hr).

Accumulative Recommended
Culvert System letdown(s) Max. Flow (cfs) Culvert

Diameter (in.)

East Culvert-Cells 1 and
2 4,5,6,7 22.01 30

West Culvert-Cells 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

Location Distance
Side Slope

Top Area Total Area Total Area
Cumulative

Flow
Area Area

(ft) (ac) (ac) (sf) (ac) (ac) in letdown, I accumulative,
(cfs) lets)

LETDOWNS 1-11 (Cells 1 & 2)
Flow to Pond 1

Rotating Clockwise from East Side of Outlet Pond 1

~ILetdown 2 500 2.17 1.89 176796 4.06 4.06 4.31
Letdown 3 940 2.75 5.42 356250 8.18 12.24 8.681
eldown 4 1450 2.11 3.14 228750 5.25 17.49 5.57
eldown 5 1850 2.73 1.40 180000 4.13 21.62 4.381 16.4511
eldown 6 2500 2.51 1.91 192500 4.42 26.04 4.69
etdown 7 3000 2.53 4.42 302813 6.95 32.99 7.371 7.37

Flow to Pond 1
Rotating Counter Clockwise from East Side of Outlet Pond 1

Letdown 1 220 4.19 2.48 290400 6.67 6.67 7.071 34.77
Letdown 11 1020 4.19 4.15 363281 8.34 15.01 8.85
Letdown 10 1550 2.48 4.82 317813 730 22.30 7.741 1
Letdown 9 1950 3.80 2.97 295000 6.77 29.07 7.18
Letdown 8 2920 2.59 1.11 161250 370 32.78 3.931 3.93

LETDOWNS 12-29 (Cells 3 & 4)
Flow to Pond 3

Rotating Clockwise from East side of Pond 3

~

Letdown 14 I 01 3.241 2.851 2652001 6.091 6.091 6.46
Letdown 15 I 5001 2.811 2.811 2444001 5.611 11.70 I 5.951
Letdown 16 I 9501 2.81 3.041 254800 5.851 17.551 6.20

Flow to Pond 2
Rotating Counter-Clockwise from West side of Outlet Pond 2 II

Letdown 18 I 8601 4.82 2.18 305000 7.001 7.001 7.43
Letdown 17 1 13601 2.81 3.50 274860 6.311 13.311 6.691 6.69

Flow to Pond 2
Rotating Clockwise from East side of Outlet Pond 2

Letdown 19 600 4.53 1.42 259200 5.95 5.95 6.311 36.25
Letdown 20 1100 2.87 4.99 342300 7.86 13.81 8.34
Letdown 21 1600 2.87 1.03 170000 3.90 17.71 4.141 21.6011
Letdown 22 2100 2.87 1.26 180000 4.13 21.84 4.381t,;;;;,1!!\i'!iWj:!fi:i;i:ti:;!f!1:ffzii;oj;t1ll
Letdown 23 2600 3.46 0.09 154800 3.55 25.40 3.771 13.0811
Letdown 24 3040 5.17 0.53 248000 5.69 31.09 6.04
Letdown 25 3790 2.70 3.47 268600 6.17 33.82 6.541 3.27

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 1.641 32.61
Letdown 12 960 3.40 1.32 205900 4.73 6.27 5.01
Letdown 29 1780 2.70 1.21 170000 3.90 10.17 4141
Letdown 28 2240 253 2.53 220000 5.05 15.22 5.36
Letdown 27 2640 2.41 2.41 210000 4.82 20.04 5.111 1
Letdown 26 3120 1.89 572 331600 7.61 27.66 8.08
Letdown 25 3330 2.70 3.47 268600 6.17 33.82 6.541
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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
S!I,ll'i-ft= 3 S$,t,ghl = 3

Base Width 9 Mannings N = 0.02 So (ft) = 0 Runoff Faclor for 2.63 inl hr rainfall= 0.017(ltl =

Channel Slope of
Adjusled Adjusted Hydraulic Tofal True DistanceElevation Depth BoUom Water Area Velocity v'12g Specific Energy Slope 5-50 DEstance Location Q

Elevation Surface Base Height Radius Distance Dist<lnce from Culvert

Iii ......:...',... ','."" 'Average
"c: ,'.:.... Hydraulic, ..'

,:.•.Radius"::
III fit III ft/fll (ft) ftl Isfl tfns cm Cft] (ftl (ft/fll (ltllt (It) fll (Ill IIll Cefs)

483.59 0.59 483 6.35 1898 00560 0.646 0.499 0 0 Pond 1 0 12.06
0.63 0.0011928 '·ii.·.2:082.····::· ·'0:654'·:':' '0.712',:: 1.24E-03 1.24E-03 528 528II48V2 1.22 483 9.00 1.2200 15.45 2.266 0.0797 1.300 0.924 500 letdown 2 500 35.00
0.31 0.0007271 .. "1;871. 0.264 .. 1,019 6.19E-04 6.19E-04 426 955

4i\4!i3 1.53 483 9.00 1.5300 20.79 1.476 0.0338 1.564 1113 940 letdown 3 940 30.69
0.13 0.0002606 ··il·212·, ···.0 ..110·· '.1:152 2.21E·04 2.21E-04 499 1453

484.66 1.56 483 9.00 L5500 23.21 0.949 0.0140 1.674 1.190 1450 letdown 4 1450 22.02
004 0.0001138 "':".0;811":" .... ':":0.033-"·" 1,202 9.48E-05 9.48E-05 351 1805

48470 1.70 483 900 1.7000 23.97 0.686 0.0073 1.707 1.214 1850 letdown 5 1850 16.45
0.04 5.238E-05 0.587 :", •.:'0.036.""', "'1.225'; 4.76E-05 4.76E-05 764 2568

484.74 1.74 483 9.00 17400 24.74 0.487 0.0037 1.744 1.237 2500 leldown 6 2500 12.06
0.01 2724E-05 '-".-··..0.392··'-' ':"0.008 :.1.240"" 209E·05 209E-05 367 2935

484.75 1.75 dR~ Q.OO 1.7500 24.94 0.296 0.0014 1.751 1.243 3000 letdown 7 3000 7 ~7

Noles:
1 Rainfall event used is 25-yr. l·hr storm which produces 2.63 inches of rain.
2. longitudinal slope of channel assumed to be as stated lor So.
3 Flows are splil generaliy at half the distance between the enlrances 10 lhe pond along the perimeler dilch.
4. Flows coming to a letdown structure and from beiow Ihe bench served by the letdown structure are combined as the flow althe leldown slructure
lor modeling purposes.

5. Model is adapted from Illustrative problem on page 380 in ··Elemenlary Fluid Mechanics" by John Vennard. Wiley and Sons. 1961
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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
Base Width - ---~

s~,~~n= 3 S!>,rin~ll::: 3
(ftl~

9 Manl1ings N =0.02 50 [It) = 0 Runoff Faclor for 2.63 in' hr rainfall::: 0.017

Channel Slope of
Adjusted Adjusted Hydraulic Total True DistanceElevation Depth Botlom Water Area Velocity v'ng Specilic Energy Slope 5-50 Distance Location Q

Elevation Surface
Base Height Radius Dislancn Distance from Culvert

::'~L:: :.......:.:
••:C ... ....::,: . ·.::·,.\v~rag~ ...

:"".:.

'.:':'Hydraulic.'ii~ ':: .·Radius· .
ft' III ItU HUm Ifll (It (sf I s (It I It III (fUll] HUll) fll 1ft) [m (It [efs)

I§;S9

0.59 483 6.3S 1.898 00560 0.646 0.499 0 0 Pond 1 0 1206
037 0.0016659 .. 2.473·: 0.458:. '0.628" 206E-03 2.06E-03 222 222

.96 0.96 483 9.00 0.9600 11,40 3049 0.1443 1.104 0.757 220 Letdown 1 220 34.77
0.76 0.0009613 ·····2,093'··· 0:636 0.991 8.04E-04 804E-04 791 1013

484J2 1.72 483 9.00 1.7200 2436 1.137 0.0201 1.740 1.225 1020 Leldown 11 1020 27.70
0.07 0.0001422 "'::0.935 :' ":0.058'" 1.246' 1.18E-04 1.18E-04 492 1505

484.79 1J9 483 9.00 17900 2572 0.733 0.0083 1.798 1.266 15S0 Leldown 10 15S0

~I0.03 5.652E-05 ······0.578··:···· 0.019 ·.1.273··' 440E-05 4.40E-OS 442 1947
484.82 1.82 483 9.00 1.8150 26.22 0424 0.0028 1.818 1.280 1950 Letdown 9 1950

0.02 1.269E-05 0.286 ·0.Q13: :'·:::".1.285:' 1.06E-05 1.06E-OS 1182 3129
483 900 1 0.0003 1. 2920 Letdown 8 2920 3.93 II

---

Notes
1. Rainfall event used IS 25·yr. 1-hr storm which produces 2.63 inches of rain.
2. Longitudinal slope of channel assumed to be as stated for So.
3 Flows are split generally al half lhe distance belween the entrances to Ihe pond along lhe perimeter ditch
4. Flows coming to a letdown struclure and from below the bench served by Ihe letdown structure are combined as the flow althe letdown structure

for modeling purposes_
5 Model IS adapted from illustrative problem on pa~e 380 in "Elementary Fluid Mechanics" by John Vennard. Wliey and Sons. 1961.
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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

Ss,'ol1= 3 Ss,!igM = 3 Width 9 Mannings N " 0.02 50 (ft)= 0 Runoff Factor for 2.63 inl hr rainfall= 0.017
1ft! -

Channel Slope of
Adjusted Adjusted Hydraulic Total True

Distance
Elevation Depth Bottom Water Area Velocity v'12g Specific Energy Slope 5-50 Distance Location from Q

Elevation Surface
Base Height Radius Distance Distance

Culvert

f','1erage• ••·.•··••·.·.·.Sha.l1ge••in·.·•••••••.•••.•.
f',\lllragll
liydrauli9>yel.ci~ity 5Pllcfic.Ene@r .'.
·Radlu!f.·'

Iftl Iftl Iftl (fUftl (ft) (ft) 15ft /fos\ (ft) (ft) (ft) (ftlft) (ftlftl fft! Iftl (ft) (ft) (cfs)
483.80 0.80 483 9.12 3.975 0.2453 1.045 0.649 0 0 Pond 2 0 36.3

1.03 0.001709 •.. ·2;67.1.'··· . .' '0.814 0,969 •.··· 1.35E-03 1.35E-03 603 603 600
484.83 1.83 483 9.00 1.8300 26.52 1.367 0.0290 1.859 1289 Letdown 19 600 36.3

0.10 0.000208 1208 "

··'0.088'. .•. 1..311".»" 1.83E-04 183E-04 481 1083 1100
484.93 1.93 483 9.00 1.9300 28.54 1.049 0.0171 1.947 1.346 Letdown 20 1100 29.9

0.06 0.000111 ······0:881'·· ·i··0:051··.>· ·····1;363·.:>· 9.44E-OS 9.44E-05 541 1624 1600
484.99 1.99 483 9.00 1.9900 29.79 0.72S 0.0082 1.998 1.380 Letdown 21 1600 21.6

0.03 5.SE-OS 0.65b '.' '>.0:·027'" 1.389 4.94E-OS 4.94E-05 545 2170 2100
48S.02 2.02 483 9.00 20200 30.42 0.574 0.00S1 2.025 1.397 Letdown 22 2100 17.S

0.01 3.76E-05 ">'0>S01 0.008···· ····»•.1.400 •.··>·· 2.90E-OS 2.90E-05 266 2436 2600
48S.03 2.03 483 9.00 2.0300 30.63 0.427 0.0028 2.033 1.403 Letdown 23 2600 13.1

0.02 1.68E-05 ...•·0;364 •• 0.014',.:", '>'.1.401"·'.. 1.S2E-OS 1.52E-05 891 3327 3040
485.05 2.05 483 9.00 2.0450 30.9S 0.301 0.0014 2.046 1.411 Letdown 24 3040 9.3

0.00 5.91E-06 ···•.0,·150>.·> E.·.·.•. •·.•0:001······ 1.412 2.59E-06 2.S9E-06 423 3749 3790
485.05 2.05 483 9.00 2.0475 31.00 0.000 0.0000 2.048 1.413 Letdown 25 3790 3.3

Notes:
1. Rainfall event used is 25-yr, 1-hr storm which produces 2.63 inches of rain.
2. Longitudinal Slope of channel assumed to be as stated (or So.
3. Flows are split generally at half the dislance between the entrances to the pond along the perimeter ditch.
4. Flows coming to a letdown structure and from below the bench served by the letdown structure are combined as 1I1eflow at the letdown structure

for modeling purposes.
5. Model is adapted from Illustrative problem on page 380 in "Elementary Fluid Mechanics" by John Vennard, Wiley and Sons, 1961.
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Ameren Labadie Energy Center Utility Waste Landfill
Perimeter Ditch Water Profile: 25-yr, 1-hr event

Elevation for Stated Flow
Counter Clockwise from Pond 2

Table N-5
Base

S - 3 S!;,rrghl = 3 Width 9 Mannings N " o.n So (ft) " 0 Runoff Factor for 2.63 in! hr rainfall" 0.017:!'>,IE!fl-

lftl -

Channel Slope of
Adjusted Adjusted Hydraulic Total True Distance

Elevation Depth Bottom Water Area Velocity v'!2g Specific Energy Slope S-So Distance Location from Q
Elevation Surface

Base Height Radius Distance Distance
Culvert

.. - ' ....•... , .. -' -' ,.
J\Ve~age .Average c;hang~.·in.·S()~diC

>HYdrilulk:ye19city •...' ....•.......E~ergy
•...<Radius

(ft) (It] jft) (ftlft) (ft rft) (sO (fps) (ft) (ft) (It crt/It) Wit) It (ft) (m (ft cfsi
483.80 0.80 483 9.12 1.530 0.0363 0,836 0.649 0 0 Pond 2 0 14

036 0.000431 1,253 :0.338 •.·· ··•.0.767 ••.. 4.05E-04 4.05E-04 836 836 860

~

1.16 483 9.00 1.1600 14.48 0.975 0,0148 1.175 0886 Letdown 18 860 14
0,06 0.000128 •.•.·•.·0:704 •... 0:048 •.•. ·•.·•.0.905 1.03E-04 1.03E-04 468 1304 1360
1.22 483 900 1.2200 15.45 0.433 0.0029 1223 0.924 Letdown 17 1360 7

Notes.
1 Rainfall event used is 25-yr, 1-hr storm which produces 2.63 inches of rain
2. Longitud inal slope of channel assumed to be as slated for So.
3. Flows are split generally al half Ihe distance between the entrances to the pond along the perimeter ditch.
4 Flows coming 10a letdown structure and from below the bench served by the letdown structure are combined as the flow at tile letdown slructure

for modeling purposes
5 Model is adapted from Illustrative problem on page 380 in "Elementary Fluid Mechanics" by John Vennard, Wiley and Sons, 1961
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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

S!:,k'f!= 3 S",dght::; 3 Width 9 Mannings N •• 0.02 So (ft) = 0 Runoff Factor for 2.63 inl hr rainfall= 0.017
(ftl-

Channel Slope of
Adjusted Adjusted Hydraulic Total True Distance

Elevation Depth Bottom Water Area Velocity v'12g Specific Energy Slope 5-50 Distance Location from QBase Height Radius Distance DistanceElevation Surface Culvert

iAv~i~ge .'
;:',:. A",~r~ge

Velcicity
,.>,.:. liydraulis

':..Radius ..
(ftl [ft) [ft fllft (ft ft) sn {fps) rft) [ft 1m {ftlft) (ftlm 1ft) rill rfU (fl) (cfs)

483.72 0.72 483 8.04 1.742 0.0471 0.767 0593 0 0 Pond 3 0 14
0.00 0 '2:029:> "::::.0,036," .:.':':0.593: 1.50E-03 1.50E-03 24 24 0

483.72 0.72 483 9.00 0.7200 8.04 2.317 0.0833 0.803 0,593 Letdown 14 0 19 II
0.41 0.000848 ' "1'59T'" ····0;338' : . 0.730 7,00E-04 7.00E-04 483 508 500 II

484.13 1.13 483 9.00 1.1300 14,00 0.868 0.0117 1 142 0.867 Letdown 15 500 12 II

Notes.
1 Rainfall evenl used is 25-yr. 1-hr storm which produces 2.63 inches of rain
2. Longitudinal slope of channel assumed to be as stated for So.
3. Flows are split generally al half Ihe distance between the entrances 10the pond along the perimeter ditch.
4. Flows coming to a letdown structure and from below the bench served by the letdown structure are combined as Ihe flow althe letdown slructure

for modeling purposes.
5. Model is adapted from Illustrative problem on page 380 in "Elementary Fluid Mechanics" by John Vennard. Wiley and Sons, 1961.

Prepared by Gredell
Engineering Resources. Inc
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Ameren Labadie Energy Center Utility Waste Landfill
Perimeter Ditch Water Profile: 25~yr, 1-hr event

Elevation for Stated Flow
Counter Clockwise from Pond 3

Table N-7

Sf;,ri:\f1= 3 Ss,rlQhl ==3
Base Width 9 Manning s N = 0.02 8o(ft) = 0 Runoff Factor for 2.63 inl hr rainfall= 0.017(ft) =

Channel
Slope

Distance
Elevation Depth Bottom

of Adjusted Adjusted
Area Velocity v'12g Specific Energy

Hydraulic
Slope S-80 Distance Total True

Location from QWater Base Height Radius Distance DistanceElevation
Surface Culvert

Average Change in ..' Average

Velocity Specfic Energy Hydraulic
Radius

1ft! (ft! 1ft! (flIft! (ft! (ft) Isf! (fosl (ft! (ft) Iftl flIlt flIft\ ft\ 1ft] (ft] (ft! (cis)
483.72 0.72 483 8.04 4.058 0.2557 0.976 0.593 0 0 Pond 3 0 32.61

0.81 0.0024 2.813 . 0.592 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 0.0003 1A15. . 0.187 1.172 2.94E-04 2.94E-04 635 969 960
484.73 1.73 483 9.00 1J30o 24.55 1.262 0.0247 1.755 1231 Letdown 12 960 30.97

0.14 0.0002 1.106 0.129 1.271 1.61E-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 25.96

0.05 0.0001 0.860 . 0.045 . 1.326 9.21E-05 9.21E-05 491 2262 2240
484.92 1.92 483 9.00 1.9200 28.34 0.770 0.0092 1.929 1.340 Letdown 28 2240 21.82

0.03 7E-05 0.670 0.021 1.347 5.47E-OS 5.47E-05 381 2643 2640
484.95 1.95 483 9.00 1.9450 28.85 0.570 0.0051 1.950 1.355 Letdown 27 2640 16.46

0.02 3E-05 OA80 0.013 1.359 2.77E-05 2.77E-OS 480 3123 3120
484.96 1.96 483 9.00 1.9610 29.19 0.389 0.0023 1.963 1.364 Letdown 26 3120 11.35

0.00 2E-05 0.250 0.002 1.365 7.50E-06 7.50E-06 246 3369 3330
484.97 1.97 483 9.00 1.9650 29.27 0.112 0.0002 1.965 1,366 Letdown 25 3330 3.27

Notes:
1. Rainfall event used is 25-yr. 1-hr storm which produces 2.63 inches of rain.
2. Longitudinal slope of channel assumed to be as staled for So.
3. Flows are split generaliV al half the distance between the entrances to the pond along the perimeter ditch.
4. Flows coming to a letdown structure and from below the bench served by the letdown structure are combined as the flow at the letdown structure

for modeling pu rposes.
5. Model is adapted from Illustrative problem on page 380 in "Elementary Fluid Mechanics" by John Vennard. Wiley and Sons, 1961,
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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) (VOUFT) (CU FT) (ACRE FEET) (ACRE FEE"'"(ACRE FEET) (FEET)

373 573 468
379 579 1 108,293 108.293 108,293 2.5 .•....•._~- ----- 469
385 585 2 111,167 111,167 219,459 5.0 ----- ..•---- 470
391 591 3 114,077 114,077 333,536 7.7 ----- ----- 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 2.8 31.5 473
409 609 6 123,023 123,023 693,585 15.9 5.6 28.7 474
415 615 7 126,077 126,077 819,662 18.8 8.5 25.8 475
421 621 8 129,167 129,167 948,828 n8 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 1,216,575 27.9 17.6 16.7 478
439 639 11 138,653 138,653 1,355.228 31.1 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 14 148,463 148,463 1,790.733 41.1 30.8 35 482
463 663 15 151,805 151,805 1,942,538 44.6 34.3 0.0 483
469 669 16 155 183 155,183 2097720 48.2 37.8 484

NOTES: 1
2

3

4

The table is valid for a triangular pond with a uniform interior side slope.
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.

The volume due to the bottom slope below the 468 feet elevation was not considered in the capacily volume calculations. A minimum
depth of three feet in the pond bottom is planned at all limes.

The upper three feet of the pond are not counted in the capacity volume calculations due to Lheneed to maintain a minimum freeboard to
prevent wave damage above the maximum water level aLall times,

Elevation:
468 Pond Bottom
471 Minimum working depth
483 Reserve for storm
484 Maximum high water
487 Flood protection elevation

Three feet of water Loprevent growth of objectionable vegeta lion.
25 year, 24 hour storm event
Three feet below emergency spillway.
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://lM'MI,sws.uiuc.edu/pubdoc/BIlSWSB.71.pdf

Prepared byGREDELL
Engineering Resources. Inc.

December 2012



Ameren Labadie Energy Center Utility Waste Landfill
Stormwater Management Pond 2

Pond Volume Calculations
Table N-9

Base Width of Pond in feet 144
Base Length of Pond in feet 714
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) (SQ FT) (VOLlFT) (CU FT) (ACRE FEET) (ACRE FEE (ACRE FEET (FEET)

144 714 468
I 150 720 1 105,408 105,408 105,408 2.4 ...•"."...~ ----- 469I 156 726 2 110,628 110.628 216,036 5.0 --- ...... ----- 470

162 732 3 115,920 115.920 331,956 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 5.7 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 19.5 11.9 30.1 475
192 762 8 143.460 143.460 993,456 228 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 33.5 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 33.7 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

Elevation:
468 Pond Boltom
471 Minimum working depth
483 Reserve for storm
484 Maximum high water
487 Flood protection elevation

NOTES 1

2

3

4

The table is valid for a rectangular pond with a uniform interior side slope.
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.
The volume due to the bottom slope below the 468 feet elevaUon was not considered in the capaCity volume calculations. A minimum
depth of three feet in the pond boltom is planned at all times.
The upper three feet of the pond are not counted in the capacity volume calculations due 10 the need to maintain a minimum Freeboard to
prevent wave damage above the maximum water level at all times.

Three feet of water to prevent growth of objectionable vegetation.
25 year. 24 hour storm event.
Three feet below emergency spillway.
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, hltp:llwww.sws.uiuc.edu/pubdoclB/ISWSB-71.pdf

Prepared by GREDELL
Engineering Resources, Inc_

December 2012



Ameren Labadie Energy Center Utility Waste Landfill
Stormwater Management Pond 3

Pond Volume Calculations
Table 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 WATER AVERAGE VOLUME PER TOTAL VOLUME TOTAL VOLUME CAPACITY REMAINING Elevation
LEVEL AREA INCREMENT OF POND OF POND IN USE CAPACITY

(FT) (FT) (SQ FT) (VOLlFT) (CU FT) (ACRE FEET) (ACRE FEE (ACRE FEET (FEET)

233 598 468
239 604 1 70,923 70,923 70,923 1.6 ----- _-'H-'n-_ 469
245 610 2 73,452 73,452 144,374 3.3 ----- ---...,. 470
251 616 3 76,017 76,017 220,391 5.1 ----- ----- 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
269 634 6 83,928 83,928 464,190 10.7 3.8 20.2 474
275 640 7 86,637 86,637 550,827 12.6 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
293 658 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 23.6 16.7 7.3 480
311 676 13 103,647 103,647 1,129,551 25.9 19.1 5.0 481
317 682 14 106,608 106,608 1,236.158 28.4 21.5 2.5 482
323 688 15 109,605 109,605 1,345,763 30.9 24.0 0.0 483
329 694 16 112638 112638 1 458400 33.5 26.6 484

Elevation:
468 Pond Bottom
471 Minimum working depth
483 Reserve for storm
484 Maximum high water
487 Flood protection elevation

NOTES 1

2

3

4

The table is valid for a triangular pond with a uniform interior side slope.
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.
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 feel in the pood bottom is planned at all times,
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 al all times.

Three feet of water to prevent growth of objectionable vegetation.
25 year, 24 hour storm event.
Three feet below emergency spillway.
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://www.sws.uiuc.edu/pubdoclB/ISWSB-71.pdf

Prepared by GREDELL
Engineering Resources. Inc,

December 2012
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