Attachment C

DETERMINATION OF SEISMIC DESIGN PARAMETERS AND LIQUEFACTION POTENTIAL ANALYSIS
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Summary:

The bedrock Peak Horizontal Acceleration (PHA) at the project site was obtained from USGS 2008 hazard
maps located at:

http://gldims.cr.usgs.gov/nshmp2008/viewer.htm

Based on the USGS 2008 maps, the bedrock PHA associated with different design seismic events are as
follows:

. 2475-year return period: - PHA = 1.01g
. 475-year return period: PHA = 0.27g

According to NEHRP (2006), the site can be classified as Site Class D (Stiff Soil Profile) assuming that the
contained sludge will be stabilized (Option 2b). The Peak Ground Acceleation (PGA) values at ground
surface corresponding to Site Class D are:

. 2475-year retumn period: . PGA = 1.01g x 1.0 = 1.01g
. 475-year return period: PGA = 0.27g x 1.26 = 0.34g

Accbrding to Kramer (1996), the horizontal seismic coefficient (kg) equal to 0.5*PGA is commonly
considered appropriate for pseudo static stability analyses. These values are considered apphcable for
comparison with IEPA and USEPA criteria. The design kh values are:

. 2475-year return period: kn = 0.50g
. 475-year return period: kn=0.17g

Based on NUREG — 1620, the horizontal seismic load coefficicent, k;,, could alternately be calculated as
67% of the PGA. NUREG 1620 is not directly applicable to the MTW project site, and therefore these
larger k, values are not directly applicable. Nonetheless, the associated ky, values are as follows and may
be considered for comparison: -

_— 2475-year return period: ks, = 0.67g
L. 475-year return period: kn = 0.239
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Name: | Honeywel Metropolis Works Faciity

Latitude: | 37°10'12.80N
Longtude: | 83%4535.33W

escipton | s, Color [ vew | b
Description:

llat =37.17
Long =388.76

Figure C1. Project location (Latitude and Longitude)
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National Seismic Hazard Maps - 2008

T

Aca:q 2% Probability of Exceedance in 50 Yea
Enter latitude and longitude or click on map.
Latitude SIS0 North Longitude LRGN/

Get hazard by Lat/ Lon

Figure C2. Peak Horizontal Acceleration (PHA) obtained from USGS 2008 hazard
maps for 975-year seismic event.
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National Seismic Hazard Maps - 2008 -
B:| Peak Horizontal Acceleration (%g) with 10% Probability of Exceedance in 50 Yesrs

" Retrievingldata

e [
Peak Horizontal Acceleration with 10% Probability of Exceeda in 50 Yea

Enter latitude and longitude or click on map.
Latitude EISEERE N orth Longitude GLRCTEE W st

Get hazard by Lat / Lon

Figure C3. Peak Horizontal Acceleration (PHA) obtained from USGS 2008 hazard
maps for 475-year seismic event.
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Table C1. Site Class Determination Considering Native Soils Only (NEHRP 2006)

GW-107 (assumed original SPT N-values GW-108 (assumed original SPT N-values GW-109 (assumed original SPT N-values
Tayer Layer Layer
Thickness, Thickness, Thickness,

Depth (ft) | Elev (ft) N-value di di/Ni Depth (ft) | Elev (ft) N-value di di/Ni Depth (ft) | Elev (ft) N-value di di/Ni
1.0 363.7 11 1.0 0.09 1.0 365.9 25 1.0 0.04 1.0 376.9 16 1.0 0.06
3.5 361.2 8 2.5 0.31 3.5 363.4 9 2.5 0.28 3.5 374.4 10 2.5 0.25
6.0 358.7 15 2.5 0.17 6.0 360.9 19 25 0.13 6.0 371.9 16 2.5 0.16
8.5 356.2 16 2.5 0.16 8.5 358.4 20 2.5 0.13 8.5 369.4 11 2.5 0.23
11.0 353.7 32 2.5 0.08 11.0 355.9 18 2.5 0.14 11.0 366.9 15 25 0.17
13.5 351.2 30 2.5 0.08 13.5 353.4 12 2.5 0.21 13.5 364.4 15 2.5 0.17
16.0 348.7 48 25 0.05 16.0 350.9 19 2.5 0.13 16.0 361.9 16 2.5 0.16
18.5 346.2 54 2.5 0.05 18.5 3484 16 2.5 0.16 18.5 359.4 13 2.5 0.19
21.0 343.7 100 25 0.03 23.5 3434 80 5.0 0.06 21.0 356.9 18 2.5 0.14
23.5 341.2 100 2.5 0.03 26.0 340.9 27 2.5 0.09 23.5 354.4 15 2.5 0.17
26.0 338.7 100 25 0.03 28.5 3384 47 2.5 0.05 26.0 3519 19 2.5 0.13
28.5 336.2 100 2.5 0.03 31.0 335.9 68 2.5 0.04 28.5 349.4 27 2.5 0.09
33.5 331.2 14 5.0 0.36 36.0 3309 20 5.0 0.25 31.0 346.9 89 2.5 0.03
36.0 328.7 50 2.5 0.05 38.5 3284 10 2.5 0.25 33.0 344.9 26 2.0 0.08
38.5 326.2 16 25 0.16 41 325.9 19 2.5 0.13 36.0 341.9 94 3.0 0.03
41 323.7 14 2.5 0.18 43.5 3234 13 2.5 0.19 38.5 339.4 23 25 0.11
43.5 321.2 18 2.5 0.14 48.5 3184 53 5.0 0.09 41 336.9 62 2.5 0.04
46.0 318.7 26 25 0.10 51.0 3159 85 2.5 0.03 43.5 334.4 65 25 0.04
48.5 316.2 13 2.5 0.19 53.5 3134 100 2.5 0.03 46.0 331.9 100 2.5 0.03
51.0 313.7 24 25 0.10 56.0 310.9 100 2.5 0.03 48.5 329.4 12 2.5 0.21

..53.5 ke i st ; 58.5 3084 ..L...100 S, 0.03..... 51.0 326.9 12 2.5 0.21
60.0 404 8. b.5 ).08 I ] 60.0 306.9 15 02 53.5 324.4 11 25 0.23

5.0 56.0 321.9 18 2.5 0.14
2 8 54 58.5 319.4 92 2.5 0.03
) 50 316.9 65 2.5 0.04
50 : 50
’ 1 | 100 5.0
100 5.0 pos | ¢} 100.0 ¢ 100 5.0
: Sum=| 100.0 287 | e Sum =
Site Class D Nave = 35 Site Class D
Sum =
Site Class D

Assumed SPT N-values
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Note: The above estimate of N is conservatlve because the stabilize sludge will have Su (1800 psf) greater than
." the values calculated above based on Su/P ratio, and the associated N will be higher
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REFERENCE: Manual on Estimating Soil Properties for Foundation Design - EPRI 1990

Assumed N
value for

consolidated

sludge

Assumed N
value for
consolidated
sludge
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Table 4-10

APPROXIMATE s, VERSUS N RELATIONSHIP

N Value
(blows/ft cx 305 mm) Consistency Approximate s.,/py
0 to 2 very soft <1/8
2 to 4 soft 1/8 to 1/4

.{;;,

1/4 to 172

Su/pa ranges
from 0.25 to
0.37

8 ro 15 stiff
15 ro 30 very stiff 1to 2
> 30 hard > 2
Source: Terzaghi and Peck (4), p. 347.
4 Suitable for the sludge
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Figure 4-50, Selected Relationships Between N and sy
Scurce: Djoenaidi (71), p. 5-93.
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Table C2. Site Class Determination Considering Consolidated Sludge (NEHRP 2006)

Calculation 388996-GT-001, Rev. 2

Assumed SPT N-values

GW-107 (assumed unstabilized sludge) GW-108 (assumed unstabilized sludge) GW-109 {assumed unstabilized sludge)
Layer - Layer Layer
Thickness, Thickness, Thickness,
Depth (ft) Elev (ft) N-value di di/Ni Depth (ft) Elev {ft) N-vall di di/Ni Depth (ft) Elev {ft) N-value di di/Ni
1.0 363.7 | 6 1.0 0.17 1.0 365.9 6 1.0 0.17 1.0 376.9 6 1.0 0.17
3.5 361.2 6 2.5 0.42 3.5 363.4 6 2.5 0.42 3.5 3744 6 2.5 0.42
6.0 358.7 6 2.5 0.42 6.0 360.9 [ 2.5 0.42 6.0 371.9 6 2.5 - 0.42
8.5 356.2 6 2.5 0.42 8.5 358.4 6 2.5 0.42 8.5 369.4 6 2.5 0.42
11.0 353.7 6 2.5 0.42 11.0 355.9 6 2.5 0.42 11.0 366.9 6 2.5 0.42
13.5 351.2 6 2.5 0.42 13.5 353.4 6 2.5 0.42 13.5 364.4 6 2.5 0.42
16.0 348.7 6 2.5 0.42 16.0 350.9 6 2.5 0.42 16.0 361.9 6 2.5 0.42
18.5 346.2 54 2.5 0.05 18.5 348.4 16 2.5 0.16 18.5 359.4 13 2.5 0.19
21.0 343.7 100 2.5 0.03 235 343.4 80 5.0 0.06 21.0 356.9 18 2.5 0.14
23.5 341.2 100 2.5 0.03 26.0 340.9 27 2.5 0.09 23.5 354.4 15 2.5 0.17
26.0 338.7 100 2.5 0.03 28.5 338.4 47 2.5 0.05 26.0 351.9 19 2.5 0.13
28.5 336.2 100 2.5 0.03 31.0 335.9 68 2.5 0.04 28.5 349.4 27 2.5 0.09
33.5 ' 331.2 14 5.0 0.36 36.0 330.9 20 5.0 0.25 31.0 346.9 89 2.5 0.03
36.0 328.7 50 2.5 0.05 38.5 328.4 10 2.5 0.25 33.0 344.9 26 2.0 0.08
38.5 326.2 16 2.5 0.16 41 325.9 19 2.5 0.13 36.0 341.9 94 3.0 0.03
41 323.7 14 2.5 0.18 43.5 3234 13 2.5 0.19 38.5 339.4 23 2.5 0.11
43.5 321.2 18 2.5 0.14 48.5 318.4 53 5.0 0.09 411 336.9 62 2.5 . 0.04
46.0 318.7 26 2.5 0.10 51.0 315.9 85 2.5 0.03 435 334.4 65 2.5 0.04
48.5 316.2 13 2.5 0.19 53.5 3134 100 2.5 - 0.03 46.0 3319 100 2.5 0.03
51.0 -/ 313.7 24 2.5 0.10 .56.0 310.9 100 2.5 0.03 48.5 329.4 12 2.5 0.21
e 93 3 311 2 somes D L s e 2., S | e 0. 03 s b 58.5 308.4 100, 2.5 0.03 51.0 326.9 12 2.5 0.21
50.0 3047 82 6.5 .08 603.0 306.9° 100 .15 4.0 53.5 324.4 11 2.5 0.23
£5 3 2897 100 5.0 0.05 650 3019 100 - .50, .08 56.0 321.9 18 2.5 0.14
76,0 234.7 100 5.0 0.0 70.0 286.9 100 - 5.0, .05 58.5 319.4 92 2.5 0.03
750 289.7 100 5.0 0.08 750 291.9 100 540 0.05 - 61.0 316.9 65 2.5 0.04
£0.4 284.7 140 5.0 0.05 - 800 2869 100 R 0.05 Y 3129 100 X T
850 2797 100 5.0 (.05 -85.0 281.9 100 50 0.05 70.0 307.9 100 5.0 3.05
0.0 2147 100 5.0 © 005 90.0 276.9 100 ERY .05 75.0 302.9 100 5.0 0.05
95.0 269.7 100 5.0 - 0.05 95.0 271.9 100 - 5.0 0.05 80.0 287.9 100 5.0 0.08-
180.0 264.7 100 5.0 Q.05 100.0 266,9 | 100 5.0 0.05 - 850 292.9 100 5.0 0.05
Sum=| "~ 100.0 4.59 L Sum=|" 100.0 4.51 90.0 287.9 100 5.0 0.05
Site Class D Nave = 22 Site Class D Nave = 95.0 282.9 100 5.0 0.05
100.0 277.9 100 5.0 0.05
B ~"Sum = 1000 4,98
Site Class D Nave = 20

Assumed N value for
consolidated sludge

<
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PGA=Ss/25=0.2g PGA= SS/Z.S =0.38 PGA =Ss/2.5>0.5¢g

NEHRP (2006) Table 3.3-1 Vialues of Site Coefficient F,

Mapped MCE Specgral Response Accj/eranon Parameter at 0.2|Second |
WV | Perio WV
Site Class Ss < 0.25 Ss=0.50 Ss=10.75 Ss=1.00 Sg > 1.25
A " 0.8 08 | 08 0.8 0.8
B . 1.0 ‘ 1.0 1.0 1.0 1.0
C 1.2 1.2 1.1 1.0 1.0
D 1.6 14 |12 1.1 1.0
E 25 7 N 12 0.9 /\09
F , b _b b 4 _ b _

“ Use straight line interpolation for intermediate valugs of Sg.
® Site-specific geotechnical investigation and dynamig¢ site response analyses shall be perfprmed.

PGA =0.27g --> Fpga = 1.4 - (1.4-1.2)/10*%7 = 1.26

PGA =1.0g --> Fpga=1.0
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Table C3

Honeywell Metropolis Facility Works - Seismic Design Parameters

8/13/2010

3

. Ground Motion -

10% in 50 yrs or 475-yr return period

-88.76

7.7

2% in 50 yrs or 2,475-yr return period

-88.76

7.7

Note:

1. Site Class D was determined based on average SPT N value obtained in the upper 100 feet of soil between 15 and 50 bps (NEHRP 2006)

2. Based on Table 3-3.1 (NEHRP 2006)

Calculation 388996-GT-001, Rev. 2
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Attachment D

SEISMIC-INDUCED DEFORMATION (LURCHING) OF THE SLUDGE USING NEWMARK RIGID-BLOCK
METHOD

¢
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‘Summary:

Magnitude of the lateral movement of the contained sludge caused by the inertial force during an
earthquake is assumed to be equal to the initial shift of the soil block calculated using the Newmark
method. In this analysis, a yield acceleration and a representative acceleration time history are used as

inputs. The yield acceleration is determined from a pseudo-static global stability analysis in which the

failure surface is forced to go through the unstabilized sludge along the bottom of the pond. The
horizontal seismic load coefficient, ky,, that results in a global factor of safety of 1.0 is the yield
acceleration. The Newmark analysis was performed using the program “Newmark” available from the
USGS website. This program was developed by Jibson and Jibson (2003).
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g_| Safety Factor
~ 0.000
| o &ob Material Properties
! Material: Common Fill
1.000 Unit Weight: 130 Ib/ft3
! Strength Type: Mohr-Coulomb
o 1.500 Cohesion: 100 psf
37 Friction Angle: 36 degrees
. 2.000
B 2.500 Material Properties
- : Material: Stabilized Sludge
: 3.000 Unit Weight: 105 Ib/ft3
s 5 =60 Strength Type: Undrained
o | . Cohesion Type: Constant
. 4.000 Cohesion: 1440 psf
Material Properties
: 4.500 Material Properties Material: Geomembrane Interface
000 Material: Consolidated Sludge Unit Weight: 120 Ib/ft3
8. Unit Weight: 97 Ib/ft3 L Streng}h Type: Mohr-Coulomb
@ .500 Strength Type: Su/p' = 0.07 Cohesion: 0 psf
i Water Surface: Piezometric Line 1 Friction Angle: 30 degrees
000+
Material Properties
- Material: Sludge-EPDM Liner Interface
S Unit Weight: 105 Ib/ft3 Material Properties
o Strength Type: Mohr-Coulomb Material: Cover Soil
- - Cohesion: 100 psf Unit Weight: 120 Ib/ft3
| Material Properties Friction Angle: 33 degrees Strength Type: Mohr-Coulomb
Material: Upper Sand Water Surface: Piezometric Line 1 Cohesion: 100 psf
Unit Weight: 125 1b/f3 Friction Angle: 33 degrees
o —]Strength Type: Mohr-Coulomb Material Properties
< Cohesion: 100 psf Material: Berm Material
Friction Angle: 35 degrees Unit Weight: 126 Ib/ft3
Water Surface: Water Table Strength Type: Su/p' = 1.76
- . Water Surface: Water Table
1 Material Properties
8- Material: Native Clay

Unit Weight: 127 Ib/ft3
Strength Type: Su/p' = 0.59
Water Surface: Water Table,

"

0

Figure D2. Soil profile and properties for pseudo static stability analysis.
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Figure D3. Determination of yield acceleration based on pseudo static stability analysis.
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TABLE D1. SELECTED EARTHQUAKE TIME HISTORIES FOR NEWMARK ANALYSIS (2475-YEAR EVENT)

B8 Hewmark

8.5

| Epicentral Distance (km}
‘Focal Distance (km)

i

|
|
30 :

'Rupture Distance (km) e =
| Focal Mechanism: ] All V] Strike-slip (] Hormal [ Reverse [ ] Obiique normal [] Oblique reverse
Site Classification: [ All [ Hard rock [v] Soft rock [ Stiff soil [ Soft soil
Records selected (units as indicated above): Select all for analysis ‘ Deselect all for analysis I
Sort by |Earthquake |vimenlrecos  |vlanl~] Display properties of. ® Records C) Stations
__Earthquake ! Record Magnitude | Arias Int. Duration PGA Mean Per. Epi. Dist FocalDist | Rup. Dist Foc Mech. Analyze |
Cape Mendocino.. [CPM-030 7.1 § 2389 9.8 1.038 0.35 105 146 8.5 Reverse 4] |
Chi-Chi, Taiwan ... TCU065-270 7.8 . 7669 286 0814 112 25.6 276 1.0 Reverse v
Chi-Chi, Taiwan ... TCU129-270 | 75 . 192539 273 1.010 0.35 135 17.0 12 Reverse 2
Chi-Chi, Taiwan __(WNT-000 | 176 | 7885 271 0.058 034 11.9 158 12 Reverse vl
Duzce, Turkey 19... VO-000 8 71 9.976 129 ey 0.30 231 252 8.2 Strike-slip v |
[ A —
| Manage groups...| ' | cieartanie [ petete ngnignted recorats) | o to Pertorm Rigia Block analysis page |
5 0f 5 records selected for analysi Bt b
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TABLE D2. YIELD ACCELERATION AND PGA USED IN THE ANALYSIS (2475- YEAR EVENT)

}“ Getting Started | Rigorous Rigid-Block Analysis_ | Simplified Analyses |" Record Manager [ vtilities | Help-|
. Step 1. Select Records [/ Step 2: Perform Rigid-Biock Analysis ﬁep 3: View Resuits [ s
Spemfy the critical (yle!d) acceleration of the Iandsllde (ing s)

{Of Constant critical acceleratxoni (O varies with displacement .

027 | I " Displacement (cm) | . Critf’Accél;(’g")w,' 5
=1 B 0 R 0

3 Van’e@s vith time- - \
T Time(s) - | Crit. Accel. (g) I

AddRows = ] Defeté”vLés't;Fimi:‘ 17 - AddRow | Delete LastRow
Scating: : - S . : -
(1 Do not scale earthquake records .
C) Scale aIl earthquake records to a umform PGA ( ng s) of 31 ] ) ; e . - Perform Analysis
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FIGURE D4. SEISMIC-INDUCED DISPLACEMENTS BASED ON NEWMARK ANALYSIS (2475-YEAR EVENT)

Newmark displacement versus time

Newmark displacement versus time

275

25.0

Newmark displacement {cm)
5w @& a U5 8
o o o o o o o

o
o

M
o

=
ot

==
. ; i LA
Maximum displacement y 1
in one earth earthquake _ > 4 s
cycle : tg L Dmax=9cm=3.5in
et ] L ‘ ,
(] | B
e 5 ¢ 8 |
- o .
10 s 90 9 a0 38 M s 3o m

5

Time (s)

Chi-Chi, Taiwan 1999 - WNT-090

B puzce, Tukey 1908 - VO-000 B chi-chi, Taiwan 1999 - TCU128-270

Chi-Chi, Taiwan 1889 - TCUOB5-270

Cape Mendocino 1882 - CPM-080
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TABLE D3. SELECTED EARTHQUAKE TIME HISTORIES FOR NEWMARK ANALYSIS (475-YEAR EVENT)

iMoment Magnitude- 3.5

! Arias Intensity (m/Sy
Duration (5-95%) (s} =
iPeak Adcéleration {g)

{Mean Period (s) -
Epicentral Distan
\Focal VDVislance\()kvn;):
Rupture Distanice (kmj | 3

-1 Al {7 Strike.slip, ¥} Hormat (] Reverse [] Oblidue norial [£] Obligue rev
Al Hard rock_{v] Soft rock- V] SHff soil []'Soft soit

] .

i

Focal Méchanisny.

Site Classification:

Records selected {units as indicatéd above}:

i

elect all for apalysis ]

Sort by |Earthquake E r;i;men Record 13’ IA]A | v¢i . Splay properties of:. @ ) Records” O Stations,
Earthquake Retord idagnitude i} Ardasiint Duration G PGA -7 Hean Per, ._Epi. Dist, Focal Dist. ~ Rup: Dist: Foc, Mech: Analyzé

Cape Mendocine. . [RI0-270 7.1 1523 15.3 0.335 . .54 21.9 ) 24.2 18.5 Reverse ) ¥
Chi-Chi, Taiwan ... [TCU0G7-000 7.6 2.618 23.0 0.325 0.75 27 & 29.5 0.3 Reverse 2
Chi-Chi, Taiwan ... TCU072-000 7.8 4 9563 24.0 0.400 (.50, 20.5 22.9 7.4 Reverse [v]
Chi-Chi, Taiwan ... [TCU072-270 7B 5768 21.9 0.439. 0.62 205 22.9.- 7.4 Reverse 2
Chi-Chi, Taiwan ... [TCU074-000 76 3.116 19.7 0.349 0.68 18.7 21.4 137 Reverse 4

- iChi-Chi, Taiwan ... [TCUD75-270 7.5 2.975 27.0° 0.333 0.77 187 22.2 1.5 Reverse [v]
Chi-Chi. Taiwan ... [TCUG76-000 7.5 3.654 28.1. 0.416 0.62 1583 184 2.0 Reverse 4
Chi-Chi, Taiwan ... [TCU076-270 7.6 3.515 29.5 0.303 - 0.50 153 18.4 2.0 Reversa V]
IEi Centro 1840 EC9-180 7.0 1.705 24.1 19.6° 8.3 Strike-slip V]
Tabas, Iran 1978- |DAY-LN 7.4 1.424 123 48.5 117.0 Reverse [v]
Tabas, Iran 1978 iDAY-TR 74 359, 12.4 48.5+ [17.0 Reverse [v]

. .
N - Cleartable: | . Delete highlighted record(s) G0.ta Perform Rigid:-Block:Analysis page .

11 of 11 records. selected 1of analysis
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TABLE D4. YIELD ACCELERATION AND PGA USED IN THE ANALYSIS (2475-YEAR EVENT)

” Getting Started h Rigorous Rigid-Block Analysis | Simplified Analyses | Record Manager | Utilities rHelp ]

i Step 1. Select Records h Step 2. Perform Rigid- BlockAnalysxs [ Step3 Views Resu}ts I T - ) o, ‘
,Specnfy the critical (yleld) acceleration of the | Iandshde {in g s}: 7

D @ Constant cntlcal acceleration C) Varies with: (ﬁsplacement ) . Varﬁes wi;h time o - :
,}0. I Displacement(cm) .F. = Grit: Acusl (a) T Timed(s) | CritAccel{g} - .}
e - - — 5 ) -

|
, AddRow & AddRow | DeletelastRow

Scalmg . : Nt -
% Do, not scaie ea rthqua ke records ‘
CJ ScaJe all earthquake records to a umform PGA (ln q s} of "
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FIGURE D5. SEISMIC-INDUCED DISPLACEMENTS BASED ON NEWMARK ANALYSIS (475-YEAR EVENT)

5! Newmark displacement versus time

ra ra w w B

Newmark displacement (cm)

0

(o]

o

&

- BX

Newmark displacement versus time

0
5 . : « Dmax=25cm=1in
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5
0
res
5 s
! 1
ot - '
1 ] T
{ ] i
5 i : 0 L T S T, TR
! i
0 e
il
5 Lideiog J
{ L
(8] _’: ] -' f ¥ ’
s} 5 10 15 20 25 30 35 40 45 50 55 80 65
Time (s)

B chi-chi, Taiwan 1999 - TCUD72-270 ® Chi-chi, Taiwan 1999 - TCUD76-270
Chi-Chi, Taiwan 1999 - TCUDB7-000

& Cape Mendocino 1992 - RIO-270 ® chichi, Taiwan 1998 - TCUD72-000

" Tabas, lran 1978 - DAY-TR ™ chi.chi, Taiwan 1989 . TCUD75-270
Tabas, lran 1978 - DAY-LN " Chi-Chi, Taiwan 18989 - TCUD74-000 * Chi-Chi, Taiwan 1998 - TCUD78-000

El Centro 1840 - ECS-180

Calculation 388996-GT-001, Rev. 2
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Attachment E

ESTIMATE OF LIQUEFACTION-INDUCED SETTLEMENT OF THE SLUDGE
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Summary:

In this analysis, the amount of post-liquefaction settlement was estimated using the simplified procedures
developed by Tokimatsu and Seed (1987) and Ishihara and Yoshimine (1992). Inputs for the Tokimatsu
and Seed (1987) and Ishihara and Yoshimine (1992) include the corrected (N1)gocCs, cyclic stress ratio,
and the factor of safety against liquefaction. The liquefaction-induced settlement of a 12-inch thick
unstabilized sludge layer is calculated as 0.7 inch or Jess.
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SPT-Based Liquefaction Analysis Using Simplified Procedure and Residual Strength 475-YEAR EVENT
Project name {number). Honeywell Metropolis Works Facility )
Engineer: H. Pham -
Reviewer: M. Gavin
Date: 08/17/10
{Soil boring number: Nial(A)
Approximate borehole diameter {inch): 5.0](B) Hammer Energy Ratios
Soil boring ground surface elevation (&t): 380.0}(C ) Hammer Type Recommend*
Groundwater depth during field ion (ft): 0.0)(D) Safety 42% - 72% 60%
Design groundwater depth (ft): 0.0}(E} Donut 30% - 60% 50%
Design filticut, H {ft): {Positive for fill, negative for cut} 12.0|(F) Automatic-Trip 48% - 78% 80%
Unit weight of filicut material (pcf). _ 125[(G) 1) after recommendations by NCEER, 1997
SPT hammer energy ratio (ER): {Enter percentage} 60[{H) 2) for good-quality equip and pr
Liner used in sampter? {Yes orNo} Nol{l) conforming to ASTM D-1686.
Peak horizontal ground acceleration {ays/g) 0.43|(J)
Design earthquake magnitude (M): 7.7|(K)
Factor of safety criterion: {1.0 or higher} 1.0J(L)
, .
(0 (2) (3) {4 (5) (6a) {6b) {7) (8) (9} {10) (1) (12 (13) (14) (15} (16} Qa7 (18)
Restricted N -
Interval Total Field Estimated Relatve Relative Interval Field Design Field Design Effective Hammer Borehole Rod Sampling
Bottom interval Unit SPT Fines Density Density Bottom Interval Effective Total Total Effective Effective Overburden Energy Diameter Length Method
Depth Soil Weight N Value Content Dr Elevation Thickness Unit Qverburden QOverburden Qverburden Overburden Correction Correction Correction Correction Correction
(pcf) N, %) Weight (pcf) {tsf) Ci C
e A o
57 5
§7 ]
MH 87 €
MH . o7 6
MH 87 5
MH §7 [3
MH 87 6
MH 97 6

N

Properties of the

consolidated sludge

Calculation 388996-GT-001, Rev. 2
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475-YEAR EVENT

-

s .
(19} (20) (21) (22) - {23) (24) (25) (26) (27) {28) {29) (30} (31} {32) {33) .(34) (35) ™~ (36)
N ’ Residual Undrained Strength, § (tsf)
Energy . . Stress Cyclie Cyclic CRR CRR . Magnitude PEEETEEI
Correction No Fines Clean Reduction Stress Resistance ' Qvérburden Static Shear Scaling Factor of - . Olson & Idriss &
Cnly Correction Sand Coefficient Ratio . Ratio Correction Correction’ Factor _Safety Liquefaction Idriss Stark Boulanger Kramer Weighted
Ney . {Ny)eo ] Ty - CSR CRRys f Ky Ky - MSF . F§& . Susceptibility Comments . (1999) {2002} {2007) (2008) Average
6 9 15 i 0.97 0.282 0.163 066 - 1.00 1.00 0.93 0.52- . NO Plastic soil evaluation needed N
6 E] 15 0.96 -0.310 0.163 £ 0.66 1.00 1.00 0.93 CDag - NO |Plastic soil evajuation needed - T v
[ 9 15" 0.96 0.326 0.163 0.66 1.00 1.00 0.93 0,47 - - o] Plastic soil evaluation needed
[ 8 15 0.95 0.341 0.160 0.66 1.00 1.00 0.93- . 044 O Plastic soil evaluation needed .
8 11 18 0.95 0.355 0.193 0.66 1.00 1.00 0.93 051 o] Plastic soil evaluation needed
[ 11 15 0.84 0.367 0.189 0.66 1.00 1.00 0.93 -} & -048. [ Plastic soil evaluation heeded
3 10 § 17 0.94 0.378 0.186 0.66 1.00 1.00 0.93 - _Da4s. NO Plastic soil evaluation needed
[ 10 i 17 0.93 0.388 - 0183 0.66 ' 1.00 1.00 -0.93 0.44 NO Plastic sail evaluation needed
- B
i T i . < .
Inputs for liquefaction-induced o )
settlement calculations ) . )
/
Calculation 388996-GT-001, Rev. 2 - . . : Page 43 of 52




SPT-Based Liquefaction Analysis Using Simplified Procedure and R

Project name (number): F Yy p Works Facility
Engineer: H. Pham

i g M. Gavin
Date: 07/21/10

idual Strength

247S-YEAR EVENT

Soil boring number, NIA](A) ~
Approximate borehole diameter (inch): 5.0[(B) Hammer Energy Ratios
Soil boring ground surface elevation (ft): 380.0}(C ) Hammer Type Recommend* .
Groundwater depth during field exploration (ft): 0.0|{D) Safety 42% - 72% 80%
Design groundwater depth (ft): . 0.0E) Donut 30% - 60% 50%
Design fill/cut, H (ft): {Positive for fill. negative for cut} : 12.0f(F) Automnatic-Trip 48% - 78% 30% -
Unit weight of filllcut materiat {peh): 125/(G) 1) after recemmendations by NCEER, 1997
SPT hammer energy ratio {(ER): {Enter percentage} 60|{H) 2) for good-quality equipment and procedures
Liner used in sampler? {Yes or No} Nol(1) conforming to ASTM D-1686. +
Peak horizontal ground acceleration {a,,,/g): 1.00{(J)
Design earthquake magnitude (M) 7.7](K) ‘
Factor of safety criterion: {1.0 or higher} 1.0HL) -
1) 2) (3) {4) (5) (6a) {6b) ) (8) (9) (10) (11) (12) (13) {14) {15) (16) (17) (8)
co . B . Restricted :
Interval - Total . Field Estimated Relative . Interval Field Design - Field Design Effective Hammer Borehole Rod Sampling
Bottom Interval ) Unit SPT Fines Density Bottom Interval Effective Total Total Effective Effective Qverburden Energy - Diameter Length Method
Depth Soil Wéigh( N Value Content Elevation Thickness Unit O i O Qverburden Correction Correction Correction Correction Correction
(fty Type FC (% ft Weigh f) tsf) Cy Ce Cr C.

8 .
M 7 € Ex 68 1.041 0.104 0.854 1.69 1.00 1.02 0.75 1.10
8 _ MH - 97 L] 98 68 1.138 0.138 0.888 1.65 1.00 1.02 0.75 1.10
10 MH .87 . 8 a3 68 1.235 0.173 -0.923 1.61 1.00 1.02 1.00 1.10
12 MH ) 97 § ~ £ 88 1.332 0.208 0.958 1.58 1.00 1.02 1.00 1.10
14 MH 97 5 ES) 68 1.429 0.242 0.992 1.54 1.00 1.02 1.00 1.10
16 MH 97 3 98 ¢ 68 1.526 0.277 1.027 1.51 1.00 1.02 1.00 1.10

Properties of the
consolidated sludge

Calculation 388996-GT-001, Rev. 2
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2475-YEAR EVENT

,
(19) {20) {21) (22} (23) (24) (25) (26) (27} {28) {29} (30) (31) (32) (33) {34) {35) (36) -
. Residual Undrained Strength, S, (tsf)
Energy Stress Cychic Cyclic CRR ) CRR Magnitude .
Correction No Fines Clean Reduction Stress Resistance Qverburden Static Shear Scaling -Factor of Olson & Idriss &
Only Correction | Sand Coefficient Ratio Ratio Correction Cormection - Factor Safety Liquefaction idriss Stark Boulanger Kramer Weighted
Neg . . {N3)so. i ' Ty CER. CRR;¢ I Ko Ky MSF F§° Susceptibility Comments ‘ (1998) (2002) (2007} R (2008) " . Average
Az - i i i . . . i
8 9 0.87 0.163 0.66 1.00 1.00 0.93 NO Plastic soil evaluation needed
) - 9 0.96 0.183 0.66 1.00 1.00 0.93 NO Plastic soil evaluation needed
6 9 0.86 0.163 0.66 1.00 1.00 0.93 NO Plastic soil evaluation needed
8§ 8 0.95 6.160 0.66 1.00 -00 . 019" O Plastic sail evaluation needed
8 1" 1 0.85 0.193 0.66 1.00 .0 3 022 * 9] Fastic soil evaluation needed
6 . 1 18 0.84 0.189 0.66 1.00 .0l . 0. o) Plastic soil evaluation needed
6 10 17 0.84 0.186 0.66 1.00 .0 . -6.21 5] |Plastic soil evaluation needed
-6 10 17 0.83 0.183 0.66 1.060 1.00 .93 s 0.18 NO [Plastic soil evaluation needed
P
Inputs for liquefaction-induced
settlement calculations
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LIQUEFACTION-INDUCED SETTLEMENT

Project: - Honeywell Metropolis Works Facility .
Boring # N/A

Date: 9/17/2010

Engineer: ~ H.Pham

475-YEAR EVENT

Tokimatsu and Seed (1987)
Ishihara and Yosemine (1990)

Sludge 0.52 0.28 2 1.00 0.027 4.872 0.019 0.456 3.396
Sludge 0:49: _0.31 2 0.99 0.027 4.236 0.019 0.456 2.940
Sludge 0.47 0.33 2 0.99 0.027 3.600 - 0.019 0.456 2.484
Sludge 0.44 0.34. - 2 0.98 0.027 2.964 0.019 0.456 2.028
Sludge 0.51. 0.35 2 0.98 0.024 2.328 0.016 0.384 1.572
Sludge 0.48 0.37. 2 0.97 0.025 1.764 0.017 0.396 1.188
Sludge 048 0.38 2 0.97 0.025 1.176 0.017 0.396 0.792
Sludge 0.44 0.39 2 0.96 0.025 0.588 0.017 0.396 0.396
Na[a Input data i is h:ghhghted in yellow. See the li i¢ ial spreadsheset for N1(60)cs, FOS for quuefactlon Potential, and CSR values.

: n’duced “settlements for a

Settlement is unchanged when FS is too low

Tokimatsu and Seed (1987) A
or CSR is too high (see the next 2 figures)

Ishihara and Yosemine (1990)

Sludge R 2 .
Sludge A T
Sludge I R I 1
Sludge 8 - 15
Sludge . 10 A 18
Sludge _ 120 7 |7 18
Sludge 14 LT
Siudge C 16 a7

Note /nput da{a is hlghhghted in yellow See lhe i

Average post-liquefaction axial strain: 4/(16*_12) = 0.02

.culation 388996-GT-001, Rev. 2




Ishihara Volumetric Strain Chart (1992) GDM Figure 6-13
if .S > 1.5 strain=0

7

. —e

5
BN
e
£
(7]
QO
5
£
s 3
s

2

1

0 . + -

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Factor of Safety Against Liquefaction
G e 3 4 s ——5 Sy — —9 10 " 12 » o e n
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Tokimatsu & Seed (1987) Volumetric Strain :;

GDM figure 6-12 3

0.05 1 —*—é

0.045 1 — e :(;
0.04 .- - - - g

0035 f /"\* o0 o o 0o o o o oo —0o—0—+ 9
RSN S v YnAee
g 0.02 [{ // / // // f fmg:«/e/,. S e e S G o —;:]lg
> 0.015 } //// ;‘ L /// = ...-—-—-_—::_::: 16
0.01 o /4 s = — 17

el VLT i Al A = 18
o aas e o o

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 gas | ™2l

CSR ::%%
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Liquefaction-induced settlement

Lower bound axial strain: ' 0.02 . (from SPT N-values)
Upper bound axial strain: 0.06 ‘ ) {(from CyDSS test results)
Upper bound Upper bound
Option Thickness of unstabilized sludge liquefaction-induced settlement liquefaction-induced settlement
) (ft) (in}) (in}
0.5 0.4 . 0.1
b 1 0.7 0.2
2 1.4 0.5
4 2.9 1.0

Thickness of unstabilized sludge (ft)

0.0 1.0 15 2.0 25 3.0 35 4.0 4.5

0.5 -

1.0

15

20 N

25 .

—#=—(from CyDSS test results) ™

Liquefaction-induced settlement - Option 2b (in)

3.0 i (from SPT N-values)

35 =
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Attachment F

ESTIMATE OF CONSOLIDATION-INDUCED SETTLEMENT OF THE SLUDGE
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Summary:

Consolidation settlement of the unstabilized sludge was estimated using the Terzaghi’s one-dimensional

consolidation theory. The sludge was assumed to be normally consolidated. Consolidation settlement as a
function of the thickness of unstabilized sludge was developed. The consolidation (static) settlement of a
12-inch thick unstabilized sludge layer is calculated as less than 0.5 inch, which should develop prior to
construction of the final cover.

Total settlement (liquefaction-induced plus consolidation) of a 12-inch thick unstabilized sludge layer is
calculated as 1 inch or less. :
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Honeywell Metropolis Works Facility

Consolidation Settlement of the Unstabilized Sludge at the Bottom of the Pond (Option 2b)

Unit Weight of Cover Soil (pcf): 125
Thickness of Cover Soil (ft): ) 9
Surcharge (psf): ’ - 1125
Compression Index (C.) of Sludge: 0.05
Coefficient of Consolidation (C, - in2/sec): . 4.30E-04
Initial Overburden Stress {o",) at the Bottom of Pond (psf): 554
Thickness of Consolidation Time to Achieve 90%
Unstabilized Sludge Settiement Consolidation
(ft} (in) (day)
0.5 0.1 0.8
1 0.3 33
2 0.6 13.1
3 0.9 29.6
4 1.2 52.6
1.4
1.2 -
5
= 1.0 >
o
,E, —
‘_.'.' 9'8 .
Q -
(%] o
§ 0.6 - -
= A7
=
© L
2 04 —;
Q
1%
"
0.2
0.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 4.5
Thickness of unstabilized sludge at the bottom of the pond {ft}
60 :
z
s 50
c —
2
= -
© 40 ,/
° 7
2
8 : :
e 30 of
[~
[-2]
£ 20
=
) ~
g 10
F -
0 A ’
4.5

0.0 0.5 1.0 15 2.0 2.5 3.0 3.5

Thickness of unstabilized siudge at the bottom of the pond (ft)

4.0
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Appendix C-2
Cover System Calculations




Cover System Gedsynthetics

Honeywell Metropolis Works Facility Calculation Package Rev'1
© cnamariL Calculation
Calculation No.: CALC-388986-CVR-01 ' Revision No.: 1
Project: Honeywell Metropolis Works Facility (388996 HW.T6) "
En‘gineiering Discipline: Cover System Geosynthetics Date: 10/7/2010

Calculation Title & Description:

Tile; Closure Option 2b —Geosynthetic and soil. materials calculations for the cover system-of the closed surface
impoundments (Ponds, 8, C, D, and E) at the:Honeywell Metropolis Works Facility.

Desprigg';gri: This calculation package includes veneer stability, anchor trench pullout, wind uplift, and _ﬁite;
calculations for the cover system solls and geosynthetics.

Revision History:

Revision No. . Description Date Affected Pages
Previous interface friction angle for veneer stability : -
analysis was t0o conservative and not representative of
the actual case. ‘Interface strength parameters have

1 been revised. 10/7/2010 5-10
Geometry of siope was not accurate as grades have
changed slightly since original calculation was
performed. This has been revised.

Document Review & Approval:

QOriginator:  John H. Barker, P.E JAssodiate Engineer
NAME/FOSITION :

' ' 10:7:2010.
SIGNATORE —~ ‘ " T BATE.

Checked:  Jay.Dehner. P.E /Principal Project Manager
‘ NAMEPOSITION

% A)\ ’(/L-\ | ‘ , | _ 10~7~20‘1’£~\“ .

SIGNATURE[  / BATET
o4
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- . ‘Cover System Geosynthetics:
Honeywell Metropolis Works Facility Calcitation Package Rev 1

1. Objective:

The objective of this calculation is to evaluate the cover system components and determine the'
compatibility between materials (soils-and geosynthetics) as well as evaluaté constructability components.
of the cover system and determine the suitability of a pamcular aggregate size: for use in the filter layer
'wnthm the cover-system. .

2. Demg'n"Slandards and Criteria:
The following design standards were used as main references in our analyses. and development of our
recommendations:

¢ Illinois Administrative Code 742

¢ Resource Recovery and Conservation Act (RCRA) Guidance Document: Surface Impoundments,
Liner Systems, Final Cover, and Freeboard Control, July 1982

The following design criteria were considered in evaluating the cover .system components:
* Provide long-term minimization of the migration of,liquids.through the dbsed-'impoundment
e  Function with minimum maintenance
. Promote drainage and minimize erosion or abrasion of the final. cover
* Accommodate settiing-and subsidence so-that the integrity of the covér is mamtamed

* Have a permeability less-than or-equal to the permeability of any bottomn liner system or natural
subsoil present.

.3. Methodology and Assumptions:
‘The following lists assumptions made in the evaluation of the cover system:.

s Common fill within me cover system will consist of borrowed on- =site: clay and silt, with
characteristics simitar to those-shown in the laboratory testmg results prov*ded by Testing Service
Corporation, on July 27, 2009.

e The filter-layer matérial will: be tested prior to placement such’that it is free of ‘chemicals that
would leach calcium-laden:fluids when wetted.

e Design for seismic deformation is under a scenario where the lower sand layer beneath the
ponds is pamally hquefned ‘Seismic deformation causes the mass’ (covered ponds) 1o act as:a
rigid ‘block, meaning localized deformation is not ‘considered but some cracks and surface
-deformations may occur within'the mass.

~

4, Results and Conclusions
The following are our main findings based on the results of our analyses:

* During construction, the proposed slopes are stable from a veneer stability perspective. Meaning
the interface shear strength between the soil- geosynthetlcs and between different geosynthelics,
as well as the internal shear strength of the materials is suitable to support-construction loading
wnhout shpplng at the design cover slope.

° Anchor trenches for the. GCL and geomembrane liner should be sized\ at 2 feet deep by 2 feet
wide at the bottom to provide adequate pullout resistance during construction. Wind speeds in
excess of 50 miles per ‘hour may creale an uplift force that will remove the geomembrane from
the anchor-trench if the entire slope length is exposed.

o Hlinois Department of Transportation Fine Aggregate class FA1.appears 'to be suitable for the
material to be used in the filter layer; further gradation testing of the common fillshould be
completed to evaluate the filter requirements.

10/07/2010 ' Page'2 of 18




Cover Systemn Geosynlhelics
Honeywell Metropolis Works Facility ) ’ Calculation Package Rev'1

5. List of Attachments

A. Veneer Stability

‘B.  Anchor Trench Pullout and Wind Upllft
C. Filter Calculation

6. Additional References

The Aggregate Handbook. 1991.National Stone Assodiation, Washingtoni, D.C. Edited by Richard D.
Barksdale : '

Druschel, S.J., and Underwood, E.R. (1993). Design of Lining and Cover System Sideslopes.
Geosynthet/cs Q3. North American Conference Proceedings Held March 31 ~ Aprll 1, 1993, Vancouver,
British Columbia, Canada.

Koerner, R.M. 1986. Designing with Geosynthietics. 424 p. Prentice—HaII Publishing Co., Englewood Cliffs,
N.J. / :

Richardson, G.N. (2000) “Exposed Geomembrane .Covers: Part 1 - Geomembrane Stresses.” GFR
Magazine. Volume 18, Number 7,

‘«Unnted States Enwronmental Protectnon Agency (1989) @ulrements for Hazardous Waste Landf‘ I

Membrane L/ners
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o ) . Cover System Geosynthetics
Honeywell Metropolis Works. Fatcility " Calculation Package Rev 1

Attachment A

VENEER STABILITY
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Cover System Geosynihetics

~ Honeywell Metropotis Works. Facility , o . Calculation-Package Rev 1
Honeywell Metropolis Veneer Stability Calculation
‘ Cover-System Design Page 1 of 2

Method Reference: Druschel, S.J., and Underwood, E.R. (1993). "Design of Lining and Cover System
Sideslopes," accepted for publication and presentation, Geosynthetics ‘93 Conference, Industrial Fabrics
Association International, Vancouver, B.C.

The purpose of this calculation is.to evaluate the factor of safety (FOS) for the-proposed configuration.. The factor
of safety of the slope may. be varied so that the anchorage force (F,) is slightly greater than or equal to.zero.

Check Three Analysis Cases ‘
Case 1 - No equipment load, no seepage force - Target FOS = 1.5
Case 2 - Equipment load, no seepage force - Target FOS = 1.3
Case 3 - Equipment load, seepage force - Target FOS = 1.1

Task: Honeywell Cover System - Case 1
- Description: 4% cover slopes. Filter layer placed on geosynthetics is a fing
‘agagregate with drainage characteristics.

Input Variables

Cover Soil. Total Unit Weight N = 120pcf Cover Soil Thickness T, = 3ft
Unit Weight of Water. . Ny= 62.4pcf Seepage Thickness T, := Oft
. Slope:Angle A= 23deg " Slope Height H := 6ft
Soil Shear Strength Angle & = 30deg Interface Friction Angle 8= 30deg
Equipment Weight. W, =0 _l_tlf_ Low strength interface is residual internal soil.

Factor of Safety

Vary Friction Angle:tb find minimum positivé;anchorage. forcé:

Mobilized Friction Angles

- (@) i ' { tan(8) -
= AtAn| m— =1.72-deg 8, 1= atap] —— 8. =1.72de
bm, (F.os) b LT '(Fos - Pm TS
Toe Buttress
-2
) 'Yc'Tc . 4 Ibf o Lo X
Wyps ————— Wi=135% 10— weight of toe bullress soil
2-sin(3)-cos(B) ft
'Soil Cover
YT T.. o : .
Wy iz e o| = — W, = 403561520 weight of sideslope. soil
©osin(fh) 2-cos(f) ; < ft '
. J\Geotech\Calculations\Veneer Stability
\Revision 1
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Cover System Geosynthelics:

Honeywell Metropolis Works Facility ) - Calculation Package'Rev'1.
Honeywell Metropolis ’ Veneer Stability Calculation o
Cover-System-Design Page 2 of 2

Braking Force

Fy = o,3.‘wc Fb =0 Braking force equal to 30% of the equipment weight
‘ . Iy 7 e eql :
Seepage Force
2
Yw Ty ©Ibf ) o
Wy = —————— Wy =0-— weight of seepage water in tog buttress
2-sin(B)-cos(B) : ft
YT T : _ , : .
Wy = - ¥ ¥ -] Wy = o.l‘i weight of seepage water in, sideslopesoil
= ss’n([j_)' 2-cos(P) /. = ft
_ . , y ~Ibf
CFg= Wy '1an(¢m) “+ sz-cosgﬁ).-tan(ﬁm) Fg= O-ffr
Anchorage Force
W. + Wa)sin(B -8 ) Wi-sin{d .
. 2 1 Ibf e
Ea o= Fb + FS + ( C. ) ( m) _ — ( m) 'Fa = 126 — .FO»S: 19.2
cos(8pn) cos(B + dpy) fi
Check Anchorage Force
Check = if (F, >0, "OK" ,*No Good" ) ‘Check = “OK" -

Note: P, Fg Fa, and Fp, are assumed to be parallel to p

Figure. N 'Sidcslopc,\?i(h T,yp.i,cal Forces

,
Ji\Geotech\Calculations\Veneer Stability
\Revision 1 b
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L ) * CoverSystem Geosynthelics.
"Honeywell Metropolis Works,Facility Calculation Package Rev 1

Honeywell. Metropolis; Veneer Stability Calculation
‘ Cover Systern Désign Page 1.of 2

Method Referenceé: Druschel, S:J., and Underwood; E.R. (1893). "Design of Lining and Cover System
‘Sideslopes,” accepted for publication and présentation, Geosynthetics '93 Conference, Industrial Fabrics
Association International, Vancouver, B.C.

"The.purpose of this calculation is to evaluate the.factor of safety for the proposed configuration. The factor of
safety of the slope.may be-varied so that the anchorage force (F,) is slightly greater than or cqual to zero.
o k h t

Check Three Analysis Cases

Case 1 - No equipment load, no seepage force - Target FOS = 1.5
Case 2 - Equipment load, no seepage force - Target FOS = 1.3
Case 3 Eqmpment load, seepage force - Target FOS = 1.1

Task: Honeywell Cover System - Case 2
Description: 4% cover slopes. Filter layer placed on geosynthetics is a fine
aggregate with drainage characteristics.

Input Variables

Cover Soil Total Unit Weight Ve = 120pcf Cover Sail Thickness: T = 3ft
Unit Weight of Water Ny = 62.4pcf Seepage Thickness T,, = Oft
. Slope Angle ' f:= 2.3deg -Slope Height H = 6ft
Soil Shear Strength Angle: & = 30deg Interface Friction Angle: b= 30deg
Equipment Weight W, = 4400 %’L Caterpillar D6 weight divided by equipment width
0

Factor of Safety

Vary Friction Angle to find minimurmn positive anchorage force
Mobilized Friction Angles

@) L . ((tan(®) ok
o= atan( FOS ) &b, = 3.06-deg o :=fa!an( FOS ) 6m =3.06:deg’ ‘

_Tde Buttress:

2 .
N T
= # - W] =1.35x% lO4 E weight of toe buttress soll
2:5in(3)-cos(B) ft. -

Soil Cover

. 'Tc c Tcl tbf L . .
Wyo= H-—— Wy '=40356.15-— weight of sideslope:soil
sm(ﬁ) 2-cos(f}) / ft

‘ J:\Géotech\Calculations\Veneer Stability
\Revision 1
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. Honeywell Metropolis Works Facility
Honeywell Metropolis:
Cover Systern Design.

Braking Force

. P )
Fy = 0.3W, Fy, = 1320—=

Seepage Force

Cover System Geosynthetics’
. . Caiculation Package Rev 1
Veneer Stability Calculation . ‘
Page 2-of 2

braking force-equal to 30% of the equipment weight

2
Y T
Wy = ¥ ¥ Wy = o.JE-f— weight of seepage water in toe buttress .
A 2.-sin{3)-cos(P) ft. o
Yw Tw ( 'Tw | Ibf . e .
Wan. = JH- = ()-— weight of seepage water in sideslope soil
W2 sin() 2-cos(B) ) W25 ‘
B s Ibf
WW]~tan(<bm) -+ \sz-'coa_(ﬁ)-tan(ém) F —-:O-T
‘Anchora'g' e Force
W, + Wo)sin(B-08)  Wy-sin(¢ _ L
F,= Fy+ F + (We * Wa) (B~ 8n) _ (4m) F, = 345200 'FOS = 10.8
< o cos‘(lﬁm)» cos(ﬁ +,<I>m) ot o -
Check-Anchoragé Force
Check := if (F; 2 0,"OK","No Good" ) Check = FOK"

!
|

Note: P, F¢ Fg.-and Fy,-dre assumed to be parallel to §

Figur¢ 1. Sideslope with Typical Forces

J\Geotech\Calculations\Veneer Stability
\Revision 1
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Honeywell Metropolis
Cover. System Design Page 1.0f 2

Horigywell Metropolis Works Facility ] B
Veneer Stability Calculation

Method Reterence: Druschel, S.J., and Underwood, E.R. (1993). "Design of Lining and Cover System
Sideslopes,”-accepled for publication and presentation, Geosynthetics ‘93 Conference, Industrial Fabrics,
Association International, Vancouver, B.C.

‘The purpose of this calculation is*to evaluate the factor of safety for the proposed configuratib‘n. ‘The factor. of

safety of the.slope may be varied so that the anchorage force (F ) is slightly greater than or equal to zero.

Check Three Analysis Cases

Case 1 - No equipment load, no seepage force - Target FOS = 1.5
Case 2 - Equipment load, no seepage force - Target FOS = 1.3
Case 3 - Equipment load, seepage force - Target FOS = 1.1

Task: Honeywell Cover System - Case 3
Description: 4% cover slopes. Filter layer placed on geosynthetics is a fine
aggregate with drainage characteristics.

-Input-Variables

Cover Soil Total Unit Weight ~ ~_:= 120pcf Cover Soil Thickness T, = 3ft

Unit Weight of Water Yy i= 62.4pcf Seepage Thickn_e_ss ' T, = 2in

-Slope-Angle B := 2.3deg. " Slope Height: H:= 6ft

Soil Shear Strength Angle ¢ = 30deg Interface- Friction Angle 5~ 30deg

Equipment Weight W= 4400_l_t_5_f__ L - o
e Caterpillar D& weight divided by equipment. width

Factor of Safety

Vary Friction Angle to find minimuimn positive anchorage force’

Mobilized Friction Angles

o [tan(d) . A ) ai(d)) . _
Oy = atan( FOS ) ¢, = 3.12:deg 8 = alan(F—OS) 6".1 =3.12:deg
Toe Buttress
2
VT . -
Wt €< W, = 1.35% 104'}—?} weight of toe buttress soil

- 2-sin{ 3)-cos(B)
Soil Cover

YT T,
W, i LIRS -(H— ¢ ) bf .
= sin(P) | 2:cos(PB)

Ibf
£t

Wy = 40356.15- weight of sideslope soil

Cover System Geosynthetics
Calculation Package Rev 1

J:\Geotech\Calculations\Veneer StaQ_iiity

“\Revision 1
10/07/2010
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Cover System Geosynthetics

. Honeywell Metropolis Works Facifity, - ' . Calculation Package Rev 1
Honeywell Metropolis Veneer Stability Calcutation :
‘Cover System Design Page 2 of 2

Braking Force

Ibf

Fy= 03-W, Fy = 1320.7. braking force equal'to 30% of the equipment weight
‘ t
Seepage Force.
o T 2
Wy = —-—-—-l!-—w——- Wy =21 .61-1@:‘ weight of.seepage water in toe buttress
2..sin(B)~c\os(B) ft -
) Y Ty Tw Ibf ; . . .
= -t H— Wiy = 1533.26-— weight-of seepage water in sideslope soil
sin(@)_ \ 2-cos([3) < ft
e T . i Ibf
Fyi= Wy tan($p,) + Wy cos(B)-tan(8 ) Fg=84.622~~

Anchorage Force
(We + \yz)zsin(ﬁ =8n)  Wpsin(op)
COS(-Sm) - c_:os('ﬁ + ¢m)

o Tof C
Fy=2932— FOS =106
L t .

Fa :.=.Fb + FS:+

Note: Analysis considers thickness of
seepage to be 2-inches. If operations layer
is-saturated greater than 2:inches, )
equipment-access should be prevented until
operations layer has a chance to dry: .

Check Anchorage Force.

Check i~ if (F, 20,"OK"", "No'Good" ) Check = "OK"

Note: P, Fg Fg. and Fpy, are assumed to be parallel to B

‘Figure 1. Sideslope with Typical Forces

JGeotech\Calculations\Veneer Stability
\Revision 1

10/0712010- Page 10 of 18




o . Cover System Geosynthetics
Honeywell-Metropolis' Works: Facility ) : Calculation Package Rev 1

Attachment B

ANCHOR TRENCH PULLOUT AND WIND UPLIFT FORCES
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Honeywell Metropolis Works Facility

Honeywell Metropolis
Covery System Design

Anchdr Trench Liper Pullout Calculation

Page 1.0f 1

Cover System Geosynthetics
CalCulation-Package Rev 1

Method Reference: Koerner; R.M. Prentice Hall Publishing Co., Englewood CIiffs, N.J. (1998). "Désigning

with Geosynthetics.”

Purpose: Size the anchor trench'sé that the tensile strength 6f the lineris not excééded: Also-size the trench
s0'that adequate resistance is provided for wind uplift force (providedin separate calculation) '

Task: Honeywell Cover System

Description: 4% cover slope. Cover consists of GCL, 60-mil HDPE
.Geomembrane, CDN underlying 3 feet of cover soil

lngut Variables

Backfill Soil Trench Geometry
Unit weight of backfill soil: ~ = 110-pcf Depth of cover-soil: dog = 0t
Friction angle of backfill.soil: &= 30.deg Length of run out section: Lo = 0:ft
At restearth pressure: k= 1 sin(¢) Depth of an_chor-'t"rench:, dypi= 21t
Inte,rface—frict’{ion angle: 8= 30deg Length.of anchor trench: Ly, e R
Cover Soil
Unit weight:of cover soil: Yeg = 120-pef
Calculations
-Surcharge pressure:” g:=deg Ve q =0psf
Friction force below géomembrarne: Fy 1= (8)-L Ey = oﬁ
below geome D Fp=gtan(®) Ly L=0
Friction force above geomembranie: Fy=0 assumed to be negligible
Friction force on anchor trench side' F.={d__+ E Ak -tan(d)-d F. =63 SEL
: : at= {%es ¥ T |1 Kortan(0)-dy a0
- . . Ibf-
Friction on anchor trench bottom Foot = (d cst dm)ﬂ.\(-tan(é)aLa[ Fyot N:;~254T
Tension'on Liner
S - ‘ 1bf
Tp= P+ Fy+ 2F + 2-F TA=635—~

bf -

L = 1512 — based on test daté of 126 Ib/in for 60-mil, geomembrane
strength ft - d : ! . g€

Liner Strength

‘Conclusion’

Anchor forces do not exceed liner tensile strength

J\GeotechiCalculations\Anchor Trench

“10/07/2010 Page12 of 18




Cover System Geosynthetics

Honeywell Metropolis Works: Facmty _ ‘ o Calculation Package Rev 1
Honeywell Metropolis " Wind Uplift Force Calculation
. Cover System Design’ Page1of2 ..

Method Reference: EPA/625/4-89/022 Seminar Publication, Requirements for Hazardous Waste Landfill
Design, Construction,.and Closure, Chapter 3 Flexible Membrane Liners.

Method Reference: Richardson, G:N. Exposed Geomembrane Covers: Part. 1 - Geomembrane Stresses.
GFR Magazine. Volume 18, Number 7. September 2000.

Purpose: determine what action is required to counter the affect of wind forces on exposed geomembrane
liners.

‘Task: Honeywell Cover System Design

Maximum Wind Velocity v := 80mph V= 7l from-Figure 3-20,.EPA

)

Wind Uplift Pressure Se.:=(0.00124- v -psf 'Sg= 17.1-psf ‘after Richardson, 2000

Reduction Factors

Side Slopes;  f = 0.7
. Beduced Pressures
Side Slopes: fo=07 S = S Se 55 = 11.9-psf

. 88 e_ss e’ 'ss

Calculate Wind Foice 6n Side:Slopes

‘ ; 125 check maximum slope length and minimum .
Maximum Exposed Slopelength: L_:= fit length to. keep geomembrane anchored under
50 maximum wind. loading.
(1494 )
Wind Force: Fyind™= se sbs  Fying = ( 597 ).E Tension on Liner from Anchor Trench: T A= = 635 1—::-

Established'in separate .calculation

Check; = if(T A > Fying - "OK" . "No Good") ChecLL:NoGEIDd”

Checks = if (Tx > Fying ."OK" , "No Good" Checky ="
2 A wmdz‘ RN

Conclusion
Sustained wind velocity. of 80°mph will cause geomembrane to- pull out of anchor trench ‘at maximum- slope
length of 125 feet. At slope:length of 50 feet, anchor trench will.restrain geomembrane.

. \\owI\pro;\Honeywelllntematlon\388996
\Pond_Closure\Geotech\Calculations
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Cover System Geosynthetics

Honeywell Metropolis Works Fac:llty - ) . “Calculation Package Revl
Honeywell Metropolis Wind Uplift Force Calcutation '
Covér System Design _ . Page2of2

Check maximum wind sustained wind velocity that anchor trench can resist

Wind Velocity V= Somph.  V=73302
s
v\ ‘ _ :
Wind Uplift Pressure s, := [0.00124:[ — | [ -psf Se=6.7-psf after Richardson, 2000
fr )
s

Reduction Factors

Side Slopes: f._:= 0:7

S8

Reduced Préssures

Side Slopes: fs =07  Sg o= 8T Se_gs = 4-T-pst’

Calculate Wind Force on Side Slopes
Maximum Exposed Slope.Length: L= 125ft  based on maximurn'slope height of 5 feet-at 4%

Ibf Ibf.

Wind Force:  Fyoq= s és' ks Fiing =583 ? Tens:on on Liner from Anchor Trench: T. A = 035 E—
Established in separale calculation
Check) = if (T > Fying."OK" . "No Good") -cgl_c_cg‘, :0

Conclusion’
Anchor trench can restrain geomembrane from pullout under wind velocity of 50 miph.

\lowliproj\Honeywellinternation\388996
\Pond_Closure\Geotech\Calculations
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Cover ‘S’ys"te‘r_n(;eosyn'tﬁe:tic_:s

Honéywell Metidpolis Warks Faicility o " Calculalion Packsge Revt
Honeywell Metropolis Filter Calcutation
Cover System Design Page.1of 3.

Objective: Déeterming the.particle size requirements of a filter soil for usewith clay/silt at
Honeywell Metropolis site. '

Reference: Aggregate Handbook; page 12-52

"Filter soil is granular malterial to keep clay/silt from plugging composite drainage net

DS_ﬁIler = 0.lmm

DlU__I"il;cr = (L15mm

filter soil is lllinois DOT FA1 fine aggregate
Di5 fijier = O.18mm Lise lower bound sizes

DSO_ﬁllcr = 0.5mm

. Deny o
60 _filtc

Dgo filter == 0-6mm CUgler = e =4

- ' Dio_fiter

Protected soil is native claysil
D1’5_p_rorected = 0.002mm
DSO_protcc(cd = 0.02mm’ '

DSS,,plolcx_:lcd = 0.05mm

ChCCH a= iF(DIS‘-mm. SSDSS

'proteckedrﬁcmeria | =OK","Criteria| = No Good“)

Dys_filer = 0-18-mm 5: Dgs.“protected = 0-25-mm ‘Gheckl' = "Criteria | SOK" -

Check2 ;= irj(;pls_ﬁtgc, 25Dy15_protected: "Criteria 2:= OK" , "Criteria 2 = No Good" )

Dy 5_filier = 0-18mm  5-Dys orotected ™ 0.01-mm

Check = if{Dso_filierS 25'Ds0_protceted: Criteria 3. OK" ."Criteria 3 = No Good" )
DS ()_ﬁllcl’;:' ®:5:mm. 25",: DS_G.'-PI'UYectcd =0.5-mm "Check3 = "Critefia, 3"'0}( 1
Checkd := if (Ds_g)ep > 0.074mm, “Criteria 4 = OK" ,"Criteria 4 = No Good"}

Ds_ier = 0-1-mm ‘Checkd = "Ciiteria4 = OK*

Check$ == if(CUg ., <20:"Criteria § = OK" ."Ciiteria-5-= No Good” )

CUfijier =4 Check§'= "Criieria,5 = OK".,

1

JaGeotech\Calculations\FiltenFilter
Caleutation_FA1.xmc¢d’ ’
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Honeywell l\]‘igztropgliis_' Works Facility
Honeywell Metropolis:
Cover System Design

i1

Filter Galculation.

Page 2'0f'3

Covér System Geosynthetics
+ ‘Calcylation Package Rev:1

Filter soil is granular material tokeep»ciay/siltv fromplugging composite draihaga net’

DSJ“:it@r = 0.3mm

D 10 filter =" 0dimm
D 15_filter. = 0.45mm
DSO_filter = 1.2mm.

Dgg filter = 2mm

Protected soil is. native clay/silt

Dy 5_pr§tqc;ed =-0:002mm
Dso_protected = 0.02mm

Dys_protected = 0-05mm

CUfter =

Lse upper

filter soil is Winois DOT FAY fine aggregatd

und sizes

DGﬁ_ﬁl;cr =5
Dro_fileer

/

Criteria-- Check to see if filter'is adequate

Checkl = if(Djs_fijer < 5°Dgs_protecteq-” Criteria I = OK! ,*Criteria | =No Good")

D 5_filter = 0.45-mm S'DSS_pmtected:;O’zi mm

Check2 := if (Dy5_figeer 25:Dy5 protected- "Criteria2 = OK ;"Criteria 2 = No:Good" )

Check3 =.if (Dsq_gier € 25.Dso;prd‘emq."’fcria‘e'r‘id«s =0OK" ,“Criferia: 3:=Ng¢ Govo'df")‘

Dso_fitter™ -2mm  25:Dsq prorecteq = 0:5mm.

Checkd :='if (Dg_gi1er > 0.074mm, "Criteria 4 ='OK" ,"Criteria 4 = No Good” )

D5 fijter = 03 mm

Check$ i= if (€U < 20,"Criteria 5 = OK" ;"Critefia 5 = No Good")

“CUfjjeer = 5

JAGeotechiCalculations\Filter\Filter
Calculation_FA1.xmecd

10/07/2010
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Couer Syslem Geosy nthehcs

Honeywell Metropolis Works Facility Calculation Package ‘Rev 1

Honeyweli Metropolis: Filter Calculation
Caver:System Design: Page 3of &

Delermmauon - N

FAT I6wer bound is. adequate-for filtration. Theupper bound is does hot satisty Criteria’ 1 or Criteria:3:
However, The Aggregate Handbook notes that Criteiia 3 can be waivéd when the”soil 16 be.protected
is.a meditm- 10 high- p!astlcxty clay. Soii testing confirms that.on- “gite’ soil is medium: ptasmcaty
sm/clay Based on this m?ormatton and the above calculat:ons iris recommended that' llhnms DOT
fine aggregate class FA1 is-used-as the filter layer for the Honeywell cover.system.

\Geolech\CalcuIatnons\FnIter\Fnher
(’ak‘matmn FA1 xmed
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1..Objective:

The-objectives of these calculations are to size the. stormwater drainage ditches and drainage features,
including fiprap, and check the seepage height over the cover lmer with and withouit composite dralnage
.net (CDN).using the HELP Model.

’

2. Design Standards and Criteria:

CIVIL DESIGN STANDARDS AND CRITERIA

Cover Slope Criteria

General criteria- regarding cover slopes for in-place closure of surface nmpoundments were presented in
above. Additional USEPA guidance on the design and construction of RCRA/CERCLA final covers (USEPA
"1991) recommends “[a] top, vegetation/soil layer... with vegetation (or an armored top surface)and a
minimum of 60:cim-(24 inches) of soil graded at a slope between 3 and 5 percent.” The specified 4

percent cover slopes at construction will result in @ minimum cover slope of 3 percent after potentjal
differential settlement.

Additional.civii-and site grading. criteria include the following:

o Provide a minimum of '1.foot of clean common fill between the top of the stabilized CaF; matérial and
the overlying final cover systém. Limited CaF, material régrading will be.required-near the berm
crests in some aréas to meet this requirement.

« Provide positive surface water drainage from all parts of the pond covers, berm sideslopes, perimeter-

d;tches, and access roads to the controlled discharge: points, to prevent potentsal grade reversals or-
ponding.

Access Road and Security Fence Criteria

'The-following criteria are applicable to design of access roads and security fences:

«  Provide top-of-berm perimeter access roads around the ponds for. service vehiclés and eqliipment to
-access-the cover system-and other permanent features (i.e., monitoring wells, lysimeters, power and
light poles, and pond-leak-detection-system- sumps). Access roads may-be located over the edge- of
‘the final cover system with appropriate design considerations to protect the cover system, if top-of-
berim-cléarance is limited. Such roads will be located along the north side. of Ponds B:and D, and.
‘along thé Pond’'D berms common with Ponds B, .C, ahd E.

» Design access roads for lightweight or' low-ground-pressiire-type vehicles and equiprent that will be
used for inspection and routine maintenance, includinig four-wheel all-terrain vehicles, mowers; and
pickup trucks.

» Temporarily remove and replace the interior sccunty fence (i.e., during ditch construction and riprap
placement) and temporarily remove and replace segments of . the exterior fence (during culvert
construction). The contractor will coordinate requirements for additional security with Honeywell
during.such constructnon Asidé from these conditions; ensure the double security fence surréunding
the facility and project area is not dlsturbed

« Maintain security ‘access roads between the i inner and outer secunty fences around the entire
perimeter:of the project area.

Calculation 388996-SW-01, Rev. 2 Page 2 of 180




STORMWATER DRAINAGE DESIGN STANDARDS AND CRITERIA
Illinois EPA and USEPA Requirements

General, Illinois-EPA criteria regardmg dramage and erosnon protection; for.in- place closure of surface’
anmpoundments {per- 351l Adm: Code 724) do not: provide specific design storm requirements; however,
the:25-year, 24-hour design storm'is cited throughout the 40 CFR 264 regulatlon for: run-on-and- runoff ,
facilities at Subtitle C facilities. . : . AN

For this 'project, surface water features are sized to manage the 100-year, 24“hour storm without
-overtopping and to tolerate larger events without damage. Vegetated top-covers and nprap—stabmzed
ditches, berm sideslopes, and downslope drains will‘be provided to protect against erosion. Run-on is not:
a significant concern because the impoundments are elevated above: the. surroundlng Lopography. The
natural topography slopes away from the ponds into various natural dramages and to Outfall 002:

NRC Requirements’and Guidance

Guidance in NUREG 1623 for uranium:mine: tailings sites is not. dlrect!y applicable to MTW, but:NRC staff
considers: that this guidance:can be.used for any application where similar leng-term stabxllty is required.
Therefore,: various gmdance in NUREG"1623 has béen considéred for stormwater. drainage desrgn,
including the following: .

s NUREG 1623, Section 2.2.1,"Selection of Design Flood-and Precipitation: Event”:. NRC cites the use:
of the probable maximum flood for deszgn storm events related:to'mine tailing sites; whichis based
‘'on the'occurrence of-the! probable maximum precupxtatlon (PMP). The PMP is.the estimated depth of*
‘rainfall fora glven duratyon drainage. area, and time of year for. which’ ‘here is virtually no'risk of
-exceedance. The:PMP approaches and approxmates the maximum ralnfall that is physncally possxbie
within the limits.6f contem porary hydrometeorologxcal knowledge ancl technlques Natlonal
‘Oceanographic and Atmospherlc Administration (NOAA) has developed methods in the form.of
’hydrometeorologlca! reports for specific: regto ns: ITn examining Hydrometeorolognc:al Report No: 51,.

! “Probable Maximuim Precipitatidn‘Estimates, Uhited: Statés East of: the 105th Meridian"” (NOAA,. 1978),
‘the PMP is used’ pnmanly for very large drainage dreas; fmm 10 to 20;000 square miles. ‘Tables and
Cufves of. ﬂood data are’ also avaltable to; glve the maximum: ﬂoods of record |n a region; - such as -

_Creager-flood envelope curves.

Consuderatlon for design: For thlS prOJect the combined dramage basin is.on the:order: of 10,5

* acres-{or 0,016 square miles); signifi cantly less:thanthe published.charts and réports for predlctmg
‘PMP-events. However, for purposes of comparison to:the deSlgn storm‘event used for this. project, a
maximum flow rate (genefated by.a PMP event) is"calculated in the design analysis: section: below to’
arrive: at an estlmated equivalent PMP storm event using the charts and‘procedures outhned in, HMR
‘51, :

» NUREG.1623, Section 2:2.2, “Gu!ly Erosion,” and-Section 2. 2 3, “Flow Concentrat»ons and Drainage
Vthwork Dcvclopmcnt” These sections déscribe the lmportancc of prcvcntmg conccntrated dramagc
flows from.creating gullies: dunng a very Iarge desugn storm event, By desxgnmg for a !arge desngn
storm event, the more frequent smaller events will have little to: no, cumulative’ |mpact on the stabihty
‘of the cover system. The guidance states that it is unlikely that evenly distributed sheet flow will
«occur from top-to. bottom of a’slope as.flow concentrations (gullies)-can be'caused by different . ]
“actions such as differential settlement, abnormal wind erosion, ‘and/or raridom flow process and that
flow concentrations can devélop even on'carefully placed and compacted. slopes and result in -
formiation of’ nlls and gulhes -and eventually large- preferentla! flow paths. can: develop

Consideration for design: Forthis project; relatively short drainage lengths (approximately 125
feet or less) for'the vegetated.cover system are planned with a shallow graded cover crown-of 4
percent, shedding off in‘all directions:to prevent. initiation of-rills and-qullies. Riprap in‘ditches- and ‘on
berm sideslopes is designed 1o tolerate the vely largé PMP flow rates without* damage

Calculation 388996-SW-01, Rev. 2 - ' - Page 3 of 180
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® ,NUREG 1623, Appendix D, “Procedures fof Designing Riprap Erosnon Protection”: “This append:x of the,

NUREG discusses the importance of riprap as protection.from. erosion. and: the various methodsof
riprap:design. The' Safety Factors.Method,.the Stephensen Method, .and the: Abt/.‘lohnson Method are
discussed. These studies have: mdlcated that the Safety Factors. Method is.applicable for: slopes less

“than 10'percent:and: that.the Stephenson Method is. more applicable for’ slopes greater than 10,
pércent. Historic use of the'Safety Factors Method has indicated that a minimum safety. factor (SF) of
1.5*for nohprobable maximum flood appiscatnons (i.e., 100-year events) prowdes stablhty -and
protectxon Itis recommended that the riprap: th:ckness be:specified as a minimum of 1.5 tirhes the
D50 of the riprap. D50 is‘the stone dlameter for which half the material (by welght) is smaller and
half is larger.. .

Consideration.for desagn The above guidance has been mcorporated for riprap: desngn in’ ditches:
and on berm sideslopes, as described below.

Summary of Selected Design Criteria
Permanent stormwater management features have been.designed based on the following criteria.

. Design Flow. Typical:Subtitle C. design- requires the use of the 25-year, 24-hour design storm.event. For
this project the 100-yt:ar, 24-hour storm event is used to calculate the peak: flows and’ to'size dztches and
other conveyance featurés, thus providing a safety factor (freeboard) for’ the: features while- carrymg the
25-year, 24-hour storm. event ‘Consideration of the PMP event is:made and compared forvarious'
elerrients of the drainagesysterm design.: Peak flows are calculated from contrlbutmg dramages usmg “the:
Modified Rational Method . . .

Dltches Ditches will be V-shaped with-Sideslopes of 2H:1V, except for the.interior- slope 'of the exterior -
perimeter ditches, which will have: 3H:1V: slopesto match the sideslopes < of the berms The: desngn depth
‘of stormwater dstches has been determined: usmg ‘the’ foiiowmg criteriar’

' Sizeto convey the peak 100-year, 24-hour design. storm event WIthout overtoppmg, providing.
- freeboard and a safety factor to carry:the’ conventional 25- -ycar event. For interior dltchcs, design the:
ditches to convey the: 100 “year, “24-hour- de5§gn storm event below ‘the elevation of the CDN..

«  Define the ditch invert-elevation as'the top-of the riprap Iayer—-s €., flow within' the riprap.is not
considered for ditch des:gn

« Use:n =0.035 for rock-fined (riprap) ditches,

s Determine required depih for new: dnlches usmg a. lyplcal slope of.one; percent for.all mtenor/common
berm ditches, with slopes margmal!y greater ofless than'l percent in.select areas as:necessary- due:
to topographlc and cover'system:design constraints.

Rlprap Ditch riprap Bxy'is desngned to protect against erosion caused by the 100-year, 24-hour storm.
using the Safety Factors Method with-a minimum SF of 1.5, or the. PMP event with-an'SF of 1.0. Stdeslope
nprap is de5|gned using the Stephenson Method. Thickness of the riprap; layers is specified as: a
minimum of 1. 5 times the [27%

Downslope Drainage- Dltchelelscharge Points. Downslope drains and: dlscharge points; where ditches.
interface-with existing, natural drainage ravines: and gullies. (and. Outfall:002) will be. stabmzed w:th riprap:
Refer to discussion of riprap:(above) for. desugn criteria.

Culverts. Size culverts-to convey the peak: flow from the. deslgn event ( 100-year, 24<hour storny). Use

‘corrugated polyethylene pipe (such as ADS'N- -12) . w:th corrugated exterior-and smooth’ interior. Provide -
inlet and-outlet protection using riprap. .
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3. Methodology and Assumptions:

+  Referto Section 2 above:
4. Results and Conclusions

STORMWATER DRAINAGE.

Key permanent stormwater drainage and management features: mclude

»  Surface water will sheet flow off the. top final cover from each pond and either: convey into interior
ditches collocated at:the top. of common pond berms or convey via sheet flow down the berm
srdeslope riprap to exterior perimeter ditches located at the.toe of the bermis.

» Concentrated flows from the common berm ditches.will be conveyed' undér the perimeter access
rdads via culverts to the exterior. perimeter’ drtches

o Exterior perimeter.ditches will convey flows to three discharge points; as follows:
~—~ Discharge point 1 V'(DPI-}_‘WiII collect surface water runoff from parts of Ponds B, C, and E.
- Discharge point 2 (DPZ) will collect surface: water runoff from part-of Pond E

- Dlscharge point 3:(DP3;“existing Outfall 002) will collect stirface water runoff from' parts of Ponds:
. B,C andE; and all of Pond D.

Design.Analyses

100-Year, 24-Hour Design Flow Calculation. The Rational Method was used to determine the peak:
‘runoff from each-of the drainage basins as:shown in Drawung C-4. Wheh: evaluatsng the time-of
‘concentration (7¢),/the maximum T¢ calculated using overland:flow is’ approximately 2 minutes for these-
small dra:nage basrn areas and. ﬂow lengths; the custorary default 7; Liof 10 mlnutes was-used'in the
Ratiorial Method’ ca!culataon

A tunoff- coefficient of 0.95 was selected for the Rational Method stormwater runoff calculations as a.
‘conservative: measure assuming frozén: ground conditions.with httle or.fio-infi It’ ion and/or mrtral
.abstraction, 1t is assumed virtually all of the. stormwater runoff gen ’ ésrgn storm: events will
be conveyed via: dltches and.culverts to the three outfalls. A storm’ Intenstty of 7 .49 in:/hr was; used in the:
‘Rational. Methed caiculatson and is from the mtensuty duratlon-frequency (IDF) curves: (and data- tab!es)
obtained from:the nearby weather station fora 100-year: desngn ‘storm evient with:a minimum time of
concentration of 10 mmutes ) .

Based on the above, the peak flow for all contributing drainage areas is'74:93 cubic feet'per second (cfs)
~ for the 100- -year storm-event. Table 1 summarizés'the flows: from-each of the: contributing dramage
basms

TABLE 1 o .
Drainage’ Basin Flow Summary: 100-Year, 24-Hour Storm: Event:

" Time of
Area Area: Peak Flow Runoff Intensity . Concentration
. Ib . (acre) . {cfs) ‘Coefficient: (m thr), (min)

Pond B - \ '

AB. 0:49 351 0.95 749’ 10-

AB-2 018 1.26 0:95 7,49, 10
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TABLE1

DrainageﬁBasin‘Fldw Sumriary: 100-Year, 24:Hour Storm Event

Time:of

' Area Area Peak Flow Runoff Intensity Concentration

D (acie). (cfs) Coefficient (infhr) (min)
AB-3 0.31 223 0.95 {7,49 10
AB-4- 6.4 0.81 095 ' 7749 10
AB5 021 . 1.47 095 7:49 , 10
AB-6 0:26. 1.83 0.95. 7.49 10
Pond.B Total 1.56 11.11

 Pond C '
ACH 0.49 346 095 7.49 10
AC-2 0:19 135 0.95 7:49 10
AC3 0.19 132 0.95 7.49 10
AC-4. - 015 1.08 0.95. 749 10
AC:5 0:57 4,06 0.95. 749 10
‘Pond C Total 1:50 11.27
Pond D |
AD-1 ' 0.24 1:70 0:95 749 10
AD-2 025 179 0.95. 749 10
AD:3 085 6:03 $ 0,95, 7:49 10
AD4 . 026 482 095, 7:49 0
PondDTotal  1.60 11.34
Pond E .
AE- . 0:92 6.53 0.95 7.49° 10.
AE2 0:63 452 0.95 7.49 10
AE-3 037 2.62 0.95- 7.49 10
AE4 1:08 7.67 0.95. "7.49 10
‘AE-5 0.66 4.69 0:95 7.49 10
AE® 133 9:46 0.95 7:49 0
AE-7 0:80 5.72 0.95 7.49 10
Pond E Total “5.79 41,21
Project Total 10.54° 74.93
6
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PMP Flow Calculation; Based on NRC guidance.i in NUREG 1623, theoretical maximum ditch flow: rates.
are calculated based ‘on the PMP for comparison to the" design stormi event (100-year, 24-hour storm)
Consideration of the PMP iS ot requn‘ed by the Illincis EPA.

Hydrometeoro!oglcal Report No. 51 (NOAA 1978) ‘contains PMP chatts: (F:gures 18-through-47) for:

4 dralnage basins between 10 and 20,000 square iiles and for.storm durations from 6 to 72 hours. FoF this
_projéct, the combined drainage basin is on the-order of only-10.5 acres (or 0:016 square mlles), which is:
significantly less.than the published.charts and reports provided: for typical PMP determinations. In the

‘absence .of having a chart available- for the pro;ect drainage basns size, extrapolanons were made from
Figures: 18 through 47 1o create curves to estimate the PMP- for-a 1~ Q;quare mile. drainage area (mmlmum
drainage basin.size for extrapolatlon) This.results in a maximum precxpctatnon of 28 inches over the 10-
minute:storm.event, compared to:1. 25 iriches over 10-minutes for the 100-year-storm event:

Vin ‘the event:of'a- PMP ‘the- ‘drainage system designed. forthe pond iclosure. system would be. qunckly ]
flooded.-Stormwater would overtop the interior common berm dltch crests-and back up | flow over‘the 4
percent vegetated top’ slopes: priof to natural relief-over the berm 51deslope nprap. Stormwater would.
alsg overtop the berm-perimeter ditches and flow. into the Rearby drainages. Runoff from the PMP 'wouild
be- -expected to primarily flow overland to discharge points (DPS) 1,.2,. and'3; and eventualty offsite-
through the natural dramage ravines to the Ohio _River.

‘Even though the PMP. event- would flood the drainage system, it would not be expected to cause’
permanent: damage to the drainage feature’s nor exposure*of the: stabilized CaF; material. As: described
‘below, riprap;on the: berm sideslopes and ditcheés is sized to withstand the P "

Ditch: SIZlng Ditches were sized using the design criteria: presented in’ Sectvon 2., The Ratiopnal Method
‘was used to-calculate the stormwater runoff. peak flow rate- conveyed in:each ditch. The flow for-each
ditch was then inserted into FlowMaster, which is-a software: package that uses the'industry-standard,
open-channel Manning’s Equation to’ solve for the minimum ditch depth with given inputs of flow rate,
fdltch cross-sectlon ditch sideslope’ geometry, ditch s!cpe -and’ Mannmg s nvalue (based-on dttch
froughness)

The associated-minimum ditch depths are summarized in Table: 2.

TABLE 2 ‘

Ditch Flows and- Desngn Summary: 100-Year, 24-Hour Storm Event.

N

‘ ‘Minimum )

Conveyance Ditch. No. Ditch Depth (ft) Average:Slope (ftift) :Ditch Total Flow (cfs)
“per 222 o 0.01 41.70
DP1:1 ' 1.27 0:01 9.46
DPi2 ' 202 001 3224
DP1:3 l 1.87 ' 001 - ‘ 26.52
DP1-4 423 ' o0t . ' 8:58
DP1:5 1:37° 001 ©1144,
DP1-6 0.85° 0.01 3418
DPi-7 0:99 0.01 Coan
DP1-8. : : .0.68: > - 0.01 ; 1.26
. DP2 1.41 v 0:01 12.36
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TABLE2

 Ditch Flows and Design:Summary: 100-Year, 24-Hour Storm.Event

Conveyance Ditch No. . Ditiﬂt:r;;?;;?(ft) " Average Slope (fUft)  Ditch Total Flow (cfs)
OP2-1 ' 0.98 . 0.01 ' 4.69
D22, 1:18 10,01 7.67
DP3 1.74 0.01 2087
DP3:1 187 0:01 1643
DP3-2, 0:96 001 444
DP3:3! 1.32 o0t 10.40
DP3-4 123 oo 861
DP3:5 0.81 oot 2.79
DP3:6 072 0.01 2.23
Total 74.93

Culverts- Sizing. Culverts:were sized based on the desagn criteria presented in-Section'2 above. The,
culverts: weré: snzed ‘based-6n the’contributing ditch flows as prevnous!y ‘described. The-ciilvertisizing was
done usmg the HY8 software’ package distributed by the Federal Hgghway Adinistration (FHWA). The

,calculated floy

rate for each culvert was imported into the HY8 program ‘&along w;th the geometry: of the

culvert:and the inlet and outlet channéls: The culvert: deS|gn method used in the. HYB program:is based
on-the use of desngn charts and normographs. These, charts and: nomographs are'in. ‘turn based on data
from numerous hydrauhc tests and on theoretical calculations. Table:3-summarizes the associated.culvert -

sizes.

“TABLE3

Cuivert Sizing Summary

N

~ CulvertiD Design Flow (cfs)

‘Design Diamgter (in.)

-
c2
c3
C4
c5
[ol]
cr
C8
c9
10

8.58
3.18
1.26
444
a6

20,87

20.87

12:36"
44.70.

223

24
12.
12
i8
24.
30 -
230
B} 24.
42
i2
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Riprap Sizing. Preliminary design of the riprap slope protection was performed using the criteria
presented in-Section-2. The riprap sizing is summarized in Table 4.

For the interior ditches, riprap sizing in Table-4.is based on a maximum flow depth equal to. the'top of the
ditch with no freeboard below the cover system CDN elevation.(for the lod-year 24-hour storm),. and for-
flow depth-equal to the top of the cover system: for the PMP event. A SF of 1.5 is-applied to the 100-year,
24-hour ‘storm, while a SF of 1.0 is applied to the PMP event. Due to the difference’in the applied SF, the

ditch riprap sizes calculated for the PMP are smaller than the riprap sizes calculated for the 100- year 24-

hour storm, as shown in Table 4.

TABLE 4
Riprap.Sizing Summary
Horeywell-Metropolis Works Surface Impoundment Closure Engineering Report
‘Location Storm Event ,D‘m(in.')' Riprap Layer Thickness'(in.) ‘
Interior berm.ditch 100-year 16 24
’ PMP SN 16.5
‘Exterior perimeter ditch 100-year 26 39
PMP 18 27
Sideslopes. 100-year 4 : 8
PMP 12 24

* Riprap-size based ona SF of 1.5 for the 100-yesr event and 1.0-for the PMP.event..

As descnbed in NUREG 1623, the PMP event “approximates the maximum rainfali that is physically
possible within the | limits.of contemporary hydrometeorological knowledge and techniques.” By this.

defi mtlon the'riprap. 'sizing based on the PMP-event and an'SF of 1.0 is considered conservative for riprap
design u.,lng the Safety Factors Method..

The interior berm and exterior perimeter ditch rlprap sizes.based on the 100—year 24 hour. ';torm and a,
SF of 1.5 are;unreasonably large (Table 4). For éxample; the D fiprap size: ‘based:on the 100-year event
is larger than'the calciilated riaximum flow depth in the ditches: The PMP is the:storm. event for which
‘there is'essentially no isk of exceedance at any recurrence ihterval;: therefore, the. riprap. sizing derived
from the PMP .as listed in Table 4 is- considered sumqent to manage all storms.at the site and is therefore
used as’ the desngn basis for nprap sizing,

The ditch riprap results in Table 4 are-based on thé most consérvative flow rate for each ditch typé.
Riprap size and layer thickness will be optimized on an individual basis for.each ditch segment during’
final desngn Alternate erosion control methods (other than. fiprap) may be considered dunng final design,
if they can be demonstrated to provide equivalent long:term protection-as riprap. Any significant
modifications to the. proposed closure approach, including alternatives to riprap, would be submitted:to
Iliinois-EPA-and.NRC for approval prior to.construction.

Drainage Layer Analysis and HELP Modelmg The:seepage head over'the cover system geomembrane
can be controlled by limiting infiltration into the cover materials and by maximizirig the hydraulic ‘Capacity
of the final cover drainage layer. To discourage biointrusion from burrowing mamimals, the’ selected final
cover includes a 12-inch-thick granular filter/drainage layer beneath the vegetated support, layer. The
underlying CDN.is used in conjunction with the granular fi Iter/drainage layer to drain the cover.

The drainage layer will have sufficient capacity to convey infiltration off the cover without _allowmg' the
maximum head buildup to exceed the thickness of the filter/drainage layer (12 inches). Moedeling.was
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performed using the U.S. Army Corps of Engmeer 5. Hydrologic Evaluation of Landfill Performance model,
version 3.07 (HELP), a.quasi-two-dimensional, deterministic computer. model.

Input data required for the HELP model includes climatological data representative of the snte .
{precipitation, temperature, solar radiation, and evapotranspiration) and soil and landfill desugn data.
Climatological information, including average annual precipitation and temperature, was obtained from a
‘weather station in neaiby Paducah, Kentucky (Statxon 156110), approximately 10. miles from the site. For

" other HELP inputs (evapotranspiration data-and solar radiation intensity), the default information in the
HELP model! for nearest preloaded HELP model city (St. Louis, Missouri) was used. The analysis was
performed using the 100-year, 24-hour storm for Paducah of 7.42 inches of rainfall.

HELP modeling was performed to determine the estimated amount of seepage head over the-
geomembrane liner and to verify that the-head will stay below the top of the 12-inch filter/drainiage: layer.
The analysis also compares the predicted head with and withotit, the use.of a CDN' fo. evaluate the
conservatism of the design.

Representative propesties of the covér system materials were sélectéd from the HELP model, Wthh
provides an extensive database of recomimended typical soil and waste properties cross réferenced to the-
Unified Soil Classification System. Classification and. soil parameters most closely matching the antmpated
-or actual layer type were selected from the HELP model’s soil matrix options. Table 5 presents-a
summary of the HELP model input parameters,

TABLES
HELP Modeling Parameters Summary

Classification

) Saturated
Soil Total Field ‘Wilting  Hydraulic
) ) Thickness Texture tayer  Porosity: Capacity Point:”  Conduictivity: :
Layer Déscription {inches) No.* Type®  (volivol) {volivol) (volivol) {cmisec)
Topsoil/ivegetation support 24 12 1 0417 0:342 -0:210¢ ’ 4:2.% 10
Tayer? ’
‘Granular filter/drainage 12 21 2 0.397 0:032 0.013: f0.02°
' Iayer .
‘CDN 0.25 20 2 -0.850 0.010 0.000;" 200
HDPE géomembrane- 0'06 35 4 — o y 200% 106"
GeL 0.25 7 3 0750 0747 0400 3040

" ""HELP soil texture number for standafd’séil and geosynthenc\matenal characteristics. HDPE geomembrane 35.ssilty clay-=%
12;, composite. drainage layer(CDN),=:20, bentonite mat = 17 (also known:as-a geosynthetic: clay liner, GCLY.

"HELP layer type and function: (b vertical percolation: Iayer (2) lateral drainage layer, (3) bairier 5oils, and:(4) geomembrane’
finers. ’
€ For this. analysis; the topscil and vegetation supportlayer were taken tobe essentially the same material in terms; of soil-

cha ractensms .Soit texture no. 12 is Toi UCSC clayey (CL) soil types.

“The HELP model defaun for soit texture no. 21 (gravel). hydraulic conductlwty was modified as explained below.

For the granular filter/drainage layer, a standard,IDOT‘-aggregate FAL was chosen. The hydraulic
conductivity of the filter/drainage layer was estimated using.Hazen's equation:
Kiemys) = €% (Dro) ‘
where:
K = hydraulic conductivity (cm/q)

C = coefficient of 0.8'to 1.2 (a value of 1.0'is commionly’ used)
Dy = diameter for which only 10 percent of the particles.are finer (0.20-mimn)

\
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This resulted in"a_hydraulic. conduciMfy of 0.04 cm/s. A conservathé'\)é’lue of 0.02 ecm/s was used to.
account for fines that. ‘may be in the-material upon placement or that may migrate into'the layer during
the-life of the: cover therefore potcntlally reducing the pcrmcablilty of the media.

Results:of the HELP model indicate the head on the liner will not exceed 12 inches as a result of the. 100-
year, 24+ hour storm. The estimated ‘head buildup is 11.9 inches if a CDN is not included and less than 1
inch'if a CDN'is included. The design currently includes the use.of a CDN in conjunction with the
filter/drainage layer to provide system redundancy.

5. List of Attachments

e Calculations:
o Drainage and Ditch Sizing Calculations
PMP-Calculation Estimates
Riprap Sizing Calculations.
Culvert Sizing Calculations
Filter Layer Hydraulic Conductivity Estnmate Calculatlons
HELP Modeling Calculations (With and without CDN)

00000

6. Additional References-

NOAA (National Oceanic and Atmospheric Administration). 1978. Probable Maximurmn Precipitation
Estimates, United States Fast of the 105th Meridian. Hydrometeorolog:cal Report No. 51. Available at
‘http://www.weather.gov/oh/hdsc/PMP_documents/HMRS1. pdf:

NRC. 1988: NUREG/CR-4651.. Development of Riprap Design Criteria by Riprap Testing. in F/umes Phase
1T, Follow-up Investigations.

NRC: 2002. NUREG:1623." Design of Erosiori Protection for Loing-Terriv Stabilization. Final REport;

11
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S
DitchTotal Flows

Discharge Point 1

DP1-8

Flow from A (AC) Q(cfs)
AB-2 0.18 1.26
Totals 018 1.26
DP1-7

Flow From A (AC) Q(cfs)
DP1-8 0.18 1.26
AB-1 ' 049 351
Totals 0.67 4.77
DP1-6

Flow from A (AC) Q(cfs)
AB-6 0.26 1.83
AC-2 0.19 1.35
Totals 045 3.18
DP1-5

FlowFrom A(AC) Q(cfs)

' DP1-6 045 318
DP1-7 0.67 477
AC-1 049 3.46
Totals 1.61 11.41
DP1-4 .

Flow From A (AC) Q/(cfs)
AC-5 0.57 4.06
AE-2 : 0.63 452
Totals 120 8.58
DP1-3

Flow From A (AC} Q(cfs)
DP1-4 1.20 858
DP1-5 161 1141
AE-1 0.92 6.53
Totals 3.73 26.52
DP1-2

Flow From A (AC) Q({cfs)
DP1-3 3.73 26.52
AE-7 080 5.72
Totals © 453 32.24
DP1-1

Flow From A (AC} Q(cfs)
AE-6 133 946
Totals -1.33 946
DP1

Flow From A({AC} Q({cfs)
DP1-1 133 946
DP1-2 4.53 32.24
Totals . 5.86 41.70

Calculation 388996-SW-01, Rev. 2

Discharge Point 2
DP2-2
Flow From A (AC) Q(cfs)
AE-4 108 7.67
Totals 1.08 767
DP2-1
Flow From A (AC) Q(cfs)
AE-S 0.66 4.69
Totals 0.66 4.69
DP2
Flow Ffrom A (AC) Q/(cfs)
DP2-1 0.66 4.69
DP2-2 108 7.67
- |Totals 1.74 1236
e

’

Discharge Point 3
DP3-6 -
Flow From A(AC) Q(cfs)
AB-3 031 223
Totals . 031 223
DP3-5
Flow From A (AC) Q(cfs)
AB-5 0.21 1.47
AC3 0.19 1.32
~ Totals 040 279
DP3-4
Flow From A (AC) Q(cfs)
AD-1 0.24 1.70
AC-4 0.15 1.08
AB4 011 081
DP3-5 0.40 2.79
DP3-6 0.31 2.23
Totals 121  8.61
DP3-3 :
Flow From A(AC) Q/({cfs)
DP3-4 1.21 8.61
AD-2 0.25 1.79
Totals 1.46 10.40
DP3-2
Flow From A(AC) Q/(cfs)
AD-4 © 026 182
AE-3 0.37 2.62
Totals 0.63° 444
DP3-1
Flow From A (AC} Q/cfs)
DP3-3 146 10.40
AD-3 0.85 6.03
Totals 231 1643
DP3
Flow From A (AC) Q/(cfs)
DP3-1 2.31 16.43
DP3-2 " 0.63 4.44
Totals 294 20.37].
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Project Description

Worksheet DP1

Flow Element Triangular Char
Method Manning's Forrr
Solve For Channel Depth
Input Data

Mannings Coeffic 0.035

Slope " 010000 f/#t

Left Side Slope 200 H:V
Right Side Slope 2.00 H:V
Discharge 41.70 cfs
Results

Depth 222 #

Flow Area 9.9 #2

Wetted Perimi 9.93 ft

Top Width 8.88 ft

Critical Depth 1.93 f#

Critical Slope 0.020948 ft/ft
Velocity 4.23 s
Velocity Head 0.28 ft
" Specific Energ 250 #

Froude Numb: 0.71

Flow Type  Subecritical

c:\...\sw calcs\ditches\honeywell.fm2

09/23/10 05:00:44 PM

Calculation 388996-SW-01, Rev. 2

DP1

Worksheet for Triangular Channel

Academic Edition

© Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA

(203) 755-1666

Project Engineer: CH2MHILL

FlowMaster v6.1 [6140]}
Page 1 of 1
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DP1-1
Worksheet for Triangular Channel

Project Description . -

Worksheet DP1-1

Flow Element . Triangular Char

Method Manning’s Fonr

Solve For Channel Depth

Input Data

Mannings Coeffic 0.035

Slope 010000 fvit .

Left Side Slope 2.00 H:V
Right Side Slope  2.00 H:V

Discharge 9.48 cls

Results

Depth 1.27 #t

Flow Area 3.2 #2

Wetted Perimi 569 -
Top Width 5.09 it

Critical Depth  *~ 1.07 #

Critical Slope  0.025530 ft/ft

Velocity 2.92 tis

Velocity Head 0.13 ft
Specific Ener¢ 141 #t
Froude Numb. 0.64
Flow Type  Subcritical

) : Project Engineer: CH2MHILL
c:\...\sw calcs\ditches\honeywell.fm2 Academic Edition . . FlowMaster v6.1 [6140]
09/23/10 05:01:18 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  {203) 755-1666 Page 1 of 1
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Project Description

Worksheet bP1-2

Flow Element Triangular Char
Method Manning's Forr
Solve For Channel Depth
Input Data

Mannings Coeffic 0.035

Slope 010000 fVit

Left Side Slope 200 H:V

Right Side Slope  2.00 H:V
Discharge 32.24 cfs
Results

Depth 2.02 ft

Flow Area 8.1 fi2

Wetted Perims 9.02 1t

Top Width 8.07 ft

Critical Depth 1.74 f

Critical Slope 0.021680 fi/ft

Velocity 3.96 fi/s

Velocity Head ~ 0.24 ft
Specific Energ 2.26 ft
Froude Numb 0.70
Flow Type  Subcritical

c\..\sw calcs\ditches\honeywell.fm2
09/23/10 05:01:44 PM

Calculation 388996-SW-01, Rev. 2

DP1-2
Worksheet for Triangular Channel

" Academic Edition

© Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA

(203) 755-1666

Project Engineer: CH2MHILL
FlowMaster v6.1 [6140]
Page 1 of 1
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DP1-3
Worksheet for Triangular Channel

Project Description -

Worksheet DP1-3

Flow Element Triangular Char

Method Manning’s Forr

Solve For Channel Depth ,
Input Data

Mannings Goeffic 0.035

Slope 010000 ft/ft

Left Side Slope 200 H:V
Right Side Slope  2.00 H:V

Discharge 26.52 cfs

Results

Depth 1.87 ft

Flow Area 7.0 ft2

Wetted Perim 8.38 fi

Top Width 7.50 ft

Gritical Depth 161 1t v
Critical Slope  0.022252 fy/ft

Velocity 3.77 ts

Velocity Head 0.22 fi
Specific Energ . 210 ft
Froude Numb- 0.69
Flow Type  Subcritical

) Project Engineer: CH2ZMHILL
c:\...\sw calcs\ditches\honeywell.fm2 Academic Edition FlowMaster v6.1 [6140}
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DP1-4

‘Worksheet for Triangular Channel

Project Description

Worksheet DP1-4

Flow Element Triangular Char
Method Manning's Forr
Solve For Channel Depth
Input Data

Mannings Coeffic 0.035 .

Slope 010000 fv/ft

Left Side Slope 2.00 H:V
Right Side Slope  2.00 H:V
Discharge 8.58 cfs
Results

Depth 1.23 #

Flow Area 3.0 it?

Wetted Perimi’ 5.49 #t

Top Width 491 fi

Critical Depth 1.03 ft

Critical Slope 0.025865 fuft

Velocity 2.85 fis
Velocity Head 0.13 ft

Specific Energ 1.35 ft

Froude Numb 0.64 ,
Fiow Type  Subecritical N

e\ \sw calcs\ditches\honeyweil.frﬁz .
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DP1-5
Worksheet for Triangular Channel

Project Description : i . : -

Worksheet DP1-5 ‘
Flow Element *©  Triangular Char

Method ~ Manning's Fonr

Solve For Channel Depth

Input Data

Mannings Coeffic 0.035

Slope 010000 fv/it

Left Side Slope 2.00 H:V ) ] ) o .
Righ’l_ Side Slope 2.00 H:V . ' <

Discharge - 1141 cfs

Resulis

Depth 1.37 f#t

Flow Area 3.7 fi2

Wetted Perim: 6.31 ft ) N
Top Width 5.46

Critical Depth - 1.15 f#t

Critical Slope 0.024900 fv/it

Velocity 3.06 fi's

Velocity Head * 0.15 it
Specific Energ 151 fi
Froude Numb- 0.65
Flow Type  Subcritical

s
t
(
t
' Project Engineer: CH2MD-11LL
c:\..\sw calcs\ditches\honeywell.fim2 . Academic Edition ' ~ FlowMaster v6.1 [6140]
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: ' DP1-6
Worksheet for Triangular Channel

Project Description

Worksheet DP1-6 . .
Flow Element Trangular Char

Method Manning’s Fonr

Solve For Channel Depth

Input Data

Mannings Coeffic 0.035

Slope 010000 fU/ft

Left Side Slope 2.00 H:V
Right Side Slope  2.00 H:V

Discharge . 318 cls
Results

Depth 0.85 ft

- Flow Area 1.4 {2
Wetted Perimi 3.78 ft
Top Width 3.38 ft
Critical Depth 0.69 f
Critical Slope 0.029524 f/ft
Velocity 2.22 s

Velocity Head 0.08 #
Specific Energ 0.92 ft
Froude Numb- 0.60
Flow Type  Subcritical

c:\...\sw calcs\ditches\honeywell.fm2 Academic Edition :
09/23/10 05:03:12 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666
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DP1-7
Worksheet for Triangular Channel

/

Project Description

Worksheet DP1-7

Flow Element Triangular Char

Method Manning's Fonr \
Solve For Channel Depth

Input Data

Mannings Coeffic 0.035

Slope 010000 fUit

Left Side Slope 2.00 H:V
Right Side Slope  2.00 H:V

Discharge AT77 cfs
Restlts

Depth 0.99 ft
Flow Area 19 fi2
- Wetted Perim 441 fi
Top Width 3.94 ft .

Critical Depth 0.81 ft
Critical Slope 0.027971 fUft
Velocity 2.46 fi/s i
Velocity Head 0.09 ft '

Specific Energ 1.08 ft

Froude Numb 0.62

Flow Type  Suberitical

Project Engineer: CH2ZMHILL
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DP1-8

Worksheet for Triaﬁgular Channel

Project Description

Worksheet DP1-8

Flow Element Triangular Char
Method Manning's Forr
Solve For Channel Depth
Input Data ]

Mannings Coeffic 0.035

Slope 010000 f/ft

Left Side Slope 2.00 H:V
Right Side Slope 1.00 H:V
Discharge 1.26 cfs
Results

Depth 0.68 ft

Flow Area 0.7 f2

Wetted Perim 248 ft

Top Width 2.04 #

Critical Depth 0.54 ft

Critical Slope 0.035986 ft/it
Velocity 1.82 fs
Velocity Head 0.05 ft

Specific Energ 0.73 ft

Froude Numb. 0.55

Flow Type  Subcritical

c:\...\éw calcs\ditches\honeywell.fm2
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.

DP2 -
Worksheet for Triangular Channel -

Project Description

Worksheet DP2

Flow Element Triangular Char

Method ' Manning's Forr e
Solve For Channel Depth

Input Data N

Mannings Coeffic 0.035

Slope 010000 fvit

Left Side Slope 200 H:V
Right Side Slope  2.00 H:V

Discharge 12.36 cfs
Results

Depth 1.41 fi
Flow Area 4.0 fi2
Wetted Perimy 6.30 ft
Top Width 5.63 fi
Critical Depth 119 ft
Critical Slope 0.024636 fi/ft
Velocity 3.12 fs

Velocity Head 0.15 fi
Specific Energ 1.56 ft
Froude Numb- 0.66
Flow Type  Subcritical

: Project Engineer: CH2MHILL
c:\..\sw calcs\dilches\honeywell.fm2 Academic Edition FlowMaster v6.1 [6140]
09/23/10 05:04:15 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1
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Project Description

Worksheet DP2-1

Flow Element Triangular Char
Method Manning's Forr -
Solve For Channel Depth
Input Data

Mannings Coeffic  0.035

Slope 010000 fu/ft

Left Side Slope 200 H:V
Right Side Slope  2.00 H:V

Discharge 4.69 cis
Results

Depth 0.98 fi
Flow Area 1.9 fi2
Wetted Perimu 438 ft
Top Width C o392 ft
Critical Depth 0.8t ft
Critical Slope 0.028034 f/fit
Velocity 2.45 fifs

Velocity Head 0.09 ft
Specific Energ 1.07 ft
Froude Numb 0.62
Flow Type  Subcritical

09/23/10 05:04:41 PM

c:\..\sw calcs\ditches\honeywell.fm2
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DP2-2 v
Worksheet for Triangular Channel

Project Description

Worksheet DP2-2

Flow Element Triangular Char

Method Manning's Forr

Solve For Channel Depth

Input Data

Mannings Coeffic 0.035 : -
Slope: : 010000 fvit

Left Side Slope 2.00 H:V
Right Side Slope  2.00 H:V

Discharge 7.67 cfs
Results

Depth 1.18 #t
Flow Area 2.8 ft2
Wetted Perimi 5.26 ft
Top Width 471 ft
Critical Depth 098 i
Critical Slope 0.026254 fU/ft
Velocity 277 Ws

Velocity Head 0.12 ft

Specific Energ 1.30 ft . *
Froude Numb 0.64

Flow Type  Subcritical

) ' . Project Engineer: CH2MHILL
c:\...\sw calcs\ditches\honeywell.fm2 Academic Edition - FlowMaster v6.1 [6140]
08/23/10 05:05:02 PM © Haestad Methods, Inc. 37 Brookside Road - Waterbury, CT 06708 USA  (203) 755-1666 Pags 1 of 1
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DP3
Worksheet for Triangular Channel

Project Description

Worksheet DP3

Flow Element

Triangular Char

Method Manning's Formr
Solve For Channel Depth
Input Data

Mannings Coeffic 0.035

Slope 010000 ft/ft
Left Side Slope 2.00 H:V
Right Side Slope  2.00 H:V
Discharge 20.87 cfs
Results ]

Depth . 1.71 &
Flow Area 5.9 fi2
Wetted Perim 7.66 ft
Top Width 6.85 ft
Critical Depth 147 #
Critical Slope 0.022974 fvft
Velocity 355 ft/s
Velocity Head 0.20 ft
Specific Ener¢ 1.91 #t

Froude Numb- 0.68
Flow Type  Subcritical

c..\sw calcs\ditches\honeywell.fm2
09/23/10 05:05:25 PM .

, , . Academic Edition
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‘ DP3-1-
Worksheet for Triangular Channel

Project Description .

Worksheet DP3-1
Flow Element Triangular Char
Method Manning's Forr
Solve For Channel Depth
Input Data
Mannings Coeffic 0.035 , v
Slope 010000 fi/ft
_ Left Side Slope 200 H:V
Right Side Slope  2.00 H:V
Discharge 10.47 cfs )
Results )
Depth 1.32 #t
Flow Area 3.5 it?
Wetted Perim 592 #
Top Width 5.29 ft
Critical Depth 191 #t
Critical Slope 0.025187 fv/ft .
Velocity 2.99 fils
Velocity Head ~ 0.14 ft,
Specific Energ 1.46 ft ‘y
Froude Numb- 0.65
Flow Type - Subcritical
1
- o Project Engineer: CH2MHILL
c\...\sw calcs\ditches\honeywell.fm2 Academic Edition FlowMaster v6.1 [6140] .
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DP3-2 :
Worksheet for Triangular Channel

Project Description

Worksheet DP3-2

Flow Element Triangular Char

Method Manning’s Forr ‘ -
Soive For Channel Depth '

Input Data )

Mannings Coeffic - 0.035
Slope 010000 fi/ft
Left Side Slope 2.00 H:V
Right Side Slope  2.00 H:V

Dischamge 4.44 ctfs
Results

Depth '0.96 i
Flow Area 18 12
Wetted Perim 4.29 ft
Top Width 3.84 fi
Critical Depth 0.79 f
Critical Slope 0.028239 /it
Velocity 241 f/s

Velocity Head 0.09
Specific Energ 1.05 ft
Froude Numb 0.61
Flow Type  Subcriticat

’ i . i Project Engineer: CH2ZMHILL
c:\..\sw calcs\ditches\honeywell.fm2 Academic Edition FiowMaster v6.1 [6140]
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DP3-3
Worksheet for Triangular Channel

.Project Description

Worksheel . DP3-3

Flow Element Triangular Char

Method Manning's Form '
Solve For Channel Depth

Input Data

Mannings Coeffic 0.035

Slope 010000 fi/ft

Left Side Slope 200 H:V
Right Side Slope  2.00 H:V

Discharge 16.43 cfs
Results

Depth 1.57 #t
Flow Area 4.9 fi2
Wetted Perim 7.00 ft
Top Width 6.27 ft
Critical Depth 1.33 ft
Critical Slope - 0.023718 #/ft
Velocity 3.35 s

Velocity Head 017 f
Specific Ener¢ 174 1
Froude Numb 0.67
Flow Type  Subcritical

. Project Engineer: CH2MHILL
c\.. \sw calcs\ditches\honeywell.fm2 : Academic Edition FlowMaster v6.1 [6140] ‘
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-DP3-4
Worksheet for Triangular Channel

Project Description

Worksheet DP3-4

Flow Element Triangular Char
Method Manning's Fomr
Solve For Channel Depth
Input Data

Mannings Coeffic 0.035 )
Slope 010000 f/ft

Left Side Slope 2.00 H:V .
Right Side Slope  2.00 H:V
Discharge 8.61 cfs
Results

Depth 1.23 fi

Flow Area 3.0 fi2

Wetted Perim 550 ft

Top Width 4.92 ft

Critical Depth 1.03 ft

Critical Slope 0.025853 fu/ft
Velocity 285 s

Velocity Head 0.13 ft

Specific Energ 1.36 ft

Froude Numb: 0.64
Flow Type  Subcritical

e sw calcs\ditches\honeywell.fm2
'09/23/10 05:06:53 PM

Academic Edition
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DP3-5
Worksheet for Triangular Channel

Project Description

Worksheet DP3-5

Flow Element Triangular Char

Method Manning's Formr

Solve For Channel Depth

input Data

Mannings Cosffic 0.035 . )
Slope 010000 fUft

Left Side Slope 2.00 H:V
Right Side Slope 2.00 H:V

Discharge 2.79 cis

Results

Depth 08t #t

Flow Area 1.3 ft2

Wetted Perimi 3.60 ft

Top Width 322 ft

Critical Depth 0.66 ft !
Critical Slope 0.030044 ft/it

Velocity 2.15 fis

Velocity Head 0.07 ft
Specific Ener¢ 088
Froude Numb: 0.60
Flow Type  Subcritical

Project Engineer: CH2MHILL
c:\...\sw calcs\ditches\honeywell.fm2 Academic Edition FlowMaster v6.1 [6140]
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DP3-6

‘ , Worksheet for Triangular Channel
Project Description
Worksheet DP3-6
Flow Element Triangular Char
Method Manning's Formr
Solve For Channel Depth ,
Input Data

Mannings Coeffic 0.035
Slope 010000 fV/ft
Left Side Slope 200 H:V
Right Side Slope  2.00 H:V

Discharge 2.23 cfs ‘

Results

Depth . 074 1t

Flow Area 11 #2

Wetted Perim 3.31 ft

Top Width 2.96 ft . .
Critical Depth 0.60 ft

Critical Slope 0.030955 f/ft

Velocity 2.03 fs

Velocity Head 0.06 ft
Specific Energ 0.80 ft
Froude Numb 059
Flow Type Subcritical

. X Project Engineer: CH2MHILL
c:\..\sw calcs\ditches\honeywell.fm2 Academic Edition FlowMaster v6.1 [6140)
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( N - Stormwater Drainage

Calculations

PMP Calculation

Estimate
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PMP Calculation Using the charts in HMR 51 (Steps from Section 5)

All-season PMP (inches) for Metropolis, lllinois {5.a & b)

Duration Drainage Area (square miles)
{hours)- 10 200 1000 * 5000 10000 20000
' 6 28.7 21 15.5 9.2 7.1 5.1
12 34 25.2 19.2 13 10.3 8.1
24 36.2 27.3] 21.8 15.2 12.6 10.3
438 a0 30.5 25 18.6 15.9 134
72 42 32.4| 26.5 20.2 17.6 15

Ref: Hydrometorological Report No. 51, Probable Maximum Precipitation
Estimates, United States East of the 105th Meridian (HMR 51)

100000

10000

1000

100

Drainage Area (square miles)

10

Depth vs. Area (5.c)

0 5 10 15 20 25 30

All-Season PMP (inches)

35
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==fe==24 hour
~>¢=48 hour
=ie=72 hour
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{nterpolated from the Depth vs. Area graph:
All-season PMP (inches) for 1 square mile Drainage Area (5.d)

Duration PMP
(hours) | (inches)
6 35
12 40
24 43
48 47
72 S0
Depth vs. Duration (5.e)
80
70 — - : 4

50 ,/
40 /
30 - / =] square mile

Duration (hours)

20

'_ - o /

0 10 20 30 40 " 50 60

All-Season PMP (inches)

Interpolation from the Depth vs. Duration graph for Metropolis, lllinois for a 10 minute storm over 1
square mile, gives us a PMP of approximately 28 inches. Compare this to the 100-year 10 minute storm
of 1.25 inches. At a tc of 10 min, the 100-year storm has an ihtensity of 7.49 in/hr. Using a simple ratio,
the PMP has an intensity of 168 in/hr.




Stormwater Drainage

Calculations

Riprap Sizing
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Rock Slope Protection - 100-year event - Interior Dike Ditch

Ref:  Development of Riprap Design Criteria by Riprap Testing in Flumes: Phase II
Division of Low Level Waste Management and Decommissioning
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
NUREG/CR-4651, ORNL/TM-10100/V2
Obtained from National Technical information Service: U.S. Department of Commerce

Safety Factors Method
1.0 Determine the Safety Factor (SF) for a given Ds,
Use SF = cosftan ¢ Equation 3.5
7'tan @+ sin Gcos S
Where: |
. l+sin(A+B) 7. = DS Equation 3.8
= ﬂﬁ—'ﬁ— " Equation 3.6 0 =D
S - Equation 3.7 f = arctan| -4 Equation 3.9
G -1 quation 3. = Tnd . quation 3.
(G, =115, +sin A
ntan g
A B as shown in Fig. 3.1; the angle between a horizontal line and the velocity vector
- component, V,, measured in the plane of the side slope '
B i 0 = the side slope angte shown in Fig. 3.1
) ) T he angle between the véctor compdnent 6f the weight, Wy, directed down the side slope
B - and the direction of particle movement
¢ = the angle of repose of the riprap

To = the bed shear stress

Dso. = the representative median stone size
Gs = the specific weight of the rock
D = the depth of flow
oy = the specific weight of the liquid
S = the slope of the channel
n' and n = stability numbers
FlandFy = the lift and drag forces in Fig. 3.1
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Riprap within a conveyance ditch

Given Data:
S = /
A = 0.010000
Ditch Sideslopes = N (H:V)
0 = radians .
¢ = B] degrees Figure 3.2 (Assumptions: very rounded 10" riprap)
= 0.698132 radians ‘
D = ] inches
"= 1.333333 feet
Gs
D = 8l feet (largest depth of flow from interior dike ditch sizing calculations)
Y = pounds/cubic foot (water)
Calculations: -
: L 0.767889
n = 0116702
B = 0.108925
N = 0.065274 ,
SF = 1.503028 _ ’ .

2.0 Determine the Riprap Size and Layer Thickness

Historic use of the Safety Factors Method has indicated that a minimum SF of 1.5 for non-probable maximum flood applications (i.e., 100-year
events) provides a side slope with reliable stability and protection. However, an SF of slightly greater than 1.0 is recommended for probable maximum
flood or maximum credible flood circumstances. 1t is recommended that the riprap thickness be a minimum of 1.5 times the D50.

Minimum D5, Riprap Size
Minimum Riprap Layer Thickness

16 inches
24 inches
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Rock Slope Protection - PMP Event - Interior Dike Ditch

Ref:  Development of Riprap Design Criteria by Riprap Testing in Flumes: Phase |l
Division of Low Level Waste Management and Decommissioning
Office of Nuclear Material Safety and Safeguards '
U.S. Nuclear Regulatory Commission -
NUREG/CR-4651, ORNL/TM-10100/V2
Obtained from National Technical Information Service: U.S. Department of Commerce

Safety Factors Method

1.0 Determine the Safety Factor (SF) for a given Dy

Use gp—__ cosftang ' Equation 3.5
" p'tan@+sin fcos S
Where: :
. 1+sin(A+B) . =1DS Equation 3.8
n= 777'6 Equation 3.6 ’ 0=
77=.__21£0_' tion 3.7 = arctan cosA '
(G, -1y, Equation 3. - = 2snd . Equation 3.9
: +sin A
7tan ¢
A _ as shown in Fig. 3.1, the angle between a horizontal line and the velocity vector
- component, V,, measured in the plane of the side slope
S = the side slope angle shown in Fig. 3.1
B _ the angle between the vector component of the weight, W, directed down the side slope
- and the direction of particle movement
¢ = the angle of repose of the riprap
To = the bed shear stress
Dso- = the representative median stone size
Gs = the specific weight of the rock
D = the depth of flow
Y = the specific weight of the liquid
S = the slope of the channel
n'andn = stability numbers
FrandFy = thelift and drag forces in Fig. 3.1
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Factors Method.
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Riprap within a cdnveyance ditch

2.0 Determine the Riprap Size and Layer Thickness

Given Data:

S

A

Ditch Sideslopes

n a "

wou o w onou

i

2.453499
0.542366
0.468607
0.396074
1.026204

N

B R
0.010000

(H:V)

radians

@ degrees. Figure 3.2 (Assumptions: very rounded 10" riprap)

radians -

inches :
feet

1 feet (largest depth of flow from interior dike ditch sizing calculations)

pounds/cubic foot (water)

Historic use of the Safety Factors Method has indicated that a minimum SF of 1.5 for non-probable maximum flood applications (i.e., 100-year
events) provides a side slope with reliable stability and protection. However, an SF of slightly greater than 1.0 is recommended for probable maximum
flood or maximum credible flood circumstances. It is recommended that the riprap thickness be a minimum of 1.5 times the D50.

" Minimum Ds, Riprap Size
Minimum Riprap Layer Thickness

L1}

A
16.5

.inches
inches
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Rock Slope Protection - 100-year event - Perimeter Ditch

Ref:  Development of Riprap Design Criteria by Riprap Testing in Flumes: Phase
Division of Low Level Waste Management and Decommissioning
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
NUREG/CR-4651, ORNL/TM-10100/V2 :
Obtained from National Technical Information Service: U.S. Department of Commerce

Safety Factors-Method

1.0 Determine the Safety Factor (SF) for a given Ds,

Use Sp—__ cosdtang Equation 3.5
77'tan ¢ +sin &cos B
Where: .
. 1+sin(A+ ) : 7. =1DS Equation 3.8
n= 77—2—.—'3 Equation 3.6 =D
=2 Equation 3.7 p =arctan cos e .'(' 3.9
G -1 quation 3. = Send . quation 3.
(G, =D +sin A
77tan ¢
A _ as shown in Fig. 3.1, the angle between a horizontal line and the velocity vector
- component, V,, measured in the plane of the side slope

-8 = the side slope angle shown in Fig. 3.1 '

B _ the angle between the vector component of the weight, W, directed down the side slope
- and the direction of particle movement ‘

) = the angle of repose of the riprap
Ty = the bed shear stress

Dso = the representative median stone size

Gs. = the specific weight of the rock
D = the depth of flow
A% = the specific weight of the liquid
S = the slope of the channel

n'andn = stability numbers
FrandFy = the lift and drag forces in Fig. 3.1
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Woler
h / —Harizantal Line -
fow I —_{:«—J—-Dnrechon of Velomiy, vr
: ’
~—. !l‘q\_‘_ _,J*..—-..__gj:},/‘
e SR R
{0} Genersl View

A
(P /Hori zontal

aﬁ

W sing S‘l‘reumhne

R, Direction oi‘

ticle M
Porticle Movement W, cos 8

{b) View Normal to the Side Slope {c) Section A-A

Factors Method.

Biprap stability conditinns as daautiﬁad i

ths Safety

Maon Digmetsr {mm}

o
o

-3
(o]

f—

(4§
(=]
b

1020 40 &0 100 20040060?|
T T T i

489
ov®
et b

Angla ar Repose {deqgl
[¢]
(3,3
P Ao
D>
b d
5

Figure 3.2,

1.0
Meon Diometer {in.)

angle o repose ax a functlon of madian stone diameter snd shape.

O Rounded
$ & Rounded and Angular
® Angular i -
0.4 ¢

&=

LTb' ~f—

~

Sids Slope




¢ 'A9Y ‘L0-MS-96688¢ uoneinoed

081 Jo gy abed

Riprap within a conveyance ditch

Given Data:

S

A

Ditch Sideslopes

Gs
D
¥

Calculations:
To

2.0 Determine the Riprap Size and Layer T hI;:kness

L}

L} nou i

i wun

0.01000
(H:V) worst case of ditch side slope

radians
# degrees Figure 3.2 (Assumptions: very rounded 10" riprap)

)
. 0.698132 radians

inches

2.166667 feet

2.66 . ‘

B0 feet (largest depth of flow from interior dike ditch sizing calculations)
62.43 pounds/cubic foot (water)

1.261086
0.117943
0.110072
0.066035
1.501276

Historic use of the Safety Factors Method has indicated that a minimum SF of 1.5 for non-probable maximum flood applications (i.e., 100-year
events) provides a side slope with reliable stability and protection. However, an SF of slightly greater than 1.0 is recommended for probable maximum
flood or maximum credible flood circumstances. It is recommended that the riprap thickness be a minimum of 1.5 times the D50.

Minimum Ds, Riprap Size
Minimum Riprap Layer Thickness

L}

26 inches
39 inches
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Rock Slope Protection - PMP event - Perimeter Ditch

Development of Riprap Design Criteria by Riprap Testing in Flumes: Phase 1!

Division of Low Level Waste Management and Decommissioning

Office of Nuclear Material Safety and Safeguards

U.S. Nuclear Reguiatory Commission

NUREG/CR-4651, ORNL/TM-10100/V2

Obtained from National Technical Information Service: U.S. Depanment of Commerce

g

Safety Factors Method

1.0 Determine the Safety Factor (SF) for a given D5y

Use SF = cosftan ¢ Equation 3.5
77'tan ¢ +sin fcos f
Where: _
, 1+sin(A+ ) C 7.=DS Equation 3.8
= 77—————2——'2— Equaton3.6 0 =1
- Equation 3.7 B = arctan cos 4 E‘ tion 3.9
-1 quation 3. = W‘—'— quation 3.
YDy +sin A
77tan ¢
A _ as shown in Fig. 3.1, the angle between a horizontal line and the velocity vector
, ' component, V,, measured in the plane of the side slope
0 = the side slope angle shown in Fig. 3.1
N the angle between the vector component of the weight, Ws, directed down the side slope
B - and the direction of particle movement
ol = the angle of repose of the riprap
To = the bed shear stress
Dso = the representative median stone size .
Gs = the specific weight of the rock
D = the depth of flow
/ Y = the specific weight of the liquid
: S = the slope of the channel
n'andn = stability numbers
FlandFy; = thelift and drag forces in Fig. 3.1
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Riprap within a conveyance ditch
Given Data:
S

- A
Ditch Sideslopes

Calculations:
To

n
B
nl
F

8

2.0 Determine the Riprap Size and Layer Thickness

(I I I

o

o uwon

(H:V) worst case of ditch side slope
radians .
degrees Figure 3.2 (Assumptions: very rounded 10" riprap)
radians
inches
feet

W feet (largest depth of flow from interior dike ditch sizing calculations)
pounds/cubic foot (water)

4.039221
0.545663
0.471041
0.399071
1.023375

Historic use of the Safety Factors Method has indicated that a minimum SF of 1.5 for non-probable maximum flood applications (i.e., 100-year
events) provides a side slope with reliable stability and protection. However, an SF of slightly greater than 1.0 is recommended for probable maximum
flood or maximum credible flood circumstances. It is recommended that the riprap thickness be a minimum of 1.5 times the D50.

“Minimum Ds, Riprap Size
Minimum Riprap Layer Thickness

18 inches ¢
27 inches



Z 'A9Y ‘LO-MS-96688€ uonendeyd’

08l jozgebed -

Rock Slope Protection - 100-year event

Ref:  Development of Riprap DeSlgn Criteria by Riprap Testing in Flumes: Phase I|
‘Division of Low Level Waste Management and Decommissioning
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
NUREG/CR-4651, ORNL/TM-10100/V2
Obtained from National Technical Information Service: U.S. Department of Commerce

Stephenson Method

1.0 Determine the D5y

Use

Where:

Dy, =

2 1
g(tan@)s nPE

% Equation 3.15

1 5
Cg? [(l —n, )G, —1cosf(tang— tanB)]S

the maximum flow rate per unit width

the rockfill parosity
the acceleration of gravity

the relative density of the rock

the angle of the slope measured from the horizontal

the angle of friction _

the empirical factor (varies from 0.22 for gravel and pebbles to 0.27 for crushed
granite)

the representative median stone size
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Riprap along a side slope

Given Data:
Q = cubic feet per second
Average width of contributing area = feet
q = 0.043333 cubic feet per second/foot (maximum at A E-4)
Np = (to be conservative)
g = feet per second squared
Gs =
Sideslopes = (H:V)
0 = 0.463648 radians
¢ = degrees (figure 3.2, Safety Factors Method)
= 0.698132 radians : i
c = BRUEZEl (to be conservative)
Calculations:
' Do = 0.266078 feet

= 3.192939 inches

2.0 Determine the Riprap Size and Layer Thickness

NUREG/CR-4651 recommends that the riprap thickness be a minimum of 2 times the D50.

Minimum Ds, Riprap Size
Minimum Riprap Layer Thickness

4 inches
8 inches
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Rock Slope Protection - PMP Event

Ref: Development of Riprap Design Criteria by Riprap Testing in Flumes: Phase |
Division of Low Level Waste Management and Decommissioning
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
NUREG/CR-4651, ORNL/TM-10100/V2
Obtained from National Technica! Information Service: U.S. Department of Commerce

Stephenson Method

1.0 Determine the Dz,

2
Use 7 3 Equation 3.15
tané)®n s ]
D, = : q(tané)°n, 5
Ce2[1-n,)G, -1 cosB(tang - tan )
Where:
q = the maximum flow rate per unit width
Np = the rockfill porosity
g = the acceleration of gravity
Gs = the relative density of the rock
e = the angle of the slope measured from the horizontal
¢ = the angle of friction
c _ the empirical factor (varies from 0.22 for gravel and pebbles to 0.27 for crushed
N granite)
Dso = the representative median stone size
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Riprap along a side slope

Given Data:
Q = cubic feet per second
Average width of contributing area = feet ‘
- ’ q = cubic feet per second/foot (maximum of all contributing areas)
Ny = (to be conservative)
g = feet per second squared
Gs =
Sideslopes = (H:V)
6. = 0.321751 radians
¢ = degrees (figure 3.2, Safety Factors Method)
radians
C (to be conservative)
Calculations:
Dso = 0.927773 feet

= 11.13328 inches

2.0 Determine the Riprap Size and Layer Thickness

NUREG/CR-4651 recommends that the riprap thickness be a minimum of 2 times the D50.

Minimum Ds, Riprap Size
Minimum Riprap Layer Thickness

12 inches
24 inches



Stormwater Drainage

Calculations

Culvert Sizing
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HY-8 Culvert Analysis Report
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Table 1 - Summary of Culvert Flows at Crossing: C1

Headwater Elevation

Total Discharge (cfs)

Roadway Discharge-

M 'C1 Discharge (cfs) (cfs) lterations
378.11 8.48 8.48 0.00 1
378.11 8.50 8.50 0.00 1
378.11 8.52 8.52 0.00 1
378.11 8.54 8.54 0.00 1
378.11 8.56 8.56 0.00 1
378.12 8.58 8.58 0.00 ’ 1
378.12 8.60 8.60 0.00 1
378.12 8.62 8.62 0.00 1
378.12 8.64 8.64 0.00 1
378.12 8.66 8.66 0.00 1
378.13 8.68 8.68 0.00 1
381.00 29.19 29.19 0.00 Overtopping

Calculation 388996-SW-01, Rev. 2
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Rating Curve

Plot for Crossing: C1

Total Rating Curve
Crossing: C1

378.125

)

E
c

378.115

' Headwater Elevatio

378.120-
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.................................................................................
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T T 11

......................................

T T T
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T T T

378.105+-
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Table 2 - Culvert Summary Table: C1

Total Culvert Headwater 1 Outlet - ' Outlet Tailwater
Discharge | Discharge | Elevaon | "GE S| Convol | 3R | QR | ooty | pepndy | Dep(n | Veeel | Velacty
8.48 8.48 378.11 1.435 0.0" 1-S2n: 0.701 1.035 0.704 1.222 8.555 2.838
8.50 8.50 378.11 1.437 0.0" 1-S2n 0.702 1.036 0.705 1.223 8.556 2.840
8.52 8.52 378.11 1.439 0.0" 1-S2n 0.703 1.038 0.707 1.224 8.556 2.842
8.54 8.54 378.11 1441 0.0" 1:S2n 0.704 1.039 0.708 1.225 8.556 2.843
8.56 8.56 378.11 1.443 0.0" 1-82n 0.705 1.040 0.709 1.227 8.556 2.845
8.58 8.58 378.12 1.445 0.0" 1-S2n 0.706 1.041 0.710 1.228 8.556 2.847
8.60 8.60 -378.12 1.447 0.0* 1-S2n 0.707 1.043 0.712 1.229 8.557 ©2.848
8.62 8.62 378.12 1.449 0.0" 1-S2n 0.708 1.044 0.713 1.230 8.557 2.850
. 8.64 8.64 378.12 1.451 0.0" 1-S2n 0.708 1.045 0.714 1.231 8.557 2.852
8.66 8.66 378.12 1.453 0.0" 1-S2n 0.709 1.046 0.715 1.232 8.557 2.853
8.68 8.68 378.13 1.455 0.0* 1-82n 0.710 1.047 0.716 1.233 8.557 2.855

Calculation 388996-SW-01, Rev. 2
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Inlet Elevation (invert): 376.67 ft,  Outlet Elevation (invert): 374.00 ft
Culvert Length: 40.09 ft,  Culvert Slope: 0.0668 .

Calculation 388996-SW-01, Rev. 2 : ' " Page 61 0f 180



Culvert Performance Curve Plot: C1

Headwater Elevation (ft)

Inlet Control Elev Outlet Control Elev
R S . ......... — |
378120—3 .................. __________
378-115“5 """"" “““ Frmmrmeeees B ol ------ T --------------- |
378’.310—3 -------- ............... ........

: 378*105":-" """" i ||.||,,,|,,,

Performance Curve
Culvert; C1

8.50 8.55 8.60 - 865
Total Discharge (cfs)
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‘ Water Surface Proflle Plot for Culvert C1

Crossing - Cl1, Design Dlscharoe R.6 cfs
.Culvert Cl, Culver‘t Discharge - 8.6 cfs

381 ---+
3804

379 --i

Elevation (ft)
W w
-~ ~J
T T

376

375

374

. ~ Station (ft)

Site Data - C1
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft B
Inlet Elevation: 376.67 ft N
Outlet Station: 40.00 ft
Outlet Elevation: 374.00 ft
Number of Barrels: 1

Culvert Data Surrimary - C1

Barrel Shape: Circular

Barrel Diameter: 2.00 ft

Barrel Material: Corrugated PE

Embedment: 0.00 in

Barrel Manning's n:  0.0240

Inlet Type: Conventional

| Inlet Edge Condition: Beveled Edge (1:1)

‘ ' Inlet Depression: NONE
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Table 3 - Downstream Channel Rating Curve (Crossing: C1)

Flow (cfs) Wa‘;;f‘(‘frtf)ace Depth (ft) | Velocity (ft's) | Shear (psf) |Froude Number
8.48 375.22 122 2.84 0.76 0.64
8.50 375.22 122 284 0.76 0.64
8.52 375.22 1.22 2.84 0.76 0.64
8.54 375.23 123 2.84 0.76 0.64
8.56 375.23 123 284 0.77 0.64
8.58 375.23 123 285 0.77 0.64
8.60 375.23 123 285 0.77 0.64
8.62 375.23 1.23 285 0.77 0.64
8.64 375.23 1.23 285 0.77 0.64
8.66 37523 1.23 285 0.77 0.64
8.68 37523 123 285 0.77 0.6

Tailwater Channel Data - C1
Tailwater Channel Option: Triangular Channel
Side Slope (H:V): 2.00 (_:1)
Channel Slope: 0.0100
Channel Manning's n:  0.0350
Channel Invert Elevation: 374.00 ft

\ Roadway Data for Crossing: C1
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 50.00 ft
Crest Elevation: 381.00 ft
' Roadway Surface: Gravel
Roadway Top Width: 12.00 ft

-Calculation 388996-SW-01,.Rev. 2
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Table 4 - Summary of Culvert FIowé at Crossing: C2

Headwat‘(af;)E'e"a“°” Total Discharge (cfs) | C2 Discharge (cfs) _Roadwa(’ég;“harg? Iterations

381.19 3.08 3.08 0.00 . 1

' 381.19 3.10 3.10 0.00 1
381.20 3.12 3.12 0.00 1
381.21 3.14 ©3.14 0.00 1
381.22 3.16 3.16 0.00 1
381.22 3.18 3.18 0.00 1
381.22 3.18 3.18 0.00 1
381.24 3.22 3.22 0.00 1
381.24 3.24 3.24 0.00 1
381.25 3.26 3.26 0.00 1
381.26 3.28 3.28 0.00 1
383.00 6.48 6.48 0.00 Overtopping

Calculation 388996-SW-01, Rev. 2
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Rating Curve Plot for Crossing: C2
Total Rating Curve
Crossing: C2 ,
38‘] ;26_»_____-__.'-%.;;__‘-;_--___;____E;__;.:---,__‘.'._;‘....E,‘.-_‘.'.-‘-'.";--.‘_ﬂ.--;.é-_.'__“___;_-'_"__.
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381 21_7--___-;_~-~; ......... [ _;__._~; __________ ?--‘_AEL___'_-‘._-‘_:;'.-‘.';--...;.E.A ....... (AU
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TTTT1

TTTd

381 20t

TTTT
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3.10° 315 320 325
Total Discharge (cfs)

{
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Table 5 - Culvert Shmmary Table: C2

oo, | e, s acowa| 2 | o | o | onen | ot | ramas | 8 | T
(cfs) (cfs) () Depth fyy | . P () | Depth(ft) | Depth(f) | Depth(fy) (tvs) (/s)
3.08 3.08 38119 1117 00 | 582n | 0an1 0.749 0412 0.836 10.120 2203
330 310 38119 1124 00" | 5S2n | o042 0.752 0413 0838 10,154 2.207
312 332 381.20 1131 00" | 582n | 0414 0.754 0.414 0.840 10179 221
314 314 38121 1138 00 | 582n | 0415 0.756 0.415 0.842 10.198 2214
3.16 3.16 38122 1145 00" | 552n | 0416 0.759 0418 0844 10.188 2218
318 3.8 38122 7152 00 | 5520 | 0418 0.761 0.418 0846 10.240 2221
318 318 38122 1152 00 | 582n | 0418 0.761 0418 0.846 10240 | 2221
322 322 38124 1167 00" | 552n | o421 0.766 0.421 0.850 10.282 2228
3.24 3.24 36124 1174 00~ | 5520 | o422 0.768 0.422 0.852 10302 | 2232
326 3.26 381 25 1182 00° | 5820 | o424 0771 0.424 0.854 10.323 2.235
3.28 3.28 381.26 1189 00° | 5520 | 0425 0.773 0.425 0.856 10343 2238

Calculation 388996-SW-01, Rev. 2
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Inlet Elevation (invert): 380.07 ft,  Outlet Elevation (invert): 372.00 ft

Culvert Length: 40.81 ft,  Culvert Slope: 0.2017

Calculation 388996-SW-01, Rev. 2 ) ) Page 68 of 180



Culvert Performance Curve Plot: C2

<

Performance Curve
~ Culvert: C2
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Water Surface Profile Plot for Culvert: C2

Crossing - C2, Design Discharge - 3.2 cfs
Culvert - C2, Culvert Discharge - 3:2 cfs

382

380---i

(ft)

(8]

iy

W
|

Elevatioh

376~

374 e

372

Station (ft)

Site Data - C2
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 380.07 ft
Outlet Station: 40.00 ft
Outlet Elevation: 372.00 ft
Number of Barrels: 1

Culvert Data Summary - C2

- Barrel Shape: CGircular
Barrel Diameter: 1.00 ft
Barrel Matefial: Corrugated PE
~Embedment: 0.00 in
Barrel Manning's n:  0.0240
Inlet Type: Conventional _
inlet Edge Condition: Beveled Edge (1:1) .
Inlet Depression: NONE '
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Table 6 - Downstream Channel Rating Curve (Crossing: C2)

Flow (cfs) Wa;;\?t(]frtf)ace Depth (ft) Velocity (ft/s) Shear (psf) | Froude Number
3.08 ~ 372.84 0.84 2.20 0.52 0.60
3.10 372.84 ~ 0.84 2.21 0.52 0.60
3.12 372.84 0.84 . 2.21 0.52 - 0.60
3.14 372.84 0.84 2.21 0.53 0.60
3.16 372.84 0.84 2.22 0.53 0.60
3.18 372.85 0.85 2.22 0.53 0.60
3.18 372.85 0.85 222 0.53 : 0.60
3.22 372.85 0.85 2.23 0.53 0.60
3.24 372.85 0.85 2.23 0.53 . 0.80
3.26 372.85 0.85 2.23 0.53 - 0.60
3.28 372.86 0.86 224 0.53 0.60

Tailwater Channel Data - C2 ‘

Tailwater Channel Option: Triangular Channel
‘Side Slope (H:V): 2.0 (_:1)

Channel Slope: 0.0100

Channel Manning's n:  0.0350

Channel Invert Elevation: 372.00 ft

Roadway Data for Crossing: C2 _
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 50.00 ft ‘
Crest Elevation: 383.00 ft
Roadway Surface: Gravel
Roadway Top Width: 12.00 ft

Calculation 388996-SW-01, Rev. 2 " Ppage710f180



Table 7 - Summary of Culvert Flows at Crossing: C3

Headwat((af;)Elevation Total Discharge (cfs) | C3 Discharge (cfs) Rpadwa()((:flg;scharge lterations
382.57 1.16 1.16 0.00 1
382.58 1.18 1.18 0.00 1
382.59 1.20 1.20 0.00 1.
382.59 1.22 1.22 0.00 1
382.60 1.24 1.24 0.00 1
382.60 1.26 1.26 0.00 1
382.61 1.28 1.28 0.00 | 1
382.62 1.30 1.30 0.00 2 1

- 382:.62 1.32 1.32 0.00 1
382.63 1.34 1.34 0.00 1
382.63 1.36 1.36 0.00 1.
384.00 4.94 4.94 0.00 Overtopping
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Rating Curve Plot for Crossing: C3

Total Rating Curve
Crossing: C3

382.63+--

382.62 -

382.61-

; 382.60-

Heédwaler Elevation (ﬁ)
n
i

115 120 125 130 135
: Total Discharge (cfs)
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Table 8 - Culvert‘Summary Table: C3

Di;(::r[ge Di(;lé::/;r;e H;’:s;vﬁaotsr Inll)eel Control Coo ur:tkrec;l Flow Normal Critical Outlet Tailwater Vc;:g::y 'I;/agl\:)r ;l:;r
P (cfs) ) PO | pepth (i) Type | Depth(ft) | Depth(fty | Depth(ft) | Depth (ft) (Hs) (ts)
1.16 1.16 382.57 0.572 0.0* 1-S2n 0.262 0.451 0.264 0.580 6.932 1.726
1.18 1.18 382.58 0.579 0.0* 1-S2n 0.265 0.455 0.265 0.583 7.014 1.734
1.20 1.20 382.59 0.585 0.0" 1-S2n 0.267 0.460 0.269 . 0.587 7.017 1.741
1.22 1.22 382.59 0.592 0.0" 1-S2n 0.270 0.464 0.273 0.591 6.989 1.748
1.24 1.24 382.60 0.598 0.0" 1-S2n 0.272 0.468 0.277 0.594 6.962 1.755
1.26 1.26 382.60 0.604 0.0" 1-S2n 0.275 0.472 0.276 0.598 7.104 1.762
1.28 1.28 382.61 0.610 0.0" 1-S2n 0.277 0.476 0.279 0.601 7.109 1.769
1.30 1.30 382.62 0.617 0.0" 1-S2n 0.279 0.480 0.280 0.605 7.185 1.776
©1.32 1.32 382.62 0.623 0.0" 1-S2n 0.282 0.484 0.283 0.608 7.185 1.783
" 1.34 1.34 382.63 0.629 0.0" 1-S2n 0.284 0.488 0.287 0.612 7.155 1.790
1.36 1.36 382.63 0.635 0.0* 1-82n 0.287 0.492 0.287 0.615 7.258 1.796
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Inlet Elevation (invert): 382.00 ft,  Outlet Elevation (invert): 376.00 ft
Culvert Length: 40.45 ft, Culvert Slope: 0.1500

wr
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Culvert Performance Curve Plot: C3

Performance Curve

Culvert: C3

Inlet Control Elev -Outlet Control Elev
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‘Total Discharge (cfs)
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‘ Water Surface Profile Plot for Culvert: C3

Crossing - C3, Design Discharge - 1.3 cfs
“Culvert - C3, Culvert Discharge - 1.3 ¢fs
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® | " Station (ft)

Site Data - C3
Site Data Option: Culvert Invert Data
Inlet Station:  0.00 ft
Inlet Elevation: 382.00 ft
-Outlet Station: 40.00 ft
Outlet Elevation: 376.00 ft
Number of Barrels: 1

Culvert Data Summary - C3

Barrel Shape: Circular

Barrel Diameter: 1.00 ft.

Barrel Material: Corrugated PE

Embedment: 0.00in

Barrel Manning's n: 0.0240

Inlet Type: Conventional

inlet Edge Condition: ’ Beveled Edge (1:1)
. Inlet Depression: NONE )
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Table 9 - Downstream Channel Rating Curve (Crossing: C3)

Flow (cfs) Wag;\?l(%ace Depth (ft) Velocity (ft/s) Shear (psf) | Froude Number
1.16 376.58 0.58 1.73 0.36 0.57
1.18 ' 376.58 0.58 1.73 0.36 0.57
1.20 376.59 0.59 1.74 0.37 0.57
1.22 376.59 0.59 1.75 . 0.37 0.57
1.24 © 376.59 0.59 . 1.76 0.37 0.57.
1.26 376.60 0.60 1.76 0.37 0.57
1.28 376.60 0.60 1.77 0.38 0.57 -
1.30 376.60 0.60 1.78 0.38 0.57
1.32 376.61 0.61 1.78 0.38 0.57
1.34 376.61 0.61 1.79 0.38 0.57
1.36 376.62 _ 062 . 1.80 0.38 0.57

Tailwater Channel Data - C3
Tailwater Channel Option: Triangular Channel
Side Slope (H:V): 2.00 (_:1) '
Channel Slope: 0.0100
~* Channel Manning's n:  0.0350
Channel Invert Elevation: 376.00 ft

Roadway Data for Crossing: C3
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 50.00 ft
Crest Elevation: 384.00 ft
Roadway Surface: Gravel
Roadway Top Width: 12.00 ft
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Table 10 - Summary of Culvert Flows at Crossing: C4

Headwater Elevation

lterations

Tota!l Discharge (cfs) | C4 Discharge (cfs) Roadway Discharge
(ft) - (cfs)

377.46 4.34 - 4.34 0.00 1
377.47 4.36 4.36 0.00 1
377.47 438 4.38 0.00 1.
377.47 4.40 - 4.40 0.00 1
377.48 4.42 4.42 0.00 1
377.48 4.44 4.44 0.00 1
377.48 4.44 4.44 0.00 1
377.49 4.48 4.48 0.00 1
377.49 4.50 4.50 0.00 1
377.49 452 4.52 0.00 1
377.50 4.54 4.54 0.00 1
380.00 15.43 15.43 0.00 Overtopping

Calculation 388996-SW-01, Rev. 2
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Rating Curve Plot for Crossing: C4

‘Total Rating Curve

Crossing: C4
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Table 11 - Culvert Summa'ry Table: C4

Total Culvent Headwater |- Outlet : . - i Outlet Tailwater
Discharge | Discharge | Elevation | oo\ comvor | 2k | S SR | oggininy | Depin(ny | Depinin | Velocly | velciy
4.34 4.34 377.46 1115 | 0.0" 1-S2n 0.576 0.796 0.576 0.951 6.937" 2.401
4.36 4.36 377.47 1.118 0.0* 1-82n 0.577 0.798 0.578 0.952 6.939 2.403
4.38 4.38 377.47- 1.121 0.0* 1-82n 0.579 0.800 0.579 0.954 6.955 2.406
4.40 4.40 . 37747 1.124 0.0" 1-82n 0.580 0.802 0.581 . 0.956 6.958 2.409
4.42 4.42 377.48 1.127 0.0* 1-S2n 0.582 0.803 0.582 0.957 6.960 2.412
4.44 4.44 377.48 1.130 0.0" 1-82n 0.583 0.805 0.584 0.959 6.962 2.414
4.44 4.44. 377.48 1.130 0.0" 1-82n 0.583 0.805 0.584 0.959 6.962 2.414,
4.48 448 377.49 1.136 0.0" 1-82n 0.586 0.809 - 0.588 0.962 6.967 2.420
4.50 4.50 377.49 1.139 0.0* 1-82n 0.588 0.811 0.590 0.964 6.969 2.423
4.52 4.52 377.49 1.142 0.0" 1-82n 0.589 0.813 0.592 0.965 6.971 2.425
4.54 4.54 377.50 ,1.145 0.0" 1-82n 0.591 0.815 0.592 0.967 7.004 2.428
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‘Inlet Elevation (invert): 376.35ft,  Outlet Elevation (invert): 374.00 ft

Culvert Length: 40.07 ft,  Culvert Slope: 0.0588
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Culvert Performance Curve Plot: C4
Performance Curve
Culvert: C4

Inlet Control Elev - Outlet_ Control Elev
377’495‘”___4__’,__;:;'_ ““““““ .."".';",","-""T';'7:';"".',"'.','V"Tf.'_fi'é;i'_':',"_".'v;"- ,'r"v-"

377490- .....

377 485— ......

1 377480 - oo o SOV, LU ORI

TTTT

377 475—""".‘.',"".‘:‘E“'“",'r‘,",'"“"“:" '":"""‘,"',.‘A".T;E‘"';:«"""",';',',':;'f; """""" b

Headwater Elevatlon ()

3?7 470—"'1_"':;%'"'7"-' ; “""","'7‘g“":“'?v"-"j-T-.*T,""g'";:',"{'7""f.'."T"E“‘,‘,""",‘."'T"‘T“'«‘

T

.3?7'.,4'65;-;-‘} O S ——

4.35 440 445 450 455
Total Discharge. (cfs)

‘Calculation 388996-SW-01, Rev. 2 IR Page 83 of 180



Water Surface Profile Plot for Culvert: C4

Crossing - C4, Design Discharge - 4.4 cfs
' Culvert - C4, Culvert Discharge - 4.4 ofs
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Elevation (ft)
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‘Site Data - C4
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 376.35 ft
Outlet Station: 40.00 ft
Outlet Elevation: 374.00 ft | |
Number of Barrels: 1 , . : '

CuI}vert' Data Summary - C4
| Barrel Shape: Circular

Barrel Diameter: 1.50 ft
Barrel Material: Corrugated PE
Embedment: 0.00 in
Barrel Manning's n:  0.0240
Inlet Type: Conventional
Inlet Edge Condition: Beveled Edge (1:1)
Inlet Depression: NONE '

¢
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Table 12 - Downstream Channel Rating Curve (Crossing: C4) '

Tailwater Channel Data - C4

Tailwater Channel Option: Triangular Channel
Side Slope (H:V): 2.00 (_:1)

Channel Slope: 0.0100

Channel Manning's n: 0.0350

Channel Invert Elevation: 374.00 ft

Roadway Data for Crossing: C4

Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 50.00 ft

Crest Elevation: 380.00 ft

Roadway Surface: Gravel

Roadway Top Width: 12.00 ft

Calculation 388996-SW-01, Rev. 2

Flow (cfs) Wag;\?l&?)ace Depth (ft) Velocity (ft/s) Shear (psf) | Froude Number
4.34 374.95 0.95 2.40 0.59 0.61
4.36 374.95 0.95 2.40 0.59 0.61
4.38 374.95 0.95 2.41 0.60 0.61
4.40 374.96 0.96 2.41 0.60 0.61
442 374.96 0.96 . 2.4 0.60 0.61
4.44 374.96 0.96 2.41 0.60 0.61
4.44 '~ 374.96 0.96 2.41 0.60 0.61
4.48 374.96 0.96 2.42 0.60 - 0.61
4.50 374.96 0.96 2.42 - 0.60 "~ 0.61
452 374.97 0.97 2.43 0.60 0.62
4.54 374.97 097 '2.43 0.60 0.62
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Table 13 - Summary of Culvert Flows at Crossing: C5 |

Headwater Elevation

Total Dischargé {cfs)

Roadway Discharge

() C5 Discharge (cfs) (cfs) lterations
379.26 8.51 - 8.51 0.00 1
379.26 8.53 8.53 0.00 1

. 379.26 8.55 8.55 0.00 1
379.26 8.57 8.57 0.00 1
379.26 8.59 8.59 0.00 1
379.27 8.61 8.61 0.00 1
379.27 8.63 8.63 0.00 1
379.27 8.65 8.65 0.00 iE
379.27 8.67 8.67 0.00 1
379.28 8.69 8.69 0.00 1
379.28 8.71 8.71 0.00 1
384.00 32.14 32.14 0.00 Overtopping
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Rating Curve Plot for Crossing: C5

Total Rating Curve
Crossing: C5
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Total Discharge (cfs)
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Table 14 - Culvert Summary Table: C5

Total Culvent Headwater Outlet . . Outlet Tailwater

Discharge | Discharge Elevation Inée; ?r? r(]fttr)ol Control .';'0\'; D'\;OZ':?:‘) Dzn:lt(\:?fll) DSL;:’:e(Iﬂ) gz'lma‘(% Velocity Velocity
(cts) (cts) {tt) P Depth (ft) P P P P P (t's) (ft/s)
8.51 8.51 379.26 1.495 1.556 3-M2t 1.226 1.037 1.224 1.224 4.224 2.841
8.53 8.53 379.26 1.497 1.558 3-M2t 1.228 1.038 1.225 1.225 4.229 2.842
8.55 8.55 379.26 1.499 1.561 3-M2t 1.230 1.040 1.226 1.226 4.235 2.844
8.57 8.57 379.26 1.501 1.563 3-M2t 1.232 1.041 1.227 1.227 4.240 2.846
8.59 8.59 379.26 1.503 1.565 3-M2t 1.234 1.042 1.228 1.228 4.246 2.847
8.61 8.61 379.27 1.505 1.567 3-M2t 1.236 1.043 1.229 1.229 4.251 2.849
8.63 8.63 379.27 1.507 1.569 3-M2t 1.238 1.044 1.230 1.230 4.257 2.851
8.65 8.65 379.27 1.509 1.571 3-M2t 1.239 1.046 1.23 1.231 4.262 . 2.852
8.67 8.67 379.27 1.511 1.573 3-M2t 1.241 1.047 1.232 1.232 4.268 2.854
8.69 8.69 379.28 1.513 1.576 3-M2t 1.243 1.048 1.233 1.233 4.273 2.856
8.71 8.71 379.28 1.515 1.578 3-M2t 1.245 1.049 1.235 1.235 4.279 2.857

Inlet Elevation (invert): 377.70 ft,  Outlet Elevation (invert): 377.30 ft
Culvert Length: 40.00 ft,  Culvert Slope: 0.0100
—_

Calculation 388996-SW-01, Rev. 2

Page 88 of 180




Culvert Performance Curve Plot: C5

Performance Curve
Culvert: 'CS
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Water Surface Profile Plot for Culvert: C5

Crossing - C5, Design Discharge - 8.6 cfs
Culvert - C5, Culvert Discharge - 8.6 cfs

384
383

382 1

Elevation (ft)

Station (

Site Data - C5
Site Data Opﬁon: " Culvert Invert Data
Inlet Station: 0.00 ft
Iniet Elevation: 377.70 ft’ : .
Outlet Station: 40.00 ft
Outlet Elevation: 377.30 ft
Number of Barrels: 1

Culvert Data Summary - C5
Barre! Shape: Circular
Barrel Diameter: 2.00 ft
Barrel Material: Corrugated PE
Embedment: 0.00 in
Barrel Manning's n:  0.0240
Inlet Type: Conventional
Inlet Edge Condition: Beveled Edge (1:1)
* Inlet Depression: NONE

'
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Table 15 - Downstream Channel Rating Cu'rve (Crossing: C5)

Flow (cfs) Wa‘;g\?t‘{t‘;”‘ce Depth (ft) Velocity (ft/s) | Shear (psf) | Froude Number
8.51 378.52 1.22 2.84 0.76 0.64
8.53 37852 . 1.22 2.84 0.76 0.64
8.55 378.53 1.23 "~ 284 0.77 0.64
8.57 378.53 1.23 2.85 0.77 0.64
8.59 378.53 1.23 2.85 0.77 0.64
8.61 378.53 123 2.85 0.77 0.64
8.63 378.53 1.23 2.85 0.77 0.64
8.65 378.53 123 | -~ 285 0.77 0.64
8.67 378.53 123 2.85 0.77 0.64
8.69 378.53 1.23 2.86 0.77 0.64
8.71 378.53 1.23 2.86 0.77 0.64

Tailwater Channel Data - C5

Tailwater Channel Option: Triangular Channel
Side Slope (H:V): 2.00 (_:1)

Channel Slope; 0.0100

Channel Mannqng's n: 0.0350

Channel Invert Elevation: 377.30 ft

Roadway Data for Crossing: C5

Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 50.00 ft

Crest Elevation: 384.00 ft

Roadway Surface: Gravel

Roadway Top Width: 12.00 ft

Calculation 388996-SW-01, Rev. 2
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Table 16 - Summary of Culvert Flows at Crossing: C6

Headwat?t;)Elevation Tota!l Discharge (cfs) | C6 Discharge (cfs) Roadwa(); flz;scharge lterations
371.26 20.77 20.77 0.00 1
371.26 20.79 20.79 0.00 1
371.26 20.81 20.81 0.00 1
371.27 ° ' 20.83 N 20.83 0.00 1
371.27 - 20.85. 20.85 . 0.00 1
371.27 20.87 20.87 0.00 1
371.27 20.87 20.87 0.00 1
371.27 20.91 20.91 0.00 1
371.27 20.93 20.93 0.00 1
'371.27 - 20.95 20.95 - 0.00 1
371.28 20.97 20.97 0.00 . 1
372.00 30.30 30.30 0.00 Overtopping
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Rating Curve Plot for Crossing: C6

Total Rating Curve
Crossing: C6
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Total Discharge (cfs)
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Table 17 - Culvert Summary Table: C6

Di;:?::rlge Dic;z:’:/:rr;e H;:S;i:ﬁ r Inlljeé C]:;])ntrol (%ur:t'fcil Flow Normal Critical Outlet Tailwater vc;rglc?:y Tvag;z;t:;r
(cfs) (cfs) ) pth (ft) Depth (ft) Type Depth (ft) Depth (ft) Depth (ﬂ.) Depth (ft) (ts) {#s)
20.77 20.77 371.26 2.262 0.0* 1-82n 1.381 1.545 1.384 1.710 7.454 3.551
20.79 20.79 371.26 2.263 0.0* 1-S2n 1.382 1.545 1.384 1.711 7.456 3.552
20.81 20.81 371.26 2.264 0.0 1-S2n 1.383 1.546 1.385 1.71 7.459 3.552
20.83 20.83 371.27 2.266 0.0" 1-S2n 1.383 1.547 1.386 1.712 7.461 3.553
20.85 20.85 371.27 2.267 0.0* 1-S2n 1.384 1.548 1.387 1.713 - 7.463 3.554
20.87 20.87 371.27 2.269 0.0 1-82n 1.385 1.548 1.387 1.713 7.465 3.555
20.87 20.87 371.27 2.269 0.0 1-82n 1.385 1.548 1.387 1.713 7.465 3.555
20.91 20.91 371.27 2.271 0.0* 1-82n 1.387 1.550 1.389 - 1.714 . 7.470 3.557
20.93 20.93 371.27 2.273 0.0* 1-S2n 1.388 1.551 1.390 1.715 7.472 | 3.558
20.95 20.95 371.27 2.274 0.0" 1-S2n 1.388 1.551 1.390 1.716 7.474 3.558
20.97 20.97 371.28 2.276 0.0* 1-82n 1.389 1.552 1.391 1.716 7.477 3.559

-
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Inlet Elevation (invert): 369.00 ft,  Outlet Elevation {invert): 368.00 ft
Culvert Length: 40.01 ft,  Culivert Slope: 0.0250
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Culvert Performance Curve Plot: C6

Performance Curve |
Culvert: C6 o
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Water Surface Profile Plot for Culvert: Cé

Crossing - C6, Design Discharge - 20.9 cfs

Culvert - C6, Culvert Discharge - 20.9 cfs
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Station (ft)

Site Data - C6-
‘Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 369.00 ft
Outlet Station: 40.00 ft
Outlet Elevation: 368.00 ft
Number of Barrels: 1

Culvert Data Summary - C6
Barrel Shape: Circular
Barrel Diameter: 2.50 ft
Barrel Material: Corrugated PE
Embedment: 0.00 in
Barrel Mahning's n: 0.0240
Inlet Type: Conventional
Inlet Edge Condition: Beveled Edge (1:1)
Inlet Depression: NONE

‘Calculation 388996-SW-01, Rev. 2
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Table 18 - Downstream Channel Rating Curve (Crossi'ng: C6)

Water Surface

- Flow (cfs) Elev (ft) Depth (ft) Velocity (ft/s) Shear (psf) | Froude Number
20.77 369.71 1.71 3.55 . 1.07 0.68
20.79 369.71 1.71 3.55 1.07 0.68
20.81 369.71 1.71 3.55 1.07 0.68
'20.83 369.71 1.71 3.55 1.07 0.68
20.85 369.71 1.71 3.55 1.07 0.68
20.87 369.71 1.71 3.56 1.07 0.68
20.87 369.71 . 1.71 3.56 1.07 0.68
20.91 369.71 1.71 3.56 1.07 0.68
20.93 369.72 1.72 3.56 1.07 0.68
20.95 369.72 1.72 3.56 1.07 0.68
20.97 369.72 1.72 3.56 1.07 0.68

Tailwatér C.hannel Déta -Cé6

Tailwater Channel Option: Triangular Channel
Side Slope (H:V): 2.00 (_:1)

Channel Slope: 0.0100

Channel Manning's n:  0.0350
Channel Invert Elevation: 368.00 ft

Roadway Data for Crossing: C6

Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 50.00 ft

Crest Elevation:

372.00 ft
Roadway Surface: Gravel

Roadway Top Width: 12.00 ft

- Calculation 388996-SW-01, Rev. 2
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Table 19 - Summary of Culvert Flows at CroSsing: c7

Headwater Elevation

Roadway Discharge

() Total Discharge (cfs) | C7 Discharge (cfs) (cfs) lterations
369.76 20.77 20.77 0.00 1
369.76 20.79 20.79 0.00 1
369.76 20.81 20.81 0.00 1
369.77 20.83 20.83 0.00 A
369.77 20.85 20.85 0.00 17
369.77 20.87 20.87 0.00 1.
369.77 20.87 20.87 0.00 1
369.77 20.91 20.91 0.00 ° 1
369.77 20.93 20.93 0.00 1
369.77 20.95 20.95 0.00 1
369.78 20.97 20.97 0.00 i
372.00 44.02 44.02 0.00 Overtopping

w
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,

Page 99 of 180




Rating Curve Plot for Crossing: C7

Total Rating Curve

Crossmg: C7
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. Table 20 - Culvert Summary Table: C7

'Total _Culven Headwgter ntrol Outlet Flow - Tailwater Ouﬂgl Tailwa_ter
Discharge | Discharge | Elevation | | cenva | 50| S | oty | oepntny | Depn(y | velow | Vewsty
20.77 20.77 369.76 2.262 0.0" 1-82n 1.381 1.545 1.384 1.710 7.454 3.551
20.79 20.79 369.76 2.263 0.0 1-S2n 1.382 1.545 1.384 1.711 7.456 3.552
20.81 20.81 369.76 2.264 0.0" 1-S2n 1.383 1.546 1.385 1.711 ¢ 7.459 3.552
20.83 20.83 369.77 2.266 0.0 1-S2n 1.383 1.547 1.386 1.712 7.461 3.553
20.85 20.85 369.77 2.267 0.0* 1-S2n 1.384 1.548 1.387 1.713 7.463 3.554
20.87 20.87 369.77 2.269 0.0" 1-S2n 1.385 1.548 1.387 1.713 7.465 3.555
20.87 20.87 ' 369.77 2.269 0.0 1-S2n 1.385 1.548 1.387 1.713 7.465 3.555
20.91 20.91 369.77 2.271 0.0" 1-82n 1.387 1.550 1.389- 1.714 7.470 3.557
20.93 20.93 369.77 2.273 0.0* 1-S2n 1.388 1.551 1.390 1.715 7.472 3.558
20.95 20.95 369.77 2.274 0.0" 1-82n 1.388 1.551 1.390 1.716 7.474 3.558
20.97 120.97 369.78 2.276 0.0" 1-82n 1.389 1.552 1.391 1.716 7.477 3.559

Calculation'388996-SW-01, Rev. 2
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Inlét Elevation (invert): 367.50 ft,  Outlet Elevation (invert): 366.50 ft

" Culvert Length: 40.01 ft,  Culvert Slope: 0.0250

Calculation 388996-SW-01, Rev. 2 A .. Page102.0f 180



Culvert Performance Curve Plot: C7

Performance Curve
Culvert: C7
Inlet Control Elev . Outlet Control Elev
369.776 === S e T T

_.369.774 -
= -

369.772--

69.770

Elevation (

_ 369.768 -
360.766 -

Headwater
(8]
(@]
B
~.
[@)]
P
|

369.762 1

20.I80 20.85 2090 - 20.95
Total Discharge (cfs)
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Wéter Surface Profile Plot for Culvert: C7

Crossing - C7, Design Discharge - 20.9 cfs
 Culvert - C7, Culvert Discharge - 20.9 cfs

372+

3714

w

=~

o
!

Elevation (ft)
()
(o2}
l.IO .

3684

367 4

0 0 10 20 30 40 50
Station (ft) '

Site Data - C7
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 367.50 ft
QOutlet Station: 40.00 ft
‘Outlet Elevation: 366.50 ft -
Number of Barrels: 1

Culvert Data Summary - C7
Barrel Shape: Circular
- Barrel Diameter:  2.50 ft
Barrel Material: Corrugated PE
Embedment: 0.00 in
Barrel Manning's n:  0.0240
Inlet Type: Conventional
Inlet Edge Condition: Beveled Edge (1:1)
Inlet Depression: NONE
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Table 21 - Downstream Channel Rating Curve (Crossing: C7)

Flow (cfs) Wa‘Eﬁ;\?‘(Jf't')ace Depth (fty | Velocity (ft's) | Shear (psf) |Froude Number |
20.77 368.21 171 355 T 107 0.68
20.79 368 21 171 - 3.55 1.07 0.68
20.81 368.21 171 355 1.07 068
20.83 368.21 171 355 1,07 0.68
20.85 368 21 171~ | 355 107 0.68
2087 368.21 171 3.56 1.07 0.68
20.87 368.21 171 T 356 1.07 0.68
20.91 " 368.21 171 356 1.07 0.68
20.93 368.22 172 356 107 0.68
20.95 368.22 172 356 1.07 068
20.97 368.22 172 3.56 1.07 0.68 ,

Tailwater Channel Data - C7
Tailwater Channel Option: Triangular Channel
Side Slope (H:V):- 2.00 (_:1)
~ Channel Slope: 0.0100
Channel Manning's n:- 0.0350
Channel Invert Elevation: 366.50 ft

Roadway Data for Crossing: C7 ,
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 50.00 ft ‘
Crest Elevation: 372.00 ft
Roadway Surface: Gravel
Roadway Top Width: 12.00 ft

Calculation 388996-SW-01, Rev. 2
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Table 22 - Summary of Culvert Flows at Crossing: C8
Headwat:(a';)Elevation Total Discharge (cfs) | C8 Discharge (cfs) Roadwa():: g;SCharge lterations
360.85 12.26 12.26 0.00 1
360.85 12.28 12.28 0.00 1
360.85 12.30 12.30 0.00 1
360.85 12.32 12.32 0.00 1
360.85 12.34 12.34 0.00 1
360.86 12.36 12.36 * 0.00 1
360.86 12.38 12.38 0.00 1
360.86 12.40 12.40 0.00 1
360.86 12.42 12.42 0.00 1
360.86 12.44 12.44 0.00 1
360.87 12.46 12.46 0.00 1
362.00 21.64 21.64 0.00 Overtopping

Calculation 388996-SW-01, Rev. 2
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Rating Curve Plot for Crossing: C8

Total Rating Curve
‘Crossing: C8
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1225 12. 30 12 35 1240 ' 1245
Total Discharge (cfs)
Calculation 388996-SW-01, Rev. 2 ‘ S " Page 107 of 180



Table 23 - Culvert Summary Table: C8

Calculation 388996-SW-01, Rev. 2

oncnge | oonane | o [merconror| S | Fow | Noma | ot | ower | rawaer | (208, | TS
(cfs) (cfs) ) Depth (ft) ype epth (ft) Depth (ft) Depth (ft) Depth (ft) (f/s) (f/s)
12.26 12.26 360.85 1.845 0.0* 1-S2n 1.153 1.255 1.154 1.403 6.534 3.112
12.28 12.28 360.85 1.847 0.0* 1-S2n 1.154 1.256 1.155 1.404 6.538 3.114
12.30 12.30 360.85 1.849 0.0* 1-S2n 1.155 1.257 1.156 1.405 6.541 3.115
12.32 12.32 360.85 1.851 0.0 1-S2n 1.157 ' 1.258 1.157 1.406 6.545 3.116
12.34 12.34 360.85 1.853 0.0* 1-S2n 1.158 1.259 1.158 . 1.407 6.548 3.117
12.36 12.36 360.86 1.855 0.0" 1-S2n 1.159 1.260 1.160 1.408 6.545 3.119
12.38 12.38 360.86 1.857 0.0 1-S2n 1.160 1.261 1.161 1.409 6.549 3.120
12.40 12.40 360.86 1.859 0.0 1-82n 1.161 1.262 1.162 1.409 6.552 3121
12.42 12.42 360.86 1.861 0.0" 1-S2n 1.163 1.263 1.163 1.410 6.556 3.122
12.44 12.44 360.86 1.863 0.0" 1-S2n 1.164 1.264 1.164 1.411 6.559 3.124
12.46 12.46 360.87 1.865 0.0 1-S2n 1.165 1.265 1.165 1.412 6.563 3.125
o
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" Inlet Elevation (invert): 359.00 ft,  Qutlet Elevation (invert): 358.00 ft
Culvert Length: 40.01 ft,  Culvert Slope: 0.0250

‘Calculation 388996-SW-01, Rev. 2 ' T Page 109 of 180



Culve_rt Performance Curve Plot: C8

Performance Curve
Culvert: C8 ‘

{
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Total Discharge (cfs) " ‘
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Water Surface Profile Plot for Culvert C8

Crossing - C8, D651g11 Discharge - 12.4 cfs

Culvert - CS Culvert Discharge - 1’ A cfs
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Site Data - C8

Station (ft)

. Site Data Option: Culyert' Invert Data

Inlet Station:
Inlet Elevation:
Outlet Station:
Outlet Elevation:

0.00 ft

359.00 ft
40.00 ft
358.00 ft

Number of Barrels: 1

Culvert Data Summary - C8

Barrel Shape: Circular

Barrel Diameter:
Barrel Material:
Embedment:

2.00 ft
Corrugated PE

0.00 in

Barrel Manning's n:  0.0240
Inlet Type: Conventional
Inlet Edge Condition: Beveled Edge (1:1)

Inlet Depression:

NONE

Calculation 388996-SW-01, Rev. 2 !
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Table 24 - Downstream Channel Rating Curve (Crossing: C8)

Flow (cfs) Waggf‘(‘{t‘;ace Depth (ft) | Velocity (f's) | Shear (psf) |Froude Number
12.26 359.40 | 1.40 3.11 0.88 0.65
12.28 - 359.40 1.40 3.11 . 088 0.65
12.30 . 359.41 1.41 3.11 . 0.88 0.65"
12.32 359.41 1.41 3.12 0.88 0.65
12.34 359.41 1.41 3.12 . 0.88 0.66
12.36 359.41 1.41 312 . " 0.88 0.66
12.38 359.41 1.41 3.12 0.88 0.66 .
12.40 359.41 1.41 3.12 0.88 0.66
12.42 359.41 1.41 3.12 0.88 0.66
1244 |  359.41 1.4 3.12 0.88 0.66
12.46 359.41 1.41 3.12 s 088 0.66

- Tailwater Channel Data - C8
- Tailwater Channel Option: Triangular Channel
Side Slope (H:V): 2.00 (_:1)
Channel Slope: 0.0100
Channel Manning's n:  0.0350
Channel Invert Elevation: 358.00 ft

Roadway Data for Crossing: C8
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 50.00 ft
Crest Elevation: 362.00 ft
. Roadway Surface: Gravel
Roadway Top Width: 12.00 ft

*Calculation 388996-SW-01, Rev..2
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Table 25 - Summary of Culvert Flows at Crossing: C9

Headwater Elevation

Roadway Discharge

() Total Discharge (cfs) | C9 Discharge (cts) (cfs) lterations
361.89 41.60 41,60 0.00 1
361.89 41,62 4162 0.00 1

361.89 41 64 41.64 0.00 1
361.90 41.66 41,66 0.00 1
361.90 4168 41.68 0.00 1
361.90 41.70 41.70 0.00 1
361.90 4172 41.72 0.00 1
361.90 41.74 41.74 0.00 1
361.90 41.76 4176 0.00 1
361.90 41.78 41.78 0.00 1
361.90 41.80 41.80 0.00 1
364.00 83.86 83.86 0.00 Overtopping

Calculation 388996-SW-01, Rev. 2
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Rating Curve Plot for Crossing: C9

Total Rating Curve
Crossing: C9

T O S A

TTTT

SRR E— — R —

T PR T8 O SO NS SR A
c : ' ! : o BN
° : : v ' ; i Vol
= 361.898—'?'%'""7 """"" SRS e :"'-,"':/'E """ sremeenes
B B P T o

5361.897—---3 ----------- ---------------- ----------

TTTTTTTT

D, S~ B b
‘§,361 E R R A
B 361805 - ieneenenee

TTTT

L : e 5 L 5
T 361,894 -i--noom; 0 S SO SRR

TTTT

361.893 - Do L —— R SR S —

o SGEEE—— i . i
4160 41.65 4170 4175 41.80
Total Discharge (cfs)
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Table 26 - Culvert Summary Table: C9

Di;:(::::ge Dgzg:rge H;:s;i:sr Ing)eé C::]:ntrol & l;::regl Flow Normal Critical Outlet Tailwater V(zrc:::?tty Tva elll\g;tsr
(cfs) (cfs) s pth (ft) Depth (f) | Type Depth (t) Depth (ft) Depth (ft) Depth (it} (#/s) (fi/s)
41.60 41.60 361.89 2.893 0.0* 1-82n 1.711 2.002 1.715 2.219 8.869 4.224
41.62 41.62 361.89 '2.893 0.0" 1-82n 1.71 2.002 1.716 2.219 8.870 4.225
41.64 41.64 361.89 2.894 0.0* 1-82n 1.712 2.003 1.716 2.220 8.871 4.225
41.66 41.66 361.90 2.895 0.0" 1-82n 1712 2,003 1.717 2.220 8.873 4.226
41.68 41.68 361.90 2.896 0.0" - 1-S2n 1.713 2.004 1.717 2:221 8.873 4.226
41.70 41.70 036190 . 2.897 0.0* 1-S2n 1.713 2.004 1.718 2.221 8.875 4.227
41.72 41.72 361.90 2.898 0.0" 1-82n 1.714 2.005 1.718 2.221 8.876 4.227
41.74 41.74 361.90 2.898 0.0* 1-82n 1.714 2.005 1.719 2.222 8.877 4.228
41.76 41.76 361.90 2.899 0.0 1-82n 1.715 2.006 1719 2.222 8.878 4.228
41.78 41.78 361.90 '2.900 0.0" 1-S2n 1.715 2.007 1.720 . 2228 8.879 4.229
41.80 41.80 - 361.90 2.901 0.0 1-82n 1.716 2.007 1.720 - 2.223 8.880° 4.229

Calculation 388996-SW-01, Rev. 2
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-Inlet Elevation (invert); 359.00 ft, ~ Outlet Elevation (invert): 358.00 ft

Culvert Length: 40.01 ft,  Culvert Slope: 0.0250
I
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Culvert Performance Curve Plot: C9

Performance Curve
Culvert: CO

.
/

Intet Control Elev * Outlet Control Elev
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Headwater Elevat
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4165 41700 4175 - 41.80
Total Discharge (cfs)
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Water Surface Profile Plot for Culvert: C9

Crossing - C9, Design Discharge - 41.7 cfs
Culvert - C9, Culvert Discharge - 41.7 cfs

3641

 Station (ft)

Site Data-C9
Site Data Option: Culvert Invert Data
- Inlet Station: 0.00 ft
Inlet Elevation: 359.00 ft
Outlet Station: 40.00 ft
Outlet Elevation: 358.00 fi
Number of Barrels: 1

Culvert Data Summary - C9
Barrel Shape: Circular \
Barrel Diameter: 3.50 ft
Barrel Material: Corrugated PE
Embedment: 0.00 in
Barrel Manning's n:  0.0240
Inlet Type: Conventional
Inlet Edge Condition: Beveled Edge (1:1)
~ Inlet Depression: NONE
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Table 27 - Downstream Channel Raﬁng Curve (Crossing: C9)

Flow (cfs) Wa’Eﬁ;\?‘(Jf'tf)ace Depth (ft) | Velocity (ft/s) | Shear (psf) |Froude Number
41.60 360.22 o2 422 138 0.71
41.62 360.22 222 422 138 0.71
4164 360.22 222 423 139 0.71
41.66 360.22 222 423 139 0.71
4168 360.22 222 4.23 139 0.71
41.70 360.22 222 4.23 139 0.71
4172 360.22 222 423 139 0.71
4174 360.22 222 423 139 0.71
41.76 360.22 222 423 139 0.71
4178 | 36022 222 423 139 0.71
41.80 360.22 222 423 139 0.71

Tailwater Channel Data - C9
" Tailwater Channel Option: Triangular Channel
Side Slope (H:V): 2.00 (1)
Channel Slope: 0.0100
Channel Manning's n:  0.0350
Channel Invert Elevation: 358.00 ft

Roadway Data for Crossing: C9
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 50.00 ft '
Crest Elevation: 364.00 ft
Roadway Surface: Gravel
Roadway Top Width: 12.00 ft

Calculation 388996-SW-01, Rev. 2
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Table 28 - Summary of Culvert Flows at Crossing: C10

Headwater Elevation

Roadway Discharge

(f) Total Discharge (cf;) C10 Discharge (cfs) (cfs) lterations
385.77 213 2.13 0.00 1
385.78 215 2.15 0.00 1
385.78 217 217 0.00 1
385.79 219 219 0.00 1
385.79 2.21 2.21 0.00 1
385.80 2.23 . 2.23 0.00 1
385.80 2.25 2.25 0.00 1
385.81 2.27 2.27 -0.00 1
385.82 2.29 2.29 0.00 1
385.82 2.31 2.31 0.00 1
385.83 2.33 2.33 0.00 1
386.00 2.89 2.89 0.00 Overtopping |

/
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Rating Curve Plot for Crossing: C10

Total Rating Curve
Crossing: C10

385.83
1385.82
385 81+
385 80 -

385.79----

Heédwater I::'Ievallon (ft)

2.15 220 225 2.30
‘Total Discharge (cfs)
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Table 29 - Culvert Summary Table: C10

Total Culvert Headwater Outlet it . Outlet Tajlwater

Dcnarge | Discharge | Eevaton | "G conwol | 308 | Gl | pepiny | oepny | Deain(n | VooSy | Veesty
213 213 385.77 0.901 0.0" 1-S2n 0.503 0.622 0.504 0.728 5.371 2.009
2.15 215 385.78 0.907 0.0" 1-S2n 0.506 0.625 0.506 0.731 5.390 2.014
217 217 385.78 0912 0.0" 1-S2n 0.509 0.628 0.509 0.733 5.407 2.019
219 2.19 385.79 0.918 0.0" 1-S2n 0.511 0.631 0.512 0.736 5418 2.023
221 2.21 385.79 0.923 0.0" 1-S2n 0.514 0.634 0.514 0.738 5.433 2.028
2.23 2.23 385.80 0.929 0.0" 1-82n 0.517 0.637 0.517 0.741 5.445 2.033
2.25 2.25 385.80 0.935 0.0" 1-S2n 0.520 0.639 0.520 0.743 5.457 2.037
2.27 2.27 385.81 0.940 0.0* 1-82n 0.522 0.642 0.522 0.746 5.470 2.042
2.29 2.29 385.82 0.946 0.0* 1-82n 0.525 0.645 0.525 0.748 5.482 2.046
231 2.31 385.82 0.951 0.0" 1-82n 0.528 0.648 0.528 0.751 5.493 2.051
2.33 233 385.83 0.957 0.0" 1-82n 0.531 0.651 0.531 0.753 5.505 2.055

Calculation 388996-SW-01, Rev. 2
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Inlet Elevation (invert): 384.87 ft,  Outlet Elevation (invert): 382.97 ft
- Culvert Length: 40.05 f,  Culvert Slope: 0.0475
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Culvert Performance Curve Plot: C10

Performance Curve
~ Culvert: C10

Inlet Control Elev Outlet Control Elev

215 2.20 225 2.30
’ Total Discharge (cfs)
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Water Surface Profile Plot for Culvert: C10

Crossing - C10, Design Discharge - 2.2 cfs
Culvert - C10, Culvert Discharge - 2.2 cfs.

386.0-
385.5-

385.0-F

Elevation (ft)
[
x
T

384.01--:
38351

- 383.0+

40 . 0 10 .. 20

, 30 0 40 . 50
Station (ft) ! ‘

Site Data - C10 ‘
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 384.87 ft -
Outlet Station:  40.00 ft
Outlet Elevation: 382.97 ft
Number of Barrels: 1

Culvert Data Summary - C10

Barrel Shajge: Circular

Barrel Diameter: 1.00 ft

Barrel Material: Corrugated PE
Embedment: 0.00in

Barrel Manning’'s n:  0.0240

Inlet Type: Conventional o
Inlet Edge Condition: Beveled Edge (1:1)
Inlet Depression: NONE \
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Table 30 - Downstream Channel Rating Curve (Crossing: C10)

Tailwater 'Channel Data - C10

Tailwater Channel Option: Triangular Channel

Side Slope (H:V): 2.00 (_:1)

Channel Slope:

Channel Manning's n:

0.0100

0.0350

Channel Invert Elevation: 382.97 fi

Roadway Data for Crossing: C10

Roadway Profile Shape: Constant Roadway Elevation
‘Crest Length:  50.00 ft

Crest Elevation:

Roadway Surface: Gravel
"Roadway Top Width: 12.00 ft

386.00 ft

Calculation 388996-SW-01, Rev. 2

Flow (cfs) Wa‘Eelrefl(Jf'tf)ace Depth (fy | Velocity (f's) | Shear (psf) | Froude Number
213 383.70 0.73 2.01 0.45 0.59
215 383.70 0.73 2.01 0.46 0.59
217 383.70 0.73 202 0.46 0.59
219 383.71 0.74 202 0.46 0.59
221 383 71 0.74 2,03 7046 059

223 383.71 0.74 203 0.46 0.59
2.25 383.71 0.74 204 0.46 0.59
227 383.72 0.75 204 0.47 0.59
229 383.72 0.75 2.05 0.47 0.59
231 383.72 0.75 2.05 047 0.59
233 38372 075 2.05 0.47 0.59
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Stormwater Drainage

Calculations

‘_ Filter Layer |
Hydraulic Conductivity
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Particle Size Distribution Chart
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Stormwater Drainage

Calculations

HELP Model

“Calculations
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* % *x
* * : . * K
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE >
*x HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
*x DEVELOPED BY ENVIRONMENTAL LABORATORY *x
* USAE WATERWAYS EXPERIMENT STATION : *x
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY *x
*k ok
* % . : * %k

kA rrkkdkkrkkrdkkrhkhhbkdh kbbb rrhkrrhkrbhkdrrhddrrhrhrrrhtrhhrrhtrhbrrdbrhdhdih

AEIARAEXAA R A XA A AR A A A AA AR I I AR AR d bk Ak A bbb hhhkhhkrhkrhrhhkhhhkdhhkdhkhhhdhdhkihhih

PRECIPITATION DATA FILE: C:\HELP3\honey\p2.D4
TEMPERATURE DATA FILE: C:\HELP3\honey\t1.D7

SOLAR RADIATION DATA FILE: C:\HELP3\honey\sl.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\honey\el.D11

SOIL AND DESIGN DATA FILE: C:\HELP3\honey\no cdn 2.D10
OUTPUT DATA FILE: _C:\HELP3\honey\no cdn 2.0UT
TIME: 11:39 DATE: 10/ 7/2010

LA A R AL AR SRR RE R LSRR R LRl Al R RS R RRR s Rt RREsRZ 22222 R AR X RS RS 2N

TITLE: Honeywell Final Cover No CDN

Fhkhkhkkhkhkddkdhkdkdhkhkhhkdhhkhbdhkbrrh o rhkrrrrdhrhdhhbrrddrrbrrhkrdrdkkrdrthrdrrrrhhrddtihrdthh

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 12

THICKNESS = 24.00 INCHES
POROSITY = 0.4710 VOL/VOL

FIELD CAPACITY = 0.3420 VOL/VOL .
WILTING POINT = 0.2100 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3621 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.419999997000E-04 CM/SEC

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.20
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

\
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TYPE 2 - LATERAL DRAINAGE 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 0.2342 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.199999996000E-01 CM/SEC
SLOPE = 4.00 PERCENT
DRAINAGE LENGTH .125.0 FEET

i

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS = 0.06 INCHES
POROSITY ) L= 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 vOL/VOL

0.0000 VOL/VOL
0.0000 VOL/VOL
D.199999996000E-12 CM/SEC
1.00 HOLES/ACRE"
2.00 HOLES/ACRE
3 - GOOD

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

fl

TYPE 3 - BARRIER SOIL LINER .
MATERIAL TEXTURE NUMBER 17
THICKNESS = 0.25  INCHES
POROSITY = 0.7500 VOL/VOL y
FIELD CAPACITY '0.7470 VOL/VOL
WILTING POINT 0.4000 VOL/VOL
INITIAL SOIL WATER CONTENT 0.7500 VOL/VOL
EFFECTIVE SAT. HYD. COND. 0.300000003000E-08 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #12 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF 4.%
AND A SLOPE LENGTH OF 125. FEET.

SCS RUNOFF CURVE NUMBER = 88.50

FRACTION OF AREA ALLOWING RUNOFF 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE 1.000 ACRES
EVAPORATIVE ZONE DEPTH 12.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE 3.963 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE 5.652 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE 2.520 INCHES

1l

1 0
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“

INITIAL SNOW WATER

0.000 INCHES

INITIAL WATER IN LAYER MATERIALS = 11.690 1INCHES

TOTAL INITIAL WATER

I

11.690 INCHES

TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR

NOTE:

STATION LATITUDE

EVAPOTRANSPIRATION AND WEATHER DATA

EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
EAST ST. LOUIS ILLINOIS

38.80 DEGREES

MAXIMUM LEAF AREA INDEX = 3.00

START OF GROWING SEASON (JULIAN DATE) = 97

END OF GROWING SEASON (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:

JAN/JUL

NOTE:

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

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

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

3.93 4.27 4.95 4.75 4.51
2.99 3.56 3.45 4.53 4.38

TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR EAST ST. LOUIS ILLINOIS

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL

NOTE:

FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
38.10 47.60 57.00 65.90 74.50
76.20 69.10 58.00 46.80 36.50

SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR EAST ST. LOUIS ILLINOIS
AND STATION LATITUDE = 38.80 DEGREES

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 20

C[alculation 388996-SW-01, Rev. 2
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PRECIPITATION
TOTALS 3.00 3.76 3.82 4.79  4.30 5.62
3.99 2.94 3.77 3.27 3.87 4.58
STD. DEVIATIONS 1.59 1.92 1.16  1.98 2.33 3.16
2.53 1.49 1.89 1.90 2.82 2.13
RUNOFF
TOTALS 1.091 1.217 0.454 0.294 0.341 0.779
0.418 0.077 0.285 0.263 0.675 0.603
STD. DEVIATIONS 1.153 1.172 0.766 0.321 0.518 1.430
0.645 0.114 0.299 0.320 0.721 0.691 ’
EVAPOTRANSPIRATION
TOTALS 0.727 1.142 2.859 3.759 3.448 4.495
3.415 2.736 2.479 . 1.544 1.259 0.890

STD. DEVIATIONS 0.317 0.528 0.321 0.931 1.331 1.277
A 1.491 1.179 1.084 0.384 0.398 0.227

LATERAL DRAINAGE COLLECTED FROM LAYER 2

TOTALS 1.7780 1.4102 1.5018 1.0971 0.8092 0.6502
0.4340 0.1782 0.2583 0.6816 1.5604 2.1644

STD. DEVIATIONS 1.0659 1.3336 0.7849 0.8202 0.8868 0.8082
0.3627 0.2741 0.4736 0.7325 1.1939 1.3344

PERCOLATION/LEAKAGE THROUGH LAYER 4

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 3

AVERAGES 1.5833 1.3803 1.3373 1.0095 0.7206 0.5983
0.3864 0.1587 0.2377 0.6070 1.4359 1.9274

STD. DEVIATIONS 0.9492 1.3129 0.6989 0.7548 0.7897 0.7437
0.3230 0.2441 0.4358 0.6523 1.0986 1.1882

khkkkhkhkkEkhkhkkhkhhtddkkhrdrkdhhrddhbdrbdrbddrdbhrdhrhrrdddhhkbhbhrhbddhbbrddbrribdrdaddihhhhdhdd

KEEXIKRAA XA AR AR AAEX AR A A A A AR A AR AAR AR A A AR A A A A AR Ak A T I Ik AR AR Ak A A A A A Ak dkdhhr

v
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20

INCHES CU. FEET" PERCENT

PRECIPITATION 47.71 ( 6.613) 173189.1 100.00
RUNOFF 6.497 ( 2.6309) 23584.16 13.618
EVAPOTRANSPIRATION 28.755  ( 2.9313) 104379.65 60.269
LATERAL DRAINAGE COLLECTED 12.52343 { 3.83387) 45460.031 26.24878

FROM LAYER 2 .
PERCOLATION/LEAKAGE THROUGH 0.00010 ( 0.00004) . 0.381 0.00022

LAYER 4
AVERAGE HEAD ON TOP 0.949 ( 0.292)

OF LAYER 3 ’
CHANGE IN WATER STORAGE -0.065 { 1.3851) -235.11 -0.136

X R R R R R R R RS R R RS R RS S R R R R R RSl RS R R RaRs st sttt R R ER RS RS

PEAK DAILY VALUES FOR YEARS 1 THROUGH 20
T T aemes) qv. BT
PRECIPITATION —_;j;; ______ ;g;;;tgaa—-
RUNOFF ' 4.977 18066.9199
DRAINAGE COLLECTED FROM LAYER’ 2 0.29851 1083.60291
PERCOLATION/LEAKAGE THROUGH ﬁAYER 4 _ 0.000004 O.b1325
AVERAGE HEAD ON TOP OF LAYER 3 8.241 ‘

MAXIMUM HEAD: ON TOP OF LAYER 3 11.936

LOCATION OF MAXIMUM HEAD IN LAYER 2

(DISTANCE \FROM DRAIN) 34.3 FEET
SNOW WATER ‘ 3.93 14263.6641
MAXIMUM VEG. SOIL WATER {(VOL/VOL) 0.4418
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.2100
*** Maximum heads are computed using McEnroe's equations. ***

Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University 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 OF YEAR 20

LAYER (INCHES) (VOL/VOL)
Y " s.3694 0.3887
2 1.8373 0.1531
3 0.0000 0.0000
4 0.1875 ©0.7500
SNOW WATER 0.000

KA RAK AR AR ANETARK A TR A A AN KAAARA A AT A A S A A A h Ak had kA hkdrd Ak A hdh bk dkr Ak kA khhhkhhhkhi

*************************************************************************‘*****
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******‘******************************************'******************************

AEEKEKEE A ERTKEEA KA AT TN AR LA XA AL AR TR A A AR A A AR AR AR AR AR A AT AR AT A ARt h*r

* %k ? % v
* %k . *
*x HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **x
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) *x
*x DEVELOPED BY ENVIRONMENTAL LABORATORY **
*x USAE WATERWAYS EXPERIMENT STATION hid
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY *x
* % . % ok
* % * %k

L R R R R R R R B I R R R e g B e L £ 2 2 2 R 2 AR R R AR S TR

dkhkkhkhk kb hkkrhkrrhhbhhbhrkdrhhdddhdddhhkddkdkdkdkdododdddobdddkddeskdd o ddkddhddddhodddkdokodddddd

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

:\HELP3\honey\p2.D4
:\HELP3\honey\t1.D7
:\HELP3\honey\si.D13
:\HELP3\honey\el.D1l1
:\HELP3\honey\gd cdn 2.D10
:\HELP3\honey\gd cdn 2.0UT

a0000o0

TIME: 11:39 DATE: 10/ 7/2010

P22 2R RS R R RS R R 2SR SRR R ER AR R XSRS R a2 A RS R R XSRS RS R 4

TITLE: Honeywell Final Cover with CDN

AAKEE KR AR KA AR AL A A AT T I A A AT A AL A AR AR I A R T AR A AT AR AR A A AT Ak kb kb kb hd ok kK

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 12
THICKNESS ‘ = 24.00 INCHES
POROSITY = .0.4710 VOL/VOL
FIELD CAPACITY .0.3420 voL/voLn
WILTING POINT 0.2100 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.3794 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.419999997000E-04 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.20
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.
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TYPE 2 - LATERAL DRAINAGE 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 = 0.1383 VOL/VOL
EFFECTIVE SAT. HYD. COND. = '0.199999996000E-01 CM/SEC

1]

!

LAYER 3

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS : = 0.25 INCHES

POROSITY = 0.8500 VOL/VOL
FIELD CAPACITY = 0.0100 VOL/VOL
WILTING POINT = 0.0050 VOL/VOL

INITIAL SOIL WATER CONTENT 0.0547 VOL/VOL
EFFECTIVE SAT. HYD. COND. 10.0000000000 CM/SEC
SLOPE = 4.00 PERCENT
DRAINAGE LENGTH 125.0 FEET

It

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

THICKNESS . = 0.06 INCHES
POROSITY = 0.0000 VOL/VOL
FIELD CAPACITY = 0.0000 VOL/VOL

0.0000 VOL/VOL
0.0000 VOL/VOL
0.199999996000$—12 CM/SEC

I

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY 1.00 HOLES/ACRE
FML INSTALLATION DEFECTS 2.00 HOLES/ACRE
FML PLACEMENT QUALITY = 3 - GOOD

il

i

LAYER 5

TYPE 3 - BARRIER SOIL LINER
MATERTIAL TEXTURE NUMBER 17

THICKNESS = 0.25 INCHES
POROSITY \ = .0.7500 VOL/VOL
FIELD CAPACITY = 0.7470 VOL/VOL

0.4000 VOL/VOL
- 0.7500 VOL/VOL
0.300000003000E-08 CM/SEC

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

1
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #12 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF 4.%
AND A SLOPE LENGTH OF 125. FEET.

" 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 10.966 INCHES
TOTAL INITIAL WATER . 10.966 INCHES
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR

88.50

100.0 PERCENT
1.000 ACRES
12.0 INCHES
4.203 INCHES
5.652 INCHES
2.520 INCHES
0.000 INCHES

i

[}

[l

It

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
EAST ST. LOUIS ILLINOIS

STATION LATITUDE 38.80 DEGREES

MAXIMUM LEAF AREA INDEX = 3.00
START OF GROWING SEASON (JULIAN DATE) = 97
END OF GROWING SEASON (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: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR ST. LOUIS MISSOURI

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

JAN/JUL FEB/AUG MAR/SEP APR/OCT Vv MAY/NOV JUN/DEC
3.47 3.93 4.27 4.95 4.75 4.51
4.45 2.99 3.56 3.45 4.53 4.38

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR EAST ST. LOUIS ILLINOIS
NORMAL MEAN MONTHLY TEMPERATURE (DEéREES FAHRENHEIT) k - h
JAN/JUL + FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
32.90  38.20  47.60 5700  65.50  74.50
78.20 76.20 69.10 58.00 46.80 36.90
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NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
ILLINOIS

COEFFICIENTS FOR

AND STATION LATITUDE

EAST ST. LOUIS

38.80 DEGREES

L R A R A R A R 2 A R R e R R R R R AR RS AR RSS2 RS RS R R 2SRt al ]

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS

TOTALS
STD. DEVIATIONS

RUNOFF

TOTALS
STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEViATIONS

3.00 3.76
3.99 2.94
1.59 1.92
2.53 1.49

1.165 1.322
0.477 0.084

1.172 '1.204
0.697 0.125

0.725 1.139
3.519 2.760

0.314 0.525
1.538 1.214

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS

STD. DEVIATIONS

1.4506 1.3163
0.2725 0.1649

0.9927 1.3360
0.2479 0.2053

PERCOLATION/LEAKAGE THROUGH LAYER 5

TOTALS

STD. DEVIATIONS

0.0000 0.0000
0.0000  0.0000

0.0000 0.0000
0.0000 0.0000

0.500
0.352

0.791
0.353

2.879
2.474

0.304
1.102

1.3236
0.2087

0.7997
0.3933

0.0000
0.0000

0.0000
0.0000

1 THROUGH 20

4.79

.98

[Erpy
©0
(=]

.381
.336

oo

o

. 457
.448

o

31874
1.515

0.861 .

0.371

0.9570
0.5660

0.8074
0.7730

0.0000
0.0000

0.0000
0.0000

0.400
0.785

0.581
0.809

3.547
1.244

1.302
0.380

0.7870
1.5789

0.8752
1.0774

0.0000
0.0000

0.0000
0.0000

2.13

0.846"
0.758

1.521
0.848

4.559
0.883

1.333
0.224

0.4773
2.1268

0.6173
1.3509

0.0000
0.0000

0.0000
0.0000

Calculation 388996-SW-01, Rev. 2
L .

Page 140 of 180




DAILY AVERAGE HEAD ON TOP OF LAYER 4

AVERAGES 0.0026 0.0026 0.0024 0.0018 0.0014 0.0009
0.0005 0.0003 0.0004 0.0010 0.'0029 0.0038

‘

STD. DEVIATIONS 0.0018 © 0.0026 0.0014 0.0015 0.0016 0.0011
0.0004 0.0004 0.0007 0.0014 0.0020 0.0024

KRR KA R RN I AR TR R R R AN AR AR A * AR A AR R IR AR AN A AR AR A KK AR KA RN KR AACT KRR AR AR AR RRRRA T A AR KR

LA AR A S A LR AR EALERSEERLE R R ARRR SRR RS AR SRSl Rt RARtRxERRR R R

AVERAGE ANNUAL.TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 20
T nemss cv. FEET PERCENT
PRECIPITATION 47.71 ) { 6.61;) 17;189.1——' ;BBTBB__—

RUNOFF 7.405  ( 2.8192) 26880.81 15.521

EVAPOTRANSPIRATION 29.118 ( 2.9776) 105698.99 61.031

LATERAL DRAINAGE COLLECTED 11.22973 ( 3.40143) . 40763.918  23.53723
FROM LAYER 3 :

PEﬁCOLATION/LEAKAGE THROUGH . 0.00000 ( 0.00000) 0.009 0.00001
LAYER 5

AVERAGE HEAD ON TOP : 0.002 (. 0.001)

OF LAYER 4

CHANGE IN WATER STORAGE -0.043 ( 1.1284) -154.62 -0.089

*****************************************************************************t*
P
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 20
T T (INCH;S) _(cu. F;j;
PRECIPITATION R 26934.600
RUNOFF 5.239 19018.6914
DRAINAGE COLLECTED FROM LAYER 3 0.70920 2574.40039
PERCOLATION/LEAKAGE THROUGH LAYEﬁ '5 0.000000 0.00004
AVERAGE HEAD ON TOP OF LAYER 4 0.039
' MAXIMUM HEAD ON TOP OF LAYER 4 ' 0.078

LOCATION OF MAXIMUM HEAD IN LAYER 3

(DISTANCE FROM DRAIN) 0.6 FEET
SNOW WATER . 3.93 14263.6641 ‘
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4595
MINIMUM VEG. SOIL WATER (VOL/VOL) . 0.2100

| ,
***  Maximum heads are computed using McEnroe’s equations. ***
Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas

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

P L 2 A R R R R R R R R 2 R 22 RN 22 R X T R R R R R R R R R S

FINAL WATER STORAGE AT END OF YEAR 20

LAYER (INCHES) (VOL/VOL)
1 8.4724 0.3530
2 1.4475 0.1206
3 0.0063 0.0251
4 0.0000 0.0000
5 0.1875 0.7500
SNOW WATER 0.000

[ 222 R R R e A AR 2R R R R R R R R R i R R R R R R R R R L E L R T R R RR 2 R R grpngp gy

AR RS RS R RS R R R R R A R RS S AR R R RS SR SRS SR E Rt RS RS
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NOAA Precipitation Data

Calculation 388996-SW-01, Rev. 2 Page 144 of 180



Precipitation Frequency Data Server o : Page 1 of 3

)A‘ POINT PRECIPITATION
FREQUENCY ESTIMATES
FROM NOAA ATLAS 14

o
>
PADUCAH WSO, KENTUCKY (15-6110) 37.0564 N 88.7739 W 400 feet
from "Precipitation-Frequency Atlas of the United States” NOAA Atlas 14, Volume 2, Version 3
G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley
NOAA, National Weather Service, Silver Spring, Maryland, 2004

Extracted: Wed Sep 8 2010

| Confidence Limits || Seasonality | Related Info | GIS data |-!| Return to State Map |
| Precipitation Frequency Estimates (inches) |

* ) | | g

(‘y‘:;lrs)&%g A B n‘%i};—%’_& m‘}l:f l;i48hr4dav7dav - iiii -

1 Jj0.42 Jfo.6s Jjo.81 Jios J1.32 158 Jr.72 2.3 |[2.57 |3.11 |[3.69 |[¢.12 ]fe.79 ][5.35 |[7.26 |[8.86 |11.11][13.14]}

2 Jfo:49 1077 ][0.95 |[1.29 [1.59 ][3.91 ][2.07 |}2.56 ||3.09 |[3.74 ]l4.44 ]l4.95 ]i5.75 |l6.39 |[8.63 |[10.49]}13.15]f15.53
[ 5 Jo.570.89 ][1.11 |[1.53 ][1.94 |[2.33 |[2.54 |[3.13 |[3.79 ][4.58 ||5.44 |l6.03 |[7.02 ][7.75 ]j10.28)[12.36]15.37][18.04]
[ 10 J[0.63][0.98 J[1.22 ||1.72 ][2.20 |[2.67 |[2.91 |[3.59 |4.35 ]|5.23 ||6.18 ]i6.84 ][8.00 ]{8.78 ][11.49]{13.73][16.97][19.84
25 |[0.70 ][1.00 |[1.36 |[1.95 |[2.55 |[3.12 |[3.42 |[4.23 |I5.12 |[6.08 |[7.17 {[7.89 ][9.28 ][10.13][13.06]15.50][18.99][22.11
50 |[o.76 |[1.17 J[1.46 |[2.13 |2.83 |[3.48 |[3.82 |[4.74 |[5.75 |l6.75 |[7.92 |[8.71- ]10.20][11.17]14.25]|16:83][20.49][23.77
[ 100 Jo.81 J[1.25 ][1.56 |[2.30 |[3.10 ][3.84 ][4.25 |[5.28 ][6.40 ][7.42 |[8.69 Jlo.51 ][11.30][12.21 |[15.41][18.12][21.95][25.35
[ 200 Jjo.87 ][1.32 J[1.65 |[2.46 |[3.38 ][4.22 }|4.69 |i5.84 ||7.08 |[8.10 ]|9.45 ][10.32][12.32][13.25][16.55][19.39][23.35|[26.87
| 500 Jjo.94 |[1.42 ][1.77 ][2.69 |[3.76 ][4.74 ]5.30 Ji6.63 |[3.04 |[9.02 ][10.48][11.39](13.69 ||14.64][18.02][21.02|[25.15 |[28.83 |
[ 1000 ]{0.99 |[1.49 |[1.86 |[2.85 |[4.06 |[5.15 |[5.79 ][7.27 |[8.81 |[0.74 |[11.27][12.21][14.74 ][15.70]{19.14][22.24][26 49][30.28]

£

* These precipitation frequency estimates are based on a partial durafion series. ARl is the Average Recurrence interval.
Please refer to NOAA Atlas 14 Document for mare information. NOTE: Formatting forces estimates near zero to appear as zero.

* Upper bound of the 90% confidence interval
Precipitation Frequency Estimates (inches)

ARI*# 5 |l 10 || 15 |{ 30 || 60 || 120} 3 6 || 12 || 24 || 48 4 7 10 1 20 || 30 || 45 || 60
(years)|| min || min || min || min || min ||min || hr || hr || br | hr || hr || day || day || day || day || day || day || day

1 |o.45 Jo.71 ][0.88 Jj1.17 J[1.44 ][1.73 ]}1.89 |2.35 |[2.82 |[3.34 |[3.97 |l4.44 |[5.17 ||5.75 JI7.75 |lo.42 ][11.80][13.90
2 - |[0.53 ][0.84 ][1.04 Jj1.40 ||1.73 ||2.08 ][2.27 ][2.81 |[3.39 J[4.02 ]|4.77 ]I5.33 J6.21 |l6.89 |[9.22 |[11.18]13.97][16.41
5 Jo.62]0.97 J[1.20 J1.67 |[2.11 ][2.54 |j2.78 |[3.44 }ja.16 ][4.92 ]I5.83 ]l6.49 ][7.58 1[8.35 |[10.98][13.17][16.32][19.05
10 Jjo.68 ][1.07 |[1.33 ][1.87 ]{2.39 |[2.90 |[3.18 |[3.94 |[a.78 ||s.61 |l6.63 ][7.35 |I8.62 }i9.45 ][12.28][14.63]18.01}20.95
[ 25 Jo77][1.19][1.48 J[2.12 ]|2.77 |[3.39 ][3.73 ]l4.63 ||561 }l6.52 ][7.68 ]|8.49 ]{10.02][10.91]13.95][16.51]{20.16][23.33
50 J[o.83 ][1.27 ][1.58 ][2.30 |[3.06 |[3.78 J[4.17 ][5.18 |l6.29 ][7.24 ][8.49 |[9.36 ][11.10][12.04][15.21][17.93][21.77][25.09
100 ][0.88 |[1.35 ][1.69 ][2.49 ]13.35 |[4.18 ||4.63 }i5.77 l6.99 }[7.96 [9.31 ][10.23}}12.19][13.16][16.45][19.31][23.34][26.78
200 [0.94 ][1.44 ][1.79 ]2.67 ]|3.66 ||4.59 ||5.11 ]}6.38 ][7.74 ][8.69 ][10.14][11.10][13.30][14.30][17.67]|20.67]|24.85][28.43]
500 |[1.02 |[1.54 |[1.92 |[2.91 |[4.07 |[5.17 ||5.78 |{7.25 ||8.81 |[9.69 ][11.25][12.26][14.79](15.80][19.26 |[22.44|[26.78][30.56]

1000 |[1.08 |[1.61 |[2.02 |[3.09 |[4.40 |[5.62 |[6.31 1[7.94 |[9.67 |[10.46][12.12][13.16][15.96][16.97 ][20.48|[23.75]28.21][32.12]

* The upper bound of the confidence interval at 30% confidence level is the value which 5% of the simulated quantile vaiues for a given frequency are greater than.
** These precipitation frequency eslimales are based on a pariial duration series. AR is the Average Recurrence Interval,

Please refer io NOAA Atlas 14 Document for more information. NOTE: Formalling prevents estimates near zero to appear as zero.
* Lower bound of the 90% confidence interval
Precipitation Frequency Estimates (inches)

ARI**l} 5 110 ]| 15 }] 30 )} 60 |} 120 3 6 || 12 |j 24 || 48 4 7 10 ) 20 || 30 |} 45 || 60
(years)|| min || min || min || min || min |min || hr || hr || hr || hr || hr || day || day || day || day || day || day || day

1 Jfo.38 J[0.60 ]jo.74 Jjo.99 J[1.22 [1.45 |[1.58 ]1.95 ]{2.35 ][2.90 |[3.44 ][3.83 [4.45 Jla.97 |l6.80 ]|8.34 Jl10.42][12.41]
2 ll0.45 J[0.71 J[0.88 {[1.19 [1.47 ][1.75 |[1.89 ||2:34 ]|2.83 |[3.48 J|4.13 ]l4.60 ]/5.33 ]5.95 |[8.09 ]jo.00 }l12.35]j14.67
5 0.5 J[o.82 |[1.02 |[1.41 ][1.78 |[2.13 ]2.32 |[2.86 ]{3.47 |[4.27 }|5.05 |[5.61 Jl6.51 ][7.21 ][o.61 [11.65]14.42][17.04]
10 Jjo.58 J0.90 JJ1.12 ][1.58 ]}2.03 |[2.44 |[2.66 ][3.27 ||3.97 ][a.86 ||5.74 |}6.35 ][7.40 ]}8.15 ][10.74][12.93][15.90][18.73
25 |[0.65 |[1.00 |[1.25 |[1.79 J[2.34 |[2.83 |[3.11 |[3.83 J[4.64 |[5.63 |[6.63 |[7.31 |57 |[o.39 J12.19][14.57][17.76][20.85

50 ]l0.70 |[1.07 |[1.33 |[1.94 jj2.58 |[3.15 |[3.46 [l4.28 5.19|6.23 7.32 |18.05 1|9.47 [[10.33]{13.28(|15.80|19.14[22.40

1) L 1 I 1 1 ] L ] ] L

' http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type:pf&units=us&series:pd&statename:KENTUC... 9/8/2010
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| 100 Jjo.74 ||1.14 [|1.42 |[2.09 ||2.82 |[3:47 ||3.83 ||4.74 ||5.74 Jl6.84 ||8.01 [|8.77 |[10.37]|11.26[14.33][16.98 |20.45||23.86
200 ][0-79 ][1.20 J[r.50 ][2:237][3.06 |[3.79 J[4.20 [[5.21 J[6.31 |[7.44 ][8.69 ]j9.49 J[1127][12.19][1536]18.11][21.71 |[25.25] ’ .
["s00 J[o.85 |[1.28 |[1.59 |2.42 |[3.38 ][4.23 JJ4.70 |[5.86 J[7.09 |[8.25 ]|9.60 ][10.44][12.47]]13.42][16.67 ]|19.59]23.32 |[27.01 ]
[ 1000 J[0.89 ][1.33 |[1.66 |[2.55 |[3.63 ][4-56 ][5.10 |[6.37 |[7.71 |[8.87 J[10-28][11.15][13.38][14.34][17.66 |[20.68 ]|24.51 |[28.31]
* The lower bound of the confidence interval at 90% confidence level is the value which 5% of the simulated quantile values for a given frequency are less than. .

** These precipitation frequency estimates are based on a

riial duration maxima series. ARl is the Average Recurrence Interval.

Please refer to NOAA Atlas 14 Document for more information. NOTE: Formatling prevents estimates near zero to appear as zefo.

[ ]

Text version of tables

Partial duration based Point Precipitation Frequency Estimates - Version: 3
37.0564 N 88.7739 W 400 ft

Precipitation Bepth {(in)

|
1 ‘5 10 5 50 100 200. 500 1000
. Average Recurrence Interval (years)
Wed Sep 08 12:12:30 2010 ’ . . ;
. Buration .
5-min — . 30-min ¥ 3-hr - 2d-hr -t 7-day —— 30-day B~
10-min —— 60-min -B- 6-hr > 48-hr -5~ 10-gay ¢ 45-day -
15-min & 120-m 12-hr —-&- d-day - _ 20-day ¥ —gay —8—

http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.peri?type=pf&units=us&series=pd&statename=KENTUC... = 9/8/2010
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Partial duration based Point Precipitation Frequency Estimates - VYersion: 3
37.0564 N 88.7739 W 400 ft

Precipitation Depth (in)
[5Y
wm
1

..............................................

S12-hr |
36-hr
48
15-day
30-day
45-day
60-day

o
=)

Average Recurrence Interval
(years)
1 & z2 —+ 5 5 10 % 25 -B- 50 -z 400 — 200 ~5— 500 =& 1000 =

‘ Related Information

Maps & Aerials

Click here to see topographic maps and aerial photographs available for this location from Microsoft Research Maps

Watershed/StreamfloW Information

Click here to see watershed and streamflow information available for this locatior from the U.S. Environmental Protection Agency's site

Climate Data Sources ' .

National Climatic Data Center ‘(NCDC) database
Locate NCDC climate stations within:

‘

[ +/-30minutes ] o +-1degree | of this location. Digital ASCII data can be obtained directly from NCDC.

Note: Precipitation frequency results are based on analysis of precipitation data from a variety of sources, but largely NCDC. The following
links provide general information about observing sites in the area, regardless of if their data was used in this study. For detailed information
about the stations used in this study, please refer to the matching documentation available at the PF Document page

US Department of Commerce
National Oceanic and Atmospheric Administration

National Weather Service

Office of Hydrologic Development
1325 East West Highway

Silver Spring, MD 20910
Questions?: HDSC.Questions@noaa.qov

Disclaimer

http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?ty pe=pf&units=us&series=pd&statename=KENTUC...  9/8/2010
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POINT PRECIPITATION ;@‘g‘\&
FREQUENCY ESTIMATES NS )
FROM NOAA ATLAS 14 -

PADUCAH WSO, KENTUCKY (15-6110) 37.0564 N 88.7739 W 400 feet
from "Precipitation-Frequency Atlas of the United States” NOAA Atlas 14, Volume 2, Version 3
G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley
NOAA, National Weather Service, Silver Spring, Maryland, 2004

Extracted: Wed Sep 8 2010

[ Confidence Limits__]{_Seasonality )[_Related Info )| GIS data || Maps || Docs || Return to State Map__

| Precipitation Intensity Estimates (in/hr) , |

1 J[4.99 |92 |B.22 Jl2.15 |[1:32 J[0-79 |[o-57 J[0.36 ][0.21 ][0-13 ][o.08 ][o.04 J{0.03 ][o.02 ][o.02 J[o-01 |fo.01 ]fo.01 ]
2 JIs.88 Jla.63 |[3.80 J[2.57 [[1.59 ]j0.95 Jjo.69 Ji0.43 ]jo.26 llo.16 }j0.09 Ji0.05 Jl0.03 l0.03 Jl0.02 Jj0.01 ]j0.01 }[0.01
5 l6.84 |[536 J[4.43 |B.07 |[1.94 ][1.17 Jlo85 J[0.52 J[0.31 [0.19 ]jo.11 |[0.06 [0.04 Jj0.03 Jj0.02 J[o.02 Jjo.01 ][o.01 ]

[ 10 |7.56 |[5.90 [4.88 |[3.44 ][2.20 |[1.33 [0.97 ]o.60 ][0.36 }[0.22 ]0.13 ][0.07 ][0.05 Jl0.04 ][0.02 ][0.02 ][0.02 ][0.01 ]

[ 25 ][8.46 ]j6.56 |[5.44 1[3.90 [2.55 ][1.56 ][1.14 Jjo.71 ][0.43 ][0-25 ][0.15 ]fo.08 ][0.06 Jj0.04 ][0.03 |[0.02 |[o.02 002|
[ 50 |[9:17 Jfr.04 |[5.85 |25 |83 J1.74 [[127 J[0.29 [[0.48 J[o-28 Jjp17 [[0.09 J[o.06 [[0.05 [[o.03 Jfo.02 |[o.02 Jjo.02

100 |[9.78 |[7.49 Jl6.24 1}4.59 |i3.10 }[1.92 ][1.41 ][0.88 [0.53 |jo.31 ][0.18 [0.10 ]{0.07 l0.05 1[0.03 ]l0.03 |[0.02 ][0.02
200 ][10.46 |[7.95 J[6.61 ][4.93 [3.38 J[2.11 ][1.56 ][0.98 ][0.59 ][0.34 ][0.20 ][0.11 ][0.07 }[0.06 ][0.03 [[0.03 |[0.02 ][0.02
500 |11.33]8.51 ][7.08 ][5.37 ][3.76 ][2.37 |[1:77 ][1.11 ][0.67 ][0.38 ]j0.22 ][0.12 ][0.08 ]0.06 J[0.04 ][0.03 Jlo.02 ][0.02
[ 1000 |{11.93|[8.91 |[7.43 |[5.70 ||4.06 ][2.58 ][1.93 ][1.21 ][0.73 [o.41 ][0.23 ][0.13 ][0.05 ]j0.07 ][0.04 ][0.03 J[o.02 ]j0.02

* These precipitation frequency estimates are based on a partial duration series. ARI is the Average Recurrence Interval,
Please refer to NOAA Atlas 14 Document for more information. NOTE: Formatting forces estimates near zero to appear as zero.

* Upper bound of the 90% confidence interval
Precipitation Intensity Estimates (in/hr)

ARI**| 5 10 || 15 | 30 || 60 [ 120} 3 6 12 1 24 || 48 || 4 7 10 || 20 || 30 |{ 45 | 60
(years)|| min || min || min [ min | min [[min || hr || hr || hr || hr || hr || day || day || day || day || day || day || day

1 (544 |l4.27 ]j3.51 |[2.35 |[1.44 {0.86 J0.63 ]0.39 [[0.23 fj0.14 ]j0.08 [[0.05 ]j0.03 ]{0.02 [l0.02 {j0.01 [jo.01 ]jo.01
[ 2 641 |[5.05 Ja.14 J2.80 ][1.73 }[1.04 J[0.76 J[0.47 ][0.28 ][0.17 J[o-10 J0.06 ][0.04 J[0.03 Jo.02 J[o.02 Jo.01 J[o.01

5 |[7.44 |[5.83 Jla.82 |B.33 |2.11 }11.27 ][0.93 ][0.57 [0.35 Jjo.21 [o.12 [0.07 |[0.05 |0.03 |[0.02 |0.02 [j0.02 Jfo.01

10_]i8.21 |j6.40 |[5.30 |[3.73 |[2:39 ][1.45 ][2.06 ]jo.66 ][0-40 ][0-23 ]0.14 ][o.08 ]j0-05 ]j0.04 ][0.03 ][0.02 Jjo.02 Jjo.01 ]
[ 25 .18 7.2 lIs.01 |[g23 JR.77 ][1-69 J[1.24 ][o.77 ][o.47 |[o27 |[o.16 |[o.09 Jfo.06 J[0.05 [o.03 Jjo.02 ]jo.02 Tfo.02
50 ]]9.92 |7.63 [l6.34 ||4.61 }j3.06 ]|1.89 ][1.39 ][0.87 Jjo.52 ][0.30 ]fo.18 |[0.10 ]{0.07. ||0.05 |[0.03 J[0.02 ]jo.02 Jjo.02
100 [{10.58 |[8.11 ]6.75 ]|4.97 ||3.35 ][2.09 ][1.54 ]{0.96 ||0.58 ||0.33 ]i0.19 |[0.11 J|0.07 }j0.05 ]j0.03 [|0.03 Jjo.02 ]lo.02
[ 200 |[11.34][8.62 ][7.16 |[5.34 366 ][2.30 |[1.70 J[1.07 ][0-64 ]o-36 [021 ]jo.12 ][0.08 ][0.06 J[0.04 ][0.03 ]o.02 ][0.02
[ 500 ][12.28]/9.22 ][7.68 |[5.82 ]4.07 ][2.58 J[1.92 ][1.21 ][0.73 ]j0.40 ][0.23 J[0.13 }{0.09 [0.07 ][0.04 ]/0.03 ]j0.02 ]j0.02
1000 |[12.94 |[o.66 ](8.06 |l6.19 ][4.40 ][2.81 |[2.10 ]1.33 ][0.80 ][0.44 {[0.25 ][0.14 ]{0.09 ][0.07 ][0.04 ][0.03 Jj0.03 ]0.02

* The upper bound of the confidence interval at 90% confidence level is the value which 5% of the simulated quantile values for a given frequency are greater than.
* These precipitation frequency estimates are based on a partial duralion series. AR! is the Average Recurrence Interval. )

Please refer to NOAA Atlas 14 Document for more information. NOTE: Formatting prevents estimales near zero 1o appear as zero.
* Lower bound of the 90% confidence interval
Precipitation Intensity Estimates (in/hr)

ARI**(| 5§ 10 (| 15 || 30 || 60 || 120 ) 3 6 12 || 24 || 48 4 7 10 (] 20 || 30 || 45 || 60
(years)|| min || min || min || min || min || minj| hr || hr || br || hr || hr || day | day || day || day || day || day || day

[ 1 Jja.60 |61 ]2.97 |[1.98 |‘1.'22 /.72 ]jo.53 J[0.33 J[0-20 Jjo.12 Jjo-07 ]jo.04 Jjo.03 Jjo.02 Jjo.01 Jjo.01 Jjo.o1 Jo.01
[ 2 .42 427 |3.51 ][2.37 |[1-47 J[o.87 |[0.63 ]j039 ]j0.23 ]o.15 ]0.09 ]jo.05 Je.03 Jfo.02 J[o-02 Jfo.01 Jjo.01 Jfo.01

5 |f6.29 |[4.93 ][2.08 |[2.82 ||1.78 1[1.07 ][0.77 ]j0.48 ][o.29 }j0.18 ][o.11 |[0.06 ][0.04 ][0.03 [0.02 |f0.02 Jjo.01 J[o.01
10 |[6.96 |[s.42 J[4.49 }|3.16 ][2.03 }[1.22 |[0.88 ][0.55 [0.33 Jj0.20 |0.12 ][0.07 |0.04 Jj0.03 ][o.02 [[0.02 Jjo.01 Jfo.01
25 _|[7.74 J6.01 ][4.98 ][3.57 ||2.34 ][1.42 ][1.03 ][0.64 ][0.39 ]|0.23 |[0.14 |[0.08 ][0.05 ]|0.04 ][0.03 |f0.02 Jjo.02 Jjo.01 ' ‘
50 |I8.36 |[6.43 ][5.34 |[3.88 }{2.58 ][1.57 ][1.15 Jj0.71 |[0.43 Jlo-26 |[0.15 [[0.08 ][0.06 |0.04 J[0.03 Jj0.02 Jjo.02 Jj0.02 ]

T Ir LI} L T 1 Bl T i i 1 11 iF r " 1

_http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.peri ?type=idf&units=us&series=pd&statename=KENTUC... 9/8/2010
Calculation 388996-SW-01, Rev. 2 Page 148 of 180

S




Precipitation Frequency Data Server Page 2 of 3

| 100 |l8.89 |l6.82 ||5.67 ||4.18 ||2.82 ]|1.73 ||1.27 Jj0.79 |l0.48 J|0.29 flo.17 Jl0.09 J|o.06 |j0.05 ||0.03 Jlo.02 Jjo.02 Jo.02 |
[ 200 Jo.48 J[720 |[5.99 |[¢.46 ][3.06 ][1.90 ][1.40 ][0.87 J[0.52 J[0.31 ][o-18 Jo-10 J[0-07 Jjo.05 ][o.03 J[0.03 Jfo.02 [o.02
[ s00 ][10.20][7.66 ][6.38 |}4.83 ](3.38 ||2.11 ]}1.57 ][0.98 ]jo.59 }|0.34 ][0.20 [o.11 ][0.07 }|0.06 ][0.03 ][0.03 }[0.02 ]{0.02
[ 1000 J[10.67][7.97 ][6.65 |[5.10 |[3.63 |[2.28 ][1.70 ][1.06 |[0.64 ][0.37 J[0.21 ][0.12 ][0.08 ][0.06 J[0.04 ][0.03 ]0.02 J[0.02 ]

* The lower bound of the confidence interval at 90% confidence Jevel is the value which 5% of the simulaled quantile values for a given frequency are less than.
** These precipitation frequency estimates are based on a partial duration maxima series. ARI is the Average Recumence interval. ’
Please refer to NOAA Atfas 14 Document for more information. NOTE: Formatling prevents estimates near zero lo appear as zero.

i

[ Texiversion of tables |

Partial duration based Point IDF Curves - Version: 3
37.0564 N 88.7739 W 400 ft
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- i () Y] o Duration ~ - N (o] = O
Wed Sep 08 13:47:12 2010
Average Recurrence Interval
' {years)
1-year ---- S-year - 25-year -B- 100~year — 500-year =&
2-year —— 10-year- ¥~ 50-year —%- | 200-year -5 1000~year ——

Related Information

Maps & Aerials

Click here to see topographic maps and aerial photographs available for this Jocation from Microsoft Research Maps

Watershed/Streamflow Information -,
Click here to see watershed and streamflow information available for this location from the U.S. Environmental Protection Agency's site
Climate Data Sources

National Climatic Data Center (NCDC) database
Locate NCDC climate stations within: 1,

[ +-30minutes | o +/-1 degree ] of this location. Digital ASCII data can be obtained directly from NCDC.

http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.peri?type=idf &units=us&series=pd&statename=KENTUC... 9/ 8/2010
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Figure 19.--All-season PMP (in.) for 12 hr 10 mi? (26 kmg).
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Figure 31.--All-season PMP (in.) for 48 hr 1,000 mi® (2,590 kmz).




62

-
~

97
3

232

\

190

1K =256
STATUTE MILES

[

0 100 200 300 4
KILOMETERS

¥

75"

i

79°

ns' m' -

1y’

123"

<o

115° in’ “107°

119°

45

41

37"

Calculation-388996-SW-01, Rev. 2

33"

25"

Figure 32.--All-season PMP (in.) for 72 hr 1,000 mi% (2,590 kn®).

Page 165 of 180



63

Figure 33.—-All-season FMP (in.) for 6 hr 5,000 mi (12,950 kn).
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