
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/nshmp20O8/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 return period: PGA = 1.01g x 1.0 = 1.01g
* 475-year return period: PGA = 0.27g x 1.26 = 0.34g

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

* 2475-year return period: ki = 0.50g
* 475-year return period: kh = 0.17g

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

, 2475-year return period: kh = 0.67g
* 475-year return period: kh = 0.23g
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Figure C1. Project location (Latitude and Longitude)
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Figure C2. Peak Horizontal Acceleration (PHA) obtained from USGS 2008 hazard
maps for 975-year seismic event.

o ulation 388996-GT-001, Rev. 2

Page 
22 0



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)

Layer
Thickness,

Depth (ft) Elev (ft) N-value di di/Ni
1.0 363.7 11 1.0 0.09
3.5 361.2 8 2.5 0.31
6.0 358.7 15 2.5 0.17
8.5 356.2 16 2.5 0.16
11.0 353.7 32 2.5 0.08
13.5 351.2 30 2.5 0.08
16.0 348.7 48 2.5 0.05
18.5 346.2 54 2-5 0.05
21.0 343.7 100 2.5 0.03
23.5 341.2 100 2.5 0.03
26.0 338.7 100 2.5 0.03
28.5 336.2 100 2.5 0.03
33.5 331.2 14 5.0 0.36
36.0 328.7 50 2.5 0.05
38.5 326.2 16 2.5 0.16
41 323.7 14 2.5 0.18

43.5 321.2 18 2.5 0.14
46.0 318.7 26 2.5 0.10
48.5 316.2 13 2.5 0.19
51.0 313.7 24 2.5 0.10
53.5 311.2 91 2.5 0.03

GW-108 (assumed original SPT N-values)
Layer

Thickness,

Depth (ft) Elev (ft) N-value di di/Ni

1.0 365.9 25 1.0 0.04

3.5 363.4 9 2.5 0.28

6.0 360.9 19 2.5 0.13

8.5 358.4 20 2,5 0.13

11.0 355.9 18 2.5 0.14

13.5 353.4 12 2.5 0.21

16.0 350.9 19 2.5 0.13

18.5 348.4 16 2.5 0.16

23.5 343.4 80 5.0 0.06

26.0 340.9 27 2.5 0.09

28.5 338.4 47 2.5 0.05

31.0 335.9 68 2.5 0.04

36.0 330.9 20 5.0 0.25

38.5 328.4 10 2.5 0.25

41 325.9 19 2.5 0.13
43.5 323.4 13 2.5 0.19

48.5 318.4 53 5.0 0.09

51.0 315.9 85 2.5 0.03

53.5 313.4 100 2.5 0.03
56.0 310.9 100 2.5 0.03
38.5 308. 1Q Z.5 •04..

-30'84-- -. 100 { O

SU 2

Sum= 100.0 2.89

GW-109 (assumed original SPT N-values)
Layer

Thickness,
Depth (ft) Elev (ft) N-value di diNi

1.0 376.9 16 1.0 0.06
3.5 374.4 10 2.5 0.25
6.0 371.9 16 2.5 0.16
8.5 369.4 11 2.5 0.23
11.0 366.9 15 2.5 0.17
13.5 364.4 15 2.5 0.17
16.0 361.9 16 2.5 0.16
18.5 359.4 13 2.5 0.19
21.0 356.9 18 2.5 0.14
23.5 354.4 15 2.5 0.17
26.0 351.9 19 2.5 0.13
28.5 349.4 27 2.5 0.09
31.0 346.9 89 2.5 0.03
33.0 344.9 26 2.0 0.08
36.0 341.9 94 3.0 0.03
38.5 339.4 23 2.5 0.11
41 336.9 62 2.5 0.04

43.5 334.4 65 2.5 0,04
46.0 331.9 100 2.5 0.03
48.5 329.4 12 2.5 0.21
51.0 326.9 12 2.5 0.21
53.5 324.4 11 2.5 0.23
56.0 321.9 18 2.5 0.14
58.5 319.4 92 2.5 0.03
61.0 316.9 65 2.5 0.04

-t. I~ 4 -1

+ 4 4

____ ____ i 4-

+ 4 4

Sum = 100.0 2.87

Site Class D Nave 35
*le--.. _______ _______ 4 4

I Site Class D I NaveI= 35
____ 4 +

Sum 1 100.0 3.50

Site Class D Nave 29

Assumed SPT N-values
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Note: The above estimate of N is conservative, 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

Table 4-10

APPROXIMATE su VERSUS N RELATIONSHIP

N Value
(blows/ft or 305 amm) Consistency Approximate su/pa

0 to 2 very soft < 1/8

Assumed N 2 to 4 soft 1/8 1to 1/4
valueofor-Sulpa ranges

consolidated 4 t from 0.25 to

sludge 0.37

15 to 30 very stilff 1 o 2

> 30 hard > 2

Source: Terzaghi and Peck, (-4), p. 347.

Suitable for the sludge

wd
D

2

Assumed N

value for
consolidated
sludge

su/P3

Figure 4-50, Selected Relationships Between N and su

Source: Djoenaidi (71), p. 5-93.
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Table C2. Site Class Determination Considering Consolidated Sludge (NEHRP 2006)
GW-107 (assumed unstabilized sludge) GW-108 (assumed unstabilized sludge)

Layer
Thickness,

Depth (ft) Elev (ft) N-value di dilNi

1.0 363.7 H 6 1.0 0.17

3.5 361.2 6 n 2.5 0.42

6.0 358.7 ) 6 2.5 0.42

8.5 356.2 6 H 2.5 0.42

11.0 353.7 6 _ 2.5 0.42

13.5 351.2 H 6 H 2.5 0.42

16.0 348.7 H 6 1) 2.5 0.42

18.5 346.2 54 2.5 0.05

21.0 343.7 100 2.5 0.03

23.5 341.2 100 2.5 0.03

26.0 338.7 100 2.5 0.03

28.5 336.2 100 2.5 0.03

33.5 331.2 14 5.0 0.36

36.0 328.7 50 2.5 0.05

38.5 326.2 16 2.5 0.16

41 323.7 14 2.5 0.18

43.5 321.2 18 2.5 0.14

46.0 318.7 26 • 2.5 0.10
48.5 316.2 13 2.5 0.19

51.0 313.7 24 2.5 0.10

515- .. 311,2 q 1 - -2.5- -0.031

.7 71.0 7 100 .50 0.01

70, 29 U 100 5.0 0.05

75' 1 21947 100 5,0 0.0570.0 1214.7 300' 5.0 0.05
910 , 24.7 100 5.0 m005

80.0 27937 100 5.0 0.05

9050 271.7 I00 5.0 0.05

95.0 2.69.7 I0 5.0 0.05

Layer

Thickness,

Depth (ft) Elev (ft) N-value di di/Ni

1.0 365.9 6 1.0 0.17

3.5 363.4 )H6 2.5 0.42

6.0 360.9 H 6 H 2.5 0.42

8.5 358.4 H 6 H 2.5 0.42

11.0 355.9 H 6 H 2.5 0.42
13.5 353.4 H 6 H 2.5 0.42

16.0 350.9 H 6 )I 2.5 0.42

18.5 348.4 16 2.5 0.16

23.5 343.4 80 5.0 0.06

26.0 340.9 27 2.5 0.09

28.5 338.4 47 2.5 0.05

31.0 335.9 68 2.5 0.04

36.0 330.9 20 5.0 0.25

38.5 328.4 10 2.5 0.25

41 325.9 19 2.5 0.13

43.5 323.4 13 2.5 0.19

48.5 318.4 53 5.0 0.09

51.0 315.9 85 2.5 0.03

53.5 313.4 100 2.5 0.03

.56.0 310.9 100 2.5 0.03

_58.5 3M084 . 20.. -•. .. 03

60.0 306.9 100 1.1 0.07

650 301.9 I00 .. 50, 0.05

70.0 296.9 100 I 50. 0.05

75.0 71.9 100 50 005

80(0 286.9 100 5.0 0.05

85.0 281.9 100 .50 0,05

90.0 276.9 100 5:0 0.05

95.0 271.9 100 5.0 S0.0

GW-109 (assumed unstabilized sludge)
Layer

Thickness,

Depth (ft) Elev (ft) N-value di di/Ni

1.0 376.9 5 6 II 1.0 0.17
3.5 374.4 H 6 11 2.5 0.42

6n i s171 6! 7S n A4
60 1 3719 6 2 S
8.5 369.4 6 2.5 0.42

11.0 3669 I 6 I 2.5 0.42
13.5 364.4 H 6 I 2.5 0.42

16.0 361.9 I) 6 I) 2.5 0.42

18.5 359.4 13 2.5 0.19

21.0 356.9 18 2.5 0.14

23.5 354.4 15 2.5 0.17

26.0 351.9 19 2.5 0.13

28.5 349.4 27 2.5 0.09

31.0 346.9 89 2.5 0.03

33.0 344.9 26 2.0 0.08

36.0 341.9 94 3.0 0.03

38.5 339.4 23 2.5 0.11

41 336.9 62 2.5 0.04

43.5 334.4 65 2.5 0.04

46.0 331.9 100 2.5 0.03

48.5 329.4 12 2.5 0.21

51.0 326.9 12 2.5 0.21

53.5 324.4 11 2.5 0.23

56.0 321.9 18 2.5 0.14

58.5 319.4 92 2.5 0.03

61.0 316.9 65 2.5 0.04

55.0 312,9 100 0(14

70.0 307.9 100 510 005

75,0 302.9 100 5,0 0.05

80,0 297.9 100 5,0 0.05

85:0 292.9 1.00 5.0 0.05

90.0 287,9 100 5.0 0.05

95.1 282,9 100 5.0 0.05

[1000 1 264,7 100 "5.0 0.05 1,00.0 1 2C6.19 1 100 0.05

Site Class D Nave = 22
I um = 100.0 4.51

100.0 277.9 1 00 . 5,0 . 0.05 I_
- Sum-= 100.0 4.98

Site Class D Nave= 20

Assumed SPT N-values Assumed N value for

consolidated sludge
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PGA = Ss/2.5 = 0.2g PGA = Ss/2.5 = 0.3g PGA = Ss/2.5 > 0.5g

alues of Site CoeffiNEHRP (2006) Table 3.3-1 V cient Fa
Mapped MCE Spectral Response Acceleration Parameter at 0.2 Second

{ Perio 4 a

Site Class Ss < 0.25 Ss 0.50] Ss= 1.00 Ss > 1.25

A 0.8 0.8 0.8 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

LD i 1.6 L1.4:-, 1.2 1.1 1.0

E 2.5 1.7 1.2 0.9 0.9

F b b hb b _b

a Use straight line interpolation for intermediate valu s of Ss.
b Site-specific geotechnical investigation and dynami, site response analyses shall be per rmed.

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

PGA = 1.Og--> Fpga = 1.0
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Table C3
Honeywell Metropolis Facility Works - Seismic Design Parameters
8/13/2010

Latitude Longitude .vPGA (B/C) Site Class', PGA (D) Modal M
Ground Motion deg deg , -,* . J ... z. 9

10% in 50 yrs or 475-yr return period 37.17 -88.76 0.27 D 1.26 0.34 7.7

2% in 50 yrs or 2,475-yr return period 37.17 -88.76 1.01 D 1.00 1.01 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)
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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, kh, 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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Safety Factor
0.000

0.500

0.000

1. 500

2.5000

2.500

3.000

3.500

4.000

4. 500

5.000

5.500

6.000+

Material Properties
Material: Common Fill
Unit Weight: 130 Ib/ft3
Strength Type: Mohr-Coulomb
Cohesion: 100 psf
Friction Angle: 36 degrees

Material Properties
Material: Stabilized Sludge
Unit Weight: 105 lb/ft3
Strength Type: Undrainedp0
Cohesion Type: Constant
Cohesion: 1440 psf

Material Properties •

Material: Consolidated Sludge
Unit Weight: 97 Ib/113
Strength Type: Su/p' = 0.07
Water Surface: Piezometnic Line 1

Material Properties
Material: Upper Sand
Unit Weight: 125 lb/ft3
Strength Type: Mohr-Coulomb
Cohesion: 100 pst
Friction Angle: 35 degrees
Water Surface: Water Table

Material Properties
Material: Sludge-EPDM Liner Interface
Unit Weight: 105 lb/ft3
Strength Type: Mohr-Coulomb
Cohesion: 100 psf
Friction Angle: 33 degrees
Water Surface: Piezometric Line 1

Material Properties
Material: Berm Material
)nit Weight: 126 lb/ft3
Strength Type: Su/p' = 1.76
Vater Surface: Water Table

T__ -

Material Properties
Material: Geomembrane Interface
Unit Weight: 120 lb/1t3
Strength Type: Mohr-Coulomb
Cohesion: 0 psf
Friction Angle: 30 degrees

Material Properties
Material: Cower Soil
Unit Weight: 120 1b/ft3
Strength Type: Mohr-Coulomb
Cohesion: 100 psf
Friction Angle: 33 degrees

O

0* AL
-15o -100 -0 0 50 100 150 200 250 300

Figure D2. Soil profile and properties for pseudo static stability analysis.

350 460 450
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Safety Factor
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1,000

1.500
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2. 500

3.000
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4. 000

4. 500

5 . 000
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-100 -I0 0 ' 100. 0 .2.. . .. .0.0.. . 3 . .. . . 4.0 0-ý0 0 so 10'0 15'0' 20'0 2'0* 30'0 35'0 400 45(

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)
All

Getting Started ltlgirons Rigid-Bock Analysis Simp~lfed Analyses Record Manager ; Ultilites tHeap
fStap 1 Select Iecords Step 2: Pei-forn Riqi:144ock Anatlysis Step 3: View Reatilts

itSearch records etesISelect lndsivd" r~ecorfs I
Greater than oreqdal tio Less than or eql •to

Moment magnitude ~
Aria Intensity (mis) _______forf___rd

Duration (5-95%) (s) flea rf__ search

Peak Acceleration, () 8 ~ 1______

Mean Period (s) ______

Ep - entratl Distance fui) kn11 Serc cope 5__ reod t"
Focal Distance (Dum ) __....... ............. _...

Rupture Distance (kin)

focal Mecthism: JAN 0*1 Strke-soli Nonrmal Z Reverse 0 Oiue nom-al L[ obilqe reverse

SueClasseffcalkirc []AD Ev Hardrock [ Softrock [.stins d E]softsod 1
Records selected (units as Indicated above):
Sort by Earthquake - tisenrIIIF iij31

-~~~~~ Earntak ReoIMfldV~ Duration
Cape Menanorui CPM 090 2 9 98 1 039
Chi-Chi Taiwan, TCU05-270 7 - 76_69 28 6 0 _ 14
ChrChi, Taiwan, TCU129-270 ' 77 9 259 273 10I0
Chi-Chi, Taiwan WNT-090 7 7186 271 •058
Ouzce, Turkey 19. VO-OOO 71 997 1129 0970

Select oi for analtysts iDeselct all for agatlysis

0isplay properties o: 9 Records SSattons
Pmean Per. Ep 1s orlDit Rup Diet_ Foc. medich) 9

10.35 05 146 8.5 ____-- Reverse [] -
112 2 ___276 10 Reverse2
034 11T 1.59 2 Reverse
0.35 1170 1.2 Reverse
0.30,23 1 25.2 92 strike-slip

Manage groups,.- 1ý. j7 eta titie too record(s) 5-c to roeftrmRigi B~0tlack Analysis page
5of 5 records selected for analysis
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TABLE D2. YIELD ACCELERATION AND PGA USED IN THE ANALYSIS (2475-YEAREVENT)

I ~ r%.~OFUIVIaJk1~ r1~Ip-j

Step 1: Select Records Step 2: Perform Rigid-Biock Analysis. r Step 3: •View Results

Specify the critical (yield) acceleration of the landslide (in g's)-
Constant critical accel~ation 0 Varies with displacement .Va ries with time

ý!
n97 II fli~nI~r~m~nt rr~mi I flrit r~Itr,~ -Time, t'•'• . I C.rit Ar'r'•l fn•,
V 027 0Displcemen fr- I Crt Accl Tim (sl I Grt- clfi

U 0

Add Row Delete Last RoIy, I Add Row Dele •elast Row
Scaling:

C) Do not scale earthquake records

(8 Scale all earthquake records to a uniform PGA (n g's) Perform Analysis
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FIGURE D4. SEISMIC-INDUCED DISPLACEMENTS BASED ON NEWMARK ANALYSIS (2475-YEAR EVENT)

N *r ipacmn es I s tim -_ It N

Newmark displacement versus time
-imm

27.5

25.0

22.5
E

20.0
C

E 17.5

- 15.0

-' 12.5

E 10.0

Z 7.5

5.0

Maximum displacement
in one earth earthquake
cycle

I

I

I
I
I
I
I
|
I
I
I

j~x=9 cm =3.5 inI

0.0
0 5 10 15 20 25 30 35

Time (s)
40 46 50 55 60 65 70

EDuzce, Turkey l99g - VO-000 8 Chi-Chi, Taiwan 1999 - TCU129-270 Cape Mendocino 1992 - CPM-090

Chi-Chi, Taiwan 199l - WNT-090 Chi-Chi, Taiwan 19Q9 - TCU0O5-270
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TABLE D3. SELECTED EARTHQUAKE TIME HISTORIES FOR NEWMARK ANALYSIS (475-YEAR EVENT)

(effing trteqj' Rigorous Rigid-tc Analy,)',sis Sriytle Anlss Record PMnager Utiitiues Heltp

Stepi Selct Rc~ds Step 2 1 Perfo Rigid-Stock Anralysis Sd ~V~,Rdrt
1 -Searfl Sr-ec6rds try proprties '-SetetindleridUatrecords

Mom ent Magnitude, ; .. . 5 _I I ... .

Arislntensity (mloj i_ _ Ij -. rh for r..ords.
Dur ation (5-95%) (s) I

Pea Aceleatin (i 102 ___ Jo~ -~Clear~alt searchfrields

Mean Period (s)

Epiceniral Distance (kmrOJG-J ~ ~ -. ~... Se- Eo pl ichd
Focal Distance (Ikin)Serhcrpel11rcrsb

Rupture Distance (kin) ______ . _____

Focal Mechanism: [•.A•i .• Strike-slipj,.ý Normal [( Reverse Oblique normal Di Oblique rievese -

Site Classification: I] All [ Hard rock [vI Solt rock. [_( Stiff soil []Soft soil

Records selected (units as indicatedabove): 'I Select all foranalysis Desetect all for analysis

Sort fy IEarthquake .JelReco• d . l- . Display properties ol: (•. Records' 0 Stations

Earthquake Record 11 Magnitude 11 .rias lnt I Duralisn RI - PDA I M ean Per. OIF Epi. Dist. . Focal Dista Ru . Dist Fo Me h, T naln I
Cape Mendncino- RIO-270 (71 1.523 15.3 3110.385 . 0.54 1H21.9 1I 24.2 18.5 lReverse V,
Chi-ChiTaiwan... TCUO57-000 76 12.618 23.0 110.325 0.75 127-. -29.5 10.3 ýReverse t _ _

Chi-Chi. Taiwan TCU072-000 P. 7.6 14.963 24.0 U10.400 1 10.59, H20.5 1 22.9 •74 Reverse I
Chi-Chi, Taiwan.. TCU072-270 7.,6 (5.768 21.9 110.439 . 0 .62 H20.5 1 229. 17:4 Reverse VT
Chi-Chi, Taiwan... TCU074-000 9 7.6 3.116 19.7 110.349 t 10.68 118.7 21.4 13.7 [Reverse []
Chi-Chi. Taiwan... TCU075-270 ((7.6 2.975' 27.0 J0.333 Q 10.77 19.7 If 22.2 11.5 [Reverse _ _

Cht-Chi. Taiwan... TCU076-000 1117.6 3.654 28.1 11(0.41, IN 10.62 (15.3 Ii 18.4 2.0 (Reverse T _ _

Chi-Chi, Taiwan ... TCU076-270 117.6 3.515 129.5 R110.303 . 0 1050 15.3 If 19.4 2.0 !Reverse T 1
11l Centro 1940 EC9-180 17.0 t p.705 24.1 ((0.313 1 10.54 11.4 f 19.6: 8.3 (Strike-slip []

Tubas. Iran1978 DAY-LN It74 .424 12.3 P10.328 1l (0.33 i 24.0 If 48.5 1Reverse _ _

ITabas, Iran 1976 JOAY-TR 74 K . ,359, 112A4 406. 1045 (124.0 9 19.5- 117.0 lReverse 1 []

1- - ___ _____

- ManapegrouPs". j " . ' •- . I art-- a :DeleteitRe ghlagtted record~s). o to.Perform RigidSBlock:Analysis page.
11 of 11 records selected for1 nalysis

Calculation 388996-GT-001, Rev. 2 Page 37 of 52



TABLE D4. YIELD ACCELERATION AND PGA USED IN THE ANALYSIS (2475-YEAR EVENT)

Getting Started igorous Rigid-Block Analysis 'Simplified Analyses r Record Manager Utilities Help

p1: Select Reords Steps2: Perform Rfigid-Block Anaysis S ep:Vw Res ult

Specify the critical (yield) acceleration of the landslide (in g's):
® Constant critical acceleration 0 Varies with displacement 0 Varies with time

1027 Displacemenf (cm)' Crit Accel (g) Time (s : .... Grit Accel. (q)

Add Row ee a
Scaling:- -

,, Donot scale'earthquake records,

® .Scale all earthquake records to a uniform PGA (in g's) of 04

4t Row Add Row DeleteLost Row

PerformAnalysis:
L
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0

FIGURE D5. SEISMIC-INDUCED DISPLACEMENTS BASED ON NEWMARK ANALYSIS (475-YEAR EVENT)

It tewmak dsplaemen vesus ime tx

Newmark displacement versus time

5.0

4.5

S4.0

3.5

3.0

.- 2.5

c 2.0
E
D1.5
z

1.0

0.5

0.0
0

SDmax =2.5 cm 1 1in

Maximum displacement I

r,'4,
I

I *I' r •J

5 10 15 20 25 30 35

Time (s)
40 45 50 55 60 05

C Chi-Chi, Taiwan 1999 - TCU072-270 I Chi-Chi, Taiwan 1999 - TCU076-270 El Centro 1940 - EC9-180

Chi-Chi, Taiwan 1999 - TCU067-000 Tabas. Iran 1978 - DAY-TR * Chi-Chi, Taiwan 1999 - TCU075-270

Tabas, Iran 1978 - DAY-LN M Chi-Chi, Taiwan 1999 - TCU074-000 • Chi-Chi, Taiwan 1999 - TCU076-1000

*Cape Mendocino 1992- RIO-270 R Chi-Chi, Taiwan 1999- TCU072-000
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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) 60cs, 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 less.

J
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SPT-Based Liquefaction Analysis Using Simplified Procedure and Residual Strength Estimation 475-YEAR EVENT

Prosect name (number): IHoneye]ll Metropolis Works Facility
IEn ineet: H. Pham "
Revier: I.M. Gavin

IDate: 109/17/10

Soil b orin number: NIA (A)
Approximate borehole diameter (inch): 5.0 18)
Soil boring ground surface elevation (ft): 380. (C
Groundwater depth duing field exploration (0): 0.0 (D)
Design groundwater depth (ft: 0.0 (E)
Design fill/cut. H (ft(: (Positive for fill, negative for cut) 12.0 (F)
Unit weight of fill/cut material (pcf): 125 (G)
SPT hammer energy ratio (ER): (Enter percentage) 60 (H)
Liner used in sampler? (Yes or No) No (I)
Peak horizontal ground acceleration (2,t/g): 0.43 (J)
Desi n earthquake manitude (M): 7.7 1K)
Factor af sorer criterion: t1.0 or hi her) 1.0 L)

))

)

Hammer Energy Ratios
Hammer Type Racnge, Recommend'

Safety 42% - 72% 60%
Donut 30%-60% 50%
Autormatic-Trip 4R% -78% 80%
1) after recommendations by NCEER, 1997
2) for good-qualrry equipment and procedures
consorming to ASTM D-1686.

.. .... .TotalRestricted Des
Interval Total Field Estimated Rela'er Relative Interval Field Design ield Design Effective Hammer Borehale Rod Sampling

Bottom Interval Unit SPT Fines Density Bottom Interval Effective Total Total Effective Effective Overburden Energy Diameter Length Method
Depth Soil Weight N Value Content D, D, Elevation Thickness Unit Oerburdn Deburden trden Overburden Correction Correction Correction Correction Correction

(ft) Type (pcfl N PC %) Fr. (ft) (0) Weight (pcfn (tst) (tsf) (tst) (tsr) CN Ce Ca C0  Cr

2 I MH 1 97 1 6 . 99 1 (, 68 378.0 2 34.6 0.097 0.847 0.035 0.785 1.70 1.00 1.02 0.75 1.10
4 I MH 97 i 99 I 63 68 376.0 2 34.6 0.194 0.944 0.069 0.819 1.70 1.00 1.02 0.75 1.10
6 U MH A N 9S 9. 619 68 374.0 2 34.6 0,291 1.041 0.104 0.854 1.8 1.t0 1.02 0.75 1.10

MH 97 6 99 C 0 68 372.0 2 34.6 0,388 1.138 0.138 0.888 1.65 1.00 1.02 075 1.10
10 I MH v' 6 . 68 I 370.0 2 34.6 0.485 1.235 0.173 0.923 1.61 1.00 1.02 1tO 1.10
12 0MH 97 I 9g 6 368.0 2 34.6 0.582 1.332 0.208 0.958 1.58 1.00 1.02 1.00 1.10

I fd MH 6 gg 1 9!• 68 366.0 2 34.6 0.679 , 1.429 0.242 . 0.992 1.54 1.00 1.02 1.00 1.10
. kH 97 6 9S 1 61" 68 364.0 2 34.6 0.776 1.526 0.277 1,027 1.51 1.00 1.02 1.00 1.10

Properties of the

consolidated sludge
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475-YEAR EVENT

(19) (20) (21) (22) (23) (24) (25) (26) (27) (28) 129) (30) (31) (32) (33) .(34) (35) (36)

Energy St C.. Cycic CRR CRR Magnitude o. Residual Undrained Strength, . (tsf)

orrect an Na Fiss Clear Reduction Resistance Orurden Static Shear Scaling cOlsn S Idtiss &
Only Ctt..eion Sa10 Coefficient Ro Ratio Cortection Correction Factor Faty Liqoefactian ldtiss StatE Badanget Kna..et WeightedNC 0  (N•)c I I re CRR K . MSF CS sceptiily Caronments (1999) (2SS2s (2S07) (2006) Acerage

6 9 15__ 0.97 0.292 0 .163 0.66 - 1.00 1.00 0.93 I 0.52• NO Plastia sail evalcatian needed

6 9 is 1 0.96 T 0310 0.163 10.66 1.00 1.00 0.93 I 0,49 .NO Plastic soil evaluation needed
6 9 15 ( 0.96 1 0341 0.163 0.66 1tO 1 1.00 0.93 1 0.47 1 NO Plastic soil evaluation needed
6 a 15 1 0.95 5 0.341 I 0.169 0.66 1.00 1.00 0.93- 1 0144 1 NO Plastic soil evaluation needed

6 11 18 2 0.9 11 02(.m55 1 0.193 0.66 1.00 1 .00 0.93 0,51 •ý _ NO Plastic soil evaluation needed

6 11 1 18 1 0.94 1 0.367 1 0.189 0.66 1.00 1.00 0.93 1 .0,45. 0 NO Plastic soil evaluation needed
6 10 j 17 1 1 0.94 5 0.378 1 0.186 0.66 iSO 1.00 0.93 1 0,46 . NO Plastic soil evaluation needed
-10 t 17 1 0.93 5 03880 0.183 0.66 1.00 1.00 0.93 j 0,44 1 NO Plastic soil evaluatian needed

Inputs for liquefaction-induced
settlement calculations
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SPT-Based Liquefaction Analysis Using Simplified Procedure and Residual Strength Estimation

247S-YEAR EVENT
P roject name (number) IHo ney well Metrop ois W orks Facility

SEngineer -H. Pham
JReoleoe: IM Gavin
Dote: 107/21/10

Soil boring number. N/A (A)
Approximate borehole diameter (inch): 5.0 (B)
Soil boring ground surface elevation (ft): 380.0 (C
Groundwater depth during field exploration /ff)1 00 (D)
oesign groundwater depth (f/): 0.0 (E)

Design fill/cut, H (f): (Positive for fill. negative for cut ) 12.0 (F)
Unit weight of fill/out material acf): 120 /G)
SPT hammer energy ratio (ER): ýEeter percentage) 60 (H)
Liner used in sampler? {Yes or No) No (I)
Pen heorizotal groucd acceleraton {a, 5/g): 1 00 (J)
Desn earthqa me mnitude (M): 7.7 (K)
Factor of safety criterion: 1.0 or higher 1.0 (L)

Hemmer Energy Ratios
IHammer Type R Recommend'

Safety 42% -72% 60%
Decat 30% -60% 50%
Automatic-Trip 48% - 78% 80%
1) after recommendations by NCEER, 1997
2) for good-quality equipment and procedures
conforming to ASTM D-1686.

it/ (2) (3) (4) /5) lye) ( 6b) (7) M8 (9) /10)/ /1/ (12) (13) (14) (15) (16) (17) (18)
'~ indticted

Interval . Total Field Estimated - Relative .Interval Field Design. Field Design Effective Hammerr Borehole Rod Sampling
Depth Soil Weight N Value Content D , D Elevation Thickness Unit Overbu'rden Oerburden Overburden Overburden Correction Core ction Correction Correctio n Correction

(ft) Type (pc) NM FC (%) -n. % f)() W iht(e} (s tf tf)(s)CEC RC

2 11 MH 97 99 i 868 378.0 2 34.6 007 0.847 0.035 2.785 1.70 1M0 1.02 1 0.75 1.10 1

4 11 MH 97 8 90 i j 68 376.0 2 34.6 0.194 0.944 0 .069 0 .819 1.70 1.00 1.02 0.75 1.10

6 MH 97 6`"2 68 374.0 2 34.6 0.291 1.041 0.104 0.854 1.69 1.00 1.02 0.7J5 1.10

8 M MH 97 g 9• 68 372.0. 2 34.6. • 0.388 1.138 0.138 0.888 1.65 1.00 1,02 0.75 1.10
10 ! MH 97 6 29s 68 370.0 2 34.6 0.485 1.235 .13 0921611.00 1.210 1.10

12 I MH 97 0 9 ' 68 368.0 2 34.6 0.582 1.332 0.208 0.5 .81M0 1.02 1.01.10
14 J MH 97 6 99 8 68 386,0 2 34.6 0.679 1.429 0.242 0.992 1 .154 1.00 1.02 1.001.1

16 i MH 7 • 0 - 0 { 0068 364.0 2 34.6 0.776 1+526 0+277 1.027 15 .010 .011

Properties of the
consolidated sludge
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2475-YEAR EVENT

.. .. .... (20) (21) (22) (23) (24) 25) (26) (27). (28 2) (3) (31) (32) (33) (34) (35) (36)

Energy Stress c RR CRR MagnitudeResidu Undrained Strength, S to

Correction No Fines i lei Reduction 0nn Resistance Overburden Static Shear Scaling Fio ot Olson & (dries &

On.Correcton Sand Coeffico..t Rt o Ratio Correction Correction Factor S afett Liquefaction ds Stank oulnger raer Weighted
hoc. )N,(. •hoiN nu CO Rn I K. "K& MSF r70 iSR CR7 • •Susceptibidity Cmet(19) (2002) •(2007) .206 Average.

6 9 r 1 0.97 5 0.6 5 t.63 0.66 1.00 1.00 0.93 u 0.22 1 NO Flastic soi)levatiation needed ,_____

6 9 ..15 0.96 1 0,721 9 0.163 0.66 1.00 1.00 0.93 1 0.21 1 NO Plastic soil evaluation needed

6 9 15 0.96 1 0750 1 0.t63 0.66 1.00 1.00 0.93 6 020 f - NO P! stic soil evaluation needed
6 8 15 1 0.95 6 0.704 6 0.t60 0.66 1.00 1.00 0.93 0.19 0- NO P astic soil evaluation needed

611 1 19 0.95 08925 6 0.193 0.66 1.00 1.00 0.93 t 0.22 1 NO Plastic soil evaluation needed

a , 11 6 16 y 0.94 M 0854 0.189 0.66 1t00 1.00 0.93 9 0.21 1 NO Plastic soil evaluation needed
6 1t 1 17 6 0.94 l 0.070 1 0,186 0.66 1.00 1.00 0.93 6 0.20 1 NO Plastic soil evaluation needed

.i6 10 1 17 0.93 1 0.903_• 0.183 0.66 1.00 1.00 0.93 5 , 0.16 - NO Plastic soil evaluation needed

Inputs for liquefaction-induced
settlement calculations
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LIQUEFACTION-INDUCED SETTLEMENT

Project: Honeywell Metropolis Works Facility
Boring # N/A
Date: 9117/2010
Engineer: H. Pham

475-YEAR EVENT

Stee ( Tokimatsu and Seed (1987)
'5 Ishihara and Yosemine (1990) L Ave. Se~tt. (inch) 1. 4 1

FOS f,: os• r Liql (-sR R-eduction .............................. -iTlS tt, T,&S Vertical Incremental T&S Total Set.
<Soil Unit 7 ~Depth (ft) Nhu 60 cs Potential , CSR ~Thickness ýfti Factor rd) lStrain< Sett. inhs inches).~ Strain~ ;Sett. (inches) ( inches)

Sludge 2 15 0.52 0.29 2 1.00 0.027 0.636 4.872 0.019 0.456 3.396
Sludge 4 15 0.49 0.31 2 0.99 0.027 0.636 4.236 0.019 0.456 2.940
Sludge 6 15 0.47 0.33 2 0.99 0.027 0.636 3.600 0.019 0.456 2.484
Sludge 8 15 0.44 0.34 2 , 0.98 0.027 0.636 2.964 0.019 0.456 2.028
Sludge 10 18 0.51 0.35 1 2 0.98 0.024 0.564 2.328 0.016 0.384 1.572
Sludge 12 18 0.48 0.37 2 0.97 0.025 0.588 1.764 0.017 0.396 1.188
Sludge 14 17 0.46 0.38 2 0.97 0.025 0.588 1.176 0.017 0.396 0.792
Sludge 16 17 0.44 0.39 2 0.96 0.025 0.588 0.588 0.017 0.396 0.396

Note: Input data is highlighted in yellow. See the liquefaction-potential spreadsheet for N1(60)cs, FOS for Liquefaction Potentiat and CSR vates.

N otei: •Lq L u efactioib n-id uic-edtse•lem en'ts.for a 6-i ncih u nsta61i ized sl u dg e Ilayer wa s; st• i m ted between 0 1and 0. 2 inch
2475-YEAR EVENT

Sett rt(in) 3 .Tokiat.u and Seed (1987) S . 4 Settlement is unchanged when FS is too low
I: _ _ _ _ Ishihara and Yosemine (1990) A or CSR is too high (see the next 2 figures)

FOS for Lil S euto MY Vetcl&Yncremental M&Y Total Sett. T&S Verical_ Incremenntal 5T&S Total Sen.~
ISoil Unit Depth (ft) N1160N)cs Potential CSR <Thickness,(ft) Fatrd 2Strain JStt. mc~hý, . lnchi- 'Str~ain;K S.1t. (nheK inches)

Sludge 2 15 0.22 0.68 2 1.00 0.027 0.636 4.872 0.019 0.456 3.396
Sludge 4 - __15_ 0:21, 0.72 2 0.99 0.027 0.636 4.236 0.019 0.456 2.940
Sludge 6 15 0.20 0.76 - 2 0.99 -0.027 0.636 3.600 0.019 0.456 2.484
Sludge 8 15 0.19 0.79 2 0.98/ 0.027 0.636 2.964 0.019 0.456 2.028
Sludge "10 18 0.22 0.83 2 1 0.98 0.024 0.564 2.328 0.016 0.384 1.572
Sludge 12- 18 . 0.21 0.85 2 0.97 0.025? 0.588 1.764 0.017 0.396 1.188
Sludge 14 17 .0.20 .: 0.88 , 2 0.97 0.025 0.588 1.176 0.017 0.396 0.792
Sludge 16 17 0.19 0.90 _ 2 1 0.96 0.025 0.588 0.588 0.017 0.396 0.396

Note: Input data is highlighted in yell.ow See the liquefaction-potential spreadsheet for Nt(60)cs, FOS for Liquefaction Potential, and CSR valute

Note: Liquefacton'induced settlements fora 6i-ich unstabilzed sludge layer. was estimated between 0.1 and 0.2r 2nch :

Average post-liquefaction axial strain: 4/(16*12) = 0.02
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Ishihara Volumetric Strain Chart (1992) GDM Figure 6-13
if ES > 1.5 strain = 0
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Tokimatsu & Seed (1987) Volumetric Strain
GDM figure 6-12
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Uquefaction-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

2b 1 0.7 0.2
2 1.4 0.5

4 2.9 1.0

Thickness of unstabilized sludge (ft)

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

0.0

S0.5

1.0

0

E1.5 J"

M2.0-

.2 2.5 - - '

--$--(from CyDSS test results) - -

• 3.0 --- (from SPT N-values)

3.5
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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):

Thickness of Cover Soil (ft):

Surcharge (psf):

i25

1125

Compression Index (Cce) of Sludge:

Coefficient of Consolidation (C, - in2/sec):

Initial Overburden Stress (ca',) at the Bottom of Pond (psf):

0.05

4.30E-04

554

Thickness of Consolidation Time to Achieve 90%

Unstabilized Sludge Settlement Consolidation
(ft) (in) (day)

0.5 0.1 0.8
1 0.3 3.3

2 0.6 13.1
3 0.9 29.6

4 1.2 52.6

1.4

1.2

1.0
E 0.8

r o=g

• 0.6

0
S0.4

0
W-

0.2 -

0.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

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

60

50
r

0
M 40

0
00

20

0 1
P4

0

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

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

4.0 4.5
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Appendix C-2
Cover System Calculations



Honeywell Metropolis Worksý Facility
Cover System Gebsynthetics
Calculation Package Revi

CHMOLL Calculation

Calculation No.: CALC-3,88996-CVR-01 Revision No.: 1

Project: Honeywell Metropolis Works Faicility (3889%-HW.R.T6)

Engineering Discipline: Cover System Geosynthetics Date: 10/7/2010

Calculation Title & Description:
le: Coisure Option 2b -Geosynthetic and soil. materials calculations for the cover system of the closed surface

impoundments.(Ponds, B, C, D. and E) at the Honeywell Metropolis Works Facility.

Description: This calculation package includes veneer stability, anchor trench pullout, wind uplift, and filter
calculations for the cover system soils and geosynthetics.

Revision History:.

Revision No. Description Date Affected Pages

previous interface friction angle for veneer stability
analysis was too conservative and not replesentativeof
the actual'case. Interface strength parameters have

1 been revised. 101712010 5-10
Geometry of slope Was not accurate as gradeshave
changed slightly since original calculation was
performed. This has been revised.

Document Review & Approval:

Originator: John H. Barker, PE/Associate Engineer
NAMUEPOSMlo

2/424
10.-7- 2010:

SIGNAUR DA E'
Checked: JayDehner. P.E.IPrncipal Project Manager

APS •10-7-2010
Si•CAhR / DA7E.
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Cover System Geosynthetics
Honeywell Metropolis Works Facility calculation Package Rev 1'

1. Obiective:

The objective of this calculation is to evaluate the cover system components and determine the
compatibility between materials (soils and geosynthetics) as well as evaluate constructability components,
of the cover system and determine the suitability of a particular aggregate size. for use in the; filter layer
within the coversystem.

2. Design Standards and Criteria:

The following design standards were used as main references in our analyses. and development of our

recommendations:

e 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 coversystem components:

' Provide long-term minimization of the migration of liquids.through the dosed impoundment

* Function with minimum maintenance

*. Promote drainage and minimize erosion or abrasion of the final cover

* Accommodate settlingand subsidence so that the integrity of the cover is maintained

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

3. Methodology and Assumptions:

The'following lists assumptions made in the evaluation of the cover system:.

* Common fill' within the cover system will consist of borrowed on-site clay and silt, with
characteristics similar to those shown in the laboratory testing results provided by Testing Service
Corporation, on July 27,2009.

* The filter layer material will, be tested prior to placement such'that it is free of chemicals that
would leach calcium-laden fluids when wetted.

0 Design for seismic deformation is under a scenario where the lower sandlayer beneath the-
ponds is 'partia y liuefied. Seisic deformation causes the ma'ss (covered ponds) 'to act as a
rigid block, meaning localized deformation is not considered but some cracks and sufface
deformations may occur within'the mass.

4. Results and Conclusions

The following are our rmairn 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-geosynthetics and between different geosynthetics,
as well as the. internal shear strength of the materials is suitable to support construction loading
without slipping at the design cover slope.

* Anchor trenches for the .GL 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 perbhour may create an uplift for,ce that wil! remove the geomembrane from
the anchor trench if the entire slope length is. exposed..

a Illinois 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 fill shOuld be
completed to evaluate the filter requirements.
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Cover. System Geosyclihetics
Honeywell Metropolis Worksi Facility Calculation.Package. Rev 1

5. List of Altachments

A. Veneer Stability

B. Anchor Trench Pullout and Wind Uplift

C. Filter Calculation

6. Additional References

The Aggregate Handbook. 1991.National Stone Association, Washington, D.C. Edited by Richard D.
Barksdale

Druschel, S.J., and Underwood, E.R. (1993). Design of Uning and Cover System Sideslopes.
Geosynthetics '93. North American Conference Proceedings. Held March 31 - April 1, 1993, Vancouver,
British Columbia, Canada.

Koemer, R.M. 1986. Designing with Geosynthetics. 424 p. Prentice-Hall Publishing Co., Englewood Cliffs,
N.J.

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

United States Environmental Protection Agency. (1989). Requirements for Hazardous Waste Landfill
~esign, Cnstructibn,_and Clos~ure. Seminar Publication, EPA/625/4-89/022, Chapter 3 F/exibIe

Membrane Liners.
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Cover System Geosynthetics
Calculation Package Rev 1Honeywell Metropolis Works Facility

0

Attachment A
VENEER STABILITY
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Cover System Geosynthetlcs
Calculation Package ReV 1:-Honeywell Metropolis Works Facility

Honeywell Metropolis
Cover System Design

Veneer Stability Calculation
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 (Fa) 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

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

Input Variables

Cover Soil Total Unit Weight

Unit. Weight of Water

Slope.Angle

-l.=62.4ppf

(T-= 2.3deg

_4):= 3Odeg

IVi
*. ft

Cover Soil Thickness

Seepage Thickness

T€ 3ft

T, :-Oft

H:= 6ft

6":= 30deg

Slope Height

Soil ShearStrength Angle

Equipment Weight.

Factor of Safety

Interface Friction Angle

Low strength interface is residual internal soil.

Vary Friction Angle.tb find milnimum pos.itiveanchorage, forc6

Mobilized Friction Angles

(tan(4)>
ým:atannl:

)) m = 1.72,deg' kFOS )
6 m:= aMant( tan6)1• F os )

6m = 1.72,deg

Toe Buttress

W2

I 2.sin(3).-cos(13)
4 Ibf

W' = 1.35 x 10 ftI ft
weight of toe buttress soil

Soil Cover

-f(jT 
T ý, '2 sin(fi) 2.cos(-I))

lbf
W2 = 40356.15-.

ft
Weigh t of sideslope soil

J .\Geotech\Calculations\Veneer Stability
\Revision 1
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Cover System Geosynthetics
Calcuiation Package Rey '!Honeywell Metropolis Works Facility

Honeywell Metropolis
Cover System Design

Veneer Stability Calculation
Page 2 of 2

Braking Force

Fb:- 0.3.We
Ibf

Fb ýO.r biaking' force equal to 30% of the equipmen't weight

Seepage Force

- 'w.Tw
2

WW I :=
2.sirn(1)2.cos(O)

7w 1" Tw

WW2 "- s .n(I -

lbfWw,1 0.-
ft

Ibf
Ww=0.It

weight of seepage water intoe buttress

weight of seepage water in, sideslope soil

FS:c Wwlrtae(4)m)+ Ww2ocorsce)-an(8m)

Anchorage Force

Fs - 0.lbf
ft

(We :+ W2 ).Fb sn( - 60)
f a: Fb +I Fs + o )

WI -sio(cIW

coqof + ý ..)

lbf
Fa = 1.26-

ft
-FOS= 19.2'

Check Anchorage Force

Check:= if>(Fa-, "OK" ,?"No Good") ,Check ,"OK"

T
H

F2

F 1

Note: P. Fs, Fa, and Fb,.are assumed to be parallel to f3

Figure. 11- Sideslope with Typical Forces

J:\Geotech\CalculationsWeneer Stability
\Revision 1
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Cover'System Geosynthetics
Caicdlation Package Rev 1,Honeywell Metropolis WorksFacility

Honeywell Metropolis
Cover System Designf

Veneer Siability. Calculation
Page 1 Vof 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,NVancouver, B.C.

The-purpose of this calculation is to evaluatethefactor of safety for the proposed configuration. Thefactor of
safety of the slope'niay be~varied so that the anchorage force (Fa) 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 2
Description: 4% cover slopes. Filter layer placed on geosynthetics is a fine
aggregate with drainage characteristics.

Input Variables

Cover Soil Total Unit Weight -1 : 20pcf

1,=62.4pcf

Cover Soil Thickness

Seepage ThicknessUnit Weight of Water

T€..:= 3 ft

Tw := Oft

H :-6ft

6 30deg

Slope Angle (I 2.3deg

(ý 30dcg

Slope.Height

Soil Shear Strength Angle, Interface Friction Angle.

Equipment Weight

Factor of Safety

We: 44Q.0oI
ft,

Caterpillar D6 weight'divided by equipment width

. Vary Friction Angle to find miniimum positive anchorage force

Mobilized Friction Angles

pm,:= atann( FOS) . m = 3.06..deg 6M ai tan(8)
t.FOS,)

6ni =306;deg-

Toe Buttress;

1 2;sin(l3).cos(13)
10|bfWl = 1.35 x I -

ft
weight of toe buttress soil

Soil Cover

siin(fi) ( 2.cos(fi))
lbf

W2  40356'.15-
ft

weight of sideslope~soil

J:\Geotech\CalculationsWeneer Stability
NRevision 1

16/07o201P Page 7 of 1 8



Cover System Geosynthetics
Calculation Package Rev 1Honeywell Metropolis Works Facility

Honeywell Metropolis
Cover System Design.

Veneer Stability Calculation
Page 2 of 2 S

Brakinq Force

Fb:= O,3-We

Seleapae-Force

lbf
Fb = 1320 -

ft
braking force equal to 30% of the equipment weight

Nv 1 2-sin(3)-co;(P3)

sinfT .( 2.cos(2)

Ibf
WWI =0.-

ft

.ibf
wW 2 = 0.- -t

ft

weight of seepage water in toe buttress

weight of seepage water in sideslope soil

Fsl.ý WW1 tan( Pm) + WW29;C05( )-tan(6,.. 1

Ibf
Fs - ft

Anchorage Force

(we + W2 ).sin(ii - 6in) Wi-sin(•bm)
Fa = Fb Fs + cos(sm) cos(P + krn)

S Ibf
,a ft FOS = 10.8

Check.Anchorage Force

Check if (Fa >0, oOK' ,"No Good") Check = ."OK

H

F2

F1

Note- P. 'F, Fa and Fb, -ire assumed to be parallel to P

Figur6 1. Sideslope with Typical Forces

J:\Geotech\CalculationsWeneer Stability
\Revision 1
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Cover System Geosynthetics
CalculationPackage Rev 1Hoheywell Metropolis Works Facility

Honeywell Metropolis
CoverSystem Design

VencirStability Calculation
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 for the proposed configuration. The factor, of,
safety of the.slope may be varied so that the anchorage force (Fa) 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

Unit Weight of Water

Ij: 2Opcf

yw=62.40cf

2.3dcg.

Cover Soil Thickness

Seepage Thickness

T =3.ft

T~ := 2in

Slope-Angle Slope Height. ,H:= 6ft

Soil Shear Strength Angle := 30deg Interface- Friction Angle 6:- 30deg

Equipment Weight

Factor of Safety,

* We:= 4400-
ft Caterpillar D6 weight dividedby equipment, width

Vary Friction Angle to find minimum positive anchorage force'

Mobilized Friction Anqles

(ým.:= atan(ta()j Im - 3.12:degF , OS . ... 6r =atanl FOk(FZ .
(5m = 3.12:deg

Toe Buttress

2-sin(13).cosU3) WI 1.35 x 10 41b
ft

weight of toe buttress soil

Soil Cover

- sin(13) - H -2.cod(1)}
W -, =403.56 115~- f weight of sideslope soil

J:\Geotech\Calculations\Veneer Stability
'\Revision 1

10107/2010 Page 9 of 18



Honeywell Metrop•lis Works Facility
IHoneywell Metropolis
Cover System Design

Cover System Geosynthetics
'Calculation Package Rev 1

Veneer Stability Calculation
Page 2 of 2

Brakinq Force

Fb := 0. 3..we Fbý = j 3 2 OQ. -
ft

braking force equal to 30% of the equipment Weight

Seepage Force

2sin(f3) 2&os((3)

lbf
W = 21.61 -•

ft

Ibf
WW2 =1533.26-

ft

weight of seepage water in toe buttress

weight of. seepage water in sideslope soil

Fs:= W tan(e + w 2).WW2"c-s( 3) w1an(6)ni

Anchoraqe Force

Fs = 84.622-
lbf

ft

(we + W2-))sin(1l -5m) W,'sin((0m)'
Fa :-. Fb + Fs coSm) cos(3 + gm)

Check Anchorage Force,

Ibf
Fa = 29.32----

ft
FOS =10.6

0Note: Analysis considers thickness of
seepage to be 2-inches. If Qperations layer
is-saturated greater than 2-inches,
equipment~access should be prevented until
operations layer has a chance to dry.Ch-eck:- if(Fa "'O'No'Good')C heck- -'OK"'

H

'I' 8m

/ým,
F 1

Note: P, Fs, Fa! and Fb, are assumed to be.parallel toQ'

Figure L. Sideslope with Typical Forces

J:\Geotech\Galculations\Veneer Stability
\Revision 1
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Honeywell Metropolis Works Facility Calculation Package Rev 1
Honeywell Metropolis Anchor Trench Liner Pullout Calculation
Covery System Design Page 1 of 1

Method Reference: Koerner; R.M.' Prentice Hall Publishing Co., Englewood Cliffs; N.J. (1998). "Designing
with Geosynthetics."

Purpose: Size the anchorttrench'sd that the tensile strength of the liner is not exc eeded. Also size the trench
so that adequate resistance is provided for wind uplift force (provided in 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

Input Variables

Backfill Soil TrehchGebmelirv

Unit weight of backfill soil; := I 10-pcf Depth of coyersoil: d := 0ft

Friction angle of backtfillsoil: dj:= 30,deg Length of run outsection: 1.,.o := 0f4

At rest earth pressure: k --ý I - sin(40) Depth.of anchortrench: dat= 2. ft

Interface-friction angle: 6=:-- 30dcg Length~of anchor trench: Lai :--2-ft

Cover Soil

.Unit weight~of cover soilk "cs .= 120 pcf

Calculations

Surcharge, pressure:, q,:= ds'I q 0 psf

Friction force below Ieomembrane: FL.:= q.tan. 6).Lro FL = O-]
• • ft:

Friction force above geornembrarie: FU:= 0 assuMed to be negligible

(d + .lbf
Friction force~on anchor trench side: F :=( + ýa ---- an8-dF 6.

0

0

a yCS 2 ato t f

Friction on anchor trench bottom Fbot := (dc + dat)..'f.tan(ý)*Lat Fbot- 2 5 4
0 "S ft

Tension on Liner
"lbf

TA,:= :FL + Fu + 2 .Fat + 2 .Fbol TA 635
ft

Liner Strength Lstrength 1512 Ebf) " based on test data of 126 Wb/in for 60-mril geomembrane
ft'

'Conclusion

Anchor forces do not exceed liner tensile strength

J:\Geotech\Calculations\Anchor Trench

S10/07/2010 Pa(1 o
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Cover'System Geosynthetics
Calculation Package Rev 1Honeywell Metropolis Works.Facility

Honeywell Metropolis
Cover System Design

Wind Uplift Force Calculation
Page 1 of'2.

Method Reference: EPN625/4-89/022 Seminar Publication, Requirements for Hazardous Waste Landfill
Design, ConstructiOn,-anid Closure, Chapter 3 Flexible Membrane Liners,

Method Reference: Richardson..GN. 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 := 9ftph V = 117.3--f
from Figure. 3-20, EPA

Wind Uplift Pressure

Reduction Factors

Side.Slopes; 'f~ss:= 0.7

Reduced Pressures

[0e:= .00124. - psf Se-= 17.l'psf after Richardson, 2000

Side Slopes: .fss =A077 Se_ss := Se~fss Se-ss = 1l.9-psf

Calculate Wind Force. on Side Slopes

Maximum Exposed SlopeLength: Ls := (125)ft
check maximum slope length and minimum
length to keep geomembrane anchored -under
maximum wind loading.

Wind Force: Fwind:=.Ses-Ls 1 494' lbfFw 4d= 4. - Tension on Liner from Anchor Trench:Fwin, = 597 sarfta..clclaio
Established in separate :calculation

TA 635,-IV

Check1 := if (TA > Fwindl' "OK", "No Good")

Check2 := if•TA > Fwind2" "OK" "No Good")

Check1 - ,Nolood"

Chck 2 '"OK"

Conclusion
Sustained wind velocity of, 80mph will cause geomembraneto pull out of anchor trench atmaximumslope
length of 125 feet. At slope length of 50 feet, anchor trench will restrain geomembrane.

\\owlkproj\Honeywelllnternation\388996

\PondClosure\Geotech\Calcdlations
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Cover System Geosynthetics
•Calculation Package Rev'iHoneywell Metropolis Works Facility

Honeywell Metropolis
Cover System Design

Wind Uplift Force Calculation
Page 2 of 2

Check maximum wind sustained wind velocity that anchor trench can resist

Wind Velocity
It

V:= 50mph. V = 73.3.--EoS
Se := 0.00124. , psfWind Uplift Pressure

Reduction FactOrs

Se-=,6.7.psf after Richardson, 2000

Side Slopes: ss:= 0:7

Reduced Pressures

Side Slopes: t1, Se_ss:= Se fss Se ss =4 .'7-psf'

CalculateWind Force on Side Slones

Maximum ExpOOsed Slope Length:i Lg := .1125 ft based on maximum slope height of 5 feetat 4% 0
Wind Force:. Fwind := Se, ss.Ls Fwind =

5 83- I
fl,

Tension on Liner from Anchor Trench: TA := 635 lbf.
EtEstablished" in separate calculation

Check1 := if(TA ? Fyind, "OK" ,"No Good) Clieck

Conclusion
Anchor trench can restrain geornembranib from pullout under wind velocity of 50: rniph.

\\owl\proj\Honeywelllnternalion\388996

\PondClosure\Geotech\Calculations
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Cover System Geosynthetics

Honeywell Metropolis Works F4cility Calculation package Rev I
Honeywell MetroPolis Filter Calduatiin
CoverSystem Design Page. 1 of 3.

Objective: Determine, 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 material to~keep clay/silt from plugging composite drainage net

D5 _filter := 0. 1mm

ilter soil is Illinois DOT FAI fineaggregat
D5_filter. := o..mm 8se lower ond sizes

D5 0_filter := 0.5mm

D60 ilter
D60_filter:- 0.6ram CUfilter .4

fil-6ter

Protected:soil is native clay/silt

D1]5_protected := 0.002mm

D50_protected:= 0.02mm

85..potecttds .: T0.m

Criteria - Checkto see ýif filter is adequate

Check : i:(Dr5,filer <-D85 protected' "Criteria I OK" "Criteria i =-No Good")
Dls_filter = 0. Ler8.m 5 D85 -protected= 0.25,rm GheckI#'1Crileria 1I0K"

Check2 -= if(PDlfilter - 15-protected "Criterii 21= OK" '"Critenia 2 = NoGood")

D15 filter= 0.18-mm 5-D15 pr -0ectedý=0.01"mm e ."tefiY'2 bOK")

CheW~~~ ~ ~ :=prote2cted "Citri

Ceck3 :=if(Ds0 fher,< 25,D 5 0 _protctcd, "Criteria 3. OK" ,"Criteria 3 = No Goodo)

k50 , :mm. f2556. piotected =.0.5-mm '5he k3 = 'Criteria 3.=OK!'

Check4 : if(D 5_filter _ 0.074mm, "Criteria 4 = OK", "Criteria 4 = No Good")

)15 filter = 0. tmm iheM "Ckiiteia4 OK"

Check5 :=, if(CUfilter• <.20:"Criteria. 5 = OK" .'"Criteria.5= No Good".)

CUfiller = 4 CheckS = "Criieri&S =-Ol',

.J :\Geotech\C'aiculations\Filter\Filter

Cal/ulation_FA xmcd....,
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Cover. System Geosynthetics
Honeywell Metropolis Works Facility Calculation Package Rev 1
Honeywell Metropolis Filter Calculation
Cover System' Designf Page 2o:t3

Filter soil is granular materiai t0keep clay/silt fromnplugging composite drainage. net

D- tilter:= 0.3mm

D)_Tfilte z= O4rmi'

D15_filterf 0.45mm ilter soil is Illinois DOT FA! fine aggregat
Dse UDer boun sizes

D 50 _filter:= 1.2mm
D60_filter

D60fiIter := 2mm CUfilter;= D. -filte- DI0filter

Protected soil is native clay/silt

Dtsprotted := 0.002mm

D50_protected 0.02rmm

D 'sprotected-= 0,05am

Criteria- Check to see if filter- is adequate

CChecki if(D 5 filter D85 protectedCriteia I OK, riteria No Good)

DI5 _fihler=.0 4 5 •mm 5.DS5prtectd =ý0.25; min Cec I C Citeria I = -o Good"

ýChek2:= if(Ds15 filter >55"Di 5prbtectdd."!fiteria2 =OK" ,"Criteria 2 = No Good")

D51filter =0.45mri 5.D'5 _protected= 0.1mm Check2 '"Critera 2=OK".

Check:-. if (D50 filier. 2 5-D50 pr6tected,, Critera3 3 OKW "Criteria 3=No Goxod)

'DW0 Cfilter 1,2•mm 2 5D50-protected =, .5mm h Ci-id• 3.=;No Good"

,Check4 -= if(D5 filter:0. ..074nto "Criteria 4=0OK" , "Criteria4 = No Giood")

D5 filter = 0.3mmm Check4 ="Criteria 4= OK'

CheckS i f(CUfilter _ 20,"Criteria 5 OK" I,"Criteria 5 = No Good")

CUfilter 5- Checkl5 "Cr•icria S =.OK'"

J:\Geotech\Ca!culations\Fiter Filter

Calculation FAl _ mcd

1 0/07120 10 Pa elro!f 18§



Honeyw, ellMetropolis Works Facility
Honeywell Metropolis
Cover, System Design.

Cover System Geosynthetics,
Caiculti~on Package Rev 1

Filter Calculation
Page 3 of 3

Determination,-
FA1 lower bound isadequatel f6r filtration. The upper bound is does not satisfy Criteria' 10ioirCriteria13:
However, The Aggregate Handbook notes that Criteria 3 can be waived when the soil to:be protected
is a medium- to high-plasticity €lay. Soil testing confirms that on-Site, soil is'medium-plasiticity
silt/clay. Based on this information and the above calculations, Wis recommended that illinois DOT
fine aggregate class FAI is used as the filter layer for the Honeywell coverýsystem.

.J:\Geotech\Calculations\FilterFiller'

"Calc'latinn FAl xmcd

1010712010 Page 186 of 18



Appendix C-3
Stormwater Management Calculations



\

,cH2M.i.L Calculation
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0
'1.Objective:

The objectives of these.calculations are to size thestormwater drainage ditches and drainage features,
including riprap, and check the seepage height over the cover liner with and without composite dcrainage"
.net (CDN),using the HELP'Model.

2. Desiin Standards and Criteria:

CIVIL DESIGN STANDARDS AND CRITERIA

Cover Slope Criteria
General criteria regarding cover slopes for in-place closure of'surface impoundments 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 surfa'ce) and a
minimum of 60:cm (24 inches) of soil graded ata slope between 3 and 5 percent/"'The specified 4
percent cover slopes at construction will result in a minimum cover slope of 3 percent after potential
differential settlement.

Additionial civiland site'grading criteria include the following':

" Provide a minimum of l.foot of clean common fill between thetopof the stabilized CaF 2 material and
the overlying final cover system. Limited CaF2 ,material regrading will be~required near the berm
crests in some areas to meet this requirement.

SProvide positive surface water drainage, from all parts of the po.nd covers,, berrn sideslopes, perimeter.
ditches,.and access roads to the controlled discharge points, to prevent potential 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-vehicles and eluipmenht 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 tihe'edge of
the final:cover system with appropriate design.considerations to protect the cover system, if top-of-'
berm, clearance is limited. Such roads-will be located along the north side. of Ponds B:anl D, and.
along the Pond'D berms common with Ponds B, :C, and E.

" Design access roads for lightweight or low~ground-pressure-type vehicles and equipment that will be
used for inspection and routine maintenance, including four-wheel all-terrain vehicles, mowers, and
pickup trucks.

" Temporarily remove and replace the interior security 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 construction. Aside from these conditions, ensure the double security fence~surrounding
the facility and project.area is not disturbed.

" Maintain security access roads between the inner and outer security fences around the entire
perimeter of the project area.

2
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STORMWATER DRAINAGE DESIGN STANDARDS AND CRITERIA

IllinoisEPAkand USEPA Requirements

General Ilinois EPA criteria regarding drainage and erosion protection for in-placeclosure of surface,
impoundments (per 35111. Adm. Code724) do not provide specific design storm requirements; however,
the 25:year, 24-hour design'storm is cited throughout, the 40 CFR, 264 reg.ulation for run-on- and, runoff
facilities at Subtitle C facilities.

For this ýproject, surface water features are sized to manage the 100-year, 24-hour storm without*
overtopping and to tolerate larger eventsvwithout damage. Vegetated top-covers and riprap-stabilized
ditches, berm sideslopes, and downslope drains will be provided to protect against erosion. Run-on is not-.
a siginilicant concern because the impoundmenLs are, elevated above the suur'roundling topo'rapty. The
natfural' topography slopes away from theponds into various natural dcrainages.andah to Outfall 002;

NRC Requirements'and Guidance
Guidance in NU.REG 11623 foruranium mine tailings sites is not.directly applicable to MTW, but NRC staff
considers'that this guidance can be used for any application where similar long-term stability is, required.
TherefOre, variousgu idance in NUREG 1623-has been considered for stormwater, drainage design,
including the following:

0 NUREG .1623, Section 2.2.1, "Selection of Design Flood and Precipitation Event":, NRC cites the use
of0the probable maximumfloocdfor design storm events related to mninei-tailirigSites, which is based
on the occUrrence of the' probable maximum precipitation (PMP).'The PMP is the estimated depth of'
rainfall foe a given duration, drainage area, and time of year fo .r which there is virtually no risk of
,exceedance. The, PMP approaches and approximates the maximum rainfall that is physically possible,
'within the limits of contemporary hydrometeorological 'knowledge and. techniques. National
Oceanographic and Atmospheric Administration (NOAA). has developed methods in the formof
hydrometeoroIlogical reports for specific.regions'In examining Hydrorneteorological Report No. 51f,
"Probable'Maximrum Precipitation-Estimates, United States East of'the ,105th Meridian" (NOAA, 1978),
the PMP is.used primarily for very large drainage areas, from' 10 to 20,000 square miles., Tableis. and
curves bf. flood d6ta are also available1to give the maximum flnoos•of record in a region, such as •
Creager'flood envelope curves.

Consideration for.design: For thiis project, the combineddrainage basin is on the or•der.pf,0.5
acres (or 0.016'square miles), significantly less~than the published charts and reports for-predicting
PMP'events._HoWever,; for purposes of comparison to the design stormi'event used forthis project, a
mnaximum flow rate-(generated by a PMP everit) is'calculated in'the design analys secion below to
,arrive at an estimated, equivalent PMP storm event using the chart~ and eu outlined HMR

the ýcha~rts, anq'proceduresou nJHM

* NUREG 1623, Sedion 22.2, "Gully Erosion," andSectioh2.2.3, "Flow Concentrations and Drainage
Network Dcvclopment": These sections describe the importance of preventing concentrated drainage
flows-from creating gullies during a very large~design storm event. By designing for a large design
storm event, the more frequent smaller .events.will have little to no, cumulative impact on the stability,
of'the cover system. The guidancestates that it is unlikely that evenly distributed sheet flow will
occur from top-to, bottom of aislope as. flow concentrations (gullies)can be'caused by different
aLctions such as differential settlement, abnormal Wind erosion, 'and/or random flow process and that
flow concentrations can develop even on carefully placed and corfipacted slopes and result in
formation of rills and gUllies, and eventually large preferential flowý paths: can develop.

Considerationfor design: For this project1 relatively short drainage lengths (approximately 125r
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 gullies. Riprap in'€litcheszand'on
berm sideslopes 'is designed'to tolerate the very large PMP flow rates without-damage.

-3
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NUREG 1623, Appendix D, "Procedures for Designing Riprap Erosion-,Protection":This appehdix of the,
NUREG discusses the importance of riprap as protection from erosion and the various mnethods0of
riprapdesigm The Safety Factors. Method,-the Stephenson Method, and the Abt/Johnso0n Method are
discussed. These studies have indicated that the Safety Factors Method is applicable for slopes less
than 10 percent and that the,,Stephenson Method Is more applicable forslopes greater than 10
percent. Historic use of theSafety Factors Method has ihdicated that a minimum safety, factor (SF) of
1.5lor nonprobable maximum flood applications (il.e., 100-year'events) provides'stability and
protection. It is recommended. that ,the riprap, thickness be, specified as ani n mL im of 15 timiies the
D50 of the riprap. D50 is:the stone diameter for which half the material (by weight) is smaller and
hal is larger.

Coonsiderationfor design: The above guidance has been incorporated for riprap design in ditches
and on berm sideslopes, as described below.

Summary of Selected Design Criteria

Permanent stormwater management features havetbeen designed based on the following criteria.

Design Flow. TypicalrSubtitle C designrequires the use of the 25-'year, 24-hour design storm event..,For
this project the 100-year, 24-hour storm event is used to calculate the peakflows andto size dit ches and
other conveyance features, thus-providing a safety factor (freeboard) for~the features whilecarrying the
25-year, 24-hour storm evenit. Consideration:of the PMP event is made andcompared fOr various'
elemernts of the drainage system design. PIeakflows are calculated from contribuiting drainages using the,

Modified RatiOnal Method.,

Ditches. Ditches will be V-shapeldwith sideslopes of 2H:IV, except for the interior slope 6f the exterior
perimeter ditches, which will have 3H:.1V-slopes to match the sideslopes.of the berms. The desgndepth
of stormwater ditches has been determined using the following criteria:

• Size to convey the peak 100-year, 24-hour design storm event without overtopping, providing,
freeboard and a safety ,factor to carry.,,the conventional 25-year event. For interior ditches,.design the
ditches to convey the ,100-year, 24-hour design storm event below the elevation of the CDN:

. Define the ditch invert elevation as the top of the riprap layer-i.e., flow within the riprap, is not
colnsidered for ditch design.

* Use:n =-0.035 for rock-lined (riprap) ditches.

,o Determine required depth for new ditches using a typical sIope of. one percent for all interior/common
berm ditches, with slopes marginallý. greater or less than:1 percent in select areas as.necessary dueý.
to topographic andcover;system design constraints.

RipraP. Ditch riprap LSO'is designed 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. PIMlP event with an SF of 1.0. Sideslope
riprapis designed using the Stephenson Method. Thickness of the ripraplayers is specified as.a
minimum of 1.5 times ithe A0.

Downslope DrainageDitches/Discharge Points. Downslope drains and discharge pointsmWhfere.ditches,
interface with existing, natural drainage ravines •ad gullies (andtOutall.002)ill be bstabizedwithriprap,
Refer to discussion of nprap (abve) fordesign criten_ e

Culverts. Size culverts- t convey the peak flOw from the.design event (100-year, 24-h0ur storm).. Use
corrugated polyethylene pipe (sUch as ADS N-12)1with corrugated exterior.and smooth interior. Provide
inlet ahd outlet protection using riprap.

4,a
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3. Methodology and Assumptions:

* Refer to. Section:'2 above.
4. Results andConclusioris

STORMWATER DRAINAGE,
Key permanent~stormwater drainage and management'features: include:

SSurfacewater will sheet~flow off the. top final cover from each pond and either convey into interior.
ditches collocated atthe topof common pond berms or convey via sheetflIow down the berm
sideslope riprap to exterior perimeter ditches located at the toe of the bermrs.

, Concentrated flows from the common berm ditches Will be conveyed under the plerimeter"access
roads via culverts to the exterior perimeter ditcheS.

. Exterior perimeter ditches will,convey flows to three discharge- points, as follows:

- Discharge point 1 (DP1) will collect surface water runoff from parts of Ponds.B, C, and, E.

- Discharge point 2 (DP2) will collect surface water'runoff from partof Pond E.

- Discharge point 3 (DP3';-existing Outfall 002).will collect surface water runoff fr6m' parts' f Ponds
IB, , C, and Ef, and 'all of Ponrd .Di.

Design Analyses
1O0-Year,24-Hour Design Flow Calculation. The Rational Method ,was used to. determine the peak
ýrunoff from each of the drainage basins as shown in Drawing C-4. When evaluating the time of
concentration '(T7), ther maximum 7T calculated using overland flow is approximately 2 minutes for these
small drainage basin areas and flow lengths; the customary default 7 of 10 mrinutes was-usedin the
RatIion.al Meth6odcaltuolation

A runoff ,coefficient of 0.95 wasý selected for the Rational Method stormwater runoff calculations as a.
conservative measure assum Ing frozen ground conditions.with little or-r6o infiltration and/or; initial
abstraction. It is assumed virtually all of the stormwater runoff generated by the designstorm events will
be conveyed vla dltches and: culverts tothe three outfalis. A storm' intenslV of 7.49 in./hr wasý used In the
Rational Method calculationpand is from the intensity-duration-frequency (IDF) curves,(and datatables)
,obtained from rthe near'by weather station fora 10.0-year design storm event with a minimurm timeof:
.concentration of 10 minutes.

Based on theabove,jthe peak flow forall contributing drainage areas is 74.93 cubic feet'per second (ifs)
for the 100-year storevent.'Table 1 summarizes the flows fro'mf each of the contributing drainage
basins.

TABLE 1
DrainageBasin Flow'Sumrnmary: 100-Year, 24-Hour Storm Event:

Time of
Area Area Peak Flow Runoff Intensity- . Concentration

ID. (acre), (cfs) Coefficient, (in.lhr) (min)

pond B

AB-1 0.49 3.51 0.95 7.49 10

A B-2 OA18 1.26 0.95 `749 l0

5
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TABLE 1
DrainageBasin'Flow Sumrary: 100-Year, 24-Hour Storm Event

Timeof
Area Area Peak Flow Runoff Intensity Concentration

ID, (acre) (cfs) Coefficient (inJhr) (min)

A B-3 0.31 2.23 0.95 .7.49 10

A.I .0.0! 0.95 7'.49 10

A 9B-5 0.21 1.47 0,95 7:49 * 10

A B-6 0.26 1.83 0.95 .7.49 10

Pond. B Total 1:56 11.11

Pond C

AC-i 0.49 3.46 0.95- 7.49 10

A C-2 0119 1.35 0.95 749 10

,A C-3 0.19 1.32 0.95 7.49 10

A C-4, 'U.15 1 MO 0.95. Zi49 .10

A C-5 0:57 4.06 0.95 7.49 10

Pond C Toqtal 11.59, 11. 27

Pond D

A D-1 0.24 1.70 0.95 7.49 10

A'D-2 0.25 1.79 0.95. .7.49 10

AD-3 0.85 6:03 0,95: 7.49 110

,ADI-4 0.26 182, 0. 95. 7.49 10,

Pond 0 Total 1. 60 1'1.34

Pond E

A E-1 0.92 6.53 0.95 7.49' 10

A E-2 0.63 4:52 0.95, 7.49 10

A F-3 037 2,62 0.95 7.49 10

A E-4 1.08 7.67 0.9.5. 7.49 10

-A E-5 0'.66 4.69 0.95 7.49 10 ,

A E-6 1:33 9.46 0.95 7.49 10

A E-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 in NUREG 1623, theoretical maximum ditch flow rates.
are calculated based on the PMP for comparison to the'design storm event (100-year,. 24-:hour storm).
Consideration of the PMP is not required by'the Illinois EPA.

Hydrometeorological Report No..51 (NOAA, 1978).contains PMP charts:(Figures 18 through 47) for
drainage basins between 10 and 20,000 square miles and for storm durations from 6 to 72 hours' For this
project, the combined drainage basin is on the order of ohly. 10.5 acres (or 0.016 square miles), which is
significantly less than'the published. charts and reports provided fiortypical PMP determinatiohý,. In the
'absence of having a chart available for the project'drainage basis'size, extrapolations Were made from,
Figures. 18 through 47to create curves to estimate the PMP for-a 1-square-mile drainage area (minimum
drainage basin size for extrapolation). This results in a maximum precipitation' of 2&8inches over the ý10-
minute storm event, compared to 1.25 inches over 10 minutes for the 100-year-storm eventt.

Zn the event of aý PMP, the'drainage system designed for the pond closure system would be quickly
flooded..Stormwater would overtop therinterior common berm ditch crests and back up. flow over the 4
percent vegetated top'slopes prior to natural relief over the berm sideslope fiprap. Stormwater would
also Overtop the berm perimeter ditches and flow into the nearby drainages. Runoff from the PMP would
beexpected to primarily flow overland to discharge points-(DPs) 1, .2,, and 31, and e'entually offsite
through the natural dirainage ravines to the Ohio River.

Even though the PMP event would flood the drainage system, it would not be expected td cause
permanent damagie to the draiage 6features nor expos~re~of the stabilized CaF2 material. As described
below, riprap on thel berm sideslopes and ditches is sized to Withstand the, PMP'event.

DitchSizing. Ditches were sized using the design criteria: presented in :Seion 2.-The Rational!Metho'd
was used to-calculate the stormwater runoff. peak flow rate conveyed inmeach ditch. The flow for each
ditch was then inserted into FlowMaster,, which is a software package thatuses theý industry-standard
openvchannel Manning's Equation tosolve for the minimum'ditch depth'with given inputs of flow rate,
:ditch cross-sectioni ditch sideslope geometry, ditch slope, and Manning's n value (basedon ditch
roughness).

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

TABLE 2
Ditch Flows and Design Summary: 1 00-Year, 24-Hour Storm:Event

Minimum

ConVeyance Ditch No. DitchiDeptih (ft) Average Slope (ft/ft) Ditch Total Flow'(cfs)

DP1i 222 0.01. 41.70

DPI-1 1.27 0.01 9.46

DP172' 2.02 0.01 32,24

DP1-3 1.87 ;0.01t 26.52

DPI74 '1.23 0.01 > 8.58

DP75- 1.37' 0.01' 1141i

.DP1-6 0,85' 0.0i 3.:18

DPi-7 .0.99 b0.0 61 4.77

DP•i-8 0.68' -0.01 1.26

DP2 1.41 0;01 12.36

7
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TABLE2
Ditch Flows and Design ISummary: 100Year, 24-Hour StormrEvent

Minimum
Conveyancie Ditch NO. . Ditch Depth (ft) Average Slope (ft/ft) Ditch Total Flow (cfs)

DP2-1

DP2-2,

DP3

DP3-1

bDP3-2,

DP3-03

DP3-4

0P3-5

DP3-6

0.98

1.18

1.71

1•57
0.•96

1.32

'1.23

0-81

0'74

0.01

0.01

0.01

A.0,1

0.01,

0.01!

.0.01

4.69

7.67
20.87'

4.44

10.40

8&61

2.79

223

Total 74-.93

Culverts Sizing, Culvyerts.were sized based on the design criteria presented in Section 2 above. The
culvelrts were 'sized based: on the contribdting ditch flows as previously described. The culvertsizing was
donelusing the HY8 software package distdbubted by the Federal Highvway Adniinistration (FHWA). The
calculated flowyratefor each culvertwas imported into :the HY8 program' ao6ng 'with 'the geometry of:,the
culvertand the inlet and outlet channels. The culvert design method used in the.HY8 program: is based
onmthe use of design charts~and nomographs. These charts•and nomographs a~re in.turn based'on data
from nUtmerous hydraulic tests and on theoretical calculations. Table 3 sudmmarizes'the assbriated culvert
sizes.

TABLE 3
Cuveft Sizing Summary'

0

Culvert ID Design::Fow'(cfs) ýDesign Diameitr (in.)

C1 R.58 24

C2 3.18 12

C3 1.26' 12,

C4 4.44 18

C5 8.61 24.

C6 20.87 30

07 20.87 .30

C8 12.36 24

0O 41.7*0. . 42,

ClO 212 12

U

8
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Riprap Sizing. Preliminary design of the riprap slope protection was performed using the criteria
presented inh:Section2. 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 100-year, 24-hour storm), and for
flow depth equal to the top of the cover systemrfor 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 differencei ih 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
Honeywell-Metropolis Works Surface Impoundment Closure Engineering Report

Location Storm Event D0 (in.)* Riprap Layer Thickness (in.)

Interior bermditch 100-year 16 24

PMP .1 16.5

Exterior perimeter ditch 100-year 26 39

PMP 18 27

Sideslopes 106-year 4 8

PMP 12 24

* Riprapsizebased on a SF of 1.5 for the 100-year event and 1.0 for the PMP event..

As described in NUREG 1623, the PMP event "approximates the maximum rainfallthat is physically
possible within the limits.of contemporary hydrometeorological knowledge and techniques'." By this
deflnition,-ltheriprap'sizing based on the PMP event and an SF of 1.0 is considered conservative for riprap
dcsign using the Safety Factors Method.,

The interior berm and exterior perimeter ditch riprap:sizes.base=•d on the 100-year, 24-hour.storm.ancd a
SF of 1.5. are unreasonably large (Table 4)..For -xample, the Ds0 riprap size based; on the 100-year event
is larger than the-calculated rmaximum flow depth in the.ditchies. The PMP is the storm. event for which
there is'essentially no risk of exceedance at any recurrence interval; therefore, the, rilprap sizinig derived
from the PMP aslisted in Table 4 is considered stufficient to mahage all storms at the site and is therefore
used as the design basisfor riprap sizing.,

The ditch riprap results inTable 4 are~based on the most conservative flow rate for each ditchtyp;.
Riprap sizeand layer thickness will be optimized n an individual basis foreach ditch segmient during
final designi.Alternate:erosion control methods (other than, riprap) may be considered during 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 submiited-to
illinois EPAand NRC for approval prior to.construction.

Drainage Layer Analysis and HELP Modeling. The seepage.head over the cover system geomembrane
can be controlled by limiting infiltration into the'cover materials .and by nnaximizing the hydraulit capacity
of the final cover drainage layer. To~discourage blointrusion from burrowing mammals, the-selected final
cIver includes a 12-inch-thick granular filter/drainage layer beneath the'vegetated supportlayer. The
underlying CDN is used in conjunction with the granular filter/drainage layer to drain the cover.

The drainage layer will have suffiient capacity to, convey infiltration offithe cover without allowing the
maximum head buildup to exceed the thickness of the.filter/drainage layer (12 inches). Modeling was

9

Calculation 388996-SW-01, Rev. 2 Page 9 of 180



0
performed using the U.S. Army Corps of Engineer's. Hydrologic Evaluation of Landfill Performance model,
version 3.07 (HELP), a quasi-two-dimensional, deterministic computer.model.

I6nput data required forthe HELP model includes climatological data representative of the site
,(precipitation, temperature, solar radiation, and evapotranspiration) and soil and landfill design data.
Climatological information, including average annual precipitation and temperature, was obtained from a
weather station in nearby Paducah, Kentucky (Station 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/drainage layer.
The analysis also compares the predicted head.with and without.the use of a CDN tfoevaluate the
conservatism of the design.

Representative properties of the cover system materials were selected from the HELP model, which,
pr ovides an extensive database of recorrimended typical soil and waste properties cross referenced to the
Unified Soil Classification System. Classification and soil parameters most closely matching the anticipated
.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.

TABLE 5
HELP Modeling Parameters Summary

Classification

Saturated
Soil Total Field 'Wilting- Hyd.raulic

Thickness Texture Layer Porboity Capacity Pointl Condujctivity
Layer Description (inches) No., Typeb (vollvol) (vol/vol) (vol/vol) (crIsec)

Topsoil/vegetation suppoit 24 12 1 0.417 0:342 0:210, 4.2 1)'
layer'

Granijlar filter/drainage 12 21 .2 01397 0032 0.013: 002d
]a yer

.CDN 0.25 20 ,2 0.850 0010 0.000., 100;6

HDPE gcomembran6, 006 35 4 -- 2.... 2.0 W3

GCL 0.25 17 3 0.750 0.747 0.400 :3 1 x1.0

HELP soil'texture numiber for standard soil and geosyrifeticmaterial charwcteristics. HDPE geomembtane.= 35;: silty clay-'
12; composite. drainage layer:(CDN) =20, bentonite rmat = 17 (also known as a geosynthetic day liner, GCL).

HELP layer type and function: (1)'Vertical percolation layer,.(2) lateral drainage layer,1(3)'barrer.soils', and (4) g96omembrarne.
'liners. '...

cFor this analysis, the topsoil and vegelation support layer were taken to be essentially the same material in terms of soil-
characteristics. Soil texture no. 12 is forUCSC clayey (CL) soil types.
'The HELP model default for soil texture no. 21 (gravel) hydraulic conductivity was modified as explained below.

For the granular filter/drainage layer, a standard IDOT aggregate FAl was chosen. Th e.hydraulic

conductivity of the filter/drainage.layer was estimated using Hazen's equation:

N. rsi Cx (P e)2

where:

K/= hydraulic conductivity (mr/s)
C= coefficient of 0.8to 1.2 (a value of 1.0is commonlyuOsed)
Dj0= diameter for which only 10 percent of the particles are finer (0.20 rim)

100
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This resulted ina hydraulic conductivity of 0.04 cm/s. A conservative value of 0.02 cm/s was used to
account for fines that may be in thematerial upon placement or that may migrate intothe layer during
the life of the cover therefore potentially reducing the permeability 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 i
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

Calculations:
o. Drainage and Ditch Sizing Calcula tions
o, PMP-Calculation Estimates
o Riprap Sizing Calculations
o Culvert Sizing Calculations
o, Filter Layer Hydraulic Conductivity Estimate Calculations
o HELP Modeling Calculations (with and Without CDN)

6. Additional References

NOAA (National Oceanic and Atmospheric Administration). 1978. Probable. Maximum precipitato'h
Estjmates, United States East of the 105th Meridian. HydrometeorologicaI Report No. 51. Available at
http ://www.weather.gov/oh/hdsc/PNP documents/H MR51.pdf.

NRC. 1988. tVUREG/CR-4651, Development Of RiOrap Design Criteri, byRiprorapvTesting in Flumes: Phase
II Follow-up Investiqations.

NRC,. 2002. 'I)REG-1.623.` Design of Erosior Protection for Long-Term Stabilizaton. Final Rep.ort.
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Areas-100year.txt

Drainage Reports

Element Type: Area

Date: Thursday, September 23, 2010 4:22:55 PM

Drainage Data File: HWSurfaceDrainage

ID Area Frequency Method PeakFlow RunoffCoef Intensity TimeofConc
(ac) (cfs) (in/h) (min)

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

B-I
B-2
B-3
B-4
B-5
B-6
C-1
C-2
C-3
C-4
C-5
D-1
D-2
D-3
D-4
E-1
E-2
E-3
E-4
E-5
E-6
E-7

0.49
0.18
0.31
0.11
0.21
0.26
0.49
0.19
0.19
0.15
0.57
0.24
0.25
0.85
0.26
0.92
0.63
0.37
1.08
0.66
1.33
0.80

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00,
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

Mod.
Mod.
Mod.
Mod.
Mod.
Mod.
Mod.
Mod.
Mod.
Mod.
Mod.
Mod.
Mod.
Mod.
Mod.
Mod.
Mod.
Mod.
Mod.
Mod.
Mod.
Mod.

Rati onal
Rational
Rational
Rational
Rational
Rational
Rational
Rati onal
Rational
Rati onal
Rational
Rational
Rational
Rational
Rational
Rational
Rational
Rational
Rational
Rational
Rational
Rational

3.51
1.26
2.23
0.81
1.47
1.83
3.46
1.35
1.32
1.08
4.06
1.70
1.79
6.03
1.82
6.53
4.52
2.62
7.67
4.69
9.46
5.72

0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95

7.49
7.49
7.49
7.49
7.49
7.49
7.49
7.49
7.49
7 .49
7.49
7.49
7.49
7.49
7.49
7.49
7.49
7.49
7.49
7.49
7.49
7.49

10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00

Number of items reported: 22

~0
DC
(0
CD

0

0

Paqe 1
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Ditch Total Flows

Discharge Point 1

DPI-8

Flow From A (AC) Q (cfs)

A B-2 0.18 1.26
Totals 0.18 1.26

Discharge Point 2 Discharge Point 3
DP2-2

Flow From

A E-4

Totals

DP2-1
Flow From

A E-5

Totals

A (AC) Q (cfs)
1.08 7.67

1.08 7.67

A (AC) Q(cfs)

0.66 4.69

0.66 4.69

DP1-7
Flow From
DPi-8

A B-1

Totals

DP1-6

Flow From

A B-6
A C-2

Totals

DP1-S

Flow From
DP1-6

DPI-7
AC-1

Totals

DP1-4

Flow From

A C-5
A E-2

Totals

DP1-3

Flow From

DP1-4

DP1-5

A E-1

Totals

DP1-2

Flow From
DP1-3

AE-7

Totals

DPi-I

Flow From
A E-6

Totals

A (AC) Q (cfs)
0.18 1.26

0.49 3.51
0.67 4.77

A(AC) Q (cfs)

0.26 1.83
0.19 1.35

0.45 3.18

A (AC) Q (cfs)
0.45 3.18

0.67 4.77

0.49 3.46
1.61 11.41

A (AC) Q (cfs)

0.57 4.06

0.63 4.52
1.20 8.58

A(AC) Q (cfs)

1.20 8.58
1.61 11.41

0.92 6.53
3.73 26.52

A (AC) Q (cfs)
3.73 26.52

0.80 5.72

4.53 32.24

A (AC) Q (cfs)

1.33 9.46

1.33 9.46

DP2
JFlow From A (AC) Q (cfs)
lDP2-1 0.66 4.69I
IDP2-2 1.08 7.67I
ITotals 1.74 12.361

DP3-6

Flow From

A B-3
Totals

DP3-5
Flow From

A B-5

A C-3

Totals

DP3-4

Flow From

A D-1
A C-4

A B-4

DP3-S

DP3-6

Totals

DP3-3

Flow From
DP3-4

A D-2
Totals

DP3-2
Flow From

A D-4

A E-3
Totals

DP3-1

Flow From
DP3-3

A D-3

Totals

A (AC) Q (cfs)
0.31 2.23

0.31 2.23

A (AC) Q(cfs)

0.21 1.47

0.19 1.32

0.40 2.79

A(AC) Q(cfs)

0.24 1.70

0.15 1.08

0.11 0.81

0.40 2.79
0.31 2.23

1.21 8.61

A (AC) Q (cfs)

1.21 8.61

0.25 1.79

1.46 10.40

A (AC) Q (cfs)

0.26 1.82

0.37 2.62

0.63 4.44

A (AC) Q (cfs)
1.46 10.40

0.85 6.03

2.31 16.43

DP3 1
Flow From A (AC) Q (cfs)
DP3-1 2.31 16.431
DP3-2 0.63 4.44
Totals 2.94 20.87j

DP1 .
Flow From A (AC) Q (cfs)
DPI-i 1.33 9.46
DP1-2 4.53 32.24
Totals 5.86 41.70

Calculation 388996-SW-01, Rev. 2

0

Page 16 of 180



DP1
Worksheet for Triangular Channel

Project Description

Worksheet DP1

Flow Element Triangular Char

Method Manning's Forrr

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 41.70 cfs

Results

Depth 2.22 ft
Flow Area 9.9 ft

2

Wetted Perimi 9.93 It

Top Width' 8.88 It

Critical Depth 1.93 ft

Critical Slope 0.020948 ft/ft

Velocity 4.23 ft/s

Velocity Head 0.28 ft

Specific Ener. 2.50 ft

Froude Numb, 0.71

Flow Type Subcritical

c:\... sw calcs\ditches\honeywell.frn2 Academic Edition
09/23/10 05:00:44 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666

Project Engineer: CH2MHILL
FlowMaster v6.1 [614o]
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DPI-1
Worksheet for Triangular Channel

Project Description 0
Worksheel DPI-1

Flow Element Triangular Char

Method Manning's Fort

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 9.46 cls

Results

Depth 1.27 ft

Flow Area 3.2 ft
2

Wetted Penmi 5.69 ft

Top Width 5.09 ft

Critical Depth 1.07 ft

Critical Slope 0.025530 ft/ft

Velocity 2.92 ft/s

Velocity Head 0.13 ft

Specific Enerc 1.41 ft

Froude Nurrb, 0.64
Flow Type Subcrftical
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DP1-2
Worksheet for Triangular Channel

Project Description

Worksheet DP1-2

Flow Element Triangular Char

Method Manning's Forrr

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 32.24 cfs

Results

Depth 2.02 ft

Flow Area 8.1 ft
2

Wetted Perimt 9.02 ft

Top Width 8.07 ft

Critical Depth 1.74 ft

Critical Slope 0.021680 ft/ft

Velocity 3.96 ft/s

Velocity Head 0.24 ft

Specific Enerq 2.26 ft

Froude Numb. 0.70
Flow Type Subcritical
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DP1-3
Worksheet for Triangular Channel

Project Description

Worksheet DP1-3

Flow Element Triangular Char

Method Manning's Forey

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 26.52 cfs

Results

Depth 1.87 It
Flow Area 7.0 ft2

Wetted Perim, 8.38 ft
Top Width 7.50 ft

Critical D~epth 1.61 ft

Critical Slope 0.022252 Wft
Velocity 3.77 ft/s

Velocity Head 0.22 ft

Specific Enerc 2.10 ft
Froude Numb, 0.69

Flow Type 3ubcrilical
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DP1-4
Worksheet for Triangular Channel

Project Description

Worksheet DP1-4

Flow Element Triangular Char

Method Manning's Forn

Solve For Channel Depth

Input Data

Mannings Coeftic 0.035

Slope 010000 ft/t

Left Side Slope 2.00 H : V

Right Side Slope 2.00 H: V

Discharge 8.58 cfs

Results

Depth 1.23 ft

Flow Area 3.0 ft
2

Wetted Perim, 5.49 ft

Top Width 4.91 ft

Critical Depth 1.03 ft

Critical Slope 0.025865 ft/ft

Velocity 2.85 ft/s

Velocity Head 0.13 ft

Specific Ener 1.35 ft

Froude Numb, 0.64

Flow Type Subcritical
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DP1-5
Worksheet for Triangular Channel

Project Description

Worksheet DP1-5

Flow Element Triangular Char

Method Manning's Forrr

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 11.41 cfs

Results

Depth 1.37 ft

Flow Area 3.7 ft
2

Wetted Perimi 6.11 ft
Top Width 5.46 ft
Critical Depth 1.15 ft

Critical Slope 0.024900 ft/ft

Velocity 3.06 Wtts

Velocity Head 0.15 It

Specific Enerq 1.51 ft

Froude Numb. 0.65

Flow Type Subcritical

0
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DPI-6
Worksheet for Triangular Channel

Project Description

Worksheet DP1-6
Flow Element Triangular Char

Method Manning's Forrr
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 3.18 cfs

Results

Depth 0.85 ft

Flow Area 1.4 ft 2

Wetted Perim 3.78 ft
Top Width 3.38 ft
Critical Depth 0.69 ft
Critical Slope 0.029524 ft/ft
Velocity 2.22 ft/s
Velocity Head 0.08 ft

Specific Ener. 0.92 it
Froude Numb- 0.60
Flow Type Subcrtical

(
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DP1-7
Worksheet for Triangular Channel

Project Description

Worksheet DP1-7

Flow Element Triangular Char

Method Manning's Forrr

Solve For Channel Depth

Input Data

Mannings Coeffic 0.035

Slope 010000 fl/ft

Left Side Slope 2.00 H: V

Right Side Slope 2.00 H : V

Discharge 4.77 cfs

Results

Depth 0.99 ft

Flow Area 1.9 ft
2

Wetted Perim, 4.41 ft

Top Width 3.94 ft

Critical Depth 0.81 ft

Critical Slope 0.027971 ft/ft

Velocity 2.46 ft/s

Velocity Head 0.09 ft

Specific EneK 1.08 ft

Froude Numb 0.62

Flow Type Subcritical

0

0
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DP1-8
Worksheet for Triangular Channel

Project Description

Worksheet DP1-8

Flow Element Triangular Char

Method Manning's FonT

Solve For Channel Depth

Input Data

Mannings Coeffic 0.035

Slope 010000 ft/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 ft2

Wetted Perimi 2.48 ft

Top Width 2.04 ft

Critical Depth 0.54 ft

Critical Slope 0.035986 ft/ft

Velocity 1.82 1-/s

Velocity Head 0.05 ft

Specific Enerq 0.73 ft

Froude Numb, 0.55

Flow Type Subcritical
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DP2
Worksheet for Triangular Channel

Project Description

Worksheet DP2

Flow Element Triangular Char

Method Manning's Font

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 12.36 cfs

Results

Depth 1.41 It

Flow Area 4.0 ft
2

Wetted Perimi 6.30 ft

Top Width 5.63 It

Critical Depth 1.19 ft

Critical Slope 0.024636 ft/ft

Velocity 3.12 ft/s

Velocity Head 0.15 ft

Specific Enerc 1.56 It

Froude Numb 0.66

Flow Type subcritical

0
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DP2-1
Worksheet for Triangular Channel

Project Description

Worktsheet DP2-1

Flow Element Triangular Char

Method Manning's Forrr

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 4.69 cfs

Results

Depth 0.98 ft

Flow Area 1.9 ft
2

Wetted Perim 4.38 ft

Top Width 3.92 ft
Critical Depth 0.81 ft
Critical Slope 0.028034 ft/t

Velocity 2.45 ft/s

Velocity Head 0.09 ft

Specific Enerc 1.07 ft
Froude Numb. 0.62

Flow Type Subcritical

c:\ .. \sw calcs\ditches\honeywell.fm2 Academic Edition
09/2T3/10 05:04:41 PM 0 Haestad Methods. Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666

Project Engineer: CH2MHILL
FlowMaster v6.1 1614o]

Page 1 of 1

Calculation 388996-SW-01, Rev. 2 Page 27 of 180



DP2-2
Worksheet for Triangular Channel

Project Descrption

Worksheet DP2-2

Flow Element Triangular Char

Method Manning's For

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 7.67 cis

Results

Depth 1.18 ft

Flow Area 2.8 f12

Wetted Perimi 5.26 it
Top Width 4.71 it

Critical Depth 0.98 ft

Crilical Slope 0.026254 Wft/f

Velocity 2.77 Ws
Velocity Head 0.12 ft

Specific Enerý 1.30 ft

Froude Numb, 0.64

Flow Type Subcritical

0
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DP3
Worksheet for Triangular Channel

Project Description

Worksheet DP3

Flow Element Triangular Char

Method Manning's Forrr

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 It

Flow Area 5.9 ft2

Wetted Perim, 7.66 it

Top Width 6.85 It

Critical Depth 1.47 ft

Critical Slope 0.022974 It/It

Velocity 3.55 ft/s

Velocity Head 0.20 ft

Specific Enerx 1.91 ft

Froude Numb 0.68

Flow Type Subcritical
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DP3-1
Worksheet for Triangular Channel

Project Description

Worksheet DP3-1

Flow Element Triangular Char

Method Manning's Forrr

Solve For Channel Depth

Input Data

Mannings Coeffic 0.035 ý,

Slope 010000 ft/It
Left Side Slope 2.00 H V

Right Side Slope 2.00 H: V

Discharge 10.47 cfs

Results

Depth 1.32 ft
Flow Area 3.5 ft

2

Wetted Perimi 5.92 ft

Top Width 5.29 ft

Critical Depth 1.11 ft

Critical Slope 0.025187 It/ft
Velocity 2.99 ft/s

Velocity Head 0.14 ft
Specific Enerý . 1.46 ft

Froude Numb. 0.65

Flow Type Subcritical

Project Engineer: CH2MHILL
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DP3-2:
Worksheet for Triangular Channel

Project Description

Worksheet

Flow Element

Method

Solve For

DP3-2

Triangular Char

Manning's Fonrr

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 4.44 cfs

Results

Depth 0.96 ft

Flow Area 1.8 ft
2

Wetted Perim. 4.29 ft

Top Width 3.84 ft
Critical Depth 0.79 it
Critical Slope 0.028239 ft/ft

Velocity 2.41 ft/s

Velocity Head 0.09 ft

Specific Enerc 1.05 ft

Froude Numb. 0.61
Row Type S.ubcritical
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DP3-3
Worksheet for Triangular Channel

SProject Description

Worksheet DP3-3
Flow Element Triangular Char

Method Manning's Forry

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 16.43 cfs

Results

Depth 1.57 ft

Flow Area 4.9 ft
2

Wetted Perims 7.00 It
Top Width 6.27 ft

Critical Depth 1.33 ft

Critical Slope 0.023718 firft
Velocity 3.35 ft/s

Velocity Head 0.17 ft

Specific Enerq 1.74 ft
Froude Numb. 0.67

Flow Type Subcdlical

S

c.:.. \sw calcs\ditches\honeywell.fm2 Academic Edition
10/01/10 02:46:36 PM Q Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666

Project Engineer CH2MHILL
FlowMaster v6.1 [614o]

Page 1 of 1

Calculation 388996-SW-01, Rev. 2 Page 32 of 180



SDP3-4
Worksheet for Triangular Channel

Project Description

Worksheet DP3-4

Flow Element Triangular Char

Method Manning's Forrr

Solve For Channel Depth

Input Data

Mannings Coeftic 0.035

Slope 010000 ft/ft

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

Discharge 8.61 cfs

Results

Depth 1.23 ft
Flow Area 3.0 ft

2

Wetted Perimi 5.50 ft
Top Width 4.92 ft

Critical Depth 1.03 ft

Critical Slope 0.025853 ft/ft

Velocity 2.85 ft/s
Velocity Head 0.13 ft

Specific Enerq 1.36 ft

Froude Numb 0.64

Row Type Subcritical
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DP3-5
Worksheet for Triangular Channel

Project Description

Worksheet DP3-5

Flow Element Triangular Char

Method Manning's FonT

Solve For Channel Depth

Input Data

Mannings Coeffic 0.035

Slope 010000 ftlft

Left Side Slope 2.00 H : V

Right Side Slope 2.00 H : V

Discharge 2.79 cfs

Results

Depth 0.81 ft

Flow Area 1.3 ft2

Wetted Perimi 3.60 ft

Top Width 3.22 ft

Critical Depth 0.66 ft

Critical Slope 0.030044 ft/ft

Velocity 2.15 ft/s

Velocity Head 0.07 ft

Specific Eneqc 0.88 ft

Froude Numb. 0.60

Flow Type Subcntical
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DP3-6
Worksheet for Triangular Channel

Project Description

Worksheet DP3-6

Flow Element Triangular Char

Method Manning's Forrr

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 2.23 cfs

Results

Depth 0.74 ft
Flow Area 1.1 tt2

Wetted Penms 3.31 ft

Top Width 2.96 ft
Critical Depth 0.60 ft

Critical Slope 0.030955 ft/ft

Velocity 2.03 ft/s

Velocity Head 0.06 ft

Specific Enerl 0.80 ft

Froude Numb, 0.59

Row Type 3ubcritical
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Stormwater Drainage

Calculations

IPMP ]Calculation

Estimate
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0

(0
CD

00

ID

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

All-season PMP (inches) for Metropolis, Illinois (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
48 40 30.5 25 18.6 15.9 13.4

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)

Depth vs. Area (5.c)
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Interpolated from the Depth vs. Area graph:

All-season PMP (inches) for 1 square mile Drainage Area (5.d)
0

0

C,,

(D
(0

CD

Depth vs. Duration (5.e)
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Interpolation from the Depth vs. Duration graph for Metropolis, Illinois 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 intensity 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-1 01 00N2

co(0ocObtained from National Technical Information Service: U.S. Department of Commerce(D
9')

Safety Factors Method
0

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

Use SF= Cos Otanf0 Equation 3.5
77' tan 0 + sin 0cos,8

Where:

1+ sin( A +,8) E to = oDS Equation 3.8
77'= 77 2 Equation 3.6

7(G - 1)250 Equation 3.7 arctan C Equation 3.9(G,~~--- -- 17D02i0+sin/tA

as shown in Fig. 3.1 i the angle between a horizontal line and the velocity vector
component, Vr, measured in the plane of the side slope

6 = the side slope angle shown in Fig. 3.1
--..... th-atigle between thfVector comp6b-ent-of the-weight, Ws, directed down the side slope

and the direction of particle movement
cj• = the angle of repose of the riprap
TO - the bed shear stress

D50  = the representative median stone size
G, = the specific weight of the rock

D = the depth of flow
Y = the specific weight of the liquid

-0 S the slope of the channel
'D r' and 0 = stability numbers
. F, and Fd the lift and drag forces in Fig. 3.1
0

0o
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Figure 3.1. Riprap sotabiLty conditions as desaribed i. the Sa±ety
Factors method.

(0



0

c0)
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00

CD

Riprap within a conveyance ditch

Given D

Ditch Sideslo

ata:

A = 0.010000
pes = 0 6 (H:V)

= 0.463648 radians
= =degrees Figure 3.2 (Assumptions: very rounded 10" riprap)
- 0.698132 radians

D5o = inches

= 1.333333 feet
Gs =2.66

D = feet (largest depth of flow from interior dike ditch sizing c
y = 62.43 pounds/cubic foot (water)

alculations)

Calculations:
To = 0.767889

S =_ 0.116702
S = 0.108925
' = 0.065274

SF = 1.503028

2.0 Determine the Riprap Size and Layer Thickness

Historic use of the Safety Factors Method has indica~ted 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 D50 Riprap Size
Minimum Riprap Layer Thickness

16 inches
24 inches

0,O
0o

0



0
c Rock Slope Protection - PMP Event - Interior Dike Ditch
0

Ref: Development of Riprap Design Criteria by Riprap Testing in Flumes: Phase II
cooDivision of Low Level Waste Management and Decommissioning
91 Office of Nuclear Material Safety and Safeguards

U.S. Nuclear Regulatory Commission
NUREG/CR-4651, ORNL/TM-1 01 00/V2

(D Obtained from National Technical Information Service: U.S. Department of Commerce

Safety Factors Method

1.0 Determine the Safety Factor (SF) for a given D,4n

Use SF= cos 0tan 0 Equation 3.5
77'tan 0+ sin Gcosfl

Where:
1 + sin( A +,6) Equation 3.6 )o= DS Equation 3.8

77' 2/ 2O Equation 3.7 6rctasiCos Equation 3.9

(G., -1)P50o Equtio 0 .]

r/= (G, 3.7 fl = 77rtan 2s0--

as shown in Fig. 3.1, the angle between a horizontal line and the velocity vector
component, Vr, measured in the plane of the side slope

e = the side slope angle shown in Fig. 3.1
the angle between the vector component of the weight, W8, directed down the side slope
and the direction of particle movement

4) = the angle of repose of the riprap
To = the bed shear stress

D50  = the representative median stone size

CD G = the specific weight of the rock
W D - the depth of flow
0 y = the specific weight of the liquid

S = the slope of the channel
r' and r = stability numbers

F, and Fd =. the lift and drag forces in Fig. 3.1
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C

0

CO

(0

CD

Riprap within a conveyance ditch

Given Data:
S
A

Ditch Sideslopes6

= 0.010000
= • : •(H:V)

- 0.463648 radians
degrees. Figure 3.2 (Assumptions: very rounded 10" riprap)

- 0.698132 radians

inches
- 0.916667 feet

D50

D =

Y =

2.66"
feet (largest depth of flow from interior dike ditch sizing calculations)

62.43 pounds/cubic foot (water)

* Calculations:
T0

q =

SF =

2.0 Determine the Riprap Size and Layer Thickness

2.453499
0.542366
0.468607
0.396074
1.026204

/

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 D50 Riprap Size
Minimum Riprap Layer Thickness

11 inches
16.5 inches

(I)

CoCD

0
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Ref: Development of Riprap Design Criteria by Riprap Testing in Flumes: Phase II
0 Division of Low Level Waste Management and Decommissioning
co• Office of Nuclear Material Safety and Safeguards
0o U.S. Nuclear Regulatory Commission

91) N UREG/CR-4651, ORNL/TM-10100/N2
Obtained from National Technical Information Service: U.S. Department of Commerce

0

C Safety Factors-Method

1.0 Determine the Safety Factor (SF) for a -given Den

Use SF- cos tanfl Equation 3.5
r'tan 0+ sin 0cosfl

Where:

1 + sin( 2A +,) Equation 3.6 ro =DS Equation 3.8
r/=r 2 --qaio1.

21 cos2

7 7 (G, - 1)2O5 Equation 3.7 )6 arctan Cs Equation 3.9(G. - - sin + 2
77 tan

as shown in Fig. 3.1, the angle between a horizontal line and the velocity vector
component, Vr, measured in the plane of the side slope

0 the side slope angle shown in Fig. 3.1
the angle between the vector component of the weight, W8, directed down the side slope

and the direction of particle movement
4, = the angle of repose of the riprap

To = the bed shear stress

D50  = the representative median stone size

G = the specific weight of the rock
D = the depth of flow

CD = the specific weight of the liquid
. S = the slope of the channel

q' and q = stability numbers
0 F, and Fd the lift and drag forces in Fig. 3.1
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00

00

r.0

Riprap within a conveyance ditch

Given Data:

Ditch Sideslc
A = 0.010000

pes :(H:V) worst case of ditch side slope
8 = 0.463648 radians

= : degrees Figure 3.2 (Assumptions: very rounded 10" riprap)
- 0.698132 radians

D50  inches
= 2.166667 feet

G, 2.66

D = feet (largest depth of flow from interior dike ditch sizing c
y = 62.43 pounds/cubic foot (water)

alculations)

Calculations:
To

SF =rp =
1i =

SF -

1.261086
0.117943
0.110072
0.066035
1.501276

2.0 Determine the RIPra= Size and Laver 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. It is recommended that the riprap thickness be a minimum of 1.5 times the D50.

Minimum D50 Riprap Size

Minimum Riprap Layer Thickness
26 inches
39 inches

CD

00

0

0
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Rock Slope Protection - PMP event - Perimeter 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/N2
Obtained from National Technical Information Service: U.S. Department of Commerce

Safety Factors Method

1.0 Determine the Safetv Factor (SF) for a clven D;n

Use SF = cosOtan0
i/'tan 0+sin 0cos/8

Equation 3.5

Where:

1 + sin(A. + ,8)
r/'=7 2/2

21-ro

(G, -1) 2D50

S= 2 S Equation 3.8
Equation 3.6

Equation 3.7
Cos2

2sin 0 +sin A
q7tn7

Equation 3.9

To

D

-, q'and q
o F, and Fd

as shown in Fig. 3.1,the angle between a horizontal line and the velocity vector
component, Vr, measured in the plane of the side slope
the side slope angle shown in Fig. 3.1
the angle between the vector component of the weight, Ws, directed down the side slope
and the direction of particle movement
the angle of repose of the riprap

the bed shear stress

the representative median stone size

the specific weight of the rock
the depth of flow
the specific weight of the liquid
the slope of the channel
stability numbers

the lift and drag forces in Fig. 3.1
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,

Riprap within a conveyance ditch

C_
0

C

CO

CO

CD
.<

Given D

Ditch Sideslo

ata:
S Jm
A = 0.010000

pes IB M : (H:V) worst case of ditch side slope
6 0.463648 radians

degrees Figure 3.2 (Assumptions: very rounded 10"riprap)
= 0.698132 radians

D5o = inches
=1.5 feet.

D
y =

2.66
feet (largest depth of flow from interior dike ditch sizing calculations)

62.43 pounds/cubic foot (water)

Calculations:
T =

F =

I"1' =-

SF =

4.039221
0.545663.
0.471041
0.399071
1.023375

2.0 Determine the Riora Size and Laver 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. It is recommended that the riprap thickness be a minimum of 1.5 times the D50.

Minimum D50 Riprap Size
Minimum Riprap Layer Thickness

18 inches
27 inches

CD
01

0
0.9



o Rock Slope Protection - 100-year event
0

9ýRef: Development of Riprap Design Criteria by Riprap Testing in Flumes: Phase I1
0 Division of Low Level Waste Management and Decommissioning
to• Office of Nuclear Material Safety and Safeguardsco

U.S. Nuclear Regulatory Commission
,n NUREG/CR-4651, ORNL/TM-1 01 00N2

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

(Stephenson Method

1.0 Determine the Dn

-2
Use [ 7 Equation 3.15

Do= q(tanO) 6 np_
Cg 2 [(1 - n)(G, - 1) cosO(t ano- t an 0) Y

Where:
q = the maximum flow rate per unit width

np = the rockfill porosity
g = the acceleration of gravity

G = the relative density of the rock
0 = the angle of the slope measured from the horizontal
1) ; the angle of friction

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

D50 the representative median stone size

CD'"0

0,
01



0

Riprap along a side slope
0

CA

CO,

0'

90

CD

Given Data:
Q

Average width of contributing area
q

Sideslop

np

g =
G, _

3e s =

6 =

C =

cubic feet per second
feet

0.043333 cubic feet per second/foot (maximum at A E-4)

(to be conservative)
feet per second squared

I : • (H:V)
0.463648 radians

degrees (figure 3.2, Safety Factors Method)
0.698132 radians

(to be conservative)

Calculations:
D50  = 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 D50 Riprap Size = 4 inches
Minimum Riprap Layer Thickness = 8 inches

"10

(31

0,

0



2 Rock Slope Protection - PMP Event

0

Ref: Development of Riprap Design Criteria by Riprap Testing in Flumes: Phase II
co 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-1 01 00N2
Obtained from National Technical Information Service: U.S. Department of Commerce

CD

Stephenson Method

1.0 Determine the D5Q

2

Use 7Equation 3.15

D .• 50 - 1q(tanO)
6 np-- --

Cg [(1 - np')(G., - 1) cos O(tano - tanO)Y35

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

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

D50  - the representative median stone size

Dc.o1CD

0

0

0 0



C)
0)

CO
0)
0

CO

CD

Riprap along a side slope

Given Data:
Q

Average width of contributing area
q

Sideslop

np =

g
G,

:es
e, =

C, =

cubic feet per second
feet
cubic feet per second/foot (maximum of all contributing areas)

(to be conservative)
feet per second squared

1111M (H:V)
radians

degrees (figure 3.2, Safety Factors Method)
radians
(to be conservative)

U.0e 1 /0 1

MEM
0.698132

No=

Calculations:
D50 = 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 D5o Riprap Size = 12 inches
Minimum Riprap Layer Thickness = 24 inches

0)

C.,

0



Stormwater Drainage

Calculations

Culvert Sizing

0
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HY-8 Culvert Analysis Report
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Table 1 - Summary of Culvert Flows at Crossing: C1

Headwater Elevation Roadway Discharge

(ft) Total Discharge (cfs) Iterations

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

0

S
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Rating Curve Plot for Crossing: C1

Total Rating Curve
Crossing: C1

378.125-

'p378.120-
0.
O •

LW 378-115-
I1~

378-110-
3r

---------- ----------------- ------------------ -------------------

---------- ----------------- ------------------ --------- ------- --------------

- - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - -- - --- - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - -

- - - - - - - - -- - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - ---

- - - - - --- - - --- - - - - - - - - - - - - - - - - - - - - - - ----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
378105-

- I I i - I -i - - - - - - - - - - - - -

8.50 8.55
Total

8.60
Discharge (cfs)

8-65
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Table 2 - Culvert Summary Table: C1

Total Culvert Headwater Outlet Outlet Tailwater
Discharge Discharge Elevation Inet Control Flow Normal Critical Outlet Tailwater Oulet Velocity

(CCS) (cfs) (ft) nDeph (ft) Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) (ft/s) (fths)

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 1.441 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-S2n 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

8.80 8.60 8 378.12 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-S2n 0.710 1.047 0.716 1.233 8.557 2.855

0

S

0
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Inlet Elevation (invert): 376.67 It, Outlet Elevation (invert): 374.00 ft

Culvert Length: 40.09 ft, Culvert Slope: 0.0668
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0

Culvert Performance Curve Plot: C1

Performance Curve
Culvert: Cl

Inlet Control Elev
w-]

Outlet Control Elev

378-125-

5378.120-o

LU 378.115-

"0 378.110-
")

-~ ~ I - -i i -- . --7r7-----------

0

.1

378.1

8.50 8.55 8.60
Total Discharge (cfs)

8-65

0
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Water Surface Profile Plot for Culvert: C1

Crossing- C1, Design Discharge - 8.6 cfs
Culvert - C1, Culvert Discharge - 8.6 cfs

380 -• -------- ----..-.. --.--.--..-....-.. --.. 7..-..-..--..- -- --- -- ------------.. ........ ..

375 _:. . . . .. . . ' .. . . . .. .. ..

374--------------

3 7 8 -_ - ------- - -----------. -' ' --------------- ------ _- -----

Site Data-- C, -------- ,

Ine Saio:0.0f

i i -- ---------. .- ----.

Inle Eeaion: 376.67_f

3 7 5 7 -..-.- .... - : '- -- ------------ --

Outlettio Sttin:4000f

Otlet Evation: 3.00 ft

Outlettaio Sttin:4000f

Culvert Data Summary - 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) Water Surface Depth (ft) Velocity (ft/s) Shear (psf) Froude NumberElev (ft)

8.48 375.22 1.22 2.84 0.76 0.64

8.50 375.22 1.22 2.84 0.76 0.64
8.52 375.22 1.22 2.84 0.76 0.64
8.54 375.23 1.23 2.84 0.76 0.64
8.56 375.23 1.23 2.84 0.77 0.64
8.58 375.23 1.23 2.85 0.77 0.64
8.60 375.23 1.23 2.85 0.77 0.64
8.62 375.23 1.23 2.85 0.77 0.64
8.64 375.23 1.23 2.85 0.77 0.64
8.66 375.23 1.23 2.85 0.77 0.64

8.68 375.23 1.23 2.85 0.77 0.64

Tailwater Channel Data - Cl

Tailwater Channel Option: Triangular Channel

Side Slope (H:V): 2.00 L: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

0
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Table 4 - Summary of Culvert Flows at Crossing: C2

Headwater Elevation T Roadway Discharge
(ft) Total Discharge (cfs) 02 Discharge (cfs) (cfs) 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
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Rating Curve Plot for Crossing: C2

Total Rating Curve
Crossing: C2

381,26------

3 8 1 2 5 - ... ... -------- - ---- -- I ------

c: 381-24 -- - I - , -
.0

'.381 .22- -------

4: 381.21- ---

3 8 r1 -. ----... ... .... , . -.. . .. ,

(1.10 3-15 3.20 .2

Total Discharge (cfs)

0
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Table 5 - Culvert Summary Table: C2

Total Culvert Headwater Inlet Control Outlet Outlet TailwaterIetCnrlFlow Normal Critical Outlet Tailwater Ote alae
Discharge Discharge Elevation Control t) De Velocity Velocity

(c~) (ta (f) DptDepth ( eptt() Type Depth (ft) Depth (ft) Depth (ft) Depth (111) (H) (H)(CIS) (cfs) .(11) Depth (ft) MI ftS) (ft/s)

3.08 3.08 381.19 1.117 0.0" 5-S2n 0.411 0.749 0-412 0.836 10.120 2.203

3.10 3.10 381.19 1.124 0.0" 5-S2n 0.412 0.752 0.413 0.838 10.154 2.207

3.12 3.12 381.20 1.131 0.0" 5-S2n 0.414 0.754 0.414 0.840 10.179 2.211

3.14 3.14 381.21 1.138 0.0" 5-S2n 0.415 0.756 0.415 0.842 10.198 2.214

3.16 3.16 381.22 1.145 0.0" 5-S2n 0.416 0.759 0.418 0.844 10.188 2.218

3.18 3.18 381.22 1.152 0.0 5-S2n 0.418 0.761 0.418 0.846 10.240 2.221

3.18 3.18 381.22 1.152 0.0" 5-S2n 0.418 0.761 0.418 0.846 10.240 . 2.221

3.22 3.22 381.24 1.167 0.0 5-S2n 0.421 0.766 0.421 0.850 10.282 2.228

3.24 3.24 381.24 1.174 0.0 5-S2n 0.422 0.768 0.422 0.852 10.302 2.232

3.26 3.26 381.25 1.182 0.0 5-S2n 0.424 0.771 0.424 0.854 10.323 2.235

3.28 3.28 381.26 1.189 0.0 5-S2n 0.425 0.773 0.425 0.856 10.343 2.238
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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

•Inlet Control Elev Outlet Control Elev
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.......... ------------------ ------------------ L ----------------- j 
- -----------

---------- ----------- ------ 77 --- 7 ----------- L ------ -- --------------

------------ -------------- -----------

---------- I ------------------ I -------- -------- -------------- --------------

---------- ---------------- ------------------ ------------- --------------

-7

--- --- ------- -------- -- ------- --ý7 -- ----- ---------- -

---- -- -- -- ----- -------- ------- ---7 7- -ý7 7 ---77-.--7 -------- -----

I3-10 I I
3.15 3.20
Total Discharge (cfs)

3.25
K.
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Water Surface.Profile Plot for Culvert: C2

Crossing - C2, Design Discharge - 3.2 cfs
Culvert - C2. Culvert Discharge -3 32 cfs

382 , -__ ---------... ------ -- ---- ---- -----.--- --- ---..- -- -- --- --

3 8 - ------- -. . --- ---- r - ----- - -r --- --- ------ -- ---- - --.. . --. .... .......:- --

,g 378 1 :

e 376 __.... .

374 L--- - - - - - - -- - ---- - --

-t--"-i -- ........ L .......---... ..........-.-

372

-10 0 10 20 .30 40 50
Station (if)

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: Circular

Barrel Diameter: 1.00 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 a
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Table 6 - Downstream Channel Rating Curve (Crossing: C2)

Row cfs) Water SurfaceWaer Surfa Depth (ft) Velocity (ft/s) Shear (psf) Froude Number
Flow cfs) Elev (ft)

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 2.22 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 0.60
3.26 372.85 0.85 2.23 0.53 0.60
3.28 372.86 0.86 2.24 0.53 0.60

Tailwater Channel Data - C2

Tailwater Channel Option: Triangular Channel

Side Slope (H:V): 2.00 L: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
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Table 7 - Summary of Culvert Flows at Crossing: C3

Headwater Elevation T Roadway Discharge
(ft) Total Discharge (cfs) 03 Discharge (cfs) (cfs) Iterations

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 1

382ý62 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

0
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Rating Curve Plot for Crossing: C3

Total Rating Curve
Crossing: C3

382.63

S-382.62
C:
.0

• 382.61

• 382.60

" 382.59-

382.58

382.57.
1.1

.. .- I- - --- - --- - - - - - - - - --- - - I- - ...-I- - - -- - - ,- - - -I- - -t - - -- - -I . . . - -- - ---------------j

15 I II

1.20 1.25 1'.30
Total Discharge (cfs)

1.35

Calculation 388996-SW-01, Rev. 2 Page 73 of 180



Table 8 - Culvert Summary Table: C3

Total Culvert Headwater Outlet Outlet Tailwater
Discharge Discharge Elevation Inlet Control outl Flow Normal Critical Outlet Tailwater Velocity Velocity

(cfs) (cfs) (ft) Depth Depth (f) Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) (ft/s) (ft/s)

1.16 116 382.57 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-$2n 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-$2n 0.270 0.464 0.273 0.591 6.989 1.748

1.24 1.24 382.60 0.598 0.0" 1-$2n 0.272 0.468 0.277 0.594 6.962 1.755

1.26 1.26 382.60 0.604 0.0" 1-$2n 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-S2n 0.287 0.492 0.287 0.615 7.258 1.796

0
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Inlet Elevation (invert): 382.00 ft, Outlet Elevation (invert): 376.00 ft

Culvert Length: 40.45 Uf, Culvert Slope: 0.1500
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Culvert Performance Curve Plot: C3

Performance Curve
Culver-t: C3
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Water Surface Profile Plot for Culvert: C3

Crossing - C3, Design Discharge - 1.3 cfs
Culvert - C3. Culvert Discharge - 1.3 efs
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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: 0.00 in

Barrel Manning's n: 0.0240

Inlet Type: Conventional

Inlet Edge Condition: Beveled Edge (1:1)

Inlet Depression: NONE \1
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Table 9 - Downstream Channel Rating Curve (Crossing: C3)

Flow (cfs) Water Surface
Elev (ft) 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 0.62 1.80 0.38 0.57

Tailwater Channel Data - C3 0
Tailwater Channel Option: Triangular Channel

Side Slope (H:V): 2.00 L: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 Roadway Discharge e
(ft) Total Discharge (cfs) C4 Discharge (cfs) (cfs) Iterations

377.46 4.34 4.34 0.00 1

377.47 4.36 4.36 0.00 1

377.47 4.38 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 4.52 4.52 0.00 1

377.50 4.54 4.54 0.00 1

380.00 15.43 15.43 0.00 Overtopping
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Rating Curve Plot for Crossing: C4

Total Rating Curve
Crossing: C4

,377.49- - --

.o 377.485-

Ul 377.480 0
3377.475

I I

• -377:470- 7- - -- ---

377T 465 ---- ----------------------------- ,,

4.35 4.40 4-45 4.50 4.51 total Discharge (cfs)

Calculation 388996-SW-01, Rev. 2 Page 80 of,180



Table 11 - Culvert Summary Table: C4

Total Culvert Headwater I Control Outlet Floe Normal Outlet Tailwater
Discharge Discharge Elevation Det (ot) Control Flow N l tiVelocity Velocity(cfs) (cfs) (ft) Depth (ft) Type Depth (ft) Depth (M) Depth (f) Depth (t) (ftIs) (ft/s)

4.34 4.34 377.46 1.115 0.0" 1-S2n 0.576 0.796 0.576 0.951 6.937" 2.401

4.36 4.36 377.47 1.118 O.0* 1-S2n 0.577 0.798 0.578 0.952 6.939 2.403

4.38 4.38 377.47, 1.121 0.0" 1-S2n 0.579 0.800 0.579 0.954 6.955 2.406

4.40 4.40 377.47 1.124 0.0" 1-S2n 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-S2n 0.583 0.805 0.584 0.959 6.962 2.414

4.44 4.44. 377.48 1.130 0.0" 1-S2n 0.583 0.805 0.584 0.959 6.962 2.414,

4.48 4.48 377.49 1.136 0.0" 1-S2n 0.586 0.809 0.588 0.962 6.967 2.420

4.50 4.50 377.49 1.139 0.0* 1-S2n 0.588 0.811 0.590 0.964 6.969 2.423

4.52 4.52 377.49 1.142 0.0- 1-S2n 0.589 0.813 0.592 0.965 6.971 2.425

4.54 4.54 377.50 .1.145 0.0" 1-S2n 0.591 0.815 0.592 0.967 7.004 2.428
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Inlet Elevation (invert): 376.35 Ift, Outlet Elevation (invert): 374.00 ft t

Culvert Length: 40.07 Ift, Culvert Slope: 0.0588

....................... _-- ........ ...... *******************
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Culvert Performance Curve Plot: C4

Performance Curve
CulVert: C4,
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Water Surface Profile Plot for Culvert: C4

Crossing - C4, Design Discharge - 4.4 cfs
Culvert - C4. Culvert Discharge - 4.4 cfs
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Station (if)

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

Culvert 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)

Flow (cts) Water Surface Depth (ft) Velocity (ft/s) Shear (psf) Froude NumberElev (ft)

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
4.42 374.96 0.96 2.41 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
4.52. 374.97 0.97 2.43 0.60 0.62
4.54 374.97 0.97 2.43 0.60 0.62

Tailwater Channel Data - C4

Tailwater Channel Option: Triangular Channel

Side Slope (H:V): 2.00 L: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
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Table 13 - Summary of Culvert Flows at Crossing: C5

Headwater Elevation/. Roadway DischargeHd te Total Discharge,(cfs) C5 Discharge (cfs) (cfs) Iterations(f t) (cf s)

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 1

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

S

0
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Rating Curve Plot for Crossing: C5

Total Rating Curve
Crossing: C5
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Table 14 - Culvert Summary Table: C5
Total Culvert Headwater Inlet Control Outlet Flow Normal Critical Outlet Tailwater Outlet Tailwater

Discharge Discharge Elevation Control Velocity Velocity
(cfs) (cts) ( D t ) Depth (ft) Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) (If/si (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 1.231 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 2:857a

Inlet Elevation (invert): 377.70 ft, Outlet Elevation (invert): 377.30 ft

Culvert Length: 40.00 ft, Culvert Slope: 0.0100
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Culvert Performance Curve Plot: C5

Performance Curve
Culvert: C5

Inlet Control Elev Outlet Control Elev
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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
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Station (ft)

Site Data - C5
Site Data Option: Culvert Invert Data

Inlet Station: 0.00 ft

Inlet Elevation: 377.70 ftr

Outlet Station: 40.00 ft

Outlet Elevation: 377.30 ft

Number of Barrels: 1

Culvert Data Summary - C5
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 15 - Downstream Channel Rating Curve (Crossing: C5)

Flow (cts) Water Surface Depth (ft) Velocity (ft/s) Shear (psf) Froude NumberElev (ft)

8.51 378.52 1.22 2.84 0.76 0.64
8.53 378.52 1.22 2.84 0.76 0.64
8.55 378.53 1.23 2.84 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 1.23 2.85 0.77 0.64
8.63 378.53 1.23 2.85 0.77 0.64
8.65 378.53 1.23 2.85 0.77 0.64
8.67 378.53 1.23 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 L:1)
Channel Slope: 0.0100

Channel Mannings 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
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Table 16 - Summary of Culvert Flows at Crossing: C6

Headwater Elevation T Roadway Discharge Iterations
(ft) Total Discharge (cis) 06 Discharge (cfs) (cfs)

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 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

0
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Rating Curve Plot for Crossing: C6

Total Rating Curve
Crossing: C6
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Table 17 - Culvert Summary Table: C6

Total Culvert Headwater Inlet Control Outlet Flow Normal Critical Outlet ilwater Outlet Tailwater
Discharge Discharge Elevation let Control Ta Velocity Velocity

(cfs) (cfs) Depth ( Depth (ft) Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) (Wts) (ft/s)

20.77 20.77 371.26 2.262 0.0" 1-S2n 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 1.711 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-S2n 1.385 1.548 1.387 1.713 7.465 3.555

20.87 20.87 371.27 2.269 0.0" 1-S2n 1.385 1.548 1.387 1.713 7.465 3.555

20.91 20.91 371.27 2.271 0.0" 1-S2n 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-S2n 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, Culvert Slope: 0.0250
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Culvert Performance Curve Plot: C6

Performance Curve
Culvert: C6
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Water Surface Profile Plot for Culvert: C6

Crossing - C6, Design Discharge - 20.9 cfs
Culvert - C6. Culvert Discharge - 20.9 cfs
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368.0-- a: ' 368.00 ft -

Numbr ofBarrls:

-1,0, 6 1o, 2b 3'0 4b 5 10
Sta~tion (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 Manning's n: 0.0240

Inlet Type: Conventional

Inlet Edge Condition: Beveled Edge (1:1)

Inlet Depression: NONE
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Table 18 - Downstream Channel Rating Curve (Crossing: C6)

Flow (cfs) Water Surface Depth (ft) Velocity (ft/s) Shear (psf) Froude Number
Elev (ft)

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 1.7.1 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

Tailwater Channel Data - C6

Tailwater Channel Option: Triangular Channel

Side Slope (H:V): 2.00 (l1)

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
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Table 19 - Summary of Culvert Flows at Crossing: C7

Headwater Elevation T Roadway Discharge
(ft) Total Discharge (cfs) C7 Discharge (cfs) (cfs) Iterations

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 1

369.77 20.85 20.85 0.00 1

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 1

372.00 44.02 44.02 0.00 Overtopping
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Rating Curve Plot for Crossing: C7

Total Rating Curve
Crossing: C7
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Total Discharge (cfs)
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Table 20 - Culvert Summary Table: C7

Total Culvert Headwater Outlet Outlet TailwaterInlet Control Flow Normal Critical Outlet Tailwater Velocity VelocityDischarge Discharge Elevation ControlVeoiy elct
(cfs) (cDepth t) Depth (ft) Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) (ft/s) (ft/s)

20.77 20.77 369.76 2.262 0.0" 1-S2n 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-S2n 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-S2n 1.388 1.551 1.390 1.716 7.474 3.558

20.97 '20.97 369.78 2.276 0.0* 1-S2n 1.389 1.552 1.391 1.716 7,477 3.559

f
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Inlet Elevation (invert): 367.50 ft, Outlet Elevation (invert): 366.50 ft

Culvert Length: 40.01 if, Culvert Slope: 0.0250
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Culvert Performance Curve Plot: C7

Performance Curve
Culvert: C7

Inlet Control Elev Ou!:let Control Elev
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Water Surface Profile Plot for Culvert: C7

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

0

368 ---,LJ
367 ---" L --

I ~ I ' ' I "

-10 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

Outlet 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) Water Surface Depth (ft) Velocity (ft/s) Shear (psf) Froude NumberElev (ft)

20.77 368.21 1.71 3.55 1.07 0.68
20.79 368.21 1.71 3.55 1.07 0.68
20.81 368.21 1.71 3.55 1.07 0.68
20.83 368.21 1.71 3.55 1.07 0.68
20.85 368.21 1.71 3.55 1.07 0.68

20.87 368.21 1.71 3.56 1.07 0.68
20.87 368.21 1.71 3.56 1.07 0.68
20.91. 368.21 1.71 3.56 1.07 0.68
20.93 368.22 1.72 3.56 1.07 0.68
20.95 368.22 1.72 3.56 1.07 0.68
20.97 368.22 1.72 3.56 1.07 0.68

Tailwater Channel Data - C7
Tailwater Channel Option: Triangular Channel

Side Slope (H:V): 2.00 L: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
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Table 22 - Summary of Culvert Flows at Crossing: C8

Headwater Elevation Roadway Discharge
(it) Total Discharge (cfs) C8 Discharge (cfs) (cfs) Iterations

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

s
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Rating Curve Plot for Crossing: C8

Total Rating Curve
Crossing: C8
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Table 23 - Culvert Summary Table: C8

Total Culvert Headwater Inlet Control Outlet Flow Normal Critical Outlet Tailwater Outlet Tailwater
Discharge Discharge Elevation Control Flow Norma Criti Outlet Talter Velocity Velocity

(cfs) (cIS) (ft) Depth (tt) Type Depth (tt) Depth (ft) Depth (ff) Depth (t) (if/s) (If/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-$2n 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-S2n 1.161 1.262 1.162 1.409 6.552 3.121

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 1.4112 6.563 3.125
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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
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Culvert Performance Curve Plot: C8

Performance Curve
Culvert: C8

Inlet Control Elev Outlet Control Elev
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Water Surface Profile Plot for Culvert: C8

Crossing - C8, Design Discharge - 12.4 cfs
Culvert - C8, Cuilvert Discharge -12.4 cfs
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Station (ft)

Site Data - C8

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 ft

Number of Barrels: 1

Culvert Data Summary - C8
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

1J
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Table 24- Downstream Channel Rating Curve (Crossing: C8)

Flow (cfs) Water Surface Depth (ft) Velocity (ft/s) Shear (psf) Froude NumberElev (ft)

12.26 359.40 1.40 3.11 0.88 0.65
12.28 359.40 1.40 3.11 ,, 0.88 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 3.12 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

12.44 359.41 1.41 3.12 0.88 0.66
12.46 359.41 1.41 3.12 0.88 0.66

0Tailwater 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
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Table 25 - Summary of Culvert Flows at Crossing: C9

Headwater Elevation T Roadway Discharge
(ft) Total Discharge (cfs) C9 Discharge (cfs) (cfs) Iterations

361.89 41.60 41.60 0.00 1

361.89 41.62 41.62 0.00 1

361.89 41.64 41.64 0.00 1

361.90 41.66 41.66 0.00 1

361.90 41.68 41.68 0.00 1

361.90 41.70 41.70 0.00 1

361.90 41.72 41.72 0.00 1

361.90 41.74 41.74 0.00 1

361.90 41.76 41.76 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 , Page 113 of 180



S

Rating Curve Plot for Crossing: C9

Total Rating Curve
Crossing: C9
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Table 26 - Culvert Summary Table: C9

Total Culvert Headwater Outlet Outlet ,TailwaterToa uIet HawtrInlet Control Oult Flow Normal Critical Outlet Tailwater Ote alae
Discharge Discharge Elevation net Cotr Control Flow Norma Crtti Oet Talter Velocity Velocity

(cfs) (cfs) (ft) Depth (f) Ctl Type Depth (ft) Depth (tt) Depth (fi) Depth (ft) (ftls) (ft/s)

41.60 41.60 361.89 2.893 0.0" 1-S2n 1.711 2.002 1.715 2.219 8.869 4.224

41.62 41.62 361.89 2.893 0.0* 1-S2n 1.711 2.002 1.716 2.219 8.870 4.225

41.64 41.64 361.89 2.894 0.0" 1-S2n 1.712 2.003 1.716 2.220 8.871 4.225

41.66 41.66 361.90 2.895 0.0" 1-S2n 1.712 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 41.70 361.90 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-S2n 1.714 2.005 1.718 2.221 8.876 4.227

41.74 41.74 361.90 2.898 0.0- 1-S2n 1.714 2.005 1.719 2.222 8.877 4.228

41.76 41.76 361.90 2.899 0.0" 1-S2n 1.715 2.006 1.719 2.222 8.878 4.228

41.78 41.78 361.90 2.900 0.0" 1-S2n 1.715 2.007 1.720 2.223 8.879 4.229

41.80 41.80 361.90 2.901 0.0" 1-S2n 1.716 2.007 1.720 2.223 1 8.880 4.229
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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
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Culvert Performance Curve Plot: C9

Performance Curve
Culvert: C9

Inlet Control Elev Outlet Control Elev
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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
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Station (ift)

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 ft

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 Rating Curve (Crossing: C9)

Flow (cfs) Water Surface Depth (ft) Velocity (ft/s) Shear (psf) Froude NumberElev (ft)

41.60 360.22 2.22 4.22 1.38 0.71

41.62 360.22 2.22 4.22 1.38 0.71

41.64 360.22 2.22 4.23 1.39 0.71

41.66 360.22 2.22 4.23 1.39 0.71

41.68 360.22 2.22 4.23 1.39 0.71

41.70 360.22 2.22 4.23 1.39 0.71

41.72 360.22 2.22 4.23 1.39 0.71

41.74 360.22 2.22 4.23 1.39 0.71
41.76 360.22 2.22 4.23 1.39 0.71

41.78 360.22 2.22 4.23 1.39 0.71

41.80 360.22 2.22 4.23 1.39 0.71

Tailwater Channel Data - C9
Tailwater Channel Option: Triangular Channel

Side Slope (H:V): 2.00 L: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
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Table 28 - Summary of Culvert Flows at Crossing: C10
Headwater Elevation .RodaDicrg

(ft) Total Discharge (cfs) C10 Discharge (cfs) Roadway Discharge Iterations( )(cfs) Ieain

385.77 2.13 2.13 0.00 1

385.78 2.15 2.15 0.00 1

385.78 2.17 2.17 0.00 1

385.79 2.19 2.19 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-

385.82 -

.0385.81 ---------------

-1 7S385.79 -.... -- .

" - 3 8 5 .178 - : -- -- --" -- ... ... ... ... --' - --- - -

3 8 5 .7 7 -T-- -I -1 - 1 I - -

2.15 2.20 2.25 230
Total Discharge (cfs)

I

Calculation 388996-SW-01, Rev. 2 Page 121 of 180



Table 29 - Culvert Summary Table: C10

Total Culvert Headwater Outlet Outlet Tailwater
Discharge Discharge Elevation Inlet Control Flow Normal Critical Outlet Tailwater

Disc Disc (ft) Depth (ft) Control Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) (f) Depth (t) (ft/s) (ftis)

2.13 2.13 385-77 0.901 0.0" 1-S2n 0.503 0.622 0.504 0.728 5.371 2.009

2.15 2.15 385.78 0.907 0.0" 1-S2n 0.506 0.625 0.506 0.731 5.390 2.014

2.17 2.17 385.78 0.912 0.0" 1-S2n 0.509 0.628 0.509 0.733 5.407 2.019

2.19 2.19 385.79 0.918 0.0" 1-S2n 0.511 0.631 0.512 0.736 5.418 2.023

2.21 2.21 385.79 0.923 0.0" l-S2n 0.514 0.634 0.514 0.738 5.433 2.028

2.23 2.23 385.80 D.929 0.0" 1-S2n 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-S2n 0.522 0.642 0.522 0.746 5.470 2.042

2.29 2.29 385.82 0.946 0.0" 1-S2n 0.525 0.645 0.525 0.748 5.482 2.046

2.31 2.31 385.82 0.951 0.0" 1-S2n 0.528 0.648 0.528 0.751 5.493 2.051

2.33 2.33 385.83 0.957 0.0" 1-S2n 0.531 0.651 0.531 0.753 5.505 2.055
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Inlet Elevation (invert): 384.87 ft, Outlet Elevation (invert): 382.97 ft

Culvert Length: 40.05 ft, Culvert Slope: 0.0475
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Culvert Performance Curve Plot: C10

Performance Curve
Culvert: C 10

Inlet Control Elev Outlet Control Elev
IJM~b.•

,-.385.82 -

.2 385.81 -

i 385.80-

385.79-

r. 38578 -

385,77-4

I

----------- ----------------- - - - - - - - - --- - - - - - - - - L
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

----------- ------------------ ------------------------- -------- ------ --------

---------- ------------------- ---------------------
---------- ------r ------------

---------- ---------------- ------------------ ------------- ---------- ----- --

-- --------- --- --- - - - - - - --- - - -

-------------- ----------------- --------------

i --- r---
t r --i---

2.5 2.20 2.25
Total Discharge (cfs)

22.30
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Water Surface Profile Plot for Culvert: C10

Crossing - CI0, Design Discharge - 2.2 cfs
Culvert - C i0. Culvert Discharge -2.2 cfs

38604 -5 L --

-7- i .......- -,,-- --- -. ..-- ---. ..

= 384 .5 7 --,- -
>

,J 384.0- -- ..... - -----
Sie , -Data--------

383.0 , -ý----- -------- ------ 7 -.-.-.. .. . . . ....... ....- ---

,10 0 10,. 20 30 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 - O10
Barrel Shape: Circular

Barrel Diameter: 1.00 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 30 - Downstream Channel Rating Curve (Crossing: C10)

Flow cfs) Water Surface
Flow (cfs) Elev (ft) Depth (ft) Velocity (ftls) Shear (psf) Froude Number

2.13 383.70 0.73 2.01 0.45 0.59
2.15 383.70 0.73 2.01 0.46 0.59
2.17 383.70 0.73 2.02 0.46 0.59

2.19 383.71 0.74 2.02 0.46 0.59

2.21 383.71 0.74 2.03 0.46 0.59
2.23 383.71 0.74 2.03 0.46 0.59
2.25 383.71 0.74 2.04 0.46 0.59
2.27 383.72 0.75 2.04 0.47 0.59

2.29 383.72 0.75 2.05 0.47 0.59
2.31 383.72 0.75 2:05 0.47 0.59
2.33 383.72 0.75 2.05 0.47 0.59

Tailwater Channel Data - C10
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: 382.97 ft

Roadway Data for Crossing: CO10

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

Crest Elevation: 386.00 ft

Roadway Surface: Gravel

Roadway Top Width: 12.00 ft
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Stormwater Drainage

Calculations

Filter Layer

Hydraulic'Conductivity
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CH2M HILL su-. BY/. '7 /,#-6
SHEETNO. of DATE I'D-//-/i)
PROJECT NO. _

7 Iý.. . .......
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Particle Size Distribution Chart
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Stormwater Drainage

Calculations

HELP Model

Calculations

0
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** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **

**. HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) **

** DEVELOPED BY ENVIRONMENTAL LABORATORY **

** USAE WATERWAYS EXPERIMENT STATION **

** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY **

***************************** **************************************************

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

OUTPUT DATA FILE:

C:\HELP3\honey\p2.D4
C:\HELP3\honey\tl.D7
C:\HELP3\honey\sl.Dl3
C:\HELP3\honey\el.Dll
C:\HELP3\honey\no cdn 2.D10
C:\HELP3\honey\no cdn 2.OUT

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

************************ ********************** ********************************

TITLE: Honeywell Final Cover No CDN

************** ******************************** ********************************

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

LAYER 1

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.

ýLAYER 2
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TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0

THICKNESS 1 22.00 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

LAYER 3

TYPE 4 - FLEXIBLE MEMBRANE LINER

MATERIAL TEXTURE NUMBER 35

THICKNESS
POROSITY
FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

FML PINHOLE DENSITY
FML INSTALLATION DEFECTS

FML PLACEMENT QUALITY

- 0.06 INCHES
= 0.0000 VOL/VOL

- 0.0000 VOL/VOL
- 0.0000 VOL/VOL

= 0.0000 VOL/VOL
= 0.199999996000E-12 CM/SEC

= 1.00 HOLES/ACRE'
= 2.00 HOLES/ACRE

3 - GOOD 0
LAYER 4

TYPE 3 - BARR:

MATERIAL TEXTI
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT

EFFECTIVE SAT. HYD. COND.

IER SOIL LINER
URE NUMBER 17

- 0.25 INCHES
- 0.7500 VOL/VOL
- 0.7470 VOL/VOL

- 0.4000 VOL/VOL
= 0.7500 VOL/VOL

= 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

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

88.50
100.0

1.000
12.0
3.963
5.652
2.520

PERCENT
ACRES

INCHES
INCHES
INCHES

INCHES
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INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

0.000 INCHES
11.690 INCHES
11.690 INCHES
0.00 INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

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

STATION LATITUDE
MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)
END OF GROWING SEASON (JULIAN DATE)
EVAPORATIVE ZONE DEPTH
AVERAGE ANNUAL WIND SPEED
AVERAGE IST QUARTER RELATIVE HUMIDITY
AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

38.80 DEGREES
3.00

97
= 300

- 12.0

- 10.40
- 73.00
= 67.00
- 71.00
- 74.00

INCHES
MPH

%
%.

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 MAY/NOV JUN/DEC

3.47
4.45

3.93
2.99

4.27
3.56

4.95
3.45

4.75
4.53

4.51
4.38

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

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

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

32.90
78.20

38.10
76.20

47.60 57.00 65.90
69.10 58.00 46.80

74.50
36.90

NOTE: 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
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JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV
------- -------

JUN/DEC

PRECIPITATION

TOTALS

SID. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

3.00 3.76 3.82 4.79 4.30 5.62
3.99 2.94 3.77 3.27 3.87 4.58

1.59 1.92 1.16 1.98 2.33 3.16
2.53 1.49 1.89 1.90 2.82 2.13

1.091 1.217 0.454 0.294 0.341 0.779
0.418 0.077 0.285 0.263 0.675 0.603

1.153 1.172 0.766 0.321 0.518 1.430
0.645 0.114 0.299 0.320 0.721 0.691

0.727 1.142 2.859 3.759 3.448 4.495
3.415 2.736 2.479 1.544 1.259 0.890

0.317 0.528 0.321 0.931 1.331 1.277
1.491 1.179 1.084 0.384 0.398 0.227

LATERAL DRAINAGE COLLECTED FROM LAYER 2

TOTALS 1.7780 1.4102
0.4340 0.1782

1.5018
0.2583

STD. DEVIATIONS 1.0659 1.3336 0.7849
0.3627 0.2741 0.4736

1.0971 0.8092 0.6502
0.6816 1.5604 2.1644

0.8202 0.8868 0.8082
0.7325 1.1939 1.3344

0PERCOLATION/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

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)

DAILY AVERAGE HEAD ON TOP OF LAYER 3

AVERAGES 1.5833 1.3803
0.3864 0.1587

1.3373 1.0095 0.7206 0.5983
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

** * * **** ** ** ** ** ** *** * ** *** * ** ** * ** *** * ** ** * *** ** ** * *** * *** ** ** ** ** ** ** ** *~** ** *

0
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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 C 3.83387) 45460.031 26.24878
FROM LAYER 2

PERCOLATION/LEAKAGE THROUGH
LAYER 4

AVERAGE HEAD ON TOP
OF LAYER 3

CHANGE IN WATER STORAGE

0.00010 ( 0.00004)

0.949 ( 0.292)

-0.065 ( 1.3851)

0.381 0.00022

-235.11 -0.136

**** **** ******* ********** ************ **************** ************ *************

PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

(INCHES) (CU. FT.)

PRECIPITATION 7.42 26934.600

RUNOFF 4.977 18066.9199

DRAINAGE COLLECTED FROM LAYER 2 0.29851 1083.60291

PERCOLATION/LEAKAGE THROUGH LAYER 4 0.000004 0.01325

AVERAGE HEAD ON TOP OF LAYER 3

MAXIMUM HEAD ON TOP OF LAYER 3

LOCATION OF MAXIMUM HEAD IN LAYER
(DISTANCE 'FROM DRAIN)

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

8.241

11.936

34.3 FEET

3.93

2

14263.6641

0.4418

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)

1 8.3694 0.3487

2 1.8373 0.1531

3 0.0000 0.0000

4 0.1875 0.7500

SNOW WATER 0.000

******* *********** *********** *********************** ** ********************** **

0
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** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE **

** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) **

** DEVELOPED BY ENVIRONMENTAL LABORATORY **

** USAE WAtERWAYS EXPERIMENT STATION **

** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY **
**

**

**:

******* ********** ***************** ********************************************

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:

EVAPOTRANSPIRATION DATA:
SOIL AND DESIGN DATA FILE:

OUTPUT DATA FILE:

C:\HELP3\honey\p2.D4
C:\HELP3\honey\tl.D7
C:\HELP3\honey\si.D13

C:\HELP3\honey\el.Dll
C:\HELP3\honey\gd cdn 2.D10
C:\HELP3\honey\gd cdn 2.OUT

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

TITLE: Honeywell Final Cover with CDN

****** ********** **** ******* ** ****** ***** ***** ************* ************ **** ****

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

LAYER 1

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 = 0.3794 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.

LAYER 2
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0TYPE 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

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

LAYER 4

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35 0THICKNESS

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

= 0.06 INCHES
= 0.0000 VOL/VOL

= 0.0000 VOL/VOL
- 0.0000 VOL/VOL
= 0.0000 VOL/VOL
- 0.199999996000E-12 CM/SEC
- 1.00 HOLES/ACRE
= 2.00 HOLES/ACRE
- 3 - GOOD

LAYER 5

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

THICKNESS = 0.25 INCHES

POROSITY \= 0.7500 VOL/VOL
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

0
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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

TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

88.50
100.0

1.000
12.0
4.203
5.652
2.520
0.000

10.966
10.966

0.'00

PERCENT
ACRES
INCHES
INCHES

INCHES
INCHES
INCHES
INCHES
INCHES
INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

EAST ST. LOUIS ILLINOIS

STATION LATITUDE
MAXIMUM LEAF AREA INDEX
START OF GROWING SEASON (JULIAN DATE)

END OF GROWING SEASON (JULIAN DATE)

EVAPORATIVE ZONE DEPTH
AVERAGE ANNUAL WIND SPEED

AVERAGE 1ST QUARTER RELATIVE HUMIDITY

AVERAGE 2ND QUARTER RELATIVE HUMIDITY
AVERAGE 3RD QUARTER RELATIVE HUMIDITY
AVERAGE 4TH QUARTER RELATIVE HUMIDITY

= 38.80 DEGREES
= 3.00

= 97

= 300
= 12.0 INCHES
= 10.40 MPH
= 73.00 %

= 67.00 %
= 71.00 %
= 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 k/ MAY/NOV JUN/DEC

3.47
4.45

3.93
2.99

4.27
3.56

4.95
3.45

4.75 4.51
4.53 4.38

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

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

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

32.90
78.20

38.10
76.20

47.60
69.10

57.00
58.00

65.90
46.80

74.50
36.90
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NOTE: 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 I THROUGH 20

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

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

3.00 3.76 3.82 4.79 4.30 5.62
3.99 2.94 3.77 3.27 3.87 4.58

1.59 1.92 1.16 1.98 2.33 3.16
2.53 1.49 1.89 1.90 2.82 2.13

1.165 1.322 0.500 0.381 0.400 0.846
0.477 0.084 0.352 0.336 0.785 0.758

1.172 1.204 0.791 0.457 0.581 1.521
0.697 0.125 0.353 0.448 0.809 0.848

0.725 1.139 2.879 3"874 3.547 4.559
3.519 2.760 2.474 1.515 1.244 0.883

0.314 0.525 0.304 0.861 1.302 1.333
1.538 1.214 1.102 0.371 0.380 0.224

0

LATERAL DRAINAGE COLLECTED FROM LAYER 3

TOTALS 1.4506 1.3163
0.2725 0.1649

1.3236 0.9570 0.7870 0.4773
0.2087 0.5660 1.5789 .2.1268

STD. DEVIATIONS 0.9927 1.3360 0.7997 0.8074 0.8752 0.6173
0.2479 0.2053 0.3933 0.7730 1.0774 1.3509

PERCOLATION/LEAKAGE THROUGH LAYER 5

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

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
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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

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

INCHES CU. FEET PERCENT

PRECIPITATION 47.71 ( 6.613) 173189.1 100.00

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

PERCOLATION/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
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PEAK DAILY VALUES FOR YEARS 1 THROUGH 20

(INCHES) (CU. FT.)

PRECIPITATION 7.42 26934.600

RUNOFF 5.239 19018.6914

DRAINAGE COLLECTED FROM LAYER 3 0.70920 2574.40039

PERCOLATION/LEAKAGE THROUGH LAYER 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

3.93SNOW WATER 14263.6641

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.4595

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. 0

-------------- FINAL WATER STORAGE AT

LAYER (INCHES)

1 8.4724

2 1.4475

3 0.0063

4 0.0000

5 0.1875

SNOW WATER 0.000

END OF YEAR 20

(VOL/VOL)

0.3530

0.1206

0.0251

0.0000

0.7500

** *** ** ********** *** **** *** ******* ******** ****************** ******** ********* *

**** **************************************************************************
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Precipitation Frequency Data Server Page I of 3

POINT PRECIPITATION
FREQUENCY ESTIMATES

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 1[ Related Info GI IS data IIMaps1 Docs [ Return to State Map

Precipitation Frequency Estimates (inches)

AMI* 5 1015 30 11 60 1210 11 1 24 1-10 L20 30 45 60
I(years) ml m min m ill ii mrinI h r _ da y day dal day al
I 1 10 .65 10.81 11-08 1.32 .58 1.72 2.13 12.57 3.1 3 .6914.12 114.79 15.35 17.26 1886 11.11 13.141
[ 2 F40.9 OF77 0.95 1 .29 1.59 1.91 2.07 2.56 3.09 3.74-4.-4]4.95 5.75 6.39 8.63 10.49 13.15 1.53]

S jI5 f 1 0.57[089 11.11 1l.53 1.94 2.l33 2.5s4 13.13 13.79 4.58-5.4416.03 17.02 17.75 110.28 12.361115.37]18.04
I 10-F -1.22 1.72 202.6712.91 3.59 4.35 5.23]6 16.84 8.00 8.78 11.4913.73 ]116.97 F1 9.84

I z5 110.09 ][- 1.361[1.95 2.55 ]3.12 13.42 [4.23 15.12 6.08 7.17[7.89 19.28 1i0.•1313.06[[15.50118.99[122.11[
I 50 ~ 1 .1076 1[• 1.46 12.13 2.83 13.48 13.82 14.74 15.75 16.75 7.92-]8.71. 110.29 111.171114.251116.831120.491123.77]

S100 11.8 1.25 11.56 12.30 13.10 13.84 ]4.25 51,.28 I6.40 7.42 8.69 951 11.-30 1i2.21]15.41118.12 121.95 125.35]

I200 10.87 1.32-]1.65 12.46 3.384.22 [4.69 51.84 17.08 18.10 9.45- 10.321112.32 13.25 16.55 19.39123.35l126.87]
S500 10.942 1 1.77 12.69 3.764.74115.30116.63 18.04 19.02 10.48- 11.39 113.69 1~4.64 18.021121.021125.151128.831S1000 0.99 1.4911.86 2.85 4.06 515 579 727 8.81 9.74 151.2 12.2114.74 8 15.7o0 19.14 22.24 126.49430.28

*These precipitation frequency estimates are hased on a partial duratton series. ARI as the Average Recurrence Interval.
Please refer 10 NOAA Atlas 14 Document for more information. NOTE; Formaltng forces estimates near zeroto 10appear as zero.

~* Upper bound of the 90% confidence interval

I1 21 0.]45 IF0.7 1 l0.88 1[i. 7 117.44 1 II73 1. 2.35 j!2.82 F]13.34 1103.97 1174.44 [5.17 15.75 117.75 • j].'.'. 22 11.

I 10.53 10.84 11.04 11.40111.73 12.08 ]2.27 12.81 ]3.39 14.02 ]4.77 15.33 l6.2 16.89 9.22 11.18i i•13.97[116.41]I sI10.6210.97 1.20 1.67 2.11 2.54 2.78 3.44 4.16 4.92 715.83 1 26.49 17.58 8.35 1 0.98 13 F 1 6.320 9 ]
I10 0.68 1.07 1.33 1.87 2.39 2.9013.18 3.94 F4.785.61 6.63 7.35 8.62 9.45 12.28 14.6 1802.9

25 11 9 l1.48 2.12 2.77 3.39 3.73 4.63 561 4 6.52 7.68 8.49 10.0210.91113.95816 20169• 1
50 10.83 12 8 1.58 [2.30 F3.6 3.78 4.17 5.18 6.29 7.24 8.49 9.36 1.10 12.04215.211 F7.9 E21.7

I100 0.88 l.35 1.69 2.49 j335 4.18 4.63 5.77 6.99 7.96 9.31 10.2312.19 E 13.16 16.451• .31 23 .3F26 78

[ 200 0.94 1.44 1.79 2.67 3.66 F4.59 5.11 6.38 774 8.69 10.14 11110 13.30 F1430 17.670 20.6721 285 283-

[ 500 1~.5•11,4 1.192 112.91 14.07 15.17 15.78 17.25 18.81 19.69 111.251112.261114.79115.80 119.2612244 6.8-30.56

. .. .I FI F- __1 -IIF- -1 _Q F_ F__ -qF 17 Eý 7 -I I II I

1 1000 111.08 111.61 112.02 113.09 114.40 115.62 116.31 117.94 119.67 1110.46 l1211113.161115.96 1116.971120.481123.7512 13.2*Teupe hud fIh orleneineva t 0 cnidne eelaIh alewhc 5 f h smlae qatLe v luesEL forý a ieLreunyar raerttn
* The upper bound of the confidence interval at 90% confidence level is the value which 5% of the simulated quantite values for a given frequency are greater than.

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: Fornatting prevents estimates near zero to appear as zero.

* Lower bound of the 90% confidence interval

/ _ _Precipitation Frequency Estimates (inches)

A1** 5 100 150.4 30. 160 120 3 6 12 24 48 4 71 1020.30 4 60
(years) min mire min0 min0 m[in 1. Im i 11h hr 11r hr day Iday 11day day 19day d

2 9 1068-5•240.82

25 0.65 1.0051.2511.79 2.34 2.83 3.11 3.83 4.6415.63 6.63 7.31 8.57 149.39 12.1914.57017.7
I 50 110.70 1107 F111.94 2.58 3.165 6 42 5.196j.23-• • .• 2 0 9. 1510.33 13•.3 15.80 1•9 • i

II II II II I| II Hf II 11 11 I1 II II II II

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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Precipitation Frequency Data Server P

100 110.74 111.14 1L.42 112.091 8.2113.47113.83 114.7411574116.841801 11877 110.371111.261114.331116.98I120.451123.861200 110.79 11.20150 . 4.20 5.216317.44 86] 9 949 ] 1.27 1.19 15.361118.11 2171 25.25
590 0.85 1.28 1.59 2.42 3.38 4.23 4.70 F5 .86 F7.09 ]18.25 9.60 1•.44 1•47 13.42 F16.67 F19.591 23.32 27.•1

F1000 10.89 1.33 1.6612.55 3.63 4.56 5.10 6.37 7.71 8.87 10.2811.15 13814.34217.66 20.68124.51 28.31

age 2 of 3

0
* 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 partial duration maxima series. ARt is the Average Recurrence Interval.

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

Text version of tables j

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

CL

4,

CL

a-

3'
30
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13'

1211
10
91
8 :
7:
6.

41,
3i
2

I I I I I I I I
--------------- ------------ I --------- I ------ -------- I --------- .........--------------- - - ......----------- --------------------------------------- ------------------ --------- ------------ ----------- --------------- I ---------- -------- --------------

---------- ---------- -------------- ----------- ---------- ----------
---------- -------- ----------- I ------------- ----------- ----_ -_ -- -------------------------

-- --------------- ----------- -------------------------- ------- - ---------- --------
---------- ----_ ---- ----------- -------_ -_ -- ---------- ----------- ----------

----------- ---------- _ - ---- --------- - - . - - :,: 1.
--------------------------

--------------------------- ---- ------------------- - -- ---- ------ - --------- --------------- - -------
---------- ------ ...... ------- ...... - - ------ ----------

--------- ,
----------- --------- --------------

---------------- - ----------- ------ ------------- ---------- .........
----- ... -------- - - ----------------- ------

----- ------- ---------
- --- -------------- ------ ----- -- ------------ -------- ------------------------- ------------------ ----------

.......... -- - _ .. ........... -------
--------- - ........ ------ ---------- -------

....... ... - ------- ---------- ----------
........... ........ --- ---------------- --- ----------------

------------- ........ .......

----- ---------- ----------
7- ----------

---------- ------ -
-------------

---- -------

------- .......

- --------- ------------- --------

-- - ---- --- . . .......... ---- -----

I

I

F
7

0
±1 2 5 10 25 50 100 200. 500 1000

Average Recurrence Interval (years)
Wed Sep 08 12:12:30 20±0

Duration
5-min - . 30-min -W- 3-hr -0- 24-hr -A- 7-day -F- 30-day -E-

10-min --- 60-min -9- 6-hr -> 48-hr - 10-dy - 45-day -ai-
15-win 1 ±20-m 12-hr - 4-day -T- 20-day -W- 60-day'-0-

http://hdse.nws.noaa.gov/cgi-binlhdselbuildout.perltype=pf&units=us&series=pd&statename=KENTUC.'..9/8/2010
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Precipitation Frequency Data. Server

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

Page 3 of 3

C

-C
4
Ca

C
C

4
V12
4

C

C
&
C
a

31
30
29
26
27
26
25
24
23
22
21
20
1918
17
16
15
14
13
±2
11
±0

.9
a
7
6
5
4
3
2
1~
0.

Wed Si

- - --- - - -- - -- - - - -- - - - -- -- - I - - - 1- - --- -- - - - - - --- ----

. . . .. . . . . . . . . . . . . .1.. . .. . . .. . . . . . . . . . .. . . ... . . . . . . " . . . .i " . . " • " ' 1 ' ... ... ... . . . . . .

-,. . .•.....•......... ....... i . .i •. .. ...4.... i -•... . ... .- ..... .- -......... .. -i .-. i- -... ./. I

: : : : : : : : : : : : .........:. ... : : : : : : -------- -- . . . ..-=--- ---= == = = = = = = = =

.4 .C C..

sp 08 12:12:30 2010

E" " 4' _0 3 -0'',0 -0 -2 0 " 0 -0 -
V N f W C N M & WW C V I I Ir I I V I I I

ID CADurat ion ~-V N M) I& W

Average Recurrence Interval
(years)

1-e- 2 5- 5-)e- 10 -- 25 -B- 50-.- 100- 200-t-- 500-A 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 location from the U.S. Environmental Protection Agency's site

Climate Data Sources

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

+/-30 minutes J or [ +/-1 degree ] 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 Develooment
1325 East West Highway
Silver Spring, MD 20910
Questions?: HDSC.Questionsanoaa.aov

Disclaimer

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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Precipitation Frequency Data Server Page I of 3

POINT PRECIPITATION
FREQUENCY ESTIMATES

FROM NOAAATLAS 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 J[ Related Info [ GISdata Maps Docs Return to State Map

0

ii
Precipitation Intensity Estimates (in/hr)

I -I 113 10- 116 hr[12 hrl[24 hrl148 hrll a Il 7 1 L II II II
ik dayx -day 1y j dAy JL&IB[~

--- 4.99 3.2• 12.15 111.32 10.79 110.57 ]10.36110.21 0-3 0.08 10.041[0-03 1.0110. 02 o 001 10.01
_ 5.88 14.63380 257 1.590.95 0.69 0.43 0.26 010.091 0.05 0.03 0.03 02 i0.0110.01 0i1

= F.845.36 8 4 43 ] .07 11.94 11].7 0.8510.52 0.31 019 0.11 I10.061W0.0 03 1.002 001 0.01-
10-o-I7-565.904.88-3.442.20 133 0.9710.600.36 0.22 0.1310.07 0.05 00.04110.02 0.02 0.01

25 -846 6.56 F523.9 255 156 1.14 0.71 ]10.43 0.2510.15 0,08 10I-0.04 10.03 o jo• J-2- 0
50 19.17 0 25 790 1 0.09 E•I- 0.05 1 .02 11o.o2 I -
100 19.78 17.49 .244.59 13.10 1.92 1.41 0.88 01o.53 10.3110.18 010 0 "0o.oo 11o.o 3 0 02] .o 02
200 F10.467.95 6.61 4.93 3.3812.1111.56 0.98 0.59 0.340.20 0. 11 0.07 0.06 0.03 ]0.031 0.02 I05 o 11.338.51 17.08 5.37 3.76 2.37 1.77 1.11 0.67 0.38 10.22 10.12 0.08 10.06 0.04 0.03 10.0 2
007 • 11.93 8.91 7.43 5.70 4.06 1.58 1.93 1.21 0.73 11 0.4 1 0.23 10.13 j0.07 410.04 30.02110.02 I -

* These precipitalion 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)

ARJ** 5 10 53060 120 3 612 248 1[4 7 7110 20 304
mm mm 11mm mnim 1 mim hr hr hr hr day day day day

[1--116.4115.05 4.14 2.801173 1.04 0.76 902.4710.28 0.17 F01 O 0.0 Eo61o.03[1o.o2 0.01.0 01
- 4 F5.83 1.20. 1 -0.120.07 05 06.03 0.021 0 .021 0 .061

[-i10- 8.21116.40 15.30 j3[732.39 11.45 WIao 10.66 10.40 10.23 10.14 10.08 -0.05o.0411 0.02 0~.02 0.01q~r
-2-519.18 7.12 5.91 14.23 2.77 1.24 0.77 0.47 0.27 0.16 0.09 0.060.05 0.03 O .02 0 .02 0 0•

[-F50 9.92 7.63 16.34 4.612-]0 18.89 1.39 110.8710.5210.300180 .10-0.07,10.0510.0310.02 0.02 0.02-0

100 10.58118.•1116.75 14.97 3.35 2 .09 1.54 0.960.58 0.33 0.19 0.11 11.08 0 050 0.03 10.01002 0.02]

[--200 11.348.62 57.16 l5.343.66 2.30 1.7011.07110-6 0.21 0.12 0.0810.06 10.0 110.0 2 0 .02 0 02
--500-12.289.22 7.68-5.82 114.07 28 0 1 .11.21 6 0.73 0.00.23 0.13 10 0 .07 11 0.0 113 I-•-0-002 0--2

[F1000[12.94719.66 5 1 8-F06-l6.19 ll4.40 112.81 112.o 111.33 110.80 110.44 110.25 110.14 110.09 110.07 110.04 11003 1E0]03 -10.02 1

0

'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 requency estimates are based on a partial duration series. ARI Is the Average Recurrence Interval.

Olngrt rmfsr tn NflAA Au,,IA 14ilnj-,msnt tnr mnms infnrurmtinn MflTF: Fnnmnnt~inr, nrrovonk o,:tmaI;•t no~r ,S•m n it nAr nA ,nrr

* Lower bound of the 90% confidence interval

Precipitation Intensity Estimates (in/hr)

S110 15 60 120 3 6 [1248 ][ 4 7 10 20 30 45 60
ma nun m_ mir I iin min min hr 1 hr hr hr I hr J{ day 1[ day day 11 day dI d ayj-1--F4.60 1[3.6111297T IF11.22 J 0.721 0.53110.33 10.20 07-iiF- ]o0o71o04 Fo oI10.0311oo Ol F [o.oi 11 -. o -i-

5.4 4.27 13.51 2.37 1.47 0.87 I10.63 0.O39 F0.23 015 0.050.03 0 1.0 2 o.oF01 10.010 I0.0
6.29 4.9314.o8 2.821-].781-07 [0.770.48 1.29 0o.8 110.06 0.03 .4 0 21 0 .010.0

10 F6.96 5.42 4.49 3.162.0311.2210.88 0.55 !0.33 0 0.12 0.07 0--0.03 o.o 2 0 1
25 7.74 6.01 4.98 3.57 2.34 111.42 1.03 0.64 0.39 0.23[ 0.14Io0.08 0.0510.04 0.0 210.0210.01
50 8.36 ]16.43 5.34 3.8812.58 1.57 11.15 0.71 0.43 0 0o.1 10.081 0.04 o 0.02 0.02 0.02

II_] I! F-1 ir h691 ] m -

http://hdsc.nws~noaagov/cgi-binlhdsclbuildout.perl?type=idf&units=us&series=ýpd&statename=K-ENTUC... 9/8/2010
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Precipitation ,Frequency Data Server P

100 118.89 116.82 115.67 114.18 912.82 111.73 111.27 110.79 10.48 10.2j9 1.17_0.09 0.06 1ý 0.05 10.03_110.02 10.02 20.0_..
-200 9.48 7.20 5.99 4.46 3.06 1.90 1.40 0.87 0.52 0.31 0.1870.10 ---o-os 0.3-0.03 0.02 002

1000 910.67 7.97 6.65 5.1i 36--3- 2.28-1. --]70 1---- 01 F 0.-12- -00 0••.0- .02--• 0302

The lower bound of ft 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 partial duration maxima series. ARI is the Average Recurrence Interval.

Please refer to NOAA Atlas 14 Document for more informafion. NOTE: Formatting prevents estimates near zero to appear as zero.

Text version of tables

age 2 of 3

Partial duration based Point IDF Curves - Version: 3
37.0564 N 88.7739 W 400 ft

4)

CL

0

0.

l0
7

3
2

0.7

8 :4
0.3
0.2

.1.
.07
.05
.03
.02

.01

.001

. .. . L .. ... t ... ... L ... I. .L ... I. .t .. I~ .[. .. .. . .. .... J . L . . ........... 7 . - - - . -. .. J..... . .. .

......... . . ----- ...... ------- ,
-- - - - - - - - - - - - .. .. . . . -- - -- - - - - . . . . .. . . -- - - . ..... .I [ I I I

Wed Sep

C1-. 20

08 ±3:47:1.2 20±0

C

2

0
ID

C

C

0

E L L L L L L L

v414.-N
Duration

-L L M33 MM M IO M %3 3
J-_C A_ 0M 0 0 0 to (0t (a 10
I 1 '0 M -0 ' j~ 0 13 M ? o

h o I I I II I I
Cl)~ ~ ~ ~ :r 0 1. )r, < C>) uI

Average Recurrence Interval
(years)

1-year 5-year -*- 25-year -E- 100-year - 500-gear
2-year --- 0-year--•- 50-year -•- 200-year ---- 1000-year -

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 location from the U.S. Environmental Protection Agency's site

Climate Data Sources

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

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

http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=idf&units=us&series=pd&statename=KENTUC... 9/8/2010
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Figure 18.--All-season PMP (in.) for 6 hr 10 mi (26 km2).
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Figure 19.--All-aeason PMP (in.) for 12 hr 10 mi (26 km ). 40
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Figure 2O.-AUl-season Pf (in.) for 24 hr 10 mi 2 (26 kin2 ).
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Figure 22.--All-season Pie (in.) for 72 hr 10 mir2 (26 kA



Figure 23.--All-season PMP (in.) for 6 hr 200 m 2 (518 kn2). VI
w
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Figure 24.--AZl-season PMP (in.) for 12 hr 200 Mi 2 (518 In 2 ).



Figure 2S.--Afl-eason PMP (in.) for 24 hr 200 mi2 (518 kn-2).
vi
Lii

0



0%

co

0

Figure 26.--AU-eason PMP (in.) for 48 hr 200 mi2 (518"km2 ).



Figure 27.--AZl-season PMP (in.) for 72 hr 200 mi 2 (518 km 2 ).
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Figure 28.--All-season PMP (inj) for 6 hr 1,000 m12 (2,590 b?).
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Figure 29.--A U-aeason PAR (in.) for 12 hr 1,000 mi2 (2,590 kin2 ).
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0) Figure 30.--AZZ-eecwon PMP (in.) for 24 hr 1,000 m2 (2• 590 kmn ).



Figure 31.--All-season PMP (in.) for 48 hr 1o000 mi 2 (2,590 kmn2). ON~
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Figure 32.--ALl-eeaeon PAT (in.) for 72 hr 1,000 mi2 (2,1590 kAn).
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Figure 33.---AZZ-season PMP (in.) for 6 hr 5,000 mi2 (22,950 kin2 ).
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Figure 34.--All-aeason PPP (in.). for 12 hr 5,000 mi2 (12,950 km2).



Figure 35.--AZZ-season PMY (in.) for 24 hr 5,000 ?d,2 (12, 950 kmn2 ). ON
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Figure 36.--AMg-eeason PW (in.) for 48 hr 5,000 mi2 (12,950 kin2).
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Figue 37.--AlU-eeason PAP (in.) for 72 hr 5,000 mi2 (12, 950 km2 ).
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Figture 38.--AIZ-aeason PAR (in.) for 6 hr 10,000 mi 2 (265,900 Ian
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Figure 39.--All-eeason PAP (in.) for 12 hr 10,O00 mi (25,900 k).
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Figure 40.--AU.-season PMP (in.) for 24 hr 1O,00 2 (25,900 km 2).
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C, Figure 41.--AZL-season PM? (in.) for 48 hr 10,000 mi 2 (25,900 kn2 ).
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Figure 42.--AZZ-aeaeon PMP (in.) for 72 hr 10,000 mi 2 (25,900 kml).
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Figure 43.--AlU-season PAP (in.) for 6-hr 20,000 (.2 (51,800 kin2).
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Figure 44.--All-season PAP (in.) for 12 hr 20,000 mi2 (51, 8.00 kn 2 ).
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Figure 46...-AZZ-season PAT (in.) for 24 hr 20, 000 mi2 (51,800 km 2). -4
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Figure 46.--AZ1-season PMPJin.) for 48 hr 20,000 mi2 (51,800 km 2).



Figure 47.--AU--8eason PM? (in.) for 72 hr 20,000 mi2 (51,800 km 2).
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Appendix D
Closure Implementation Cost Estimate


