


DRAINAGE ANALYSIS

DESCRIPTION

Map Outlining the Different Drainage Areas
Drainage Swale Calculation for Area 1
Drainage Swale Calculation for Area 2
Drainage Swale Calculation for Area 3
Drainage Channel Calculation for Area 4
Drainage Channel Calculation for Area 5
Drainage Swale Calculation for Area 6
Drainage Swale Calculation for Area 7
Drainage Swale Calculation for Area 8
Drainage Swale Calculation for Area 9
Drainage Swale Calculation for Area 10
Drainage Swale Calculation for Area 11
Drainage Channel Calculation for Area 12
Shear Stress Calculation to Check Velocity
Classification of Vegetal Cover Table
Permissible Shear Stress Table
Maximum Permissible Velocity Table
Northeast Down Pipe Sizing Calculation
Southwest Down Pipe Sizing Calculation
Riprap Energy Dissipator Design Calculation

PAGE

1
2
10
14
18
22
26
30
34
38
42
46
50
54
55
56
57
58
62
66



oLD
~

EXISTING LANDFILL
(NCDENR PERlllT NO. 24-0.)

0"".,., Plr~
AR~A 'a'

PERlllETER DRAINAGE CHANNEL
TYPE B
SEE DETAIL~

~

•



Project Name: IP Riegelwood Liner System

Project No.: 31826746.
File Name: Final Cover Channel Design#1

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

II Total DA (At): 1.81 acres II II 6.4 cfs I]

, Runoff Coefficient
~ ~.. ~. ".

CA =sum(Area x "C") CA= 0.634 . ." I

Runoff Coefficient, C
C =Total CA / Total DA €'.= 0.350

Use Table 5-2 to determine Values of Runoff Coefficient (C) for Rational Formula based on Landuse

Time of Concentration . ) ~'I.: ','. ....,
II,~· ~ ~ •... , ""'" ;1

Time of T =Calculated from TR-55 (use
I~ Tc = 0.05 hrs.Concentration, Tc c Worksheet Tc)

Overland Flow See Worksheet Tc Tt = SF= 0.052

Shallow
See Worksheet Tc Tt = SCF= 0.000Concentrated Flow

Channel Flow See Worksheet Tc Tt =
,

~CF=· 0.000
-,]:

.' ,".' tr ~ " ..
"~,; r~r" "~a .( .i( ,puration .. ,.

Duration, D D =Te 0= 5.00 min.
It'

,,:
.'li :.>, .,. ,.

lO' L' r "
, Frequency

'r' ,~
2 year: On-site Storm Drain I

Frequency, F 5 year: Local Street / Minor System
F= 25

year design
10 year: Collector Street / Major System 11 storm

50 year: Culverts Under 1-264 .:' ,- ;,;1.: .. ' ....r. !
'....r. "\~'..' ',t. "

Intensity '~S;:7:ltf '.;';"'l."~' i'. ;':-1'< ~r,~.:~!~1
<' i. ~._•• :;,'':''~{ "-'.~~ ~ ..: -.

Intensity, I '!
1= 10.16 in./hr.It-

'. :"'f, .".. .' .", ""'~TDischarge ; .... ~~i ','

Discharge, Q p Q p =C*I*A Qp = 6.4 cfs
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POINT PRECIPITATION
FREQUENCY ESTIMATES

FROM NOAA ATLAS 14

Page 1 of 4

North Carolina 34.351754 N 78.205299 W 9 feet
from "Precipitation-Frequency Atlas of the United States" NOAA Atlas 14, Volume 2. Version 3

G.M Bonnin, D. Manin, B. Lin, T Parzybok, M Yekta, and 0 Riley
NOAA, National Weather Service, Silver Spring, Maryland, 2004

Extracted: Thu May 72009,_--_-.r----,~_,---,

Confidence Limits ][ Seasonality ][ Location Maps II Other Info. j[ GIS data II Maps II Docs Ie
I Precipitation Intensity Estimates (in/hr)

III RI*)IB~[JJ~~c:JB8~u:J~WJ~~[;J[;J~[(years) min !nin rnin min min - 1 hI' hJ' Ilr day (l~y (iny w.y da)' d..~ t

I 1 1[TIJ~13.88 112,66 1~lo.98 110.70 110.42 110.25 1[ID10.08 110,05 110,03 110.02 110.02 1[QI][ill@
I 2 1~[~]4.64 113.20 I[ill[IJ2J[ill10.52 11Q1Q]@JI]fQ:IQJ~]O.04 ![ill[QD10,02 l[ill@
I 5 1[Q2]~15.46 1[~~J12.49 IlIill[Q[J10.66 1~]O.22 112JIJ10.07 110.05 110.04 110,02 110.02 110,02 I@
I 10 I~ liliJ16.07 114.40 112.87 I[ill[ill]10.78 110.46 110.27 1!QJI]!0.08 110.06 110.04 110.03 110.02 110.02 I@

fI 25 d10,16 016.84 115.07 113.37 1[K][ill10.97 110.57 110.34 1[ill@J]]10.07 1[QD[ill[ill10.02 I@
50 I~ [2017.42 115.59 113.78 112.48 IO][JITIIJI0.67 110.40 110.22 11QJIJ[Q[]10.06 110,04 110.03 110.02 I@
100 1E:IEJ[§]17.98 1[D]@2012.83 IlDIJll.3o 110.78 110.47 110.26 1~10.09 110.07 110.04 110.03 110.03 I@
200 10Iill110.13118.52 116.64 1[ill13.20 112.42 1[QQ]~[QK]I0.30 1[QJiJ[@J10.07 110.05 110.03 112::ill@
500 1113.931~19.24 1015.28 11DD12.88 1[2[][@]lo.66 1[ill1Qill~]O.09 110.05 110.04 110.03 I@
1000 IEillOIill19.79 117.92 ![2[]013.28 11iliJ[ill[Q22]0.42 1[IO[IT]~10.06 110.04 110.03 I@

These precipitation frequency estimates are based on a partial duration series. ARI is the Average Recurrence Interval.
Please refer to NOAA Alias 14 Document for more information. NOTE: Formatting forces estimates near zero 10 appear as zero.

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

The upper bound of the confidence Interval at 90% confidence level IS the value which 5% of the simulated quanlile values for a gIVen frequency are greater than.
•• These precipllalion frequency estimates are based on a partial duration series. ARtis the Average Recurrence Interval.

Please refer to NOAA Alias 14 Document for more information. NOTE: Formatting prevents estimates near zero 10 appear as zero,

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

ARI** rsl[lOlrtSll3Olr6Olrt2Olf3lf6lr12lf24ll48ll4ll71flOllWll3Oll4Slr
(yeal's)~~~~~~~~~~l!!!J~~~~~~G

http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=idf&units=us&series=pd&statena... 5/7/2009 Cj)



Project Name: IP Riegelwood Liner System

:: Project No.: 31826746

File Name: Final Cover Channel Design#1

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz ' Date: 4-Jun-09

4.1 In. 0.05 hrs. II

Sheet Flow

Segment 10 1 2 3 4 5 Units

Input Surface Type
I'see SF n-table) crass

Input Manning's n
I'see SF n-table) 0.150

Input Sheet Flow Length
I,~ 100 ft), L 100 ft

Input Surface Slope, S 0.250 ft/ft

Sheet Flow Time 0.052 0.000 0.000 0.000 0.000 hrs.

Sheet Flow Time =
ro.007(n*Lf8

]
Total SF = 0.052 hrs.(P2)O.5S04

'.' Shallow Concentrated Flow

SeQment 10 1 2 3 4 5 Units

Surface Description Unpaved

Flow Length, L 8 ft

Water Course Slope, S 0.250 ft/ft

Average Velocity. V 8.07 0.00 0.00 0.00 0.00 ft/s
Shallow Concentrated
Flow Time 0.000 0.000 0.000 0.000 0.000 hrs.

Paved: V =20.3282*S1/2 Unpaved: V = 16.1345*S1/2
Total SCF 0.000=Shallow Concentrated Flow Time = U(3600*V)

Channel Flow J( ,

SeQment 10 1 2 3 4 5 Units

Flow Area, A W
Wetted Perimeter, P ft

Channel Slope, S ft/ft

Channel Manning's n

Channel Flow Length, L ft

HYdraulic Radius, R ft

Velocity. V ft/s

Channel Flow Time 0.000 0.000 0.000 0.000 0.000 hrs.

R=NP V =(1.49*R2/3*s 112) I n Channel
Total CF = 0.000 hrs.

Flow Time = U(3600*V)
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POINT PRECIPITATION
FREQUENCY ESTIMATES

FROM NOAA ATLAS 14

Page 1 of 4

North Carolina 34.351754 N78.205299 W 9feet
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: Thu May 7 2009

Confidence Limits ][ Seasonality J[ Location Maps )[r--O-th-e-r-In-fo-. .....,j[ GIS data II Maps II Docs Ie
I Precipitation Frequency Estimates (inches)

ARI*II~~II? 113~ 116~ II~O BBBIH hrl148 hrl~G[;J[;J1 30 Ict:JC(years) mill min 111111 !H!1l flun nlln . - - -- - .. Y - ...Y q~y c!~ydll)' {I~y (

I I 110.491Io.78llo.97111.3310]§J[ill12.09IlDIJOO~[QQ]~~[2I][2[][2Q]112.401[I

:X- I 2 1[ill10.92I[!Ji]Q]Q][ill12.3sI12.551~~ 4.14 11~.S3 1~~[IQIJ~[ITE]114.65IfI

I 5 Ilo,67![ill]11.37 1[l]iJ12.491[QTI13.25 113.96 11@1~JlillJ~[2I][2U~[gIQJI17.361@

I 10 IIO,7SI[ill[ill12,20 112.871[DI][ill@1QJ[~]6.43 1[ill][IQ]~~113·251116.00 1119.551[
I 2S 110.ss 1IT:illIT2D12.S3 113.37 114.32114,74 IlillJ16.93 1[Q2]~[E]~112.20 1~11S.641122.561~

1 SO lIo.92I[ili]O}~J12.79113.78114.961[ill@1D[JJJ~llO,7sl[ili]112.s7IlTIiIJl17.681120.7SI124.951~

I 100 lIo.991[ill12,00 113.061~JJls.66116.341~19.44 1IT:iliJ112.s21113·2sliI4.6711Is.741119.791122.92I127.381~

I 200 1[QI][ill[ill13.32114.6sI16.40 117.27I[22J11O·931113·041114.S21ITII2J~ITIillI22·031125.161129,881[

I 500 1[[ill[E]12.31 1[illls.2SI17.50 IIS.66 111O·74JQTII]ITI2IJI17.S611IS.091119.45 1120.57 112S.19 1128,25 II33,271~
11000 1[Iill[ill12.4S 113.961Is.78 IIS.43 119.S611 12.2810TIDIIS.451120.20 1120.60 1121.S21122.931127,771130.6sI13s.931~

• These precipitation frequency estimates are based on a partial duration series. ARI is the Average Recurrence Interval.
Please refer to NOAA Atlas 14 Documenl for more information. NOTE: Formatting forces estimates near zero 10 appear as zero.

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

ARJ**
~~~~~~WW~~~G:J~[;J[l;J~[;;JC(yca rs) min min min min min min hI' hI' hr hI' hr day day day day day day (

1 I 110.53110.84 '[ill~[ili][8][ill[ill13.33 1[ill][ill[E]~~~llO,5SllIDIJ[

1 2 110.621[QQ]OJ§J~IillJ[ill[E][ill~~[E][ili]~[ill~112.57111S.591[D

1 5 lIo.731[D2][ill[@]12.70 l[illrDIJlDIJ[ill[2D[E]l2KJ[E][~]12.40 1115,0711 18.461[
I 10 I[illI1.30 1~12.3SI[@J13.S91~0~[DI][ID~11O·081~114.221117.101120.791~
I 2S 1~[0i]IJ}~J12.73113.64114,72I~[E]!2IO!iliJ~11O.901112.22II13·221116.S41119.931124.021[

I SO 110.991~12.00 IlIillI4.0sIIS.421[QD17.40 IlffiJlI 0.531~112.651114.03IITImI19.021122.221126.591~

I ]00 1!Iill[2Q][ill13.30 114.s41[ill16.94 1[!EJ11O.441112.36 1113.ssI114.60 1116.021117.121121.371124.60 1129.251[
I 200 1[ill[ill12.30 113.S81Is.02116.9SI[2K]~112,OSII14.451[!ill116, 78111s.20 1119.341123 .881127,091132,041[
I 500 1~[~J12.50 113.98I[DIJ[ill~ITImI 14.60 1117·741119.641120.141121.471122.621127.521130.621135.881~

I 1000 1I1,341[DJJl2.65 114.29116,27119.221110.801113.471116.791120.681122.731123.1 01124.2sI125.40 1130.54 1133.441138.97 I[
• The upper bound of the confidence Interval at 90% confidence level IS the value which 5% of the Simulated quantile values for agiven frequency are greater than.
- These precipitation frequency eslimates are based on apartial duration series. ARI 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.

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

ARI** fSlliOlll5ll3Oll6OlrllOll3ll6lli2lf24ll48ll4ll7lflOll2Oll3Oll45li
(years) ~~~~~~~l.!!.!:Jl.!!.!:Jl.!!!Jl.!!.!:J~~~~~~~

http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statena... 5/7/2009 @
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Landuse Area (acres) C value CA
Disturbed 0.000 0.5 0.000

Undisturbed 1.810 0.35 0.634
Road 0.000 0.8 0.000

0.000
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Totals 1.81 0.63

(j)



Manning's n for Sheet Flow

Surface Description n
Smooth surfaces (concrete, asphalt, gravel, or bare soil) 0.011
Fallow (no residue) 0.050
Cultivated soils:

- Residue cover <= 20% 0.060
- Residue cover> 20% 0.170

Grass types:
- Short grass prairie 0.150
- Dense grass1 0.240
- Bermuda grass 0.410

Ranqe (natural) 0.130
Woods: 2

- Light underbrush 0.400
- Dense underbrush 0.800

Note: 1 Includes species such as weeping lovegrass, bluegrass, buffalo
grass, blue grama grass, and native grass mixtures.

2 When selecting n, consider cover to a height of about 0.1 ft. This
is the only part of the plant cover that will obstruct sheet flow.



Project Name: IP Riegelwood Liner System

~'~~.~ Project No.: 31826746

File Name: Final Cover Channel Design#1

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

,Q = 6.4 cfs II!=I==V====4o=57=ftI=s=e=c=====,11

','
Channel Characteristics., '" ,. - ~ l . co "-I,

Depth of Flow, dF dF = 0.0'9 ft
,.I.' ,--

Min. Freeboard, FB f,'B= 0.50 ft

Depth of Channel, de de = dF+ FB de = 0.59 ft ),

Side Slopes, m 2H:1V or Flatter minimum m= 4 H:1V

Manning's n Use Table to find Roughness Coefficient, n 0.020
earth lined-

n= sand

.. "I \" ' J>~~ ,~>;
,~ ", .. /~:i~\:.~ k. _~,-l', ','.

~"I, :I"i, ~' -~:/;:f~,:~ f
:.

Channel Design t'rl~~,l:V' '\: I o~;l ~. I ,'~- '.~.'.
_~,., ",I'

Channel Bottom
b= 0.00 ft

Width, b

A = m*d/ + dF*b A =~o ft2
~

Wetted Area, A 1.40 c· ~

Wetted Perimeter, P P = 2*dF*(m
2 + 1)0,5 + b P= 4.88 ft

Z t
.-

Slope. S S = change in elevation/distance for change s= 0.020 ftlft
"

Channel Top Width, J;,

W = 2*(m*de) + b w= 4.73 ft
w

;~ '~ (l: ' '-, ," ,I,',' ,,~ ,11" ,~ 'r. r u, ,.,..,.
I'·

Discharge

Discharge, a a = (1.486/n)*A*R2/3*S1/2 Q= 6.4 cfs

Set a = a p by changing de. If need more capacitYlbut can't increase depth of channel, increase b.

Velocity ,
,. r~

V= a/A
,

Velocity, V V= 4.57 fUsee



Project Name: IP Riegelwood Liner System

" Project No.: 31826746
,s-

File Name: Final Cover Drainage Channel#2

.1~~-
>

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

II Total DA (At): 1.55 acres II [I 5.5 cfs II

" H' "', Runoff Coefficient ,K!:::
fl..-· •• ' I,,'"

CA =sum(Area x "C") CA= 0.543
...: -:J(

Runoff Coefficient, C
Total CA / Total DA C= 0.350

Use Table 5-2 to determine Values of Runoff Coefficient (C) for Rational Formula based on Landuse

Time of Concentration
,':-'"

Time of T =Calculated from TR-55 (use Tc = 0.05 hrs.
Concentration, Tc c Worksheet Tc)

,-

Overland Flow See Worksheet Tc Tt = SF = 0.052
~

Shallow
See Worksheet Tc Tt = SCF= 0.000

Concentrated Flow

Channel Flow See Worksheet Tc Tt = CF= 0.000
~;:

., *,'
Duration

Duration, D D =Tc D= 5.00 min.

~4~~: "
> Frequency

'.u:-- ':r-~ -'

;"- "i~ .. ,~ " .' ".'~,

2 year: On-site Storm Drain .'.'

Frequency, F
5 year: Local Street / Minor System

F= 25
year design

10 year: Collector Street / Major System storm
50 year: Culverts Under 1-264 .c, .".~.

1'_ ;,; .: y- .'

'. , Intensity
- ~)-

Intensity, I .'. 1= 10.16
,~.

in./hr."

Discharge
,

f-

Discharge, Qp Q =C*I*A Qp = 5.5 cfsp



Project Name: IP Riegelwood Liner System

Project No.: 31826746

File Name: Final Cover Drainage Channel#2

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: aa Date: 8-Nov-44

Input 2 Yr 24-hr
Rainfall Depth (P2): 4.1 in. ITotal Tc = 0.05 hrs.

Sheet Flow

Segment ID 1 2 3 4 5 Units

Input Surface Type
see SF n-table) orass

Input Manning's n
see SF n-tablel 0.150

Input Sheet Flow Length
s; 100 ftl. L 100 ft

Input Surface Slope, S 0.250 ftlft

Sheet Flow Time 0.052 0.000 0.000 0.000 0.000 hrs.

Sheet Flow Time =
[OO07(n'LfBj

Total SF = 0.052 hrs.(P2)osS°.4

Shallow Concentrated Flow

Segment to 1 2 3 4 5 Units

Surface Description Unpaved

Flow Lenqth, L 13 ft

Water Course Slope, S 0.250 ftlft

Average Velocity, V 8.07 0.00 0.00 0.00 0.00 ftls
Shallow Concentrated
Flow Time 0.000 0.000 0.000 0.000 0.000 hrs.

Paved: V = 20.3282'S1/2 Unpaved: V = 16.1345'S1/2
TotalSCF = 0.000

Shallow Concentrated Flow Time = LI(3600'V)

Channel Flow

Se~ment ID 1 2 3 4 5 Units

Flow Area. A ft2

Wetted Perimeter, P ft

Channel Siooe, S ftlft

Channel Mannino's n

Channel Flow Length, L ft

Hydraulic Radius, R ft

Velocity, V ftls

Channel Flow Time 0.000 0.000 0.000 0.000 0.000 hrs.

R =NP V = (1.49'R2/3,s112) I n Channel
Total CF 0.000 hrs.=Flow Time = LI(3600'V)



Landuse Area (acres) C value CA
Disturbed 0.000 0.5 0.000

Undisturbed 1.550 0.35 0.543
Road 0.000 0.8 0.000

0.000
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Totals 1.55 0.54



Project Name: IP Riegelwood Liner System

~ Project No.: 31826746

File Name: Final Cover Drainage Channel#2

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

II Q p = 5.5 efs II II V= 4.40 ftlsee II

Channel Characteristics ..._.

Depth of Flow, dF dF = 0.06 ft

Min. Freeboard, FB I~i FB= 0.50 ft

Depth of Channel, de de = dF + FB de = 0.56 ft

Side Slopes, m 2H:1V or Flatter minimum m= 4 H:1V

Manning's n Use Table to find Roughness Coefficient, n 0.020
earth lined·

n= sandvsoils
'I

...:.-._... .~ .y~:,. - .~ ;. '-,.. ',. , .<. " " "_Yo:"''''' "... ,- ~,~ .~ ,;_ .1 !-;. ","}
, • j.' J~

Channel Design ._ A J ,. '~

Channel Bottom 'tf !,~

Width, b
b= 0.00 ft

Wetted Area, A A = m*dF
2 + dF*b A= 1.25 ft2

,.'.~ :' ..
Wetted Perimeter, P P = 2*d F*(m

2 + 1)0.5 + b P= 4.61 ft
'-' '"

Ii ,
Slope. S S = change in elevation/distance for change s= 0.020 fUft

•
Channel Top Width, w = 2*(m*de) + b w= 4.47 ft f .;.w

-~ .,.t :cl; Discharge
;" l', ~ '-'1 ~

'{j JI ,'i!:,'
Discharge, Q Q = (1.486/n)*A*R2/3*S1/2

I(
Q= 5.5 cfs

:~.

1'1<.
.,. ,

Set Q = Qp by changing dc. If need more capacity but can't increase depth of channel, increase b.

L -'~'r Velocity
~'l~ .Ii ,~;'

.~ .'"
Velocity, V V= Q/A

I'"
V= 4.40 fUsee



Project Name: IP Riegelwood Liner System

c . Project No.: 31826746
t'!. File Name: Final Cover Channel Design #3

Design Engineer: Lenore Gaier ,. Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

I!:::::I==T=o=ta='=DA=(A=t)=:=1=.o=2=a=c=re=s::::::!J11 II ~p= 3.6 cfs II

.. Runoff Coefficient ,
'" .'

CA =sum(Area x "C") CA= 0.357
Runoff Coefficient, C

C =Total CA / Total DA C= 0.350

Use Table 5-2 to determine Values of Runoff Coefficient (C) for Rational Formula based on Landuse

• L
Time of Concentration

'.' ..(" '-'- -,~ ... 2, .
Time of T =Calculated from TR-55 (use

I." Tc = 0.10 hrs.Concentration, Te e Worksheet Tc)
I' lI.

Overland Flow See Worksheet Tc Tt = SF= 0.100
...

~
.....

Shallow See Worksheet Tc Tt = SCF= 0.001Concentrated Flow

Channel Flow See Worksheet Tc Tt = CF= 0.000

,,}'.,'" Duration
I i' "';

~~"n 'c:..•, '~ ;,;..
' .'-'

Duration, D D =Te 0= 7.00 min.,-',
"

J- . , ,'" "

, ;., , .. -,'.
Frequency -- ,. j -,' ~. "

2 year: On-site Storm Drain "
5 year: Local Street / Minor System I""~ year designFrequency, F

10 year: Collector Street / Major System I) F= 25
storm

50 year: Culverts Under 1-264 ..... , ,;,,,,, 2'
t,l ,-!,~.",-r: fTic 'f'

~,;' I' '~, Intensity 'r c .~!~ .0;-.'.." ~!~.~" -i-i~;}'( ~ ~~,

J':' ),~: ... 1 J

Intensity, I 1= 10.16 in./hr.
':1 ~:....;, Discharge

".
;)~:,'I'n - .'i~

Discharge, Qp Q =C*I*A Qp = 3.6 cfsp



Project Name: JP Riegelwood Liner System
IJ Project No.: 31826746

File Name: Final Cover Channel Design #3

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz .. Date: 4-Jun-09

Input 2 Y,r 24-hr
nfall Depth (P2): 4.1 hi. IITotal Te = 0.10 hrs.

street Flow

SeQment ID 1 2 3 4 5 Units

Input Surface Type
see SF n-table) arass

Input Manning's n
see SF n-table) 0.150

Input Sheet Flow Length
$ 100 ft), L 100 ft

Input Surface Slope, S 0.050 tUft

Sheet Flow Time 0.100 0.000 0.000 0.000 0.000 hrs.

Sheet Flow Time =
[0.007(n'Uo al

Total SF = 0.100 hrs.(P2)05S°.4

Shallow Concentrated Flow

Seament ID 1 2 3 4 5 Units

Surface Description Unpaved

Flow LenQth, L 18 ft

Water Course Slope, S 0.050 tUft

Average Velocity, V 3.61 0.00 0.00 0.00 0.00 tUs
Shallow Concentrated
Flow Time 0.001 0.000 0.000 0.000 0.000 hrs.

Paved: V = 20.3282'S1I2 Unpaved: V = 16.1345'S1/2
Total SCF = 0.001

Shallow Concentrated Flow Time = U(3600'V)
< .•

Channel Flow

SeQment ID 1 2 3 4 5 Units

Flow Area, A ft2

Wetted Perimeter P ft

Channel Slope, S tUft

Channel ManninQ'S n

Channel Flow LenQth, L ft

Hvdraulic Radius, R ft

Velocity, V tUs

Channel Flow Time 0.000 0.000 0.000 0.000 0.000 hrs.

R =NP V = (1.49'R213'S1I2) I n Channel
Total CF = 0.000 hrs.

Flow Time = U(3600'V)



Landuse Area (acres) C value CA
Disturbed 0.000 0.5 0.000

Undisturbed 1.020 0.35 0.357
Road 0.000 0.8 0.000

0.000
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a

Totals 1.02 0.36



Project Name: IP Riegelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #3

Design Engineer: Lenore Gaier .. Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

II Q p = 3.6 cfs II v= 1.60 ftlsec

Channel Characteristics

Depth of Flow, dF I dF = -0.16 ft
)

Min, Freeboard, FB I FB= 0.50 ft

Depth of Channel, de de = dF + FB de = 0.34 Jt t ,~,'

2H:1V or Flatter minimum
,"'~, ' ...-

Side Slopes, m m= 20 H:1V

Manning's n Use Table to find Roughness Coefficient, n 0.020
earth IIned-

~'!l = sandY solis.,
'i'.: I.', , . ,~,

'.
-. . Channel Design 1 - ~'

Channel Bottom "-

Width. b
b= 0.00 ft

,~;

Wetted Area, A A = m*d/ + dF*b A= 2.25 tf

Wetted Perimeter, P P = 2*dF*(m
2 + 1)0.5 + b P= 13.44 ft .

Slope, S S =change in elevation/distance for change s= 0.005 ftlft

Channel Top Width, w =2*(m*dc) + b w= 13.43 ft
w ,l. 'T

'< t;1 ,.' ~~. ;,'

. Discharge

Discharge, Q Q = (1.486/n)*A*R2/3*S1/2 Q= 3.6 Cfs
" '

Set Q =Qp by changing de. If need more capacity but can't increase depth of channel, increase b.

- .~ ,0) ,'tJ,,~"
Velocity

'.' ,('1,.\ :';',

Velocity, V V= Q/A
II

V= 1.60 ftlsec



Project Name: IP Reigelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #4a

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

II Total DA (At): 2.65 acres II II 9.4 cfs II

Runoff Coefficient

CA =sum(Area x "C") CA= 0.928
Runoff Coefficient, C

C =Total CA / Total DA C= 0.350

Use Table 5-2 to determine Values of Runoff Coefficient (C) for Rational Formula based on Landuse

Time of Concentration

Time of T =Calculated from TR-55 (use Te = 0.05 hrs.
Concentration, Tc c Worksheet Tc)

Overland Flow See Worksheet Tc Tt = SF = 0.052

Shallow
See Worksheet Tc Tt = SCF= 0.001

Concentrated Flow

Channel Flow See Worksheet Tc Tt = CF= 0.000

Duration

Duration, D D =Tc D= 5.00 min.

Frequency

2 year: On-site Storm Drain

Frequency, F
5 year: Local Street / Minor System F= 25

year design
10 year: Collector Street / Major System storm

50 year: Culverts Under 1-264

Intensity

Intensity, I I = 10.16 in./hr.

Discharge

Discharge, Qp Q p =C*I*A Qp = 9.4 cfs



Project Name: IP Reigelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #4a

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

Input 2 Yr 24-hr
Rainfall Depth (P2):

4.1 in. Total Tc = 0.05 hrs.

Sheet Flow

Segment ID 1 2 3 4 5 Units

Input Surface Type
see SF n-table) grass

Input Manning's n
see SF n-table) 0.150

Input Sheet Flow Length
:5 100 ft), L 100 ft

Input Surface Slope, S 0.250 ft/ft

Sheet Flow Time 0.052 0.000 0.000 0.000 0.000 hrs.

Sheet Flow Time = rO.007(n*LfB
)

Total SF = 0.052 hrs.(P2)05S0A

Shallow Concentrated Flow

Segment ID 1 2 3 4 5 Units

Surface Description Unpaved

Flow Length, L 17 ft

Water Course Slope, S 0.250 ft/ft

Average Velocity, V 8.07 0.00 0.00 0.00 0.00 ft/s
Shallow Concentrated
Flow Time 0.001 0.000 0.000 0.000 0.000 hrs.

Paved: V =20.3282*S1/2 Unpaved: V =16.1345*S1/2
TotalSCF = 0.001

Shallow Concentrated Flow Time =L/(3600*V)

Channel Flow

Segment ID 1 2 3 4 5 Units

Flow Area, A ft2

Wetted Perimeter, P ft

Channel Slope, S ft/ft

Channel Manning's n

Channel Flow Length, L ft

Hydraulic Radius, R ft

Velocity, V ft/s

Channel Flow Time 0.000 0.000 0.000 0.000 0.000 hrs.

R =AlP V =(1.49*R2/3*S1/2) I n Channel
Total CF = 0.000 hrs.

Flow Time = L/(3600*V)



Landuse Area (acres) C value CA
Disturbed 0.000 0.5 0.000

Undisturbed 2.650 0.35 0.928
Road 0.000 0.8 0.000

0.000
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Totals 2.65 0.93



Project Name: IP Reigelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #4a

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

II Q p = 9.4 cfs II 1==1==V===2=.9=5=ftI=s=e=c=:::!II

Channel Characteristics

Depth of Flow, dF dF = 0.18 ft

Min. Freeboard, FB FB = 0.50 ft

Depth of Channel, de de = dF + FB de = 0.68 ft

Side Slopes, m 2H:1V or Flatter minimum m= 4 H:1V

Manning's n Use Table to find Roughness Coefficient, n 0.020
earth lined-

n= sandy soils

Channel Design

Channel Bottom
b= 2.00 ft

Width, b

Wetted Area, A A = m*d/ + dF*b A= 3.19 If
Wetted Perimeter, P P = 2*dF*(m2 + 1)°·5 + b P= 7.58 ft

Slope. S S = change in elevation/distance for change s= 0.005 ftlft

Channel Top Width, w = 2*(m*dc) + b w= 7.42 ft
w

Discharge

Discharge, Q Q = (1.486/n)*A*R2
/
3*S1/2 Q= 9.4 cfs

Set Q =Qp by changing de. If need more capacity but can't increase depth of channel, increase b.

Velocity

Velocity, V V= Q/A V= 2.95 ftlsec

(jj)



Proj~ct Name: IP Riegelwood Liner System

,~ P~~ject No.: 31826746
rie-,i File N~me: Final Cover Channel Design #5.
Design Engineer: Lenore Gaier Date: 7-May-09

." Checked By: Meme Diaz Date: 4-Jun-09

II Total DA (At).: 1.01 acres II 1==1===:::!;i===3.=6=cf=s=:::=:::!II

Runoff Coefficient, C

Runoff Coefficient

CA =sum(Area x "C")

C =Total CA / Total DA

lJse Table 5-2 to determine Values of Runoff Coefficient (C) for Rational Formula based on Landuse

Time of
Concentration, Te

Overland Flow

Shallow
Concentrated Flow

Channel Flow

Discharge, Q p

Time of Concentration

T = Calculated from TR-55 (use
e Worksheet Tc)

See Worksheet Tc

See Worksheet Tc

See Worksheet Tc

I Duration

D = Te

Discharge .



Project Name: IP Riegelwood Liner System
, ,

. Proje'ct No.: 31826746
, ';,,"','

FileName: Final Cover Channel Design #5

Design Engineer: Lenore Gaier ~ Date: 7-May-09

Ohecked 'By: Meme Diaz Date: 4-Jun-09

Input 2 Yr 24-hr ,
Rainfall Depth (P2): 4.1 in. 0.05 " ' hrs.

Sheet Flow

Segment ID 1 2 3 4 5 Units

Input Surface Type
see SF n-table) arass

Input Manning's n
see SF n-table) 0.150

Input Sheet Flow Length
:5 100 to, L 85 ft

Input Surface Slope, S 0.250 tuft

Sheet Flow Time 0.046 0.000 0.000 0.000 0.000 hrs.

Sheet Flow Time = rO.007(n*l)°,8]
Total SF = 0.046 hrs.(P2)05S04

Shallow Concentrated Flow

Segment ID 1 2 3 4 5 Units

Surface Description Unpaved

Flow Length, L a ft

Water Course Slope, S 0.250 tuft

Average Velocity, V 8.07 0.00 0.00 0.00 0.00 tus
Shallow Concentrated
Flow Time a 0.000 0.000 0.000 0.000 hrs.

Paved: V =20.3282'S1/2 Unpaved: V =16.1345'S1/2
Total SCF = 0.000

Shallow Concentrated Flow Time =LI(3600'V)

..." .1' ,Channel Flow~ ~-,;1 [~\fi ,

Seament ID 1 2 3 4 5 Units

Flow Area, A ft2

Wetted Perimeter, P ft

Channel Slope, S tuft

Channel Mannina's n

Channel Flow Length, L ft

Hydraulic Radius, R ft

Velocity, V tus

Channel Flow Time 0.000 0.000 0.000 0.000 0.000 hrs.

R =AlP V =(1.49'R2/3'S1/2) / n Channel
Total CF 0.000 hrs.=Flow Time = LI(3600'V)



Landuse Area (acres) C value CA
Disturbed 0.000 0.5 0.000

Undisturbed 1.010 0.35 0.354
Road 0.000 0.8 0.000

0.000
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Totals 1.01 0.35



Project Name: IP Riegelwood Liner System

Project No.: 31826746
L v

File Name: Final Cover Channel Design #5

Design Engineer: Lenore Gaier ~~; !I Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

cfs3.6

P = 5.51 ft

A= 1.58 tf

S = 0.005

Discharge

w = 2*(m*de) + b

Q =(1.486/n)*A*R2/3*S1/2

S =change in elevation/distance for changeSlope. S

Wetted Area, A

Channel Bottom
Width, b

Channel Top Width,
w

Wetted Perimeter, P

II Q p = 3.6 cfs II II v= 2.28 ftlsec II

Channel Characteristics

Depth of Flow, dF dF = -0.07 ft

Min. Freeboard, FB FB= 0.50 ft

Depth of Channel, de de =dF + FB de = 0.43 ft

Side Slopes, m 2H:1V or Flatter minimum m= 4 H:1V

Use Table to find Roughness Coefficient, n 0.020
earth IIned-
san soils

Set Q = Qp by changing de. If need more capacity but can't increase depth of channel, increase,b.

Velocity, V

Velocity

V= Q/A 2.28 Wsec



Project Name: IP Riegelwood Liner System

ProjectlNo.: 31826746
.~. 1\

File Name: Final Cover Channel Design #6

Design Engineer: Lenore Gaier 2' .",' Date: 7-May-09

Checked By: Meme Diaz
.'~~

Date: 4-Jun-09

II Total DA (At): 1.99 acres II
1==1=Q==p=====7.=1=cf=s==:!II

.I,'" ! .~.I
Runoff Coefficient

';~ ..i..I'.

CA = sum(Area x "C") CA= 0.697
. ,'

Runoff Coefficient, C
C = Total CA I Total DA C= 0.350

Use Table 5-2 to determine Values of Runoff Coefficient (C) for Rational Formula based on Landuse

.: .\\' Time of Concentration ,.~i~ - ',. ." p'

'-. I

Time of T = Calculated from TR-55 (use Tc = 0.05 hrs.Concentration, Tc c Worksheet Tc)

Overland Flow See Worksheet Tc Tt = SF = 0.052
',~

Shallow
,

See Worksheet Tc Tt = SCF= 0.000
Concentrated Flow 'it.

See Worksheet Tc Tt =
......

Channel Flow CF= 0.000 c
}r> '" ~

Duration
;r. .,-w, ~'J'M

."' ..~ :i ).,i:~;KJ. ~f' ••~.' !<!J., - >. l' ". '.~

Duration, D D = Tc D= 5.00 min.
.~" ''t!

.:~~ J. :~~ftirc.tf.~:~: .~, ~'~
.'. 'L',l;;.>~!,,'

frequency ;':, > .• ",.~<:; ..,

,'~,..!, .' u' l./j¥
2 year: On-site Storm Drain '~-".

Frequency, F 5 year: Local Street I Minor System
I! F= 25

year design
10 year: Collector Street I Major System storm

50 year: Culverts Under 1-264
-"t, .' .,.! " Intensity

1,_ ~::J~,
, .f.; ';i 'to 'I''" .1 :..

Intensity, I 1= 10.16 in.lhr.
, ;. j,~"

... r ..
,......- "

Discharge
~. " .,'

Discharge, Qp Q =C*I*A Qp = 7.1 cfsp



Project Name: IP Riegelwood Liner System.
Project No.: 31826746"'.~,-

File Name: Final Cover Channel Design #6

Design Engineer: Lenore Gaier I }: Date: 7-May-09

Checked By: Meme Diaz ' . Date: 4-Jun-09

Input 2 Yr·24·hr
Rainfall Depth {P2):

4.~ in. "fiotal Tc = ,0.05 hrs. II

'Sheet Flow

Seament ID 1 2 3 4 5 Units

Input Surface Type
I'see SF n-table) arass

Input Manning's n
I'see SF n-table) 0.150

Input Sheet Flow Length
s 100 ft), L 100 ft

Input Surface Slope, S 0.250 ft/ft

Sheet Flow Time 0.052 0.000 0.000 0.000 0.000 hrs.

Sheet Flow Time =
[O.007(n*UO.8j

Total SF = 0.052 hrs.(P2)O.5S0A

Shallow Concentrated Flow

Segment ID 1 2 3 4 5 Units

Surface Description Unpaved

Flow Lenath L 9 ft

Water Course Slope, S 0.250 ft/ft

Average Velocity, V 8.07 0.00 0.00 0.00 0.00 ft/s
Shallow Concentrated
Flow Time 0.000 0.000 0.000 0.000 0.000 hrs.

Paved: V = 20.3282*S1/2 Unpaved: V = 16.1345*S1I2
Total SCF = 0.000

Shallow Concentrated Flow Time = U(3600*V)

.;;:'
Channel Flow

Seament ID 1 2 3 4 5 Units

Flow Area, A ~

Wetted Perimeter, P ft

Channel Slope, S ft/ft

Channel Manning's n

Channel Flow Lenath, L ft

Hydraulic Radius, R ft

Velocity, V ftls

Channel Flow Time 0.000 0.000 0.000 0.000 0.000 hrs.

R=NP V = (1.49*R2/3*S112) I n Channel
Total CF = 0.000 hrs.

Flow Time = U(3600*V)

--.)("7
" t:.~
~,-_ .."



Landuse Area (acres) C value CA
Disturbed 0.000 0.5 0.000

Undisturbed 1.990 0.35 0.697
Road 0.000 0.8 0.000

0.000
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Totals 1.99 0.70



Project Name: IP Riegelwood Liner System

Project No.: 31826746
,~.1~

File Name: Final Cover Channel Design #6

Design Engineer: Lenore Gaier
. '~", "

Date: 7-May-09'.~-',~''''''

Checked By: Meme Diaz Date: 4-Jun-09

0.00 ft

P = 5.07 ft

S = 0.020

A = 1.51 tf

. Discharge

w =2*(m*de) + b

a =(1.486/n)*A*R2/3*S1/2

S =change in elevation/distance for change

Wetted Area, A

Slope. S

Channel Bottom
Width, b

Channel Top Width,
w

Wetted Perimeter, P

II Qp = 7.1 cfs II II V= 4.69 ftlsec II

Channel Characteristics

Depth of Flow, dF dF = 0.12 ft

Min. Freeboard, FB FB= 0.50 ft

Depth of Channel, de de = dF + FB de = 0.62 ft

Side Slopes, m 2H:1V or Flatter minimum m= 4 H:1V

Manning's n Use Table to find Roughness Coefficient, n 0.020
earth lined·

n= sand soils

Set a =ap by changing de. If need more capacity but can't increase depth of channel, increase b.

Velocity, V

Velocity

V= a/A



Project Name: IP Riegelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #7

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

II Total DA (At): 1.77 acres II II 6.3 cfs II

Runoff Coefficient

CA =sum(Area x "C") CA= 0.620
Runoff Coefficient, C

C =Total CA / Total DA C= 0.350

Use Table 5-2 to determine Values of Runoff Coefficient (C) for Rational Formula based on Landuse

Time of Concentration

Time of T =Calculated from TR-55 (use T - 0.05 hrs.
Concentration, Tc c Worksheet Tc) c -

Overland Flow See Worksheet Tc Tt = SF = 0.052

Shallow See Worksheet Tc Tt = SCF= 0.000
Concentrated Flow

Channel Flow See Worksheet Tc Tt = CF = 0.000

Duration

Duration, D D =Tc D= 5.00 min.

Frequency

2 year: On-site Storm Drain

Frequency, F
5 year: Local Street / Minor System F= 25

year design
10 year: Collector Street / Major System storm

50 year: Culverts Under 1-264

Intensity

Intensity, I 1= 10.16 in./hr.

Discharge

Discharge, Q p Q =C*I*A Qp = 6.3 cfsp

(~



Project Name: IP Riegelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #7

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

Input 2 Yr 24-hr
Rainfall Depth (P2): 4.1 in. Total Tc = 0.05 h _,

Sheet Flow

Segment ID 1 2 3 4 5 Units

Input Surface Type
I/see SF n-table) arass

Input Manning's n
I/see SF n-table) 0.150

Input Sheet Flow Length
I/~ 100 ft), L 100 ft

Input Surface Slope, S 0.250 ftlft

Sheet Flow Time 0.052 0.000 0.000 0.000 0.000 hrs.

Sheet Flow Time = ro.007(n*l)°B]
Total SF = 0.052 hrs.(P

2
)OSS04

Shallow Concentrated Flow

Segment ID 1 2 3 4 5 Units

Surface Description Unpaved

Flow Lenath. L 9 ft

Water Course Slope, S 0.250 ftlft

Average Velocitv. V 8.07 0.00 0.00 0.00 0.00 ftls
Shallow Concentrated
Flow Time 0.000 0.000 0.000 0.000 0.000 hrs.

Paved: V =20.3282*S1/2 Unpaved: V =16.1345*S1/2
Total SCF = 0.000

Shallow Concentrated Flow Time =L/(3600*V)

Channel Flow

Seament ID 1 2 3 4 5 Units

Flow Area, A ~

Wetted Perimeter. P ft

Channel Slope, S tUft

Channel Mannina's n

Channel Flow LenQth, L ft

Hydraulic Radius R ft

Velocity. V ftls

Channel Flow Time 0.000 0.000 0.000 0.000 0.000 hrs.

R =AlP V =(1.49*R2/3*S1I2) / n Channel
Total CF = 0.000 hrs.

Flow Time = L/(3600*V)



Landuse Area (acres) C value CA
Disturbed 0.000 0.5 0.000

Undisturbed 1.770 0.35 0.620
Road 0.000 0.8 0.000

0.000
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a

Totals 1.77 0.62



Project Name: IP Riegelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #7

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

II Q p = 6.3 efs II II v= 4.55 ftlsee II

Channel Characteristics

Depth of Flow, dF dF = 0.09 ft

Min. Freeboard, FB FB= 0.50 ft

Depth of Channel, de de = dF+ FB de = 0.59 ft

Side Slopes, m 2H:1V or Flatter minimum m= 4 H:1V

Manning's n Use Table to find Roughness Coefficient, n 0.020
earth Iined-

n= sandy soils

Channel Design

Channel Bottom
b= 0.00 ft

Width, b

Wetted Area, A A = m*dF
2+ dF*b A= 1.38 fe

Wetted Perimeter, P P = 2*dF*(m2+ 1)°·5 + b P= 4.85 ft

Slope. S S = change in elevation/distance for change s= 0.020 ftJft

Channel Top Width, w = 2*(m*de) + b w= 4.70 ft
w

Discharge

Discharge, Q Q = (1.486/n)*A*R2/3*S1/2 Q= 6.3 cfs

Set Q = Qp by changing de. If need more capacity but can't increase depth of channel, increase b.

Velocity

Velocity, V V= Q/A V= 4.55 ftJsec



Project Name: IP Riegelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #8

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

II Total DA (At): 1.28 acres II II 4.6 cfs II

Runoff Coefficient

CA =sum(Area x "C") CA= 0.448
Runoff Coefficient, C

C =Total CA / Total DA C= 0.350

Use Table 5-2 to determine Values of Runoff Coefficient (C) for Rational Formula based on Landuse

Time of Concentration

Time of T =Calculated from TR-55 (use T = 0.05 hrs.
Concentration, Tc c Worksheet Tc) c

Overland Flow See Worksheet Tc Tt = SF = 0.052

Shallow
See Worksheet Tc Tt = SCF = 0.001

Concentrated Flow

Channel Flow See Worksheet Tc Tt = CF= 0.000

Duration

Duration, D D =Tc 0= 5.00 min.

Frequency

2 year: On-site Storm Drain

Frequency, F
5 year: Local Street / Minor System

F= 25
year design

10 year: Collector Street / Major System storm
50 year: Culverts Under 1-264

Intensity

Intensity, I I = 10.16 in./hr.

Discharge

Discharge, Qp Qp =C*I*A Q - 4.6 cfsp-



Project Name: IP Riegelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #8

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

Input 2 Yr 24-hr
Rainfall Depth (P2):

4.1 in. Total Te = 0.05 hrs.

Sheet Flow

Seqment 10 1 2 3 4 5 Units

Input Surface Type
I'see SF n-table) arass

Input Manning's n
I'see SF n-tablel 0.150

Input Sheet Flow Length
1/< 100 ft), L 100 ft

Input Surface Slope, S 0.250 ft/ft

Sheet Flow Time 0.052 0.000 0.000 0.000 0.000 hrs.

Sheet Flow Time = [O.007(n*Lf8
]

Total SF = 0.052 hrs.(P2)05S°.4

Shallow Concentrated Flow

Segment ID 1 2 3 4 5 Units

Surface Description Unpaved

Flow Length, L 29 ft

Water Course Slope, S 0.250 ft/ft

Average Velocity. V 8.07 0.00 0.00 0.00 0.00 ft/s
Shallow Concentrated
Flow Time 0.001 0.000 0.000 0.000 0.000 hrs.

Paved: V =20.3282*Sl/2 Unpaved: V =16.1345*S1/2
Total SCF 0.001=Shallow Concentrated Flow Time =U(3600*V)

Channel Flow

Seament ID 1 2 3 4 5 Units

Flow Area, A tt2
Wetted Perimeter, P ft

Channel Slope, S ft/ft

Channel Manning's n

Channel Flow Lenoth, L ft

Hydraulic Radius, R ft

Velocity, V ft/s

Channel Flow Time 0.000 0.000 0.000 0.000 0.000 hrs.

R = AlP V =(1.49*R213*Sl/2) I n Channel
Total CF = 0.000 hrs.

Flow Time = L/(3600*V)



Landuse Area (acres) C value CA
Disturbed 0.000 0.5 0.000

Undisturbed 1.280 0.35 0.448
Road 0.000 0.8 0.000

0.000
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Totals 1.28 0.45



Project Name: IP Riegelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #8

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date:

I!:::=I=======Qp====4=.6=cfs=====:11 II v= 4.21 ftIsec II

Channel Characteristics

Depth of Flow, dF dF= 0.02 ft

Min. Freeboard, FB FB = 0.50 ft

Depth of Channel, de de = dF + FB de = 0.52 ft

Side Slopes, m 2H:1V or Flatter minimum m= 4 H:1V

Manning's n Use Table to find Roughness Coefficient, n 0.020
earth Iined-

n= sandy soils

Channel Design

Channel Bottom
b= 0.00 ft

Width, b

Wetted Area, A A = m*d/ + dF*b A= 1.09 ft2

Wetted Perimeter, P P = 2*dF*(m2 + 1)0.5 + b P= 4.31 ft

Slope. S S = change in elevation/distance for change s= 0.020 ftlft

Channel Top Width, w = 2*(m*de) + b w= 4.18 ft
w

Discharge

Discharge, Q Q = (1.486/n)*A*R2/3*S1/2 Q= 4.6 cfs

Set Q = Qp by changing de. If need more capacity but can't increase depth of channel, increase b.

Velocity

Velocity, V V= Q / A V= 4.21 ftlsec



Project Name: IP Riegelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #9

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

II Total DA (At): 0.95 acres II II 3.4 cfs II

Runoff Coefficient

CA =sum(Area x "C") CA= 0.333
Runoff Coefficient, C

C =Total CA / Total DA C= 0.350

Use Table 5-2 to determine Values of Runoff Coefficient (C) for Rational Formula based on Landuse

Time of Concentration

Time of T =Calculated from TR-55 (use T = 0.10 hrs.
Concentration, Tc c Worksheet Tc) c

Overland Flow See Worksheet Tc Tt = SF = 0.100

Shallow
See Worksheet Tc Tt = SCF= 0.001

Concentrated Flow

Channel Flow See Worksheet Tc Tt = CF= 0.000

Duration

Duration, D D =Tc D= 7.00 min.

Frequency

2 year: On-site Storm Drain

Frequency, F 5 year: Local Street / Minor System
F= 25

year design
10 year: Collector Street / Major System storm

50 year: Culverts Under 1-264

Intensity

Intensity, I 1= 10.16 in.lhr.

Discharge

Discharge, Qp Qp =C*I*A Qp = 3.4 cfs



Project Name: IP Riegelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #9

Design Engineer: Lenore Gaier Date: 7-MaY-09

Checked By: Meme Diaz Date: 4-Jun-09

Input 2 Yr 24-hr
Rainfall Depth (P2):

4.1 in. Total Te = 0.10 hrs.

Sheet Flow

Seament ID 1 2 3 4 5 Units

Input Surface Type
I/see SF n-table) grass

Input Manning's n
see SF n-table\ 0.150

Input Sheet Flow Length
~ 100 ft), L 100 ft

Input Surface Slope, S 0.050 ft/ft

Sheet Flow Time 0.100 0.000 0.000 0.000 0.000 hrs.

Sheet Flow Time = [0.007(n'LfBl Total SF = 0.100 hrs.
(P2f 5s°.4

Shallow Concentrated Flow

Segment ID 1 2 3 4 5 Units

Surface Description Unpaved

Flow Lenath, L 18 ft

Water Course Slope, S 0.050 ft/ft

Averaae Velocity, V 3.61 0.00 0.00 0.00 0.00 ft/s
Shallow Concentrated
Flow Time 0.001 0.000 0.000 0.000 0.000 hrs.

Paved: V =20.3282'S1/2 Unpaved: V =16.1345'S1/2
Total SCF = 0.001

Shallow Concentrated Flow Time =U(3600'V)

Channel Flow

Seament ID 1 2 3 4 5 Units

Flow Area, A ~

Wetted Perimeter, P ft

Channel Slope. S ft/ft

Channel Manning's n

Channel Flow Lenath, L ft

Hydraulic Radius, R ft

Velocity, V ft/s

Channel Flow Time 0.000 0.000 0.000 0.000 0.000 hrs.

R =AlP V =(1.49'R2/3'S1I2) / n Channel Total CF 0.000 hrs.=Flow Time = U(3600'V)



Landuse Area (acres) C value CA
Disturbed 0.000 0.5 0.000

Undisturbed 0.950 0.35 0.333
Road 0.000 0.8 0.000

0.000
0
0
0
0
a
a
0
0
0
0
0
0
0
0
0

Totals 0.95 0.33



Project Name: IP Riegelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #9

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

II Qp = 3.4 cfs II
1l!::::=1==V===1=.5=7=ftI==,==s==e=c==::!II

Channel Characteristics

Depth of Flow, dF dF = -0.17 ft

Min. Freeboard, FB FB= 0.50 ft

Depth of Channel, de de = dF+ FB de = 0.33 ft

Side Slopes, m 2H:1V or Flatter minimum m= 20 H:1V

Manning's n Use Table to find Roughness Coefficient, n 0.020
earth Iined-

n= sandv soils

Channel Design

Channel Bottom
b= 0.00 ftWidth, b

Wetted Area, A A = m*d/ + dF*b A= 2.16 If
Wetted Perimeter, P P = 2*dF*(m2+ 1)0.5 + b P= 13.16 ft

Slope. S S = change in elevation/distance for change 5= 0.005 ftlft

Channel Top Width, w = 2*(m*de) + b w= 13.14 ftw

Discharge

Discharge, Q Q = (1.486/n)*A*R2/3*S1/2 Q= 3.4 cfs

Set Q = Qp by changing de. If need more capacity but can't increase depth of channel, increase b.

Velocity

Velocity, V V= Q /A V= 1.57 ftlsec



Project Name: IP Riegelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #10

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

11!:::::==T=o=ta=1=D=A=(A=t)=:=1=.2=7=a=c=re=s=!~ II 4.5 cfs II

Runoff Coefficient

CA =sum(Area x "C") CA= 0.445
Runoff Coefficient, C

C =Total CA / Total DA C= 0.350

Use Table 5-2 to determine Values of Runoff Coefficient (C) for Rational Formula based on Landuse

Time of Concentration

Time of T =Calculated from TR-55 (use
0.05 hrs.T -

Concentration, Tc c Worksheet Tc) c -

Overland Flow See Worksheet Tc Tt = SF = 0.052

Shallow
See Worksheet Tc Tt = SCF = 0.001

Concentrated Flow

Channel Flow See Worksheet Tc Tt = CF = 0.000

Duration

Duration, D D =Tc D= 5.00 min.

Frequency

2 year: On-site Storm Drain

Frequency, F
5 year: Local Street / Minor System

F= 25
year design

10 year: Collector Street / Major System storm
50 year: Culverts Under 1-264

Intensity

Intensity, I 1= 10.16 in./hr.

Discharge

Discharge, Qp Q =C*I*A Qp = 4.5 cfsp



Project Name: IP Riegelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #10

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

Input 2 Yr 24-hr
Rainfall Depth (P2):

4.1 in. ITc = 0.05 hrs.

Sheet Flow

Segment ID 1 2 3 4 5 Units

Input Surface Type
!'see SF n-table) grass

Input Manning's n
!'see SF n-table) 0.150

Input Sheet Flow Length
<100ft),L 100 ft

Input Surface Slope, S 0.250 tUft

Sheet Flow Time 0.052 0.000 0.000 0.000 0.000 hrs.

Sheet Flow Time = [O.007(n*Lf8
)

Total SF = 0.052 hrs.(P2)05S°.4

Shallow Concentrated Flow

Seament ID 1 2 3 4 5 Units

Surface Description Unpaved

Flow Length, L 31 ft

Water Course Slope, S 0.250 tUft

Averaae Velocity, V 8.07 0.00 0.00 0.00 0.00 tUs
Shallow Concentrated
Flow Time 0,001 0.000 0.000 0,000 0,000 hrs.

Paved: V = 20.3282*S1/2 Unpaved: V = 16.1345*S1f2
Total SCF = 0.001

Shallow Concentrated Flow Time = L/(3600*V)

Channel Flow

Segment ID 1 2 3 4 5 Units

Flow Area, A W
Wetted Perimeter, P ft

Channel Slope. S tUft

Channel Mannina's n

Channel Flow Length, L ft

Hydraulic Radius, R ft

Velocity. V tUs

Channel Flow Time 0.000 0.000 0.000 0,000 0.000 hrs.

R = AlP V = (1.49*R2/3*s 112) I n Channel
Total CF = 0.000 hrs.

Flow Time = L/(3600*V)



Landuse Area (acres) C value CA
Disturbed 0.000 0.5 0.000

Undisturbed 1.270 0.35 0.445
Road 0.000 0.8 0.000

0.000
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Totals 1.27 0.44



Project Name: IP Riegelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #10

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

II Q p = 4.5 cfs II 16:::1 =====V===4===.1===9=ftI==s~e==c=111

Channel Characteristics

Depth of Flow, dF dF= 0.02 ft

Min. Freeboard, FB FB= 0.50 ft

Depth of Channel, de de =dF+ FB de = 0.52 ft

Side Slopes, m 2H:1V or Flatter minimum m= 4 H:1V

Manning's n Use Table to find Roughness Coefficient, n 0.020
earth IIned-

n= sandv soils

Channel Design

Channel Bottom
b= 0.00 ft

Width, b

Wetted Area, A A =m*d/ + dF*b A= 1.07 tf

Wetted Perimeter, P P =2*dF*(m
2+ 1)0.5 + b P= 4.27 ft

Slope. S S =change in elevation/distance for change s= 0.020 ftlft

Channel Top Width, w =2*(m*de) + b w= 4.15 ft
w

Discharge

Discharge, Q Q =(1.486/n)*A*R2/3*S1I2 Q= 4.5 cfs

Set Q =Qp by changing de. If need more capacity but can't increase depth of channel, increase b.

Velocity

Velocity, V V= Q/A V= 4.19 ftlsec



Project Name: IP Riegelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #11

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

II Total DA (At): 1.43 acres II [1====Q::::::!:p=======S.=1=====cf==s===:!II

Runoff Coefficient

CA = sum(Area x "C") CA= 0.501
Runoff Coefficient, C

C = Total CA / Total DA C= 0.350

Use Table 5-2 to determine Values of Runoff Coefficient (C) for Rational Formula based on Landuse

Time of Concentration

Time of T = Calculated from TR-55 (use T = 0.05Concentration, Tc c Worksheet Tc) c hrs.

Overland Flow See Worksheet Tc Tt = SF = 0.052

Shallow
See Worksheet Tc Tt = SCF = 0.000

Concentrated Flow

Channel Flow See Worksheet Tc Tt = CF= 0.000

Duration

Duration, D D = Tc D= 5.00 min.

Frequency

2 year: On-site Storm Drain

Frequency, F
5 year: Local Street / Minor System

F= 25
year design

10 year: Collector Street / Major System storm
50 year: Culverts Under 1-264

Intensity

Intensity, I 1= 10.16 in.lhr.

Discharge

Discharge, Qp Q = C*I*A Qp = 5.1 cfsp

f~



Project Name: IP Riegelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #11

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

Input 2 Yr 24-hr
Rainfall Depth (P2): 4.1 in. I... ... =

IULG C 0.05 hrs.

Sheet Flow

SeQment 10 1 2 3 4 5 Units

Input Surface Type
Iisee SF n-table) Qrass

Input Manning's n
see SF notable) 0.150

Input Sheet Flow Length
<100ft),L 100 ft

Input Surface Slope, S 0.250 fUft

Sheet Flow Time 0.052 0.000 0.000 0.000 0.000 hrs.

Sheet Flow Time = [O.007(n*l)°81 Total SF = 0.052 hrs.(P2)O.5S04

Shallow Concentrated Flow

Seqment 10 1 2 3 4 5 Units

Surface Description Unpaved

Flow Lenqth, L 13 ft

Water Course Slope, S 0.250 fUft

Averaqe Velocity, V 8.07 0.00 0.00 0.00 0.00 ftls
Shallow Concentrated
Flow Time 0.000 0.000 0.000 0.000 0.000 hrs.

Paved: V =20.3282*S1/2 Unpaved: V =16.1345*S1/2
Total SCF = 0.000

Shallow Concentrated Flow Time =U(3600*V)

Channel Flow

Seqment 10 1 2 3 4 5 Units

Flow Area, A ~

Wetted Perimeter. P ft

Channel Slope, S ftlft

Channel Manning's n

Channel Flow LenQth, L ft

Hvdraulic Radius, R ft

Velocity, V fUs

Channel Flow Time 0.000 0.000 0.000 0.000 0.000 hrs.

R =AlP V =(1.49*R213*S112) / n Channel Total CF 0.000 hrs.=Flow Time = U(3600*V)



Landuse Area (acres) C value CA
Disturbed 0.000 0.5 0.000

Undisturbed 1.430 0.35 0.501
Road 0.000 0.8 0.000

0.000
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Totals 1.43 0.50



Project Name: IP Riegelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #11

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

II Qp = 5.1 efs II II V= 4.32 ftlsee II

Channel Characteristics

Depth of Flow, dF dF = 0.04 ft

Min. Freeboard, FB FB= 0.50 ft

Depth of Channel, de de =dF+ FB de = 0.54 ft

Side Slopes, m 2H:1V or Flatter minimum m= 4 H:1V

Manning's n Use Table to find Roughness Coefficient, n 0.020
earth lined-

n= sandY soils

Channel Design

Channel Bottom
b= 0.00 ft

Width, b

Wetted Area, A A =m*d/ + dF*b A= 1.18 ft2

Wetted Perimeter, P P =2*dF*(m
2 + 1)0.5 + b P= 4.48 ft

Slope. S S =change in elevation/distance for change s= 0.020 ftlft

Channel Top Width, w =2*(m*de) + b w= 4.35 ft
w

Discharge

Discharge, Q Q =(1.486/n)*A*R2
/
3*S1/2 Q= 5.1 cfs

Set Q = Qp by changing de. If need more capacity but can't increase depth of channel, increase b.

Velocity

Velocity, V V= Q/A V= 4.32 ftlsec



Project Name: IP Riegelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #12

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

II Total DA (At): 0.17 acres II II 0.6 cfs II

Runoff Coefficient

CA =sum(Area x "C") CA= 0.060
Runoff Coefficient, C

C =Total CA / Total DA C= 0.350

Use Table 5-2 to determine Values of Runoff Coefficient (C) for Rational Formula based on Landuse

Time of Concentration

Time of T =Calculated from TR-55 (use T = 0.02Concentration, Te e Worksheet Tc) c hrs.

Overland Flow See Worksheet Tc Tt = SF= 0.022

Shallow
See Worksheet Tc Tt = SCF= 0.000

Concentrated Flow

Channel Flow See Worksheet Tc Tt = CF= 0.000

Duration

Duration, D D =Te D= 5.00 min.

Frequency

2 year: On-site Storm Drain

Frequency, F 5 year: Local Street / Minor System F= 25
year design

10 year: Collector Street / Major System storm
50 year: Culverts Under 1-264

Intensity

Intensity, I 1= 10.16 in.lhr.

Discharge

Discharge, Qp Q =C*I*A Qp = 0.6 cfsp



Project Name: IP Riegelwood Liner System

Project No.: 31826746

File Name: Final Cover Channel Design #12

Design Engineer: Lenore Gaier Date: 7-MaY-09

Checked By: Meme Diaz Date: 4-Jun-09

Input 2 Yr 24·hr
Rainfall Depth (P2): 4.1 in. I Tc = 0.02 hrs. II

Sheet Flow

SeQment 10 1 2 3 4 5 Units

Input Surface Type
I/see SF n-table) qrass

Input Manning's n
see SF n-tablel 0.150

Input Sheet Flow Length
II:::; 100 ftl, L 34 ft

Input Surface Slope, S 0.250 ftlft

Sheet Flow Time 0.022 0.000 0.000 0.000 0.000 hrs.

Sheet Flow Time =
rO.007(n*l)°8]

Total SF = 0.022 hrs.(P2)O.5S°.4

Shallow Concentrated Flow

Seqment 10 1 2 3 4 5 Units

Surface Description Unpaved

Flow Length. L 0 ft

Water Course Slope, S 0.250 tuft

Averaqe Velocity. V 8.07 0.00 0.00 0.00 0.00 ftls

Shallow Concentrated
Flow Time 0 0.000 0.000 0.000 0.000 hrs.

Paved: V = 20.3282*S1/2 Unpaved: V = 16.1345*S1/2
Total SCF = 0.000

Shallow Concentrated Flow Time = L/(3600*V)

Channel Flow

Seqment ID 1 2 3 4 5 Units

Flow Area, A ft2

Wetted Perimeter, P ft

Channel Slope, S tuft

Channel Manninq's n

Channel Flow Lenqth. L ft

Hydraulic Radius, R ft

Velocity, V tus

Channel Flow Time 0.000 0.000 0.000 0.000 0.000 hrs.

R = AlP V = (1.49*R213*s112) / n Channel
Total CF = 0.000 hrs.

Flow Time = L/(3600*V)



Landuse Area (acres) C value CA
Disturbed 0.000 0.5 0.000

Undisturbed 0.170 0.35 0.060
Road 0.000 0.8 0.000

0.000
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Totals 0.17 0.06



Project Name: IP Riegelwood liner System

Project No.: 31826746

File Name: Final Cover Channel Design #12

Design Engineer: Lenore Gaier Date: 7-May-09

Checked By: Meme Diaz Date: 4-Jun-09

II Q p = 0.6 cfs II
I!::=I==V====1.=36=f=tJs=e=c=~

Channel Characteristics

Depth of Flow, dF dF = -0.33 ft

Min. Freeboard, FB FB= 0.50 ft

Depth of Channel, de de = dF+ FB de = 0.17 ft

Side Slopes, m 2H:1V or Flatter minimum m= 4 H:1V

Manning's n Use Table to find Roughness Coefficient, n 0.020
earth Ilned-

n= sandy soils

Channel Design

Channel Bottom
b= 2.00 ftWidth, b

Wetted Area, A A = m*d/ + dF*b A= 0.44 ft2

Wetted Perimeter. P P = 2*dF*(m2+ 1)0.5 + b P= 3.37 ft

Slope. S S = change in elevation/distance for change s= 0.005 ftlft

Channel Top Width, w = 2*(m*de) + b w= 3.33 ftw

Discharge

Discharge, Q Q = (1.486/n)*A*R2/3*S1/2 Q= 0.6 cfs

Set Q = Qp by changing de- If need more capacity but can't increase depth of channel, increase b.

Velocity

Velocity, V V= Q/A V= 1.36 ftlsec



DRS
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PROJECT

IP-Riegelwood Cell 2 Liner System
SUBJECT

Final Cover Drainaqe Swale Calculations

ORIGINATED EtDATE ICHECKED BY IDATE

Lenore Gaiel 5/12/2009 IMeme Diaz I 6/4/2009

JOB NO.

31826746

SHEET NO.

1

CALC. NO. IREV.NO.

Determine if grass vegetation is adequate lining for the channel

After calculating all the different drainage areas within the final cover
case 6 was the worse case. (See attached map)
Case 6: Q=7.1 cfs and V=4.69 fls and S=2%

Using Table 5 to determine the maximum permissible velocity
Grass cover consist of Tall Fescue, Lespedeza and Red Top therefore Vmax=5 fls

V=4<5=Vmax grass lining will be adaquate

Shear Force

Calculate the shear stress exerted by the flowing water on the channel lining

t=a x d x S
a=62A Ibs/ft3 = unit weight of water

d=OA ft = maximum depth
S=2% = slope

t=O.5 Iblft2

Table 5-4 Permissible Shear Stresses
tp=O.60 Iblft2 (for class D vegetation)

t=O.51 <0.60=tp grass lining will be adaquate

P:\Jobs4\_Projects\lnternational Paper\IP - Riegelwood\Cell2 Landfill\Liner Construction Drawings\5.0 Cost Estimate & Bid RUBtEi!'ii; May 12, 2009
Calculations\Drainage Calculations\Drainage Calculations (velocity, shear force).xls by: Lenore Gaier
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Table 5-2. Classification of Vegetal Covers as to Degree of Retardance.**

Retardance Cover Condition
Class

Weeping lovegrass Excellent stand, tall, average 0.76 m (2.5 ft)
A Yellow bluestem Excellent stand, tall, average 0.91 m (3.0 ft)

Ischaemum

Kudzu Very dense growth, uncut
Bermuda grass Good stand, tall, average 0.30 m (1.0 ft)
Native grass mixture Good stand, unmowed

(Little bluestem, bluestem,
blue gamma, and other long
and short midwest grasses)

B Weeping lovegrass Good stand, tall, average 0.61 m (2.0 ft)
Lespedeza sericea Good stand, not woody, tall, average 0.48 m (1.6 ft)
Alfalfa Good stand, uncut, average 0.28 m (0.91 ft)
Weeping lovegrass Good stand, unmowed, average 0.33 m (1.1 ft)
Kudzu Dense growth, uncut
Blue gamma Good stand, uncut, average 0.33 m (1.1 ft)

Crabgrass Fair stand, uncut, avg. 0.25 to 1.20 m (0.8 to 4.0 ft)
Bermuda grass Good stand, mowed, average 0.15 m (0.5 ft)
Common lespedeza Good stand, uncut, average 0.28 m (0.91 ft)
Grass-legume mixture- Good stand, uncut, average 0.15 to 0.20 m

C summer (orchard grass, (0.5 to 1.5 ft)
redtop Italian ryegrass, and
common lespedeza)

Centipedegrass Very dense cover, average 0.15 m (0.5 ft)
Kentucky bluegrass Good stand, headed, avg. 0.15 to 0.30 m

(0.5 to 1.0 ft)

Bermuda grass Good stand, cut to 0.06 m (0.2 ft)
Common lespedeza Excellent stand, uncut, average 0.11 m (0.4 ft)
Buffalo grass Good stand, uncut, avg ..08 to 0.15 m (0.3 to 0.5 ft)

D Grass-legume mixture-- Good stand, uncut, 0.10 to 0.13 m (0.3 to 0.4 ft)
fall, spring (orchard grass,
redtop, Italian ryegrass, and
common lespedeza)

Lespedeza sericea After cutting to 0.05 m (0.2 ft) height, very good
stand before cutting

E Bermuda grass Good stand, cut to average 0.04 m (0.1 ft)
Bermuda grass Burned stubble

Note: Covers classified have been tested in experimental channels. Covers were green and
generally uniform.

**Reproduced from HEC-15(34)
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Table 5-4. Permissible Shear Stresses for Lining Materials.**

Lining Lining Permissible Unit Shear Stress
Category Type Pa Ib/ft2

Temporary* Woven Paper Net 7.2 0.15

Jute Net 21.6 0.45

Fiberglass Roving:

Single 28.7 0.60

Double 40.7 0.85

Straw with Net 69.5 1.45

Curled Wood Mat 74.3 1.55

Synthetic Mat 95.7 2.00

Vegetative Class A 177.2 3.70

Class B 100.6 2.10

Class C 47.9 1.00

Class D 28.7 0.60

Class E 16.8 0.35

Gravel Riprap 25 mm (1 in) 15.7 0.33

50 mm (2 in) 31.4 0.67

Rock Riprap 150 mm (6 in) 95.7 2.00

300 mm (12 in) 191.5 4.00

Bare Soil Non-cohesive see chart 23

Cohesive see chart 24

*Some "temporary linings become permanent when buried.
**Reproduced from HEC-15(34)

5-17



erosiveness of the soil in which the vegetation is growing and the slope of the channel. In
this table the channel's soil is divided into two categories defined by the RUSLE's K-value
found in Module 2, "erosion resistant" (K < 0.37) and "easily eroded" (K > 0.37). The
values given in Table 5 are for good vegetative stands. If the stand of vegetation used
provides less than full coverage, the values in Table 5 should be decreased accordingly.

Table 5. Maximum permissible velocities for vegetation lined channels. (Modified from Ree, 1949
and PA-DER, 1990 .

Cover
Bermuda Grass
Buffalo Grass

~- - -
_~en~.!JC?k Bluegrass
Smoo!h ~rE!Tl~g_rass

Blue Grama
Tall Fescue
Grass Mixture

Reed Cana rass

Lesp~deza

WeepinR Lovegra~~

Red Jop. _

Kudzu
~Ifalf.a . _
_Red.f.~~£ue_ _ _
Crab rass
Annuals for Temporary
Protection
Sudan rass
aNa! Recammeded.

3.5 NR NR 2.5 NR NR

Maximum Allowable Shear Stress or Tractive Force, Tall

Maximum allowable tractive force is a measure of the shear stress exerted by the
flowing water on the channel lining. If the actual shear stress, in Ibs/tf, exceeds the
maximum allowable shear stress or tractive force, the flowing water will erode the
channel, usually at its deepest depth. Maximum allowable tractive forces for non-cohesive
soils smaller than 6.35 mm (sands and gravels) are given in Figure 4. Allowable tractive
forces for a wide variety of channel linings are shown in Table 6. The dimensions for the
North Carolina rock classification are given in Table 7. Suggested products for use in
controlling erosion on side slopes are given in Table 8.

11
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URS Corporation - North Carolina

MORRISVILLE, NORTH CAROLINA

6/15/09 1:39PM

IP-Riegelwood.xls INLET COMPUTATION SHEET SHEET 1 OF

English Units

PROJECT NO. 31826746 COUNTY: Riegelwood Cell 2 Landfill DESIGNED BY: MAD CHECKED BY: LG & MD

LOCATION ROADWAY RUNOFF TOTAL INLET
STR SHT INLET CROSS DRAINAGE RUNOFF TlMEOF RAINFALL mSCHRG DISCHRG QIO
NO. NO. STA ELEV GRADE SLOPE AREA COEFF CONC INTEN FROM DA CARYOVR D1SCHRG SPREAD INTRCEPT BYPASS REMARKS
t 9 % - - 0.95 0.35 5.0 10.2 338 3.38 OPEN END

f--
128.70

2 0 A % - - 0.95 0.35 5.0 10.2 3.39 3.39 TEE
f--

126.70
0
8~

- - 1.27 0.35 5.0 10.2 4.53 4.53 OPEN END
f--

96.50
0 10

~
- - 1.28 0.35 5.0 10.2 4.57 4.57 OPEN END

r--
96.50

B % 3.50 0.35 5.0 10.2 12.50 12.50 TEE
r--

94.50
0 \I

~
- - 1.43 0.35 5.0 10.2 5.11 5.1\ OPEN END

f--
68.50

0 7

~
- - 1.77 0.35 5.0 10.2 632 6.32 OPEN END

r--
68.50

0 C

~
- - 6.70 0.35 5.0 10.2 23.92 23.92 TEE

I--

66.50

0 2 % - - 1.55 0.35 5.0 10.2 5.53 5.53 OPEN END
e--

39.50
0 6 % - - 1.99 0.35 5.0 10.2 7.10 7.10 OPEN END

r--
39.50

0 D ft - - 10.24 0.35 5.0 10.2 36.56 36.56 TEE
r--

37.50

~\
l~~

P:\JObs4\_Projects\International Paper\IP - Riegelwood\Cell 2 Landfill\Liner Construction Drawings\5.0 Cost Estimate & Bid Form &
Calculations\Drainage Calculations\Down Pipe Sizing .. XLS



URS Corporation - North Carolina
MORRISVILLE, NORTH CAROLINA

6/15/2009

IP-Riegelwood.xls STORM DRAIN DESIGN COMPUTATION SHEET OF

PROJECT NO.3 I 826746 English Units

0 COUNTY: Riegelwood Cell 2 Landfill DESIGNED BY: MAD CHECKED BY: LG & MD

RUNOFF PIPE DESIGN

STR SHT STA D.A. SUM PROPOSED INLET FLOW DESIGl\ TNT DISCH ELEV ELEV SLOPE DIA CAP VEL

STR ACRE CA LENGTH TIME TIME TIME (1) QIO INL OUTL ft/ft in cfs fps REMARKS

I 0 From 9 0.95 0.33 10.0 1.8 1.8 5.0 10.16 3.4 128.70 126.70 0.200 18 13.0 1.91 OPEN END

2 To A CSP Depth= 1.50
2 0 From A 0.95 0.33 174.0 1.8 1.8 5.0 10.16 3.4 126.70 94.50 0.185 30 43.0 0.69 TEE

0 To B Depth= 2.50

0 0 From 8 1.27 0.44 10,0 1.8 6.1 5.0 10.16 4.5 96.50 94.50 0.200 18 13.0 2.56 OPEN END

0 To B CSP Depth= 1.50

0 0 From 10 1.28 0.45 10.0 1.8 6.1 5.0 10.16 4.6 96.50 94.50 0.200 18 13.0 2.58 OPEN END

0 To B CSP Depth= 1.50

0 0 From B 3.50 1.23 150.0 1.8 6.1 5.0 10.16 12.4 94.50 66.50 0.187 30 43.0 2.54 TEE
0 To C Depth= 2.50

0 0 From 11 1.43 0.50 10.0 1.8 7.1 5.0 10.16 5.1 68.50 66.50 0.200 18 13.0 2.88 OPEN END

0 To C CSP Depth= 1.50

0 0 From 7 1.77 0.62 10.0 1.8 7.2 5.0 10.16 6.3 68.50 66.50 0.200 18 13.0 3.56 OPEN END

0 To C CSP Depth=2.50

0 0 From C 6.70 2.35 140.0 1.8 7.2 5.0 10.16 23.8 66.50 37.50 0.207 30 43.0 4.85 TEE

0 To D Deplh= 2.50

0 0 From 2 1.55 0.54 10.0 1.8 7.7 5.0 10.16 5.5 39.50 37.50 0.200 18 13.0 3.12 OPEN END

0 To D CSP Depth= 1.50

0 0 From 6 1.99 0.70 10.0 1.8 7.7 5.0 10.16 7.1 39.50 37.50 0.200 18 13.0 4.00 OPEN END

0 To D CSP Depth= 1.50

0 0 From D 10.24 3.58 40.0 1.8 7.7 5.0 10.16 36.4 37.50 36.00 0.Q38 30 43.0 7.42 TEE

0 To OUT Depth= 2.50

/~\
\ ~, \

\&;



URS Corporation - North Carolina

MORRISVILLE, NORTH CAROLINA

6/15/2009

©

IP-Riegelwood.xls HYDRAULIC GRADE LINE SHEET OF

PROJECT NO. 31826746 English Units

0 COUNTY: Riegelwood Cell 2 Landfill DESIGNED BY: MAD CHECKED BY: LG & MD

OUTLET HEAD LOSSES INLET

STR SHT STATION W.S. Do Qo Lo W.S. RIM POTENTIAL WATER SURFACE

STR ELEV (in) Hf He He Hb Ht ELEV ELEV DEPTH BELOW RlM

I 0 From 9 128.70 18 3.38 10.0 0.01 0.01 0.03 0.03 0.08 129.90 130.20 OK - Open End Pipe

2 To A n=0.024 d=I.20

2 0 From A 96.50 30 3.38 174.0 0.02 0.00 0.02 0.00 0.12 128.70 129.20 0.50

0 To B

0 0 From 8 96.50 18 4.52 10.0 0.02 0.03 0.00 0.00 0.06 97.70 98.00 OK - Open End Pipe

0 To B n=0.024 d=I.20

0 0 From 10 95.70 18 4.55 10.0 0.02 0.D3 0.05 0.05 0.15 97.70 98.00 OK - Open End Pipe

0 To B n=0.024 d=I.20

0 0 From B 68.50 30 12.45 150.0 0.18 0.02 0.04 0.00 0.45 96.50 97.00 0.50

0 To C

0 0 From II 68.50 18 5.09 10.0 0.03 0.03 0.05 0.05 0.16 69.70 70.00 OK - Open End Pipe

0 To C n=0.024 d=1.20

0 0 From 7 67.70 18 6.29 10.0 0.05 0.05 0.06 0.06 0.22 69.70 71.00 OK - Open End Pipe

0 To C 0=0.024 d=I.20

0 0 From C 39.50 30 23.83 l40.0 0.63 0.09 0.07 0.00 1.17 68.50 69.00 0.50

0 To 0
0 0 From 2 39.50 18 5.51 10.0 0.04 0.04 0.\8 0.17 0.43 40.70 41.00 OK - Open End Pipe

0 To D n=0.024 d=1.20

0 0 From 6 38.70 18 7.08 10.0 0.06 0.06 0.08 0.07 0.27 40.70 41.00 OK - Open End Pipe

0 To D n=O.024 d=1.20

0 0 From D 38.00 30 36.41 45.0 0.47 0.21 0.09 0.02 1.49 39.50 40.00 0.50

0 To OUT
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URS Corporation - North Carolina

MORRISVILLE, NORTH CAROLINA

6/16/0910:20 AM

IP-Riegelwood.xls INLET COMPUTAnON SHEET SHEET 1 OF

English Units

PROJECT NO. 31826746 COUNTY: Riegelwood Cell 2 Landfill DESIGNED BY: MAD CHECKED BY: LG & MD

LOCATION ROADWAY RUNOFF TOTAL INLET

SHT [NLET CROSS DRAINAGE RUNOFF TIME OF RAINFALL DlSCHRG DlSCHRG QI0

NO. STA ELEV GRADE SLOPE AREA COEFF CONC INTEN FROMDA CARYOVR DlSCHRG SPREAD INTRCEPT BYPASS REMARKS

3~
- - 1.02 0.35 5.0 10.2 3.63 3.63 OPEN END

129.20

0 A

~
- - 1.02 0.35 5.0 10.2 3.64 3.64 TEE

129.00

0 16

~
- - 0.28 0.35 5.0 10.2 1.00 1.00 OPEN END

112.70

0 B

~
- - 1.30 0.35 5.0 10.2 4.64 4.64 TEE

112.50

15

~
1.10 0.35 5.0 10.2 3.93 3.93 OPEN END

100.20

0 C % - - 2.40 0.35 5.0 10.2 8.57 8.57 TEE

100.00

0 J7

~
- - 0.48 0.35 5.0 10.2 1.71 I.7 [ OPEN END

93.70

0 D

~
- - 2.88 0.35 5.0 10.2 10.28 10.28 TEE

93.50

0 14

~
- - 1.62 0.35 5.0 10.2 5.78 5.78 OPEN END

71.20

0 E

~
- - 4.50 0.35 5.0 10.2 16.07 16.07 TEE

71.00

0 [ % - - 1.81 0.35 5.0 10.2 6.46 6.46 OPEN END

44.70

0 F % - - 6.31 0.35 5.0 10.2 22.53 22.53 TEE

44.50

0 [3 % - - 0.50 0.35 5.0 10.2 1.79 1.79 OPEN END

42.20

0 18 % - - 0.51 0.35 5.0 10.2 1.82 1.82 OPEN END

42.20

0 Outlet % - - 7.32 0.35 5.0 10.2 26.13 26.13 TEE

42.00

~\
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URS Corporation - North Carolina

MORRISVILLE, NORTH CAROLINA
6/16/2009

IP-Riegelwood.xls STORM DRAIN DESIGN COMPUTATION SHEET OF

PROJECT NO. 31826746 English Units

0 COUNTY: Riegelwood Cell 2 Landfill DESIGNED BY: MAD CHECKED BY: LG & MD

RUNOFF PIPE DESIGN

STR SHT STA D.A. SUM PROPOSED INLET FLOW DESIGl\ INT DISCH ELEV ELEV SLOPE DIA CAP VEL

STR ACRE CA LENGTH TIME TIME TIME (I) QIO INL OUTL ftJfI In cfs fps REMARKS

I 0 From 3 1.02 0.36 10.0 1.8 1.8 5.0 10.16 3.6 129.20 129.00 0.020 18 12.8 2.05 OPEN END

2 To A Deplh= 1.50

2 0 From A 1.02 0.36 113.6 1.8 1.8 5.0 10.16 3.6 129.00 112.50 0.145 30 43.0 0.74 TEE

0 To B Depth= 2.50

0 0 From 16 0.28 0.10 10.0 1.8 4.4 5.0 10.16 1.0 112.70 112.50 0.020 18 12.8 0.56 OPEN END

0 To B Depth= 1.50

0 0 From B 1.30 0.46 83.6 1.8 4.7 5.0 10.16 4.6 112.50 100.00 0.149 30 43.0 0.94 TEE

0 To C Depth=2.50

0 0 From 1.5 1.10 0.39 10.0 1.8 4.7 5.0 10.16 3.9 100.20 100.00 0.020 18 12.8 2.21 OPEN END

0 To C Depth= 1.50

0 0 From C 2.40 0.84 43.8 1.8 4.8 5.0 10.16 8.5 100.00 93.50 0.148 30 43.0 1.74 TEE

0 To D Depth= 2.50

0 0 From 17 0.48 0.17 10.0 1.8 5.2 5.0 10.16 1.7 93.70 93.50 0.020 18 12.8 0.97 OPEN END

0 To D Deplh= 2.50

0 0 From D 2.88 1.01 127.3 1.8 5.2 5.0 10.16 10.2 93.50 71.00 0.177 30 43.0 2.09 TEE

0 To E Depth= 2.50

0 0 From 14 1.62 0.57 10.0 1.8 6.2 5.0 10.16 5.8 71.20 71.00 0.020 18 12.8 3.26 OPEN END

0 To E Deplh= 1.50

0 0 From E 4.50 1.58 112.0 1.8 6.3 5.0 10.16 16.0 71.00 44.50 0.237 30 43.0 3.26 TEE

0 To F Deplh=2.50

0 0 From l l.8! 0.63 10.0 1.8 6~ 5.0 10.16 6.4 44.70 44.50 0.020 18 12.8 3.64 OPEN END•.>

0 To F Depth= 1.50

0 0 From F 6.31 2.21 12.5 1.8 6.8 5.0 10.16 22.4 44.50 42.00 0.200 30 43.0 4.57 TEE

0 To Outlel Deplh= 2.50

0 0 From 13 0.50 0.18 10.0 1.8 6.9 5.0 10.16 1.8 42.20 42.00 0.020 18 12.8 1.01 OPEN END

0 To Outlet Depth= 1.50

0 0 From 18 0.51 0.18 10.0 1.8 7.0 5.0 10.16 1.8 42.20 42.00 0.020 18 12.8 1.03 OPEN END

0 To Outlet Deplh= 1.50

0 0 From Outlet 7.32 2.56 10.0 1.8 7.0 5.0 10.16 26.0 42.00 41.00 0.100 30 43.0 5.30 TEE

0 To OUT Deplh=2.50

© P:\Jobs4\_Projects\International Paper\IP - Riegelwood\Cell 2 Landfill\Liner Construction Drawings\5.0 Cost Estimate & Bid Form &
Calculations\Drainage Calculations\Down Pipe Sizingl.XLS



©

URS Corporation - North Carolina

MORRISVILLE, NORTH CAROLINA

6/16/2009

IP-Riegelwood.xls HYDRAULIC GRADE LINE SHEET OF

PROJECT NO. 31826746 English Units

0 COUNTY: Riegelwood Cell 2 Landfill DESIGNED BY: MAD CHECKED BY: LG & MD

OUTLET HEAD LOSSES INLET

STR SHT STATION W.S. Do Qo Lo W.S. RIM POTENTIAL WATER SURFACE
STR ELEV (in) Hf He He Hb Ht ELEV ELEV DEPTH BELOW RIM

J 0 From 3 131.00 18 3.63 10.0 0.02 0.02 0.03 0.03 0.10 131.10 130.70 OK - Open End Pipe
2 To A d=1.90
2 0 From A 114.50 30 3.63 113.6 0.01 0.00 0.02 0.00 0.13 131.00 131.50 0.50
0 To B
0 0 From 16 114.50 18 1.00 10.0 0.00 0.00 0.00 0.00 0.01 114.51 114.20 OK - Open End Pipe
0 To B d=1.81
0 a From B 102.00 30 4.62 83.6 0.01 0.00 0.00 0.00 0.03 114.50 115.00 0.50

0 To C

0 0 From 15 102.00 18 3.91 10.0 0.02 0.02 0.01 0.01 0.05 102.05 101.70 OK - Open End Pipe
0 To C d=1.85
0 0 From C 95.50 30 8.53 43.8 0.03 0.01 0.03 0.04 0.15 102.00 102.50 0.50
0 To D

0 0 From 17 95.50 18 1.71 10.0 0.00 0.00 0.02 0.02 0.05 95.55 96.20 OK - Open End Pipe
0 To D d=1.85
0 0 From D 73.00 30 10.24 127.3 0.11 0.02 0.01 0.00 0.18 95.50 96.00 0.50
0 To E

0 0 From 14 73.00 18 5.76 10.0 0.04 0.04 0.03 0.03 0.15 73.15 72.70 OK - Open End Pipe
0 To E d=1.95
0 0 From E 46.50 30 16.00 112.0 0.23 0.04 0.06 0.08 0.55 73.00 73.50 0.50
0 To F

0 0 From I 46.50 18 6.44 45.0 0.22 0.05 0.08 0.08 0.44 46.94 46.20 OK - Open End Pipe

0 To F d=2.24

0 0 From F 44.00 30 22.44 12.5 0.05 0.08 0.07 0.00 0.64 46.50 47.00 0.50
0 To Outlet

0 0 From 13 44.00 18 1.78 10.0 0.00 0.00 0.16 0.15 0.32 44.32 43.70 OK - Open End Pipe
0 To Outlet d=2.12
0 0 From 18 44.00 18 1.8 I 10.0 0.00 0.00 0.01 0.01 0.02 44.02 43.70 OK - Open End Pipe
0 To Outlet d=1.82
0 0 From Outlet 43.00 30 26.03 45.0 0.24 0.1 I 0.01 0.00 0.70 44.00 44.50 0.50
0 To OUT
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Riprap Energy Dissipator DeSignl]

Project Name: IP-Riegelwood Cell 2 Liner System
Project No.: 31826746

File Name: HEC-14 Riprap Energy Dissipator Design
Design Engineer: Lenore Gaier 1 Date: 1 11-Jun-09

Checked By: Meme Diaz 1 Date: 1 11-Jun-09

I HEC-14 Method1 I
Calculations reflect the suggested and minimum suggested basin dimensions. Calculated dimensions may not be utilized in

order to adhere to other design considerations.

Pipe Diameter 0 = 2.5 ft.

1O-Year Storm Pipe Flow Q = 36.6 cfs

Constant Ku = 1.0 for English Units Ku = 1.0

Ku * Q
= 3.70

0 2.5

Tail Water TW = 0 ft.

TW
= 0

0

Yo
From HEC-14 Figure 3.4 = 0.64

0

yo
Outlet (Brink) Depth yo = --*D Yo = 1.60 ft.

D

A
From HEC-14 Table B.2 = 0.53

0 2

A
ft2Area of Flow A= --*D2 A = 3.32

DI\2

Q
Culvert Outlet Velocity va = -- va = 11.02 ftlsec

A

Equivalent Depth Ye = (AJ2)o.s Ye = 1.29 ft.

va
Froude Number Fr = Fr = 1.71

[32.2 * Yelo.s

Select a trial D50 and obtain hs/Ye' Ensure hs/Dso ~ 2 and DsolYe ~ 0.1

hslDso = 1.4

OsolYe = 0.5

Riprap Mean Diameter Class B Stone Oso = 0.67 ft.

Acceleration Due to Gravity g = 32.2 ftlsec

TW
= 0

Ye

Co = 1.4 when TW/Ye < 0.75

= 4.0 * (TW/Ye) - 1.0 when 0.75<TW/Ye<1.0
Tailwater Parameter

= 2.4 when TW/Ye > 1.0

Co = 1.4

/
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Riprap Ener~:JY Dissipator Design

Project Name: IP-Riegelwood Cell 2 Liner System
Project No.: 31826746

File Name: HEC-14 Riprap Energy Dissipator Design
Design Engineer: Lenore Gaier I Date: I 11-Jun-09

Checked By: Meme Diaz I Date: I 11-Jun-09

hs
(D5D'%ro 55 * [vc/(g·'Ye}O.5] - Cc

hs
= 0.86 • = 0.71

Ye Ye

Depth of Scour hs = hs • h hs = 0.92 ft.- s
Ye

I Basin Size I
Length of Dissipator Pool Ls = 10* hs Ls = 9.2 ft.

Minimum Length of Dissipator Pool Lsmin = 3"D Lsmin = 7.5 ft.

Length of Apron LA = 5' hs LA = 4.6 ft.

Minimum Length of Apron LAmin = D LA min = 2.5 ft.

Total Length of Basin Ls = 15" hs LB = 13.8 ft.

Minimimum Total Length of Basin LSmin = 4" D LBmin = 10.0 ft.

Width of Basin Ws = D + 2"(Ls/3) WB = 11.7 ft.

I Basin Exit Depth I
Q2 = 41.5 = Ac

3 = 34.0 = [Ye • (WB+ z'Ye}]3 = 13.9 ft.

g Tc (WB+ 2*z'Ye)

Critical Flow Basin Exit Depth Ye = 0.08 ft.

Basin Side Slope z = 33 ftIft

Area of Exit Flow Ac = 8.8 ft2

Top Width of Exit Flow Tc = 20.3 ft.

Ve
Q

Exit Velocity = - Vc = 4.14 ftIsec
Ae

Hydraulic Engineering Circular No. 14, Third Edition - Hydraulic DeSign of Energy Dlsslpators for Culverts and Channels
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SECTION 1042
RIPRAP MATERIALS

Stolle for plain riprap c()nsi~t,> of field ~tonc or mugh unhcwll qUllrry ~tolle. The stonc
~hall be sound, tough, dense, resistant to the <H."1ion ofair lllld \,'ater, and suiwblc in all other
respects tor the PUIVOSC intended. \""here broken concrete from demolished structures or
pavement is avnilable, it may be u!>ed in placeof!>tone provi<lcd that such usc meets \vith the
approvlll of the Engineer. However, the usc of broken concrete that contains reinforcing
stt'Cl will not be permittcd.

All stone shalt meet tile approval of the Engineer. \"lhile no specifte gradation is
required, there should be eql.>al distributi{)n of the various size,> of the ,>tone within thc

W·lD

SL'cl(unl042

required Sl/.C runge. The SlzC of nn individuul stolle particle will be dctcrmine<l by
mcasuring its long dimcnsion.

Stone or broken concrcte f{)r riprap shalt meet the requirements ()r Table 1042-1 for tile
class and size iiistributi<ln.

TABLE 1042-1
ACeEl' I ANCE CRITERIA HJn !tIl'R,\P
Ai'll) STONE FOR EROSION CONTROL

CLASS
A
B
1
)

IU.QtJ1REl> STONE SlZES·- INCttES

\11."1.\111 \I .\IIl>RA.'\ ;1-.
2 ~

II
I~

.\1A :\1.\ III .\1

No more than 5.0~·i, {)f the material furnished can he less than thc minimum size
specified l'lOr no morc thul1 10.0%, ofthc materiul can exceed the maximum slze specified.

11142-2 I £S liNe

Test riprap materials in accordance with the requirement,> ()f tltis section llnd
Sections IOOS-4(E) Rcsistancc to Abrasion, and 100:5-4{F) S.oundrlc'>'>. S<llisfael0I)'
resistance t<l abrasion \vill be considered t{) be a pcreentuge of wear of not greatcr than
55 perf.'CIlt. SatisfactOly soundness will be considered to be II loss in weight of not greater
than 15 percellt \"'l1el1 subjected to 5 alterations of the ;;{)undne;;;; test.
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