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2.4 SYNTHETIC UNIT HYDROGRAPH DEVELOPMENT

{
[THYDROLOGY:- SOLUTION OF RUNOFF EQUATION o- £:328" R
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( FIGURE 2.14 _
N ; Graphical solution of rainfall-runoff equation.
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! 86. % ‘
} 85 EXAMPLE 2.8
9 84 3
8 98 SCS UNIT HYDROGRAPH
: For the watershed of Example 2.7, develop a unit hydrograph using the
)8 o8 1 SCS method. The watershed consists of meadows in good condition with
10 o1 . soil group D. The average slope in the watershed is 100 ft/mi. Assume the
37 89 same duration of rainfall as found in Example 2.7. Sketch the resulting
hydrograph.
Tngineering
SOLUTION :
is directed Equation (2.18) gives the following relationship for ¢,: (|3
ation could k HE:
. _ 50.8 (S+ 1)0.7 A3
these curve 3 4 1900y 2 1
From Table 2.1, the SCS curve number is found to be 78. Therefore,

- - - e . . . .




2.4 SYNTHETIC UNIT HYDROGRAPH DEVELOPMENT

ANALYSIS
-_— {

Since this is a small watershed,
Ty =4t,=4(8.6) hr
To=3die]
And the duration of rainfall

D=1,/55
=8.6/5.5 hr

SCS Method

The method developed by the Soil Conservation Service (SCS, 1957) is
based on a dimensionless hydrograph, developed from a large number of
unit hydrographs ranging in size and geographic location. The hydro-
graph is represented as a simple triangle (Fig. 2.13), with rainfall duration
D (hr), time of rise T (hr), time of fall B(hr), and peak flow Q, (cfs). The
volume of direct runoff is

Q,Tr , 0,8

Zp R Zp”

2 2’
2 Vol
Q"-TR-I‘—B

e o A A L o A I i e NP RN OOl

< tey

Vol =

: . (2.14)

From a review of a large number of hydrographs, it was found that
B =167 Ty. (2.15)

Therefore, Eq. (2.14) becomes, for 1.0 in. of rainfall excess,

~0.75 Vol
-

_ (0.75)(640)4(1.008)
- -

_d4 ReF 215
Tx

@

where
A = area of basin (sq mi),
T, = time of rise (hr).
Capece et al. (1984) found that a factor as low as 10-50 holds for flat,

high-water-table watersheds rather than the value 484 presented here.
Thus, care must be used when applying this method.
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FIGURE 2.13

5

{a) SCS triangular unit hydrograph. (b) SCS dimeﬁsionless unit hydro- L w
graph (SCS, 1964). i
‘
From Fig. 2.13 it can be shown that . Fi
2 a
5 To=Dj2+1, . 72eF ZC q17) ; oI
where ‘E
D = rainfall duration (hr), ca
E:

t, = lag time from centroid of rainfall to O, (hr).

,




. ANALYSIS 2.4 SYNTHETIC UNIT HYDROGRAPH DEVELOPMENT 103
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Lag time {, is estimated from any one of several empirical equations used
by the SCS, such as
N O3S+ 1)07 = z20 )
b= T500505 " e _ | (2.18)
where
t, = lag time (hr),
¢ = length to divide (ft),
y = average watershed slope (%),
S§=1000/CN — 10,

CN = curve number for various soil/land use (see Table 2.1).

The SCS dimensionless unit hydrograph can be used to develop a curved
hydrograph, using the same £, and Q,, as the triangular hydrograph in Fig.
2.13. ,

Soil Conservation Service (1964) runoff estimates assume a relation-
ship between accumulated total storm rainfall P, runoff O, and infiltra-
tion plus initial abstraction (F + [,). It is assumed that

F/§=Q0|/P,, (2.19)
where F is infiltration occurring after runoff begins, S'is potential abstrac-

{ -tion, O is direct runoff in in., and P, is effective storm runoff (P — 7, a)
’ With F=(P,— Q) and P,=(P— I,)= (P — 0.2S)based on data from o
small watersheds, ' ‘i
(P—0.25)
- . 2.20

e P+0.8S . (220)

The SCS method uses the runoff curve number CN, which is related to

] storage by

i CN=1000/(S+10), g7 z& 221)

¢dro- where potential abstraction S (in.) becomes

} §'=(1000/CN) — 10. 2.22)

. Figure 2.14 presents the SCS solution in graphical form for a range of CNs

¥ and rainfall amounts. Runoff curve numbers for selected land uses are
(2.17) 3 presented in Table 2.1. The hydrologic soil group varies from A for sandy,

] well-drained soils to. D for clayey, poorly drained soils. The SCS report

k Urban Hydrology for Small Watersheds (1986) provides a simple graphi-

1 cal and tabular procedure for determining peak flows for urban areas.

Example 2.8 illustrates the SCS UH method.
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TABLE 1. DEFAULT LOW DENSITY SOIL CHARACTERISTICS

Soil Texture Class PTora'l Fielq Wilfing é?t;::ﬁi
e [ oson [ 0scs | o | Sy | o | comncio
, cm/sec
1 CoS | SP 0.417 0.045 0.018 1.0x10
2 S SW 0.437 0.062 0.024 5.8x107
3 FS SW 0.457 | 0.083 0.033 3.1x10°
4 LS SM 0.437 0.105 0.047 1.7x103
5 LFS SM 0.457 0.131 0.058 1.0x10°
6 SL SM 0.453 0.190 0.085 7.2x10*
7 FSL SM 0.473 0.222 0.104 5.2x10*
8 L ML | 0463 | 0232 | 0.116 3.7x10%
9 SiL ML 0.501 0.284 0.135 1.9x10*
10 )] scL | sc | o030 | o02ds | o016 ] 12x10*
11 CL | CL 0.464 0.310 0.187 6.4x10°
12 SiCL- |- CL 1 0.471 0.342 0.210 4.2x10°
13 SC | SC 0.430 0.321 0.221 3.3x10°
14 SiC | CH | 0479 | 0371 0.251 2.5x10°
15 C CH 0.475 0.378 0.251 2.5x10°
21 G GP 0.397 0.032 0.013 3.0x107
a = constant representing the effects of various
fluid constants and gravity, 21 cm®/sec
¢ = total porosity, vol/vol
0, = residual volumetric wate-r content, vol/vol
A = bubbling pressure, cm
A= pbre-siz_e distribution index, dimensionless

A more detailed explanation of Equation 11 can be found in Appendix A of the HELP
program Version 3 User’s Guide and the cited references.

19
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remdual volumetric water content; -
| . 0014 + 025WP  for WP > 0.04 m

Saturated Hydraulic Conductivity

Saturated hydraulit conductivity is used to describe flow through porous media where

~ the void spaces are filled with a wetting fluid (e.g., water). The saturated hydraulic

conductivity of each layer is specified in the input. Equations for estimating the
hydraulic conductivity for soils and other materials are presented in Appendix A of the
HELP Program Version 3 User’s Guide. :

Unsaturated Hydraulic Conductivity

Unsaturated hydraulic conductivity is used to describe flow through a layer when the
void spaces are filled with both wetting and non-wetting fluid (e.g., water and air). The
HELP program computes the unsaturated hydraulic conductivity of each soil and waste
layer using the following equation, reported by Campbell (1974): |

. R
[é-er]3+(%) | Lf_é_ﬂ

)

~ where
K, = unsaturated hydraulic conductivity, cm/sec
K, = saturated hydraulic conductivity, cm/sec
0 = actual volumetric water content, vol/vol
g, = residual volumetric water contént, vol/vol

total porosity, vol/vol

> o
I

= pore-size distribution index, dimensionless

Residual volumetric water content is the amount of water remaining in a layer under
infinite capillaxy suction. The HELP program uses the following regression equation,
developed using mean soil texture values from Rawls et al. (1982), to calculate the

- ®
-0.6 WP , for WP < 0.04

where

WP = volumetric wilting point, vol/vol

14
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The residual volumetric water content and pore-size distribution index are constants in
the Brooks-Corey equation relating volumetric water content to matrix potential (capillary

pressure and adsorptivefforces) (Brooks and Corey, 1964):
‘ / BEF 2D Z

2
8-86, _ ( l_pé) 4 5
¢-6 ¥ |
wheré
14 = capillary pressure, bars
v, = bubbling pressure, bars

Bubbling pressure is a function of the maximum pore size forming a continuous network
of flow channels within the medium (Brooks and Corey, 1964). Brakensiek et al. (1981)
reported that Equation 7 provided a reasonably accurate representation of water retention
and matrix potential relationships for tensions greater than 50 cm or 0.05 bars

(unsaturated conditions).

The HELP program solves Equation 7 for two different capillary pressures
simultaneously to determine the bubbling pressure and pore-size distribution index of
volumetric moisture content for use in Equation 7. The total porosity is known from the
input data. The capillary pressure-volumetric moisture content relationship is known at
two points from the input of field capacity and wilting point. Therefore, the field-

. capacity is inserted in Equation 7 as the volumetric moisture content and 0.33 bar is
inserted as the capillary pressure to yield one equation. Similarly, the wilting point and
15 bar are inserted in Equation 7 to yield a second equation. Having two equations and
two unknowns (bubbling pressure and pore-size distribution index), the two equations are
solved simultaneously to yield the unknowns. This process is repeated for each layer to
obtain the parameters for computing moisture retention and unsaturated drainage.

3.3.3 Saturated Hydraulic Conductivity for Vegetated Materials

The HELP program adjusts the saturated hydraulic conductivities of soils and waste
layers in the top half of the evaporative zone whenever those soil characteristics were
selected from the default list of soil textures. This adjustment, developed for the model
from changes in runoff characteristics and minimum infiltration rates as function of
vegetation, is made to account for channeling due to root penetration. These adjustments
for vegetation are not made for user-specified soil characteristics; they are made only for
default soil textures, which assumed that the soil. léyer is unvegetated and free of
continuous root channels that provide preferential drainage paths. The HELP program
calculates the vegetated saturated hydraulic conductivity as follows:

15
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Environmental Selutions, Inc.

By: RVH Subject: Beatty Landfill-Cell 12 Checked By:_&EC
Date: 1/19/96 American Ecology Corporation Checked On:_2/%/%¢

LDS Flow Capacity (Action Leakage Rate) and Pump Sizing
£

Figure 1

2' Operations Layer

Double Sided Geocomposite
(Texnet TN3002/1125)

100 mil HDPE FML
(Gundline HDT)

Double Sided Geocomposite
(Texnet TN3002/1125)

}ka Detection System

80 mil HDPE FML
(Gundline HDT)
GCL

(Claymax Shearpro)

9" Prepared Subgrade
Unmodified Subgrade

2. The sump locations are shown on Figure 2 (Attached). There arc three sumps
proposed for Cell 12. The typical geometry is shown in Figure 3 (Attached).

Flow Capacities

1. The following flow elements will be used in the LDS

. Double sided geocomposite (Texnet TN3002/1125)

. Geonet (Polynet PN3000)-used in the sump areas if additional flow
capacity is required.

e Gravel (clean, poorly graded, nominal 3/4" diameter)-used in the sump
proper only. :

2. The double sided geocomposite is used in the slope liner LDS as well as in the
bottom liner as shown in Figure 1. A continuous strip of geocomposite will be -
used for each system. Therefore flow within the LDS will be controlled by the
minimum bottom slope. -

3. Flow within the geosynthetics is calculated using Darcy's Equation (which
assumes laminar flow within the net) as follows (Reference 2A):

Project No. 95-284
March 8, 1996
2
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REF #
Environmental Solufions, Inc.

By: RVH Subject: Beatty Landfill-Cell 12 Checked By:_{ &
Date: 1/19/96 American Ecology Corporation | Checked On: 1./{3_,1 fa

LDS Flow Capacity (Action Leakage Rate) and Pump Sizin
¢ 4=9,1 ¢))
Where:
q = flow per unit width
O, =effective transmissivity
i = hydraulic gradient

Flow within the gravel also uses Darcy's formula, however, transmissivity is
replaced with hydraulic conductivity and the thickness of the flow area.

4. Effective transmissivity for the geosynthetics is calculated by applying several
safety factors to the published transmissivity value. The following formula
(Reference 2B) is used for that calculation, definitions are provided in the

attached reference:
0, = ° @)
(FSeg X FSpy X FSpe X FSy. )

5. The following table shows the unit flow capacity for the geosynthetic elements
and the gravel based on the applicable transmissivity, or hydraulic conductivities,
hydraulic gradients, and safety factors: 1 e

Flow Element Q- FScr FSIN FScc FSBC Qg i [[ q q

: "Units] m2/s NA NA NA NA m2/s NA m3/m-s  gal/ft-day
TN3002/1125 2.20E-04 14 1.5 15 1.5 4.66E-05 0.01j] 466E-07 324

PN3000 2.00E-03 1.4 15 15 1.5 4.23E04 001 4.23E06 2945
TN3002/1125 2.20E-04 14 1.5 1.5 1.5 4.66E-05 0.1 4.66E-06  32.39
PN3000 2.00E-03 1.4 15 L5 1.5 423E-04 0.1§] 4.23E-05 294.47

Transmissivity values are provided by the manufacturer (Reference 3A and 3B).
Safety factors are taken from the literature and are attached (Reference 2C). Flow
capacities are shown at hydraulic gradients of 1 percent and 10 percent for the
nominal cell bottom slope and the minimum sump slope, respectively. Since the
gravel is used only within the minimum sump boundaries around the riser pipes,
flow capacities are calculated for the geosynthethics only.

Controlling Section

1. As shown in Figure 3 there are two potentially controlling sections: 1) the 7'x7'
LDS perimeter; and 2) the perimeter at the grade break between the 1 and 10
percent slopes. In the controlling sections multiple layers of geocomposite or
geonet alone may be used to provide sufficient flow capacity. -

1The effective transmissivity of the geocomposite (using the factors of safety listed in Table 1) still exceeds

the minimum transmissivity requirement (3x10-3 m%/s) of 40 CER § 264.301(c)(3)(id).
Project No. 95-284 -

March 8, 1996
3
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oV 0 v

Dia.
(in.)

Mannings "n"= 0.015

*Conv.
Factor 0.02

(jjfi) 0.766 0.011

18
21
24

27
30
36

42
48

1.649 0,023
2,991 0.042
4.863 0.069
10.473 0.148

18.99 0.27
30.88 0.44
55.98 0.79
91.04 1.29
137.32 1,94
196.06 2.77

872.0 12.33
1244.9 - 17.61

0.05

0.017

0.037
0.067

. 0,109
'0.234

0.42
0.69
1.25

6.00
7.95
12.93

19.50
27.84

0.10

0.024
0.052
0.095
0.154
0.331

0.60
0.98
1.77

8.49
11.24
18.28

27.57
39.37

* Conveyance Factor =

0'20

0.034
0.074
0.134
0.217
0.468

12.00
15.90
25.85

38.99
55.67

(1.486 x R2/3 x

0.35

5.39
8.12
11.60

15.88
21.03
34.20

51.6
73.6

|

CIRCULAR PIPE FLOW CAPACITY
Full Flow (cubic feet per second)

% Slope (feet per 100 feet)

0.50

6.44

9.71
13.86

18.98
25.14
40.87

61.7
88.0

A) / n

0.75

0.143
0.259
0.421
0.907

7.88
11.89
16.98

23.24
30.79
50.06

75.5
107.8

1-00

1.25

(c.f.8.)

0.165
0.299
0.486
1.047

9.10
13.73

19.61

26.84
35.55

57.81

87.2
124.5

0.066 C0.077 b.086

0.184
0.334
0.544
1.171

10.18
15.35
21.92

30.01

.39.74

64.63

97.5
139.2

1.50

3.78

11.15
16.82
24.01

32.87
43.54
70.80

106.8
152.5

1.75

2.51
4.08
7.41

12.04
18.17
25.94

35.51
47.03
76.47

115.3
164.7

2.0

0.11
0.23
0.42

0.69

1.48

2.69
4.37
7.92

12.87
19.42
27.73

37.96
50.27
81.75

123.3
176.1

2.5

0.12

14.39
21.71
31.00

42.44

56.21 °

91.40

137.9
196.8

5.0

. 4.25

6.90
12.52

20.36
30.71
43.84

60.0
79.5
129.3

195.0
278.4

10.0

6.00
9.76
17.70

28.79
43.43
62.00

84.9
112.4
i82.8

275.7
393.7

20.0

0.34
0,74
1,34
2.17
4.68

B.49
13.81
25,04

40.71
61.41
87.68

120.0
159.0
258.5

389.9
556.7

Ved —
=277
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ADVANCED DRAINAGE SYSTEMS, INC.

“FACT SHEET”

STANDARD PIPE PERFORATIONS
3-24" 1.D. SINGLE WALL PIPE

Nominal Water

Nominal Perforation Slotdength or Slot Width Inlet Area Perforation
1.D. Type Diameter (Max.) (Max.) (Sq. In/Ft) Configuration -
3D Slot 1.25 0.125 AF
4 Slot 1.25 0.125 2.01 AH
5 Slot 1.57 0.125 2.01 AH
6 Slot 1.88 0.125 2.01 AH
8 Siot 2.50 0.125 1.57 AD
10 Slot 2.50 0.125 1.26 AD
12 Slot 2.50 0.125 3.38 H
15 Slot 2.50 0.125 1.58 H
18 Circular 0.375 c— 1.58 H
24 Circular 0.375 — 1.58 11" Centers
PERFORATION CONFIGURATIONS
‘ —*l 45"; i 45°|<—
None 2 at 180° 2 at 180° . 3at120°
(90° from B)
‘ F 45 G H-
N Bg: . \ f 9{- ‘ 62-:
SN
1 4at90° : '
3at120° 4 at 90° 6 at 60°
(60° from D) (45° from F) '
NOTE 1

ADS pipe is perforated for water entry with slots or circular perforations. The perforations are uniformly spaced
along the length and.circumference of the pipe.

NOTE 2

. Unless otherwise specified, ADS pipe is manufactured to comply with the perforation requirements specified in
the following industry standards: ASTM F405, ASTM F667, AASHTO M252, AASHTO M294, and SCS Code 606.

Issued: March 15, 1991
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Example: The dotted line shows that
the resistance of a 6-inch Standard El-
bow is equivalent to approximately 16
feet of &-inch Standard Pipe.

Note: For sudden enlargements or sud-
den contractions, use the smaller diame-
ter, d, on the pipe size scale.

Gate Valve |- 3000
34 Closed F.
14 Closed - 2000

———14 Closed
——Fully Open

Globe Valve, 0pcn

Angle Valve, Open /

Close Return Bend

/

Thmugh Side Oul:let
Stzndard Elbow or runJ
* Tee reduced 14

e

Medinum Sweep Elbow or |
run of Tee reduced | Sudd:n Conm:xion

\_d, 4

G | L

Long Sweep Elbow or
run of Standard Tee L 45 Elbow

Standard Plpe, Inches

"

w
Inside Diameter, Inches

inal Diameter of

]

Equivalent Length of [ Straight Pipe, Feet

T T T T T TriT

‘r
~

T

with dim
may be ¢
and coef{
capacity
more full

T

FIGURE 17 Resistance of valves and ﬁ‘tﬁngs to fow of fluid.

ORIFICES

27. Cr
of gravity
expressed

— . celeration
Q = CAV2H @7 implicit p1

25. High Head. When the head is relatively large, as compared with the size
of the orifice, the following equation will apply:
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RECIP PUMP

GROUNDWATER & LEACHATE RECOVERY PUMPS

I E M EERNE!

—-

Al
e LA TN  ErRRCErTE R B e - e gt L et iampm et o TR ey TR
o P ey R T m v o W et e s s ST e
ll l' l ! E E E g piiat @ et iiel ] e T Ty [l T St g e eyyes Gl N e e SR B

.39



EHVIR@HE@EP&%L E@UIPMENT

i S+a[’] ' C}U\{S‘*‘l\f‘:’

L =727 =739Y

VF'oF YGCJ " ‘P:‘le_

Wed W}t

A CGMPLETE E,EHE Lo ) @R@HEDWA‘FER REMEDIATION
LANDFILL LEACHATE & SAMPLING PUMPS

Vanable Speed
Electnc

~ Submersible

- Pump .

Electric or Automatic
Air Driven "Controllerless"
Piston , Air
Pump Pump

Electric Drive

Progressing
Cavity
Pump

) :T - L
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ELECTRIC DRIVE

AlR DRIVE

C24H COVER HOT SHOWK -

HOLU-DOWH RPE
HAKOER ALAKGE

CUSTOMER CASING
FLAKGE

=

DE— csma

RECP TUORG

j
)

|

Visssattaye

LEVEL CONTAOL,
fveL Commmots
2T

X:[;Blllll vaeng il

MR

" SURFACE DRIVE ASSY. APPROX. DIMENSIONS
ELECTRIC DRIVE: 55 H x 24* W x 12" D
AIR DRIVE: 51" H x 8~ Wx B* D
LOW PROFILE DRIVES ALSO AVAILABLE
WHEN THERE ARE HEIGHT LIMITATIONS

SINETTE T § ] - s ammmpmm—"—

* (e
AR LOGEC £04Y : SUPERSTRUCTVRE

AR CTLRMOER

0P Yty
SECTION A

w f!l:l““:"h"
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GUAOE BUSHING smomeed

fsTALLAr
HAKGES -

\ R

[FLEDELE DILCHARGE
HOSE ATUCHES HERE]

HOLDDOWK PPE prps o
HAOMGER FLANGE “~~ B, N }

THE RECIP PUMP SYSTEM

The RECIP PUMP is a surfaca driven (air drive or electric drive) down-hole
recipreesling pump. The down-hole pump assembly is anchored.by a string of
stationary pipe (Hold-Down Pipa). The pump piston s atiached lo tha bottom of
a siring of reciprocaling tubing (Recip Tubing) which is run'inside the Hold-Down
Pipe. The surfaca drive assembly allarnataly Tiis and lowers the Rscip Tubing
which gives the dawn-hole pump its reciprocaling motion. The surface drive
assembly can be either Air Driv or Eleclric Drive. The Alr Driva unit itilizes a
dus! acling air cylinder. The Electric Drive unit ulilizes an elactric motor (TEFC
of X-Proof) coupled lo a gearbox and cam agsembly. .

The RECIP PUMP is a positive displacement piston pump with pumping rate
{GPM) directly proportional to strokes per minute (SPM) and sbioke length (SL).
On the Electric Drve unli SL is adjusled manually by changing the position of
the drive rod connection 1o the cam and SPM depends on the molor APM
selacted (1140, 1750 or 3450 RPM). An optionaf electronic VSD (Vaxjable Speed
Drive) is also availabla 1o give varlable SPM capabillly to the Electnic Drive uniL
The Alr Drive unit comas standard as a-variable speed device since the pump
speed (SPM) can be contralled by the pressute regulator on-the drive unit. The
Reclp Pump s cumently available in lour sizes; RP1, RP2, RP3 and APS. Pump
rales range from fractional GPM lo 18 GPM.

-Down-hole pump maiarials of construction are stainless stee! and Teflon for ser-
vice in highly corrosive fiuids, RECIP PUMP can run dry withou! causing
damage lo the pump. Pump operafion is easily Intsrfaced with down-hole level
conlrols, lank level controls, salely shut-downs, timers, elc. lo meet the operating
requiraments of any particular sila, ’

APPLICATIONS - . o
The RECIP PUMP Is an efficlent low-maintenance system for installation In ex-
lraction wells and trench sumps associaled with groundwaler racovery and
leachala collectlon projecis, RECIP PUMP is also useful as a dedicaled sampling
pump for groundwater- moniloring.

Notice that the Made! RP1 ean pump up to 6 GPM [rom wells with 2” casing.
This means thal oltsn existing moniloring wells can be utilized lor continuous

- recovery when a project advances from the sampling stage lo the remedial

pump and treat stage. And when new recovery wells must be drifled il is less ex-
pansive lo diill and equip 2 wells than larger diameter walls. -

IN SUMMARY - .
High volurmelric pump efficiency and low power ragquirements make the RECIP
PUMP 1 highly efficien! pumping syslem. Simpls design, rugged consiruction . -
and low operating speeds result in long operaling life and low mainfenance.

Other features are; low noise, small size, quick inslellation and &ll moving pans .-

fully enclosed. - .

C.8-35 .
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PUMP SELECTION TAE

3LE

- PUMPS

. ELECTRIC DRIVE

PUMP MODEL ~ RP1 RP2 - RPS RP5
PUMP OUTSIDE DIAMETER ) 1.90-IN. 2375 IN. 2.875 IN. 450 IN.
. STANDARD MOTOR HP1 10 HP 15 HP 2.0 HP 30 HP
PUMP SETTING DEPTH: 1-200 FT 1+200 FT. 1-200 FT. 1-200 FT.
GPM RANGE
1. FIXED SPEED ELECTRIC
ADJUSTABLE SL2 - -
DEPENDS ON MOTOR RPM: - i
WITH 1140 RPM MOTORS3 08-2.1 GPM 1.4-3.2 GPM 2.2-49 GPM 5-10 GPM
WITH 1750 RPM MOTOR - 1.2-31 GPM 2.148 GPM 3.2-73 GPM 8-16.GPM
WITH 3450 RPM MOTOR 25-6.2 GPM 4.2-85 GPM = 65-130 GPM N/A
2. VARIABLE SPEED ELECTRIC
ADJUSTABLE SL & SPM#*
USE ELECTRIC VSDs 0.1-6.2 GPM 14-85 GPM 2.2-130 GPM 5-16 GPM
3. VARIABLE SPEED AR . , . . . . o ‘
ADJUSTABLE SPM 0.1-6.2 GPM 1.4-85 GPM 22130 GPM .- 5-16 GPM
! Motor HP. can vary depending on operaling conditions.
% SL: Strokes Length,
31140 APM motors available in 3-Phase only.
+ SPM: Strokes Par Minute. :
4 VSD: Variable Speed Drive.
 NOTE: Above data is'in accordance with the pump curves on the back cover. Ctew
- AIR DRIVE

.. .



) : </ PROTEC RECIP PUMP
PRICE LiST

(FOR ESTIMATING FURPOSES)
November 1994

The following are extimatcd prices for complete pumping units including down-hole pump, surface
drive assembly and 4 feet of cross-linked polyethylene discharge hose. On Electric Drive units for
variable SPM (Strokes Per Minute) add VSD (Variable Speed Drive). Air Drive price includes
pneumatic controls and Air Drive units are inherently variable SPM.

VED ADD-ON
NEMA IR PANEL 'NEMA 3R PANEL
PUMP. ATR 3L FIXED SPM FIXED SFM POR USE WITH FOR USE WITH TEFC CR
MODEL DRIVE 55 TEFC MOTOR X-PROOF MOTOR | TEFC DC MOTOR X-PROOT AC MOTOR
RP1 2.700.00 2,975.00 3,175.00 875.00 1,075.00
RP2 2.500.00 >\>»  .3,175.00 3,425.00 - 1,025.00 1 175.00
RP3 3,100.00 3,375.00 3,625.00 N/A . 1,275 00 :
RP5 3,700.00 3,975.00 4,225.00 N/A 1,325.00
ACCESSORIES
) LEVEL CONTROL: Dual Proba Level Control 286.00
Dual Float Level Control 305.00
Level Contral Signal Wire.........: D50/FT
(22 Gauge, Teflon Jacketed)
Pneumatic Lavel Control 275.00
Pneumatic 1/C Tube (3/3" Teflon)..emn 250/FT
Stroke Counter. 100.00
Poeumatic Dual Timer........n 27500 . e
! WELL. TUBULARB
[’ . 1. FORUSL IN2Y CASING (RP1IONLY): )
S RECIPTUBING : 12" CST&C : . 1.23/FT
. 172" 30458 T&C........ : 5.22{FT*
HOL'D-DOWN PIPE: 1"~ CST&C N, 1.1 7, 3 ¥
1" 34 ss T&C.. —wnenn.B.36/FT"
A l-()R USEIN3"AND I.A.RGER CASING { RP5 6 AND LARGER CASING ): :
RECIP TUBING (RPI1,2,3) : 34" CST&C 1.55/FT - . :
' : 3/4 304 SST&C : 6.62/FT* Add R5 s, -
(RP5ONLY ):- 1" CST&C.... 1L8UFT .
1" 304SST&C e BI6[FT® 4| o 3VC S, 8,
HOLD-DOWN PIPE(RPI1,2,3): 11/4* CS T&C. : 243/FT
. : - 11/4"304 SS T&C..........: 10.53/FT*<—
(RPSONLY) 2*.CST&C. an , 2.96/FT
: 2" 304 SST&C , -.13.86/FT*
*5S PRICES CAN FLUCTUATE, SIGNII'ICANILY OVER 'I'IME.
WELLBEAD FI'ITINGS: Smndard Carbon Steel. ~ 150.00
Stainless Steel A price on request
TOP LOADING INLET JACKB.T (EUMP CAN) ‘Carbon steel : 150. 00

' CONTROL PANELS - NEMA 3R Enclosure ( Contactor, Adjustable Thermal Overload HOA. Does not mcluda
primary d.laconnect or short circuit protection. )

FIXED SPM: TIIRU 10 HP, l-PHASE OR 3-PHASE...... 250,00

FOR VARIABLE SPM: PANEL PRICE INCLUDED IN VSD PRICE ABOVE CONTROL PANELS CAN
- ALSO BE CUSTOM BUILT PER CUSTOMBR REQUIREMENTS

HOUSTON, TX i .. SALESs 918B-493-6101 s ..TULS'A,-'QK_

BRSO LaiEa o - C83T.
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128 CRC Standard Mathematical Tables

Mensuration Formulas

Pyramid
S of regular pyramid = § (perimeter of base) x (slant height)
V = l(area of basc) x (altitude) .

Frustum of Pyramid
Let B, = area of lower base, B, = area of upper base, A = altitude.

S of regular figure = 4 (sum of perimeters of bases) x (slant height)

V= ih(B- + 8, + VB,8,)

Prismatoid

A prismatoid is a polyhedron having for bases. two polygons in parallel planes, and
for fateral faces triangles or trapezoids with one side lying in one base, and the opposite
vertex or side lying in the other base, of the polyhedron. Let 8, = area of lower base,
M = arca of midsection, 8; = area of upper base, A = aititude.

V =4h(B, + 4M + B;) (the prismoidal formula) )
Note: Since cubes. rectangular parallelepipeds, prisms, pyramids, and frustums of
pyramids are all examples of prismatoids, the formula for the volume of a prismatoid
subsumes most of the above volume formulae.

Regular Polyhedra

Let v = number of vertices, ¢ = number of edges, f = number of faces, a = cach
dihedral angle, a = length of each edge, r = radius of the inscribedsphere, R = radius
of the circumscribed sphere, A = area of ecach face, T = total area, V' = volume.

v— e+ =2 (the Euler-Descartes formula—actually holds for any convex polyhedron)
T=/4
V = grfA = &I‘T

Name Nature of Surface T 14
Tetrahedron 4 cquilateral triangles 1.732054° 0.11785a%
Hexahedron (cube) 6 squares 6.00000a% 1.00000q°
Octahedron 8 cquilateral triangles 3.46410a% 0.471404°
Dodecahedron 12 regular pentagons 20.64573a* | 7.66312a°
Icosahedron 20 cquilateral triangles 8.66025a* 2181694

Name v € S/ a a r
Tetrahedron 4 6 4 70° 32' 1.633R 0.333R
Hexahedron 8 12 6 90" 1.155R 0.577R
Octahedron 6 12 8 109° 28* 1.414R 0.577R
Dodecahedron 20 30 12 116° 34’ 0.714R 0.795R
lcosahedron 12 30 20 138° 11’ 1.051R -0.795R

C.8-39
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PROJECT NUMBER: 073113

PROJECT NAME: USEN — Trench 12 Design, Supplemental Calculations

DATE: August 16, 2007

CALCULATION NUMBER: C.8 Revision: Update per 2007 Design

CALCULATION TITLE: LCRS Flow Capacity and Pump Sizihg

DESCRIPTION OF CALCULATION:

Calculation to determine if 1996 LCRS Flow Capacity and Pump Sizing are sufficient for 2007
proposed design

REFERENCES USED: Number of Reference Pages Attached:
1. August 6, 2007 Calculation of Infiltration Rates

2. GSE Geotextile Information

3. EPG Sump Pump Information

4. Previous calc: 1996 calculation titled “LCRS Flow Capacity and Pump Sizing”

5. Designing with Geosynthetics, Koerner, 1998.

6. USEPA. Solid Waste Disposal Facility Criteria — (EPA530-R-93-017), dated Noveber 1993
REVIEW COMMENTS:

CALCULATION MADE BY: CAB . DATE:___8/22/2007
CALCULATION CHECKED BY:_SLW DATE:___ 8/23/2007
CALCULATION REVISED BY: < DATE:

CALCULATION REVIEWED BY:_SLW DATE:__ 8/23/2007
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Purpose of Calculation

Use the 1996 LCRS flow capacity and pump sizing calculation to determine if proposed changes
in the 2007 trench design requiré changes to the LCRS or associated piping and pumps. The
purpose of the LCRS is to ensure that the head on the primary liner does not exceed one foot.

Method

The flow to sumps will ;t)e calculated.

The sump flow elements will be sized to handle the flow.

A pump capable of evacuating the flow from the sumps will be specified.
Analysis

A 2-inch design storm occurring immediately following placement of the 30-inch operations
layer and before placement of any additional waste, is the design criteria for the LCRS drainage’
system. As shown in the LCRS Infiltration Calcuation, the resulting infiltration into the LCRS
drainage net is dependent on unsaturated flow conditions and result in the following flow.

Cell Infiltration (gal/min/cell)

12A 719
12B ' 54"
12C 8.6

(Reference LCRS Infiltration Rate Calculation, August 6, 2007)

The geocomposite transmissivity is 4.35 gal/mm/ft See reference for GSE FabriNet
Geocomposite (Double-Sided) — 8 oz/yd” at 300 mil. The relationship of transmissivity and flow
is proven with d’Arcy’s Law.

d’Aarcy Flow = gy =kiA
Where k = hydraulic conductivity
i = gradient

A =area

Transmissivity = T = b*k where b is the thickness of the geocomposite.
. . . r
Rearranging the transmissivity equation so k = 7

For a unit width of geocomposite:

A =1%xb, therefore A=b
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then gqu= -b]:*i*b =T*
Substituting the transmissivity (4,35 gal/min-ft) and the minimum bottom gradient of Trench 12
of 0.01:

qui = 4.35 gal/min-ft * 0.01 = 0.0435 gal/min-ft.

Effective flow for the geosynthetic is calculated by applying several safety factors to the ultimate
flow rate. The following from Koemer 1998 is used for that calculation. Definitions are
provided in the attached reference.

—_ QuII
b (R‘FIN XRFC}%"RFCCXRFBC)

The following table shows the unit flow capacity for the geosynthetic LCRS member based on
the applicable transmissivity, hydraulic gradient, and safety factors:

Flow Element Gult R_FIN R.FCR RFcc RFBC geff gerr
-Units gal/min-ft NA NA NA NA gal/min/ft gal/day/ft
GSE Fabrinet 0.0435 1.5 14 1.5 1.5 0.00921 133
8 ounce/yd” ‘

Using the effective flow through the geocomposite to determine permeability yields the
following:

qeﬁ'

k= ’f;f for unit width (1 ft) where A =b, k=

. 3

i bi

Permeablility = gesr/ geocomposite thickness / gradient

3 .
1 gc'zllons N 0.134 ft N 1 g 12inch 1

- X =4.94 ft / min
min— ff 1gallon 0.3inch 1foor 0.01

Permeability = 0.0092

For cell 12C to accommodate g.¢ into the LCRS, the geonet must have a minimum perimeter of
(8.6 gallons/minute)/(0.00921 gal/min/ft) = 930 feet. Providing this much flow capacity with
geocomposites alone is not feasible; therefore, a pipe system will be provided to improve
drainage characteristics into the LCRS sumps.

- A single 3-inch diameter corrugated polyethylene pipe (Manning n = 0.015) at a slope of 1
percent has a flow capacity of approximately 34 gallons per minute (1996 Calculation C.8). This .
is more than sufficient to accommodate the maximum LCRS flow into the sump. As shown in
Figure 1, the pipes will be located along the grade breaks of the bottom with lateral lines located
every 100 feet along the grade break length. The basis for the layout is described below.
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As shown in the 1996 LCRS flow calculation, from manufacturer’s literature 3 inch diameter
corrugated polyethylene pipe comes with slots providing 1.44 in? of flow area per foot of piple.
The orifice equation is used to estimate flow into the pipe per foot of length. The orifice
equation is as follows (Referencq, in 1996 Calculation):

O =CA\2gH

The coefficient C = 0.6, g =32.2 ft/secz, and H is assumed to be 1. The calculation is therefore:

0= (o 6)(1.44in )( Zn Nz(feif )(un)(%j

3
Q=O.014ﬁ (7.48gal)(605ec) 62ng

sec S min

Since this is substantially more than the maximum estimated flow rate, the spacing of laterals is
controlled by the flow capacity of the geocomposite. The geocomposite flow capacity of 0.00921
gal/min/ft is used to verify the spacing of piping laterals. Water infiltration into the
geocomposite was calculated in a separate calculation. The various rates for the three cells are
shown in table below and in the attached reference. Lateral spacing is then calculated as:

L = Infiltration/Flow in Geotextile or for Cell 12C, "oy
/ in— f{2
L=[0.00021 8% | _min—ft
min- ft \ 9.2x107° gal

L=100ft

Cell Floor Area Infiltration Flow in geocomposite Lateral Spacing

(ft%) (gal/min/ft) gal/min-ft (ft)

12A 149,149 5.31E-05 0.00921 173

12B 122,425 4.43E-05 0.00921 208

12C 93,409 9.23E-05 0.00921 100

The length between the laterals is not less than the 100 feet; therefore, the 1996 demgn criteria of
100 feet is sufficient and will be used.

The peak leachate head on the primary liner system will occur after the minimum initial
thickness of waste (30 inches of select waste as protective cover) has been placed over the cell.
According to the USEN permit regulation, head on the liner can not exceed 1 foot. The
maximum depth of leachate above the primary liner system is described in the USEPA document



Prepared by: CAB Date: 8/22/07
Checked by: SLW Date: 8/22/07
Page 5 of 6

Solid Waste Disposal Facility Criteria — Technical Manual (EPA530-R-93-017), dated Noveber
1993 as: ‘

2
b = 1 B 1 e

c c

Where ¢ = amount of leachate (g/k)
k = permeability of geocomposite (from above)
q = vertical inflow rate (reference attached)
o = slope (1 percent or 0.57°)
L = distance between the piping laterals (100 feet)

Using the above equation, a maximum flow length of 100 feet (maximum distance between
laterals), a rate of vertical inflow (infiltration rate from the Trench 12 Infiltration Rate
Calculation (August 6, 2007)), the permeability (4.9 ft/min), and a bottom slope of 1 percent (or
0.57°) were applied.

 The resuli:s for the three cells of Trench 12 are shown below.

L q k ] c tan’a Dinax Bimax

Rate of Max Max
Farthest | Vertical Permeability Height Height

Cell Length Inflow Slope c=q/k . Lree

fi ft/min ft/min (®) | (unitless) (ft) (in)

12A 100 7.10E-06 4.93 0.57 | 1.44E-06 | 9.89767E-05 0.030 0.36
12B 100 5.93E-06 4.93 0.57 | 1.20E-06 | 9.89767E-05 0.027 0.33
12C 100 1.23E-05 493 | 0.57 | 2.50E-06 | 9.89767E-05 | 0.040 0.48

The results of the calculation show that leachate head on the liner should not exceed the permit
limit of 1.0 foot.

Pump Size

The LCRS pump must be capable of lifting the leachate vertically approximately 100 feet. As
described in the 1996 calculation, head losses in the discharge line are expected to be minimal,
allow for 5 feet of loss. Also minor losses are anticipated to be no more than 20 percent of the
subtotaled loss, or approximately 21 feet. Total estimated dynamic head (TDH) is therefore:

TDH =100 ft+ 5 ft + 21 ft = 126 feet.

As done in the 1996 calculation, using a safety factor of 4 for the required pump capacity should
be 4 x 8.6 gallons per minute or 34.4 gallons per minute. An EPG Vertical Sump Drainer Model
12-5 at 3.0 HP provides this capacity. Reference is attached.



Prepared by: CAB Date: 8/22/07
Checked by: SLW Date: 8/22/07
Page 6 of 6

Results

The effective flow of the LCRS geocomposite is 0.00921 gal/ft-min. Since infiltration could be
as high as 8.6 gallons per minute, a sump with a perimeter of 930 feet would be needed to
prevent backups from occurring.¢ Since the sump has a perimeter of only 70 feet, backups could
occur; therefore, 3” piping spaced at 100 feet will be used in the LCRS design. Maximum
leachate head on the liner could be as much as 0.013 feet in cell 12C; however, this is less than
the 1.0 foot maximum required in the permit therefore 100 feet lateral drainage piping and the
selected geocomposite are acceptable.

Since flow through the LCRS system could be as high as 8.6 gallons per minute and assuming a
safety factor or 4, an EPG Vertical Sump Drainer Model 12-5 at 3.0 HP was selected as the pump
for the LCRS.
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Q=Ku*i*A

Q = (7.10 x 10-6 ft / min)(1.0)(1.0 sq ft)
=7.10 % 10-6 cu ft / min per square foot area
= 5;31 x 10-5 gal/ min per square foot area
Drainage over the entire 3.42 acre area of the Phase 1 floor is:
Q = (5.31 gal x 10-5 gal / sq ft — min) X 3.42 acre X 43,560 sq ft / acre
Q = 7.9 gallons per minute

The calculation was repeated for cells 12B and 12C. The results of the analyses are
provided in the attached table.

Calculation result

When the 2.5-feet thick select waste layer, before placement of any additional waste, is
subject to the 2-inch design storm, the resulting infiltration into the LCRS drainage net is
dependent on unsaturated flow conditions and result in the following flow.

Cell Infiltration (gal/min/cell)
12A ‘ 79"

12B 54

12C 8.6
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Infiltration Into the LCRS
Vol
Design Water
Storm Content
Design | Precip to After
Cell Floor | Sidewalls | Storm Floor Storm Ku Ku q q q
(ft2) (ft2) (in) (in) % (cm/sec) (frmin) | (#¥min/it?) | (gal/min/ft?) | (gal/min/cell)
12A 149,149 44,492 2 2.60 0.309 3.61E-06 7.10E-06 7.10E-06 5.31E-05 7.9
12B 122,425 | 28,055 2 2.46 0.304 3.01E-06 5.93E-06 5.93E-06 4.43E-05. 5.4
12C 93,409 48,410 2 3.04 0.323 6.27E-06 1.23E-05 1.23E-05 9.23E-05 8.6
Variables .
k Porosity FC WP Ybh A Gr i A
(cm/sec) % % % (ft?)
Soil Type SM 5.20E-04 | 0.473 0.222 0.104 0.013 0.27 0.04 1 1

ads
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