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DRAINAGE CONTROL STRUCTURE EROSION RESISTANCE

EXECUTIVE SUMMARY

Purpose

Determine if the planned grass and riprap linings in the OSDF north and east drainage channels
(2000-year channels) will provide adequate resistance to erosion during the design storm.

Contents
e ' Executive Summafy
o Calculation Procedure
e Collection and Verification of Data

e Calculations and Results

Findings

The Temple Method was used to evaluate the erosion resistance of the grass-lined portions of the
OSDF north and east drainage channels for the 2000-year storm. Erosion resistance includes resistance
to all forms of water erosion from channel flow, including formation of erosion gullies and scour. The
calculation results indicate that strong and-healthy proposed native-grass channel lining (SCS vegetal
retardance class B) should survive the 2000-year storm without significant erosion.

The Safety Factors Method was used to evaluate the erosion resistance of the riprap-lined portions
of the OSDF north and east drainage channels for the 2000-year storm. The calculation results indicate
that the proposed riprap lining (mean diameter of 12 inches) should survive the 2000-year storm without
significant erosion. '
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EROSION RESISTANCE - OSDF NORTH AND EAST DRAINAGE CHANNELS

CALCULATION PROCEDURE

1. Evaluate resistance of the planned native-grass channel lining to erosion in the 2000-year storm
using the Temple Method [Temple et al., 1987]

2. Evaluate resistance of the planned riprap channel lining to erosion in the 2000-year storm using the
Safety Factors Method [NRC, 1990]
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DRAINAGE CONTROL STRUCTURE EROSION RESISTANCE

COLLECTION AND VERIFICATION OF DATA

1. Design Flow and Channel Geometry
2. Temple Method

3. Safety Factors Method

1. DESIGN FLOW AND CHANNEL GEOMETRY

Design flow parameters are taken from the OSDF calculations for stormwater runon/runoff and
drainage control structures - northern area and eastern area [GeoSyntec, 1996a, 1996b], and are shown in
Table 1. Flow parameters were calculated at several points, these points are shown in Figure 1. Note
that the channel slope at all these points is 0.5 percent.

Channel cross-sections are shown in Figure 2. For the east drainage channel, the flow information
given in Table 1 corresponds to idealized cross-sections, which are shown in Table 2.

The design flow per unit width is estimated by the following:

North Channel: see calculations |
East Channel: Flow per unit width ~ total flow divided by the channel base width

6000173
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Table 1 - Peak Flows in East Drainage Channel for 2000-Year Storm. From GeoSyntec [1996a, 1996b]

Pointin | Peak Flow | Peak Flow Peak Flow
Channel | Rate (cfs) | Depth (ft) | Velocity (fps)

East Channel:

Light Cover 179.5 0.9 3.1
Moderate Cover A 155.5 0.8 2.9
Heavy Cover 142.9 1.5 1.3
Light Cover 278.5 1.1 3.6
Moderate Cover B 2333 1.0 34
Heavy Cover 215.0 1.9 1.5
Light Cover 361.4 1.2 3.8
Moderate Cover C 303.1 1.1 3.6
Heavy Cover 269.2 2.1 1.6
Light Cover ‘ 462.7 1.4 42
Moderate Cover D 389.7 1.3 4.0
Heavy Cover 355.0 2.45 1.7
Light Cover 755.8 1.9 5.1
Moderate Cover E 650.8 1.75 4.8
Heavy Cover 555.0 3.2 2.1
North Channel:

Light Cover 68.3 1.8 3.3
Moderate Cover F 63.5 1.8 3.2
Heavy Cover 63.5 2.7 1.3
Light Cover : 397.8 3.5 5.2
Moderate Cover G 351.8 3.3 5.0
Heavy Cover 336.2 53 2.0
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2. TEMPLE METHOD

The Temple Method (more formally the Temple/lUSDA Method) is used to evaluate the erosion
resistance of the grass-lined portions of the OSDF north and east drainage channels.

- 2.1 Allowable Shear Stress For Bare Soil (1,)

1, is calculated from the following equation [Temple et al., 1987]:
1, =1, C. > 0.02 Ib/f®
Where: 1, = basic allowable shear stress (Section 2.1.1)
C. = void ratio correction factor (Section 2.1.2)

2.1.1 Basic allowable shear stress, T,

On-site soils are planned as the source of topsoil. Table 3 shows several index properties for on-site
soils. From Table 3, most on-site soils classify as USCS Lean Clay (CL) and Sandy Lean Clay (CL).
USCS CL corresponds to USDA clay loam, see line 11 in Table 4. Assuming a plasticity index
(PI) < 10 which is conservative (Table 3):

Tap = 0.03 psf / (Figure 3, for CL)
2.1.2  Void ratio correction factor, C,

Void ratio of the topsoil is estimated from porosity.

From Table 4, the porosity of clay loam or CL is: n=0.464 7
Void ratio (e) is: e = n/(1-n) = 0.464/(1-0.464) = 0.866 v
From Figure 4, void ratio correction factor is: C.=0.99 (for CL) v/

2.2 Manning’s Roughness Coefficient for Bare Soil (n,)

For fine-grained soils, n, = 0.0156 [Temple et al., 1987]

C0Oc2a
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Table 3 - Index Properties of Soils in the OSDF Area and North Borrow Area. Modified from Parsons

[1995]
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Table 4 - Typical Porosities and USCS Classifications for Different USDA Soil Textures. From
Schroeder et al. [1994]

. Satursted
Classification Total Field Wiking Hydraube
Porosity Capacity Point Conductivity
HELP USDA - Uscs volvol vol/vel vol/vol cm/sec
1 CoS sP 0.417 0.045 0.018 1.0x10?
2 S SW . --0.437 0.062 0.024 $.8x10°
3 FS SW 0.457 0.083 0.033 3.1x10°
4 LS SM 0.437 0.108 0.047 1.7x10°
[] LFs SM 0.457 0.131 0.058 1.0x10°?
" 6 sL SM 0.453 0.190 oocss |  7.2x10°
4 2] FSL SM 0.47 0.22 0.104 $5.2x10%
0 s L ML 0.463 0.232 0.116 3.7x10°
N 9 SiL ML 0.501 0.284 0.135 1.9x10°
= 10 sCL sC 0.398 0.2¢4 0.136 1.2x10%
Y 11 cL CL 0.464 0.310 0.187 6.4x10°
§ 12 SiCL cL 0.471 0.342 0.210 4.2x10°
! 13 sC sC " 0.430 0.321 0.221 3.3x10¢
14 sic CH 0.479 0.371 0.251 2.5x10¢
15 c ] CH 0.478 0.378 0.265 1.7x10*
— I 16 Barnier Soil 0.427 0.418 0.367 1.0x107
17 Bentonite Mat (0.6 cm) 0.750 0.747 0.400 3.0x10°
18 Municigal Waste
(900 m/ﬂ?} 312 kg/m) 0.67 0.292 0.07 1.0x10°
19 Municipal Waste
{channeling and dead zones) 0.168 0.073 0.01% 1.0x10?
20 Drainage Net (0.5 cm) 0.850 0.010 0.005 1.0x10°!
21 : Gravel 0.397 0.032 0.013 3.0x10"
2 L ML 0.419 0.307 0.180 1.9210° ’
3 siL® ML 0.461 0.360 0.203 9.0x10*
24 scL’ sC - 0.368 0.305 0.202 2.7x104
25 cL cL 0.437 0373 0.266 3.6x10%
26 SicL’ cL 0.443 0.393 0.2m 1.9%10%
27 sC sC 0.400 0.366 0.238 7.8x10°
28 sic’ CH 0.452 0.411 0.311 1.2x10*
29 c CH 0.451 0.419 0.332 6.8x10'
30 Coul-Burning Electric Plant .
Fly Ash® 0.541 0.187 0.047 s.0x10°
3t Coal-Buming Electric Plant 4
Botom Ash” 0.578 0.076 0.028 4.1x10°
32 Municipal Incinerator ’ :
Fly Ash’ 0.450 ‘0.116 0.049 1.0x10°
33 Finc Copper Slag 0.37§ 0.05$ 0.020 412107
34 Drainage Net (0.6 cm) 0.850 0.010 0.008 3.3x10°'

Moderately Compacted

CO00LZR
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23 Vegetal Parameters (C; and Cy) ' %’ Z3rebdy

The Retardance Curve Index, C;, can be calculated with the following equation [Temple, 1987]:

C, =25(hVM)"” Where: h = representative stem length
M = stems per area
C; can also be taken from Table 5 for good uniform stands of grass. Values for the Vegetal Cover
Factor (Cg) for good uniform stands of grass also appear in Table 5. Values of C; and C; for good
uniform stands of grass in each SCS vegetal retardance class are inferred from Table 5.

For uniform stands of grass other than “good” quality, Cr is changed following the guidance in
Table 5, and C; is changed by adjusting the stem density per the guidance in Table 5 and figuring the
corresponding change in C; from the equation above. For example, if the stem density changes by a
factor of 2/3, C; changes by a factor of [(2/3)'*]"".

Preliminary recommended grasses for the OSDF final cover are shown in Table 6. According to
Freshley [1996], SCS vegetal retardance class B should be attainable with native grasses on the OSDF
final cover. Nevertheless, all vegetal retardance classes are analyzed to estimate the effect of less strong
vegetation on erosion resistance.

2.4 Allowable Vegetal Stress (1,,)

T,, = 0.75C; [Temple et al., 1987]

2.5 Allowable Flow Per Unit Width (q) - Stability Controlled by Allowable Soil Stress

q is calculated from the following equations [Temple et al., 1987]:

h_ / 2 _ .

g=exp 5 dac Ao
a

a=00133C, ' The fths of g o be deserdbed <5

b =-0.0954C, —0.429 for 0.0025 C; < q < 36 cfs/ft

¢=0297C, - 0.5In(S) +0.714 1n[1—"2] - 6.94
' (1 - CF )ns

Where: S = slope (ft/ft)

CG0eLs
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Table 5 - Values of C;and Cr for Good Uniform Stands of Grass. Modlified from USDOE [1959]

Reference
SCS _ ’ stem density
RETARDANCE Cover o cra (stems/square foot)b
CLASS
/\ ~ Burmuda grass, 12-inch height 0.9 10.00 500
Weeping lovegrass o 500
Buffalo grass : 400
YB Kentucky bluegrass 0.87 7.64 350
Blue gramma 350
Grass-legume mixture 0.75 5.60 200
(1 Weeping lovegrass 0.75 5.60 350
Burmuda grass, 6-inch height 0.75 5.60 350
Yellow bluestem 0.75 5.60 350
. Alfalfac’ 0.5 4.44 350
E) Lespedeza sericea, 2-inch
heightC - - 0.5 4.44 300
Common lespedeza 0.5 4.44 150
Sudan grass 0.5 2.88 50
€ Bermuda grass, burned stubble 0.5 2.88 50

3If vegetation is not uniformly distributed over the areas present, C{ and Cf
will be set equal to zero. In other words, the cover will be designed as if it
were bare soil only.
bMultiply the stem densities given by 1/3, 2/3, 1, 4/3, and 5/3, for poor, fair,
good, very good, and excellent covers, respectively. The equivalent adjustment
to Cf remains a matter of engineering judgment until more data are obtained or
a more analytical model is developed. A reasonable, but arbitrary, approach is
to reduce the cover factor by 20 percent for fair stands and 50 percent for
poor stands. Values of Cf for untested covers may be estimated by recognizing
that the cover factor is dominated by density and uniformity of cover near the
soils surface. Thus, the sod-forming grasses near the top of the table exhibit
higher C¢ values than the bunch grasses and annuals near the bottom.
: CFor the legumes tested, the effective stem count for resistance (given) is
approximately five times the actual stem count very close to the bed. Similar
’ adjustment may be needed for other unusually large-stemmed, b"”é’“i‘? .. and/or
woody vegetation. B GeOLRE

( Ref. Temple et al., 1987. ‘ o —
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5496
Table 6 - Prelimininary Recommended Grass Seed Mixes for Planting on the OSDF Final Cover. From

Earth Systems Associates [1996]

Species/Planting Period Class
Slope - Moisture Native Species/ Apr. - May' | Pasture Species / Mar. 15 - May
Class or Aug. - Sep.
Reed Canary Grass 8
Wet Big Bluestem 10 | KentkyBluegrass® 10
Swales - Waterways SW $ Alsiks Cl s
Big Bluestem 5 Creeping Red Fescue 20
Moi Indian Vfii:l 5 Annual Ryegrass 10
Canada ye 1
Slopes of 1% - 9% Switchgrass ] Kentucky Bluegrass® 1:
Big Bluestem 5 Creeping Red Fescue 20
Drv Mmm 5 Anmual Ryegrass 10
) Canada ye 3
Slopes of 10% - 17% Switchgrass § Kmx:lyua}p?w lf?

). Switchgrass should be frost seeded (Jan. - Feb.) by broadcasting into wintercover
:-Spedysothathanswitchgmpla:nedbydﬁﬂingdmingApﬁl-May. .
- Substitute Red Top on strongly acid sites.

CCuoL?
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2.6 AlloWable Flow Per Unit Width - Stability Controlled by Allowable Vegefal Stress

q is calculated from the following equations [Temple et al., 1987]:

-b—-Vb* —4dac

9=xp 2a e Vik 4 q can be deseribed s
a=0.0133C, for 0.0025 C, < q < 36 cfs/ft
b=1-0.0954C,

¢=0297C, +117In(S)~ 1.67In(t ) +2.33

2.7 Manning Roughness Coefficient (n)

Manning’s n is calculated from the equation shown below [Temple et al.,, 1987], which was
developed as a curve-fitting equation to the SCS vegetal retardance curves, shown in Figure 5.
Manning’s n is just used for information. .

2
' 7 = 001329C, (ing)” ~0.09543C  (Ing) +02971C; ~416 ¢ 0 6005c, < q < 36 cfift

Manning’s n is calculated for the allowable flow, so q in the above equation is q calculated in Section
2.5 or 2.6. If q <0.0025C,, replace q with 0.0025C; in the above equation. q < 36 cfs/ft in all cases
considered in these calculations.

CC0oges

€
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Allowable velocity can be calculated from Manning’s equation [Temple et al., 1987]. The
allowable velocity is just used for information

12\ 3
V= q(1'49S ) Where: q= allowable flow per unit width (Section 2.5 or 2.6)
qn
0600630
y 27 __ -
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3. SAFETY FACTORS METHOD

The Safety Factors Method is used to evaluate the erosion resistance of the riprap-lined portions of
the OSDF north and east drainage channels. The factor of safety against riprap failure (SF) is calculated
using the following equation [Abt et al., 1987]:

SF = cos6 @¢
n'tan¢ +sinB cosP
Where: 0 = slope angle (angle of maximum side slope in channel)

¢ = angle of repose of riprap
n’ = factor calculated below
B = angle calculated below

A factor of safety greater than 1.5 is usually recommended for design against 100-year or smaller
storms, and a factor of safety of 1.0 is generally recommended for design against the PMP [Abt et al.,
1987]. From this information, a minimum factor of safety of 1.0 against erosion in the 2000-year storm
should be reasonable. ‘

3.1 Slope Angle (0)

For the north and east drainage channels, the slope angle is the maximum angle of the channel sides
(the place the riprap will most likely be unstable). The maximum side slope angle for the north drainage
channel is 6H:1V or 9.56 degrees, and the maximum slope angle for the east drainage channel is 3H:1V
or 18.4 degrees.

3.2 Angle of Repose of Riprap (¢)

The riprap angle of repose is estimated from Figure 6. For crushed stone riprap with a mean size of
12 inches, ¢ = 41 degrees is a conservative estimate from this figure.

GE3900-08.2 / PSCVD2.DOC
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n’ is calculated from the following equation [Abt et al., 1987]:

n'=n{l+sm(“5)] With: n=__21%
2 (G, -1)y.Dy
Where: A = angle between horizontal and velocity vector (~zero for this channel)

B = angle calculated in Section 3.4

T, = shear stress applied by flow

G, = specific gravity of riprap ~ 2.65 [USDOE, 1989]
v, = unit weight of water = 62.4 1b/ft’

Ds, = mean size of riprap =1 ft

3.3.1 Shear stress applied by flow (t,)

Shear stress applied by flow is calculated by the Duboys Formula [Abt et al., 1987]:

T, = YwDS Where: D = maximum flow depth
S = channel slope = 0.5%

3.4 Angle 3

B is calculated from the following equation [Abt et al., 1987]:

B =tan" [(2 n0)/ (COtSk e }J All terms have been previously defined
sin ntan¢) + sin
U000a3
.-
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Channel Slope S= 0.5% Soil grain roughness n;=  0.0156
' ' Allowable stress for bare soil T, = 0.029 psf
Calculations For Allowable Flow Per Unit Width
SCS Vegetal Stability Controlled By Allowable Soil Stress
Retardance| Stand Parameters ' Allow. flow, Manning
Class Quality C Cr a b c q (cfs/ft) n
A Good 10.00 0.90 0.133 -1.383 3.736 #NUM! #NUM!
A Fair 9.35 0.72 0.124 -1.321 2.807 18.88 0.053
B Good 7.64 0.87 0.102 -1.158 2.848 36.33 0.041
B Fair 7.14 0.70 0.095 -1.110 2.093 10.63 0.044
C Good 5.60 0.75 0.074 -0.963 1.775 9.27 0.036
C Fair 5.23 0.60 0.070 -0.928 | 1.331 5.13 0.039
D Good 444 . 050 0.059 -0.853 0.936 3.31 0.038
D Fair 4.15 0.40 0.055 -0.825 0.720 2.54 0.039
E Good 2.88 0.50 0.038 -0.704 0.473 2.01 0.031
E Fair 2.69 0.40 0.036 -0.686 0.287 1.53 0.031
Calculations For Allowable Flow Per Unit Width
SCS Vegetal Stability Controlled By Allowable Vegetal Stress
Retardance| Stand Parameters Allow. flow, Manning
Class Quality (@ Cr a b c q (cfs/ft) n
A Good 10.00 0.90 0.133 0.046 -4.264 242.7 0.089
A Fair 9.35 0.72 0.124 0.108 -4.345 2429 0.080
B Good 7.64 0.87 0.102 0.271 -4.515 236.1 0.058
B Fair 7.14 0.70 0.095 0.319 -4.551 231.5 0.053
C Good 5.60 0.75 0.074 0.466 -4.602 207.1 0.040
C Fair 5.23 0.60 0.070 0.501 -4.598 198.6 0.037
D Good 4.44 0.50 0.059 0.576 -4.559 176.0 0.032
D Fair 4.15 0.40 0.055 0.604 -4.533 166.3 0.030
E Good 2.88 0.50 0.038 0.725 -4.300 114.6 0.024
E Fair 2.69 0.40 0.036 0.743 -4.243 105.8 0.023
RESULTS
SCS Minimum Allow. Stability
Retardance| Stand [{Allow. flow,] Velocity |Controlled|
Class Quality q (cfs/ft) (fps) By
A Good * * - *By inspection, good class A lining will have
A Fair 18.9 4.87 Soil an allowable flow per unit width >36 cfs/ft
B Good 36.3 7.43 Soil
B Fair 10.6 433 Soil
C Good 9.3 4.62 Soil
C Fair 5.1 347 Soil
D Good 33 2.97 Soil
D Fair 2.5 2.64 Soil
E Good 2.0 2.76 Soil .
E Fair 15 2.46 Soil G00G g

‘GeoSyntec Consultants
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EROSION RESISTANCE: OSDF NORTH AND EAST DRAINAGE CHANNELS

DISCUSSION OF RESULTS

The potential for the grass-lined and riprap-lined portions of the OSDF north and east drainage
channels to erode during the 2000-year storm was evaluated. The Temple Method was used to evaluate
erosion potential of the grass-lined sections. The Safety Factors Method was used to evaluate erosion
potential of the riprap-lined sections. The results of these calculations are shown on the previous pages.
From these results, the following conclusions can be made:

e The calculations indicate that with a good stand of retardance class B vegetation (which should
be achievable with native grasses), the grass-lined sections of the drainage channels should not
significantly erode in the 2000-year storm.

e The calculations indicate that with 12-inch mean diameter riprap, the riprap-lined sections of the
drainage channels should not significantly erode in the 2000-year storm.

“Not significantly erode in the 2000-year storm” includes resistance to erosion gullies developing,
and resistance to scour occuring.

CCOGZ?

GE3900-08.2 / PSSUM2.DOC
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14. SUPPORT FACILITIES

14.1 Electrical Power Demand

14.2 Potable Water Demand

14.3 Sanitary Wastewater Discharge

14.4 Construction Water Demand

14.5 Decontamination Facility Water
Demand

14.6 Decontamination Facility Pavement

14.7 Construction Admin Area Surfacing

14.8 Construction Haul Road

14.9 Leachate Transmission System Access
Corridor

0064 5
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Client: FERMCO Project: FERNALD OSDF Project/Proposal No.: GE3900 Task No.: 104

ELECTRICAL POWER DEMAND

EXECUTIVE SUMMARY

PURPOSE OF ANALYSIS

The purpose of this calculation package is to perform the required calculations to estimate the
electrical power load and transformer sizing requirements for the following areas:

. Construction Administration Area,
. North Side; and
. South Side;

o Construction Work Area;

o Decontamination Facility; and

. Permanent Lift Station.

: The calculations presented are representative calculations for anticipated power demands.
Actual site development conditions at the time of construction may differ from these calculations, thus,
the results should be reviewed before use for construction. Additionally, the calculation for the
permanent lift station only includes components required by this design package, additional loads due to
pumps and related instrumentation are to be calculated in a separate design package.

METHODS OF ANALYSIS

The load at each facility location will be estimated. A transformer will be selected for each
" location. The calculated loads will be compared to the capacity of the transformer at each location to
evaluate the percentage of load rating utilized.

00001
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CONCLUSIONS
. Construction Administration Area

« - North Side of Facility: One 75 KVA 1 phase 120/240 VAC transformer loaded at

67.3 percent of rating;
. South Side of Facility: One 125 KVA 1 phase 120/240 VAC transformer loaded

at 65.8 percent of rating;

. Construction Work Area: One 15 KVA 1 phase 120/240 VAC transformer loaded at
61.3 percent of rating;

o Decontamination Facility: One 10 KVA 1 phase 120/240 VAC transformer loaded at
54.0 percent of rating; and

. Permanent Lift Station: One 10 KVA 1 phasv: 120/240 VAC transformer loaded at 66.4
percent of rating.




» 44 9

GEOSYNTEC CONSULTANTS Page | _of | _
Written By : BRIAN D. JACOBSON Date: — Reviewed by: Date:
Client: FERMCO Project: FERNALD OSDF Project/Proposal No.:_GE3900 Task No.: 1074

ELECTRICAL POWER DEMAND
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ELECTRICAL POWER DEMAND
CALCULATION PROCEDURE

INTRODUCTION

The purpose of this calculation package is to perform the required calculations to estimate the
power demands and transformer loading at each of the following areas:

. Construction Administration Area;
e North Side; and
. South Side;

e Construction Work Area;

. Decontamination Facility; and

. Permanent Lift Station.

The location of each facility is presented in Figure 1.

METHOD OF ANALYSIS

The following procedure will be used to calculate the design loads which will then be used to
select the appropriately sized transformer.

. each load source will be evaluated and the appropriate volt-amperes value will be
calculated; and

. each transformer will be selected based on the calculated load(s) such that the
transformer loading will not exceed 75 percent of the rated value.
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FIGURE 1: FACILITY LOCATIONS
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Construction Administration Area

The construction administration will contain eight trailer units. Each trailer unit consists of two
trailer modules, each 14-ft wide by 78 ft in length connected at the roof centerline. Each trailer module
will be assumed to have a similar electrical demand. Shared non-continuous loads will be accounted for
separately. The demand will include the following loads:

. Loads Calculated per Module
. heat pump/air conditioning; and
. general lighting, computers, appliances, etc.

d Loads Calculated per Trailer Unit

. Lunch Area including microwave, mini refrigerator, coffee pots, etc.;
. water heater; and
. area lighting.

Construction Work Area

The following loads will be included:

o area lighting;
. breaker panel heater; and
. miscellaneous equipment/hand tool demands.

Decontamination Facility

The following load will be included:

. sump pump;
o 2 - convenience outlets; and

. area lighting.

0G00%6
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Permanent Lift Station

The following loads will be included:

o 2 - LIC level indicator controllers;
. control panel;

. alarm light;

. alarm siren;

o motor operated valve; and

. area lighting.
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ELECTRICAL POWER DEMAND

DATA VALIDATION

The loads at each location were estimated as follows:
Construction Administration Area ‘ volt-amperes
~® _ Loads Calculated per Module
. heat pump/air conditioning . 3500

. general lighting, computers, appliances, etc. , 2300

. . Loads Calculated per Trailer Unit

. Lunch Area including microwave, 1800
mini refrigerator, coffee pots, etc.

. water heater 2500

. area lighting (400 watt mercury vapor lights) 400

Construction Work Area

. area lighting (400 watt mercury vapor lights) 400
. breaker panel heater _ 12000
. miscellaneous equipment/hand tool demands 6000

Decontamination Facility

. purap (1 hp) 1000

° convenience oulet 2000

. area lighting (400 watt mercury vapor lights) ’ 400
0G00ss
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Permanent Lift Station . volt-amperes

° LIC level indicator controller ' | 120

d control panel 2000

i alarm light 1000

. alarm siren 1000

. motor operated valve _ 2000

° area lighting. (400 watt mercury vapor light) 400

0G0GEY
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ELECTRICAL POWER DEMAND

ANALYSIS RESULTS
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Written By : _ BRIAN D JACOBSON Date: |R TURE dbReviewed by: l);lé £_SAyssus bae:_ T sune 94
Client: FERMCO Project:_FERNALD OSDF Project/Proposal No.: GE3%00 TaskNo.:
POTABLE WATER DEMAND
EXECUTIVE SUMMARY
PURPOSE OF ANALYSIS

The purpose of this calculation package is to perform the required calculations to calculate the
potable water demand at (i) the construction administration area for both consumption and fire
protection, (i) the tanker fill stations, and (i11) the decontamination facility.

METHODS OF ANALYSIS

The watér demands at the following facility locations will be calculated:

o construction administration area potable water;
o construction administration area fire protection;
. tanker fill stations; and

. decontamination facility.

The head losses through the longest piping path will be calculated. This head will be used as the
basis for the pressure requirement. The volume requirement will be based on the maximum expected
demand at each location. The calculations are provided as representative calculations for the facilities.
The calculations should be checked prior to construction of water lines to verify actual site conditions
are accurately represented.

CONCLUSIONS

The construction administration area requires a potable water supply of 240 gallons per minute
at a dynamic head of 140 feet.

The construction administration area requires a fire protection water supply of 500 gallons per
minute at a dynamic head of 198 feet.

The tanker fill station and decontamination facility requifes a water supply of 450 gallons per
minute at a dynamic head of 177 feet. .

" The decontamination facility requires a water supply of 30 gallons per minute at a dynamic head

of 105 feet. OGOGES
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POTABLE WATER DEMAND
CALCULATION PROCEDURE
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Client: FERMCO Project: FERNALD OSDF Project/Proposal No.: GE-3900 Task No.: 8.6

POTABLE WATER SUPPLY DESIGN REQUIREMENTS FOR THE
CONSTRUCTION ADMINISTRATION AREA
CALCULATION PROCEDURE

- PURPOSE OF ANALYSIS

The construction administration area is assumed to be comprised of approximately 8 double-wide
trailers occupied by FERMCO, construction, GeoSyntec, and other personnel during all phases of the On-
Site Disposal Facility construction through closure. These trailers may be supplied with potable water.
This calculation is provided to evaluate the water demand if water is supplied to the trailers. The
calculation should be checked prior to construction of water lines to verify actual site conditions.

To select the appropriate piping size and potable water supply requirement to deliver the water
demand to these trailers, the head losses expected in the system must be calculated.

METHOD OF ANALYSIS
The following procedure was used to calculate the expected head loss in the system:

o the potable water supply shall be routed to the southeast corner of the construction

. administration area as indicated on Figure 1; the proposed potable water supply lines within

the construction administration are and the trailers proposed layout are shown on Figure 2;

the calculations will be based on the worst case flow and head loss which is the supply to
Trailer #7; ‘

o the potable water supply requirements are based on the "U.S. Water withdrawals and Water
Consumption Standards” and are assumed to be 5,300 gallons per day with a peak demand
of 240 gallons per minute; and

o the required pressure head is calculated using the conservation of energy equation:
2 2
Zl+i+.Y_I_+Hp=Z2+E+&+Eh : ()
Yy 2 Yy 28 e |
where:
GO0Ue
A
y
AU am—
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Z, = elevation at Point 1
P, = pressure at Point 1

0% = unit weight of potable water

Vv, = velocity at Point 1

g = acceleration due to gravity

Z, = elevation at Point 2

P, = pressure at Point 2

V, = velocity at Point 2

H, = pressure head provided by the potable water supply

th,, = summation of frictional head losses between Points 1 and 2

The friction head loss due to the pipe is caused by:

. 890’ of 4" Sch. 40 PVC; v
. 150’ of 2" Sch. 40 PVC; and
. 150’ of 1 1/2" Sch. 40 PVC. v~

. * The friction head loss due to the fittings system is caused by:
. (1) 4" tee - line K4
. (1) 4"/2" reducer v
. (1) 2" tee - branch v’
. (1) 2"/1'%2" reducer /

o (1) 12" regular flanged 90° elbow /

The friction loss in the pipe will be calculated using the Darcy-Weisbach formula:

h-rk v v/ @)
D 2g
where:
h¢ friction head in pipe;
f = friction factor;
L = length of pipe;
\Y% = velocity of the liquid = Q/A;
‘ Q = flow rate;
060Gy
PN
A
V7 N
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A = area of pipe = % (D)% v’
D = inside dianiete; of pipe.

The friction factor is a function of Reynolds number (Re), and the relative roughness of pipe and
will be determined using the chart developed by Moody. The parameters will be calculated as follows:

. the Reynolds number will be calculated as follows:

Re=D_V / 3

14

where:
D = inside diameter of pipe;
v = velocity of the liquid; and
v = kinematic viscosity of water.
I o the relative roughness was calculated as follows:
k/D = equivalent sand roughness of pipe / inside diameter of pipe.

The friction loss in the fittings will be calculated using the following formula:

_ v |
B g = £ Kpgs 52 v’ @
where:
Krvings = loss coefficient for each types of fitting; and
\Y% = average velocity of liquid.
@ | - 00075
a—
Ay
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Client: FERMCO Project: FERNALD OSDF Project/Proposal No.: GE-3900 Task No.: 8.6

FIRE PROTECTION WATER SUPPLY DESIGN REQUIREMENTS FOR THE
CONSTRUCTION ADMINISTRATION AREA
CALCULATION PROCEDURE ‘

PURPOSE OF ANALYSIS

_ A fire protection water supply may be required at the construction administration area during
construction of the on-site disposal facility. This calculation is provided to evaluate the water demand if
fire protection water is supplied to the trailers. The calculation should be checked prior to construction of
water lines to verify actual site conditions are accurately represented.

The NFPA code requires a minimum primary supply of water for a fire protection system of at least

500 gpm with a residual pressure of 10 psi. Therefore, the worse case configuration is at H#2 (Hydrant
#2 needs a supply of 500 gpm).

The head losses expected in the system will be calculated to select the appropriate piping size and
the water supply pressure requirement.
METHOD OF ANALYSIS

The following procedure will be used to calculate the expected head loss in the system:

e the proposed fire protection primary supply lines within the Construction Administration
Area are shown on Figure 3;

o the calculation will be based on the required flow rate through the longest pipe run, which
would be the supply to Hydrant #2;

o the fire protection primary water demand is taken from the NFPA code as being 500 gpm
with a minimum 10 psi residual pressure;

o the required pressure head is calculated using the conservation of energy equation:

000676

GE3900-8.6/1/F9630136 y— %
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2 2
Z+i+__l_+H=Zz+ﬁ+_‘_]2_+EhL / ®)
oy 28 7 Yy 2 '
where: |
Z, = elevation at Point 1;
P, = pressure at Point 1
v = unit weight of water;
Vv, = velocity at Point 1;
H, = elevation head provided by the fire protection water supply;
g = acceleration due to gravity;
Z, = elevation at Point 2;
P, = pressure at Point 2;
vV, = velocity at Point 2; and
Lh, = summation of frictional losses between Point 1 and 2.
: . The friction head loss due to the pipe is caused by:

L 1100 ft of 4" carbon steel pipe. \/

The friction head loss due to the fittings are caused by:

. 1- 4" 90° elbow: v
. 1-4" tee; and /
. 1- 4" 45° elbow. /

The friction loss in the pipe will be calculated using the Darcy-Weisbach formula:

L v? v<
h=f= — )
S f D g
where:
. h; = friction head in pipe;
f = friction factor; COOGsS
\ AP £
am—
y
A AR
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L = length of pipe;
v = average velocity of the liquid = Q/A; v’
Q = flow rate; ’
A = area of pipe = % D)% v~
D = inside diameter of pipe.

The friction factor is a function of Reynolds number (Re), and the relative roughness of pipe and
will be determined using the chart developed by Moody. The parameters will be calculated as follows:

° the Reynolds number will be calculated as follows:
Re = DV v~ @)
V .
where:
‘ D = - inside diameter of pipe;
\' = average velocity of the liquid; and
v = kinematic viscosity of water.
o the relative roughness was calculated as follows:
k/D = equivalent sand roughness of pipe / inside diameter of pipe.

The friction loss in the fittings will be calculated using the following formula:

- v '
h, futings L Kiings 2_g / (8)
where:
Krnings = loss coefficient for each types of fitting; and
\% = average velocity of liquid.
@ | 000579
VN
V2 :
A am—
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WATER SUPPLY DESIGN REQUIREMENTS FOR THE
TANKER FILL STATIONS
CALCULATION PROCEDURE

PURPOSE OF ANALYSIS

The tanker fill stations will require a supply of water during construction. This water will be needed
for dust prevention and soil conditioning.

To select the appropriate piping size and water supply requirement, the head losses expected for the
worst case scenario in this system must be calculated. '

METHOD OF ANALYSIS
‘ The following procedure was used to calculate the expected head loss in the system:

o the water supply may be routed to the two tanker fills from the supply header near Building
78; the proposed supply line is shown on Figure 1;

. the calculation will be based on the flow for the worst case scenario, which would be to
supply the tanker fill station near the impacted material haul road; v~

. the water supply is taken from the demand estimates as being 450 gpm; and v
o the required pressure head is calculated using the conservation of energy equation:
2 2
ZI+E+E+H'=22+E+E+E}1L / 9
Yy 2 g Y 2 S
where:
Z, = elevation at Point 1;
P, = pressure at Point 1
2% = unit weight of water;
Vv, = velocity at Point 1;
‘ H, = elevation head provided by water supply; GOOGED
VN
V
A am—
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g = acceleration due to gravity;
Z, = elevation at Point 2;
P, = pressure at Point 2;

v, = velocity at Point 2; and

Lh, = summation of frictional losses between Point 1 and 2.

The friction head loss due to the pipe is caused by:

e 600 ftof 6" carbon steel. v

The friction head loss due to the fittings are caused by:

o (3) 4" long radius flanged 90° elbow; and v’

. (1) 4" globe valve. / |

The friction loss in the pipe will be calculated using the Darcy-Weisbach formula:
Eg v a0

where:

friction head in pipe;

friction factor;

length of pipe;

average velocity of the liquid = Q/A;
= flow rate;

<t —mF
I

> Ol

= area of pipe = % (D)%;
D

inside diameter of pipe.

The friction factor is a function of Reynolds number (Re), and the relative roughness of pipe and

will be determined using the chart developed by Moody. The parameters will be calculated as follows:

o the Reynolds number will be calculated as follows:

0G00EL
-
A AR
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Re = 2V v | 1)
1 4
where:
D = inside diameter of pipe;
A% = average velocity of the liquid; and
v = kinematic viscosity of water.
o the relative roughness was calculated as follows:
k/D = equivalent sand roughness of pipe / inside diameter of pipe.

The friction loss in the fittings will be calculated using the following formula:

- v?
. By sings = L Kppings % v (12)
where:
Kfuings = loss coefficient for each types of fitting; and
\% = average velocity of liquid.

000082
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POTABLE WATER SUPPLY DESIGN REQUIREMENTS FOR
THE DECONTAMINATION FACILITY

CALCULATION PROCEDURE

PURPOSE OF ANALYSIS

The decontamination facility will require potable a water supply during cell construction. To select
the appropriate piping size and supply requirement to deliver the potable water demand this location, the
pipe head losses expected in the system must be calculated.

METHOD OF ANALYSIS
The following procedure was used to calculate the expected head loss in the system:
. the potable water supply at Building 78 which supplies the potable water header for the
decontamination facility should have an adequate capacity to supply the anticipated flow; the
proposed water line is shown on Figure 1; a detailed drawing of the system is presented in

Figure 4. v~

. the potable water demand is estimated to be 3600 gpd with a peak demand of 30 gpm in
Calculation Package 14.5, "Decontamination Facility Water Demand"; and v~

. the pressure head required at the supply is calculated using the conservation of energy
2 2 ‘
Zl+i+_vl+H=Zz+E+E+EhL / (13)
Y 2g p 2% 2g 12
equation:
where:
Z, = elevation at Point 1
P, = pressure at Point 1
8% = unit weight of raw water
Vv, = velocity at point 1
g = acceleration due to gravity
GG0083
AR
Ay
A am—
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Z, = elevation at Point 2
P, = pressure at Point 2 -

Vv, = velocity at Point 2
H, = pressure head provided by the water supply
Lh, = summation of frictional losses between Point 1 and 2

The friction head loss due to the pipe is caused by:

(2) 2" gate valves; v’
(2) 2" 45° elbows; /
(1) 2" tee (branch); v
(1) 2"x1-1/4" reducer; /
(3) 1-1/4" 90° elbow; v~
(1) 1-1/4" tee (line); v~

(1) 3/4" hose bib; v~

The friction head loss due to the fittings are caused by:

500 ft of 2" pipe. v

105.5 ft of 1-1/4" pipe. /

The friction loss in the pipe will be calculated using the Darcy-Weisbach formula:

I

8
where:
hg = friction head in pipe;
f = friction factor;
L L= length of pipe;

GE3900-8.6/10/F9630136
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A" = average veldcity of the liquid = Q/A;
Q = flow rate;
A = area of pipe = % D)?;
D = inside diameter of pipe.

The friction factor is a function of Reynolds number (Re), and the relative roughness of pipe and
will be determined using the chart developed by Moody. The parameters will be calculated as follows:

o the Reynolds number will be calculated as follows:

Re = DY v~ | (15)
14
where:
D = inside diameter of pipe;
. v = average velocity of the liquid; and
v = kinematic viscosity of water.
o the relative roughness was calculated as follows:

k/D = equivalent sand roughness of pipe / inside diameter of pipe.

The friction loss in the fittings will be calculated using the following formula:

= v
By pings = & Kpnings % / (16)
where:
Knings = loss coefficient for each types of fitting; and
A% = average velocity of liquid.
000056
A

GE3900-8.6/11/F9630136 %



; - 44
GEOSYNTEC CONSULTANTS page — | of /g

Written By : BRIAN D JAconééN Date: )| T, WReviewedby: Donvis R SAUSSy S Date: |2 qunve T
. Client; FERMCO Project:_FERNALD OSDF Project/?rog;ial No.. GE3900 TaskNo.
POTABLE WATER DEMAND
DATA VERIFICATION
GO008?



» 449

GEOSYNTEC CONSULTANTS ace 2 o [b
Written by: BRIAN D. JACOBSON Date: || JuneUReviewedby: DENIS K SAUSSUS Pate: |3 IuvE ¢
PRS :
‘ Client: FERMCO Project: FERNALD OSDF . Project/Proposal No.:  GE-3900 Task No.: 8.6

POTABLE WATER SUPPLY DESIGN REQUIREMENTS FOR THE
CONSTRUCTION ADMINISTRATION AREA
DATA VERIFICATION -

Using the pipe routing to Trailer #7 as the worst case scenario for the calculation, the following
values are established:

Q = 240 gpm v~ '
Z, = 580 ft elevation - 3 ft pipe burial = 577 ft v’
Z, = 593 ft elevation + 6 ft to structure = 599 ft
v = kinematic viscosity of water @ 50° = 1.41 X 107 ft¥/sec. v~
h; terms N
Inside Diameters:  1%" =  0.125ft
. 2 = 0167t
4" = 0.333 ft

Length of Pipes: 114" 150 ft Sch. 40 PVC v~

2" = 150 ft Sch. 40 PVC
4" = 890 ft Sch. 40 PVC
LN} fuings terms K Source
(1) 4" tee - line 0.145 H v
(1) 4"/2" reducer 0.065 R /
(1) 2" tee - branch 0.85 H v
(1) 2"/1%" reducer 0.058 R v
H v

(1) 1%2" regular 90° elbow 0.4

R = Roberson/Crow, Engineering Fluid Mechanics, Fourth ed., Houghton Miffin Co., Boston, Mass.
H = Pipe Friction Manual, 3rd ed., Hydraulic Institute, Cle;{veland, Ohio, 1961
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Resistance Coefficients K for Valves and Fittings
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nominal iron pipe size in inches (in X 25.4 = mm).

Seurce: Pipe Friction Manual, 3d ed., Hydraulic Institute, Cleveland, 1961.
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LOSS COEFFICIENTS FOR VARIOUS TRANSITIONS AND FITTINGS

Additional
Description Sketch Data K
\ v r/d K,
Pipe entrance — d 0.0 0.50
0.1 0.12
h, = K, V/2g / /<" f >0.2 0.03
Kc K¢
Contraction D, D,/D, 8 = 60° = 180°
—,—,\1£5 0.0 0.08 0.50 4 [
D, e 0.20 0.08 0.49 /B 1 Ov o
—t 1 azg 0.02 Gagy 0.42 pt!
: B o. 032 / 2
A g4 0.05——> 0.18
h, = K- V32 0.90 004 - 010

Expansion D, D\/D, 8=10° = 180°
1
_l:t‘/(_f_ 0.0 1.00
, _r\’L_‘:Z__ 020 013 0.92
- 0.40 0.11 0.72 .

. 0.60 0.06 . 0.42
h, = K V3i/2g 0.80 0.03 0.16
. L Vanes  Without
\3\1- vanes . K,=1.1
90° miter bend .
l l With
vanes K,=0.2
r/d
90° smooth ! Ky =0.35
bend 2 0.19
en 4 0.16
6 0.21
8 0.28
10 0.32
Globe valve— wide open K, =10.0
Angle valve — wide open K,= 50
Gate valve — wide open K,= 02
Gate valve —half open K,= 56
Threaded Return bend K= 22
pipe Tee
firtings straight-through flow K,= 04
K

side-outlet flow ,= 1.8
‘ 90° elbow K,= 09
45° elbow K,= 04
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FIRE PROTECTION WATER SUPPLY DESIGN REQUIREMENTS FOR THE
CONSTRUCTION ADMINISTRATION AREA
DATA VERIFICATION

Using the Hydrant #2 pipe routing as the worst case scenario, for the following values are

established:

Q = 500 gpm = 1.11 ft*/sec (NFPA code) /

VA = 580 ft elevation - 3 ft pipe burial = 577 ft /

Z, = 593 ft elevation +3 ft to hydrant = 596 ft
(elevations estimated from site development Drawing G-2)

v = kinematic viscosity of water @ 50° = 1.41 X 10° ft*/s v

h; terms

. Inside Diamer of Pipe: 4" = 0.333 ft (Carbon Steel) v~

Length of Pipe: 1100 ft

LNy fiyings terms K Source

(2) 4" 90° elbow 0.31 H Vv

(1) 4" tee 0.15 H v

(1) 4" 45° elbow 0.18 H v

k, = 1.5E-4 ft (from table on Moody Chart)

H = Pipe Friction Manual, 3rd ed., Hydraulic Institute, Cleaveland, Ohio, 1961

o | | 0GOGYR
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Resistance Coefficients K for Valves and Fittings
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\oTt: D = nominal iron pipe size in inches (in X 25.4 = mm).
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Seurce: Pipe Friction Manual, 3d ed., Hvdraulic Institute, Cleveland, 1961.
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WATER SUPPLY DESIGN REQUIREMENTS FOR THE
TANKER FILL STATIONS
DATA VERIFICATION

Using the Tanker Fill Station near the impacted material haul road as the worst case scenario, the

following values are established:

- Q = 450 gpm v’
Z, = elevation 587 ft v
Z, =  elevation 605 ft /
v = kinematic viscosity of water @ 50° = 1.41 X 10° fsec v~
h; terms
Inside Diameter of Pipe: 4" = 0.333ft v
Length of Pipe: 600 ft /
LNy fiings t€IMS K Source
(3) 4" 90° elbow 0.31 H g
(1) 4" globe valve 10.0 R /

R = Roberson/Crow, Engineering Fluid Mechanics, Fourth ed., Houghton Miffin Co., Boston, Mass.

H = Pipe Friction Manual, 3rd ed., Hydraulic Institute, Cleaveland, Ohio, 1961
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Resistance Coefficients K for Valves and Fittings
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Source: Pipe Friction Manual, 3d ed., Hvdraulic Institute, Cleveland, 1961.
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FIGURE ]
LOSS COEFFICIENTS FOR VARIOUS TRANSITIONS AND FITTINGS
Additional
Description Sketch Data K
\ v r/d K,
Pipe entrance . d 0.0 0.50
/ 0.1 0.12
h, = K, V2 (<’ ¢ >0.2 0.03
KC KC
Contract_ion D, D,/D, #=60° @=180°
w”z 0.0 0.08 0.50
D, 8 0.20 0.08 0.49
— T 040 007 0.42
0.60 0.06 - 0.32
0.80 0.05 0.18
h = Ke VY2 0.90 0.04 0.10
‘ Ke Ke
Expansion D, v D,/D, 6=10 6 =180
e 0.0 1.00
_r\"L'__’:I___ 0.20 0.13 0.92
0.40 0.11 0.72 .
0.60 0.06 0.42
he = Ko V2 0.80 0.03 0.16
. Without
e —— Vanes
\\\1— vanes K,=1.1
°® miter bend
l With
vanes K, =02
r/d
90° smooth ! Ky =035
bend 2 0.19
4 0.16
6 0.21
8 0.28
10 0.32
(_Globe valve — wide open K, = @
Angle valve — wide open K,= 50
Gate valve — wide open K, = 0.2
Gate valve — half open K,= 56
Th "
readed Return bend K= 22
pipe Tee
fittings .
straight-through flow K, = 04
: side-outlet flow K,= 18
‘ 9° elbow K,= 09
45° elbow K,= 04

0GOGY7
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POTABLE WATER SUPPLY DESIGN REQUIREMENTS FOR THE
DECONTAMINATION FACILITY

" DATA VERIFICATION

Using the required flows to the farthest fitting as the worst case basis for the calculation, the
following values are established. '

Q = 30 gpm v’
Z, elevation 587 ft v’

Z, = elevation 600 ft
v = kinematic viscosity of water @ 50° = 1.41 x 10° ft¥/sec \/
h; terms

Inside Diameters: 1-1/4" = 0.125 ft “;

2" = 0.167 ft
Length of Pipes: 1-1/4" = 105.5 ft Sch. 40 PVC
2" = 500ftSch. 40PVC v

Zhy finine terms K Source
J (2) 2" gate valves 0.2 R v
. (2) 2" 45° elbows 0.3 H 7
e (1)2" tee (branch) 0.85 H v
e (1) 2"x1-1/4" reducer 0.06 R v
o (3) 1-1/4" 90° elbow 1.6 H 1/
e (1) 1-1/4" tee (line) 0.9 H v
. (1) 3/4" hose bib 10.0 R ‘/

R = Roberson/Crow, Engineering Fluid Mechanics, Fourth ed., Houghton Miffin Co., Boston, Mass.
H = Pipe Friction Manual, 3rd ed., Hydraulic Institute, Cleaveland, Ohio, 1961 0'00‘033
y__ N
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FIGURE. 173

Resistance Coefficients K for Valves and Fittings
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\ort: D = nominal iron pipe size in inches (in X 25.4 = mm).

GUOL00
Seuvrce: Pipe Friction Manual, 3d ed., Hydraulic Institute, Cleveland, 1961.
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- LOSS COEFFICIENTS FOR VARIOUS TRANSITIONS AND FITTINGS
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