ftyyeaq = 0.433psi

Guess Values and Definition of Key Variables

= 500gpm

Jo)
3
y

QR := 3000gpm

Qg = 1200gpm

Ly = 275ft LR := 70ft
Dgyy = 30in DR = 12in
VBW::4§ VR::5§
APgyy = 1lpsi

APy/51ve = 10psi

hg = 10psi
AK:= 15
AH = 1psi

POpenR = 11%
CVRg = 1000
Opency/R = 10000
CVpyy = 2332

OpenCVBW := 1000

Popen BW =11%

kg
= 1000 —
P 3

m

Total Flow (T)
Recyle Flow (R)
Backwash Flow (BW)

Length of BW and R lines

Diameter of BW and R lines

Velocity of BW and R lines

Additional pressure added by BW valve

Additional pressure added by R valve

Delta K of Recycle Valve

Difference between head of pump curve and
the calculated solution

Position of R Valve

Calculated CV of R Valve

CV of BW valve - Fully Open

Calculated CV of BW valve

CV of BW valve - Fully Open

Percent Open of BW valve

Density of Water



fg = 0.035

fBw =

0.035

kg := 10

hPump

= 50fthead

hSystem = S0ftheaq

hcommon = 5ftHead

[

Columnil
Column2

Flow := Column1<0>-gpm

(o
Head := Column2 'ftHead

Friction factor from Moody Diagram

Friction factor from Moody Diagram

Total of k values in R system
(fittings, bends, etc.)

Total of k values in BW
system (fittings, bends, etc.)

Head of pump

Head of BW System

Headloss through
Common line



Head (Ft)

Pump Curve
1201

1081

0 1500 3000 4500 6000 7500 9000 10500 12000 13500 15000

Flow
gpm
Flow (GPM)
data :=
0 1

0 500 78

1 1000 74

2 1500 72

3 2000 70

4 2500 68

5 3000 66

6 3500 64

7 4000 62

8 4500 60

9 5000

data := csort(data, 0) X:= data<0>‘gpm Y = data<1> ftyead



Spline coefficients:

S := cspline(X,Y) Q := Ogpm, 100gpm.. 15000gpm
Fitting function:

Pumpfit(x) := interp(S, X,Y,Xx)

Pump Curve Fit

100,

90

70

60

50

Head (ft)

40

30

20

10

0
0 1500 3000 4500 6000 7500 9000 10500 12000 13500 15000

Flow (gpm)

D¢ := 34.5in



System :=

0 1
0 3 0 0
1 4 0 0
2 6 0 0
3 8 0 0
4 10 0 0
5 12 0 0
6 14 0 0
7 16 0 0
8 20 0 0
9 24 14 1.46
10 30 145 2.89
11 36 19 2.26
12 42 570 7.595
13 48 0 0
14 54 0 0
15 60 0 0
16 66 0 0
17 72 0 0
D = System in HWL pestination == 6-51
LWL oyigin := Oft
L:= System<1>~ft
K:= System<2> CPipe — 120
[+]
NErictionpipe = 11t "static = 11
NErictionFittings = 1t
System :=
0 2

0 6.5

700 6.5

1400 6.6




3 2100 6.7
4 2400 6.7
5 2600 6.8
6 2800 6.8
7 3500 7
8 4200 7.2
9 4510 7.3
10 5600 7.8
11 6300 8.1
12 7000 8.5
13 7700 8.9
14 8400 9.4
15 9100 9.9
16 9800 10.4
17 10210

datal := csort(System, Q)

Spline coefficients:

R := cspline(A,B)
Fitting function:

Commonfit(x) := interp(R, A, B, x)

Given

BW System Parameters

kg
= 1000 —
P 3

m
Qr=Qw *+ Qr

QR > Ogpm
QT > 0gpm
Qgw > 0gpm

A= System<0>~gpm B = System@ fthead

Density of Water

Conservation of Flow

Logical contstrainst for QT. Manufacturer's
minimum pump flow is 3,500 gpm and above
5,000 gpm we do not need the BW control
valve.



Dpw = 24in Diameter of BW line

Ly = 220ft Length of BW line

kg = 566 Sum of BW line k-values

fw = 0.035 Friction Factor from Moody Diagram
4Q

Vew = BW Velocity of flow through BW line

Headloss through BW system = Piping loss + Fitting Loss+ Static Loss

2 2 )
faw LewV kewV Q
BW -BW" YBW BW YBW W
h =|1.1] + p-g + 20ft + {0.0006[ ] + 0.8315}ft
System 2-Dgyy- 29 Head gpm Head

Estimation of Pump Curve - Based on Curve fit above

hpymp = Pumpfit( Q)

Estimation of headloss through common line - Based on MS Excel 2nd order approximation

hcommon = Commonfit(QT)

Kc =13.68 D¢ = 34.5in
Lc = 763ft fo = 035
4Q7
VC =
2

Additional head imparted by BW valve



2
(QBWJ
gpm
APBW NI

psi

APgyy > Opsi Logical qualifier for APBW

CV of BW valve - Fully open - based on Henry Pratt Ball Valve CV

Opency/gyy = 22000 20" BW Butterfly - valve

Percent Open of BW Valve

CVew
P =
OpenBW OpencyBYY

Design guides recommend that a valve operate between 10% and 80% open



Recycle System Parameters

Friction factor R line - Moody Diagram

fr = 0.035
Lg = 70ft Length of R line after common
DR = 14in Diameter of R line
Sum of k-values - R line
kr =441
4QR
VR= 2 Velocity of flow through R line

Headloss through Recylce line = Fitting Loss + Pipe Losses

hg =|———2 " | p.g + ————.p.g + 0.63ft
R 29 P9 2D 0 P9 Head

Headloss is equal in BW and R systems
hr = APw + Ngystem

hr > Opsi Logical qualifier for hR

Please note that:

(1) It is assumed that there is no static component to this term.
(2) The additional AK added by the backwash control valve is segregated from the K of the existing
fittings (to be used later to calculate the valve pressure drop, which is = (AK"2)/2g.

2
_ AK-VR Headloss added by BW control valve
APyalve = P9 >
g
AK>0 Logical qualifier for AK
QR
CVR = L — Calculated CV of BW control valve
APyalve

psi



APy/51ve < 150psi Logical qualifier for APvalve
T
OpenR Opencyr

Opency/r = 12000 Fully open ball valve CV - Henry Pratt - 8"
Ball valve

Design guides recommend operating a valve between 10-80% open

At the precise solution, AH=0

AH = (hcommon *+ Nsystem + APaw + hR) ~ Npymp BW flow rate desired

AH > -1ftpyaqq AH < 1ftpyaqq Desired tolerance of AH solution

Qgw = 1750gpm CVpgyy = 18000

Resu

F hSystemSOL
hPumpSOL
hCommonSOL
QrsoL
QrsoL
QewsoL
APgwsoL
hrsoL
AKgoL
PsoL
fRsoL
LrRsoL
DrsoL
KrsoL
AHgoL

VRsoL




VBWSOL
LBwsoL = Find(hSystem’ hpump: Ncommon- Qr> QT QBW> APBW>NR-AK. p. TR, L
DewsoL
APy/alvesoL
CVrsoL
CVBwsoL
POpenRSOL
OpencysoL
kBwsoL
PopenBWSOL
OpencyBwsoL
KesoL
LesoL
VesoL
DesoL
hstaticsoL
hFrictionPipeSOL

hFrictionFittingsSOL

CPipeSOL

A

Results
PopenrsoL = 27-%

Flow Rates

gal gal gal

Velocities

ft fi
VewsoL = 1241~ VRsoL = 11874~

Headloss

hPumpSOL = 54ftheaqd



hsystemsoL = 22-13-fteaq
hrsoL = 2215 ftyeaq

hcommonsoL = 8:77-fthead
AHgo = ~1ftheqq

CVs

CVgwsoL = 18000 CVRrgp = 3217

APvalvesoL = 7242 flieag  APBWsOL = 0-022-fteqq

AKgo =3

Percent Open






2>PR-KR-AH, VR, Ve Lw>Daw> APvalve: CVR> CVBW: Popenr: OPeNcvR - Kew > PopenBw > OPeN(







-vBw:-KcsLc:Ve.Des hFrictionPipe’ hFrictionFittings’ hStatic’CPipe)




