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EXECUTIVE SUMMARY

This report summarizes a preliminary flow rating analysis for each type of pump at Pump Station G434
and Pump Station G436, based on the pump performance curve. The developed rating equation will be
used to compute flows through these pump stations.
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1.0 INTRODUCTION

1.1  Background

Pump Station G434 is the Compartment B North Build-out inflow pump station. The station discharges
into the northwest corner of the North Build-out (NBO) Area of the Compartment B Stormwater
Treatment Area (STA). The station is located on the east side of U.S. Highway 27, south of Belle Glade,
approximately 2800 feet north of the Woerner Bridge. The station’s intake canal connects directly to the
North New River Canal. Pump Station G434 consists of three electric seepage pumps each with capacity
of 100 cfs, two electric stormwater pumps each with capacity of 100 cfs, and two diesel stormwater pump
each with capacity of 460 cfs.

Pump Station G436 is the Compartment B outflow pump station. The station is located on the east side of
the Compartment B STA South Build-out (SBO) area, approximately 3.5 miles east of U.S. Highway 27
and just south of the District’s existing G335 pump station. Pump Station G336 discharges into L-6
Canal. The location of Compartment B is shown in Figure 1. Pump Station G436 consists of two electric
stormwater pumps each with capacity of 100 cfs, and three diesel stormwater pumps each with capacity
of 533 cfs.

1.2 Objectives and Scope

We will conduct a preliminary rating analysis to develop flow rating equations for Pump Station G434
and G436 to compute flows through the pump stations. We will develop a rating equation for each type of
pumps at these two pump stations.
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Figure 1. Location Map for Compartment B

20 STATION DESIGN

Pump Station G434 consists of three electric seepage pumps each with capacity of 100 cfs, two electric
stormwater pumps each with capacity of 100 cfs, and two diesel stormwater pump each with capacity of
460 cfs. Table 1 presents more detailed description for G434. Pump Station G436 consists of two electric
stormwater pumps each with capacity of 100 cfs and three diesel stormwater pumps each with capacity
of 533 cfs. Table 2 presents more detailed description for G436.
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Table 1. Description for Pump Station G434

Pump Type ITEM Description
Number of pumps 3
Design pump capacity 100 cfs
Engine motor horsepower 150 Hp
Electric seepage pump Design engine speed 440 rpm
Pump impeller speed 440 rpm
Propeller Diameter 34in
Discharge pump diameter 42in
Number of pumps 2
Design pump capacity 100 cfs
) Engine motor horsepower 150 Hp
Electric sztr;)]rmwater Design engine speed 440 rpm
PP Pump impeller speed 440 rpm
Propeller Diameter 34in
Discharge pump diameter 42in
Number of pumps 2
Design pump capacity 460 cfs
Engine motor horsepower 575 Hp
Diesel Stormwater pump Design engine speed 1750 rpm
Pump impeller speed 146 rpm
Propeller Diameter 80.7 in
Discharge pump diameter 96 in
Maximum upstream water surface elev. 12.5 ft, NAVD
Elevation Ma%irTwm downstream water surface elev. 12.5 ft, NAVD
Minimum upstream water surface elev. 5.2 ft, NAVD
Minimum downstream water surface elev. 9.0 ft, NAVD
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Table 2. Description for Pump Station G436

Pump Type ITEM Description
Number of pumps 2
Design pump capacity 100 cfs
Engine motor horsepower 200 Hp
Electric stormwater pump Design engine speed 440 rpm
Pump impeller speed 440 rpm
Propeller Diameter 34in
Discharge pump diameter 42 in
Number of pumps 3
Design pump capacity 533 cfs
Engine motor horsepower 986 Hp
Diesel stormwater pump Design engine speed 1150 rpm
Pump impeller speed 186 rpm
Propeller Diameter 80.7 in
Discharge pump diameter 96 in
Maximum upstream water surface elev. 11.0 ft, NAVD
Elevation Ma%irTwm downstream water surface elev. 15.4 ft, NAVD
Minimum upstream water surface elev. 4.2 ft, NAVD
Minimum downstream water surface elev. 8.1 ft, NAVD

2.1. Pump Performance Curves for G434

The factory provides the pump performance curves for these three types of pumps at Pump Station G434,
as shown in Figure 2 through 4.
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Figure 2 Performance Curve for Seepage Pump at G434.

6 May 2011



South Florida Water Management District

PRELIMINARY FLOW RATING ANALYSIS FOR PUMP STATION G434 & G436

e
— -l —_ [ S
—
S
a1 1 "H...L‘__\ | .
— - [, S
. I L | \‘.
'\\ E
=y
i
N . ‘.
- = 1
! i I
5 i . - :
- | L1 L ' !
] 1 . 20
. POR Rakga |- | t
___--"""-_ 1 . i
1 | ,
L—="1. " Y - L !
-.-__'_________ . ) : . i
- 1 T e | . '
E s i e : taun
e = : . !
b i T m— H
z =1 | i Y|
[ e [
4 T
=0 - ‘-""‘l-..___h
& :
= N \\ )
.-"._‘~| i
- 1 ’ - )
2 s Lyc=izn Point —
S . |
= - h""-.. I
4 t ] o
.
_ I
| 5 1l
A2000 RE N 30 R0 4o At 4850 &pann 4 Rina0
Water Flow (gpm)
- ; TH prmne e TR IHE:
PUMP BOWL PERFORMANCE CURYE A L
k. s-ciH
Toumgly 6 L panerie-ion Foogear (743 Stoom Fump ETE;‘"I:I-::‘FH -t s,:“:
- : W3 TIET #HD Za Al S
1¥EL: arlAl T10W PILITHLLEH ULA. 33 W AGTAHTE W STAdDtRoS
n--1 CEPETY: 4l [iFu EFTEN2A.T HEATUTE
1 L X |27 LIl : ;4 .
1 RATAIEL MU ST R . ¥ R {'#
;'r NTABE Ola: 431 Ir]SE,II.i.-uﬂT A A _ *%".',ilf.z S
JEg [rocic ot Lo, 44T - [Rorvtassi 974 e 16
] 13 b S R ki ANER BY 0 e D BRI H f . ﬁ
2L SR ST A A Ll POLAES _El: ST TR e B M b h ;
JERRERL IR LS GP'LEW L3 PR N Y C T U T L n
EEHFHHATI on ;.:s'-«rrr;\;r'-;ywnﬁi T 1o ST T4 o1 Lm ot SFECHR R, ='§;?-I4 9&“ *Il?r‘:;l_h
LewJ 11 >UGT I Berm=rs wmamess e 0T TR

Flliieney (%00

Pumm Imut Fower (bl

i LAY LR R
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2.2. Pump Performance Curves for G436

Figures 5 and 6 show the pump station performance curve for electric and diesel stormwater pumps,
respectively.

b i ! i
__?__r-- - e .
=] 55 g"
— o -
I — - —— — =3
i
| —
| 1 N ——
- )
II —
= i i 5 2
| I__ - ,.::‘:
= i
—1— P‘:PRﬁ\,’]TIbE-:‘-“ i 200 E
T -t | | [
‘——-——_____‘_ | { ] --""'1-- o
T —— T | =
- - E T ——te | - z
Y £
H 1 . e 1 E
; : e S =
A T e N M. E
= ] 3
¥} B T
= = -
g 10 ——
3 [ N - | Lntat Triiar
53 - =~ | | _D:HEII Paint |
= b | |
_-,-"'.:.‘ 1 | H ] 1 i
= . ! 1 N
5 T T '-\ S0
i 1 =Y =
| ! =
| 1 - -t
: , : el
| -1
| : a0
seap 000 15000 ARG LOOBE 4RGN . 4SOOD 4eIUD a3ihg 51000

Walar Flow (zpm)

= IT 13 HER2E™ ZERT kU THU T-E I
™ G 1 J G543 RIPSIRINTS 1H2 GilE
FINVP BOWL PERFORMANCE CITRVE D eTATe
" Nr TP M PKP e2eEL SA00H
Koezgludes Conzirirria Finject G424 Starm Tunp LD NAE CALAREN AP SGA.E
e —— . 3 = WGOEL TRET AHD SALGILATIE S
CETE: AMTAT- LY FROFPLLLEE LA K K ASIRIAHIE WIN: STANSAIE
- “ .5 . m 98 HEHIRRAY JEHITTE
' _ ﬂ‘_} ,--*ul FAUEL NG FRCIde2- 0T STREN: <41 RPM --B?as-“fi,:!
A DY M o e TISCIARCIF BIA: 43° -,
H b I L TR
':. “"' F- #hezivle moter: S0 T 440 rpm Tievkseil; IF7 Ay 14 m?-f'* I 3
— L [FFm=rar r: Lo, s EE i
— .-ﬁ FoG, Twrs 5 racis s LTELY el a0 ECRESPCWER B 20D aras r= e L2 | o
FRRFRSaMTE |3 B D e A5, HON ASRATID & TR, w1 A SPECIFC ﬁ_
LAY OF 12, TEMF AT RS B T ¥ I'_IPlI'."J_.I\NI'\I LY EEN NEAET o L ) nil SRETIIN
EEHFDHFTIDM pEpJ:cqx«. T M- BEAFTETIIT T KT TR T RS, SERCTFIC TR AT, %mﬁ E"Fw
et R s e pi. A
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Figure 6. Pump Performance Curve for Diesel Stormwater Pump at G436
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3.0 RATING ANALYSIS

We will develop a Case 8 rating equation for each type of pump at the two pump stations based on the
factory pump performance curve. Case 8 rating equation is developed by dimensional analysis and the
pump affinity laws, which is the conventional rating equation representing all the possible cases, as
documented in Damisse (2001) and Imru and Wang (2003). Equation below shows the Case 8 rating
equation.

2C-1
N No
=N —|+BH® — 1
o) o (V) >
H = max{CL,TW } - HW )
Where
Q: Discharge in cfs;
N: Pump engine speed in rpm;
No: Design pump engine speed in rpm;
H: Total static head (TSH);
A/ BandC: Regression coefficients determined through regression analysis (A >0, B <0, and C >
1.0).
CL: Discharge pipe outlet centerline elevation;
TW: Tailwater elevation;
HW: Headwater elevation.

The H versus Q relationship can be estimated by subtracting the total head losses through the intake and
discharge works from total dynamic head (TDH) on the pump performance curve. We will then conduct a
non-linear regression analysis using SAS NLIN function to determine the coefficient in the above
equation.

3.1 Pump Station G434

Pump Station G434 consists of three types of pumps: Electric seepage pump, electric stormwater pump,
and diesel stormwater pump. Each pump has its own performance curve. Hence, we need to develop a
flow rating equation for each type of the pump. As stated above, we computed TSH by subtracting total
head loss from TDH. The total head loss includes friction loss and minor losses, which were computed
based on the loss coefficients provided by the pump manufactory. Table 3 through Table 5 present TSH
vs. Q values corresponding to the electric seepage pump of 100 cfs, electric stormwater pump of 100 cfs,
and diesel stormwater pump of 460 cfs, respectively. Table 6 presents the flow rating equation
coefficients of Eq. (1) corresponding to each type of the pump, which were derived based on SAS
Nonlinear regression analysis. Figure 7 illustrates the developed rating curve for G434 electric seepage
pump of 100 cfs, Figure 8 for G434 electric stormwater pump of 100 cfs, and Figure 9 for G434 diesel
stormwater pump of 460 cfs. These diagrams illustrate that the rating equation from the developed rating
equation fits the TSH well.
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Table 3. TDH, Head Loss, TSH and Discharge Relations for G434 Electric Seepage
Pump -100 cfs

F'?é’lvm'fq?te FlowRate (cfs) | TDH (ft) | Head Loss (ft) | TSH (ft)
35000 77.983 12.76 145 11313
36000 80.211 12.30 153 10.770
37000 82.439 11.80 162 10.183
38000 84.667 11.22 171 9.515
39000 86.895 10.70 1.80 8.904
40000 89.123 10.10 1.89 8.211
41000 91.351 9.50 1.99 7515
42000 93.579 8.84 2.08 6.757
43000 95.807 8.20 218 6.017
44000 98.036 7.46 229 5.174
45000 100.264 6.70 239 4.309
46000 102.492 5.94 250 3.441
47000 104.720 5.14 261 2532
48000 106.948 4.26 272 1539

Table 4. TDH, Head Loss, TSH and Discharge Relations for G434 Electric
Stormwater Pump - 100 cfs

FlowRate (gpm) | g~ | TDH() | HeadLoss(ft) | TSH (f
33000 73527 12.20 1.25 10.953
34000 75.755 11.70 1.32 10376
35000 77.983 11.20 1.40 9.797
36000 80.211 1062 148 9.136
37000 82.439 1004 1.57 8.472
38000 84.667 9.40 165 7.747
39000 86.895 8.70 1.74 6.958
40000 89.123 8.00 1.83 6.168
41000 91351 7.20 1.92 5.275
42000 93579 6.40 2.02 4.380
43000 95,807 5,52 212 3.403
44000 98.036 460 2.22 2.383
45000 100.264 3.60 2.32 1.281
46000 102.492 2.60 2.42 0177
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Table 5. TDH, Head Loss, TSH and Discharge Relations for G343 Diesel
Stormwater Pump - 460 cfs

F'?&"’pﬁ;"te Flow Rate (cfs) | TDH (ft) | Head Loss (ft) | TSH (ft)

120000 267.370 9.60 0.614 8.986

125000 278.510 9.38 0.666 8.714

130000 289.650 9.14 0.720 8.420

135000 300.791 8.90 0.777 8.123

140000 311.931 8.62 0.835 7.785

145000 323.072 8.36 0.896 7.464

150000 334.212 8.06 0.959 7.101

155000 345.352 7.74 1.024 6.716

160000 356.493 7.40 1.091 6.309

165000 367.633 7.06 1.160 5.900

170000 378.774 6.70 1.231 5.469

175000 389.914 6.34 1.305 5.035

180000 401.054 5.96 1.381 4579

185000 412.195 5.50 1.458 4.042

190000 423.335 5.06 1.538 3.522

195000 434.476 4.60 1.620 2.980

200000 445,616 4.10 1.704 2.396

205000 456.756 3.54 1.791 1.749

210000 467.897 2.92 1.879 1.041

215000 479.037 2.30 1.970 0.330

Table 6. Flow Rating Coefficients for G434
Approximate | Approximate
Pump Type | NO(1pm) | coutrcidy | Estimate | ciEl ® | o tidence
Limit Limit
Electric A 108.8 108.3 109.3
Seepage Pump 440 B -1.1447 -1.3051 -0.9844
- 100 cfs C 1.353 1.2996 1.4063
Electric A 102.1 101.5 102.7
Stormwater 440 B -1.1704 -1.3952 -0.9455
Pump - 100 cfs C 1.3278 1.251 1.4045
Stormwater 1750 B -7.8039 -8.9795 -6.6284
Pump - 460 cfs C 1.4886 1.4231 1.554
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Figure 7. Rating Curve for G434 Electric Seepage Pump — 100 cfs
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Figure 8. Rating Curve for G434 Electric Stormwater Pump — 100 cfs
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Figure 9. Rating Curve for G434 Diesel Stormwater Pump — 460 cfs

3.2  Pump Station G436

Pump Station G436 consists of two types of pumps: Electric stormwater pump and diesel stormwater
pump. Each pump has its own performance curve. Similar to Pump Station G434, we developed a flow
rating equation for each type of pump. Table 7 and Table 8 present TSH vs. Q values corresponding to
the electric stormwater pump of 100 cfs and the diesel stormwater pump of 553 cfs, respectively. The
TSH was computed by subtracting total head loss from TDH. Table 9 presents the flow rating equation
coefficients of Eq. (1) corresponding to each type of pump, which were derived based on SAS Nonlinear
regression analysis. Figure 10 illustrates the developed rating curve for G436 electric stormwater pump
of 100 cfs and Figure 11 for G436 electric stormwater pump of 533 cfs. These diagrams illustrate that the

rating curve from the developed rating equation well fit the TSH.
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Table 7. TDH, Head Loss, TSH and Discharge Relations for G436 Electric
Stormwater Pump - 100 cfs

F"(’é’:’orﬁ?te Flow Rate (cfs) | TDH (ft) | Head Loss (ft) TSH (ft)
33000 73527 13.66 133 12.330
34000 75.755 13.2 141 11.788
35000 77.983 128 150 11.304
36000 80.211 123 158 10.718
37000 82.439 11.72 167 10.048
38000 84.667 112 176 9.437
39000 86.895 10.7 1.86 8.843
40000 89.123 101 1.95 8.146
41000 91.351 95 2.05 7.447
42000 93579 8.84 215 6.686
43000 95.807 8.14 226 5.882
44000 98.036 75 236 5.136
45000 100.264 6.76 247 4.287
46000 102.492 5.87 258 3.286
47000 104.720 5.1 270 2403
48000 106.948 4.2 281 1387

Table 8. TDH, Head Loss, TSH and Discharge Relations for G436 Diesel
Stormwater Pump - 533 cfs

F"(’é"’prﬁf)"te Flow Rate (cfs) | TDH (ft) Hea(‘i'ct')-oss TSH (ft)
150000 334.212 15.70 0.917 14.783
155000 345.352 15.50 0.979 14,521
160000 356.493 15.20 1.043 14.157
165000 367.633 14.86 1.109 13.751
170000 378.774 14.50 1177 13.323
175000 389.914 14.2 1248 12.992
180000 401.054 13.90 1320 12.580
185000 412195 13.54 1394 12.146
190000 423335 13.18 1471 11,709
195000 434.476 12.72 1549 11171
200000 445616 12.34 1.630 10.710
205000 456.756 11.92 1.712 10.208
210000 467.897 11.50 1.797 9.703
215000 479.037 11.10 1.883 9.217
220000 490178 10.60 1.972 8.628
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225000 501.318 10.10 2.063 8.037
230000 512.458 9.60 2.155 7.445
235000 523.599 9.06 2.250 6.810
240000 534.739 8.50 2.347 6.153
245000 545.880 7.90 2.446 5.454
250000 557.020 7.30 2.546 4.754
255000 568.160 6.60 2.649 3.951
260000 579.301 5.90 2.754 3.146
265000 590.441 5.20 2.861 2.339
270000 601.581 4.30 2.970 1.330
275000 612.722 3.50 3.081 0.419
Table 9. Flow Rating Coefficients for G436
. . Approximate Upper
Pump Type | NO(om) | REOS | simate | (SEPEOMEE Lo, | o506 Confienc
A 108.2 107.7 108.7
Electric
Stormwater 440 B -1.0183 -1.1644 -0.8722
Pump - 100 cfs
C 1.4006 1.3471 1.4542
A 607.4 603.7 611.0
Diesel
Stormwater 1150 B -4.4525 -5.1636 -3.7414
Pump - 460 cfs
C 1.520 1.4628 1.5772
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Figure 10. Rating Curve for G436 Electric Stormwater Pump — 100 cfs
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Figure 11. Rating Curve for G436 Diesel Stormwater Pump — 533 cfs
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4.0 CONCLUDING REMARKS

We conducted preliminary rating analysis for each type of pump at Pump Station G434 and G436 based
on the pump performance curve. Table 6 presents the flow rating parameters for Pump Station G434, and
Table 9 the flow rating parameters for Pump Station G436. The preliminary flow rating equations need
to be calibrated, and to be potentially improved based on future flow measurements after the pump
stations are constructed and operated.
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