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1. GENERAL

1.1 Purpose of this Study

The purpose of this study is to confirm the need of a harmonic filter and to size it for
obtaining harmonic mitigation at the Point of Common Coupling as to comply with
IEEE 519 guidelines. This study is based on the ETAP Power Station simulation

software version 5.0.2.

I[EEE 519 Guidelines for Current Distortion:

IEEE Std 519-1992

Table 10-3—Current Distortion Limits for General Distribution Systems (120 V Through 69 000 V)

IEEE RECOMMENDED PRACTICES AND REQUIREMENTS

Maximum Harmonic Current Distortion in Percent of I},

Individual Harmonic Order (Odd Harmonics)

1./ <11 11=h<17 17=h<23 23=h<35 35=h DD
<20% 4.0 2.0 1.5 0.6 0.3 5.0
2050 7.0 35 25 1.0 0.5 8.0
S0<100 10.0 45 4.0 1.5 0.7 12.0
100<1000 12.0 55 5.0 2.0 1.0 15.0
=1000 15.0 7.0 6.0 2.5 1.4 20.0

Even harmonics are limited to 25% of the odd harmonic limits above.

Current distortions that result in a de offset. e.g.. hall-wave converters, are not allowed.

* All power generation equipment is limited to these values of current distortion,

regardless of actual 1, /1 .

where

I, = maximum short-circuit current at PCC.

I} = maximum demand load current (fundamental [requency component) at PCC.

Assuming Isc/IL 20<50 the limits are:
7% for <10th harmonics

3.5% for 11th to 16th harmonics
2.5% for 17th to 22nd harmonics
1.0% for 23rd to 34th harmonics
0.5% for 35th and higher harmonics
8.0% for THD-I values
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IEEE 519 Guidelines for Voltage Distortion:

Table 10-2—Low-Voltage System Classification and Distortion Limits

Special General Dedicated
Applimtiuns* System 5}'5tl.‘lt]T
Motch Depth [ 0% 200 S0
THI i Voltage) 3% 2% 10%
Notch Area (Ap)F 16 400 22 800 36 500
NOTE — The value Ay for other than 480V systems should be multiplied by V/480

Fapecial apphications include hospitals and arrports.
TA dedicated system is exclusively dedicated 1o the converter load.
fln volt-microseconds at rated voltage and current.
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1.2 Data

The following documents were available and used for programming the ETAP
simulation model:

Overall Floor Plan @ 1/16” from 8/10/06, drawing No A-3

Electrical Single Line Diagram 480 V Switchgear, drawing No E-6

Single Line Diagram with power cable notes, drawing No E-6A

Single Line Diagram MCC BR1A, drawing No E-7

Single Line Diagram MCC BR1B, drawing No E-7A

Single Line Diagram HWS1A/HWS1B, drawing No E-8

Single Line Diagram EF1A/EF1B, drawing No E-9

Single Line Diagram MCC SB1A/SB1B, drawing No E-10

Rockland County Western Ramapo Advanced Wastewater Treatment Plant Project,
Job No 30447-48248, Excel Spreadsheet from 9/20/2006, sheets 1 to 15, 19 to 21
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1.3 Assumptions

Following the data specified above and having installed the one line diagram on
ETAP, a load flow run was performed assuming a 75% service factor for all loads. A
main distribution 2500 KVA (4.16 kV / 480 V) transformer was programmed, as well
as the utility set at 100 MVA at 4.16kV. The harmonic current injection on all drives
was chosen typical Rockwell 6-pulse VFD.

Drive Harmonic Current Spectrum typical Rockwell 6-pulse:

Wavelform

Harmonic

%
100

0.16
0.59

0.12
23.52

0N OO MW N =

0.1
6.08

0.03
0.09

% Magnisuds
(.-—"‘

Gyche

4.57

0.03
4.2

0.03
0.06

1.8
1.37

0.75
0.56

0.49
0.54

The main tie breaker (breaker No 4) in the main switchboard was assumed closed
and all MCC tie breakers open. This configuration offers best voltage balance all

over.
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14 Simulation One Line Diagram

One-Line Diagram - OLV1
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MCC BR1A and BR1B

One-Line Diagram - OLV1=>BR

B1-BR
A L48 kv
SWZ E l
NO o = . . = .
160KVAR 4.8 BOKVAR 6.8
Single-Tuned Single-Tuned
BR1A
VEDL VEDZ VFD3 VFD4 VEDS A
% Y
~
Bus5 |
Mtrl Mtrz Mtr3 Mtrd Mtr5 Mtre Mtr7 Mtrs Mtr9 Mtrl0 Mtrll Mtrl2 Mtrl3 Mtrl Loa
40 HP 40 HP 5 HP 125 HP 125 HP 1.5 HP /.5 HP 1.5 HP /1.5 HP 3 HP 3 HP 2.8 HP 1 HP 3 HP 15 k
BR1B
VEDE VEDT VED8
Mtrls Mtrle Mtr1l7 Mtrls Mtrl9 Mtrz20 Mtr2l Mtr2z Mtr23 Mtrz4 Mtrzs Mtrze Mtrz27 Mtrzsg Mt
40 HP 125 HP 7.5 HP 5 HP 7.5 HP 7.5 HP 7.5 HP 3 HP 3 HP 3 HP 5 HP 15 HP 1 HPE 5 HP 5
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(Continuation)

One-Line Diagram - OLV1=>BR

BZ-BR
B
0.48 kv
T2
MAAAT 30
Y YL
Bus5 |0.208 kV
vy P
Loadl LoadZ
15 VA 10 TR
0.48 k
T3
LA AN 30 kVA
YTY Y
Bus7 |0.208 kV
8 Mtrzo Mtr30 Mtr3l Mtr3z MEr33 LE}'B LEZ&-&
5 HP 20 HP 5 HP 5 HP 3 HP 15 kVA 15 kVA
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MCC SB1A and SB1B

One-Line Diagram - OLV1=>SB

BZ-SB

Bus8 0.48 kV

|

NO HF4

2

Single-Tuned

HFES

Single-Tuned

@ VEDY @ ‘.fFDl(@ ‘.fFDL]lZ VED12
CB4 ] NO

37 38 Mtr39 Mtr40 Mtrdl Mtrd Mtrd3 Mtrdd
; 1 ! l P

Mtr34 MEr35 Mtr3e MEr37 Mtr3g 42
10 HP 5 HP 5 HP 3 HP 5 HP 5 HP /.5 HP 30 HP .5 HPF 0.75 HP

0.48 LV

|Z| ‘.J'FDI@ ‘.?FDIJ@ VFD15

O O O O O O O

Mtr4s Mtrds Mtra? Mtrds Mtr4d Mtr50
5 HP 5 HP 10 HP 0.75 HP 1 HP 30 HP 1 HP

-10 -
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Switchgear HW1A / HW1B and MCC HW1A / HW1B

One-Line Diagram - OLV1=>HW

B1-HW
2]
HW1R
Mtr52 Mtr53 Mtr54 Mtr55 Mtr56 Mtr Mtr58 Mtr59 Mtre0 Load5
10 HE 50 HP 10 HP 50 HP > HP 2 H 1H 1 HP 10 HP 55 kVA
HWL1B
_M tr63 _M tréd Mtres Mtre7 _M tr68 Mtreg Toad§
10 HP 1 HP 5 HP 50 HP 10 HP 40 HP 55 kya

Power Survey Ltd.

8025 Trans-Canada Highway
St. Laurent, Quebec, H4S 1S4
Phone: (514) 333-8392



HARMONIC STUDY
Rockland County Sewer District
Wastewater Treatment Plant Project

(Continuation)

One-Line Diagram - OLV1=>HW

BZ-HW

g

CB3 ) NO
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Switchgear EF1A and MCC EF1A

One-Line Diagram

OLV1=>EFI1A

B1-EF1A
4

SWB EF1A

IZ VEDZ3 VEDZ VEDZ5 VEDZ
Mtril Mtr72 Mtri3 Mtr7d

20 HP 5 HF 40 HP 40 HP

MCC EF1A

3f

Busl4

Mtrg4d
20 HP 15 k
Lightir

MtrlOl Mtrl0Zz Mtrl03 Mtrss
0.5 HP 0.5 HP 25 HP 3 HP
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(Continuation)
One-Line Diagram - OLV1=>EF1A
0.48 kV
VORI .
~ee
Busld | 0.208 kV
V4 cel Ny i SWB EFLE
Heater EFI1A
15 kVAR 45 kVA
sighting EFlA
48 k
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Switchgear EF1B and MCC EF1B

One-Line Dlagram - OLV1=>EF1B
SWB EFl1A
B
SWE EF1B
@ VFD4 VED4 VED4 6 VFD4 WFD4 VFD4 VFD5S VFDS VFDS WFDS53 \""'""f
Buslg|
MUrli7 Mtrl3is Mtrlis Mtrldd Mtrldl Mtrles Mirle7 MLrlee
20 HF 3 HP 40 HE 40 HE 60 HE 30 HE &0 HE 20 HE 15 &
Lightir

MCC EF1B

Mtrléd Mtrled MtrleS Mtrld7 Mtrl4E Mtrldo Mtrl50 MtrlSl Mtrls2 Mtrl53 MtrlS54 MtrlSS MtrlSe MErls7 Mt
15 HP 5 HP 5 HP 20 HF 5 HP 5 HF 3 HF 3 HF 5 HF 2 HF 3 HF 3 HF 3 HP 25 HF 0.!
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(Continuation)

Cne-Line Diagram - OLV1==EF1B
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MCC INF1A and INF1B

One-Line Diagram - OLV1=>INF
El-INF Bi-INFE
& B
INF1R 0.43 kKW

@ V!'D!'nﬂgl ‘.ﬂ‘l)-ﬁE| VEDEE

CEI ) HO
MErlT0  Mtel7Tl MtrlTz MtrlB3 Loadl3
40 HP 40 HF 1530 HF 2 HP 20 EVR
INF1E 0.48 kv
VEDES WEDEL
M
4] 4]
(MItr_El'.'I:J }:It‘:Z_l'.:::' MErled  po-q411
i} HP 150 HP 2 HP 20 ¥R
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1.5 Load Flow One Line Diagram with 600 KVAR Filter

One-Line Diagram - OLV1

B3
'_f=.'__ 149 - +u Vil *_”A‘-&'z'_»': . v+.—:‘1 Jr"ﬁ:gq2
92.5 93, ¢ )ﬂ' J)w'_. })'E;A.—: 91.1 .3 4. 6 } 91.2 J)cz.-:.:n
B1-INF lu;—wm B1-HW u—"Jl u;—uil \— ul o_ap uzmu'l
3 g g T T 3
Ll
ER
&l
SB
Ll
HW
EF1A EF1B
Ll
INF
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2. RESULTS

2.1 Scenario 1: No Filters

The load flow obtained by the simulation show a total load of 2165 KVA (PF = 89.7%) of the
main transformer. The harmonic current spectrum on the main transformer secondary side
indicates higher than permissible 5™ harmonic current (10.95% > 7%) and higher than
permissible THD-I (11.64% > 8%). The voltage THD-V at the main transformer secondary
side (bus B1 and bus B2) is 4.96%, borderline to the IEEE 519 limit of 5%.

CURRENT SPECTRUM - MAIN TRANSFORMER SECONDARY SIDE:

B
124
Main Transformer Secondary
Fund. Amps 2621.6
1 100
2 0.08
4 0.06
5 10.95
7 2.78
8 0.01
11 1.99
13 1.77
14 0.01
17 0.71
19 0.51
23 0.26
25 0.18
29 0.15
31 0.15
THD-I 11.64

-19 -

Power Survey Ltd.

8025 Trans-Canada Highway
St. Laurent, Quebec, H4S 1S4
Phone: (514) 333-8392



HARMONIC STUDY
Rockland County Sewer District
Wastewater Treatment Plant Project

VOLTAGE SPECTRUM - MAIN TRANSFORMER SECONDARY SIDE:

Wae ¢ 4,15 xv ) [ | . [ ] v
B Bus BO B1&B2
Harmonic Number

1 100 100

2 0.00 0.01

4 0.01 0.02

“ 5 1.19 3.94

7 0.42 1.40

8 0.00 0.01

11 0.48 1.59

3 i 0.50 1.67

14 0.00 0.01

17 0.26 0.88

19 0.21 0.72

o o 23 0.13 0.44

25 0.10 0.34

29 0.09 0.33

31 0.10 0.36

1 THD-V 1.50 4.96
[n}

-20 -
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2.2 Scenario 2: 600 KVAR 4.3rd harmonic filter

One 4.3 rd harmonic filter was connected. The harmonic current spectrum on the main
transformer secondary side indicates acceptable 5" harmonic current of 6.21% and an
acceptable THD-I factor of 6.94%. The voltage THD factor at the transformer secondary is
2.98%, falling well below IEEE 519 limit of 5%.

CURRENT SPECTRUM - MAIN TRANSFORMER SECONDARY SIDE:

N
B Main Transformer Secondary
Fund. Amps 2380.6

1 100

2 0.10

4 0.01

5 6.21

7 2.07

8 0.01

11 1.60

13 1.44

14 0.01

17 0.58

19 0.43

23 0.22

25 0.15

29 0.12

31 0.13

THD-I 6.94

-21-

Power Survey Ltd.

8025 Trans-Canada Highway
St. Laurent, Quebec, H4S 1S4
Phone: (514) 333-8392



HARMONIC STUDY
Rockland County Sewer District
Wastewater Treatment Plant Project

VOLTAGE SPECTRUM - MAIN TRANSFORMER SECONDARY SIDE:

Wae ¢ 4,15 xv ) [ | . [ ] v

2 5n

Bus BO B1&B2

Harmonic Number

1 100 100

2 0.00 0.01

20 4 0.00 0.00

5 0.61 2.03

7 0.29 0.95

8 0.00 0.01

1.5 11 0.35 1.16

13 0.37 1.24

14 0.00 0.01

17 0.20 0.66

1.04 19 0.16 0.55

23 0.10 0.34

25 0.08 0.26

29 0.07 0.25

o5 31 0.08 0.00

THD-V 0.90 2.98
0

-22.
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3. CONCLUSIONS

3.1 Comparing Scenarios

The following table highlights the results for current and voltage harmonics (in % values,
unless otherwise stated) for the secondary side of the main 2500 KVA transformer:

No Filter 600 KVAR @ 4.3 No Filter 600 KVAR @ 4.3
Currents Currents Voltages Voltages

Transformer Primary  Secondary Primary  Secondary Bus BO Bi1&B2 BO B1&B2
n n

1 345.0 A 2621.6 A 273.4 A 2380.6 A 1 100 100 100 100

2 0.08 0.08 0.10 0.10 2 0.00 0.01 0.00 0.01

4 0.06 0.06 0.01 0.01 4 0.01 0.02 0.00 0.00

5 11.02 10.95 6.23 6.21 5 1.19 3.94 0.61 2.03

7 2.80 2.78 2.07 2.07 7 0.42 1.40 0.29 0.95

8 0.01 0.01 0.01 0.01 8 0.00 0.01 0.00 0.01

11 2.00 1.99 1.60 1.60 11 0.48 1.59 0.35 1.16

13 1.78 1.77 1.45 1.44 13 0.50 1.67 0.37 1.24

14 0.01 0.01 0.01 0.01 14 0.00 0.01 0.00 0.01

17 0.71 0.71 0.59 0.58 17 0.26 0.88 0.20 0.66

19 0.52 0.51 0.43 0.43 19 0.21 0.72 0.16 0.55

23 0.26 0.26 0.22 0.22 23 0.13 0.44 0.10 0.34

25 0.18 0.18 0.15 0.15 25 0.10 0.34 0.08 0.26

29 0.15 0.15 0.12 0.12 29 0.09 0.33 0.07 0.25

31 0.15 0.15 0.13 0.13 31 0.10 0.36 0.08 0.00

THD-I 11.73 11.64 6.96 6.94 THD-V 1.50 4.96 0.90 2.98

Numbers in red do not comply with the IEEE 519 guidelines. With a 600 KVAR 4.3 harmonic
filter, the calculated power factor at the transformer primary side is already 99.3%, but all
harmonic distortions are within acceptable limits.

3.2 Recommendation

No further increase of filter KVAR beyond 600 KVAR recommended due to the small reactive
power headroom on this system. The detuned capacitor bank shall be tuned to the 4.3 rd
harmonic or higher.

-23.-
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