Using Pl to Monitor
Hydroelectric Control Systems

Presented by Jeff Mettler
Chelan County PUD
Wenatchee, WA 98801



Our First Week with Pl

Bad SCADA Transducers Found
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System Operations

> System One Line Display

> PNSC Report

> Water System Alarm Summary

> Water System Station Level Monitoring
> Water System Equipment Monitoring



System Operators:
One-Line Diagram
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System Operators:
Water System Alarm Summary

Site Alarms

Any site listed in red has at least one alarm in at that site.
Click on the text to go to the display for that site.

Broadview Reservoir Maiden Lane Reservoirs Reservoir 3

Chelan Falls Monitor Comm Failure Roddy Reservoir

Chelan Ridge Ohme Reservoir & PS School Street Res & PS
Circle Street Reservoir Olds Station W PS Setpoints

Day Road Reservoir Pump Station 1 Site Alarm Trends
Eaglerock Reservoir Pump Station 2 Skyline PS

Euclid Ave PS Pump Station 3 Sleepy Hollow Res & PS
Garland-Wade PS Pump Station 4 Springwater PS

Hawley Street PS Pump Station 5 S Wenatchee Reservoir
Knowles Pump Station 6 Upper School St Reservoir
Lester Road PS Reservoir 1 Upper Skyline Reservoir
Levels Reservoir 2 Whispering Ridge PS
Lovell Road PS

Lower Skyline Reservoir

Use Metwork Files Use Local Files |

Click to test alarm sound.

Update Local Files




System Operators:
Reservoir 1

Reservoir 1




System Operators:
Hawley St. Pump Station

o . Hawley St Pump Station
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Network Manager:
Overview Page

i Network Management.piw

Network Management

NETMAN - PING Response Times

NETMAN - TCP Response Times

NETMAN - Device Uptimes

NETMAN - Network Utilization

NETMAN - Device SNMP Analysis
R etflow Analysis
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Network Manager:
Ping Response

nec 200 §3:59 PM NET_PING =~ . "~ 5/1/2003 1:42:29 PM
NET_PING_: - 5172003 1:34:29 PM NET PING <o 51172003 1:40:23 PM
NET_PING_: ¢ 5172003 1:41:59 PM
NET_PING_ o 51/2003 1:43:58 PM
NET_PING_. ... - "% 5/1/2003 1:41:59 PM
NET PING - - - - 5/1/2003 1:36:23 PM

NET_PING_. - 5/1/2003 1:39:59 PM NET_PING_~ -~ " 5/1/2003 1:41:59 PM
NET_PING_ .. - . 5/1/2003 1:41:59 PM [Imec IET PINC 54142003 1:3
NET PING . 5/1/2003 1:43:59 PM

NET PING : .. . 5/1/2003 1:37:59 PM
NET_PING_~ . ™" 5/1/2003 1:42:29 PM

NET PING =~ - - 512003 1:35:59 PM

NET PING_ - 5/1/2003 1:40:29 PM

10 NET PING_ . -  5/1/2003 1:43:59 PM
NET PING ~ . ' 5/1/2003 1:38:29 PM 10 NET_PING_ - . 54172003 1:43:59 PM
NET PING : . . ° 5/1/2003 1:36:29 PM NET PING_ - . .- 5/1/2003 1:43:59 PM
NET PING , .. * 5/1/2003 1:35:59 PM

NET_PING_ "~ 7+ 5/1/2003 1:42:23 PM 0 NET PING *~ - .- 5/1/2003 1:36:29 PM

NET_PING_® - -~ 5/1/2003 1:38:29 PM
NET_PING_ o 51/2003 1:34:29 PM
NET PING .-~ . .. 5/1/2003 1:36:29 PM




Network Manager:
TCP Ping Response

ad Input | FIX 5/172003 1:42:29 PM NET TCPR . PI 5/1/2003 1:42:29 PM

NET TCPR .- . IFIX &/1/2003 1:42:29 PM NET TCPR:. Pl /172003 1:42:29 PM
Jad Input | IFIX §/1/2003 1:42:29 PM NETTCPR - Pl &/1/2003 1:42:29 PM
NET TCPR - . . Pl 5/1/2003 1:42:29 PM

NETTCRR .. - IFIX 5172003 1:36:29 PV

NET TCPR_ . -~ - IFIX &/1/2003 1:42:29 PM

1
NET_TCPR.- . . JFIX_6/1/2003 1:32:29 PM -
NET TCPR . .. . IFIX_5/1/2003 1:32:29 PM 0 JELICER. o, 8 S0 FA20 M

0 NET_TCPR_.~ " _IFIX 5/1/20031:38:29 PM
10 NET TCPR - IFIX 6172003 1:40:29 PM

10 NET_TCPR_ ~ " _IFIX 5/1/2003 1:42:29 PM
0 NET_TCPR_- - _IFIX 5/1/2003 1:34:23 PM
0 NET TCPR_~IFIX 5/1/2003 1:36:29 PM

) NET TCPR . | IFI% 5/172003 1:40:29 PM

0 NET_TCPR_- . . _IFIX 5/1/2003 1:38:29 PM
0 NET_TCPR_- . _IFIX 5/1/20031:38:29 PM
) NET TCPR IFI% 5/1/2003 1:38:23 PM




Network Manager:
Device Uptimes (SNMP)

sysliptime_abs 5 [ I ]| seesergage = 0

sUiptime atis (|2 ' IERE .




Network Manager:
Network Utilization (SNMP)

1 Bridge




Network Manager:
SNMP Device Analysis

Trends by Interface:
Trends by Packet Type: @&

I Daily I

%hState

et Device List I

: sysUptime_abs

ifOperStatus_FastEthernetOM
ifOperStatus_FastEthernetoM 0
ifOperStatus_FastEthernet0M1
ifOperStatus_FastEthernet0/M 2
ifOperStatus_FastEthernet0M 3
ifOperStatus_FastEthernet0i/ 4
ifOperStatus_FastEthernetOM S
ifOperStatus_FastEthernetOM B
ifOperStatus_FastEthernet0M 7
ifOperStatus_FastEthernet0M s
ifOperStatus_FastEthernet0/M19
ifOperStatus_FastEthernet0s2
ifOperStatus_FastEthernet0s20
ifOperStatus_FastEthernet0s21
ifOperStatus_FastEthernet0s22
ifOperStatus_FastEthernet0/23
ifOperStatus_FastEthernet0/24
ifOperStatus_FastEthernet0/3
ifOperStatus_FastEthernet0s4
ifOperStatus_FastEthernet0ss
ifOperStatus_FastEthernet0/s
ifOperStatus_FastEthernet0s7
ifOperStatus_FastEthernet0s/s
ifOperStatus_FastEthernet0s9
ifOperStatus_MNulld
ifOperStatus_WVLAN1

Points Available for this Device
S ifAdminStatus_FastEthernetD/1
ifAdminStatus_FastEthernetD/10
ifAdminStatus_FastEthernetD/11
AdminStatus_FastEthernet0/12
ifAdminStatus_FastEthernet0/13
AdminStatus_FastEthernet0/14
AdminStatus_FastEthernet0/15
ifAdminStatus_FastEthernetD/ 16
AdminStatus FastEthernet0/17
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Network Manager:
Packet Sniffing (Netflow)
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olF Tratfie
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3 Get Details
Capture Date and Time Destln Address DestPort | Size (octets)

01-May-03 13:43:13.37261962890625E-02
01-May-03 13:58:13.87396240234375E-02
01-May-03 14:08:45.864074707031 25€-02
01-May-03 14:09:23.21990966796575E-02
01-May-03 14:12:25.48040771484375E-02
01-May-03 14:13:13.123626708954375

Choose a Netflow Tag;

01-May-03 13:27:13.107269267109375
01-May-03 13:39:28.00933837590625E-02
01-May-03 13:51:18 074676513671873
01-May-03 14:03:18.034576416015625
01-May-03 14:15:13.096593310546875




Network Manager:
Pl Server |O Rates
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Network Manager:
Pl Server Performance




Hydro Operators

> Cruise Control Monitoring
> Mid Columbia River Flows
> Operator Created Displays

> Transformer Tem

perature Monitoring

> Bearing Temperature Monitoring
> Unit Vibration Monitoring



Cruise Control Monitoring
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Hydro Operators:
River Flows

i@ MIDC_GC_TOT_FLOW
106.6

o MIDC_CJ_TOT_FLOWY
134.1

* MIDC_WELLS_TOT_FLOW
123.7

<RR_DISCHARGE_FLOW TOTAL
143.19

® RR_DISCHARGE_FLOW UNIT
123.13

0 RR_DISCHARGE_FLOWY SPILL
19.903

5/1/2003 3:36:34 AM 4.00 Hour(s) 5/1/2003 1:36:34 PM
® MIDC_GC_TOT_FLOW

o MIDC_CJ_TOT_FLOW

4 MIDC_WELLS_TOT_FLOW

< Discharge Flow - Total Riv

m Discharge Flow Unit

O Discharge Flow Spill KCFS




Hydro Operators:
They've been busy!

Bxc-3 , =10/ x|
File Edit Yiew Favorites Tools Help _
Folders Name Size | Type Modified
BEEEERE=TETT el (03 COOLINGWATER, PDI 14KB PIDisplay Document  §/10/2002 6:00 PM

i | PHE 3 BEARING TEMPS,PDI 13KE Pl Display Document  12/27/2001 4:39 AM
- c10 B 3 BLADEGATE.PDI 13KB PIDisplay Document  1/19{2002 9:18 PM
-1 HEC3 CURRENTYOLTAGE.PDI  13KB  PIDisplay Document  12(27/2001 10:18 PM
L) 2 P C3 GOP.PDI 13KB PIDisplay Document  12/26/2001 11:27 PM
L5y ¢s i C-3 GUIDEBEARING] DI 14KB PIDisplay Document  12{27/2001 4:49 &M
- 4 B -3 GUIDEBEARINGZ.PDI 14KB PIDisplay Document  12/27/2001 4:48 &M
s B C-3 GUIDEBEARING3.PDI 13KB PIDisplay Document  12/27/2001 4:48 AM
i Wk B -3 GUIDEBEARING4.PDI 13KE PIDisplay Document  12/27/2001 4:52 AM

12f28f

12/28f

12f27|

12j27|

i T, B C3 OILHEADPACKINGTEMP.PDI 13KE Pl Display Document  12/28/2001 3:15 AM
s B3 STATORTEMP. PDI 13KB PIDisplay Document  12/28/2001 2:58 AM
-1 9 P C3 TRANSTEMP,PDI 13KB Pl Display Document  12/27/2001 2:14 AM
(] CHELANHYDRO e C3 VIBRATION, PDI 13KB PIDisplay Document 12/27/2001 3:27 AM
{1 minc
(0 RipLanT
(1 RRPLANT
-] RRSWY




Hydro Operators:
Transformer Temperatures

%—m / 2 - m\mx,ﬁ".'f-
55 Aot 5 ’ gyt
M r\‘"\-w.m’ W&"fwﬂv

15

5/1/2003 B:51:21 AM ; 8.00 Hour(s)
- C11 MW Qutput
- C11 Transformer Bottom Oil
- C11 Transformer High Side
- C11 Transformer Low Side ¥
- C11 Transformer Top Qil Te
C11 Incipient Gas Detector

5/1/2003 2:51 :‘21 P

- RR_C11_MW_OUTPUT

93.7

. RR_C11_XFRMR_BTM_OIL_TEMP

45.079

- RR_C11_XFRMR_HI_SIDE_WINDING_TEMP

B59.5

- RR_C11_¥FRMR_LO_SIDE_WINDING_TEMP

65.055

- RR_C11_XFRMR_TOP_OIL_TEMP

67.2

- RR_C11_INCIPIENT_GAS_DETECTOR

39.072




Hydro Operators:
Bearing Temperatures

05 95 @5 95 150 - RR_C11_GEN_GUIDE_BEARING_FPAD_18
47.4

- RR_C11_GEN_GUIDE_BEARING_PAD_19
46.3

- RR_C11_GEN_GUIDE_BEARING_PAD_3
45.8

- RR_C11_GEN_GUIDE_BEARING_PAD_9
451

- RR_C11_MW_OUTPUT
-0.1

(u] o 0 o 2

512/2003 6:04:38 AM 4.00 Hour(s) 552i2003 10:04:38 AM
- C11 Gen Guide Bearing Pad
- C11 Gen Guide Bearing Pad
- C11 Gen Guide Bearing Pad
- C11 Gen Guide Bearing Pad
< C11 MW Output




Hydro Operators:
Vibration Montoring

20 20 150 20 20 - RR_C11_GEN_GUIDE_BRG_VIB_X_AXIS
28
48
- RR_C11_GEN_GUIDE_BRG_VIB_Y_AXIS
38

F B
"\"\1 - RR_C11_MW_OUTPUT
b 93.1
W\w

. - RR_C11_TURB_GUIDE_BRG_VIB_X_AXIS
42 2.2

- RR_C11_TURB_GUIDE_BRG_VIB_Y_AXIS
29

IWWW M‘*r‘_w 0 W"* i ‘t A Wi T

(] 0 ) [

5/1/2003 6:52:01 AM 8.00 Hour(s) 5/1/2003 2:52:01 PM
- C11 Gen Guide Brg Yibratio
- C11 Gen Guide Brg Vibratio
- C11 MY Output
- C11 Turb Guide Brg Vibrati
- C11 Turb Guide Brg Vibrati




Plant Engineers

> Plant Deviation Analysis
> Temperature Analysis
> Unit Trip and Failed Starts Analysis



Plant Engineers :
Plant Deviation

< ZERG

A Drelayed Flow from Wells Dam




Plant Engineers :
Temperature Analysis

PI Help Twpe a question For help - - 5
> = arial El=E% % , W% - 3 A
¢ Reply with Changes... End Rewviews. ..
cE - A =PISampDat(CH5 545 545 ,5CH2,0)
Ao C | [ | * | z s AN EH BT
RRE_C02_
RR_CO2_STAT XFRMR_T
OR_WDIE_TE  OP_OIL_ Stator XFmMR Stator XFMR Stator XFMRBR
342801 0:00:00|MP PHASE A TEMP Temp C2 Temp C2 Temp C2 Temp C2 Temp C2 Temp C2
22801 B:35:00 582 51.3 . . Increasing  Increasing
Sr25801 6:40:00 a7.9 51.3 . . Increasing  Increasing
Sr25801 6:45:00 . . . . Increasing  Increasing
/25801 B:50:00 . . . . Increasing  Increasing
2728/01 5:55:00 . E E E Increasing  Increasing
272801 F:00:00 . E E E Increasing  Increasing
272801 F:05:00 . R E E Increasing  Increasing .
342801 7:10:00 X . . . Decreasing  Increasing COOLIMNG .
32801 71500 X . . . Decreasing  Decreasing . COOLIMG
28010 7:20:00 . . . . Decreasing Decreasing . .
228010 72500 . . . . Decreasing Decreasing
2428010 7:30:00 . . . . Decreasing Decreasing
2728/01 73500 . . . . Decreasing Decreasing
Sr25801 74000 . . . . Decreasing Decreasing
Sr25801 74500 . . . . Decreasing Decreasing
2322801 F:50:00 . . . . Decreasing Decreasing
2728/01 75500 . E E E Decreasing Decreasing
2728/01 8:00:00 . E E E Decreasing Decreasing
2728/01 8:05:00 . R E E Decreasing Decreasing
342801 5:10:00 X . . . Decreasing  Decreasing
S2801 8:15:00 . . . Decreasing Decreasing
2801 3:20:00 . . . . Decreasing Decreasing
242801 3:25:00 . . . . Decreasing Decreasing
242801 3:30:00 . . . . Decreasing Decreasing
2728/01 8:35:00 . . . . Decreasing Decreasing .
Sr25801 5:40:00 . . . . Increasing | Decreasing HEATIMNG
/25801 5:45:00 . . . . Increasing | Decreasing . .
322801 3:50:00 . . . . Increasing  Increasing . HEATIMNG
3728/01 8:55:00 . E E E Increasing  Increasing
272801 9:00:00 . ag.3 E Increasing  Increasing
342801 9:05:00 47 .3 37.8 . Increasing. Increasing
4 4 » w[% Chartl hSheetl & sheetz f Sheets / JER]

Ready Zalculake




Plant Engineers :
Unit Trip/Failed Start Analysis (1)

Microsoft Excel - PI - Unik Trip & Failed Start Analysis with lists new.xls
Ele  Edit Tools Data  wWindow

DE=ES & «<- - |83 = -2 W3
= | @ - ¢ Reply with Changes. ..
27 -

Wis Insert Faormak PI Help
Fes

Arial

End Review. ..

F
ey | E | C | J

Rocky Reach Unit Trips and Failed Starts

—

Starttime:

Endtime:

Unit Trips:

Description

Gen Protective DGR Rel

Generator Breaker Fail

3
4
5
5
=
Es]
]

Generator Dropping

Generator Lockout 86G

flain > fmr Lockout 86T

hMechanical Lockout Rel

nit Owverspeed Trip

Gen Split Phase Differ

Trip Generator 886G

Trip Generator S6h

Failed Starts:

Start Phase 1 Timeout

Start Phase 2 Timeout

Start Phase 2 Timeout

Start Phase 4 Timeout

Start Phase S Timeout

91702 12:00 Ak
1041702 12:00 AR

Z0o7
MNo Events
Mo Events
Mo Events

1
1
2

2
Ewents
Ewents
Ewents
Ewents

2T
M 4 » w | Transition Counkt Transition Lisk f

Ready Zalculake




Plant Engineers :
Unit Trip/Failed Start Analysis (2)

Microsoft Excel - PI - Unik Trip & Failed Start Analysi ists new.xls
File Edit Wis Insert Faormak Tools Data Window PI Help
DS e & oo -|@ = -2 |imE 2 an
= | @ - e Reply with Changes... End Rewview. ..
=34 - #o

= | H | [
List of events for each taq (20 max shown])

Starttime for list:  971/02 12:00 Ak
Endtime for list: 10/1/02 12:00 Ak
UnIT:| Ca7
data points: data points: 1 data points: 2 data points: 2
09-Sep-02 09:34:05 09-Sep-02 09:34:05 TRUE| 30-Sep-02 06:44:34 TRUE| 30-Sep-02 06:44:34 TRUE
30-Sep-02 07:50:04 TRUE| 30-Sep-02 07:50:04 TRLUE

=
M o4 K Transition Count  » Transition List
Ready Zalculake




Generation Managers

> River Flow Analysis

> Plant Generation Analysis
> Unit Start/Stop Analysis

> Plant Optimization Analysis



Generation Managers:
River Flow Analysis

E3d Microsoft Excel - Jim Gray - RRHRFLDL with PI Data new.xls
§ Eile Edit “iew Insert Format Tools Daka Wwindow PI Help

DS & o=@ = -2 @3 2 e

¢ Reply with Changes... End Rewviews. ..

Weekday DayChﬁart;r;iarage 94-95 2002 Day Average

| —-—94-95 Day Average —— Week Days —— 2002 Day Average Flow
250

F 200

150

O
W

Monthly Week Days

M 4 » k[ Shestl b Sheet2  shest3 4 Flowds & 2001 PIData 4 2002 PIData 4 RRHRFLAE |«
Ready
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Generation Managers:
Unit Start/Stop Analysis

Ed Microsoft Excel - RR Start Stop Times.xls
File Edit Wis Insert Faormak Tools Data Window PI Help
O HiE | & o -ou - |8 = - 2] @)l (B - ada
3 @ -, ¥ Reply with Changes... End Review...
E3 - L

A | B | C

RR STARTS and STOPS Event Listing

Start 1/1/2002

End 1/1/2003

Prexvall'RRE_C01_GEM_BREAKER_POSITION") = "CLOSE" AND 'RR_CO1_GEM_BREAKER_POSITION' = "OPEN" OR Presvvall'RE_CO01_GEM_BREAI

RR_CO01 RR_C02 RR_CO03

data points: 138 data points: 672 cdata points: 810

1/10/02 11:05:21 AM OPEN 11702 1:39:32 AM OPEN 11702 1:31:41 AM OPEN

1/10/02 4:19:11 PM CLOSE 11702 9:26:51 AM CLOSE 11702 9:59:40 AM CLOSE

1/11/02 2:35:21 PM OPEN 1£2/02 12:16:10 AM OPEN 1202 12:13:32 AM OPEN

111702 2:43:11 PM CLOSE 1,202 7:21:02 AM CLOSE 1/2/02 7:46:11 AM CLOSE

1/16/02 6:05:31 AM OPEN 13402 2:54:41 AM OPEN 13702 2:52:21 AM OPEN

1/16/02 9:50:10 AM CLOSE 1302 4:11:02 AM CLOSE 1302 5:37:21 AM CLOSE

1/21/02 7:55:11 AM OPEN 1£3/02 9:11:32 AM OPEN 1/3/02 9:14:01 AM OPEN

1/23/02 8:10:21 AM OPEN 1302 10:06:11 AM CLOSE 1/3/02 10:13:21 AM CLOSE

12302 10:14:32 AM CLOSE 1/4/02 8:32:51 AM OPEN 1/4/02 8:36:41 AM OPEN

124702 8:59:20 AM OPEN 1/4/02 10:24:21 AM CLOSE 1/4/02 10:44:11 AM CLOSE

12402 10:46:10 AM CLOSE 15402 3:06:41 AM OPEN 1/5/02 3:16:11 AM OPEN

1/25/02 7:553:40 AM OPEN 1502 7:37:21 AM CLOSE 1/5/02 9:49:41 AM CLOSE

1/25/02 9:19:21 AM CLOSE 1/5/02 8:09:32 AM OPEN 1/6/02 12:44:21 AM OPEN

127702 2:16:01 PM OPEN 15402 9:07:31 AM CLOSE 1/6/02 8:16:12 AM CLOSE

12702 2:17:01 PM CLOSE 1/6/02 1:35:40 AM OPEN 1/6/02 2:25:21 PM OPEN
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Generation Managers:
Plant Optimization Analysis (1)
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Summary

> Many users throughout the organization
use Pl for differing reasons

> Trending Is heavily used by the operators

> Data Gathering/Analysis Is used by the
engineers and managers

> The ease of Trending and Data gathering
has taken much of the burden off of the
Control Systems Analysts



