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SYSTEM STATUS
=11 POWER MILE 25 FLOW GROSSHEAD CANALLEVEL
OPERATOR 3
PERMISSIVE 9
SLH100 INTAKE GATE TRASH RACK GENERATOR
Guide Belt
% @ vanes Tensioner
£ Alarm State Event Time Alarm Name Limit.. | Message 2
Normal, Un 0/12/2 05:30 P\ e : HIH
‘V n "F\F
‘ n LO 1
4
'y : .
4
& Nom ed 10/25/2017 5:17:54 AM ram:SLH_1_Cont LH_Br _ALARM HIH 2 One or more SLH bearings have extremely high vibratic
‘ g
< | »
@D Ak All o Ack Selected Disable Selected &f View Selected Alarm Details gy Refresh &% Alarm Status Explorer




e 2 NATEL ENERGY VN1 DETAILS

SLH: Guidevanes : Main Accum: Intake Gate :
SYS'- n /el ThE CLOSED NOT CHARGED CLOSED
Brake : Generator : Belt Accum: Trash Rack:

RELEASED DISCONNECTED NOT CHARGED DISABLED

P Upper Canal Level 0.2m
Bypass Open -93%
o 0% BEARING 1(PTO TOP) BEARING 2 (NPTO TOP)
Headwater Level 20m e 5. 0deaC Tem e n
Tailwater Level 3.1m = Udeg ks 55.8 degC
' Overall Vibration 0.029 Overall Vibration 0.005
HYDRAULICS Yib.O,l- 10Hz 0.001 Vib.0.1-1.0Hz 2.089
Main Accusn Pressare 58PS Ylb. 10-100Hz 0.000 Ylb. 10-100Hz 44389
Belt Cylinder Pressure 1206 PSI \(Ib. 10.0-50.0Hz 0.000 Vib. 10.0-50.0Hz 1.964
BrakeActuated ® Vib 50.0- 100.0 Hz 0.000 Vib 50.0- 100.0Hz 1.528
GUIDEVANES
GV Av. Angle 94.35deg
GV1 Position Signal 0.00 BEARING 4 (PTO BOT) BEARING 3 (NPTO BOT)
GVE-Close Temperature -4.0degC Temperature -4.3degC
GV Limit Close Switch Overall Vibration 0.010 Overall Vibration 0.013
Vib.0.1-1.0Hz 0.001 Vib.0.1-1.0Hz 0.000
POWER Vib. 1.0-10.0Hz 0.000 Vib. 1.0-10.0Hz 0.000
(Equivalent Gen. Speed) ORPM Vib. 10.0-50.0 Hz 0.000 Vib. 10.0-50.0 Hz 0.000
Protection Relay Permissive @ Vib 50.0- 100.0Hz 0.001 Vib 50.0- 100.0Hz 0.000
Gen Contactor Enable
—
a Gen Power 0.0 kW
Expected Power 0.0kw PTO Sprocket Extension 2.53mm BEARING SELECT
; NPTO Sprocket Extension 157 mm DISABLE MULTIPLO
3 PERFORMANCE )
J 1 SLH Speed ORPM Outlet| PTO Belt Disp. | Inlet Outlet| NPTO Belt Disp. | Inlet
3 Flow 27CMS Top ) me— Y — L
2 Gross Head 20m 31mm Middle[ 1722?mm 2?mm [ IMiddle [ 177?m
(Net Head) 0.1m Bottom 33mm Bottom[________]77’m
& Efficiency 0.00
a
<
— POWERTRAIN HEALTH
) Shaft Torque -81.35kNm
Gen Vibration N1 DM




O 2r » pomeer ol

HPU
Accum. Pump
Press. Vibration

S ERASEE  Canal Level
Gross Head Tailwater
Level
Flow Speed

Draft Tube Outlet

Pressure Pressure
Net Head Efficiency
Inlet e
Pressure 9
Generator
Speed
Generator Gearbox
Vibration Temp.

Intake Gate Clear
Position AII

PowerHouse Headwater

Temp Level
Bypass Crest
Penstock Bearingl
Pressure Vib. (Main)
Bearing1
Brake Temp (Main)
Gen Bearing3
Contactor Vibration
Bearing3
Gen Relay Temp
Gearbox
Vibration
Power
Factor

Time Span

Hide

Selection

Bearing2
Vibration SLH Fault
Bearing2 | 5y Moisture

Temp
Bearing4
Vibration
Bearing4

Temp

Guidevanes

Av. Position  Cyl. Pressure

Start Time

Trend Thursday, December 14, 2017

5:32:21 AM

5:37:21 AM
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© NATEL ENERGY HOME SIVAYISE DETAILS miiayis) N E
SLH: Guidevanes : Main Accum: Intake Gate :
';'- n CLOSED NOT CHARGED CLOSED
Brake : Generator: Belt Accum: Trash Rack:
- RELEASED DISCONNECTED NOT CHARGED DISABLED
PLANT CASSETTEHEALTH |gSiSee] INFO CONTROLS SETTINGS
Upper Canal Level 0.2m "
Bypass Open -93% Control Panel Temp. 7.7 degC TR Prime/Rotate/Pump Press @ o
Intake Open 0% Powerhouse Temp, -3.3degC Trash Rack Head Loss B 1 54m
Headwater Level 20m Water Temperature -55.0degC Intake Actuator Status @
Tailwater Level 31m Mains Power Present @ Intake Command Closed /Open @
~ HYDRAULICS Belt Accum Pressure [ 1266 PSI OQilTemp ®
Main Agcum Pressure 53 PSI GV1 Cylinder Pressure 25PsI OilLevel ®
Belt Cylinder Pressure 1206 PSI Oil Moisture 11% Pump Vibration 0.20RMS
Brake Actuated
GUIDEVANES GV1-1Angle NN 94.62deg
GV Av. Angle 94.35deg GV1-2 Angle 93.67 deg
GV1 Position Signal 0.00 GV1-3 Angle 94.53deg
GVE-Close GV1-4 Angle 94.58 deg
GV Limit Close Switch Isolated @
POWER
(Equivalent Gen. Speed) ORPM Power Factor 100 LA 0.0A VA 278.0V
Protection Relay Permissive I B 0.0A VB 279.0V
Gen Contactor Enable | C 0.0A vV C 276.0V
Gen Power 0.0kw I_N 0.0A
Expected Power 0.0kw
PERFORMANCE
SLH Speed ORPM Penstock Pressure -18.2PSI
Flow -2.7CMS Inlet Pressure -18.0PSI
Gross Head 20m Outlet Pressure -18.1PSI
(Net Head) 0.1m Draft Tube Pressure 0.80PsI Reset Watchdog
Efficiency 0.00 0
SLH COMMS
POWERTRAIN HEALTH PLC Heartbeat
Shaft Torque -81.35kNm Gen. Temp Switch ® Vikratinm Manitnr &




NATEL Fucpav

2 NATEL ENERGY

A No Active Major Faults ® Run Permissive > Main Accum. :
ccum. -n All Major Faults Acked ® Granted INITIALIZING BeltAccum. ::
Press. T I Intake Gate :-0/100 %
OFFLINE Brake : OFF/ON
c Intake Gate : Intake Gate :-0/0% I
P CLOSED A. + Main Accum Charged ®
Trash Rack: GV Closed / Aborted o - Belt Accum Charged ®
DISABLED Gen. Disconnected /Aborted @ e ® Intake Gate Opened ® PAUSED
Intake Gate Closed /Aborted ® e Guidevanes Closed ® :
Guidevanes: ' Intake Gate Closed ® Gen Disconnected @ Brake : OFF/ON
' Gross Head | CLOSED OFFLINE ! v +
A E-Close GV:94.35/95.00deg. ISHU B
Generator : Intake Gate --0/0% ICOSke(-'&V~94'~$5//O‘7;00d°g~ READY YES®
SLH DISCONNECTED Disconnect Generator : S e _ Brake : OFF/ON {«fff—NO®] PauseRequested ?
o4 1 H N ) IF GVClosed ® Disconnect Generator : T
Flow | NOTCHARGED e i OR G P 02140 ST E—
= e en. Power 0 < -
OR Immediate Disconnect @ Gen. Disconnected ®
BeitAccum. : A No Pause Request @ l
DF';aft Tube | NOT CHARGED T Run Permissive _ BypassFlow (Est) ® SI(_)[_)_[).I_T\_J(}_ .
ressure_| ... ajor Fau Removed 33.41 > 2.50cms CloseGV:§ .
. (Canal Level 0.23 m) Disconnect Generator :
Net Head RELEASED [ (Bypass Open - -93%) IF GV Closed ®
et Hea OR Gen. Power 0 < -2kW
Y7 O==20 @I(Nomer IRQBEO # A A
-Q Inlet ! \QIEvertTme Alam Name | Condtion N... | Message
— Pressure & a ~—8-== W 3% > LH_Blade_Trans8Alam_Abort  HIHI STARTING - Pause o Gen. pOW?f ®
% [ Control.Button_Estop_ALARM TRIP The emergenc) GV Speed Control : 94.35deg. Request ¢ "
‘ Generat( m ‘ trol. Fluid_Level_Canal_ALARM LO Upper canal be Gen. Speed:0 /1800 RPM GV1 Max ®
3 =i 3 Brake : OFF/OFF Opened
4 Power 6 4 B R B | _
‘ FiN ‘ Generator speed within
a A a Control SLH_Brg_Vib_ALARM HIHI One or more S| 1800 +/-4RPM o
a Generator m & L o Control. SLH_Brg_Vib_ALARM HI One or more Sl for0/1000 ms.
[ Vibration «| | 2 *
% o message selected RUNNING
| \eqUive Coannacrt Cenaratar B







) aClO a e Si

File View Settings Tools Window Help
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=] 83
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|lGE4t 2 =d)vagarim

=1'-3 HMI Tags ‘l
ﬁ}‘ Tags
=1'_y Graphics
¥ Displays
+ Global Objects
& Symbol Factory
+ E Libraries
+ B Images
[#] Parameters
20 Recipes
E Local Messages
Trend Templates
—.. Trend Snapshots
=1'=4 HMI Tag Alarms
&]1 Alam Setup
&\ Suppressed List
=1'-3 Logic and Control
4 &F Derived Tags
+ Events
- @ =3
8 Client Keys
-1'_y Data Log
S Data Log Models
E'] Datalog_HiSpeed Ll

i Application l Communications I

2 NATEL ENERGY HOME

SYSTEM STATUS
RELEASED POWER MILE 25 FLOW

OPERATOR 320 3

PERMISSIVE 0 @
ab

n
= ESTOP =
n n

#### W HEFHH s

:’_‘II 3) Set {-:[CompactLogix SLH100]Program-Plant_Control SCADA_Watchdog_Reset} 1

3) Set EmailAlert_Checking 0

/*\ Command or Macro CheckEmailAlerts is unknown.
) CheckEmailAlerts [MACRO]

| |Li3) Set EmailAled Checkina 1

\i)Eved Detector: Issuing command "&Set {::[CompactLogix SLH100]Program:Plant_Control. SCADA_Watchdog_Reset} 1'.




) FactoryTa ew Si
File View Settings

@ 25 DS
[»/m & BE@H
:W-O 2 8

et T e A

Explorer - Morwoe SLH1

=1'-3 HMI Tags

@z Tags

=1'_y Graphics

¥ Displays
o

Global ¢
i, Symbol
+ E Libraries
+ f&] Images
[#] Paramet
20 Recipes
E Lods
A Tre

A =

L Sufres
=1'-3 Logic and (
+ ¢ Derived
+ Events
o[
&) Ciient K
—1'-4 Data Log
-1 &F Data Lo
'E] Data

i Application I Commt
g —

:’fl' ) Set {-:[CompactLc

3) Event Detector- k
3) Set EmailAlert_Ch
3) CheckEmailAlerts
L(3) Set EmailAlet Ch

Insert
v _1}3
X

Project - DisplayCode

2 3 5]

(e <
)
&.'g

DisplayCode (Home.gfx)

&5 FactoryTalk View Studio
[ ThisDisplay

--%% DisplayCode (Operation_
- FactoryTalk View Studio

m ThisDisplay

_]§

lome Display

Alphabetic I Categorized I

Fomat Debug Run Tools Add-ins Window Help
b o @ ™ HE @ In1.Col1
|(General) j |(Declarations)

Dim fname As String

Dim modified As Date

Dim epoch As Long

Dim idx As Integer

Dim tagVal As Tag

epoch = unixTime()

secs = epoch - LastEpoch

If (secs < 38) Then
TextStatusWoS.Caption =
Exit Sub

End If

"Called " & secs & " seconds a

Give it more time when we are initalizing
If Not (ButtonSyncToW0S.Caption = "w0S"™ Or ButtonSyncToWO0S|
If {(secs < 98) Then
TextStatusWoS.Caption = "Still working " & secs &

Exit Sub
End If
End If
fname = "c:\\wOS\\alarm_schema.txt"

If oFS.FileExists(fname) Then
modified = oFS.GetFile{fname).Datelastmodified
If (SchemaInfo.ReadTime < modified) Then
LastEpoch = unixTime() ‘give it more time

ButtonSyncToW0S.Caption = "schema " & Schemalnfo.R
readTagInfoFile Schemalnfo, fname

ButtonSyncToW0S.Caption = "schema " & Schemalnfo.R
writeTaqUalues Schemalnfo, "c:\\wOS\\ALARMS\\sche




aClO Si

He\ﬁedenngs @

crosot sual Basi ome_g Displa ode

Edit View Inset Format Debug Run Tools Add-ins Window Help

-/ ¥ BRBA 9> ua BT R @/ In1.cal

IR
I

J ’7 & [a% [E % - DisplayCode [X] I(General) LI |(Declarations)
ro Ao C @E B
>4 = @ DisplayCode (Home.gfx)
=3 FactoryTalk View Studio Dim fname As String
[ =53 HMITags [ ThisDisplay Dim modified As Date
HFTaes | B Dlsplay(ode (Operatlon Dim epoch As Long
=1'_y Graphics B-E5 F- -—lae e Nim idv Ac Tntonow

[+ Displays

+ [a#] Global ( i

& Symbol
Libraries

+ fa Images

[#] Paramet

%0 Rempeﬂ

T% Events
EAE Macros
&) Ciient K
=3 Data Log
= &P Data Lo
r If oFS.FileExists(fnane) Then
= — . oFS.
Application | Commi modified = oFS.GetFile(fname).Datelastmodified
If {(Schemalnfo.ReadTime < modified) Then
-"I\)Sd{ ‘[CompactLc LastEpoch = unixTime() ‘'give it more time
- 3) Event Detector- k
) Set EmailAlert_Ch ButtonSyncToW0S.Caption = "“schema " & Schemalnfo.R
%C"'"“ag:a‘:f’u"w readTagInfoFile Schemalnfo, fname
i) CheckEmail Alerts
Lo Set Pl Ch ButtonSyncToW0S.Caption = "schema " & Schemalnfo.R
writeTaqUalues Schemalnfo, "c:\\wOS\\ALARMS\\sche




@) FactoryTalk View St
File View Settings

O &k

/a8 Microsoft Visual Basic - Home gfx - [This
& Hle Edit View
2 3-4d

7
DisplayCode (Home.gfx)
y FactoryTalk View Studio
m ThisDisplay
- @ DisplayCode (Operation_
=)'y Graphics = Froot e e
¥ Displays ’
+ % Global C &
& Symbol
+ E Libraries
+ B Images
[#] Paramet
20 Recipes

=]'=y Logic and (
+ .;" Derived
+{3) Events

+ (4] =
B8 Cient K

-1'_y Data Log
= &f Data Lof
=] Data

Application I Commt

d) Set {-:[CompactLc N
) Event Detector- I
) Set EmailAlert_Ch
QConmatd or Macr
) CheckEmail Alerts

i

Main Accumulator Pressure

Effort

|

Grafana - Monroe Dashl: X

C' @ Secure | https://b23.natelenergy.com/qgr
1.50K
148K &
)
145K 3
w
z
=
143K -
0
140K €
o
w
1.38K
51 5/2 5/3 5/4 5/5 5/6 5/7 5/8 5/9 5/10
== Main Accumulator Pressure == Belt Tension Cylinder Pressure == Belt Tension Accumulator Pressure
Wicket Gates and Servo Valve
5V
90
4V
80
70 3V
60 2V
50 2
e—_ 1 \/
40
oV
5/1 5/2 5/3 5/4 5/5 5/6 5/7 5/8 5/9 5/10

== Wicket Gate Position == Servo Voltage

PID Controllers

1.0 5V
4V

0.5
3V

0
2V
=0:5 1V






What about custom content?

https://github.com/ryantxu/ajax-panel

= PANEL

r'—ﬁ,, AJAX

WAA L byryantxu

’ AJAX panel for grafana



Web Cameras

179 kW

Sunday
8:15 AM
2017-04-30

Generator Power (kW)

300 kW

200 kW | Ep— =

100 kw 4

0kw

4/2820:00 4/2900:00 4/2904:00 4/2908:00 4/2912:00 4/2916:00 4/2920:00 4/3000:00 4/3004:00 4/3008:00 4/3012:00 4/3016:00 4/3020:00 5/100:00 5/104:00 5/108:00

== Power output smoothed Max: 202.19 kW Target power Max: 200.00 kW

Hydraulic System

25K
20K
1.5K
1.0K

500

Main Accumulator Pressure

0

145K
1.44K
143K
1.42K
141K
1.40K

1.39K

4/28 20:00 4/2900:00 4/2904:00 4/2908:00 4/2912:00 4/2916:00 4/2920:00 4/3000:00 4/3004:00 4/3008:00 4/3012:00 4/3016:00 4/3020:00 5/100:00 5/104:00 5/108:00

== Main Accumulator Pressure

== Belt Tension Cylinder Pressure == Belt Tension Accumulator Pressure

[wN] anbaoy

$94Nssald UOISUa] Jjog



The team loves It...



The team loves It...
and want more!

What about data/performance analysis?



Efficiency

Effiency vs Head Coefficient



Plot.ly for non-time series

Efficiency

Effiency vs Head Coefficient

=| PANEL

s Plotly
ege
' | ' l by Natel Energy
Plotly panel for grafana



Qb OrD O - Mosagr 5 2 00 (> Ot oo ©
speed o e | o | || e | T | e
1005 37.22kW 3.91kw 209 kW 265A 263A 281A
5m
117.8 rpm o
250m
o

Totl Tension

8.2

3

N

o

o

3

3
‘Torque (xNm)

380.0mm

Outdoor Temperature

10°C

‘Vertical Vibration ()

N/Ag

Adal Vibration 2)

N/Ag

N/Ag

4400 ROW
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Control System Update



System Needs:

e Remote Monitoring & Diagnostics
e Direct System Control
e EXxpert vs Novice operator



Issues with off-the-shelf Grafana



Issues with off-the-shelf Grafana

Zooming from micro to macro problems
What units are these variables in?
Non-numeric values... FFT, Strings.

No X,Y plots.

Need Fault display / control.

Need Ul for command and data input.

-
-
-
-
->
-

Custom influx datasource.

Sync units/comments from PLC.
Panels for FFTs and Strings.
Panel for X,Y (plot.ly)

Panels for faults.

Panels for buttons and data input
for plant control.



’ The “Cloud”

InfluxDB Grafana

Data

https:// Access

upload

Operator

Browser




A 11 Cloud”

InfluxDB Grafana

Data

https:// Access

upload
Live
Status

Plant Operator

PLC Browser




‘natel/ap X

"movingAverage": "MAIN.plant.turbine.speed.movingAverag

}s
A oo (¢} natel/api/status.json {
"measurement”: "turbine",
"site": "Freedom", “period”: "Cyclic",
"state": { "interval": 1000,
"running”: true, "name": "pressureletDeflectorAir_avg",
"notice": 151974079373, "path": "MAIN.plant.turbine.pressureletDeflectorAir.mov
"update": 1519740726000, "units™: “"pressurepsi”
“"when": 1519740727007, Ilunl S P . psi-,
"started": { type": "REAL",
"agent": 1517239217775, "comment": "Used to raise the jet deflector. (smooth)",
"realtime": 28800024 "influx": "FLOAT",
; } "logging": false,
u;dsu:{__} "faults": [
1 “fields": "MAIN.plant.turbine.pressureJetDeflectorAirFault"
e Real Time Controller e’ | ;
B
”mea?ur‘ement”: "'turbine", "last": [
“p.:erlod | Cyclic", 0.03259311,
interval”: 1000,
"name": "velocityRatioBladeOverJet", 1519740726770
a e gen "path": "MAIN.plant.turbine.perform.vel( 1
"type": "REAL", },
"influx": “"FLOAT", {
. . . "logging": true, ;
e Publish Variable List e “measurenent”: "turbine",
o, "period": "Cyclic",
Q 1519740726770 "interval": 1000,
o Manage data Iogglng 1 "name": "pressureJetDeflectorAir”,
. z’ "path": "MAIN.plant.turbine.pressureletDeflectorAir.ins
. Exposes erte APl "measurement”: "turbine", "units": "pressurEPSill—'
"period": "Cyclic", "type": "REAL",
"interval": 1eee, "comment": "Used to raise the jet deflector.",
"name": "velocitylet”, ) "influx": "FLOAT",
"path": "MAIN.plant.turbine.perform.vel( " ing": fal
"units": "velocityms", .°gg1ng : Talse,
“type": "REAL", "instrument": {
ra ana "influx": "FLOAT", "InstrumentNum": 23,
“logging": true, "Description": "Pressure Transmitters",
. "last": [ " w. o "
Manufacturer": "Prosense
e Simple Local Ul .. ense” ..
1519740726770 ManufacturerPartNum": "SPT25-20-0200A",
. ] "PowerVoltageMin": 9,
o WebSOCket Strea ' |ng 3 "PowerVoltageMax": 36,
{ ) "PowerVoltageUnit": "vdc",
"measurement”: "turbine",

"period": "Cyclic",

"PowerCurrent": 4,
"pavarClirrantlini+" s "mA"



Custom Datasource

Fields from PLC/config file

Syncs units from PLC/documentation
Websocket for current value & recent history
Delegate to Influx for historic data



©

# O »n o+

88 Field Configuration - e w @
Agent ~

Search Tags - — Add Filter - v

B Measurment / Field Log Period Type Value Comment

@ constants 4

B plant 4
waterTemperature_avg « A & « 1Hz Cyclic REAL 13.28°C Temperature sensor inside the tank (smooth)
waterTemperature A @& O Cyclic REAL 13.28°C Temperature sensor inside the tank
unexpectedMotion OnChange BOOL false Check if something is moving when the state
turbineSpeedController_targetSpeed_min (&' Config REAL 0 rpm
turbineSpeedController_targetSpeed_max (& Config REAL 400 rpm
turbineSpeedController_targetSpeed & v OnChange  REAL 0rpm The requested speed for the generator
turbineSpeedController_stateCurrent v OnChange elLoopTurbineSpeedStates  Aborted Current state of the generator vfd
turbineSpeedController_speedStopping (& Config REAL 50 rpm Speed to go down to when stopping.
turbineSpeedController_isAtTarget OnChange BOOL false TRUE if the generator is at it's target
turbineSpeedController_gearRatio (&' Config REAL 3.20 Ratio of speed of generator shaft to turbine s!
torque_torque A @& ¥ 4Hz Cyclic REAL 10.86 Nm

Tank Level
torque_spe: Omega ¥ 4Hz Cyclic REAL 0rpm
LVU2718
torque_pow ¥ 1Hz Cyclic REAL 0 kw
Not Calibrated & Not Hooked Up

tankWaterLevel_avg ﬁﬁ A ¥ 1Hz Cyclic REAL om Tank level sensor (smooth)
tankWaterLevel A @& A Cyclic REAL om Tank level sensor

state v OnChange elLoopStates Aborted The current place in the big-loop state achine



s +

»

88 Field Configuration ~

Search Tags

Measurment / Field

constants

B plant
waterTemperature_avg « A &
waterTemperature A @& O
unexpectedMotion
turbineSpeedController_targetSpeed_mit
turbineSpeedController_targetSpeed_ma
turbineSpeedController_targetSpeed %)
turbineSpeedController_stateCurrent
turbineSpeedController_speedStopping
turbineSpeedController_isAtTarget
turbineSpeedController_gearRatio (&

torque_torque A &

Tank Level
torque_spe Omega
Lvu2718
torque_pow
Not Calibrated & Not Hooked Up

tankWaterLevel_avg @0 A
tankWaterLevel A @& A

state

@ tankWaterLevel_avg

Info Instrument Calibration

LOOP-CABINET // Terminal: 7

"PartNum”: "EL3054",
"Position™: "5",

"Channel™: “"Channel 2",
"Type™: "ANALOG",
"EtherCATLOw": 0,
"EtherCATHigh": 32767,
“TerminalElectricallow”: 4,
"TerminalElectricalHigh": 20,
"TerminalElectricalUnit": "mA"™

mn
]|
N
=
==
b6
BTW
=
hh
i
==
8“6

Wiring

Cables:

"Cabinet™: "LOOP-CABINET",
"CableId": "tankLevelSensor",
"Color": "Grey",
"Conductors™: [
{
“Purpose”: "Input 2",
"Position": "5"
b
{
“Purpose"”: "24 V",
"Position": "6"



S Data Source  Big Loop ~

xhrStatus: "complete”

v request: Object

“"GET"

url: "api/datasources/proxy/18/query"

method:

vparams: Object
db: "big loop™
q: "SELECT mean("“speed avg") FROM “"turbine"™ WH
epoch: "ms"

null

precision: "ms"

data:

v response: Object
vresults: Array[1]

»0: Object
v A SELECT turbine - ©
FIELD SHOW v | rpm
ALIAS velocityRatioBladeOve¢
velocityjm
v A Add Query velocity!r

velocityBlade

taraue ave

xh

Data Source ~ Big Loop ~

rStatus: “complete™

vrequest: Object

vr

"GET"
url: “api/datasources/proxy/18/query"

method:

v params: Object
db: "big loop"

q: “SELECT mean(“speed_avg") FROM "agg 1h"."turbine"™ WHERE time >= now() - 90d"

epoch: "ms"
data: null
precision: "ms"
esponse: Object
vresults: Array[1]
»0: Object

Use]resultsfoffcontinuous]
quenyjrathedthan]GROUPIBYATh

SELECT turbine - O

FIELD SHOW Y speed_avg rpm Turbine shaft speed. (smooth)
ALIAS Formatas  Time series ~
Add Query

InfluxDB#7198




Field Display / Editor

Plant Control Pump Control Turbine Control Nozzle Control (TODO)
Current State Aborted Request & Orpm Request & 275rpm Target % & 100%
Safe Start Safe Start Actual @& Orpm Actual @A Orpm Current% A ©® 0%

Force Start _ Purging Speed 150 rpm MIN 0rpm

Turbine Head -1m Gear Ratio 3.20



Field Display / Editor

Plant Control Pump Control Turbine Control Nozzle Control (TODO)
Current State Aborted Request & Orpm Request & 275rpm Target % & 100%
Safe Start ‘ 1
sfesta O request_turbineSpeed

Force Start

Force Start -

300 rpm

Comment

(& Write Cancel



Field Display / Editor

Fields General Options "

Agent big-loop v
Time Hide v
Key Width (]
Fields
v 1  Section: Condition: + - = o
Request plant.request_turbineSpeed ~ Writeable ~ Info @ Write (& + Config & v o
Actual plant.torque_speed v Value v Info @ + Instrument A + Instrument @& + v
MAX plant.request_turbineSpee.. v Value v Info @ Write (&' 290
MIN plant.request_turbineSpee.. ~ Value - Info @ Write (&' 2>V
Gear Ratio turbine.gearRatioAsConfig.. v Value v Info @ Write (& + o
+ Add Field

» 2+ Add Section



State Machine Transitions

v State Machines

Energized

Loop -

PumpContro-

GeneratorCo

v State Machines

RE St AutoStarting Running ShuttingDown Ready

Ready Purging RPMControl Shuttir Ready

ShuttingDc Ready
Loop: M Running (35%) ™ Ready (28%) M AutoStarting(19%) M ShuttingDown (15%) M StartingNotice (2%) M Online (0.09%)
PumpController: i Ready (53%) M Purging (24%) M RPMControl (16%) M ShuttingDown (6%)
GeneratorController: M RPMControl (60%) = Ready (31%) M ShuttingDown (9%)

Ready RPMControl



State Machine Transitions

v State Machines

Energized 2 PANEL

oo

PumpContro HIlN =

GeneratorCo Hmnin DISCI'ete
HE miE by Natel Energy
|

I8 W Discrete Events grafana

v State Machines

Sti AutoStarting Running

Purging RPMControl
RPMControl
Loop: M Running (35%) Ready (28%) M AutoStarting(19%) M ShuttingDown (15%) ES

PumpController: i Ready (53%) M Purging (24%) M RPMControl (16%) M ShuttingDown (6%)
GeneratorController: m RPMControl (60%) Ready (31%) M ShuttingDown (9%)




State Machines

72 Grafana - Big Loop - Stai X Grafana - Big Loop - St

< C' | @ https://b23.natelenergy.com/grafana/dashboard/db/big-loop-state-diagrams?orglc

> - B2 BiglLoop - State diagrams - % @ L < ZoomOut » Olast6hours &

Turbine State

T

Turbine State

S EE
B e




State Machines

Grafana - Big Loop - Stai X Grafana - Big Loop - Sta' X

¥~

& C' @ https://b23.natelenergy.com/grafana

€ ZoomOut » @Llast6hours =

Turbine State

Turbine State

INITIALIZING

On Fault




State Machines
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€ ZoomOut » @ Last6 hours

Turbine State

Turbine State

On Fault




State Machines

Grafana - Big Loop - Stai X Grafana - Big Loop - Sta' X

¥~

& C' @ https://b23.natelenergy.com/grafana

€ ZoomOut » @Llast6hours =

Turbine State

Turbine State

STARTING

On Fault




State Machines

Grafana - Big Loop - Stai X Grafana - Big Loop - Sta' X

¥~

& C' @ https://b23.natelenergy.com/grafana

€ ZoomOut » @ Last6 hours

Turbine State

Turbine State

RUNNING
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©

0.014

0.012]

0.01

0.008

Magnitude (g)

0.006|

0.004}

%2 Belt Tester -

0.5

Back to dashboard € Zoomout » @ Feb 22, 2018 20:00:00 to Fe... [4]

1.5
Multiples of: 1.963 Hz
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Bearing is running at high RMS vibrations.
AbortedAllowAntilcing / RapidDepower / When: Above 1.5/ Value: 0 g

beltldlerTopDownstreamPTO_vibrationPeakFault

Bearing had a peak vibration spike
AbortedAllowAntilcing / RapidDepower / When: Above 2 / Value: 0 g

beltldlerTopDownstreamPTO_temperatureFault

Bearing is running at high temperature
AbortedAllowAntilcing / RapidDepower / When: Above 50 / Value: 5.25 °C

beltldlerTopDownstreamNPTO_vibrationRmsFault

Bearing is running at high RMS vibrations.
AbortedAllowAntilcing / RapidDepower / When: Above 1.5 / Value: 0 g

beltldlerTopDownstreamNPTO_vibrationPeakFault

Bearing had a peak vibration spike
AbortedAllowAntilcing / RapidDepower / When: Above 2 / Value: 0 g

beltldlerTopDownstreamNPTO_temperatureFault

Bearing is running at high temperature
AbortedAllowAntilcing / RapidDepower / When: Above 50 / Value: 5.15 °C

beltldlerBottomUpstreamPTO_vibrationRmsFault

Bearing is running at high RMS vibrations.
AbortedAllowAntilcing / RapidDepower / When: Above 1.5/ Value: 0 g

beltldlerBottomUpstreamNPTO_vibrationRmsFault

Bearing is running at high RMS vibrations.
AbortedAllowAntilcing / RapidDepower / When: Above 1.5/ Value: 0 g

beltldlerBottomDownstreamPTO_vibrationRmsFault

Bearing is running at high RMS vibrations.
AbortedAllowAntilcing / RapidDepower / When: Above 1.5/ Value: 0 g

beltldlerBottomDownstreamNPTO_vibrationRmsFault

Bearing is running at high RMS vibrations.
AbortedAllowAntilcing / RapidDepower / When: Above 1.5/ Value: 0 g

bearingldlerMainPTO_vibrationVerticalRmsFault

Bearing is running at high vertical RMS vibrations.
AbortedAllowAntilcing / RapidDepower / When: Above 1.5/ Value: 0 g

3

Faults



(¢ DbeltldlerTopDownstreamNPTO_temperatureFault x

Bearing is running at high temperature I a u I tS

Enabled 4 Operator Enabled

When Above M
Threshold 50

Endpoint AbortedAllowAntilcing <
Depower RapidDepower 7
Duration (s) 5 Time the condition needs to be hit.
Release (s) 1] Clear the fault if OK for this time

Z save Cancel



Plant Control Pump Control Turbine Control
Current State Aborted Request & Orpm Request & 275rpm
Safe Start Safe Start Actual @ Orpm Actual @A  Orpm
Force Start ! MAX 600 rpm MAX 400 rpm
Force Start ! Purging Speed 150 rpm MIN 0rpm

Turbine Head -1m Gear Ratio 3.20
e o
System State

Energized No Power

turbine

¥ 320K %4 Disabled

plant

¥ 2InFault @ 120K Nl4 Not Evaluated % 6 Disabled

@ Rap

dC

ver / AD ed/ wANt N urrent scena

buttonPanels_turbineEstopFault
E-stop near the turbine was pressed.

v

buttonPanels_controlRoomEstopFault
E-stop in control room was pressed

v

Faults

i Since February 27,2018 12:08 AM AbortedAllowAntilcing / RapidDepower / When: False / Value: false

t Since February 27,2018 12:08 AM AbortedAllowAntilcing / RapidDepower / When: False / Value: false

Nozzle Control (TODO)

Target %

Current %

Live View

&

AO

100%

0%

4

©4:26:13PM

Faults












MILLFOUND NX11110 NX13300N
MILLFOUND
No data to show @

125
1.00 T
0.75
0.50
0.25

0

2/22 2/24 2/26

== Used == Issued

[Tl

Currently Active Licenses (NX, etc)
note, the time query does not matter. These are the last known values

Request NX License

Click to request a license. This will log the request and broadcast a message to #nx_license

NX11110
who computer
rodrigo natel-ral-p51
abe natel-ads-p51
7 1.25
6
s [J 1.00
4 0.75
3 0.50
2
1 ! 0.25
0 0

2122 2724 2/26

== Used == Issued

[ 1

NX13300N

No data to show @

2/22 2724 2/26

== Used == Issued

[N

[

2/21 00:00 2/2112:00 2/22 00:00
== MILLFOUND == NX11110 == NX13300N

2/2212:00

2/23 00:00 2/2312:00 2/24 00:00 2/2412:00 2/25 00:00 2/2512:00

2/26 00:00

2/26 12:00 2/27 00:00 2/27 12:00



A
Ao s

KJ\\_

» >| ) .v b - \ .“ “‘ p L " A I\ - /\\ - Al
0 kw
2008-1 2008-2 2008-3 2008-4 2008-5 2008-6 2008-7 2008-8 2008-9 2008-10 2008-11 2008-12 2009-1
== TO5 Avg: 200 kW == Site Avg: 2.004 MW == T02 Avg: 271 KW == TO03 Avg: 231 kW == T04 Avg: 215 kW ==TO1 Avg: 355 kW == T06 Avg: 180 kW
e TOVT Avsrs 1EN AN TNO Avsrs 1A AN TNRO Avsrs 12N AN TN Avsns 110 AN
¢ Y Filter...
Name Status (CHOICE) Type (CHOICE) Head Flow Power Energy
@ Camiling RISmaincana... NEW_SITE IN_CANAL 601 1131 500.11208325000007 0

@  Opekiska Lock and Da... NEW_SITE EXISTING_DAM 6 151.92800000000003 5818.801 23176.0018



Plugins Plugins Plugins

Natel

~3 Upstream

Button Panel
=== Discrete
; Influx Admin
il Plotly
© surveillance Station

&) Swagger

USGS Water Services

|

Graph

Dashboard list

Button Panel

-

SVG Annotate

*

Singlestat

Agent
i

Discrete

&

Swagger

i)
Turbine State

Text
Electrical

Influx Admin

Plugin list

Heatmap
Fields
il

Plotly

Program

Alert List
Image

Surveillance St...

Status



Plugins Plugins Plugins

|||:+ New Panel Select a visualization

Natel il b

Graph Singlestat
3 T Y —_—
~ Upstream l -
_—
Text Heatmap Alert List
] ]
I
— |
Button Panel Dashboard list Row Agent
%= Discrete
Metric Display Electrical Fields
nflux Admin ==
o
Image Button Panel Discrete
ilil| Plotly =
o o il
@ Surveillance Station FFT Influx Admin Plotly
&) Swagger Surveillance Station SVG Annotate Swagger
Turbine-Slate Plugin list Program
USGS Water Services



Influx Admin

22 InfluxDbB Admin - v @ -3 ZoomOut @ Last1hour &

datasource B23 (influx - admin) ~

16s

16s

15s

15s

15s

14s

14s

14s

14s

SELECT mean(sprocketPosition) FROM beltTester WHERE time >= 1518457157182ms AND time <= 1519666757@32
SELECT last(*) FROM turbine1; SELECT last(*) FROM system; SELECT last(*) FROM plant; SELECT last(*) FROM ful@l:
SELECT mean(tension) FROM beltTester WHERE time >= 1517247557694ms AND time <= 1519666757694ms GREDL
SELECT mean(sprocketPosition) FROM beltTester WHERE time >= 1514828358278 ms AND time <= 1519666758278
SELECT mean(sprocketPosition) FROM beltTester WHERE time >= 1517247557694ms AND time <= 1519666757@4
SELECT mean(tension) FROM beltTester WHERE time >= 1514828358278ms AND time <= 1519666758278ms GREDL
SELECT last(*) FROM turbine1; SELECT last(*) FROM system; SELECT last(*) FROM plant; SELECT last(*) FROM ful@l:
SELECT mean(sprocketPosition) FROM beltTester WHERE time >= 1509989958839ms AND time <= 1519666758@389

SELECT mean(tension) FROM beltTester WHERE time >= 1509989958839ms AND time <= 1519666758839ms GREDL

| 388ps | [Linternal | SHOW QUERIES )

datasource B23 (influx - admin) ~

[ SHOW FIELD KEYS FROM "plant"

plant
fieldKey
ambientTemperature_avg
barometricPressure_avg
buttonPanels_controlRoomFaultLight
buttonPanels_electricalRoomFaultLight
buttonPanels_energyLights
buttonPanels_pumpFaultLight
buttonPanels_turbineFaultLight
flow_flowSpeed

flow_flowVolume

Influx Query

big_loop

fieldType
float
float
boolean
boolean
boolean
boolean
boolean
float

float



Influx Admin

22 InfluxbBAdmin - v €2 B & Zoom ¢

datasource B23 (influx - admin) ~

16s

16s

15s

15s

15s

14s

14s

a SELECT mean(sprocketPosition) FROM beltTester WHERE time >= 1518457157182ms AN
g SELECT last(*) FROM turbine1; SELECT last(*) FROM system; SELECT last(*) FROM plant;
g SELECT mean(tension) FROM beltTester WHERE time >= 1517247557694ms AND time <
a SELECT mean(sprocketPosition) FROM beltTester WHERE time >= 1514828358278ms AN
E SELECT mean(sprocketPosition) FROM beltTester WHERE time >= 1517247557694ms AN
g SELECT mean(tension) FROM beltTester WHERE time >= 1514828358278ms AND time <
a SELECT last(*) FROM turbine1; SELECT last(*) FROM system; SELECT last(*) FROM plant;
a SELECT mean(sprocketPosition) FROM beltTester WHERE time >= 1509989958839ms AN
E SELECT mean(tension) FROM beltTester WHERE time >= 1509989958839ms AND time <

SHOW QUERIES

PANEL

Influx Admin
by Natel Energy

InfluxDB admin for
grafana

big_loop

fieldType
float
float
boolean
boolean
boolean
boolean
boolean
float

float



USGS Water Services

40000 cfs
35000 cfs
30000 cfs
25000 cfs
20000 cfs

15000 cfs
2/2100:00 2/2112:00 2/2200:00 2/2212:00 2/2300:00 2/2312:00 2/2400:00 2/2412:00 2/2500:00 2/2512:00 2/2600:00 2/2612:00 2/2700:00 2/27 12:00

== Discharge, cubic feet per second

GfG,Dh General Metrics Axes Legend Display Alert Time range x
=] Data Source USGS ~ » Query Inspector
A SERVICE: Instantaneous ~  SITE: 01646500 Q  POTOMAC RIVER NEAR WASH, DC LITTLE FALLS PUMP STA &' = ® 1w

O Temperature, water, degrees Celsius, 4.1 ft from riverbed (middle)

O Temperature, water, degrees Celsius, 1.0 ft from riverbed (bottom)

O Temperature, water, degrees Celsius, 7.1 ft from riverbed (top)

O Temperature, water, degrees Celsius, From multiparameter sonde

& Discharge, cubic feet per second AS:

O Gage height, feet



USGS Water Services

40000 cfs
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30000 cfs
25000 cfs
20000 cfs

15000 cfs

2/2100:00 2/2112:00

== Discharge, cubic feet per second

Graph

General

S Data Source USGS ~

v Object

2/22 00:00

Metrics

2/2212:00

VN

JARNINC

2/23 00:00

Legend

2/2312:00

Display

2/2400:00 2/2412:00  2/2500:00
Alert Time range
me o
alues are qualified as |
may b 1 r
rm. . for
tc ate r t

2/2512:00

2/2600:00 2/2612:00 2/2700:00 2/27 12:00

¥ Query Inspector

Mock Response @ Expand All I Copy to Clipboard



Surveillance Station



