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B Disclaimer

DISCLAIMER

This information was prepared as an account of work sponsored by an
agency of the U.S. Government. Neither the U.S. Government nor any
agency thereof, nor any of their employees, makes any warranty, expressed
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness, of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. References herein to any specific commercial product,
process, or service by trade name, trade mark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the U.S. Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect
those of the U.S. Government or any agency thereof.
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Idaho Falls Power is municipal utility with five ROR

hydropower plants on upper Snake River
gl /,

Y

| | -+ Plants all connected to city’s distribution and sub-transmission
i system.

15

( .' . :
idaho Fl@llls ® \° Under normal conditions, plants are operated for maximum
egiona

Airpo\ 7 P 2 efficiency. Balancing is performed by Rocky Mountain Power.
‘ ' ' 8.9 MVA Upper Plant (ROR, Horizontal Kaplan Bulb)

8.9 MVA City Plant (ROR, Horizontal Kaplan Bulb)
Blackstart Field Demonstration

8.9 MVA Lower Plant (ROR, Horizontal Kaplan Bulb)
2 x 1.8 MVA Old Lower Plant (ROR, Vertical Francis)

22.6 MVA Gem State Plant, (Vertical Kaplan)
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Islanded Distribution Grid Black start: Successful
Field Demonstration with ldaho Falls Power
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Idaho Falls Power, with Idaho
National Lab, tests small
hydro S black start capabilities

& April 28, 2021 Z Peter Maloney
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I Islanded black start with ROR hydropower

From the December 2017 Field

BLACK START OVERVIEW  Wednesday, December 06, 2017

IWednesda . December 06, 2017 2 35:50 PM

Test
- Load stepping causes

frequency stability issues

—Potential trip off during black 3.0 MW = 3.5 MW

start S-S PO T

—Critical load carrying
capability is limited

* Hydrogovernor and frequency
protection settings need
adjustment

Grid Frequency

|
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Can energy storage integration
demonstrate improvement?
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UPS T&D Grid Support Bulk Power Mgt
Power Quality Load Shifting Pumped
Hydro

ow Batteries: Zn-Cl Zn-Air Zn-Br
PSB New Chemistries

NaS Battery
Advanced Lead-Acid Battery

Hours

» Ultracapacitor
—High power density
—Small form factor
—Enables mobility

High-Energy

Supercapacitors NaNiCl, Battery

Li-lon Battery
Lead-Acid Battery

High-Power Flywheels

High-Power Supercapacitors m

1kW 10 kW 100 kW 1 MW 10 MW 100 MW 1 GW
System Power Ratings, Module Size

Image Source: Akhil et. Al. (2015), “DOE/EPRI Electricity
Storage Handbook in Collaboration with NRECA”. IDAHO NATIONAL LABORATORY

Discharge Time at Rated Power
Minutes

Seconds




Jlll Steps to de-risk the field demonstration

Modeling
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Jlll RSCAD modeling for digital real-time simulation

Bulb-style Critical loads
hydropower plant on Idaho Falls
Power system

HPP

Z z
Loads

=

Maxwell cOCpOWwWer == Ultracapacitor

| w P T
Enabling Energy’s Future ( U CA P) Syste m
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AMETEK 540 kVA Grid Emulator

IDAHO NATIONAL LABORATORY




I Tektronix Current Probing Assembly
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Jll ‘Closed-loop” Power Hardware In-the-Loop Testing
| e |

RSCAD Model 12.47 kv (Y-gnd)/ Bus Vot What capacitance does the
0.48 kV (Y-gnd) e grid emulator see?
46 kV (A)/ (5.17%2) Frequency,
12.47 kV (Y-gnd) AMETEK Grid
(6.96% 2) ====31 Emulator (540 kVA)

ST1-1 _ 480 VAC Bus
4-16:V((AA))/ How to calibrate ?
46 kV :
(7.17% 2) Dynamic Curren \/'Ciii:;id .
Load Bank Injecto 7T -
(5 MW) Systen k -------- LY I
Lower Bulb Auxiliary
(8.9 MVA) EPC Povies Power
Converter Supply
(375 kVA) (208 VAC)
-F —
CH CAN UCAP 710 — 1000 VDC
. ,
Communications (8.9F) Trips at 650 VDC
1.24 kWh
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Jlll Ultracapacitor Characterization

C480vAC =

2 x 1000
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I Current Injection System
RSCAD Model

Rest of 480 VACBus
the Grid R
Phase K‘l;
L(kaed < - How to set
oop
K; DRL, K, and K;?
Sine Wave Dynamic k Amps (5(
e X ---GTAI
Generator _Q_) P
DRL
1000
V2
RMS

€
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Analyze DRL Sensitivity through f-Watt Responsive
Current Synthesis
RSCAD Model

Rest of

Frequency at Lower Bulb

Frequency: 60 Hz

Peak Magnitude: 27

Absolute Phase: ™

bl

Sawtooth
Wave
Generator
637.88 J'
\ 4
f-Watt Sine Wave
Curve Generator

the Grid

Phase
Locked

Loop [€

|
Sine Wave @
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Rate
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1000
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[l Set DRL
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Bl Set K, '

« Peak analog input to AMETEK grid [ e S R
emulator: 10 V S |z OVERSAMPLING FACTORS | SIGNAL ALIGNMENT DELAY OPTION

D/A OUTPUT SCALING J PROJECTION ADVANCE FACTORS
CONFIGURATION r ENABLE D/A OUTPUT CHANNELS

* Grid emulator’s line-to-neutral R
amplification faCtor: 40 . . . - . ) s.zzl'IName ‘:Z:hml1F'ea»'..3\|.|?fi:?pt!$t2[1 A out 5 e f.ll‘i\t‘:.lnlt ' - .

© Line-to-neutral peak value at 480 VAC | -~ || oo
bUS =~ 0.4‘ kV . 5 . . . . scl5 87.79 11

* 0.4%xK, =10
scl10 Chnl 10 Peak value for 5 Volts D/A out: units -1.0e6 1e6

[ ] K — 2 5 . . . . . . scl11 Chnl 11 Peak value for 5 Volts D/A out: 5 units -1.0e6 1e6
v scl12 Chnl 12 Peak value for 5 Volts D/A out: 5 units -1.0e6 1e6

1

1

1

1

Chnl 5 Peak value for 5 Volts D/A out units

Chnl 6 Peakvalue for 5 Volts D/A out

|

| units
scl7 Chnl 7 Peakvalue for 5 Volts D/A out

|

|

units -1.0e6

Chnl 8 Peakvalue for 5 Volts D/A out units -1.0e6

units -1.0e6

VrefA 10

scl13 Chnl 13 Peakvalue for 5 Volts D/A out 87.79 units -1.0e6 1e6

scl14 Chnl 79 units -1.0e6

4 Peakvalue for 5 Volts D/A out

VrefB 11
| s D/A out

6 Peakvalue for 5 Volts D/A out

1 1 1
scl15 Chnl 15 Peakvalue for units -1.0e6 1e6
1 1 1

Chnl units -1.0e6

VrefC 12

____________ Update || Cancel || CancelAl
OUTPUTTO
L 12 Channel GTAO
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B Set K;

RSCAD Model

46 kV (A)/
12.47 kV (Y-gnd)
(6.96% 2)

o

..

~
. (. GTAIx [~ 0
rtds_risc_ctl_GTAI 1| FrROMGTAI
ENABLE A/D INPUT CHANNELS | A/D INPUT SCALING ’ : L :
CONFIGURATION 2
Name Description Value Unit Min Max 3
scl1 Analog Input Signal #1 <= 1.0 10 units |-1.0e6 |1e6
scl2 Analog Input Signal #2 == 1.0 10 units  |-1.0e6 1e6
scl3 Analog Input Signal #3 == 1.0 10 units  |-1.0e6 1e6
scl10 Analog Input Signal #10 <-= 1.0 .02 units  |-1.0e6 1e6
scl11 Analog Input Signal #11 <= 1.0 .02 units -1.0e6 1e6
scl12 Analog Input Signal #12 == 1.0 .02 units -1.0e6 1e6
10
11
Update ‘ ’ Cancel } ’ Cancel All 12

INRUT FROM

L 12 Channel GTAI

Load
1k

| w)

K; = 78 from

12.47 kV (Y-gnd)/

Bus Voltage
0.48 kV (Y-gnd
(5 172% Zg)n ) and Grid IEmulator
' Frequency
AMETEK Grid
r=== GTAO [====2] Emulator (540 kVA)
|
480 VAC Bus 480 VAC Bus
Measured
Current e - ‘
f /’\ €--| GTAl |€-=—"" N —
B Dynamic AC
Load Bank
(155 kw)

Nr, [Emulator

1
K= —
Ny,
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I Test Sequence

E\lﬁgger Event Description

Bl UCAP ESS: Disable inverter operation. Current injection model:
"Disable’

B2 “Lower Bulb” Unit: Set “Initial Mode of Lock/FreeSwitch” to
“Lock™ under “Mechanical Data and Con-figuration”.

E3 Dynamic Load Bank™: Set the desired value for steady-state load.
Run load flow and initialize hydrgovernor turbine settings according

E4 to [6], [7]. This step must be repeated for each steady-state
electric loading and prior to stepload change.

ES Compile the draft file and load to RUNTIME.

E6 Start simulation and “unlock™ the “Lower Bulb Unit” from E2.

07 Apply a desired step load change on the “Dynamic Load Bank”
and observe frequency and other variables of interest.

ES8 Stop the simulation.
EPC converter: Load the desired f-Watt setting via the EPyQ GUIL.

E9 Enable inverter operation and current injection system from E1.

Repeat E2 - ES.
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-Test UCAP system injection rates

3 MW initial load, 375 kW step load up 60 , l
60 _ =© f-Watt Setting # 1
* —- — % i
=% f-Watt Setting # 2
50 o_ — & — —X‘ f-Watt Setting # 3| |
Asg . R0t & - - —a)- - -¢ |
N Ultracapacitor c \ é
= (45/50/55) 2 o= - =
> ‘ [T} | ' |
o 2,30
[
= o
o <
o _ O 20} |
™ No ultracapacitor =
57 | Ultracapacitor
(35/40/45) 10+ |
56 o | | |F I *
0 3.3 6.6 10 13.3 16.6 20 35 56 57 58 59 60
Time (s) Frequency (Hz)
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Il Observe UCAP response

0.2

0.15 P-F

0.1

MW

Power Injection from UCAP

0.05

(p-n--nuz!!!!!nlungnl
0 3.3 6.6 10 13.3
Time (s)

|480A 1480B 1480C

k Amps

Instantaneous Current
Injection at 480 VAC Bus

-0.2

049 33 6.6 10 133

Time (s)
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Il Test maximum step load size

2 MW initial load, testing response to varying step load ups

300 k

\

ka

A

375K

400 kW

Time (s)
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- Conclusions

« RSCAD Model is Publicly Available on GitHub
— https://qgithub.com/ldahol.abResearch/Hydropower Unit Models

* Key findings
— Pre-characterization of energy storage response drives the inverter control design.
— A systematic approach to real-time simulation model calibration with hardware
response can reduce effort and cost for PHIL preparation.
* Next steps

— Develop operational-mode-aware-coordination scheme between hydrogovernor and
inverter control for transient stability.

— Explore inverter integration beyond grid following mode operation and frequency
droop-based control to further improve islanded operation stability (e.g., lower the

ROCOF, dampen oscillation).



https://github.com/IdahoLabResearch/Hydropower_Unit_Models

I Questions & Feedback
S M Shafiul Alam
SMShafiul.Alam@inl.gov

Rojan Bhattarai
- Abhishek Banerjee
. Cliff Loughmiller
Brion Bennett
Nicholas Smith
Thomas M. Mosier
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