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FEWS Implementations Timeline in North America
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NWS — Community Hydrologic Prediction Service (CHPS)

NWS river forecasts — http://water.weather.gov/ahps/forecasts.php

science for a changiog work]

5 e kel

Alaska

Hawaii

Puerto Rico

» Switch Basemap

Reset View

Ottawa

" TorontgOv
O »

%

Montreal o

Click on the map or select one of the data views
below:

United States v
NWS Weather Forecast Offices v
NWS River Forecast Centers ad
Water Resources Regions >

O Probability and forecasts available
O Forecasts available

3616 total gauges
Show all locations in flood (26)

B 1 Gauges: Major Flooding

Bl 9 Gauges: Moderate Flooding

[ 16 Gauges: Minor Flooding

[] 30 Gauges: Near Flood Stage

[ 1588 Gauges: No Flooding

[ 229 Flood Category Not Defined
I 5 At or Below Low Water Threshold
[ 84 Gauges: Forecasts Are Not Current
[ 1641 Gauges: No forecast within
selected timeframe

B 13 Gauges: Out of Service

Show all locations



NWS — CHPS + National Water Model (NWM)_

National Water Model — http://water.noaa.gov/documents/wrn-national-water-model.pdf

* Current (Yellow) — CHPS
- ~4000 forecast points

* Future (Blue) — NWM
- ~2.7 M forecast points



http://water.noaa.gov/documents/wrn-national-water-model.pdf

http://water.noaa.gov/man

NWS — National Water Model
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NWS — NWM data in FEWS
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BPA — Bonneville Power Administration (Streamflow) Y s
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BPA Streamflow (Water Suppl

Forecasting

Snowpack-driven water supply forecasting
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BPA Streamflow - Verification

Ensemble Verification System (EVS) and Open Archive

« Development started at NWS Office of Hydrologic Development...led by James Brown
*  Now at Hydrologic Solutions, Ltd (UK)...continues to develop EVS

* Open source (https://amazon.nws.noaa.gov/ohd/evs/evs.html)

« EVS is more than just ensembles...can also verify deterministic forecasts
« Powerful system utilizing most commonly used verification metrics

« EVS accesses the simulated forecasts stored in the Archive via the FEWS Pi-Service
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https://amazon.nws.noaa.gov/ohd/evs/evs.html

BPA Streamflow — EVS & Archive
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BPA — Bonneville Power Administration (Reservoir

BONNEVILLE

POWER ADMINISTRATION

Deltares usa
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BPA — Role within Columbia River basin

Federal Columbia River Power / Transmlssmn System (FCRPS)

« The US Army Corps of Engineers and the Bureau of
Reclamation operate the federal dams for multiple
public purposes:

* Flood Control

* Navigation

 Fish protection operations

o Endangered Species Act, Clean Water Act TR e o

* lIrrigation Po o A N> e |

- Recreation '

- Power production

MONTANA

e cuer~ 7"\

ONIWNOAM

\,AL IG;‘(')N;FT:;NIG; ' y I\ /N BPA Trarsmission Lines
) S NEVARA N — |
. BPAs Role 2
- Markets the power produced from the federal dams within the constraints and requirements for
other river purposes

* Primary high-voltage transmission provider in the Columbia River Basin
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BPA — Flexibilit

« Operational objectives/constraints on the FCRPS significantly reduce
flexibility of the hydro system
* Flood control, fish obligations, outages, etc.

 Flexibility further affected by uncertainties
- Streamflow, Load, Wind, etc.

« Optimize value of generation within remaining flexibility

* Need models with various objectives to solve a wide scope of operational problems
* Models for both “Real Time” and “Short Term” planning horizons

14



BPA — HERMES design in FEWS
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BPA — HERMES FEWS platform
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BCHydro — British Columbia (Canada) Hydro e
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BCHvdro — Water Supply Forecasting

Quick Facts
« Serves 95% of BC (1.8 million customers)
« 11,300 MW capacity (3rd largest in Canada)
* 99% hydroelectric and 1% thermal

Modeling

- RAVEN
* Flexible, modular (UBC Watershed Model)
* Lumped to semi-distributed
 http://www.civil.uwaterloo.ca/jrcraig/Raven/Main.html
 Ensembles
* Multi-parameter (GLUE) — 20 parameter sets / basin
- ESPof ESP
* Restart and state update at monthly time steps
« Uncertainty in snow accumulation and ablation

18


http://www.civil.uwaterloo.ca/jrcraig/Raven/Main.html

BCHydro — ESP of ESP

Bl -3 - QAKX QU R em | Fl 5 BB e Aagﬁl{%-hi e Sample [ <Select a sample function> v | Functions | < Select a statistical function >~ |
[

== =Gl == i s ] Revelstoke
QLsim Ql.sm Ql.sm Ql,sim Ql.sim Qi.sim I )
(cms; (cms) (cms (cms) (cms) (cms) 420001 —[1] QLsim (ESPOfESP)
Lbnl Letonk detod Setrd o, e bk debnk | l.)}S.OOO:
tetol istol detok Itk | Revelstoke Revelstoks | 1300000 1
UBCWM_Revek| UBCWM_Revelstc] UBCWM_Revelstc| LBCWM_Revelste| UBCWM UBCWM_Revelst] iigx
[ 6] m 8] ) 1.225.000 1
ESPofEse ESPofESP ESPofESP ESPofESP ESPofESP | 1,200,000 {
3 4 s 6 1175.000 {
vy el 150,000 1
50.829 50.829 g
46.916 %6.916 3006001
48,861 48.861 el
85.998 85.998 g
92.458 92,458 1.025.000 1
74.510 74,510 1,600:000 1
99.838] 95.838] 575.%00 1
111.041 111041 050000 {
97.020 97.020 525.000 4
80.210 80.210 900.000 {
64.013 64.013 $75.000 .:
53.679| _S3.673 [l £50.000 {
K72 9.722 625,000 1
X7) Fy V) 200,000 4
44,744 44,744/ Z5.000 4
fages0ie 0100 x m g 237 750,000
04-06-2015, 01:00 _83.410, _80.471 101.221) g 75001
04-07-2015, 01:00, 78.914) 104.777 132,307 5 700,000 4
04-08-2015, 01:00 71,927| 114,304 104.724 8 675.0001
04-09-2015, 01:00/ 59.860] 116,434 83.053, 2 o0
04-10-2015, 01:00 85.367 134,025 75.029 E 650001
04-11-2015, 01:00 199.0221 131,145 72.186 122.859, brcseropd)
04-12-2015, 01:00, 117.890] 138.831] 64,100 92.285| 575,000 1
04-13-2015, 01:00 84.057 143.045| 55.190 71.447| 84.057 550,000 {
04-14-2015, 01:00 62.578] 148,455 £6.170, 62.578, i
04-15-2015, 01:00 53.461! 146,997, 82.709| 53.461 Hosea s
04-16-2015, 01:00 9,951 128.156] 93.741 _%9.951 ::g
04-17-2015, 01:00 4%.178) 151,355, 78.706| %.178 00 1
04-18-2015, 01:00, 45.979| 243.929 74.572| 45.979. o |
04-19-2015, 01:00 52.814 304,335 76.383| 52.814 400.000 1
04-20-2015, 01:00, 65,535 262.690 95.489 65.535, 75900 1
04212015, 03:00 X 62442 ompod
04-22-2015, 01:00 60.992, 177.391 60.992 s
04-23-2015, 01:00) 65.712 176.626 65.712 sl
04-24:2015, 01:00, 429.714 91842 = 250,000 1
seer) |
e o — 200,000 4
04-27-2015, 01:00] g
04-28-2015, 01:00 s5aio
04-29-2015, 01:00/ 129,944 4 v W o
o 113,538 -‘ \ v !. }
Rt S 70254 { \
168,199 4269 1 '\‘:q-
226.742 25,0001
B3TR| il
268.167 L —
316.803 03.21.2015, C-u.'é—ils. 420,201, Os-ggtls. 05-20-2015. 06042015, 06192015, 07042015, 07.19.2015, 06032015, 08.18.2015,
v 00:00 ot 0000 : 00:00 0000 0000 00:00 00:00 0000 00:00
4 UBCWM_Revelstoke_Forecast_ESPofESP: [1] 03-15-2015, 01:00 POT
UBCWM_Revelstoke_Forecast_ESPofESP: (1] 03-15-2015, 01:00 POT

cose | o |



New Brunswick (Canada)

U.S. — Canada border
« St. John’s River

Strong relations with NERFC
Standalone system

Models
« SSARR
* Raven (UBC Watershed)
« HEC-RAS

Deltares usa




TVA — Tennessee Valley Authorit

~hid “SZ RIVERSIDE amec@

Deltares usa
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TVA — Hydrothermal Data Validation and I\/Ioi'delin

« Data validation and archival of water temperatures
* Previous: 3-5 days of staffing per month (paper reports)
« Current: ~4 hours per month
« Hydrothermal modeling
» Assist the power plants in maintaining environmental compliance for thermal river discharges
« Generate river temperature forecasts
« Coordinate use of cooling towers
« Coordinate river operations and hydro production
* Delft3D-FLOW reservoir models
«  Dynamic two-way coupling to near-field TVA slot-jet models
« COSUMO (Deltares software) handles coupling
* Intensive field campaigns to collect data under various scenarios (low flows, sloshing)
« Calibrate model to field campaign data
* Implement in FEWS

22



Dam discharges
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The Water Institute of the Gulf

THE WATER INSTITUTE
OF THE GULF

Deltares usa

25



The Water Institute of the Gulf — CERF

Coastal Ecomorphological Real-Time Forecasting (CERF) System

Forecast system for coastal Louisiana
«  Water level
- Salinity
*  Water temperature
« Sediment

Support the management of existing Mississippi Delta restoration projects
« Management of diversions

Support the design of large scale monitoring programs

Delft-FEWS platform with Delft3D as primary model
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The Water Institute of the Gulf — CERF

* River

« Hindcast — River Forecast Model

USGS/USACE

* Forecast — NWS = e & =

« Temperature gt o S ok B e e Atmospheric

« USGS with » g S | Forecast Model
extrapolation b, = '

* Hindcast & Forecast (GFS)

* Wind
« P&ET
» Temperature (heat flux,
Open Water — CIOUd cover, RH)
Hindcast/Forecast
« Tide
« ESTOFS
« Salinity
« HYCOM
« Temperature Gulf Forecast Model

« HYCOM
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The Water Institute of the Gulf — CERF
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ok oSt i gad o Workflow Delft3D_T027_V2_Hindcast Completed  *hessriwssvvassy 2
07-22-2016 20:34:25 INFO - Start time; 2016-07-22 20:34:25 End time: 2016-07-22 20:34:25 T0: 2016-07-20 12:00:00 User |d:common |
07-22-2016 20:34:25 INFO - TaskRun.Completed: Task Delft3D_T027_V2_Hindcast with ID 2493 _2 completed in 0s
07-22-2016 20:34:25 INFO - TaskRun,TimeSpent: TransformationModule 0s 17% datastore 0s 3% cache files 0 B database 0s 0% (2 ms/query,535 B, 54 kB/s, 4 queries, 1 rows) reloaded O B time series read 8 (unique=6) time series written 7 (changed=5) files 0s 0%
logging Os 0% gc 0s 0% cpu 86% max mem. 242 MB index mem. 9.4 MB db con. acquire time 0s 0% lock. acquire time 0s 0%
07-22-2016 20:24:25 INFO - DataStore, NewCurrentRun; Task run Delft3D_T0O27_V2 Hindcast (T0=2016-07-20 12:00, Dispatch=2016-07-22 20:34, Id=2493_2) is made current automatically
07-22-2016 20:34:25 INFO - Workflow. ActivityCompleted: Workflow Delft3D_T027_V2_Hindcast completed in Os
07-22-2016 20:34:25 INFO - Completed Activity 'Delft3D_T027_V2 _Discharge_MR_Forecast’ completed in 0s
07-22-2016 20:34:25 INFO - Started Activity Delft3D_T027_V2 _Discharge_MR_Forecast |

-

07-22-2016 20:34:25 INFO - Workflow. ActivityStarted: Workflow Delft3D_T027_V2 _Hindcast
6: Logs[ |9: Run Info| |7 : Forecaster notes




Idaho Power (IPC) — River, Reservoir. Meteo. Water Qualit
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ldaho Power (IPC) — River, Reservoir, Meteo "Water Qualit

ldaho Power (in progress)
« 3 separate groups — eventually merge configuration into one joint system
» Operational Hydrology (OH), Meteo Analysis, River Engineering (Water Quality)
 OH-RFS
 NWSRFS models for inflow forecasting
« Switching to RiverWare (CADSWES) for reservoir forecasting
* Meteo
« Grid analysis
* Provide OH the meteo forcings
« Forecast Mixer
* River Engineering
« HEC-RAS and CE-QUAL-W2 models for river studies
» Focus on water temperature
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IPC Meteo — Forecast Mixer
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Québec (Canada)

Wt

 §f o e

~

O

© pemms

Previs

eme

e
5 Ty

.;.

a«

~c.




OQuébec — Systeme Prévision Hydroloaique

Systéme de Prévision Hydrelogique (SPH) (Stand alone) =[5 é

Québec SPH (in progress)
o BE:2 W@ > PE0OE | 7
* Provincial Government TR © X Q ronesare 180 | Dok
* River and reservoir forecasting
 Models

»

[ | Acquisition d= données externes A
- &l Acguisition prévisions SRPD F
- ol Acquisition prévisions SGPD
-l Acquisition prévisions SPENA
- [l Acquisition prévisions MAM

i [l Acquisition prévisions GFS

i @ Acquisition prévisions GEFS

i @ Acquisition données Hydro-Québec

i @ Acquisition données Ville de Québec

‘- @ Acquisition prévisions MERFC

| Traitement de données externes

. Acguisition de données internes

Traitement de données internes
. Production de scénarios météarologiques
. Production de scénario d'opération de barrage

 Hydrotel (local university)
« Reservoir, uncertainty (in-house) | R
- Québec coded the adapters

=+ |, Modéle de neige
- # Simulation de la neige au sol - Observations

« Users and programmers  Fyckote-Mise & fur des tas
* quick learners of FEWS T8 B et - e
- 030201_000 - Saint-Frangois
- 051005_000 - Montmorency & Lac Jacques-Cart.

020602_000 - Dartmouth
« U.S. and Canadian met models o B e |
 Deterministic and ensembles e
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Warm state selection
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« Climate change studies
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Canada

FloodNet
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3 " 0 2% s 1,000 ~ SyStem
4 FloodNet Case Study Sites & Kilometers

FloodNet — NSERC CAFFEWS (in progress)

« Goal: common flood forecasting platform

« Currently no overarching national program

« Each province largely independent from neighbors

« Delft-FEWS is one of several software being considered
« WATFLOOD adapter
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