Appendix D: Webinar, “Forecast Informed Reservoir Operations,” by Hazen &
Sawyer

Forecast Informed Reservoir Operations

Drought Exercise

November 17, 2020



Outline

* OASIS Intro
* Forecast Options
* WMA Forecast Dashboard Demo

* FIRO Examples
» Aquarion Water Company (CT)

» Delaware River Basin

* Water Quality (Turbidity) NYC

* West Point Lake Flood Control (GA)
» City of Rocky Mount (NC)
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OASIS Software

Operational Analysis and Simulation of Integrated Systems

Reservoir

Inflow

Junction Junction

Reservoir

Flow through arcs

Volume stored in each reservoir

Delivery (volume) allocated to each demand node
... calculated every timestep for the period of record

Demand

Suite of programs for modeling the operations of water resources systems

Emphasis is on reservoir operations
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ICPRB OASIS
Model

The model was built in 2004
for potential use in operational
decision support

It was updated in 2012 as part
of a WRF climate change
study

It is currently being updated
again
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OASIS-PRISM Verification

2012 Comparison Shown; recent PRISM updates are currently being implemented in OASIS




OASIS Run Modes

Simulation Mode (Planning)

Total Inflow (cfs) Reservoir Storage (pot)
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Point Forecasts versus Ensemble Forecasts

Point Forecast (a single “most likely” value) rem 49
8 pm 48°
9pm 49°

Inflow Ensemble (one trace per year of record, assumed error, stochastic realization, climate change run, etc.)

3000

N

g 8

1500

:

500 -

Daily Avg Inflow (mgd)




Sources of “Skill” in Forecasts

Basin
Meteorological Condltlon_s Historical Data
Forecasts (e.g., Soil
Moisture)
Short term Medium term Long term
(2-5 days of skill) (2-4 months of skill)



Forecast Choice Depends on Decision-Support Need

Basin
Meteorological ndition L
orologica Sl S Historical Data
Forecasts (e.g., Soil
Moisture)
Short term questions Medium term questions Long term questions
i.e., likelihood of i.e., likelihood of JR i.e., likelihood of refill in
turbidity event in the Water Supply Call in next six to nine months
next two days the next three weeks
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Forecast Options

Forecast o Meteorologic Basin Historical
P al Forecasts | Conditions Data

Period of Record

Past Hydrology ICPRB unimpaired inflow used o
with PRISM and OASIS
: Adjust past hydrology
(Morljtlr?ls CRR 1) Iﬁ aP;ErS]/ for current soil moisture o ©
y using statistical method
eHirsch Not ready Adjust Hirsch for PY PY PS
(Daily GLM) for Potomac forecasted meteorology
Hydrologic NWS Middle Short and Mid-term
Ensemble Atlantic meteorological forecasts
Forecast River input to rainfall/runoff o o ®
Service Forecast model emulating current
(HEFS) Center basin conditions

Hazen



Inflow: Past Hydrology
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Inflow: Hirsch Method
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NWS’ Hydrologic Ensemble Forecast Service (HEFS)

Goal: quantify total uncertainty in flow

== Observed streamflow
== \Weather (forcing) uncertainty in flow

== Hydrologic uncertainty

Streamflow

Forecast horizon

* HEFS aims to “capture” observed flow consistently
* So, must account for total uncertainty & remove bias
* Total = forcing uncertainty + hydrologic uncertainty
Slide credit: Seann Reed, NOAA NWS MARFC



HEFS for Potomac River Basin
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Ensembles are Run Through OASIS Model and Sorted

Delaware System Usable Storage
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Example Using Hirsch Forecasts

Projected Levels for Lake Lanier under the MIOP
Based Current Conditions and Conditional Inflow Forecasts as of June 14, 2008

Lake Elevation

1080
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1045
1040
1035

7/14/2008 10/14/2008 1/14/2009 4/14/2009 7/14/2009

Date

Colored bands correspond to exceedance probabilities (the proability that lake levels will fall
within or above a given band on a given date) as shown below. The bold line is the median
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Sample Forecast for Little Falls

Simulated (Sept. 15, 2002)
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Companion Forecast for JR WS Storage
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ICPRB Demonstration Drought Dashboard

Note: these runs were not done with the updated model

» Explore the 2001-2002 Mid-Atlantic drought
» 2020 and 2040 demand/sedimentation projections (projected in 2010)

» Scenarios
* Baseline operations
* +50 mgd margin of safety (MOS) on Little Falls flow
+ 2020 and 2040 demands

Hazen
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Author:
Richard Tinker

CPC/NOAA/NWS/NCEP

U.S. Drought Monitor

+<  D3(AF) pq

DO(AF)
D1(AF)
D2(AF)

A}/ﬁ@

March 27, 2001
(Released Thursday, Mar. 29, 2001)
Valid 7 a.m. EST

Drought Impact Types:
r~ Delineates dominant impacts

A = Agricultural
F = Fire danger
W = Water (hydrological)

Intensity:

[] DO Abnormally Dry

[T] D1 Moderate Drought
[ D2 Severe Drought

I D3 Extreme Drought
I D4 Exceptional Drought

The Drought Monitor focuses on broad-
scale conditions. Local conditions may
vary. See accompanying text summary for
forecast statements.

95% mw;gﬁ @

http://droughtmonitor.unl.edu/ o0
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Author:
David Miskus

NOAA/NWS/NCEP/CPC

U.S. Drought Monitor

e <9

D3(AF)
(A 4}{01
o

7
D2(AF)
D1(AF)

April 10, 2001
(Released Thursday, Apr. 12, 2001)
Valid 7 a.m. EST

Drought Impact Types:
r~ Delineates dominant impacts

A = Agricultural
F = Fire danger
W = Water (hydrological)

Intensity:

[] DO Abnormally Dry

[T] D1 Moderate Drought
[ D2 Severe Drought

I D3 Extreme Drought
I D4 Exceptional Drought

The Drought Monitor focuses on broad-
scale conditions. Local conditions may
vary. See accompanying text summary for
forecast statements.

95% mw;gﬁ @

http://droughtmonitor.unl.edu/ -



Ul SI D r o ug h t M on i tor (ReleasAeE:Iirflrfi;, fporol’:, 2001)

Valid 7 a.m. EST

Drought Impact Types:
r~ Delineates dominant impacts

A = Agricultural

F = Fire danger

W = Water (hydrological)
Intensity:

[] DO Abnormally Dry
[T] D1 Moderate Drought
[ D2 Severe Drought

I D3 Extreme Drought
I D4 Exceptional Drought

Author:
Mark Svoboda w

National Drought Mitigation Center

The Drought Monitor focuses on broad-
scale conditions. Local conditions may
¢ o D3(AF ) vary. See accompanying text summary for

<8 £1 g AF) . !orecasrl statements.
D1

D
D2(AF) — =

" i 2> USDA : AN /)
D2(AF) — ¢ ' = &Vw~§§ @

Hazen ' ' D1(AF http://droughtmonitor.unl.edu/
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Ul SI D r o ug h t M on i tor (Releasx?'hyur:Jaf?ﬂ?ytl.‘i, 2001)

Valid 7 a.m. EST

Drought Impact Types:
r~ Delineates dominant impacts

A = Agricultural

F = Fire danger

W = Water (hydrological)
Intensity:

[] DO Abnormally Dry
[T] D1 Moderate Drought
[ D2 Severe Drought

I D3 Extreme Drought
I D4 Exceptional Drought

Author:
Mark Svoboda

National Drought Mitigation Center

The Drought Monitor focuses on broad-

Lo D3AR) e e e
Q AD1(AF) forecast statements.
_BSo1 | |- {__>=| USDA TP <,
D2(AF) =— = . =D () ()
Al S\ &Y W
% ‘ D2(AF) =\ J
Hagen D1(AF) http://droughtmonitor.unl.edu/ -




(Released Thursday, May. 10, 2001)
Valid 7 a.m. EST

U.S. Drought Monitor May 8, 2001

Drought Impact Types:
r~ Delineates dominant impacts

A = Agricultural

F = Fire danger

W = Water (hydrological)
Intensity:

[] DO Abnormally Dry
[T] D1 Moderate Drought
[ D2 Severe Drought

I D3 Extreme Drought
I D4 Exceptional Drought

Author:
Richard Tinker

CPC/NOAA/NWS/NCEP

The Drought Monitor focuses_ on broad-
D3( AF) zcale conditions. Laoc:-:l con:ma:s may .
d Q Q LD1( AF) !:r’eyé:;z:aizronmeﬁt:y b
_36 '{___>=| USDA 1 X &
D2(AF) — =~ P1 | |° . === ‘ (N
Hagen D1(AF) http://droughtmonitor.unl.edu/ -




(Released Thursday, May. 17, 2001)
Valid 7 a.m. EST

U.S. Drought Monitor May 15, 2001

Drought Impact Types:
r~ Delineates dominant impacts

A = Agricultural

F = Fire danger

W = Water (hydrological)
Intensity:

[] DO Abnormally Dry
[T] D1 Moderate Drought
[ D2 Severe Drought

I D3 Extreme Drought
I D4 Exceptional Drought

Author:
Richard Tinker

CPC/NOAA/NWS/NCEP

The Drought Monitor focuses_ on broad-
Ds( AF) 3ca/econd4tlon,sr; Laoc:-:lcon(:ltla:smay .
* Qo [DUAR) e
D ’ - o=
‘ . P '\ P
A6or || {>=|USDA G <
2 b DZ(AF)‘—"D ' = i e—— \/' =
' D1(AF) . ;
Hagen http://droughtmonitor.unl.edu/ -




(Released Thursday, May. 24, 2001)
Valid 7 a.m. EST

U.S. Drought Monitor May 22, 2001

Drought Impact Types:
r~ Delineates dominant impacts

A = Agricultural

F = Fire danger

W = Water (hydrological)
Intensity:

[] DO Abnormally Dry
[T] D1 Moderate Drought
[ D2 Severe Drought

I D3 Extreme Drought
I D4 Exceptional Drought

Author:
Richard Heim

NCDC/NOAA

The Drought Monitor focuses_ on broad-
,o  D3(AF) s S iy Bt e
/Q; LD1(AF) forecast statements.
DO . _ , Gt
Sor || = UDA P (F) &
_ % D2(AF) —— ' - Ve Y
D1(AF 2 i
Hazen (AF) http://droughtmonitor.unl.edu/ o8
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U.S. Drought Monitor May 29, 2001

(Released Thursday, May. 31, 2001)
Valid 7 a.m. EST

Drought Impact Types:
r~ Delineates dominant impacts
A = Agricultural
F = Fire danger
W = Water (hydrological)
Intensity:
DO Abnormally Dry
D1 Moderate Drought
[ D2 Severe Drought

I D3 Extreme Drought
I D4 Exceptional Drought

Author:
Karin Gleason

National Climatic Data Center

The Drought Monitor focuses on broad-

o  D3(AF) Yoy e Mo impAras Mt sy e
X LD1(AF) forecast statements.
DO : . , M e
St | o T__P=|USDA ¢ R
D2(AF)® ’ | J—"\/\w.ﬁ \/ V
D1(AF http://droughtmonitor.unl.edu/
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June 1, 2001

* Run OASIS with forecasted inflow

» Evaluate:
* Predicted WMA shortage and required releases from Jennings Randolph and Little Seneca
* Predicted flow at Little Falls
* Risk of water use restrictions

* Impacts on water supply reservoirs

 As drought proceeds, update predictions with new model runs, driven by new forecasts

Hazen
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Dashboard demo

» The following screen captures are from a slightly different model run that the one shown

Hazen
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Five out of 73 Traces Require JR WS Releases (about 7% chance)

ge of Weekly Minimum Values, Jennings Randolph Water Supply Release (MGD) Range of Weekly Minimum Values, Jennings Randolph Wate| LIl & Y B2 -
Otr01 ®tr02 @tr03 ®tr04 @1r05 ®tr06 @1r07 ®tr08 @tr09 @tr10 @tr11 @tri2 ®tr13 ®tr14 4 Min.. ®Min - 10% ®10% - 25% © 25% - 50% @ 50% - 75% ®75% - 90% @90% - Max
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0 \ 0 _J
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With a 50 mgd Margin of Safety, JR WS Releases Increase

In number (8 or 11%) and magnitude

Range of Weekly Minimum Values, Jennings Randolph Water Supply Release (MGD) Range of Weekly Minimum Values, Jennings Randolph Water Supply Release (MGD)

®tr01 @102 @tr03 ®tr04 @tr05 ®tr06 @ tr07 @tr08 @tr09 @tr10 @tr11 @tr12 @tr13 “tr14 > Min.. ®Min - 10% ®10% - 25% © 25% - 50% ®50% - 75% ®75% - 90% @ 90% - Max
300 300
250 250
200 200
150 150
100 100
50 50
: R
Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002 Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002
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Forecasted Little Falls Flows

Range of Weekly Minimum Values, Little Falls Flow (MGD) Range of Weekly Minimum Values, Little Falls Flow (MGD) LIl & Y& ai)

0101 ®tr02 ®tr03 ®tr04 @tr05 ®tr06 @ tr07 @108 @tr0° @tr10 @tr11 @tr12 ®tr13 ®tr14 » Min.. ®Min - 10% ®10% - 25% © 25% - 50% ® 50% - 75% ®75% - 90% @ 90% - Max

1,000 1,000 v
800 800
600 600

I 1
400 400
200 200
0 0

Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002 Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002
L s J




Forecasted Flows with 50 mgd Margin of Safety

Range of Weekly Minimum Values, Little Falls Flow (MGD) Range of Weekly Minimum Values, Little Falls Flow (MGD)

@tr01 @102 @tr03 ®tr04 @tr05 ®1r06 @ tr07 @108 @tr09 @1r10 @tr11 @tr12 ®tr13 “tr14 > Min.. ®Min - 10% ® 10% - 25% @ 25% - 50% ®50% - 75% ®75% - 90% @ 90% - Max
1,000 ] V 1,000 Y
800 800
600 600
400 Kﬁ 400
200 200
0 0
Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002 Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002



Also Very Possible It Will Get Wet (though it didn’t)

Range of Weekly Minimum Values, Little Falls Flow (MGD) i AR < BRI Range of Weekly Minimum Values, Little Falls Flow (MGD) LIl &4 Y B2
Otr01 ®tr02 @tr03 @ tr04 @tr05 ®tr06 @ tr07 @tr08 @1r0% @tr10 @tr11 @tr12 @tr13 ®tri4 4 Min.. ®Min - 10% ®10% - 25% ©25% - 50% ® 50% - 75% ®75% - 90% @ 90% - Max
40K 60K
35K
50K
30K
40K
25K
I |
20K 30K
15K
20K
10K
10K
5K
- - —_—— —"—'_’___—_//_V\

Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002 Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002

i e o |




Little Seneca % Usable Storage

Range of Weekly Minimum Values, Little Seneca Usable Storage Fraction (BG) Range of Weekly Minimum Values, Little Seneca Usable Storage Fraction (BG)

@tr01 @102 @tr03 ®tr04 @tr05 ®tr06 @tr07 @tr08 @tr09 @tr10 @tr11 @tr12 ®tr13 ®tr14 » Min.. ®@Min - 10% ®10% - 25% ® 25% - 50% ®50% - 75% ®75% - 90% @ 90% - Max
10 = e
08 08
0.6 0.6
04 04
02 02
00 00
Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002 Jul 2001 Sep 2001 Nov 2001 Jan2002  Mar 2002 May 2002
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Little Seneca % Usable Storage with 50 mgd Margin of Safety

Range of Weekly Minimum Values, Little Seneca Usable Storag i Range of Weekly Minimum Values, Little Seneca Usable Storage Fraction (BG
@01 ®tr02 @tr03 ®tr04 @tr05 ®tr06 @ tr07 @108 @tr09 @tr10 @tr11 @tr12 ®tr13 © tr14 » Min.. ®Min - 10% ®10% - 25% @ 25% - 50% ®50% - 75% ®75% - 90% @ 90% - Max
10 1.0
0.8 038
0.6 0.6
04 04
0.2 0.2
0.0 0.0
Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002 Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002
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Little Seneca % Usable Storage with 2040 Demands/Sedimentation

Range of Weekly Minimum Values, Little Seneca Usable Storage Fraction (BG) Range of Weekly Minimum Values, Little Seneca Usable Storage Fraction (BG)

Otr01 ®tr02 @tr03 ®1r04 @tr05 ®tr06 @ 1r07 @1r08 @1r09 @tr10 @1r11 @tr12 ®tr13 ®tr14 » Min.. ®Min - 10% ®10% - 25% ® 25% - 50% ®50% - 75% ®75% - 90% @ 90% - Max
1.0 1.0 ——_

08 0.8

0.6 0.6

04 0.4

02 02

00 0.0

Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002 Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002
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Patuxent Storage

Range of Weekly Minimum Values, Patuxent Storage (BG) Range of Weekly Minimum Values, Patuxent Storage (BG)

001 ®tr02 @tr03 ®tr04 @tr05 ®tr06 @ tr07 @108 @tr09 @tr10 @tr11 @tr12 ®tr13 ®tr14 4 Min.. ®Min - 10% ®10% - 25% @ 25% - 50% ®50% - 75% ®75% - 90% ®90% - Max
1 1

Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002 Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002
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Patuxent Storage, 50 mgd Margin of Safety

Range of Weekly Minimum Values, Patuxent Storage (BG) RM Range of Weekly Minimum Values, Patuxent Storage (BG)

@101 ®tr02 ®tr03 ®tr04 @tr05 ®tr06 @tr07 @108 @tr09 @tr10 @tr11 @tr12 ®@tr13 ©tr14 » Min.. ®Min - 10% ®10% - 25% @ 25% - 50% ®50% - 75% ®75% - 90% ®90% - Max
1 1

10

Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002 Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002
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Patuxent Storage

Range of Weekly Minimum Values, Patuxent Storage (BG) Range of Weekly Minimum Values, Patuxent Storage (BG)

001 ®tr02 @tr03 ®tr04 @tr05 ®tr06 @ tr07 @108 @tr09 @tr10 @tr11 @tr12 ®tr13 ®tr14 4 Min.. ®Min - 10% ®10% - 25% @ 25% - 50% ®50% - 75% ®75% - 90% ®90% - Max
1 1

Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002 Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002
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Patuxent Storage, 2040 demands/sedimentation

Range of Weekly Minimum Values, Patuxent Storage (BG) Range of Weekly Minimum Values, Patuxent Storage (BG)

@101 ®tr02 @tr03 ®tr04 @tr05 ®tr06 @tr07 @108 @1r09 @tr10 @tr11 @tr12 @tr13 ® tr14 » Min.. ®Min - 10% ®10% - 25% © 25% - 50% ®50% - 75% ®75% - 90% @ 90% - Max
1 1

10

¥]
S

Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002 B Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002
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Patuxent Load Shifting

Range of Weekly Minimum Values, Patuxent Load Shift (MGD) Range of Weekly Minimum Values, Patuxent Load Shift (MGD)
@tr01 ®tr02 ®tr03 ®1r04 @1tr05 ®tr06 @ tr07 @108 @1r09 @tr10 @tr11 @tr12 ®tr13 ® tr14 » Min.. ®Min - 10% ®10% - 25% © 25% - 50% ® 50% - 75% ®75% - 90% ®90% - Max
60 60
40 40
20 20
0 0

-40 -40
Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002 Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002
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Occoquan Storage

Range of Weekly Minimum Values, Occoguan Storage (BG) Range of Weekly Minimum Values, Occoguan Storage (BG) VIl & ¥ B -

Otr01 @102 @tr03 ®tr04 @tr05 ®1r06 @tr07 @1r08 @tr09 @tr10 @tr11 @tr12 ®tr13 ©tr14 4 Min.. ®Min - 10% ®10% - 25% © 25% - 50% ®50% - 75% ®75% - 90% @ 90% - Max

~

o

4
2 2
1 1

Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002 Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002
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Occoquan Storage, 2040 Demands/Sedimentation

Range of Weekly Minimum Values, Occoquan Storage (BG) Range of Weekly Minimum Values, Occoquan Storage (BG)

0tr01 @102 @tr03 ®1r04 @tr05 ®tr06 @ tr07 @108 @tr0S @tr10 @tr11 @tr12 ®tr13 & tr14 4 Min.. ®Min - 10% ®10% - 25% © 25% - 50% ® 50% - 75% ®75% - 90% @ 90% - Max
8 8
7 7

5 5
- 4
1 1
Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002 Jul 2001 Sep 2001 Nov 2001 Jan 2002 Mar 2002 May 2002

Hazen 44



Hazen

L(. S. Drought Monitor September 4, 2001

(Released Thursday, Sep. 6, 2001)
Valid 7 a.m. EST

Drought Impact Types:

r~ Delineates dominant impacts
A = Agricultural

F = Fire danger

W = Water (hydrological)
Author: [] DO Abnormally Dry

Richard Tinker [T] D1 Moderate Drought
CPC/NOAA/NWS/NCEP w [ D2 Severe Drought

I D3 Extreme Drought
I D4 Exceptional Drought

The Drought Monitor focuses on broad-
scale conditions. Local conditions may
/. St i fe
& °QD D1(AF) et citmnts.
Foo || (| BDA 01 (3) &
DZ((AF) ’ _ »—’-ﬂ/\wnmh— \\S2% -
D1 AF& % >
http://droughtmonitor.unl.edu/
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Ul SI D r o ug h t M on i tor (Regscetiqrgu?s';azy,’ 02c?2 :001)

Valid 7 a.m. EST

Drought Impact Types:
r~ Delineates dominant impacts

A = Agricultural

F = Fire danger

W = Water (hydrological)
Intensity:

Author: [] DO Abnormally Dry
Douglas Le Comte [] D1 Moderate Drought
CPC/NOAA [ D2 Severe Drought

I D3 Extreme Drought
I D4 Exceptional Drought

The Drought Monitor focuses on broad-
scale conditions. Local conditions may
P p vary. See accompanying text summary for
DO - /Q; D ( AF) forecast statements.
Poo || (= UDA _ 91 (%) &
D2(AF) ; -\ )
St .
http://droughtmonitor.unl.edu/
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U- S' D r o ug h t M on i tor (R[:ql:a)s‘el:mutr):i:yﬁl,of (8),21;‘01)

| 3 “ Valid 7 a.m. EST
" =

Drought Impact Types:

r~ Delineates dominant impacts
A = Agricultural

F = Fire danger

W = Water (hydrological)
Intensity:

[] DO Abnormally Dry
[T] D1 Moderate Drought

Author:
Michael Hayes
National Drought Mitigation Center [l D2 Severe Drought
I D3 Extreme Drought

I D4 Exceptional Drought

The Drought Monitor focuses on broad-
scale conditions. Local conditions may
vary. See accompanying text summary for

D1(AF) forecast statements.
/?/f.éoo . E:D.; USDA _::\ﬁw;g?. @

"Bl {>
http://droughtmonitor.unl.edu/

¢ DIW)
DO
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Author:
Richard Tinker

CPC/NOAA/NWS/NCEP

U.S. Drought Monitor

December 4, 2001
(Released Thursday, Dec. 6, 2001)
Valid 7 a.m. EST

Drought Impact Types:
r~ Delineates dominant impacts

A = Agricultural

F = Fire danger

W = Water (hydrological)
Intensity:

[] DO Abnormally Dry
[T] D1 Moderate Drought
[ D2 Severe Drought

I D3 Extreme Drought

I D4 Exceptional Drought

The Drought Monitor focuses on broad-
scale conditions. Local conditions may

vary. See accompanying text summary for
forecast statements.

95% mw;gﬁ @

http://droughtmonitor.unl.edu/
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Author:
Richard Heim

NCDC/NOAA

¢ 35’ “B1(ar)

D2(AF

R

January 1, 2002
(Released Thursday, Jan. 3, 2002)
Valid 7 a.m. EST

Drought Impact Types:
r~ Delineates dominant impacts

A = Agricultural
F = Fire danger
W = Water (hydrological)

Intensity:

[] DO Abnormally Dry

[T] D1 Moderate Drought
[ D2 Severe Drought

I D3 Extreme Drought
I D4 Exceptional Drought

The Drought Monitor focuses on broad-
scale conditions. Local conditions may
vary. See accompanying text summary for
forecast statements.

95% mw;gﬁ @

http://droughtmonitor.unl.edu/ -
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Author:
Mark Svoboda

National Drought Mitigation Center

U.S. Drought Monitor

February 5, 2002

(Released Thursday, Feb. 7, 2002)

USDA
=

Valid 7 a.m. EST

Drought Impact Types:
r~ Delineates dominant impacts

A = Agricultural
F = Fire danger
W = Water (hydrological)

Intensity:

[] DO Abnormally Dry

[T] D1 Moderate Drought
[ D2 Severe Drought

I D3 Extreme Drought
I D4 Exceptional Drought

The Drought Monitor focuses on broad-
scale conditions. Local conditions may
vary. See accompanying text summary for
forecast statements.

http://droughtmonitor.unl.edu/
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Ul SI D r o ug h t M on i tor (Reler:i:'z!‘:s:;,igg 7?2002)

Valid 7 a.m. EST

Drought Impact Types:

r~ Delineates dominant impacts
A = Agricultural

F = Fire danger

W = Water (hydrological)
Intensity:

[] DO Abnormally Dry

[T] D1 Moderate Drought

[ D2 Severe Drought

I D3 Extreme Drought
I D4 Exceptional Drought

Author:
Douglas Le Comte

CPC/NOAA

The Drought Monitor focuses on broad-
scale conditions. Local conditions may

vary. See accompanying text summary for
) forecast statements.

o ) i:}; USDA _::\ﬁw;g?. @

Hazen ' ' D http://droughtmonitor.unl.edu/
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(Released Thursday, Apr. 4, 2002)
Valid 7 a.m. EST

u. S. Drought Monitor April 2, 2002

Drought Impact Types:
Delineates dominant impacts

W= Agricultural

F = Fire danger
W = Water (hydrological)
Intensity:
Author: [] DO Abnormally Dry
David Miskus [] D1 Moderate Drought
NOAA/NWS/NCEP/CPC

[ D2 Severe Drought
I D3 Extreme Drought
I D4 Exceptional Drought

The Drought Monitor focuses on broad-
scale conditions. Local conditions may
vary. See accompanying text summary for

Q D}(W) forecast statements. -
N 4
) &
-

= . L__>=|UDA  §P (3

: _ Nations! \/ Drought Mitigation Ceeter \\S27
<> http://droughtmonitor.unl.edu/

Hazen
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Ul SI WD r o ug h t M On i tor (Releasx?hyurZJaf?ﬂ?y.za 2002)
. AW

Valid 7 a.m. EST

Drought Impact Types:

r~ Delineates dominant impacts
A = Agricultural

F = Fire danger

W = Water (hydrological)

Intensity:
[] DO Abnormally Dry

[] D1 Moderate Drought
[ D2 Severe Drought

I D3 Extreme Drought
I D4 Exceptional Drought

Author:
Richard Tinker
CPC/NOAA/NWS/NCEP

The Drought Monitor focuses on broad-
scale conditions. Local conditions may

» i) & Di(w) sk
~
: e - > USDA g <\
RS &
— http://droughtmonitor.unl.edu/ 53
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Ul SI WD r o ug h t M on i tor (Relea;Iel:i‘ gsr:i;y,zglgzs, 2002)
v AW

Valid 7 a.m. EST

Drought Impact Types:

r~ Delineates dominant impacts
A = Agricultural

F = Fire danger

W = Water (hydrological)

Intensity:
[] DO Abnormally Dry
[] D1 Moderate Drought

Author:
Douglas Le Comte
CPC/NOAA [ D2 Severe Drought

I D3 Extreme Drought

I D4 Exceptional Drought

The Drought Monitor focuses on broad-
scale conditions. Local conditions may
¢ o vary. See accompanying text summary for
Q; VIV forecast statements.
=

S ” i 2= USDA ] X\ O
http://droughtmonitor.unl.edu/
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Model Output From Sept 1, 2001 and Jan 1, 2002 also shown

Hazen
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Summary from Dashboard Demo

» Existing ICPRB OASIS model is available to support decision-making through drought and
other conditions

» Convert forecast information into predictions of system performance
* Quantify the risks of undesirable outcomes

+ Evaluate the benefits of modified operations

» Support long-term planning to improve system reliability under future scenarios

Hazen
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Example: Aquarion Water Company

« Aquarion Water Company provides water to Greenwich, Stamford, and Greater Bridgeport Area
« OASIS model developed for full system in 2015, 2016 one of the worst droughts on record

* How do we best balance cost and reliability?

Hazen
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2016

Hazen

Total Storage (%)
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2016

Hazen
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Recent Forecasts: June 2020
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Recent Forecasts: June 2020
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Recent Forecasts: September 2020
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Delaware River Basin

Balancing water supply, water quality, fisheries, environmental, and recreation objectives

* Headwaters in the
Catskill Mountains

* Drains to New York
State, Pennsylvania,
New Jersey, and
Delaware

» Water supply source
for NYC, New Jersey
(D&R Canal),
Philadelphia

» Ecological and
recreational value

Hazen

New York

Pennsylvania

Catskill / Delaware Watersheds

New .
Jersey ) mme

| Delaware i Wt vy
1 www.drbc.net
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Delaware River Basin Compact

* 1954 U.S. Supreme Court Decree

* 1961 Delaware River Basin Compact
* 1983 “Good Faith” Agreements

» 2008 Flexible Flow Management Plan

Reservoirs for Interstate Flow Management
in the Delaware River Basin

Cannonsville Reservoir ZEERC N Ok

FOUR STATES SIGN
DELAWARE PACT

President Joins in Approving
Vast Program for Basin
Backed by Governors

COMMISSION IS SET UP

Developing of River Valley
Will Use, Conserve and
Protect Vital Supply

By RUSSELL BAKER
Spectal te The New York Timei

Pennsylvania

968G /. N140BG
New York ( AT i

| Lake Wallenpaupack s~
30 BG (Emergency,

[ F.E Walter Reservoir -~
11 BG (Emergency)

| Beltzville Reservoir ————i
138G
e Merll Creek Reservolr ¢

o g

Blue Marsh Reservoir ‘l
6.5BG

69 BG of Storage for

Flow Augmentation 0 10 20
is made available —_—
through DRBC Miles
Emergency Actions.
Numbers indicate .] t= ‘ C'
storage capacities. e s e
BG = billion gallons

www.drbc.net
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2008 Flexible Flow Management Plan

Table 3
Schedule Of Releases (cfs)
With 35 mzd Available

Wanter Spring Summer Fall
Cansemsville | Docl- | 41 Mlj May2l- | hml- Fml6- | Full- |Sepl- Seplé-| Oal-
. Seorage Zome | 310 | 30-Apr | 20-Mav | 31-Mev | 15Fn  30-Fm 3 1-Ang | 15 3 30-Neov
* Relied on release schedules based on annual e I B R R R R
1 1 @ H " Ll 110 110 200 250 m 275 s 75 120 110
estimation of “available water e f o | el w | w Lo e |
13 70 70 100 100 175 175 178 &5 85 0
L4 35 53 T3 75 130 130 1o 5 55 -]
. £ N ¥ s S 3
* Expired on May 31, 2011 v | o] s w]w]m w wle %%

Wanser Spring Summer Fall
. . Pepacton | Decl- | Aprl- | Mayl- | May2l- | Fml- Fem16- Jull- |Sepl- Seplé- Oel-
* Opportunity to implement better approach to Storage Zone | 31 Mer | 0Ape | 200y | 310y |1ihn | 30T iAmp | 155ep SSep 30N
. . . . 1le 185 . * . * + | 0 W |18
estimating available water, using ensemble ue | s o [mw|w|w w w|w w s
. L2 [3] [3] 100 125 140 140 140 140 [5 ]
hydrologic forecasts o1 ¥ S B ® _Wwiw Wiwls §
L3 £ @ 40 4 80 B0 BO k) 30 30

Wanser Spring Summer Fall
Newrisk | Docl- | Aml- [Mayl- | May2l- | fml- Fmlé- Fudl- |Sepl- Seplé- Oal-
Sterage Zome | 31-Mx 30-Apr | 20-May | 31-May | 15fun  30-Fun | 3l-Amg | 15-5ep  30Sep  30-Nev
L= B0 | 0 ¥ ¥ v 150 150 150 150 150
Ll 100 * * * * * 135 15 85 95
Ll & & 83 100 110 110 10 110 75 &
i 45 47 75 L] 10 100 100 100 k] 4%
13 0 H 30 30 T3 73 75 0 L 0
L4 35 35 40 4 & ] ] k) 30 30
Ls 30 30 EL EL] 55 | ss | ss ¥ | 13 |

* Storage zone does not apply during this peried.  Releases will be made in accordance with
zone L1-c.
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NYC DEP’s Operations Support Tool

Create short-term
ensemble simulations
for operational

guidance, or
long-term runs for
The core of OST is an capital planning, rule
OASIS model of New testing, and climate
York City’s water change assessment.«

supply system and the
Delaware River Basin.

OST integrates
near-real time data
and ensemble
hydrologic forecasts.

)
m\{\“’\/kf\ | a4
.ry e g 4
~:\| _ 7
\-,ﬁ\! e

Multiple users
can access the
system through
a user-friendly
interface
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OST-FFMP Framework

e « Reservoir Levels - System Reliability e
+ Infrastructure Status + « Reservoir Balancing +
INPUT + Water Quality « Drinking Water Quality 3
» Demand Projections « Releases i
¥

CELAWARE SYETER

Jumm 1 Usmble Stmrage

l Storage Levels Water Quality Refill Probability

OsT

DECISION- ™ ' § .
MAKING i — :
3 : — d Eo
| P : - 3. I
5. el :.
Law Wiy Probability of Excess Water At Specified Risk Level LllEg ey
Availability Availability
DELAWARE ’ IS
RELEASE

DECISIONS ; . ‘ _ ST




Annual Flow Balance

Today’s Total PCN Storage
+  Cumulative PCN Inflows through June 1
— Cumulative PCN Diversions through June 1

— June 1 Storage Target

Cumulative PCN Release Target through June 1

Hazen

|1

Current System Status
Probabilistic Streamflow Forecasts
Estimated Volume to meet NYC Demand

100% Usable Storage

Distribute over Number of Days to June 1
and Re-Evaluate Regularly
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Seasonal Risk Factor

Risk represented by forecast probability — transition to more conservative when approaching June 1

70% probability
of less inflow

Forecast Percentile

Jun Jul Aug

Hazen

50% probability
of less inflow

30% probability
of less inflow

Sep Oct Nov Dec Jan

69



Long-term Performance Testing

Using OASIS Simulation mode

» Converted uncontrolled spill into
managed releases

Cannonsville Release
Pepacton Release
Neversink Release

PCN Release

Cannonsville Spill

* Increased releases for downstream
uses without substantial impact to
water supply reliability

Pepacton Spill
Neversink Spill
PCN Spill

Cannonsville Release
Pepacton Release
Neversink Release
PCN Release
Cannonsville Spill
Pepacton Spill
Neversink Spill

PCN Spill

-40%

Hazen

Average Simulated PCN Release and Spill, OST-FFMP vs FFMP 35 mgd

W FFMP 35 mgd
W OST-FFMP

100 200 300 400 500 600
Average Flow (cfs)

Percent Change in Average Simulated PCN Release and Spill

700 800 900

s

-30% -20% -10% 0% 10% 20% 30% 40%

Percent Change {OST-FFMP relative to FFMP-35)
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Long-term Performance Testing

Using OASIS Simulation mode

» Converted uncontrolled spill into
managed releases

* Increased releases for downstream
uses without substantial impact to
water supply reliability

Hazen

OST-FFMP

1800

1600 -

1400

1200

1000 -

600 -

200 -

PCN_Release {(May - Sep)

400 600 800 1000
FFMP-35

1200

1400

1600

1800
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2008 FFMP (Simulated)

Pepacton Usable Storage

100% 75
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60%

40%

Daily Avg Usable Storage
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2011 OST-FFMP (Simulated)

Daily Avg Usable Storage

Daily Avg Usable Storage
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0ST-2017 FFMP Release Summary
Decision Day: 10/14/2020

Environmental
Protection

] Mass

Combi Pepacton, C: ille, and Neversink (PCN) Storage: 178,570
+ PCN Inflow Forecast Accumulated to Jun 1: 296,926
- Expected PCN Diverson Accumulated to Jun 1: 115,818
-Jun 1 Storage Target: 267,460
= Available Release Quantity Accumulated to Jun 1: 92,218

Available Release Quantity Evenly Distributed to June 1
Available Release Quantity Accumulated to Jun 1: 92,218
/ Number of Days to Distribute Release Quantity: 230
Current PCN Release Target: 401
Current PCN Release Target: 620

Current Storage Zone for Schedule Selection
Usable Storage +

Usable Storage Snow Storage
.

PCN 66.8%
Pepacton 74% *
Cannonsville 51% bd
Neversink 80.1% *

*Not applicable (snow storage is included in the forecast)

Use Release Target and Storage Zone to Select Release Schedule
Storage Zone, Fall (cfs)

Pepacton Cannonsville Neversink

L2 L2 L2
Table-4a 50 60 35
Table-4b 55 75 40
Table-4c 60 90 45
Table-4d 65 105 50
Table-4e 70 120 50
Table-4f 75 135 55
Table-4g 80 150 60

Selected Schedule:Table(s) 4g

Hazen

MG
MG
MG
MG
MG

MG
days
mgd
cfs

Zone

CERR

PCN

145
170
195
220
240
265
290

Discharge Mitigation Mass Balance

Current PCN Usable Storage: 178,570 MG

+ Current PCN Snow Storage: * MG

+ PCN Inflow Forecast Accumulated 7 Days: 2,487 MG

- OST-FFMP Minimum Releases Accumulated 7 Days: 1,312 MG
- Expected PCN Diversion Accumulated 7 Days: 3,580 MG

- PCN Conditional Storage Objective: 230,805 MG

= Estimated 7 Day PCN Excess over CSSO: * MG

*Not applicable (snow storage is included in the forecast)

Combined Pepacton, Cannonsville & Neversink (PCN) Observed and Projected

Usable Storage (%)

S12021 6172021

4112021

General Releases + Discharge Mitigation Releases (cfs)

Discharge Mitigation

General Release Total
Release
Pepacton 80 0 80
Cannonsville 150 0 150
Neversink 60 0 60
Total 290 0 290

General Releases are at Table(s) 4g
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Integrated Water Supply-Water Quality Modeling

Flow (MGD)
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44
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Esopus Creek at Coldbrook (USGS Flow)

11/87

Hazen
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Modeling Streamflow Turbidity
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Modeling Streamflow Turbidity
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Individual Event Curves
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Modeling Streamflow Turbidity
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Modeling Streamflow Turbidity
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Balancing WQ and Water Supply Operations

PR.O1 PR.O1
100% | MMM van e A\ il B PRIO 100% | Ade i boda W PRI0

8 = PR.20 8 H PR.20
g 90% PR.30 g 90% - PR.30
& PR.40 & PR.40
g 80% 1 PR.50 F 80% 1 PR.50
E,, o | PR.60 ® o L PR.60
: PR.70 g_ \\ PR.70
k] 60% | PR.80 ] 0% | PR.80
PR.9O PR.90

50% o mPR99 0% e ® PRI

1710 1/24 2/7 2/21 3/7 3/21 4/4 4/18 5/2 5/16 5/30 6/13 6/27 1/10 1/24 2/7 2/21 3/7 3/21 4/4 4/18 5/2 5/16 5/30 6/13 6/27

~98% chance of refill to target ~80% chance of refill to target
~65% chance of alum treatment ~10% chance of alum treatment




Short-term Forecast Example W‘\\ A

West Point Lake (USACE) in Georgia (ACF Basin) .

r“" : e CAROLINA
 Raising rule curve in WP Lake was identified S =
by ACF Stakeholder group as key change to RS é\i\ '
benefit basin* anety ERELRY

LA
LN 3 GEORGIA
A \

e g

* Higher environmental flows for longer into a drought
* Less recreation impact aoigbruety

* Mild benefit to hydropower production

* |s it possible to raise the rule curve and
maintain flood protection?

FXORIDA
Corps Dams Watersheds)

I Buford Dam
| West Point Dam
@l I_J\mnm: George Dam
I3 George Andrews D
*Sustainable Water Management Plan. ACF Stakeholders. May 13 —— 1 dm WoodutDam
’ ’ ! e e Miles B Apalachicola River

2015 Apalachicola, Chattahoochee,

LEGEND
) ACF Basin Boundary Urban Area

V7 StateBoundary | Surface Waer and Flint Rivers Basin Map
% State Capital "y .
o Ciy Lraine, Figure 1.1-1

Hazen
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Pilot Study: Forecast Informed Reservoir Operations

* The inflow forecasts were far
and away the most skillful
exactly when they could be
most important - prior to flood
events

Hazen

observed inflows (normalized)

zobs

Late September 2-Day Ahead

Forecasts vs Observed Inflows

zfcst

' ‘ |
Low flows .
| ) + High flows
forecasted/high *  forecasted/high
flows occur
S flows occur
+
" forecast
+ T
+ ++ a K
+ i i
I + 2
Lowflows T+ FF 4 High flows
-3| forecastedow " + forecasted/low
flows occur flows occur
T 3 2 P 0 1 2 3 4

forecasted inflows (normalized)
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Forecasts Have Less Skill Further Out (More Scatter)

Late September 2-Day Ahead Forecasts vs Late September 3-Day Ahead Forecasts vs
Observed Inflows Observed Inflows
. 4 4
+  Cumulative .
inflow for the :
next 3 days was '
selected ! Day 3
Day 2 }
« Balanced 2
response time 3
with skill B e e .
Late September 4-Day Ahead Forecasts vs Late September 5-Day Ahead Forecasts vs
Observed Inflows Observed Inflows
3
2
1
2
Day4 *° Day 5
-1
-2
-3
-4-4 -3 2 1 1 2 3 4 44 3 2 1 1 2 3 4
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Percentiles of Ensemble Forecasts of Inflow Volume (3-days)

» Forecasts of high flows are all
but a guarantee of at least
substantial flows

* Pre-releases, therefore, would
not endanger refill probability

* Limiting pre-releases inflow
prevents worsening
downstream flood conditions

« “Inflow Following Rule (IFR)”

Hazen

600,000
500,000 N -
85t percentile
th i
— 50th percent!le
15" percentile
a 300,000
o
200,000+
100,000
& 20 27
Sep2009 |
------ 12STEP_OP INFLOWW_FORECAST INFLOW ====== 12STEP_100P INFLOW FORECAST INFLOW
— 12STEP_15P INFLOW_FORECAST INFLOW —— 125TEP_50P INFLOW_FORECAST INFLOWY

— 12STEP_BSP INFLOW_FORECAST INFLOW
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Rule Details

Rule is NOT dependent on predicting incoming volume

+ Begin inflow following when the lower end of the
forecast is sufficiently high that we're confident we’ll
refill what we release

» When the 3 day cumulative forecast is > 60k AF at the 10t
percentile then begin inflow following if we’re close enougM
,» 3000

the upper rule
* Do not release more than the turbine capacity

 Limit the inflow following release if the additional
water would flood downstream at Columbus

Hazen

600,000

500,000

400,000+

=]

200,000

100,000

Sep2009 \

""" 125TEP_OP INFLOW_FORECAST INFLOW ====== 12STEP_100P INFLOW_FORECAST INFLOW
— 125TEP_15P INFLOW_FORECAST INFLOW — 125TEP_50P INFLOW_FORECAST INFLOW
— 12STEP_85P INFLOW_FORECAST INFLOW
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The Rule Requires Knowing the 10t Percentile Predicted Inflow
During the Historical Record (Re-forecasts)

« Test potential use of probabilistic (forecast- * Requires “re-forecasts’: forecasts you would
based) triggers in operations have had on that day of the simulated
hydrology

Reservoir Storage (pct) | @ Decision Point

AUG oCT DEC FEB

Hazen
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Primary Goal: Reduce the Flood Peak

West Point Discharge
60,000 West Point
50,000 Flood Stage 19ft
(&)
% 30,000
= 20,000
L\, =)
10,000 }, ! (: A
0 X — I A T |
9/10/09 9/17/09 9/24/09 10/1/09 10/8/09
- Historical =———RIOP ===-|FR
(Current Operations)

* Reduced the peak flow of the largest flood in the 10 year record by about 15%
* 6,800 cfs above flood stage (54,300 cfsd total), Current Ops
* 3,500 cfs below flood stage (44,000 cfsd total), IFR
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No Negative Impact to Reliability or Hydropower Generation

645
& 640
= 635
£ 630
2625
T 620 -
615 -
0%

West Point Elevation Exceedance Curve

20% 40% 60% 80% 100%

Percent Exceedance
———Historical =——RIOP ===-IFR

West Point Elevation

640
E
s
e
®
>
K
[*Y)

620

1/1/07 6/30/07 12/27/07 6/24/08
Historical RIOP =----IFR

12/21/08

No impact on stage exceedance at lower end of the curve
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Current Operations
Inflow Following

No additional drawdown during drought of record

Total Gen Flow
(MAF)
225
22.6
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Lessons Learned

Rule form chosen to exploit forecast skill

» While forecasts could not provide substantial certainty concerning the potential peak magnitude of a
coming flood,

» when the forecasts were for high flows, they provide substantial certainty of potential minimum
flows in the coming days

« This rule form stands the normal consideration of use of forecasts for flood control on its head
* The temptation is to treat a forecast as certainty, and then to make additional releases as needed to minimize peak flow

* The IFR does the inverse. It provides for additional releases in advance of floods whenever those releases are very
unlikely to be detrimental to other objectives

* It does not try to optimize for the current flood
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Sample FIRO Rule Form

Drought Operations

Potential Drought Potential Triggers Potential Performance
Measures (implement and cease) Measures
* Reduce withdrawals * Forecasted * Frequency of
* Reduce flow conditions (inflow, implementation
requirements flows, reservoir * Number of “false
+ Alternate sources levels) positives”
* Reservoir levels * Lowest simulated
+ PDSI, SPI, etc. stages/flows
» Antecedent inflow » Shortages

Hazen



City of Rocky Mount, NC

Alternative to a $70 million interbasin diversion

Drought Measures Triggers Performance Measures
* Reduce withdrawals * Probability (x%) of * Lessthan1in 10
* Reduce flow reservoir dropping years for emergency
requirements below elevation y measures (20%
within z weeks demand reduction)

* Lessthan1in5
years for less severe
demand reductions

+ At least 25% storage

Hazen



City of Rocky Mount, NC

Alternative to a $70 million interbasin diversion

Drought Measures Triggers Performance Measures
* Reduce withdrawals * Probability (x%) of * Lessthan1in 10
* Reduce flow reservoir dropping years for emergency
requirements below elevation y measures (20%
within z weeks demand reduction)

* Lessthan1in5
years for less severe
demand reductions

+ At least 25% storage

x (% risk) y (trigger z (forecast w (demand w (minimum
elevation) horizon) reduction flow reduction)
Phase 1 10% 120 ft 12 weeks 0 12.5%
Phase 2 15% 118 ft 8 weeks 10% 25%
Phase 3 20% 116 ft 6 weeks 18% 37.5%
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Decision Support Combining Forecasts and Tested Triggers

Power Bl provides dashboard interface

New Jersey. Forecasting Drought Trigger Status SWNJ Inflows - 30-day. Running Average (mgd).
Forecast Date: September 11, 2018 % of Traces | Threshold
‘Action | Recommendation
- Trigger 1-D: < 70% storage in 16 weeks I
1. Local Diversions No Action - 1R > T st n10 I
R:> weeks

2. Wanaque On (27 MGD [Nov-Apr] /48 No Action reger - storage In

MGD [May-Oct]) | Trigger 2-D: < 60% storage in 12 weeks I
3. Wanaque Overdraft No Action i X I

4. Initiate Drought Alert Preparations No Action Tigger2:R: > 85% storage I 10 weels

5. Initiate Drought Warning Preparations No Action Trigger 3-D: < 50% storage in 10 weeks I

6. Initiate Drought Emergency Preparations | No Action Trigger 4-D: < 40% storage in 8 I

Activate PVWC & Drought Alert  No Action v Trigger 5-D: < 30% storage in 6 weeks I
Drought Warning No Action v Trigger 6-D: < 20% storage in 4 weeks |
Drought Emergency No Action v 0% 50%  100%]|nName 1. Very Dry smm2. Dry =3 Somewhat Dry 4. Neutral 5. Somewhat W »

New Jersey System Storage Forecast (%) @

( Combined ) ( Oradell ) ( Tappan ) ( Woodcliff )

100 100

Jan 2018 Apr 2018 Jul 2018

Jan 2019 Mar 2019 May 2019

Sep 2019

Othile - %ile_d25to. %ile_d50to. Kile_d75to. DRO... e 100thile |




Summary

* There’s helpful forecast information available for decision support
* Its use has been time-tested in many nearby systems
» The forecasts needed depend on the questions being asked

* You have a tool available

Hazen
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