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PRESENTATION OUTLINE

“ Background and Objective

% Analysis Components / Modules
“ Fundamentals / Theory
 Capabilities and Features

“ Quick Program Overview

/eb l,‘:_l‘
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22 Flood Control District Dams

Phoenix, Arizona
June 17-21, 2018

Y

(1) Adobe Dam

(2) Apache Junction Dam
(3) Buckeye FRS #1

(4) Buckeye FRS #2

(5) Buckeye FRS #3

(6) Casandro Dam

(7) Cave Buttes Dam

(8) Dreamy Draw Dam
(9) Guadalupe FRS

(10) Harquahala FRS
(11) McMicken Dam

(12) New River Dam
(13) Powerline FRS

(14) Rittenhouse FRS
(15) Saddleback FRS
(16) Signal Butte FRS
(17) Spook Hill FRS

(18) Sunny Cove Dam
(19) Sunset Dam

(20) Vineyard FRS

(21) White Tanks FRS #3
(22) White Tanks FRS #4
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Adobe Dam Facts

.

Year Built: 1982

Drainage Area: 87.3 sq. mi.

Rivers: Skunk Creek & New River
Dam Height: 65.3 ft

Dam Length: 2.1 miles

Cap. @ Spillway Crest Elev: 18,775 ac-ft
D/S Area: Residential Area

W.
- ,".l;
-
The 2.1-mile Adobe Dam showing D/S Residential Area i
2018 ASFPM Annua if“ a’yl
Phoenix, Arizona \& s/
June 17-21, 2018 Nricopa €0
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Adope Dam Facts

TEE=On Y Ui

The 2.1- mlle Adobe Dam showmg D/ S ReS|dent|aI Area
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BACKGROUND AND OBJECTIVE

d Flood Modeling during Flood Exercises
(EOC, AOC) since 1997

d Real-time Hydrologic and Hydraulic
Modeling (with ALERT gages)

d Real-time HEC-1 Modeling for Dam
Outflow Prediction for District's 22 dams
(with ALERT gages)

d Real-time Rainfall-Runoff Modeling with
Live Parameter Calibration for Dam Fill
Time and Outflow Prediction

2018 ASEPM _Annual Conie 1

Phoenix, Arizona o ¢
June 17-21, 2018 Nricopa S
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BACKGROUND AND OBJECTIVE

d Software Requirements: efficient,
accuracy (through feedback for smaller
time intervals), no need to use many sub-
basins and Green-Ampt loss method

d 2016-2017 Strategic Initiative (FCDMC)
d Project Time Line: 7/2016-6/2017

//b/c:"‘ N
2018 ASFPM Annual Con B i)
Phoenix, Arizona \%, é‘/’

June 17-21, 2018 Nricops €/
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What is parameter calibration?

Rainfall Data (ALERT gages,
manual input)

]

Rainfall-Runoff Model (loss
parameters)

|

Use the differences in the predicted
and measured water surface elevation
(WSE) in reservoir to adjust the loss

parameters
/ b{;ﬁ};ﬁ
2018 ASEPM Annua (* i
Phoenix, Arizona \ f’,,‘_ 5:,/

June 17-21, 2018 Nlkcopa
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Real-time Parameter Calibration

A
Model-
predicted WSE
attime t
Water
Surface
Elevation -~
(WSE) in e
Reservoir SN
Measured WSE - =
attimet

v

t-1 t Time

2018 ASFPM Annual Cc i.': “‘
Phoenix, Arizona o ¢4
June 17-21, 2018 Nhcopa €&
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WSE Plot Comparison
Observed Data vs Prediction Results

Casandro Dam: Real-Time Predicted WSE

ALERT WSE Data —Run #5, Pred @ T=180min ===Run #9, Pred @ T=240min

./—_—\\
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Time (in Minutes)

Phoenix, Arizona
June 17-21, 2018
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ANALYSIS COMPONENTS

1 EXCESS RAINFALL ANALYSIS

(1 DIRECT RUNOFF ANALYSIS

d STORAGE ROUTING ANALYSIS
(d MODEL CALIBRATION ANALYSIS

2018 ASFPM Annual Con [ i
Phoenix, Arizona o &/
June 17-21, 2018 Nricopa S
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r—-—=—=-=7-=7==7=7=7================== |
- : Rainfall » Infiltration Model :
. [STRTL, CNSTL, RTIMP] :
EXCESS : ,
RAINFALL B -’- --- ¥ ;
ANALYSIS R , I
1o Effective Rainfall I Losses I
| | I |
DIRECT MODEL T R R ke kakekaatr :
RUNOFF —CALIBRATION Direct Runoff Model » I
ANALYSIS | ANALYSIS I [UNIT HYDROGRAPH] Runoff I
I ___ L
— 2 2
ROUTING WSE
ANALYSIS Storage Routing Model
- Outflow [STAGE-STORAGE-DISCHARGE]
Storage
2018 ASEPM Annua l‘
Phoenix, Arizona o &5/’

June 17-21, 2018 Nhcopa C0
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- A RAINFALL A INFILTRATION
EXCESS MODEL
RAINFALL 5 g STRTL K
ANALYSIS : » : CNSTL =
> RTIMP [J
DIRECT MODEL Time, hour :
RUNOFF —CALIBRATION A ' ’
ANALYSIS | ANALYSIS -
_ LOSSES
STORAGE £ 5
ROUTING ° _s&_.
ANALYSIS Time, hour Time, hour
EXCESS RAINFALL ANALYSIS
2018 ASEPM Annual G & "‘4"1
Phoenix, Arizona " °'4, O/ :

June 17-21, 2018
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ANALYSIS COMPONENTS

EXCESS
RAINFALL
ANALYSIS

DIRECT
RUNOFF
ANALYSIS

STORAGE
ROUTING
ANALYSIS

MODEL CALIBRATION ANALYSIS

Depth, inch

ERH

Time, hour

DIRECT RUNOFF ANALYSIS

Flow (cfs/unit)

UNIT

HYDROGRAPH

»
»

Vi

Time, hour

2018 ASFPM Annual C

Phoenix, Arizona
June 17-21, 2018
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FUNDAMENTALS AND THEORY

1 DIRECT RUNOFF ANALYSIS — UNIT HYDROGRAPH
S-GRAPH

Ul Card Value Calculation (S-Graph) - Adobe Dam
_-
This sheet is used for evaluating the Unit Hydrograph. The parameters in yellow cells like NMIN,

- Unit Hydrograph Plot

prea () sqmil

-

I T
I ) 7
I Y
Conversion Factor = 645.33 --

Unit Hydrograph (cfs/in)

Time, in hrs

Total Volume = 1 inch
2018 ASFPM Annual Co

Phoenix, Arizona
June 17-21, 2018
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FUNDAMENTALS AND THEORY

d DIRECT RUNOFF ANALYSIS
[P]x[U] =[Q]

UN—m +1

2018 ASFPM Annual C || il

Phoenix, Arizona O &/
June 17-21, 2018 Nricops €2
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ANALYSIS COMPONENTS . .:<rornce

DISCHARGE CURVE

d STORAGE ROUTING ANALYSIS .
_ INFLOW - g
EXCESS _ HYDROGRAPH . g
RAINFALL | : 8 8 g
ANALYSIS | & _
IS Elevation, ft

Time, hour

DIRECT MODEL

RUNOFF +—CALIBRATION
ANALYSIS | ANALYSIS

& pam

A
[ \

STORAGE { OUTFLOW { WATER SURFACEZ{ STORAGE
ROUTING »| HYDROGRAPH €| ELEVATION | VOLUME
ANALYSIS J E 5
E : - ‘
T > Time, hour g Time, hour >
STORAGE ROUTING ANALYSIS i
2018 ASEPM Annual Co i *)
Phoenix, Arizona \ 4

June 17-21, 2018 ‘w‘V
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FUNDAMENTALS AND THEORY
0 STORAGE ROUTING ANALYSIS

08
Q_at

KNOWN VARIABLES:

= Inflows (I, I,)
= Outflow (0,)
= Storage (S,)

UNKNOWNS:

= Outflow (0,)
= Storage (S,)

WHERE: Y is the continuity error for the estimated elevation. The estimated

elevation is adjusted until Y is less than + 1 cfs. /cgén"""%,;;.\
2018 ASFPM Annual Co N 3
Phoenix, Arizona \% oé‘/"

%, o
June 17-21, 2018 Nricops L
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FUNDAMENTALS AND THEORY

d LEVEL-POOL ROUTING ANALYSIS

Known Parameters: S,, I,, I,, O,. where S, = f(E;) and O, = f(E,)
Unknown Parameters: S,, O,

Iterative Procedure:
(1) Step 1: Make an estimate of the Water Surface Elevation, E,.

(2) Step 2: From Rating Curve, determine S, and O, that correspond to E..
(3) Step 3: Using the values of S, and O,, evaluate Y.

(4) Step 4: If the evaluated Y > 1.0 cfs, repeat Steps 1 to 3.
If the evaluated Y < 1.0 cfs, use E,, S, and O, as the final

values for the period.
Proceed to the next period where S; = S, and O, = 0,. /.

2018 ASFPM Annual Co ll
hnf:"r

Phoenix, Arizona
June 17-21, 2018
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FUNDAMENTALS AND THEORY

1 STORAGE ROUTING ANALYSIS

t=0,1,23,..,T |StartE,, = E

.

S,-S, I+

1y sl

At 2

P From Rating Curve, evaluate S,,; and Oy,
-

Vodity E Compute Y,, Next Time Step
t+1
-
t NO
YES -
Final Values of E;,, St+1, Ot+1
S =
NO
Last Time Step?
YES @
Expected Results: E,, S,, O,,
End fort=0,1,23,..,T

2018 ASFPM Annual Co

Phoenix, Arizona
June 17-21, 2018
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Control *
d MODEL CALIBRATION ANALYSIS Var/iables isp ERH
= STRTL = P
EXCESS S = Ps
o, <0 E
| | (3 P7
ves A\NO Y 2
End DIRECT
RUNOFF P
ko , HYDROGRAPH
‘ 3 WATER SURFACE
STORAGE ¢ e| ELEVATION
ROUTING : E
ANALYSIS Time, hour - uij

Time, hour

Minimize z = [WSE osservep — WSE MODEL]2

MODEL CALIBRATION ANALYSIS /5
2018 ASEPM _Annual Conie ||

Phoenix, Arizona “ ¢
June 17-21, 2018 icops &
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FUNDAMENTALS AND THEORY

d CALIBRATION BY OPTIMIZATION ANALYSIS

Set Data Period to Analyze

et

Perform Storage Routing
(Given: Dam Rating Data)

Read Data from ALERT Server
(Rainfall, Dam Stage/Outflow)

« Evaluate Direct Runoff
(Given: Unit Hydrograph)

Evaluate ERH

(Given: STRTL, CNSTL, RTIMP)

|

NO
ik zﬂ@ » Method to Adjust
STRTL, CNSTL, RTIMP

YES

Use Hooke-Jeeves

Show Prediction Results

Cbhijective Function:

g Minimiza z := [WSE opserven — WSE moper 12
End //&;nuo,o N
£
2018 ASEPM Annual Co * if
Phoenix, Arizona \ &/

o o
June 17-21, 2018 \Fricopn €5/
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FUNDAMENTALS AND THEORY

1 MODEL CALIBRATION ANALYSIS

Observed Data

Analysis Results with “Poor” Analysis Results with “Good”
Model Parameters Model Parameters ool

[ & l,‘-:
2018 ASFPM An [ i
Phoenix, Arizona 23 &/

June 17-21, 2018 Neopa -
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FUNDAMENTALS AND THEORY

d MODEL CALIBRATION — OPTIMIZATION ANALYSIS

Objective Function: Control Variables

/ State Variables
Minimize z = f(u, x)}— (1)
Minimize z = [WSE ,ggeryep — WSE mopeL]?
subject to:
p(u, x) =0 Governing Equations (2)
Pmin < P(U, X) < Ppax System Constraints (3)

u x>0 Non-Negativity Constraints (4)
Control Variables: : f:-ll\-g'll-'ll-_
Rainfall Loss Parameters
RTIMP P
/b controy O,' o
2018 ASFPM Annual Cc 1 i
Phoenix, Arizona \ £/

June 17-21, 2018 Nricopa >/
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FUNDAMENTALS AND THEORY

O MODEL CA
LIBRANLEN 12 QE NI DFLQ Be A Meh3EF

— = The contour lines are represented by
z = [WSE — WSE 2
[ e M°DE_L_] evaluated z values.

» The algorithm starts its search from a
wide area. Once the best “z" value is
found, the algorithm uses that position
as a base to search the neighborhood
for a better solution employing a
narrower search area.

O minimum “2” for
each iteration

(@]
o
=
—
()]
=
Q
=
()
—
Q)
o
[9)]
(V]
(@]
-

Obj. Function, z

Loss Parameter No.1

a c de f g
Iterations
< Iterative Search, G
2018 ASEFPM A [ i
Phoenix, Arizona O\ V)

June 17-21, 2018 \ricopa &/
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QUICK PROGRAM OVERVIEW

2018 ASFPM Annual Ce G
Phoenix, Arizona A\ &/

June 17-21, 2018 Nricopa >/
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Real-Time Dam Flow Pregcoe Progeam - Version 1.0.0 ;

EVENT DATA SETTINGS
 Ending Time and Time Period Backward

Time Slep.
11:51:00 [15 minutes

I Historical Storm Ev

REAL-TIME DAM FILL TIME AND OUTFLOW PREDICTION

Beginning and Ending Date / Time
nding n
Heginning Date /Time:

[10/09/2017 -]

Time Stop:

1". » minutes

Ending Il.mI Time:

REAL-TIME DAM ALERT DATA

i VNo. Dam |

Date

Time | Rasufadl |

REAL TIME DATA

Outflew  Storage T

I'I‘ 09/2017 7]

BASIC DAM DATA

WSE | 5 Spillw. Crost | Dam Crest ‘

“10% |

25% | 50% |

00%

STOHAGE THRESHOLD ELEVATION DATA

Frequency Update:

Manua J‘

[

L DISTRIBL

Distribation List #1

RISE AND DRAWD OWN (DD}

[ 100% | Rise/DD | Tisme |

Start Mun_ilor Manual Raln Data Entry

Phoenix, Arizona
June 17-21, 2018

Rate | |

Auto-Pilot Analysis Length

Select Analtysis Ly

agth |

DAM FOR ANALYSIS
Osech Uncheck Dams

T Adube Dan

Apache Junction Dam
Buckeye #1 D
Buckeye ¥2 Dam

I Buckeye #3 Dam

Caranuden Dan
Cave Buties Dum
Dye sy Draw Dam
Guadalupe Dam

~ Harquahals Dam

MeMicken Dam
New River Dam
Pawerline Dan
Kittenhouse Dam

I Saddieback Daow

T Sigual Butte Dem

Speokhill Dam
Swinyeove Da
Sunset Dam
Vieeyard Dam

Wlsite Tands #3 Dam
Wiiite Tanks #4 Dam
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% Reak-Tire Dam How Prediction Program - Yersion 100

REAL-TIME DAM FILL TIME AND OUTFLOW PREDICTION

EVENT DATA SETTINGS UPDATE FREQUENCY AND ANALYSIS LENGTH
+ Ending Time and Time Poriod Backward Beginning and Ending Date / Time * Manual Analysis O Auto-Pilot Analysis
Ending Date / Timwe and Time Period: Heginn | End Tianee Frequency Update: Auto-Pllot Analysis Langth:

Corrent Date / Times Time Step: Heginning Date, Time Time Step Manus | [Select stx Leng

[09/08/2014 [09-00:0¢ - i ["’ 07/2014 *3:00 =] S minut I™ Vse Manuad Test Data

Time Period ¥ Historical Storm Events Ending Date /Tis
ncal s ot b Cmicc E-MAIL DISTRIBUTION

A ERT Data | Distribution List #1

REAL-TIME DAM ALERT Dzr
REAL TIME DATA HASIC DAM DATA STORAGE THRESHOLD ELEVATION DATA RISE AND DRAWDOWN (DD) DAM FOR ANALYSIS
Dam | Date | Time | Raiufall| Outflow | Storage | WSE Y Spillw.Crest| DamCrest | 10% | 25% | 50% | 0% | 100% | Rise/DD | Tume | Rate | ' heck/Uncheck Dams
Adnbe Dans 05/00/2014 040000 2470 A2420.00 33800 134920 127958 1404.80 13572 137060 300 137958 HASD 1A, 0.000 Adobe Dam
Apachkes lunction Dar) 05/00/2014 090000 10550 .00 40.000 1791.5% moLnn 1oier 1719337 R 179010 100070 L9 2630 18621 Q000 I Aplht Jusetion Dam
Buckeye No. 1 Dam| 05/00/2014 090000 21250 (LR 223095 1056 .50 1080.82 1089.60 106800 107560 197850 1080 80 0700 -1621.., 0000 Buckeve #1 Dam
Buckeve No. 2 Dam 09/08/2014 29200 12100 261405 110299 a2 1is1n 110308 1109.27 mmn 11137 7310 -162L.. 0.000 [ Buckeye ¥2 Dam
Buckeye No. 3 Dam| o3/08/2014 2.8900 810 237065 115058 1165.02 11751 115551 115297 1160.82 116410 116507 4.640 16240 ©.000 " Buckeye #3 Dun
Cassndro Dam 09/068/2054 09:0000 0ez12 0.00 0373 213685 2157.00 2165.50 214473 214787 5207 215630 2157.00 0.190 1624 Q.000 Casandre Damn
Cave Outte: Dams /082014 09:0000 16080 138.00 13458 157024 165010 168800 161585 183111 164372 1654.80 185910 8.260 1821 o.000 Cave Buttes Dam
09/08/2014 090000 250900 0.00 0.000 137100 1406.90 dans0 158024 1eam 1399060 140523 140090 0,120 162, ©.000 Drearay Draw Dam
05/00/2014  0N0000 37600 0.00 4.2 120892 127503 1220 125068 126409 1245.29 S FPIR 1 127802 14.560 162N Q000 Gaadadupe Dam
05/00/2014 090000 DTy 0.00 0340 1376.36 1410.60 1421,50 139833 1402.29 1406.05 140922 141059 1700 1821, 0000 Harquahala Dam
09/08/2014 090000 23675 0.00 oRe 133760 135525 13462.00 134086 134544 13459.53 135411 135525 L1600 -162L.. 0.000 McMicken Dam
03/08/2014 L8260 672.00 409334 13%8.43 145620 1485.70 141830 143107 1442.50 1456.008 145850 9.180 16240 ©.000 New River Dam
09/08/2014 09:0000 22700 0 306480 156340 1584.90 158940 156905 157366 157874 158298 152492 3400 1624 Q.000 I Powerline Dam
09/08/2014  09:0000 1.77%0 400 4000 158240 159840 160340 1588 150174 159463 159655 159840 3400 $ 15 3 o000 Rittenhuwse Dam
09/06/2014 090000 0a170 0.00 117540 119545 119545 118531 1188.23 1o ISV ST 11949 0.300 102 ©.000 " Saddleback Daun
05/00/2014  0%:0000 33200 n.00 169055 ARACR L 245 1097.5% 170199 e 712 e TLoN0 a2 2000 [ Sigmal Butts Dam
05/00/2014 090000 3.5000 n 157556 155,90 155340 1575852 157926 0wz 155,78 155890 7060 -1821,., 0.000 Spookhill Dam
09/00/2014 09 D000 0, 7400 0.00 214155 217210 21081.00 215026 215690 263,60 217122 17220 6HA50 -162L.. 0.000 Sunnyeove Dan
03/08/2014 [ETER) 0.00 2118 213381 214401 212027 21239 22784 213098 213285 493 1621 ©.000 " Sumset Dam
09/068/2014 090000 18425 S4 156492 157570 1580.60 156683 156917 157192 157400 157550 2920 624 .000 I Vinevard Dam
09/08,/2014 27150 noo . 118000 1212.00 1248.00 119642 119960 120476 121001 121200 0000 821 0.000 White Tanks #3 Dam
09/06/20%4  DRDO00 10975 300 1012, 105140 1056.00 105001 109674 1044 64 1049.89 105140 10.200 0.000 [7 White Tanks #4 Dam

Fall Data #1: Sept. 7, 2014 [09 /0872014

je
1
2
3
4
5
s
7
&
b
10
1
12
)

Manual Rain Data Entry |

Running the Software with Historical Storm Event

Phoenix, Arizona
June 17-21, 2018
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;' Real-Time Dam How Predictian Program - Yersion 100

REAL-TIME DAM FILL TIME AND OUTFLOW PREDICTION l

EVENT DATA SETTINGS UPDATE FREQUENCY AND ANALYSIS LENGTH
+ Ending Time and Time Poriod Backward Beginning and Ending Date / Tims * Manual Analysis T Auto-Pilot Analysis

Ending Date / Timw and Time Period: Heginn | Enc Tiane Frequency Update: AutorPllot Analysis Langth

Cuorremt Date / Time: Time Step: Heginning Date, Time Time Step Manua | [Select Analvsis Length

14 23 “"““' 15 minut ["’ 07/2014 2:00 = At [ Use Maswal Test Data

v Histarical Storm Events Ending Date,/Ti
Time Period (hrs) storical Storm Even nding Date,/Time E-MAIL DISTRIBUTION

Fall Data #1: Sopt. 7, 2014 |09 /08,2014 R SN,
i |Distribution List ¥1

REAL-TIME DAM ALERT DATA
REAL TIME DATA HASIC DAM DATA STORAGHE THRESHOLD ELEVATION DATA RISE AND DRAWDOWN (DD) M FOR ANMN
[ Date | Tume | Raiufall| Outflow | Storage | WSE | Spillw.Crest| DamCrest | 10% | 25% | 50% | 0% | 100% | Rise/DD | Tume | Rate | // Oreck/Uncheck

05/08/2014 040000 2470 24000 33800 134920 17950 140480 13572 1I7066 13700 137958 N/A N/A N/A ¥ Adobe Dam
05/00/2014 090000 10550 .00 40.600 179155 moLn Ler 1719337 R 179010 1000.70 L9 N/A N/A r Apache Junction Das
05/00/2014 090000 212 [ 223095 1056 .50 1080.82 1069.60 106800 1075.60 107850 108080 N/A N/A Buockeve ¥1 Dam
09/08/2014 25200 13100 261405 110299 a2 (SR80 ) 110308 1109.27 111270 117 N/A N/A v Buckeve ¥2 Dam
09,/08/2014 2.8900 8100 237065 115L58 1165.02 175 115551 115297 1160.82 1164.10 116507 N/A N/A Buckeye #3 Dan
09/08/2014 09212 0.00 0373 213685 2157.00 2165.50 214373 214287 215207 215630 2157.00 N/A N/A Casanidre Dan
/082014 8 16080 138.00 13458 157024 165010 168400 161585 163111 164372 165480 185910 N/A N/A Cave Buttes Damn
09/08/2014 25500 0.00 0.000 1237100 140690 im0 138024 1393m 139900 1405.23 140096 N/A N/A J Drearay Draw Dam
05/00/2014 0.00 24227 120892 127503 12820 125068 126409 1245.29 s 127802 N/A N/A Gaadalupe Dam
095/00/2014 0.00 03 137636 1410.60 142150 139839 1402.29 1406.05 140922 141059 NIA N/A I Harquahala Dam
09/08/2014 0,00 oe 133760 135525 1362.00 134086 134544 134951 135411 135525 N/A N/A McMicken Dam
03/08/2014 672.00 13%8.43 145620 1485.70 141830 143107 1442.50 1456.08 145850 N/A N/A New River Dam
09/08/2014 4900 156340 1584.90 158940 1569.05 1573.66 1578.74 158298 152492 NiA N/A Powertine Dam
0%/08 2014 g 405 158240 15940 1603.40 15880 159174 159463 159655 159840 N/ T Rittenhowse Dam
09/08/2014 0.00 117540 119545 119545 1185351 1188.23 1o (SL ST 11949 N/A " Saddlsback Daun
0s/00/2014 n.0o ~ 169055 EACN L] 245 1097.5%0 170199 170719 s AL 1) NIA [T Sigmal Batte Dam
05/00/2014 e 157556 1533.90 155340 ISTSET 157926 158212 180,78 13090 NiA \ Spookhill Dam
09/00/2014 0.00 . 214155 217210 210100 215026 215690 216360 217122 .20 N/A Sunnyeove Dan
°3/e8/2014 K 0.00 21185 213381 214401 212027 21239 212784 210098 2132.85 N/A " Sumset Dam
09/08/2014 S40 156492 157570 1580.60 156683 156917 157192 157404 157550 NiA I Vineyard Dam

While Tanics No. 3 Dae  09/08,/2014 n.oo X 118000 122,00 1248.00 110442 119960 120476 121001 121200 N/A White Tanks #3D

Wikite Yanks No. 4 Dans  09/08/2014 2200 101299 105140 1056.00 103001 103674 104404 104980 105140 NIA [~ White Tanks £4 fam

Start Manual Prediction without Calibration Start Manual Prediction h'i!lx Calibration Start Au_lp-}'ﬂnt l"l;odlrtl'rxn

Phoenix, Arizona
June 17-21, 2018




Topic: Real-Time Dam Fill Time and Outflow Prediction Software

¥y Predicied WSE Plot

oy Manasl Predicnon foem

Manual Prediction Analysis for Selected Dams

EVENT DATA SETTINGS

Ending Daro | Time and Thue Paiod: Heguning and Eading Datos, Tlaes
Curramt Date  Time Thme Stepe Beginming Date Time Time Stey
Ixﬂc‘,vvl 1lo9.0¢ ‘ 15 mimute 1 f =
Tyme Perod thrali

o Simulation Analysis Settings

Select the Objective Function:

T PREDICTION I Select the Objective Function ...

STARTING ENDING DAM  PREDICTION RESULTS THRESHOLD DISCIARGES
No Dam ltats Time ate Timn : bration A o am Crost | Outlow | Peak Q| Time®Peak | 1/3FallQ| 2/3Fullg | FullQ
) Adehe Dam 09N7/7014 120000 05002014 H00DP Set the ACCU[BCy Settlng for the Calibra NSS' w040 s43100 102435 1N0%0 AT 0 9300 1040000
2 BuckeyeNo. 2 Dwm  09/07/2014 220000  09/08/2034 o -

b Powerlioe Dumt  0997/2014 220000  09/98/2014 490008 |Select your Accuracy Setting ...

11818 1L00 11309 00040 26700 853300 12200.09
15840 A srAy 124590 a0 88700 1420009

Set the Model Parameters to Use:

|Fall Data # 1 |

i fault Testine Dat Cancel| OK I

Preclicted Outflow Results Mot HEC1 Model Camparisan

Phoenix, Arizona
June 17-21, 2018




Topic: Real-Time Dam Fill Time and Outflow Prediction Software

;' Reak-Tie Dam How Prediction Program - Yersion 100

REAL-TIME DAM FILL TIME AND OUTFLOW PREDICTION J

EVENT DATA SETTINGS UPDATE FREQUENCY AND ANALYSIS LENGTH

+ Ending Time and Thme Poriod Backward Beginning and Ending Date / Time * Manual Analysis O Auto-Pilot Analysis

Ending Date / Time and Time Period: Heginn 1 Ene Frequency Update: Auto-Pllot Analysis Lingth

Corrent Date / Thne: Time Step: Heginning Date, Time Time Step Manua | |Select Analysis Length

14 ] |"""" 15 minut (09 0i4 v s [ Use Masusad Test Data

v Historical Storm Events Ending Date,/Ti
Time Period (hrs) storical Storm Even nding Date/Time: E-MAIL DISTRIBUTION

Fall Data #1: Sept. 7, 2014 [09 /082014 RN
2 |Distribution List 41

REAL-TIME DAM ALERT DATA
REAL TIME DATA HASICDAM DATA

_Dam_ Date | 1 : e | pi st % | o | ) | Tame

s [}

Adnbe Dams 05/08/20%4 z N/A [ Adobe Dam
Apache Junction Dam  05/00/2014 1791.5% e 179555 179010 L9 N/A ¢ Apache Junction Dan)
Buckeye No. 1 Dam 05/00/2014 1056 39 1009.60 106800 107L50 107560 1000.80 NA Bockeye #1 Dam
Buckeye No, 2Dam  09/08/2014 5 110259 111810 110308 110617  1109.27 msay N/A 7 Buckeye ¥2 Dam
Buckeye No. 3 Dame 03/08/2014 115058 117151 115551 115797 1i160.82 116507 N/A " Buckeye #3 Dun
Cassndro Dam 09/08/2014 . 2153685 2165.50 214373 214787 5207 21157.00 N/A Casandre Dan
Cave Buttss Dass /08 2014 L 157024 168100 161585 163111 184372 185910 N/A " Cave Buttes Dan
Oreasoy Draw Dam 09/08/2014 137100 1damse 1SBO24 139%E1 139900 140896 N/A A Dreamny Draw Dam
Goadaluge Dam 05/00/2084 ! 120892 1220 1250468 120409 124529 127602 N/A Gaadalupe Dam
Narquahala Dam 05/00/2014 \ 137636 142150 139639 140229  1406.09 141059 ! NA Harquahala Dam
McMickea Dam 09/08/2014 133760 1362.00 134086 134544 134953 135525 N/A [ Mcdticken Dam
New River Dam 03/08/2014 13%8.43 148570 141830 143107  1442.50 145850 N/A [ New River Dam
Powerlise Dam 09/08/2014 . 156340 158940 156905 157166 157874 152492 N/A Powerkine Dam
Rinenhouse Dam 0%/08 2014 158240 1603.40 158804 159174 150483 159840 NA 7 Rittenhuwse Dam
Saddiehack Dam 09 /06/2014 117540 119545 118531 118823 104 119493 Saddleback Dun
Sagnad Nutte Dam os/o0/2084 A 169055 2450 109750 170199 170729 a9 [7 Sigmal Butte Dam
Spookhill Dam 05/00/2014 157556 1553.40 ISTS62 157926 138212 155390 Spookhill Dam
Sunnycove Dam 09/00/2014 4 214155 2101,00 215026 25690 2NME6I60 17122 7220 Sunnycove Dam
Sumset Dams 03/08/2014 4 ¥ 21185 214401 212027 212391 U2WB4 210098 213288 "~ Sumset Dam
Vineyard Das 09/08/2014 1564.92 1580.60 156683 156917 157192 1574010 157550 v Vineyard Dam
While Tanics No. 3 Dawe  09/08,2014 X . 118000 1248.00 110442 119960 120476 121001 121200 I White Tanks #3 D,
White YTanks No. 4 Dass  09/08/2054 101209 1056.00 103001 103674 1044064 104989 105140 L White Tanks 4

Phoenix, Arizona
June 17-21, 2018




Topic: Real-Time Dam Fill Time and Outflow Prediction Software

oy Mansal Fregicsan foem

EVENT DATA SETTINGS

Erodbneg Date; Tieow ansd Tiowe Foriod:

Current Date  Tome Time Stop
;1.A‘;1A‘.j|, | A 1000 15
Timn Period (hra )
11
REALTIME PREDICTION
STARTING INDING
No. _Dom | Dare | Time | Date | T

Manual Prediction Analysis for Selected Dams

e

o Analysis Settings =RRE X

Select the Objective Function:

RT Obj.Function #1, z = f(|Obs_Stage-Mod Stage|*2) -

Set the Accuracy Setting for the Calibration Analysis:
Very High Accuracy (Epsilon = 0.000001) -

Set the Model Parameters (STRTL. CNSTL. RTIMP) to use:

Fall Data # 1 -

Cancel | Review | OK |

v Use Default Testing Data

DAM  PREDICTION RESULTS THRESHOLD DISCHARGES
jotflow | PeakQ | Time@PeakQ | 1/3FulQ) 2/3FullQ] FulQ |

2018 ASEPM Ann

Phoenix, Arizona
June 17-21, 2018

Stap




Topic: Real-Time Dam Fill Time and Outflow Prediction Software

wy Predcred WSE Flot

#y Manesl Fredicsan Foom

Manual Prediction Analysis for Selected Dams

EVENT DATA SETTINGS
Erodboeg Date; Tieow ansd Tiow Foriod: eginring wond Ending Dates ) Tirnw
Carrent Date / Time Time Stop Beginrang Date Tome Titme $1epy
;7.,.‘9 1014 |BMos-00.00 15 mlm | 1097072014 - 0000 15 mitnw)
Timn Period (hrs) Tinn(ling Dars Timw
l’_, § 0i4 19-00:00
REALTIME PREDICTION
STARTING INDING PRUDICTION RESULTS STORAGE THESMOLD AND DAM LLEVATION DaM PREICTION RESULTS THRESHOLD DISCHARGES
 No. | _Dam_ | Date | Time | Date | Time | Curr WSE | Next WSE| Time@Peak | Peak WSE | Time@Oom¥ill | 10% | 25% | 30% | 50% | 100% | Dum Crest| Owtflow | PeakQ | Time@PeakQ | 1/3FeliQ| 2/3FullQ] FulQ |
) Apache prnction Duse  G0MO7/2014 220000 09/98/2014 (40000 179143 1091521 1e1540 1791852 A LSLT 1799 179B14  IS0OFE  IBOLIY 1BYLYY 100 LIRS 121500 355000  YI00.00  LOSS0.00
2 Powerline D 09/07/2014 220000 00/90/2034 090000 15673 134N 13:00:30 1569.528 NA IS6005  13U386 15TET4  ISSRUE ISBAA2 158940 19200 7364 13:00:00 493300  GEGTDY 2420000
3 Vinepard Dum 09/07/7014 I3B000 09/80/30)4 (RNOD0 156733 1NTIVE IS0 1548020 A ISAE)  I36AX7 137192 ISTA01 157330 330040 3400 ™ 121500 03300 1504700  ETYS00.00

Run l Predicted Outflow Results Plot | HEC1 Modwl Comparisan Stap Closwe

2018 ASFPM Ann

Phoenix, Arizona
June 17-21, 2018



Topic: Real-Time Dam Fill Time and Outflow Prediction Software

%y Preccied Outfiow Plot

Deadictod Nazss Outflow Daculte

# Manesdl Fredicson Foom

Manual Prediction Analysis for Selected Dams l
EVENT DATA SETTINGS
Erodboeg Date; Tieow ansd Tiow Foriod: eginring wond Ending Dates ) Tirnw
Current Date  Time: Time Stop Beginrang Date Tome Tiome $tepy
l09/08/2014 |BMos-00.00 15 mim | {09,07/2014 -] 00.00 15 mitma
Timn Period (hrs) Tinn(ling Dars Timw
I.v 014 190000
REALTIME PREDICTION
STARTING INDING PRUDICTION RESULTS STORAGE THESMOLD AND DAM LLEVATION DAM PREICTION RESULTS THRESHOLD DISCHARGE S
 No. | Dam_ | Date | Time | Date | Time | Curr WSE | Next WSE| Time®Peak | Peak WSE | TimedDomdill | 10% | 25% | 50% | 90% | 100% | Dum Crest | Outflow | PeakQ | Thme@PeakQ | 1/3FuliQ| 2/3FullQ| FullQ |
t Apache janction Dase  99/07/2014 220000  00/98/2014 (49000 179143 1291521 104500 1I9LESE NjA LSLT 179859 179B14  1S0OFE  ABOLIY 1BYLYY 100 LIRS 121500 355000 10000  L0S50.00
2 Fowsrline Dun 00/07/2014 120000 00/90/2034 FD0D0 156733 13674 130090 1569328 NjA ESSN0S  1SV3A4  1STET4  ISSIOE  ISBAA2  138W40 4900 73.64 13:0000 493300  SEETDY  14200.00
3 Vinepard Dun 99/07/7014 IIA000 09/80/30)4 0RHOD0 15673 1NVIVE IBISRO 1SA020 NiA 168 1367 137192 ISTA01 157330 130040 3400 ™ 121500 WII00 1106700  KYS00.00

Run l Preclicted WSE Rewults Plot HEC:1 Modw Comparison Stap Closs

2018 ASEPM Ann

Phoenix, Arizona
June 17-21, 2018



Topic: Real-Time Dam Fill Time and Outflow Prediction Software

Real-Tine Dam Flow Frediction Program - Verson 100

EVENT DATA SETTINGS

* Ending Time and Time Period Backward
Ending Date / Time and Time Pariod:

Current Date / Time:

07 /1872015 | [_l 00:00

Time Step:

gl » minute

Time Period (has) ¥ Histarical Starm Events

E -l

REAL-TIME DAM ALERT DATA

=
]

Date
07/18/2015
07/18/2015
07/18/2015
07/10/2013
07/18/2013
07/18/2015
07/18/2015
o7/10/2015
0218/2015
07/18/201%
07/18/2015
077182015
07/18/2015
o7/18/7013
07/18/2015
07/18/2015
07/18/2015
07/18,2045

Dam
Adobe Dam
Apache punction Dum
Bockeye No. 1 Dam
Dockeye No. 2 Dam
Backeye No. J Dam
Casandro Dam
Cave Buttes Dam
Dreamy Draw Dasn
Guadalupe Dam
Warguahals Dam
McMicken Dam
New River Duss
Powerline Dam
Rettenhouve Dwm
Saddleback Dam
Signal Batte Dam
Spockhill Dam
Swanycove Dam
Sunset Dam 07/18/2003
Vineyard Dam 07/18/2015
White Tanks No. 3 Dam  07/18/2015
White Tanks No. 4 Dam 07 /18/2015

©.0060
0.0600
0.0700
0.0400
©.0400
41479
©.0000
©o.0000
00000
00924
04750
0.0000
0.0400
0.1200
00404
00400

|1
|2
|3
|4
5
‘s
(7
|®

9
|2

0

SRR

REAL TIME DAM FILL TIME AND OUTFLOW PREDICTION

Summer Data #2: July 18,2015

REAL TIME DATA
Rainfall | Owtflow

0.00
0.00
000
0.00
0.00
70
0.00
000
0.00
000
0.00
0.00
0.00
000
000
0.00
0.00
7.00
0.00
o000
0.00
0.00

" Beginning and Ending Date / Time
Hoglaming Date /Time: Fimv Step
5 mnots

|07 /1872015 1600 | |

Ending Date,/ Time
| 1 20000

BASICDAM DATA

| Spitiw.Crest | Dam Cres: |
137958 140488
180180 181197
1080.62  10R9.60
1maaz nmnan
116503 117151
2157.00 216550
1659.10 162100
140690 14140
127565 1289,26
W1060 142150
1355.25 1362.00
145620 1486.70
158490 158940
199840 160340
119545 119545
171440 1724.50
158390 1593.40
27240 218000
2133m m
157570 1500.60
1212.00 1218.00
105140 1956.00

50% |
137066
179818
107560
110027
116082
215207
164372
1390.06
1269.29
1406.09
135953
144350
151874
1594.63
119114
170719
1582.12
2163.60
21274
157152
120476
104464

WSE
133901
178592
1055.80
1095.60
114694
2155.00
1561.96
137158
125156
1374.06
1336.00
139213
1560,00
1379.00
117510
1687.28
1568.10
2166.95
213019
1562,00
1100.90
1002.00

10%
15712
1793.17
1068.00
110300
1155.51
214473
1615.85
1389.24
1250.08
139839
1340.86
1412.30
1569.05
1530.94
11as3
1697.50
1575.82
2150.26
22027
1566.03
119442
1030.01

0%
1378.00
1800.78
107850
mar
116430
215630
1654.60
140522
127490
140922
1511
L4s6.08
158293
135635
M1
171323
15330
217022
2130.958
157401
121001
104909

Starage
0.000
0 000
0100
oaoe
0.100

110.757
0.000
0.000
0.000
0000
0.000
5343
0.000
0.000
0.000
0.000
0.000

pELEL
60036
0.000

41.000
25.000

25%
1383.97
179559
107150
nosay
115797
EALEE )
163011
1393.:
126409
1402.29
134544
143107
157384
15914
118823
170199
157926
215690
nnsn
15697
119950
103674

STORAGE THRESHOLD ELEVATION DATA

UPDATE FREQUENCY AND ANALYSIS LENGTH

© Manual Analysis
Frequency Update:

% Auto-Pilot Analysis
Auto-Pilot Analysis Lengthy

[Every 15 minutes
Use Aunto Pllot Test Data

E-MAIL DISTRIBUTION

bis;fil:u.lioriils! " i

RISE AND DRAWDOWN (DD)

Rise/DD | Time
N/A N/A
N/A N/A
NA /A
N/A N/A
N/A NJA
N/A NjA
N/A N/A
NJA N/A
NiA N/A
NA N/A

N/A

NiA

N/A

NIA

/A

N/A

X/A

N/A

NIA

N/A

N/A

/A

Caeek Uncheek INg

Adube Dam
Apache Janction Da

~ Burkeye #1 Dam
Buckeye #2 Dam
Buckeye #J Dam
Casandro Dam

" Cave Buttes Dasm
Dreamny Draw Dan
Guadalups Dam
Harquahala Dam
MoMicken Dam

"~ New River Dam
Powerline Dam
Rittenhouse Dam
Saddieback Dam
Signal Butte Dam
Speclhill Dam
Swumycove Dam
Sunset Dun
Vinevard Dam
White Tanks #3 Dffs

100%
137958
180179
1080 20
1msar
116507
15700
1659.10
140696
127602
141059
135528
145850
158492
158040
119452
171429
158390
11
e
157550
121200
105140

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Start Auto-Pllot Prediction

Phoenix, Arizona
June 17-21, 2018




Topic: Real-Time Dam Fill Time and Outflow Prediction Software

oy Auto-Pior Peedoction Form SR

Auto-Pilot Prediction Analysis for Selected Dams

EVENT DATA SETTINGS
Erodbog Date ; Tieow ansd Tiow Foriod: Heginring wod Enling Dates Tirnw
Current Dase / Time: Time Stop: Beginrang Date Trme Tiome $epy
iw 19/2015 1Mz1-00.00 15 ml | {0 17201 ~ |1 6:00.00 15 mitnwm
Timo Period (hrs) Firnling Dare Timw
i \u‘ IR/2015 21:00:00 ‘
REAL TIME PREDICTION
STARTING INDING PRUDICTION RESULTS STORAGE THESMOLD AND DAM LLEVATION DAM PREICTION RESULTS { THRESHOLD DISCHARGES
| Mo | Dam | Dare | Time | Date | Time | Curr WSE | Next WSE| Time@Peak | Pesk WSE | Time@Uase P | 10% | 29% | 50% | 90% | 100% | Dum Crest | Outflow | PeakQ | Tuwe@PeakQ | 1/3FuiQ| 2/3FullQ] FuilQ |
Run [ { | Stap Closse

2018 ASEPM Annu

Phoenix, Arizona
June 17-21, 2018




Topic: Real-Time Dam Fill Time and Outflow Prediction Software

Preccred WSE Plot

| 3y Auto-Phor Pesdchion form

Auto-Pilot Prediction Analysis for Selected Dams

EVENT DATA SETTINGS
Eredbog Date / Tieow ansd T Foriod: Ieginming wnd Snling Dates Tirnw
Current Dase  Teime Time Stop Beginrang Date Time Time $epy
| 0738201z < |lzr0000  -Jfiism TR 07/ 19,201 15 miam

Timo Veriod (hrs ) Tinnfing Dare Ti

REAL TIME PREDICTION
STARTING INDING FRUDICTION RESULTS STORAGE THESMOLD AND DAM LLEVATION Dam PREICTION RESULTS THRESHOLD DISCHARGE S
| No. | Dam | Dare | Time | Date | Time | Curr WSE | Next WSE | Time@Peak | Peak WSE  Time@Uom Pl | 10% | 2%% | 50% | 90% | 100% | Dam Crest | Owtflow | Peak Q | Thme@PeakQ  1/3FeliQ | 2/3FullQ|  FullQ
i Cassndre Datn $7/18/2615 160000 OV 18/2018  X19000 nsseo 1154.983 21:0040 2155000 N/A 214473 22T NS00 S5em 2157400 218550 50 us: 10000 W00 AR R 740000
2 Sazuycove Den O7/38/291% 150000 07/I8/201% 210000 21089 2168132 IN4s00 217LEI9 NiA 2150286 215890 TEA3GQ  217LX2 220 215100 780 mn 02:30200 200220 413300 ars0oo
3 Ssnsvt Dam ST/I8/79)% 140000 0O7/50/3013  FIA000 71009 2100% 210090 7130.1% NiA 212027 IS8T TEITAA 213008 210246 214401 6a0 .00 210000 30 7330 41e00
J Casanars Dam 18/2915 160000  O7/10/2015 2NAGD0 Tis5.00 TI54.974 u1s%0 TIS5000 N/A 14 A nsnm 21560 215700 214550 hel L 7.5 21500 146700 M 740000
2 Sumny cove Dot 07/18/2015 160000 07/28/2015  XLASD0 6455 2390 nronr N/A 215026 215690 XI6360 27022 217220 218100 100 m 003000 2067 40 413300 20000
3 Smnsel Darn 07/18/215 168000 07 18/201%  FLAS00 nmunm 111500 2130.0% N/A 212027 namamn rzres 21309 1323 2134am 6400 na nasgo i3ria0 53 413000
T Cazandre Dam 07/18/261% 140000 0Y/IN/201%  JII000 I153.00 134974 I1:30%0 1155000 N/A 224473 2JATAT  IIN07 213628 715700 218530 200 ns 30000 240700 413300 740000
2 Sosnyvore Dzn O7/18/201% 148000 J13e00 MR ) Jla7.680 24:00:90 170032 NIA 213026 215690 YIOM  7LX? 230 713100 7480 T, 0813200 206730 “m 4Xe0 .00
2 Swnset Oam 011872015 16000 ALY 283000 nma- 2129780 e 2080 N/A 212037 NES YT 210088 2I2ak a0 AN0 nm I13a00 s 17530 4000
] Gsandes Dam 07/18/2015 160040 0T/18/2015  ZEASO0 15580 2154973 214540 2155000 N/A 213473 24727  MS5207 215630 1570 218550 b 27.51 ZAs00 188700 3 740000
2 Suany cove Dam a7/18/0015 160000 07/18/2015 L4500 1% 2187533 2189744 NSA 215026 215690 18300 mnn 219220 215100 100 a4 240000 08700 41330 20000
3 Ssnset Dars 0r/18/2e13 160000 7013 24500 mnrmn 2129904 214500 21200 NiA 212027 21an N 21092 213230 214401 a0 79.03 21:4500 13180 7330 413000
| ) Cassndrs Dam aY/18/701% 1680200 013 722000 215590 T134.960 2200490 21a5.000 NIA 2U4TI TMTAT  NIRL7 21363 1%7460 718550 70 kP AN Ieane 266750 4030 74000
2 Sowaycore Dam 718/2015  1e0n0 [ WIS X000 S8 AT ThasH0 2180313 NA 215026 J15650 Ml N U2 219100 a0 Laal Z4500 06700 LR 620000
) Senset Dare OTMB/I015 160000 OV/18/I015  R24000 M 2120492 2080 2129.6%0 NA 212027 MXS MIISC NM30%F 213286 2440 600 0 2240000 unn 5000 413000
|
|
|
Run Predicted Outflow Results Plos HEC1 Modwl Comap urison Stap Closs

Phoenix, Arizona
June 17-21, 2018




opic: Real-Time Dam Fill Time and Outflow Prediction Software

¥ Preccied Outfiow Plot

Predicted Dam Outflow Results

| 3y Auto-Phor Pesdchion form

Auto-Pilot Prediction Analysis for Selected Dams |
EVENT DATA SETTINGS
Erodbneg Date ; Tieow ansd Tio Foriodl: Ieginming wnd Snling Dates Tirnw
Current Dase  Teime Time Stop Beginrang Date Tome Titme S1epy
{07 /38/2015 10z 1-00.00 15m | {0 1,201 160000 15 mita
. id e |
Timn eriod (hrs ) Fiating Dare Tisn
|
REAL-TIME PREDICTION
STARTING INDING FREDICTION RESULTS STORAGE TRESMOLD AND DAM HLEVATION DAM PREDICTION RESULTS THRESHOLD DISCHARGES
| Mo | Dam | Date | Time | Date | Time | Curr WSE | Next WSE| Time@Peak | Peak WSE | Time@Uama Fll | 10% | 29% | 50% | 90% | 100% | DumCrest | Owtflow | PeakQ | Time@PeakQ  1/3FeliQ | 2/3FullQ.  FullQ
1 Cassndre Datn 160000 OV 18/2018 10000 nsseo 2154983 21:0040 2155000 NiA 214478 2N7AT nSL s nsrao 218550 80 s I1a00 W80 LRES R 740000
2 Saxuycove Dem 150000 210000 2iea%y 2168132 I343%0 7L NiA 150286 215890  TEA3GQ 2174 220 215000 700 m 02:30200 00220 413300 420000
3 Ssnsvt Dam 18:00:00 IACV0 IOV TIO0M 10040 2130190 NJA 212027 FI23ST TEITEA 2LI0GE 2286 214401 600 3.0 210000 WA 13300 41800
1 Casandrs Dam 140000 5540 7154974 211590 2155000 N/A 214473 IMTZT 215207 215638 215700 216550 780 27.5 211500 246700 9000 760000
2 Sumnycove Daomt 07/18/2015 150000 LS00 16855 2167.8%1 230090 nronr N/A 215026 25690 6360  217LX2 217220 218100 700 7w 003000 2067 00 413000 520000
3 damsel Damn 07/18/2915 140000 ILAS00 2130V 220914 211590 2130.0% N/A 212027 MM F2IE4 213098 213286 213401 600 12.41 2111500 X200 25300 a138N00
13 Cazandre Dam 1420200 Ti55.00 134974 I1:30%0 I155.000 N/A 214473 2MATAT  IIN07 213634 215700 218530 780 ns L3000 248700 493300 740000
2 Sosmyeore Dzm 1400200 IAASI TIAT.680 24:0040 70032 A 213026 215690 IO JTLIT 2220 7100 7480 700 08:1300 206780 41300 420000
2 Senset Oam W11/ 2018 1000 ALY nems 1129780 e NreeN N/A 212037 AN XM 210098 21I2as 40 AN0 nm 1300 s 175300 4000
] Gaandes Dam 07/183/215 160040 07/18/2015 15500 2154973 2155000 N/A 214473 4727 ZAS207 2156 Ns5700 218550 b 2751 2r4s00 286700 3 740000
2 Suan)cove Dan 07/18/2015 160000 07/18/2015 I16A94 2189244 NiA 213026 215650 216340 217022 210220 218100 100 14 23:0000 06200 413300 420000
3 Sanset Darn 160000 1013 AT 212990 2120.0% NjA 212027 213391 2754 213098 213236 213401 an0 10.03 21:4500 137700 330 413000
' ] Cassndre Dam 169000 72013 213590 7134568 2135000 N/A 2WHTY  TMTAT  TIERO7 213638 2157H0 718530 w80 EIANY I7:0000 266750 4300 740000
2 Suwaycore Dam 1400130 l 2015 Rall o)) 2167150 ThASH0 210313 /A 215026 J15650 Ml N U2 219100 7a0 mn 214500 06700 LR 620000
3 Swnset Dare V8015 18000 0Y/18/1015 UM M2 0080 1205%0 NA 212027 MXSM MIISG N30 213286 a0 620 no0 220000 unn 500 413000

n Prealicted WSE Remults Plot HEC1 Modwl Comap urison Stap Closs

Phoenix, Arizona
June 17-21, 2018




opic: Real-Time Dam Fill Time and Outflow Prediction Software

oy Ubikty Viewsr tor Dam Flow Pradichion Progrem Lo lai- et San

oy Auto-Phor Pesdchion form

Auto-Pilot Prediction Analysis for Selected Dams

EVENT DATA SETTINGS

Eredbog Date / Tieow ansd T Foriod: Ieginming wnd Snling Dates Tirnw

Current Date - Time Timé Stop Beginrang Date Trme Time S1ep
| ;.‘ 19/2015 10z 1-00.00 ~|15m S| '4 17201 16:00:( 1 Ttnal
Timo Veriod (hra) Fiating Dare Tisn
073072015 - |l 1-00:00
:
REAL-TIME PREDICTION
STARTING INDING FREDICTION RESULTS STORAGE TRESMOLD AND DAM HLEVATION DAM PREDICTION RESULTS THRESHOLD DISCHARGES
| Mo | Dam | Dare [ Tme [ Date | Time | Curr WSE[NexWsE| TimedPeak | Peak WSE | Timedtamrm | 10% | 25% | 0% | 90% | 100% | DumCrest | Outliow [ Peak o [ Timesresxo | 1/3Famo| 23nugl vaig
. 1 Cassndre Datn 160000 OV 18/2018 10000 nsseo 2154983 210040 2155000 NiA 214673 27 AT  nS:0? S 2157400 218550 80 s Inane W80 AR R 740000
2 Sazuycove Den 180000 07/18/2013% 210000 2iea%y 2168132 I343%0 7L NiA 150286 215890  TEA3GQ 2174 220 215000 700 m 02:30200 00220 413300 oaXe0.00
3 Swnswt Dam 160000  07/50/30)3 IIACO0  FLI0AW - TIO0M 210090 130,190 212037 JIJST FEITAA 2LI0HE 21286 21440 a0 300 210000 e 73300 41000
1 Casandre Dam 140000  OT/IR/2015  2EARD0 2SS0 ZASA974 211580 14473 2MIRT 5207 215608 215700 214550 a0 27.5% 21:3500 246700 30,00 760000
2 Sumny cove Dam 07/18/2015 160000 07/18/2015  XLASOO 16455 2167.891 24090 215026 25690 16360 217LX2 7220 213100 180 m 003000 2067 80 41330 20000
3 Sumsel Darn 07/18/2015 180000 0)/18/2018 FLASO0 130 2129914 21:15080 212027 MM FI2red 213098 13286 21340 400 1. 211500 135200 275300 413000
13 Cazandre Dam 1620200 0Y/3m/201%  J1I200 I153.00 134974 I1:30%0 214473 2MATAT  IIN07 213634 215700 218530 200 ns 30000 246700 413300 740000
| 2 Soznyeore Dz ; 140000  OF/IN/I01S  FIIN00  TLAASI  J147.680 24:00:00 213026 215690 N0  NITLIT 220 2ITL00 700 T 081200 206730 3300 420000
2 Senset Oam 0X/I8/201% 1000 0/IN/201% 250000 nems J129.780 e 212037 AN M 11005 40 AN0 nm I13a00 s 17530 4000
I 1 Casandes Dam 07/13/2015 160040 0J/28/2015  ZEASO0 15580 2154973 2155000 213473 4727 NS00 2156 216550 s 2751 204500 286700 a3 T 00
| 2 Suanycove Dum 07/18/2015 140000 015 24500 XLeAA 2189244 215026 215690 16380 217022 210220 218100 100 14 24:0000 206200 413300 420000
3 Ssnset Darz 160000 JT015  2TAS00 M2V 212090 2120.1% 212027 213391 22254 213098 213236 214401 an0 19.03 21:4500 137700 z233.00 4130.00
| ) Cagsndre Dam 169900 /2013 T22000  2ISH0 T340 7155000 2T TMTAT  NISE7 213638 215700 716830 w00 EIA N 20000 246750 e 742000
| 2 Suwaycore Dam 160000 QY/50/201%  22H000 Rall o)) 2167150 ThASH0 210313 215026 J15650 M40 NI 20 219100 a0 wn 214500 06700 LR 620000
I 3 Swnset Dare V8015 160000 0Y/18/1015 224000 UM M2 0080 1205%0 212027 MXSM MIISG N30 213286 2400 620 o0 220000 unn 500 413000
|
n Preclicted WSE Rewults Plot | Predicted Outflow Results Plos HEC:1 Modwl Corap urison Stap Closs

Phoenix, Arizona
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Topic: Real-Time Dam Fill Time and Outflow Prediction Software

PROGRAM FEATURES AND CAPABILITIES

* REAL-TIME PREDICTION ANALYSIS
“ “ON-THE-FLY"” MODEL CALIBRATION
» “HEC-1 HIKE LITE”" PROGRAM

» E-MAIL NOTIFICATION FEATURE

» “AUTO-PILOT” ANALYSIS

< “MANUAL"” PREDICTION ANALYSIS
» “ASK QUESTION” FEATURE

i
2018 ASFPM Annual Con i il
Phoenix, Arizona \& &/

&
June 17-21, 2018 Nricops €/



Topic: Real-Time Dam Fill Time and Outflow Prediction Software

PROGRAM FEATURES AND CAPABILITIES
< REAL-TIME PREDICTION ANALYSIS

¥/ Real Tirme Dam Fiow Fredictins Frugeas « Veruons 100

REAL-TIME DAM FILL TIME AND OUTFLOW PREDICTION I

EVENT DATA SETTINGS UPDATE FREQUENCY AND ANALYSIS LENGTH

* Ending Time anil Time Perlod Backward Degloning and Ending Date / Time * Manual Analysis Auto-Pilot Analysis
finding Date / Time and Tieoe Period ) fir " frequency Update- Autter File Analyviy Lingih
Current Date / Time: Time Stegy » Mania |Setert Analy [P

10/09/2017 | [08:29:00 *| |15 minutes | 10/0¢ 290 " £S5 miyat [ Usw Masmal Test Data

Time Period (hes) Histarical Storm Events

\\ ‘ Distribution List 41

E-MAIL DISTRIBUTION

REAL TIME DATA EASICDAM DATA STORAGE THRESHOLD ELEVATION DATA RISE AND DEAWDOWN (DD) DAM FOR ANALYSIS
Ralntail | [Owitlo | Storage | WSt | SpillwCrest | DamCrest | 10% [ 25% [ sow [ oow | 100w | D | Vime | Rate [ [ Oueh/BncheckDomms

008 090 1336 19MsE iheis INSTAY INERAT iW0As IVARG  iNSE i /A NiA Adobe Dam

10/09/2017 o 0003 1rase 180380 miLey ITELLT  ITESSP ITSAIE IBOOTE IBOLTS N/A N/A  Apache Junetion Dum
10/09/ 2817 0 oM 0.1 105509 1000 32 108940 104000  JO7LS0 07560 107050 105000 f N/A N/A Buckeve #1 Dam
10/09/ 2017 2% o [E0) 15,68 111312 11828 118008 118617 118420 12N L) NjA N/A Bucheye #2 Dam
10/v9/2017 003 a0 14094 116302 una RARLRY nsrw 1leom 114410 1185807 N/A NIA Buckeys 33 Dam
10/09/2813 5 o 00 210668 s 80 218550 AT ATET 715207 2156 215700 N/A N/A Casandrs Dam
10/0%/2012 29 e 0458 156389 165%.10 1n¥1.00 03585  IATLLYL EG43TY  InS4e0 165910 N/A NA Cave Buttes Dass
10/09/2017 L) a0 s 140470 Hinee e samn 125906 0333 ea e A NA Dre v Dyaw Dam
10/09 2917 < oM 2903 11510 12755 123328 IZ5868 126409 126929 LTAM 7602 v/, N/A Guadalugs Dam
10)09 /2017 - oM 0002 17488 131900 250 IN9E30 1229 tl0e0% 0022 MIOSY N/A X/A Harwaahada Dam
10/09/ 2017 o 0002 133600 135538 134200 I34086 EMEE4 IO 135401 1sa2s ! N/A NA McMicken Dam
10/09, 2917 g 390 2351 19218 1456.20 HWas 7o 030 10107 WAASE 5608 14SB5S N/A LIS New River Dam
10/0%/ 2017 29 (Y 9% 154044 158390 158940 156005 15766 257R04 153208 15AW2 N/A N/A Pawertins Dam
10/o9 1017 oo aQ03 157044 135240 160040 ISEAOM IMVIT4 ANGHAY  ISRRSE  139ReD 3 NIA N/A Rittenbouse Dass
10)09/ 2057 0 oM aom 117510 118545 115545 18531 118623 1ISLM %0 1H1%MS N/A XA Saddleback Dam
10/09/2817 oo 0000 1637.53 171440 s 168750 1019 LVOTAY  1FIAEY  LFMAMY / NJA NIA Signal Batte Dumn
10/v9/2017 003 LEL 15a010 131,50 155340 157 3% 1S322 ISE3T8 153300 ! N/A N/A Spookhill Dam
10/09 2017 om 0008 213510 nnae 218100 25026 215690 43S0 21T7LEZ 12N 3 N/A NA Sunnycuve Dan
10/09)217 o aom 211400 nss 13401 22027 M3 N84 213098 21328 I NA NA " Sumset Damn
10/;9/m7 o Q00 1%47.00 157570 150 60 158683 1538017 sne? 157401 157530 N/A N/A " Vimevard Dam

White Tamks No. ¥ Dam  10/09/2017 0 1000 115009 121280 121000 1942 119960  IDME 121001 12209 N/A NA White Tasks 23 Dam

White Tanks No. 4 lun  10/09/2017 0.0 _a00 100100 105140 105000 100001 100474 104464 J0ARMT 10510 NA NA White Tasdhs #4 Darn

Manual Rain Data Entry

Phoenix, Arizona
June 17-21, 2018




Topic: Real-Time Dam Fill Time and Outflow Prediction Software

PROGRAM FEATURES AND CAPABILITIES
% “ON-THE-FLY” MODEL CALIBRATION

WSE Prediction Eesults Table
Dam Name: Buckeye No. 2 Dam

Tione Stop

No. | Date | Time | Time (min) | ALERT WSE ift) | Pred WSE (ff) | % Capacity ...
41 Wfﬂﬂfz&ld- 08:15:00 600 1105.592 1105.581 22.19 ! 20000
432 Wfﬂﬂfz 014 08:30:00 615 1105.546 1105.550 21.97 Ime: : ““ of °""“'f"
43 WfﬂﬂfZﬂld- 0&:45:00 630 21.75 - S =
44 Wfﬂﬂfz 014 0g:00:00 645 1105.480 1105.480 21.65
45 WfﬂEfZﬂ'ld- 09:15:00 AR FEEEE 110G A44 71 49
46 Wfﬂﬂfz&ld- 0S:30:00
47 09/08/2014
(% | Dwe | Twme | Tareimn | ALERT WA ALERT Data = Model Results " FPredicted Results
“ avo8 2004 (LB E )
“” W 08 N0
o /0800 @500
“ 9/ 2004 0t
45 AeR0N DAL
s v/ 2004 *2200
4 a0/03/2034 [ 25E Y
0/0a2014 100009
vjon o 101500
LA ) 100
e 00 104500
/e300 11000
evjoriaunk 1r18ee
vjon/IuMd  1rmesp
Qv/on/70M4 145200
ao/08/ 3004 1200230
008004 121080
008084 12300
/032000 124500
el 130000
a0/00 2004 222

Buckeye No.2 Dam: Real-Time Predicted WSE

Elevation (ft)

Minimize z = TWSE sgservep™

te and Time

Phoenix, Arizona
June 17-21, 2018




Topic: Real-Time Dam Fill Time and Outflow Prediction Software

PROGRAM FEATURES AND CAPABILITIES
% “ON-THE-FLY” MODEL CALIBRATION

n) Lty Viemer for Dum Fom Pasdichion Progrem

REAL-TIME DAM FLOW PREDICTION RESULTS VIEWER

RESULTS TO VIEW EVENT DATA

Beglnning Date Time

ASK QUESTION?
Select Question: Lo bl e e, o e e

Nane of Dam Wuckeye Na. 2 Bam Tl.T'_'\;I:I:_ S—

Rusedltn Feddor: Select Felder

Witk Analysis?  [Prediction Analysis

ety n

Intitraton Loss Analymis | Direct-Hunolf Analysss | Storage Routing Analysis | Optmizabos Analysis

Cwpe
a9/08/2004
woa 00
9/0a 00
0%/08 2004
a9/082004
o9/08 /2004
00032034
av/0a 2014
as/on 3004
e0/0n 00
09ju3 2084
99032004
990t/ 2084
9908 /3084
Q%/ox /3004

29/082084
a9/02/ 2004
a9/es
a9/0n/2004

‘IEECRENRUYENZE

of

WSE Frediction Results Table

Dam Nagae: Buckeoye No. 2 Dam

Tives (meri | ALERT Wea
a0 1N
s 1105546

| Pred WEE MU
s
1105550

)0
845 1105430 105330

SEEEREEEEEEERNE B

1105408
105372
nmsyy
s
L
1E05.230
s
1105158
1eaa2s
1105087
om0y
AL
e
1104945
1I00910
1104878

Ending Date,/ Time

Predction Analysis | HEC-1 Model Comparinon

WSE Prediction Results Plot
Dam Name: Buckeys Na. 2 Dian

Bucheye No 2 Dam Reool T Proded WEE

MENHT Doty = Moo Flesun * Presond Headn

@ 0300
Date and Teme

Na of Or Srates;

¥ Show Prdiced WAE
Show Sterage Elevatem

Sbow D Elevatiom

View Table

View Plot

Open File
Rocomfigurs File

Phoenix, Arizona
June 17-21, 2018




Topic: Real-Time Dam Fill Time and Outflow Prediction Software

PROGRAM FEATURES AND CAPABILITIES
% “HEC-1 LIKE” PROGRAM GEETTENER

o MET-1 os Dern Proctotem Model Rewsrs Comrpamen

HEC-1 Model Results Comparison - Inflow Hydrograph J

EVENT DATA SETTINGS

Fiwibirng Dute / Yime and Ton Perdmd Prgtirnirg and Eneling Dates/ Tims
Corrunt Doty | Tisee: Time Stope Pegiuning Date Tise: Tine Srop:
bov 72 16 ) > 17 15 minu
Thme Perionl (s ) Uuding Date ‘Tlme= L

T
a1
2
X
©
7

CEEBNNEBENNSNGESARESRad

Rufrimh Taliln Rafrench Plot

SNBSS0 BRRT3BAE 8

Phoenix, Arizona
June 17-21, 2018
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Topic: Real-Time Dam Fill Time and Outflow Prediction Software

PROGRAM FEATURES AND CAPABILITIES
% E-MAIL NOTIFICATION FEATURE

) Jed Time Dam Flow Prediction Program - Versen LOD

EVENT DATA SETTINGS . UPDATE FREQUENCY AND ANALYVSIS LENGTH

* Ending Time and Time Period Backward ] I ) = Maual Analysis Austo-Pilot Analysis
Ending Date / Time and Time Period: ¢ flon Froguency Dpdate: Auto-Pilot Analysis Leogth

Current Date  Thmw Tme Stop: { ) " o Manual

Time Peviod (hrs): ¥ Historical Starm Events

09 /0872014 | Mo | : 3 ¢ ™ Uge Mannal Test Data

carkoscarmiaga Serial man

1 1 |Fadi Data #1:Sepe 7, 2014

OB e com

B Dam Status Report on 10 - Message (HTML)
\GE INSERT OPTIONS ( AT TEXT REVIEW

cccarriaga @y n: carlcortezcarriaga @yahoo.com; Carlos Carriae Carri i n: chicago yahoo.com: b
Carlos Carriaga -

CCarriaga

Please see the attached dam status document updated on 10/09/2017 09:17:29.

yahoo.com Fy E: Information for State Farm

Starting...

FPM A i |
Phoenix, Arizona ‘
June 17-21, 2018



Topic: Real-Time Dam Fill Time and Outflow Prediction Software

PROGRAM FEATURES AND CAPABILITIES
< “AUTO-PILOT” ANALYSIS

#y Feal Timve Dam Fow Prediction Frogram « Versen LOO

REAL-TIME DAM FILL TIME AND OUTFLOW PREDICTION

EVENT DATA SETTINGS UPDATE FREQUENCY AND ANALYSIS LENGTH

+ Ending Time and Thse Period Backward Beginoing and Ending Date / Time Maraal Analysix 3 v Auto-Pilot Analyyis

Lnding Date / Time and Time Perlod: {11y nding Tu Frequency Update Auto-Pliot Analysis Length:

Carrent Date / Time: [ime Step: Begloming Date Time Step Every 15 minutes S L0 b | }

18/2013 nhas0das | % minut A 2013 I L, dturce | &-+-4mm-lmom -
Fime Period (lus): ¥ Historical Starm Events H

biomiondocl 2SO W - ¢ E-MAIL DISTRIBUTION
5 (Summer Data #2: July 18, 2015 B/32 » | 1* "

[Distribution List #1

REAL-TIME DAM ALERT DATA
REAL TIME DATA BASIC DAM DATA STORAGE THRESHOLD ELEVATION DATA BISE AND DRAWDOWN (DD) DAM FOR ANALYSES

25 | S0% | 90% | 1004 | Rese/DD | 1 Raty | . Osek/Mnchock Dam

#1/18,2015 ' VSTAT LGRE7 13046 AN7RA0 137958 A Adobe Dasn
#7)1872015 19517 129559 174918 180098 180179 HIA Apachs hanction Dam
a1/18/2015 196500 JATLE0 107340 107ES0 150058 7 x WA Buckeys #1 Dam
97/18/2015 3 LIRI0  10X08  1I0R)7  WA27 IR0 11T WA Durkeve ¥2 Dam
#2/18/2035 3 17151 UISS51  A157.97 116082 116610 116540 NA ke
a1/18/201% 3 216550 214473 24LEP 215267 215630 215000 WA (P CuanduDem )
a7/1872003 s 14100 JAIEEY 163111 164373 IA460 143919 YA Tcwrmomsyrme
07/13/2015 240000 00000 040 WIB46 139924 109081 139946 1O52) 14069 ) N/A [~ Desamy Draw Dam
$7/1372015 219000 00000  0.00 128328 1SEBE 126409 126029 12400 127602 ? N/A I Guadaupe Dam
s7/182008 219090 0084 080 MI150 LGRS 140LIF 16680 OS2  14I0SE %/A [ Harguahala Dasm
) ST/18/3005 IL000 04750 040 L4200 134006 104344 1953 LISANL LI5RZS N/A I~ McMickem Dam
NewRier Dsm 077122035 244000 00000 040 143670 AIBIE  143L07 164350 145688  145RSE X NIA I~ New River Dam
Powastise Dast 07/13/2008 2E0000 00400 040 153940 154005 157304 1STHJ 158298 188492 w/A I~ Mewerdine Dam
Ritseshowss Dam  G7/18/2033 319000 03300 040 HOXAD  ISAEG4 130174 INHAY 1655 130EA® NiA [ Rittesbooee Dam
Sedicksck Dum  97/18/2055  ILADOD 0044 040 L7530 119545 118531 AMERXI  LIGLA 119640 149492 N/A [~ Saddiebark Dam
Signal Sutte Dus 97/18/2005 110000 00400 040 164138 ; 12450 IMXS6 10L¥D 10789 411333 171438 NIA [ Sigsal Butte Dam
Spockhtll Dam 97/18/2013 719000 __0.0140 000 158810 ! 129340 1S7EAY 15728 IBELIT ISR 1sakwe N/A | Spoakhill Dass.
Sonaycove Dam 9771872015 - 216695 X BLO0  USH26  ERN IS0 JILIT TR0 WA (1% Sennycuve Dam
Surzes Duent 911182035 28555 213049 214401 20T 22T 21984 2I0A8  FILES 1 NIA ¥ Senset Dram
VisysrdOam  @2/18/2035 210000 U0 138200 158080  10GES  1S6W17  ISVLHY  LSTAOL 157538 N WA inevart Dane
White Tanks ¥o.3 Dass 97/18/2013 710000 00200 1180.90 11800 119447 1199.44 130474 135041 121208 WA I White Tanks #3 Dam
White Tanks Mo, 4 Dam  #7/18/2015 200000 0.0200 100200 105600 180001  1036TE  L0AAAE 104909 185148 NIA [~ White Tanks ¥4 Dam

Start Auto-Pilot Prediction

Phoenix, Arizona
June 17-21, 2018




Topic: Real-Time Dam Fill Time and Outflow Prediction Software

PROGRAM FEATURES AND CAPABILITIES
“AUTO-PILOT” ANALYSIS

000

Auto-Phot Pesdction Form

EVENT DATASETTINGS

Ending Dato ; Time and Thme Pariod:

Auto-Pilot Prediction Analysis for Selected Dams

Heguning and Ending Datos, Tles

Corramt Date  Time Thue Stepe Beginming Date Time Time Stege

I ) /201 iz 10000 7‘ T 7 /18/2015 | 1600 115 '

Tyme Period thra i Tseling Date Thme: E

1 T E— = ) I1N/20) ‘,‘I ) L4 7‘:

REAL-TIME PREDICYION :
STARTING ENDING PREDICTION RESULYS STORAGE TRESHOLD AND DAM ELEVATION DAM PREDICTION RESULTS THRESHOLD DISCIARGES
| Na Dam ats Time Date Timn | Curr. WSE | Next WSE | Time@Peak | Feal WSE | Time@Dam Fill | 10% 5% o | oo% 100% | Dam Crost | Outflow | Peak( | Time®Peak | 1/3FallQ | 2/3Fullg Fullg
) Cazandre Dam OT/AN/7015 140000  07/00/2015  2LOG0I  JISSA0 2SI 210008 7155000 NA INATD 2T 215207 255630 TABIE0  2NASAD 2700 7.5 210040 MATA0 4308 740000
2 Senpcove Dum 07/48/2015 160000  07/18/2035 210008 28855 Meran 233500 nnas NIA 5026 RMSEM 216360 T2 NNM MBLa0 ™ o0 000 2067400 13300 S20000
a Sunset Dam O1/A8/2015 140000  07/18/2015 210008 213010 TIM54 10008 nuwam NIA AN MO 22784 2158 NS Haam 00 o 220 137740 PN 413000
Run I | Stap Cloye

Phoenix, Arizona
June 17-21, 2018




Topic: Real-Time Dam Fill Time and Outflow Prediction Software

PROGRAM FEATURES AND CAPABILITIES
2 “MANUAL” PREDICTION ANALYSIS

Wy Sredicton Anavyan aith Maral Zardal Ingut

Manual Prediction Analysis for Selected Dams |
| RAINFALL DATA INPUT
| Starm Event Start Date ', Time
“ Rainfall Dats in Time Series Rainfall Data with Design Pattern " Rainfall Data with Histarical Pattern + Use Defoult Date and Time
fall Data w wign Pattory Ratnfall 1 !
Import Rainfall ‘ B i | i oV ol (T Set the Date and Time
Select Dam to Monltar: Al Dams | Selert D 1o Mondtur Select Dar = Sedeet Dam to Mondtor Select Ban =1
» - 2 z 39 Start Date andTime
lmport Data !;'p. Name Depth of ltaintall (Inchios) Enter Rainfull Depth Depth of Ralnfall finches): Enter Halnfall Depth e — |' 50000
————t v b e | 10000
Ime Stop / Interval: 15 minsites 7] Design Halndall Pattorn Solect Rainfall Patteen - Histardcal Rutrdall Pattors select Rainfall Panmm

— End Date and Thne:

| ' Stig Ve - "y
Entes Data l /{N 15 minuts Timb Step / letwrval 15 minutes -~} 91/01/2000 00-00-00 —J

RUAL-TIME PRIDICTIO

STORAGE TRESHOLD AND DAM ELEVATION DAM  PREDICTION RESULTS THRESHOLD DISCHARCES
WSE | Time®Dam 1l | 10% 25% S0% | 0% | 100% | Dam Crest | Owtflow | Peakq | Time@Peakd | 13 FuliQ| 2/35uliQ | FullQ

= T ) nt
Srdet Tirm (mn) =) [ Degthy
) Tese o
i L 3 '
J i 13
Save Osta [ A . s
{ " |
Cinee Farm | - '
I : - P
{e
]

Stap Close

Phoenix, Arizona
June 17-21, 2018




Topic: Real-Time Dam Fill Time and Outflow Prediction Software

PROGRAM FEATURES AND CAPABILITIES
"MANUAL” PREDICTION ANALYSIS

\/
000

o Frediction Ansysa with Marual Raisfall [rgnat

Manual Prediction Analysis for Selected Dams

i

RAINFALL DATA INPUT

Storm Event Start Date \ Time:

The Rairdail Date from C\DeamFlow V102 Dame\ Ree TS 02 tee
sk} Rainfall Data with Historical Pattern % Tew Defasilt Date anid Tise

Total Ramtak Degtis Jnch) « 3 50 Hatafall Data wit) 1t ery)

* Ralofall Data in Time Series

Nutriver of {

lport Rainfall Data in Tine Series St thee Dato and Time

110.0
All Dams 2115
oy 330,13 Start Date andTlhme

| Impart Data | [RainTs 02.tx 43 ‘lﬁ Degith of Raintall (inches) [Entor Raintall Depth 1
.\ 3] 80, > ( 0

Thinw Stup |/ Interval: % minuts %) 73,05 [Sotacts

Select Dam to Monitor Seiect D to Mandtos: ] met Dam

Histarical Rainfall Pattern pinfall Patiess

71900 End Date andTime:

Enter Data Time Step / Interval 11 /01 /2000

REALTIME PREDICTION

Daw

STARTING

Date

Time

ENDING

Date

Time

Cery. WSE

Nest WSE

Time®@Peak

Peak WSt

| Nme@DamFill

10%

l

STORAGE TRESHOLD AND DAM ELEVATION

25%

30%

90%

100%

Dam Crest

DAM
Outhow

PREDICTION RESULTS
Peak Q |

Thee @FeakQ

THRESHOLD DESCHARCES

173 Fall Q

2/3TaQ

full @

Adobe Dum
Agache fanctios Dun
Beckeye Xu. § Dam
Dackeye Mo 2 Dam
Buckese No. 3 Dam
Cassadre Den
Cary Duites Dam
Draamy Desw Dan
Guadatepe Dam
Harquakads Dam
McMichen Dan
New River Dars
Pawerline Dam
Hitreatisuse Dam
Sl Dbk Darn
Signal Butte Datn
Spookhill Das
Suraycare Dam
Susset Dam
Viaseyard Daes

01/01,2000
01/01/2000
01/01/2000
01/01,/2000
01/01,/2000
01/01,/2000
010172000
01/01/2000
01/01,2000
01/01/2000
01/01,2000
01/01/2000
01/01/2000
01/01,/2000
017012000
01/01/2000
01/01/2000
01/01,2000
01/01,2000
01012000

White Tanks N 3 lam  02/01/2000
Whits Tanks Xo. 4 Dam 01,/01/2000

o000
00006
LC0008
00000
w0000
200008
caa008
Q00w
¢oo00n
I 00
00000
200000
so00or
00000
0008
ca000e
©000:00
caoeor

01/01/2000
01/01/2000
01/01/2000
01/01/2000
0101/2000
01/01/2000
01/01/2000
0101 /2000
019172000
01,91/ 2000
o1/01/2000
01/01/2000
017012000
01,/01/2000
01/91/2000
01/91/2000
01/01/2000
01/01/2000
01,01/2009
01,91/2000
01/01/2000
010172000

013000
13000
L300
o000
013000
oL3000
L3000
oL30:00
otJe00
013000
oL3000
013000
013000
oL3000
0L000
L3000
Lroe00
ota000
o000
L3000
or3e00
erano0

N/A
N/A
NA
N/A
N/A
NIA

WA
N/A
NiA
wA
NJA
NIA
A
A
A
NA
NJA
NIA
A
N/A
N/A
wA
N/A
NiA
NiA
S/A
N/A
/A

113008
x50
ASA%00
0T A%
44500
33000
TLA%0Y
2 A%02
crLonm
950000
eis00
1L4%00
OTA%DY
a5
1rasme
CLax0
04c1%0
Q40000
430000
ax300e
%0002
eX1%09

1367063
1503.49%
1063478
1norsme
1163.543
1153058
1632168
W67
1276357
1414.500
1357560
1443058
15078
1501764
s
a0
15564260
217,035
N2
1579.56%
121123400
1054318

NA
0Xo000
Ox1%08

NiA

N/A

N/A

N/A

NiA
013008
0230000
ax1%00

N/A

N/A
AX0002

NA
d0és%0e
0X1%00
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NA
0200:00
0L1%00
OX1%09

135712
sy
18000
1axos
115551
218403
srnms
13anI4
175888
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e
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1sa8%
113531
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15752
215026
212027
156683
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1o

136387
119359
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1Hoe 7
15787
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latat
pELAR Y
126409
140229
134544
e
157346
159174
163,23
ot
157920
215650
nnsm
15697
1140
e

17068
179818
1878068
110827
116082
nsm
184072
139%.64
126529
1406.0%
134059
144350
15T
159461
ISLIREY
aras
15ax12
LA
M
15
120478
154404

137300
Rt N
wmso
nae
1110
215630
163480

523
1274
e
e
1ssen0
15290
159655
%30
171328
sman
nnaz
13090
157am
omn
1049.29

130058
oL
12008
uoa
L6507
nsim
145010
1H0R
127607
141059
135528
143850
158492
159840
1M
1
1583.99
nnn
Tes
1575.50
12120
1953.40

140340
119
100%.00
s
LI7Ls
216550
1801.00
s
120).29
142059
erm
140850
150%.40
180040
1%
172459
159340
LN
Hun
1580.60
123500
19560

JEL LRSS
namn2e
aeTAT
1any
M
.01
41542
19672
os
385187
Jes
259164
miy
EULLATY
133595
emozs
201339
e
13556
1286512
2089
913790

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
NA
N/A
N/A
N/A
N/A
NJA
N/A
NJA
N/A
NA
N/A
NA
NIA
N/A

11:3800
03:15200
0345200
02:4500
04:4500
0330900
1:4520
02:1500
(42000
050000
044500
1045200
b7As00
053000
174500
014300
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040000
030000
B0 B
05:00:00
031500

10000
335000
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126700
11333.00
26l 00
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M6
S260 00
3704700
1503300
49120
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a3a0
433300
T67.00
2067 90
uns
$953.00
1564700
63740

s 00
neo00
39333.00
aLIx00
2266700
490300
90202.00
W020.00
453200
1053300
1533300
3010700
B047.00
IBAT B0
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aesT 00
15933.00
413300
275300
11367.00
3135300
127200

1042000
1003000
$9020.00
1208000
300000
Ye0o.00
14700000
1388000
1042000
1580000
11300000
4323000
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1480000
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239000
620000
H3m
17880.00
4700000
1912.00
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Topic: Real-Time Dam Fill Time and Outflow Prediction Software

PROGRAM FEATURES AND CAPABILITIES

000

@,

w/ Predation Asatyss with Marsal Raseddd| Ingut

RAINFALL DATA INPUT

Radnfall Data in Time Series

“"MANUAL"” PREDICTION ANALYSIS

Manual Prediction Analysis for Selected Dams l

C * Rainfall Data with Design Pattern )
Rainfall DT T e ’

Rainfall Data with Historical Pattern

b
S#lect Dam to Monizar ect Dam Select Dam to Moaitar: All Dams - 4
| Tee B . P N g R
[Fite Name Depth of Rabnfall (inehes)k: |54 "(" "‘""'_"'.' "; Ty -y Ratit ntall Degpet)
wmbes of Crdisated =
Time Stap / Interval 15 mtumte Design Rainfall Pattersn: 2-hour Pattern vl E"&f]","':‘“”x Py 34 BATall Pattarn
( 58 =
Time Step / Toterval: 15 smbnwts 3
REAL-TIME PREDICTION
STARTING ENDING PREDMICTTON RESULTS DAM
Ne. Dam Dats ‘ Time | Date

Time | Corr. WSE | Next WSE | Time@Peak | Peak WSE | Time®Dam Fal | ,‘

i Creat | Outflaw

2018 ASEPM A

Phoenix, Arizona
June 17-21, 2018

Storm Event Start Date |\ Time
 Use Default Date and Time
Set the Date and Time

Start Date and Time

00,00,00

End Date andTime:

01 /01 010,00

Y000 o0

PREDICTION RESULTS THRESHOLD DISCHARGES
Peak Q | Teme@Peak | 1/3FulQ 2/3FullQ| FullQ

| Stop Clasw




Topic: Real-Time Dam Fill Time and Outflow Prediction Software

PROGRAM FEATURES AND CAPABILITIES
< “MANUAL” PREDICTION ANALYSIS

o Sredicton Angyan aith Mareal Raeefall lreut

Manual Prediction Analysis for Selected Dams

RAINFALL DATA INPUT r

Starm Event Start Date ', Timse:
= Use Dedanlt Date and Time
Set the Date and Time

Raiafall Dot in Time Series + Rainfali Data with Design Pattern The Ramfal! Data (11) 90 be wsed far 2-howr Passern
il ' ' Rainfall Data with Design Pattem

Select Dam to Monitor 59 Dan Select Dam to Monitor |All Dams
Start Dute s Time

Depth of Ratndall (inches):

01/01/2000 | [o0wo.00

Time Step / Interval St Design Rainfall Pattern) |2-hour Pattern find Date andTime

Time Step / Intecvaly

REAL-TIME PREDICTION

STARTING ENDING PREDICTION RESULTS PHEDICTION RESULTS THRESHOLD DISCHARGES
Dats Time Date | Time | Corr. WSE | Next WSE | Time@Peak | Preak WSE | Time@DuenFill | 10% . = Thne@Peak(  1/3FullQ| 2/3Full | FullQ

01/01/2000 0OAGO0 01/91/2900 020000 NIA NIA 12:1500 374037 N/A %12 3axm 370aa nnoes 137950 140040 g 12:1500 6720 491300

01/01/2000  POMOBO 010172000 020090 NIA N/A U500 10047 0213000 129347 179559 (79900 LS00TE 180179 ANILST ! 024500 IS0 710000

01/01/2000  GAAGO0  01/801/2000 020080 N/A N/A CAAS00 ML 02,4500 106380 107450 107540  LOTESE 108330 108940 . 041500 196600 M3XL00

01/01/2000 01/01/2008  02:00:00 NA N/A @aes0  LI1Ler7 /A MOS8 110617 L0037 LIIZFE  THNEY D118 ! ! 03000 426700  WS300

o1/01/2000 01/91/300 02:00:00 N/A N/A 42000 1185922 03:00:00 1 1nare 110082 118420 1neser nnsn 042000 113300 I2407.00

03012000 01/01/2000 020090 NA N/A WA000  JIST.e41 019000 IATD  TINTET  2MSIAT 2IS6IS 2ASTAO 246530 ! 2000 6700 §53200

01012000 01/901/2000 0210000 NIA N/A 120500 Lesxos2 NA 161585  16L11 16437 165460 65400 16BLAO ! 1211500 4900000 980000

01/01/2000 01/01/2000 020000 NIA N/A 19000 1408502 N/A 130924 139581 199946 140523 1404S6  L4104s 39000 450000 S000.00

01/81/2000 01/01/7000 020000 N/A N/A 043000 nIren u2:ea00 125388 1264.0% 12ee2e 124w 27682 2E2s /. ! 034500 Jet00 693300

01/01/2000 01/81/7900 020000 NA N/A 033000 1415082 02:00:00 139039 140239 140609 140027 341039 WAILSD o000 526700 1SN0

01/01/2000 01,21/2000 XA N/A 05500 1356835 34500 134096 134584 K349SF  LISLAY 138525 1320 ! 5500 1766700 TSIXIA0

New River Dum 0170172000 01,91/2000 NA N/A 124500 1448052 N/A 1IR30 143007 184350 145608 148850 1eks)0 20214 1201500 1508300  Be162.00
Pawerisae Dam 01/01/2000 01/e1/2000 N/A N/A 2000 1585281 03500 130005 187388 157374 158298 158492 15740 1 saxo 08:00:00 U300 uay 00
RitesheareDam  01/01/2000 01/01/2000 02+ N/A N/A 033000 1504030 011300 IGASE  ISULI LIRS 139633 130840 160340 ' ssaems 039000 493100  9Ner.00
Saddieback Dam  01/01/2000 01/01/7908 02 NIA NiA ITASO0 1294996 N/A 1IB5.31 118823 IISLAE  1ISA10 1IMST 11 1547 174500 4300 #9700
Signal Butte Dam  01/01/2008 01,91/2000 NA NA Q@ASN0 1720447 010000 109750 170099 170209 ATIRXY 171429 172450 01 Q0500 435300 W647.00

spoukhill Dun 02/01/2000 01/91/2000 NA N/A D450 1588267 01:1500 19583 157026 1SE2IT  1NSTE  15K390 159340 2611 04:4500 106780 1595300
SummycoreDam  01/01/2000 01/91/2900 %A N/A PAII0 2AT4I2 043200 713036 213690 7ISIL0 LT 2UIT0 L0 WIETS GAR00 6700 613000
Sument Dem 01/91/2000 21,91/2908 N/A N/A QSN0 TR 024590 W7 RSN NIV IR TRAE 71 ) 58565 @500 W70 2TEX00

Vaesard Dam 01/01,/2000 01/91/2000 NA N/A 05000 1580315 020000 156583 156007 157492 ISTAEL ASTSSO 156040 1708343 050000 593300 1196740

Wikile Tanks No. 3 e 01/01/2000 01/81/2000 Na N/A o400 12X 033000 19442 119960 120476 121001 11280 121800 BUSLOY 630000 1566200 3135300
Whets Tanks No. 4 lam  01/01/2000 01/01 /7008 Na N/A 03:4500 1955733 02:4300 10201 w3ee 104404 1040.5% 10s5t40 105800 uraan 04500 a3700 122300

WSE Results Plot Outfllow Results Plot HEC-1 Moded Comgrarison Stop

Phoenix, Arizona
June 17-21, 2018




Topic: Real-Time Dam Fill Time and Outflow Prediction Software

PROGRAM FEATURES AND CAPABILITIES
2 “ASK QUESTION” FEATURE

#; Utinty Viewer for Dam Flow Predchion Srogmm

REAL-TIME DAM FLOW PREDICTION RESULTS VIEWER

RESULTS TO VIEW: ASK QUESTION?

Natae of Dussi |Cazandre Dam - LLI LY LT T TR Whiat wew the WSE Prodiesion i the | 1 e T}

Rosubts Foldes |Sebect Folder - AnSwer: | The WIE Predictzons t e nast | 30

ASK QUESTION?

Select Question: | 1at are the WSE Predictions in the next 1 hour?

Answer: The WSE Predictions in the next 1 hour:

1 Date and Time: 07/18/2015 22:15:00 WSE = 2154.965 ft CAP =77.38 04
2 Date and Time: 07/18,/2015 22:30:00 WSE = 2154923 ft CAP =76.98 24
3 Date and Time: 07/18/2015 22:45:00 WSE = 2154.876 ft CAP =76.03 04
4 Date and Time: 07/18/2013 23:00:00 WSE = 2154.826 ft CAP =76.06 %4

Phoenix, Arizona
June 17-21, 2018
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Topic: Real-Time Dam Fill Time and Outflow Prediction Software

FACTS AND FIGURES

[ Number of Forms: 21

] Lines of Code: 63,845 lines
d Computer Language: C#

1 IDE: MS Visual Studio 2012
d Number of Functions: 255
 Graphics: Chart Control

2018 ASFPM Annual Co { il
Phoenix, Arizona o ¢4
June 17-21, 2018 Nkopa &/
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Topic: Real-Time Dam Fill Time and Outflow Prediction Software

PROGRAM FUTURE IMPROVEMENTS

» IMPLEMENT MULTI-THREADING
= PARALLEL EXECUTION OF JOBS TO RUN CONCURRENTLY

<+ E-MAIL NOTIFICATION FEATURE
- NOTIFICATION LIST OF KEY PEOPLE AND RESPONDERS

< VIEWER UTILITY PROGRAM
- TO INCLUDE MORE FUNCTIONALITIES

< REAL-TIME ACTIVATION TOOL

= TOOL TO RUN 24/7 TO ACTIVATE THE SOFTWARE WHEN
RAINFALL ACTIVITY IS DETERMINED.

» “ASK QUESTION” FEATURE
- QUESTIONS OFTEN ASKED DURING FLOOD EMERGENCIES

f o 'l,:
2018 ASFPM Annual € i:‘: ;II
Phoenix, Arizona \% &/

June 17-21, 2018 Nleopa &



eal-Time Dam Fill Time and
Outflow Prediction Software

DAMFLOWV100

Than You
uestions??

Carlos Carriaga, PhD, PE, CFM Bing Zhao, PhD, PE
carloscarriaga@mail.maricopa.gov biz@mail.maricopa.gov
(-~
2018 ASFPM Annual Conference

Phoenix, Arizona °~ &/

June 17-21, 2018 ricops



