Developing New Operating
Policies 1n Tarrant Regional
Water District Model, and
Integration with Hydraulics
and Cost Optimization Models

Laura Blaylock—TRWD
Nick Mander—Hydros Consulting Inc.
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Tarrant Regional Water District
Service Area

Up to 350 MGD is pumped 78 miles
from Richland Chambers (1,100,000
af) and Cedar Creek (645,000 af)
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The 150 mile “Integrated Pipeline ¥ Ll _ o
Project” (IPL) is being constructed, =\ A = o
and can pump an additional 350 A\ | <
MGD to help with the growing s >
population.
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TRWD used their RiverWare long-term monthly
planning model to test various operating schemes for
their new IPL system, and analyze tradeoffs.
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Tradeoff Analysis

POR (1941-2017) Statistics

Policy # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Allow CCto When CC
go 3'below When CC drawdown <3', Pump 67:33
RCif drawdown pump 67:33 CC:RC. When
Eastern  Allow CCto Allow CCto| <3, pump  CC:RC. When CC Pump 67:33  Pump 67:33 CC:RC.  drawdown diff
Allow CC% Allow CC % System fsct go 3'below go 3'below | 67:33CC:RC.  drawdown >3',  Pump 67:33 | CC:RC. When = When drawdown >1/2'&CC
Fulltogo = Fulltogo Wet for RC, unless RC, unless When CC pump 50:50. CC:RC. When | drawdown diff diff >1/2' & CC Drawdown
10% below 10% below next3mo., Dryfcstfor Dryfestfor [ drawdown Ramp up RC drawdown >1/2' & CC Drawdown >3, >3',pump 50:50
RC % Full, RC% Full, otherwise next3mo. next3mo. | >3, pump pumping as diff >3', pump| Drawdown >3', pump 50:50 CC:RC. CC:RC. If
unless unless keep then keep then keep | 50:50. Ramp Drawdown 33:67 CC:RC. pump 50:50 If drawdown diff =~ drawdown EVER
Balance RC Eastern Entire Permit % Permit%  Physical % up RC Differential If Dry East CC:RC. If STILL>1/2'or EVER = >2', pump 33:67
Balance RC andCC% [AllowCC% System System remaining remaining remaining | pumpingas Increases. If Dry = Forecast for | drawdown diff =~ >2', pump 33:67  CC:RC. If Dry East
Actual Current Balance RC andCC% FullAND% | Fulltogo forecastis forecastis |Allow CCto within 10% within 10% within 10% | Drawdown  East Forecast for next 3 STILL>1/2'or = CC:RC. If Dry East = Forecast for next
(1990-2017 | RiverWare IPLPhase 2| and CC % Permit Permit |10% below Dry, then = Dry, then [go3'below of each of each of each Differential  next 3 months, months, EVER >2', pump Forecast for next 3 3 months,
Metric data) Policy Table Full Remaining Remaining | RC % Full Balance Balance RC other other other Increases Balance. Balance. 33:67 CC:RC months, Balance. Balance.
CC Total Pumping (MAF) 15 9.7 8.9 8.1 7.2 8.9 85 9.3 9.1 8.8 8.9
RC Total Pumping
(M\AF) 3.5 7.1 7.9 8.8 9.6 8.1 8.5 7.7 7.9 8.2 81
Total Pumping (MAF) 5.0 17.2 16.8 16.9 16.9 16.9 16.8 16.8 16.9 16.8 16.9 16.8 16.8 17.0 17.0 17.0 17.0 17.0 17.0
CC pumping % 30% 33% 63% 36% 36% 36% 58% 53% 48% 66% 43% 65% 66% 52% 50% 55% 54% 52% 52%
RC pumping % 70%

Average annual
Pipeline Shortage (AF)

Avg. % Full Difference
Avg. % Permit
Remaining Difference

3%

Avg. LA Elev (ft)
Avg. BB Elev (ft)
Avg. EM Elev (ft)

% of months CC and RC
% full differ by >10%
from each other
% of months CC and RC
% full differ by >15%
from each other
% of months CC and RC
% full differ by >20%
from each other

Avg. CC drawdown (ft)
Max. CC drawdown (ft)

Avg. RC drawdown (ft)
Max. RC drawdown (ft)

% of months CC
drawdown is 3' or more

% of months RC
drawdown is 3' or more

21%

27%

% of months CC and RC
drawdown differs by 3'
or more

10%

Avg. # months for CC
and RC % Full to get
within 10% of each

other if next 3 month

Forecast Dry
Avg. # months for CC
and RC % Permit
Remaining to get within

10% of each other if

next 3 month Forecast

Dry




PDS! Statistics (1996-3003)

Policy # 16 17 18

TRWD also tested the various

CC:RC. When

Pump 67:33  Pump 67:33CC:RC.  drawdown diff

L L L CC:RC. When = When drawdown >1/2'& CC

operating schemes using their
>1/2'& CC Drawdown >3', >3',pump 50:50

Drawdown >3', pump 50:50 CC:RC. CC:RC. If

° pump 50:50 If drawdown diff = drawdown EVER
CC:RC. If STILL>1/2'or EVER  >2', pump 33:67
1 O O O - e a r P D S I t re e - r I n drawdown diff =~ >2', pump 33:67  CC:RC. If Dry East
’ Actual STILL>1/2'or  CC:RC.If Dry East = Forecast for next

(1990-2017 | EVER >2', pump Forecast for next 3 3 months,
Metric data) 33:67 CC:RC months, Balance. Balance.

hydrology

RC Total Pumping

Reservoir % Full

(M\AF) 35
Total Pumping (MAF) 5.0
" CC pumping % 30%
17.5hftngFnctnsBlnceDryFcstPDSI: Reservoirs % Full RC pumping % 70%
100% | Average annual
opes Pipeline Shortage (AF)
Avg. % Full Difference 3%
L Avg. % Permit
70% Remaining Difference
_ Avg. LA Elev (ft)
60% Avg. BB Elev (ft)
508 Avg. EM Elev (ft)
% of months CCand RC
kit % full differ by >10%
08 from each other 9
% of months CCand RC
20% % full differ by >15%
105 from each other 3
% of months CCand RC
s ] % full differ by >20%
WO S 00N WO S 0N WO S 0N WO S 00N WO S 00N W D SN WO S NWO SN WO
NS WM o+ S WM MWD O MW 00 NWMNONSMOMSWOO AT WK MWDoMWY o from each other 1
MO 00 O™ Hm=nM™NHNMNMM®MM™MMMMST TS NLWIOWLWNWWOWOOM~RMARRDNHEDAOD GO
SN A NN NN NN N NS N AN NN S S SN NSNS SN NN NSNS NS SN SN SN NN m Avg. CC drawdown (ft) 1.5
T e e e L Sl N e S S el S el S e e R e Sl R S S e S R el e S e e e e R e e S e S S e
el el el el e e B s B e B e I B e e I I e I B O O I O O e O IO O O O B B IR e O O e O e T I e IO e I IO e IO
e L L L s L s A L L L Max. CC drawdown (ft) 7.8
B B R = e R e R i T T e T T T T O o B e e e T N N B e P e
Avg. RC drawdown (ft) 2.1
= Cedar Creek % Full ~ ==Richland Chambers % Full Max. RC drawdown (ft) 11.4
% of months CC
drawdown is 3' or more 21%
% of months RC
drawdown is 3' or more 27%

% of months CCand RC
drawdown differs by 3'
or more 10%
Avg. # months for CC
and RC % Full to get
within 10% of each
other if next 3 month
Forecast Dry
Avg. # months for CC
and RC % Permit
Remaining to get within
10% of each other if
next 3 month Forecast
Dry




e TRWD staff selected a final operating policy, which is
now used for short-term Operation Forecasting runs

e Used in conjunction with 100 hydrologic traces

 The resultis a cloud of probability of lake elevations,
diversion volumes from each of the source supply
reservoirs, and more.

Eagle Mountain Lake Elevations for 100 RiverWare Model Runs
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The 100 sets of diversion outputs are run through Jacobs
Engineering’s SupplyOpt model, which determines how
the diversion volumes from RiverWare will be
hydraulically moved through the system.
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e SupplyOpt’s cost optimization model then alters the
pumping schemes slightly to minimize costs.

System Phase Start Date Synthetic? CC Ratio Method Scenario Range
IPL Phase 2 >~ 05/01/2019 >~ True N~ 25/75Mid+Dev v ] 1000
5 350 Run Label ®Driest ® Dry ©~ Moderate ® Wetter ® Wettest
o
£
% 300 $12M .
i -
T 250 8
] (W] .
] - 3
3 200 B
- ° =
3
L 150 $8M ° ]
100 0 5 10 15 20 25 30 35 40
Driest Dry Moderate Wetter Wettest

Terminal Storage Demand (% of Total)

w
o
o

Total Demand (MGD)
= o
<) o

0
May 2019 Jul 2019 Sep 2019 Nov 2019 Jan 2020 Mar 2020



e Several cost-optimized pumping schemes for the
next 3 months are fed back into RiverWare, and
tested against all 100 hydrologic traces.

System Phase Start Date Synthetic? CC Ratio Method Scenario Range
IPL Phase 2 " 05/01/2019 o True ~ 25/75Mid +Dev il

Run Label #Driest ®Dry ©~ Moderate ®Wetter » Wettest

= 360
£
z 300 $12Mm $
[ -
[ S
E = $10M [ ]
& 200 n B
® 160 - M et

100 : 1] 5 10 15 20 25 30 35 40 i
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£ E—
E _
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e TRWD evaluates the risks associated with each cost-
optimized pumping scheme, and decides which to
use for operations over the next 3 months

. . SupplyOpt Pumping Scheme .
[ R | S k S | n CI u d e ° 1350 1353 1360 1361 W00 W
* Date Range S5MH3 -720M19
Successful Biver'Ware traces 100 100 1002 100 10024 1
. . # of days with Customer Pipeline Demand 0.0 0.0 2.3 0.0 0.0z ]
- S p I I | fro m re S e rvo I rS Min Daily Customer Pipeline Demand Shortage ] 0 ] 1] 0
Mean Daily Customer Pipeline Demand 0.o 0.a 0.3 0.0 0.a L
[MGO] ] 0 32 1] 1] .
Min Richland Chambers elevation [ft] 313 313 33 313 33 :
- S h O rta ge S to C u Sto m e rS Mean Richland Chambers elevation [ft] 315 315 315 315 315 :
Max Hichland Chambers elevation [ft] 316 316 16 316 F16 :
Min RC Pumping [(MGD] 67 BV G7 BY BT E
L H I H Mean RC Pumping (MGD) T 67 67 67 T3 [
- OW re S e rVO I r e evat I O n S Max AC Pumping (MGDO] L] BT 67 67 15 f
# of days with spill at Richland Chambers iz 36 i iz = 3
Mean Daily Spill at Richland Chambers (MGO] 43 433 433 433 431 d
Ma:: Daily Spill at Richland Chambers (MGO) | 33,733 | 53.733 | 33.733 | 33.733 | 33.733 | 33
Min Cedar Creek elevation [ft] 320 320 320 320 320 3
Mean Cedar Creek elevation [ft] 322 322 322 322 32z 3
Max Cedar Creek elevation [ft] 323 323 323 323 323 3
Min CC1 Pumping (MGDO] 0 1] 23 23 29 .
Mean CC1 Pumping (MGD] 26 23 35 43 37 ‘
Max CC1 Pumping (MGDO) o 52 5 o2 o !
Min JCC1 Pumping [MGDO) 40 40 0 0 B0 I
Mean JCC1 Pumping (MGD) 7 105 62 BT 104 L
Max JCC1 Pumping [(MGD] 150 150 160 120 150 1
Min JB3 Pumping (MGDO] 40 40 ] 0 G0 f
Mean JBE3 Pumping (MGDO) ar 105 Bz BT 104 L
Mazx JB3 Pumping (MGDO) 150 150 160 120 150 1
*# of days with spill at Cedar Creek 17 17 13 [ 125 1
Mean Daily Spill at Cedar Creek (MGO] 234 233 246 234 221 z
Max Daily Spill at Cedar Creek [MGD] 22831 | 22831 ) 22831 | 22831 | 2283 | 22
Min Lake Arlington elevation [ft] 543 545 546 547 543 5
Mean Lake Arlington elevation [Ft] 5&0 550 550 550 5&0 L
Mazx Lake Arlington elevation [ft] SE0 SE0 SE0 SE0 S60 5
¥ of days LA Elevation below 535° 0 [N (1P 02 [N [
# of days [between 61 and 3130]) LA Elevation () 0 [} 0 (W [
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- Better connection between RiverWare & SupplyOpt
e SQL database connection to RiverWare
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