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# 1 2 3 4 5 6 7 8 9 12
Program MIKE HYDRO . .
Nagme WEAP Basin Colorado DSS WRMM RiverWare HEC-ResSim FreeWAT SWAM REALM CaWAT OASIS WRISM (CalSIM)
$250 -
q $1000 US $380 CAD + applicable Not available for public $2360 - $4160 Not available for public
Price Dollars dieiaes (i, cd FREE use US Dollars / vr FREE FREE use FREE N/A Not Free Free and open source
2yrs
. Li Iver XA
Allocation Prioritized (Ip- Prioritized, Fract. of Prioritized, MDSA Prioritized, Out-of- Flexible Rule-based Only Release Surface/Ground- water  Colorado DSS MDSA Penalty func., RELAX N/A de\:ZIeoareijol:e;uns'et open source CBC
A|gorithm solve) flow (1. p.68 algorithm (1.p.10) Kilter algorithm (p.1-2) allocation, CPLEX (p.5) Allocation, (2.p.11-82)  rights (3.p.13,3.p.18) algorithm (p. 3-1) Algorithm (1.p.23) Softwa:')e Te!hnology and commercial XA
Time step ) Hourly, Daily, Weekly, Monthly, Monthly Anything between 5
1-365d S ds (1.p.3 Daily & thly (1.p.5 1- .1-7 Hourly t | k2] TBD TBD Monthl .1-1 . 1 1 h
ays econds (1.p.3) aily & monthly (1.p.5) 365 days (p ) ourly to yearly (p onthly (p Monthly. et (1.0.26 0.5 i o yeer day or 1 mont
Irrigation, withdrawals, Irrigation, withdrawals,
. Agriculture, Urban Agriculture, Urban Agriculture, Urban, Agriculture, Urban, General water users (p. L Agriculture, Urban Agriculture, Urban, hydropower, hydropower,
N/A Irrigation N/A
Demand Sites Industry, etc. Industry, etc (1. p.101) Industry, etc Industry, etc (p.1-5) 1460 / leatl Industry (p.2-5, p.2-10 Industry, etc / environmental flows environmental flows
etc. etc.
(c]V]] YES YES YES YES YES YES YES based on QGIS YES basen on MS Excel YES MS Excel Env (1.p. 4) Yes Yes
API YES YES (3 N/A N/A RCL (p. 1) YES (only internal) N/A N/A N/A N/A Yes Yes
Scenario )
. YES YES (2. p.7 YES (2.p.7 N/A YES (p. 1 YES (2.p.13-i N/A (1.p.13) N/A YES (1. .p. 132 N/A Yes Yes
Analysis
RETNENRNTTE  Simp. FAO, MABIA NAM, UHM No - link to oth No - link to oth
Al 22803 : N/A N/A N/A N/A N/A N/A N/A Link to SWAT (1.p. 4) o link o other 0 lInk o other
Modeling PGM, SMM 1.p.49 model model
Irrigation -Hai (p.c ly] FA! Bl Criddle eq. (p. 2- Link to AquaCrop
& Based on FAO56 FAOS6(1.p.109)  ASCEPen-Mont (2.p.3) ‘cnsenHaiseea.(p.c N/A N/A [probably] FAO 56 Blaney Criddle e FAO 56 (4.p.4) R No No
Demand 2) (1.p.56) 10) (1.p.4)
LELCOUENE 0 50D, Temp.  BOD, DO, NH4, NO3, P o o DO, TDS, TDG o o o Salinity, Turbidity o Yezc;:::/:ttitfe No - link to other
Modeling Link to Qual2k user defined, (1. p165 Temperature (p. 1 Temp, etc (1.p.31) : model
constituents
Groundwater Link to MODFLOW Li ir (1&2 Link to MODFLOW
AL Inear reservolr | ns N/A N/A (p. 117 N/A MODFLOW* (L.p.iii) N/A N/A N/A No No
Modeling Link to MODPATH aquifer) (1.p.50 3.p.33
Reservoir
. YES YES (1. p.132 YES (1.p.254 YES (p.1-5) YES (p. 1 YES N/A YES (p. 2-3 YES (1.p.48 N/A Yes Yes
Operation
Financial Simple Cost -
S EAs N/A N/A N/A N/A N/A N/A N/A N/A N/A No No
Analysis Benefit
Internal Yes WRESL (Water
. .. VBS, PHP, Ruby Self-d loped RiverW. Policy YES, REALM L i ) )
Scrlptlng u N/A elf-develope N/A iverWare Polic Jython (2.p.14-49) N/A N/A macro N/A Yes OCL (Operations Resources Simulation
Python, Perl, JS commands (3.p.227 Language (p.1 language (3.p.2) Control Language)
Interface Language)
Hydropower
. YES YES (1. p.147 N/A YES (p.1-5) YES YES (2.p.11-44 N/A N/A N/A N/A Yes Yes
Modeling
Calibration YES but Unk
) PEST Algorithm SCE, PSE (2. p. 24 TBD N/A N/A LS SULENOWE yeopE 2014 (6.p.21) N/A N/A N/A No No
Algorithm (2.p.14-39)
M | Ti i
Input Data ,anLﬁ" {melserlesl .dfsO and shapefiles - - o o HEC-DSS time series ASCII istSOS, .sqglite, - - - - Microsoft Access and HEC DDS and text file



http://www.weap21.org/index.asp?action=217
http://www.riverware.org/riverware/LicensingRW/index.html
http://www.weap21.org/WebHelp/LPFormulation.htm
http://manuals.mikepoweredbydhi.help/2017/Water_Resources/MIKEHydro_Basin_UserGuide.pdf
http://cwcbweblink.state.co.us/weblink/0/doc/200079/Electronic.aspx?searchid=bc590e2d-9d08-4517-9111-54ef2b9d0f8c
http://www.riverware.org/PDF/RiverWare/documentation/Optimization.pdf
http://www.hec.usace.army.mil/software/hec-ressim/documentation/HEC-ResSim_31_UsersManual.pdf
file://///cabinet/work$/kak136/My Documents/Thesis/IWRM Programs Review/Versions/dnr.sc.gov/water/waterplan/swmpdfs/TechnicalReports/SWAMusermanv2dot0.pdf
https://www.water.vic.gov.au/__data/assets/pdf_file/0022/33295/realm-user-manual-version-6.28.pdf
http://www.weap21.org/WebHelp/Years_and_Time_Steps.htm
http://manuals.mikepoweredbydhi.help/2017/Water_Resources/MIKEHydro_Basin_UserGuide.pdf
http://cwcbweblink.state.co.us/weblink/0/doc/200079/Electronic.aspx?searchid=bc590e2d-9d08-4517-9111-54ef2b9d0f8c
http://www.riverware.org/PDF/RiverWare/vegas98.pdf
file://///cabinet/work$/kak136/My Documents/Thesis/IWRM Programs Review/Versions/dnr.sc.gov/water/waterplan/swmpdfs/TechnicalReports/SWAMusermanv2dot0.pdf
https://www.water.vic.gov.au/__data/assets/pdf_file/0022/33295/realm-user-manual-version-6.28.pdf
http://pubs.iclarm.net/resource_centre/WF-2013-40.pdf
http://www.weap21.org/WebHelp/Demand_Sites.htm
http://manuals.mikepoweredbydhi.help/2017/Water_Resources/MIKEHydro_Basin_UserGuide.pdf
http://www.riverware.org/PDF/RiverWare/documentation/Objects.pdf
file://///cabinet/work$/kak136/My Documents/Thesis/IWRM Programs Review/Versions/dnr.sc.gov/water/waterplan/swmpdfs/TechnicalReports/SWAMusermanv2dot0.pdf
http://academicworks.cuny.edu/cc_conf_hic/381/
http://www.weap21.org/WebHelp/API.htm
http://manuals.mikepoweredbydhi.help/2017/Water_Resources/MIKEHYDRO_BasinEngine_InterfaceProgrammingGuide.pdf
http://www.riverware.org/PDF/RiverWare/documentation/BatchMode.pdf
http://www.weap21.org/WebHelp/Scenario_Overview.htm
http://cwcbweblink.state.co.us/weblink/0/doc/146512/Electronic.aspx?searchid=2723f317-9317-4f03-aa58-4ab15d580792
http://www.riverware.org/PDF/RiverWare/documentation/ScenarioManager.pdf
http://www.hec.usace.army.mil/software/hec-ressim/documentation/HEC-ResSim_31_UsersManual.pdf
https://www.water.vic.gov.au/__data/assets/pdf_file/0022/33295/realm-user-manual-version-6.28.pdf
http://www.weap21.org/WebHelp/whgdata/whlstt47.htm#48
http://manuals.mikepoweredbydhi.help/2017/Water_Resources/MIKEHydro_Basin_UserGuide.pdf
http://manuals.mikepoweredbydhi.help/2017/Water_Resources/MIKEHydro_Basin_UserGuide.pdf
http://academicworks.cuny.edu/cc_conf_hic/381/
http://www.weap21.org/WebHelp/Mabia_Algorithms.htm
http://manuals.mikepoweredbydhi.help/2017/Water_Resources/MIKEHydro_Basin_UserGuide.pdf
http://cwcbweblink.state.co.us/weblink/0/doc/146512/Electronic.aspx?searchid=2723f317-9317-4f03-aa58-4ab15d580792
file://///cabinet/work$/kak136/My Documents/Thesis/IWRM Programs Review/Versions/dnr.sc.gov/water/waterplan/swmpdfs/TechnicalReports/SWAMusermanv2dot0.pdf
https://www.water.vic.gov.au/__data/assets/pdf_file/0025/33298/pride-user-manual.pdf
http://academicworks.cuny.edu/cc_conf_hic/381/
http://www.weap21.org/WebHelp/Overview_WQ.htm
http://manuals.mikepoweredbydhi.help/2017/Water_Resources/MIKEHydro_Basin_UserGuide.pdf
http://www.riverware.org/PDF/RiverWare/documentation/WaterQuality.pdf
https://www.water.vic.gov.au/__data/assets/pdf_file/0022/33295/realm-user-manual-version-6.28.pdf
http://www.weap21.org/WebHelp/Linking_to_MODFLOW_Full.htm
http://www.weap21.org/WebHelp/Linking_to_MODPATH_Full.htm
http://manuals.mikepoweredbydhi.help/2017/Water_Resources/MIKEHydro_Basin_UserGuide.pdf
http://cwcbweblink.state.co.us/weblink/0/doc/174038/Electronic.aspx?searchid=04c415b1-ec62-477d-ab30-e2fa6ebc3b62
http://cwcbweblink.state.co.us/weblink/0/doc/174038/Electronic.aspx?searchid=04c415b1-ec62-477d-ab30-e2fa6ebc3b62
http://www.riverware.org/PDF/RiverWare/documentation/Objects.pdf
http://www.weap21.org/WebHelp/Reservoir_Zones.htm
http://manuals.mikepoweredbydhi.help/2017/Water_Resources/MIKEHydro_Basin_UserGuide.pdf
http://cwcbweblink.state.co.us/weblink/0/doc/200079/Electronic.aspx?searchid=bc590e2d-9d08-4517-9111-54ef2b9d0f8c
http://www.riverware.org/PDF/RiverWare/documentation/Simulation.pdf
file://///cabinet/work$/kak136/My Documents/Thesis/IWRM Programs Review/Versions/dnr.sc.gov/water/waterplan/swmpdfs/TechnicalReports/SWAMusermanv2dot0.pdf
https://www.water.vic.gov.au/__data/assets/pdf_file/0022/33295/realm-user-manual-version-6.28.pdf
http://www.weap21.org/WebHelp/Cost_Calculations.htm
http://www.weap21.org/WebHelp/Scripting.htm
http://cwcbweblink.state.co.us/weblink/0/doc/174038/Electronic.aspx?searchid=04c415b1-ec62-477d-ab30-e2fa6ebc3b62
http://www.riverware.org/PDF/RiverWare/documentation/RPLLanguageStructure.pdf
http://www.hec.usace.army.mil/software/hec-ressim/documentation/HEC-ResSim_31_UsersManual.pdf
https://www.water.vic.gov.au/__data/assets/pdf_file/0026/33299/macro-reference.pdf
http://www.weap21.org/WebHelp/Hydropower_Calculations.htm
http://manuals.mikepoweredbydhi.help/2017/Water_Resources/MIKEHydro_Basin_UserGuide.pdf
http://www.hec.usace.army.mil/software/hec-ressim/documentation/HEC-ResSim_31_UsersManual.pdf
http://www.weap21.org/WebHelp/PEST_Calibration.htm
http://www.hec.usace.army.mil/software/hec-ressim/documentation/HEC-ResSim_31_UsersManual.pdf
http://www.weap21.org/WebHelp/Data_View.htm
http://manuals.mikepoweredbydhi.help/2017/Water_Resources/MIKEHydro_Basin_UserGuide.pdf
http://cwcbweblink.state.co.us/weblink/0/doc/146512/Electronic.aspx?searchid=2723f317-9317-4f03-aa58-4ab15d580792
http://www.hec.usace.army.mil/software/hec-ressim/documentation/HEC-ResSim_31_UsersManual.pdf
https://www.water.vic.gov.au/__data/assets/pdf_file/0022/33295/realm-user-manual-version-6.28.pdf
http://academicworks.cuny.edu/cc_conf_hic/381/

Short-Listed Models

Freeware

Open source

Time step

GIS interface

Additional
functionality

Previously
linked to other
models

Automation

WRMM

Not available
for public use

No
1-365 days

No
No

No

Yes

WEAP

$250-51 000 for 2
year single license

No

1—-365 days

Yes

Rainfall-runoff,
water quality,

financial analysis

SWAT

Yes

MODSIM

Free

No

15 minutes—1
month

Yes

Link to external
models

SWAT, MESH,
QUAL2K, GA,
PSO, ANN

Yes

WRIMS

Free

Yes

1dayorl
month

No

Linked to
external DLLs-
water quality,
flow routing

IWFM, CallLite,
PRISM, APSIDE,
DSM2-SJR

Yes
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Important Criteria:

= Open Source
= Free for Public Use

= Flexibility in representing
operating policies

= potential for extension

= Technical Support



pmm——m—————

MR T T

Red Deer

wi
_—

ODSIM-DSS
(Progress To Date)

Saskatchewan River Basin

Saskatchewan River Watersheds

ate iver [0 Oldman River

E3 Sounding Creek [E555] South Saskatchewan Rver
R Desr Aiver (-] Norh Saskalchowan River [

1 Bow Rier

Vermion River Fist Nations Resorvo
3 Eage Creek (over 100 ke n ize)

‘Saskatchewan River R Provinial Park
(over 100 k2 n size)

Highwood
Diversion Plan
Model

Source: Partners for The Saskatchewan
River Basin

EEVREE
| 4
,." SSR Flow to Saskatchewan — MODSIM ——WRMM
Tae ]
Mustakim Ali _ £ >
a1 Southern Trbutaries Model

e




MODSIM-DSS

Progress To Date

Saskatchewan River Basin

Spskatchewan

River Basin
eommm—

Saskatchowan Fiver Watersheds
[0 BateAver  [E5] Oldman ver ] Vermion iver st Natons Reserve
71 Sounding Creex [ South Sasatohewan River SR Eagle Crok. (over 100 a2 i sze)
7 R DeorAiver -] North Saskatchewan River (=1 Saskatchowan Aver BN Provinil Park

Bow Rive (over 100 an2 i sze)

BRiTiSH
R Source: Partners for The Saskatchewan
River Basin

MONTANE

Mustakim Ali

Cascade_05BD005 Gdiv_05BG003 GlLake_05BG001

Ghost Riverinflow y  Ghost
Cascade Riverinflow | Minnewanka

Cascade

GhostRiver Diversion

GhostLake

Cascade River Bow River
J_Bow_Cascade_Conf

Near Bow Ridge Field

Bow River J_BRF

Bow River

Bearspaw Dam
Bearspaw

Bow River
- - 285_BearspLCL -
Bow Rivarifiow e From Jumping Pond Creek Calgaiy
3ow_05BB00T 't B / Horseshoe Horseshoe Falls ~, .
ez
St e J_Canmore /4 Kananaskis  Seebe Dam S
L ALLS Rundle < Bow River \ . Y
e
Spray_05BC001 1 S <« Barrier  BarrierLake TAU Summary: Total 11 Hydropower Plants —
Whitemans_Pond 1.Lake Minnewanka:Cascade Plant (36 M)
< 3_Sisters 2.3.4. Spray Group: 3 Sisters (3 MW). Spray (112 MW). Rundle (50 M\W)
5. Upper Kananaskis: Interlakes Plant(5 Mw) \\\
Spray Lake 6. Lower Kan: Pocaterra Plant (15 MW) \
Kananaskis River 1 jm———— —————-
7. Barrier Lake: TAU considers Run-off-the-River Plant. Litconsiders Storage Plant (13 Mw) |' \\
8. Seebe Dam: kananaskis Run-off-the-River Plant (19 M\W) I’ B \\
i ~,
Canyon Dam 9. Falls: R th, Plant(14 M) ez ? "‘ks\
J_Canyon 10. GhostLake: Ghost Plant(51 M) h LN
ES
o S e 11. Bearspaw Dam: Bearspaw Run-off-the-River Plant (17 M) [ | mf, s‘\
Spray_Innual_mean l .14
Highwood
righ WL 572 HhwoodFive
Diversion Plan
< Lower_Kan
Model 1.289
Draught M Divert Water toLittle Bow Ri
<« Upper_Kan
. Irr =Irrigation Demand . MW =Major Withdrawal
4 R_233=Women's Coulee Reservoir . e doniinpas ‘ R =Reservoir
1ican NRRENN2 GSH_MoU
Wesonetid R_217=ClearLake = = Sirk ot uti o tigbsi
Southern Tritusaries (STRIES) Mad Upskeomoll sibeide Olderan_Bow Confiverce: WRMM_SSR_6 . = Sink oroutflow from the basin
VWRMM_SSR_6¢ VRMM_SSR_67 { R_210and R_229 =HabitatPonds .
Ir_370 Mw_665
Okénan,Litle Bow Confloerce < R_290-R_293=Winter Retention Ponds
\'-IHMM SSR_66 L8
VIRMH_SSR_65 S e < R-24=Litle Bow Resenvoir R_HighR_Cargil
C58_L09 1,260 GLB_FK1
I_389 s
. i - 388 204 @ cle_rke VinerReerionPondsGrop
N i 384
In_670 Im_387 \ GLB_FK3
- B2 =
In 394 = Ir_361 l R_291 <
Mu_804 R71 Rng 383 @477 4ram b
Im_392 $ 30 S Mw_616
M/_44] =
S 380 R
A - s Ir_366
= 1@ g R_274; p Lk Irr_638
In_382
MYI_805 \iateron iver o o s
S con n.381 Ir_396 R_7.4| =
Mel_46 i Ir 363
1674 BellyRiver 1n391 1 s
St Mary River i385
o1 2 In_306 L 180 i
31 & [ I R 20 L 176 -
In_671 669 i . ] 57 [
R 390 EE a4 F;m Diversion
2@MWis2 | fin a6 161 - - Irr_371
w801 ) 2% Irr_538
i 150 JoNdis e | b
R_206 1.2% | 63 1980 R209 Im_395 R12
.> I 163
61 5
M_613 C5A_ D41 R.24
G54 D25 et Im 515 Ir_520 Litle Bow Reservar
GST_DAM (R_206=Viterion Reservor (R_270=ChinReservoir
y84 i AR 207=Painelake 4 R_271=Seford Resenvoir
— & (R 208= St Mary Reservoir < R_272=Fincaste 8 TaberLake In_506 i
. n_304 <R LLE: 1516 | 521 b
Im_675 R_274=CrassyLake = )
C5A D6 /448 V3 30 |wess b " D i 4R In_525  In_579
" [ (R_276 =Forty Mile Reservorr  R_277=SauderResenvoir R_Nanton -
R_207 < R_278= Murey Reservoir
Mvi_802 Mv/_815| Mvi_d5
4
140 145 . . < Irr_527
& Southern Trbutaries Model 375 Rav 125
= caaen M -

S_R203

Travers Reservairto Little Bow River




. 400 Irrigation In Saskatchewan 400 Irrigation In Saskatchewan
E R?=0.9992 E 22
=Y € R*=0.9991
MODSIM-DSS g £
5 =
% 200 £ 200
] o
Progress To Date < <
c 100 = 100
2 =
§ O\p|||||||||||||||||||| E 0‘|||||||||||||||||||||
0 100 200 300 400 | |3 0 100 200 300 400
Irrigation Demand (mm) Irrigation Demand (mm)
Saskatchewan River Basin - e
otk e e e I — u_:_m M—vJ;- = =
N 2 .A r senf, M s MLELAEE D 43 , .
i ol
Source: Partners for The Sask: —
MAT110 Retum_M3 oo Bu.ERa D5_Biec " J 4 e
DS _Brir WTHE ) R 45

FlowThru_3 2 Nmos ooass \41‘
e MD_42 ¥ DS %
Rl mani 45

\ K|
1 rms * w.' 43
L | — - Im_426
4 DS_BraD
L e— mmu INFL_42 /
M1 i N .
- [ i zadte R "ml I 418 ./ \. R
I m'rlos Dos13
=L M I_456 MW_453
- | ‘ \. MW_413
L
I oot 1405 559 - L.Dief_MODSIM L. Dief_WRMM
*" Ds.1D
R# —
l Ho150 “K > E
L / P Tl =
Fa— Q\ = s
, MAT TE0 AEETCHL 230 _9
/A e ©
’ s >
17 o
" - . - e 549 T T T T T T T T T T T T T T T
" g O N < VW O o MmN W O N SN O A m
. . - N NN NN N 00O 00000 OO 0O 00 O 00 O O
Mustakim Ali ' ﬂ 538 :f5s8cE38E538
INFL_76 INFL 1 LapRER S I~"o08g~o0o=8g~0=8g-=20
ACT_HTET LCL_SWLD




WEAP

rogress To Date

Kasra Keshavarz
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WRIMS: Water Resource Integrated Modeling System

Progress To Date

= Developed by California department of Water Resources.

= Called CALSIM, in applications to California.

Instead of a GUI, based on the Water Resources Simulation
Language (WRESL) for flexible operational criteria specification.

© WRIMS2 - South_Sask/run/system/Reservoir-table.wres| - Eclipse Platform - [u] X

Andrew Slaughter

File Edt Navigate Search Project DSS Data Run Window Help
N 2 A& < > | 2009 v|il9 vl |30 v| o v\ Q-G P8 5 v - 4
Quick Access | 151 _(_]WRIMSZ {5 DSS {5 Schematic ([ Schematic Editor L) Database Development
(5 Project ... |[™ WRESL L.. |[™ Navigator 22 | = [ || system.wresl | Channel-tabl... Return-table... |2 *Reservoir-t.. Weight-table... = Connectivity... Delivery-tab... > SCEl| =2 =0
I- :‘ = goal maxrelease20 2 {C491=relcap20_2} A Search
v & nn 7 Variable ~ Value
[ =ILP=
extemal
lookup
&= misc

define Slflevell slev {select levelé from res_level where month=month}

v [ system

define Sl9levell ({select storage from res elev given elev ell elev use linear where res=19}

N} Channel-Arc-Table.csv define 519 1 {std kind ORAGE- t -

=] Channel-table.wresl goal S19Zomel {519 1 < Sl9levell}

= Channel-table.wresl.bak define S19level2 elev {select levelS from res_level where res=.%, month=month)
4. Connectivity-Table.csv define Sl9level2 (select storage from res _elev given elev = S519level2 elev use linear where res=l1%)

| Connectivity-table.wresl define 519 2 (std kind 'STORA }

=] Connectivity-table.wresl.bak goal S19Zone2 {S18_2 < Sl19level2-
@ Delivery-Arc-Table.csv define Sl9level3 elev (select leveld from res_level where res=.%, month=month)

=) Delivery-table.wres! define Sl9level3 (select storage from res_elev given elev = S519level3 elev use linear where res=l15}

|Z] Delivery-table.wresl.bak define 519 3 (std kind 'STO E-ZONE' units 'TAF'}
@ Inflow-Arc-Table.csv goal S19Zone3 {S19 3 < S19level3-Sl19level2)

= Inflow-table.wres! define Sl9leveld elev (seclect level2 from res level where res=.1%, month=month)
U" Reservoir-Node-Table_SASK.csv define S19leveld {select storage from res_elev given elev = Sl9leveld elev use linear where res=15}
@5 Reservoir-Node-Table_SASK.xlsx define 519_4 (std kind 'STORAGE-ZONE' units 'TAF'}

S Reservoir-table.wres! goal S19Zoned {S15_4 < 519leveld-S191evel3}
u" Rt Floe- Ave-Tablecov define 5191evelS_elev {select levell from res level where res=15, month=month}

2 Return-tablewres! define 519levelS {select s age from res_elev given elev = 519levelS_elev use linsar where res=

= define 519 S5 {std kind 'S A NE' units 'T }

= system.wres! goal S19ZonesS {S15_5 < S19levels leveld)

] temp.txt B

=| Weight-table.wres| define 519 {std kind units g
f:) weights-table.csv goal storagel® {519=51% 1 2+519_3+51% 4+519 5} v
wytypes Vi < >

= Sy = = =
Bl Task List 32 8 &) Console 2 | [ Vanable Detail ™ VanableMomtcr‘f_ Exception W= » v
T &% ‘\ I ESER No consoles to display at this time.
Eindd o b AN b Artiiste
Writable Insert 186:26



WRIMS: Water Resource Integrated Modeling System

(Progress To Date)

«  WRIMS can represent the
complex WRMM operating
policy for SaskRB

 Unlimited number of
operating zones

 Unlimited priorities
* Apportionment channel
* River Routing

e Uses database system

Seasonal disfribution

eservoir storage/channel flow

Integrated Modelling
Program for Canada

Global Water Futures
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Water Resource Integrated Model

(Progress To Date)

WRIMS

Some Preliminary Model Results

Simulated Broderick Reservoir Storage

Alberta Apportionment Channel
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Ideas for the Development of
the Framework for Decision Support
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to be considered for decision support

(1) Future States of the World

A future with deep uncertainty as a result of drivers such as climate, technological,
socio-economic, and political change.

&

. . . System
= Drivers out of control of the decision makers State

= Need for a range of plausible future scenarios

= Need for addressing both local and global [>
uncertainty

= Examples include:

o Supply/climate change scenarios (inflows,
precipitation, temperature, etc.) [>
o Demand scenarios (population growth,
irrigation expansion, etc.)

= |nputs from Changing Cold Regions Network
(CCRN) Maier et al. (2016 EMS); Herman et al. (2015 WRPM)

Today Future
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to be considered for decision support

(1) Future States of the World
(2) Decision Alternatives

= Controllable by our decision makers:
o They may be pre-specified by the decision makers

o or be based on search via optimization or sampling (experimental designs)

» These include development, management, or adaptation scenarios (static/dynamic):

o Non-Structural/Operating Scenarios (alternative operating rules, license sharing,
conservation strategies, etc.)

o Structural Scenarios (new reservoir, diversion, levee, irrigation expansion, etc.)

IH

= These need to be built in or coupled with “the water management mode
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The Four Elements X ot W e
to be considered for decision support

(1) Future States of the World
(2) Decision Alternatives

(3) Performance Metrics
How the system will perform with a decision alternative under a given future state of the world.

= Hydro-economic indicators (B3) and indicators for environmental and cultural flows (B2)

= Classic metrics such as reliability, vulnerability, and resilience
= Trade-offs

(4) Robustness Metrics

How the system performance will be insensitive to deviations from the state(s) or assumptions
the system was designed for.

= Satisficing: Not seeking optimal performance, but meeting sufficient requirements.

= Regret-based: minimizing the cost or implications of incorrect decisions.
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Two Recommendations from Herman et al. S

Global Water Futures

Herman, J. D., Reed, P. M., Zeff, H. B., & Characklis, G. W. (2015). How should robustness be &

20 15 W R P M defined for water systems planning under change?. Journal of Water Resources Planning and
’ Management, 141(10), 04015012.

(1) Decision alternatives should be searched rather than pre-specified.

(2) Dominant uncertainties should be discovered through sensitivity analysis

rather than assumed. Some very preliminary Results for SK

SA for 5-year operation of SK river system

SA for 5-year operation of Lake Diefenbaker

0.7 0.7

Inflow NSK May-Sep Net Evaporation

Inflow NSK Oct-Apr
Irrigation

Irrigation
M/M Withdrawals
M/M Withdrawals
Inflow SSK May-Sep

Inflow SSK May-Sep

Inflow SSK Oct-Apr
Inflow SSK Oct-Apr
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Example Performance Metrics

Example Uncertainty Sources
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Our watersheds are heavily regulated... >4
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Challenges

* |nstitutional Fragmentation: the lack of coordination across federal, provincial
and local level of governments. The direction of the fragmentation is both
‘vertical’ and ‘horizontal’ (Renzetti and Dupont, 2017).

 Poor linkage between advanced hydrologic modelling, water systems
modelling, and decision making processes.

* Economics have played relatively limited role in Canadian water resources
management in the past (Renzetti and Dupont, 2017).

 The complexity of water resources systems, especially due to uncertainty in
human behaviour and political processes.
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* Develop a high-fidelity water system/management model to simulate basin-
wide system performance across Sask-Nelson River Basin under (1) various
hydro-climatic conditions and (2) current and alternative futures of water
policies and infrastructure.

v'This model will simulate alternative human behaviours in operations and governance
(different policy options), and interventions into the hydrologic system (new inter- and
intra-basin transfers, reservoirs, irrigation, etc.).

* Couple the water resource system model with the state-of-the-art land surface-
hydrology and water quality models.

e conduct “participatory modelling” where stakeholders are engaged in and
contribute to the co-development of the model from beginning to end to
ensure the transparency of the underlying assumptions, strengths and
limitations, and intended uses (linked to Theme C).



Bringing the pieces together ...

110°W

50° N

Nelson-Churchill
Nelson-Churchill

|:| Sub-basin boundary
e  Major City

River

B Lake

Global Water Futures
Integrated Modelling Programme

Elevation (m)
- 5789

0
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Water Management Issues:

Transboundary water issues,

“Localized” approach to water management,
Indigenous water needs,

Over-allocation and competing demands,
Environmental flows, etc.

Hydrologic Prediction Issues:

Complex hydrology (Rockies, prairies, boreal
forest),

Floods and drought,

River ice,

Lakes and wetlands,
Heavily regulated catchments,

Land cover change & atmospheric feedback loops,
etc.

Water Quality Issues:

Eutrophication and nutrient transport,

Algal blooms,

Manure and fertilizer application,
Contamination due to oil and gas extraction, etc.
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Participatory Modelling ...
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Preliminary Modelling Started to be Brought in
Participatory Modelllng
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River Basin Management Decision Support Systems

* Based on Network Flow Algorithms.

* Modellers are only responsible for ,6 NetworkSink

defining the physical flow network. & 2%, et
2
e e . Demand
e All artificial nodes and links are \l

added automatically by the model.
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Network Flow Algorithm &y

MODSIM simulates water allocation mechanisms in a river basin through sequential solution of
a network flow optimization problem for each time period t=1,..,,T:

link cost  link flow

N

minimize . cj gy
ke A
subject to:

> qr— X q;="by(q) forallnodesie N
kEOI' jEIi ‘

It (qQ) < qf Sup(q) forall links £ e 4

Optimization is primarily conducted as a means of accurately simulating the
allocation of water resources in accordance with operational priorities based on
system objectives, operational experience, water rights, and other ranking
mechanisms, including economic factors.
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Reservoir Information and Priorities AP Global Water Futures
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Cost C; = —(50000—10()PRPZ) @**—) 0> Ac, > Ac,
N\

Priority Number

where OPRPI is an integer priority ranking from 1 to 5000, with lower numbers
Indicating a higher ranking, resulting in a negative cost.

This priority (penalty function) concept applies to
different (consumptive/non-consumptive) demands.
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Two General Approaches

* Point-based Operation
- Focused to address and satisfy local issues and needs
- Minimal consideration about other elements in a watershed
- Easy to implement and efficient to include in watershed models
- Effective to reproduce the historical patterns of operation
- Future operations?

e System-based Operation

- From a systems perspective, tries to operate all the elements in a “system”
together such that the benefits across the system is maximized.

- More work and data to implement. Some previous attempts to include them in
watershed models (difficult).

- Is expected to better simulate what might happen in the future operations.
- Powerful and commonly used tools for decision making and support.
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